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PREFACE
T0
THE DEPARTMENT OF ENERGY
LAWRENCE LIVERMORE NATICNAL LABORATORY
ENVIRONMENTAL SURVEY PRELIMINARY REPORT
: o

R
e

This report contains the preliminary findings based on the first-phase of‘éh‘;Environmental 3urvey at
the Department of Energy (DOE) Lawrence Livermore National Laboratory (LLNL), located at

Livermore, California. The Survey is being conducted by.L_D'QE.’q' ©ffice of Environment, Safety and

Health.

The Survey is a portion of the larger, comprehenswe DOE Enwrohmental Survey encompassing all
‘major operating facilities of DOE. The DOE Enwronmental Survey is one of a series of initiatives
announced on September 18, 1985, by Secretary, of Ener'gy, JohnS. Hemngton to strengthen the
environmental, safety, and health programs and activitles within DOE. 7he purpose of 1ne
Environmental Survey is to identify, via a “no- faults baselme Survey of all the Department's major
operating facilities, environmental problem{ Ahd" areas of environmental risk. The identified
problem areas w1l| be prioritized on a Depanmentwlde basis in order of importance in 1988.

The findings in this report are subject ta modtfrcatlon based on the results from the Sampling and
Analysis phase of the Survey. The. fmdlngs are afso subject to modification based on comments from
the San Francisco Operations Ofﬁce conqernmg the technical accuracy of the findings. The modified
preliminary findings and anyo'ther appfoprlate changes will be incorporated into an interim Report.
The Interim Report will serve as;the site-gpecific source for environmental information generated by
the Survey, and ultimately as the' p[tm'ary source of information for the DOE-wide prioritization of
environmental problems in the Survey'Summary Report.

November 1987
Washmgton D C
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EXECUTIVE SUMMARY

introduction <
This report presents the preliminary findings from the first phase of the Env&runmental Survey of the
‘Department of Energy (DOE) Lawrence Livermore Nanonal Laboratory (LLNL), conducted
December 1 through 19, 1986. "

‘o

The Survey is being conducted by an mterdnscnphnary team of environmental specialists, led and
managed by the Office of Environment, Safety and Healths Office of Environmental Audit.
Individual team components are being supp‘hed bya.prrvate contractor. The objective of the Survey
is to identify environmental problems and areas pf environmental risk associated with LLNL. The
Survey covers all environmental medla and a|| ‘ardas of environmental regulation. It 1> being
performed in accordance with the DOE Eqvuronihental Survey Manual. This phase of the Survey
involves the review of exwtung site. enerohmemal data, observations of the operations performed at

LLNL, and interviews with sité personnel

’-. ‘t,
.

A Sampling and Ar)aIySIs Plan was developed to assist in further assessing certain of the
environmental probjems ;dentlfle'd during performance of on-site activities. The Sampling and
Analysis Plan wm be e.xecutedaby a DOE National Laboratory. When completed, the results will be
incorporated |nt.o the LLNL Ehwronmental Survey Interim Report. The Interim Report will reflect the
final determ;r’:at»on?of'the LLNL Survey.

N \l
F XL T

&t .
l‘ ..

‘s
P i’

Site Dese'rhn‘,ﬂb,n

LLNL "i:s"iocated about 64 kilometers (km) (39 miles) east of San Francisco, California, approximately
5 kn1' (‘a"l'njjles) east of the city of Livermore. The Livermore Site, or the Main Site, occupies an area of
approxirnately 3.3square kilometers (km2) (1.3 square miles). Sandia National Laboratories
Livermore occupies a portion of the adjoining property to the south. LLNL is operated by the
University of California and was established in 1952 to conduct nuclear weapon and controlied
thermonuclear research. The laboratory performs research, development, and testing associated
with the nuclear design aspects of all phases of the nuclear-weapon life cycle. More recently,
research has included the areas of Laser Research, Magnetic Fusion Energy, Beam Research,
Biomedical and Environmental Research, and Energy Resources. Much of the laboratory's materials

testing and high-explosives ciagnostic work is conducted at Site 300, 30 km (18 miles) southeast of

ES-1
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the Main Site. Located in the sparsely populated hills of the Diabalo Range, Site 300 covers an area

of 27 km2 (11 square miles),

fhe Survey team met with representatives of local and !{ate regulatory agencies on
October 22, 1986. Although no major issues were raised durlfig ‘thts meeting, an outstanding
concern of the state is contamination of groundwater at the Maln Slte LLNL is currently the subject
of Waste Discharge Order Number 85-134, issued by the San Franmsco Bay Regional Water Quality
Control Board, which has established compliance schedules fof remedtal assessment and cleanup of

the groundwater contamination of the Main Site. ... '::'u

Summary of Findings N
The major preliminary findings of the Eqvirph‘r‘né_hzta;i'sﬁr@ey of LLNL are as follows:

. . P
' L, P
- : .

® There are at least four gene\rat areas bfgroundwater contamination at the Main Site. The
primary contamlnants ares ocgamc ‘solvents. The most serious of the four areas is the
southwest area and the re&ultmg off-site plume. Residential wells have been
contaminated with organic solvents. Alternate water supplies have heen provided.

Remedial investigations of all four areas are under way and/or nearing completion.

«
oo
R
K . .,

° There are at Ieast ‘thivee general areas of groundwater contamination at Site300. The

prlmary coniammant is trichloroethylene (TCE), although tritium has been detected in one

_.area NG bff‘site contamination has been detected. Remedial investigations are planned

."or urw,erway
K IR

E "Q"j. A ﬁurﬁ'ber of areas at both the Main Site and Site 300 are or may be contaminated with
; . hazardous substances. These areas, the most serious of which are beinc addressed by
."",LLNL, constitute actual or potential sources of groundwater contamination. The

' identification of all potential areas of contamination, as well as the characterization of

those areas, is not complete,

ES-2



® The accumulation of mixed waste on-site, because of the lack of treatment, disposal, and
transportation alternatives, increases tne potentlal for a release of mixed waste

constituents to tha environment,
K
1' Y

® Theintegrity of the sanitary sewer (s suspect as a result; Uf the ‘effects of age, corrosion, and

earthquakes. There is a potential for contammatlon of groundwater by untreated .

sewage.

Overall Conclusions : e

The Survey found no environmental problems ét LLNL that-represent an immediate threat to human
life. The preliminary findings identified gt LLNL by ‘the Survey team do indicate that the site is
affected by several environmental probiems, whrch are predommantly the result of past practices.
The most pressing problem facing the srte, a‘c present is the contamination of groundwater on-site
and off-site. LLNL has severa! grpumd.watbr. remedial investigations under way or nearing
completion Remedial act|on for trr;;aff s‘rte cﬁntammatlon is expected to begin in 1988.

The envircnmental problems descrrbed in thrs report vary in terms of their magnitude and risk
Although the Survey;related sampllng and analysis to be performed at LLNL will assist in turther
identifying envrronmental ‘p[obfems at the site, a complete understanding of the significance of
some of the envtronmental prdb|ems identified requires a level of study and characterization that is
beyond the scc:pé Qf ihe SUrvey Actions currently under way or planned at the site, particularly the
groundwater 1nvest‘r-gmon and site remediation activities, will contribute toward rneeting this

requlrementr

‘e T Ve w
‘ ‘
o N

Tféﬁéfn‘i'ﬂal of'RvSsults

Thé ’fr.ﬁd.i,ngs of the Environmental Survey of LLNL were shared with the DOE San Francisco
Operatio‘ns Office and the site contractor at the Survey closeout briefing held December 19, 1986. By
letter of December 31, 1986, the Operations Office directed the site contractor to develop a response
plan to address the Survey findings. LLNL prepared a response plan on March 23, 1987. This plan was
given to the EPA Region 9 (San Francisco) Office on May 1, 1987, sy tha Operations Office. Those
findings that involve extended studies and multi-year budget commitments will be the subject of the

Environmental Survey Summary Report and DOE-wide prioritization.

ES-3
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Within the Office of Environment, Safety and Health, the Office of Environmental Guidance and
Compliance has immediate responsibility for monitoring environmental compliance and the status
of LLNL findings. The Office of Environmental Audit will continue to assess the environmental

problems through the program of systematic environmental audits t‘)ﬁ‘qt will be initlated toward the

conclusion of the DOE Environmental Survey in 1988,
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1.0 INTRODUCTION

The purpose of this report Is to present the preliminary findings n'"i‘ade during the Environmental
Survey, December 1 through 19, 1986, at the Department of Ehergys (DOE) Lawrence Livermore
Natlonal Laboratory (LLNL) in Livermore, California. LLNL Is operated for DOE by the University of
California. As a Preliminary Report, the contents are wb]ect* to rewslon Revislons based on
San Francisco Operations Office review and comments concernTng Jcheﬂ technlcal accuracy, the results
of the Sampling and Analysis Phase of the Survey,: qnd other Intprmation that may corne to the
Survey team's attention will be incorporated mto the Interim Report

The LLNL Survey is part of the larger, compreheﬂswe DOF Envlronmental Survey effort announced by
Secretary JohnS. Herrington on September 18 -19&5 Thé purpose of the Environmental Survey is to
identify, via a "no fault" baseline Suﬁvey orf all Lhe Department s major operating facilities, existing
environmental problems and areas of q,r‘rv.lronh\éntal risk. The identified problem areas will be
prioritized in 1988 on a Departmenf:QLde basw‘ln order of importance. The prioritization will enable
DOE to more effectively add‘res,s envumnmental problems and allocate the resources necessary to
correct these problems. Because t'he‘Survey is "no fault" and is not an "audit," it is not designed to
identify specific, 1so|qxed mctdents of noncompliance or to analyze environmental management
practices. Such mmdgnts and/or management practices are, however, used in the Survey as a means

of |dentifying exl’stmg and pote.ﬁﬂal enwronmental problems and risk.

4 -
\M ‘Y n“
o

The LLNL J:nyl'r\onment‘al Survey is being conducted by an interdisciplinary team of environmental
specnaltsts heacﬁeq and managed by the Office of Environment, Safety and Health's Office of
Envuronmental Audit A complete list of Survey participants and their affiliations is included ir,
Appengh;(A. |

The"St;‘ry‘e‘y team focused on all environmental media, using Federal, state, and local environmental
statutes“and regulations; accepted industry practices; and professional judgment to make the
preliminary findings included in this report. The team carried out its activities in accordance with the
guidance and protocols in the DOE Environmental Survey Manual. Substantial use of existing
information and of interviews with knowledgeable field office and site-contractor personnel
accounted for a large part of the on-site effort. A summary of the site-specific Survey activities is

presented in Appendix B, and the Survey Plan is presented in Appendix C,



The preliminary Survey findings, in the form of existing or potential environmental problems and
risks, are presented in Sections 3.0 and4.0. Section 3.0 includes those findings that pertain to a
specific environinental medium (e.g., air or soil), whereas Section4.0 includes those that are
non-media specific (e.g., waste management, direct radiation, and ﬁ'&ality assurance). Because the

findings are highly varied in terms of magnitude, risk, and charactenutmn and consequently

require different levels of management attention and response they are further subdivided into

four categories within Sections 3.0 and 4.0. R

W o e
VTt e il

The criteria for placing a finding into one of the four catégories are.as follows:
o s T,

Category | includes only those findings that, based upon the information available to the Team
Leader, involve an immediate threat to haman Ier, Fmdmgs of this type shall be immediately
conveyed to the responsible Enwronmental Safet’y and ‘Health personnel at the scene or in control of
the facility or location in question for-actlon Category [ findings are those environmental problems
wherein the potential risk is hvghest ~t,h'e con“ﬂdence in the finding, based on the information
available, is the strongest; and 'the .appropna‘te response to the finding is the most restrictive in

terms of alternatives.

e,
LR

Category Il findings entampass one.or more of the foliowing situations:

« %
[

A W . S
K o tn
T

° Multtple or contlnumg exceedances, past or present, of a health-based environmental
standar¢where there is ummudnate potential for human population exposure, or a
one-'tlme ‘exbee'dance wherem residual impacts pose an immediate potential for human

pogufatlon exposure

) ”'Q“} Evidemce that a health-based environmental standard may be exceeded, as discussed in
the preceding situation, within the time frame of the DOE-wide Survey.

% Evidence that the likelihood is high for an unplanned release due to, for example, the

condition or design of pollution abatement or monitoring equipment or other

management practices.

® Noncompliance with significant reguiatory procedures (i.e., those substantive technical
regulatory procedures designed to directly or indirectly minimize or prevent risks, such as

inadequate monitoring or failure to obtain required permits).
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Category Il findings include these environmental problems wherein the risk is high but the definition

of risk is broader than in Category |. The information available to the Team Leader is adeduate ta

identify the problem but may be insufficient to fully characterize it. Finally, in this category, more

- discretion is available to the Operations Offices and Program Offices"as to the appropriate response;

however, the need for that response is such that management shﬁuld-nof wait for completion of the
entire DOE-wide Survey to respond. Unlike Category | fmdmgs, a sufflclent near-term response by
the Operations Office may include further characterlzatton prlo,r to any act[on taken to rectn’y the

situation. . ._.,-

Category Il findings encompass one or both of the fol‘rowmg cnterla

“
‘> . D
. ,'

® The existence of pollutants or hazardous materlals in the air, water, groundwater, or soil

resulting from DOE operatuom that' pose or may pose a hazard to human health or the

environment. B
..' ~“';'-'. "-"'..

® The existence of condl'ﬂons at a DG)E facilitv tliat pose or may pose a hazard to human

health or the enwronment
u
Category |l findings e, those env;rénmental problems for which the broadest definition of risk is
used. Asin Category il, the‘tpformatxon available to the Team Leader may not be sufficient to fully
characterize the problem URe@r this category, the range of alternatives available for response, and
the correspondmg,nme frafnes for response, are the greatest. Environmental problems included
within th:s category wm typically requlre lengthy investigation and remediation phases, and
multi- year bu'dge:t commltments These problems wi!l be included in the DOE-wide prioritization

effort to ensure that DOE s limited resources are used effectively.

"ln, general the levels of pollutants or materials that constitute a hazard or potential for hazard are

those that exceed some Federal, state, or local regulation for release of, contamination by, or
exposure to such pollutants or materials. However, in some cases, the Survey may determine that the
presence of some nonregulated material is in a concentration that presents a concern fdr local
populations or the environment and, hence, warrants inclusion as an environméntal problem.
Likewise, the presence of regulated materials in concentrations below those established by
regulatory authorities that present a potential for hazard or concern may be classified as an
environmental problem. In general, however, conditions that meet regulatory or other

requirements, where such exist, should not present a potential hazard and will not be identified as
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Conditions that pose or may pose a hazard are generally those which are violations of regulations or
requirements (e.g., improper storage of hazardous chemicals in unsafe tanks). Such conditions
present a pofential hazardous threat to human health and the envirqhment and should be identified
as an environmental problem. Additionally, potentially hazardqg_g"‘c:t'ihéii_t‘ions are those in which the
likelihood of the occurrence of release is high.

The definition of the term "environmental problem" is B'fééﬂljfal'hd"f.lé%ible to allow for the wide
differences among the DOE sites and operations. Thé'kiejfocg! a lgé'b‘d deal of professional judgment

must be applied to the identification of environmentél.‘pr,g'b"lefﬁé.:‘

L "\

Category IV findings include instances of qdmmlstram'e noncomphance and management practices
that are indirectly related to envtrommental rlsk "But are not appropriate for inclusion in
Categories I-lll. Such findings can be based upon any level of information available to the Team
Leader, including direct observat.llons by~the team members. Findings in this category are generally
expected to lend themselves tol 'félat|Ve] simple, straightforward resolution without further
evaluation or analysis. Thesé flndmgs a1though not part of the DOE-wide prioritization effort, will

be passed along to the Operatlons @ﬁlce and Program Office for appropriate action.

Based on the professmnal juc{gment of the Team Leader, the findings within categories are arranged
in order of relatlve 5|gmf|canée Comparing the relative significance of one finding to another,
either between. categomes ‘within a section or within categories between sections, is neither
approprsate ﬁor vale ‘The categorization and listing of findings in order of significance within this

report, rs onlytiﬁg f|rst step in a multi-step, iterative process to prioritize DOE’s problems.

Thenext pha.s.e‘;'éf the LLNL Survey is Sampling and Analysis (S&A). Oak Ridge National Laboratory
"'('6RN"l',«)‘,"'the S&A team for LLNL, will begin taking samples in August 1987. Prior to sampling, an
S&A'P'I‘é{n.,is prepared by DOE and ORNL in accordance with the protocols in the DOE Environmental
Survey Manual. The S&APlan is designed to fill existing data gaps or weaknesses. The results
generated by the S&A effort are used to assist the Survey team in further defining the existence and

extent of environmental problems and risk identified during the Survey.

An Interim Report is prepared three months after the S&A results are available. The Interim Report
incorpaorates the results of the S&A effort as well as any changes or comments resulting from the
review of the Preliminary Report. Based on the S&A results, the preliminary findings and

observations made during the on-site Survey may be modified, deleted, or moved within or
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between categories. The Interim Report will serve as the site-specific source for information
generated by the Survey, and ultimately as the site-specific source of information for the DOE-wIde
prioritization of environmental problems in the Environmental Survey Summary Report.

i»
VN

,,,,,

Category Il, can and should be addressed In the near-term (| & prlor to 'the DOE-wide prioritization
effort). It is also clear that the findings and observattons ln thls,'report are highly varied in terms of
magnitude, rlsk and characterization. Consequently, thé p'rlérlty, magnntude and timeliness of
near-term responses require careful planning to ensure appropria_te and effective application. The
information in this Preliminary Report, albeit prellmmary, wnll assist the San Francisco Operations

Office in the planning of these near-term respdnsas
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2.0 GENERAL SITE INFORMATION

2.1 Slte Setting

[
4. .\

Lawrence Livermore National Laboratory (LLNL) conducts its acﬁ\nmes\at two separate sites. The
Livermore or Main Site is located 64 km (39 miles) east of san Franclsco and 5 km (3 miles) east of the
city of Livermore, California, in southern Alameda County Slte 300 |s Iocated 30 km (18 miles)
southeast of the MainSite in the Diablo Range and straddTes SanJoaéqunn and Alameda Countles.
These locations are shown in Figure 2-1. Figures 2-2 gh‘dg 3‘q4ep|ct-the Main Site and Site 300 layouts
respectively. e

» “ v
G o
ooy )
P

The Main Site comprises an area of apprommately.33square kilometers (km2) (1.3 square miles),
whereas Site 300 is about 27 km2 (11 square mllps) ‘Land to the north of the Main Site is zoned
industrial and, to the west, land |s-a hlgh densnty ‘urban setting. Sandia National Laboratories
Livermore (SNLL) is located to thp southu, Land ta ‘the east is mainly agrlcultural and pasture. Areas

......

ranching.

The Main Site overllesa land surface of Iow reHef that slopes gently to the northwest. Two groups of
low hills are 5|tuatenj about* 1, O km (O 6 miles) southeast and 3.2 km (2 miles) northwest of the site.
Elevations at the snte range ﬁ‘om 250 meters (675 feet) at the southeast corner to 205 meters
(570 feet) at the nw'thwest cbrner This region has experienced earthquakes in recent times, which
were centeredon néarby faults In general, the soils near the Main Site vary in texture from clayey to

sandy Ioams or Eh_lxed gravels

SRR AEL SRR
N 1]
.

The urface wat-ers generally drain from the Maln Site area to the west by means of arroyos and

mtermlttent streams. Also nearby are the South Bay Aqueduct and the Del Valle Reservoir.

The major water-bearing formations in this area are multilayered systems of an upper, unconfined
aquifer overlying a series of semiconfined aquifers. The two most important formations containing
aquifers are the surface valley-fill materials and the Livermore Formation. Groundwater flow tends

to be to the west or west-northwest.
The climate is generally characterized as a Mediterranean type. Summers are typically warm and dry

and winters are mild and moderately wet. Rainfall occurs mostly from October to April and averages

about 35.6 centimeters (14 inches).
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calcium carbonate type ¢ 1d contain various clay formations

Predominant winds in the summers are from the west and southwest, while in the winter, they are
mixed, with a high percentage coming from the northeast and north. Wind speeds are most
frequently in the range of 5to 7 meters per second (11 to 16 miles per hour).

‘I
L)

)

Site 300 topography consists of southeasterly-trending ridges,: a‘nd -chnyons of moderate to high
rellef. Elevations vary from 150 to 520 meters (500to 1 700feet) Thr‘eq faults are present in this

area but are not actlve ‘Carnegie; Elk Ravine; and a manr, unnamed fault The solls are mostly a

‘e F oiee
‘o,
S

» NI
" . L

.
. a Yy ‘e,

Surface-water drainage at Site 300 is mostly from Ihtermment streams that flow during the wet
winter months, Groundwater at Site 300 is found An the- two major water-bearing zones: an upper
aquifer in the sandstones and conglomergtes «and adeeper confined aquifer in a lower sandstone.

In addition, several localized, perched aqutfers« have been identified.

.. .

B
2, . ‘.
TS f

The climate at Site 300 is also cla95|fled~.ds a Med1terranean type. Summers are typically warm and

....

dry, and the winters are mild and shghw wet The average precipitation is 25 cm. (10 inches), which
usually falls from Qctober to Apnl :

‘
!
l!
. .
“w, '

2.2 Overview of Major Site Opgr‘at'15ns
Maln Site L

Prior to \Norld War“ll tbe Iand now occupied by LLNL and SNLL was used for light agriculture and
cattle grazmg !ﬂ I\/larch of 1942, the Navy purchased the property as a site for establishing a training

base subsequently known as the Livermore Naval Air Station.

T
‘v
Ve

: L‘L'Nl-."',i's" a multiprogram laboratory that undertakes multidisciplinary fundamental and applied

rese'arc'h_and development in a broad range of scientific fields. The primary program deals with the
design of nuclear weapons (Defense Systems). More recently, programs have been developing in the
areas of Laser Research, Magnetic Fusion Energy, Beam Research, Biomedical and Environmental

Research, and Energy and Resources.

The Defense Systems Program is divided into four areas: Nuclear Design, Military Applications,
Nuclear Testing, and Weaponization. In the Nuclear Design Program, projects include developing
specific nuclear explosives for proposed military purposes, and research on the x-ray laser. In the

Military Applications Program, studies are under way on nuclear design alternatives and related



issues. The Nuclear Testing Program is involved in the development of new and advanced diagnostic

techniques for nuclear explosive experiments, The Weaponization Program fs responsible for

completion of material development, design of military \);veapons, setup of manufacturing processes,

and retirement of obsolete weapons.

Vo
.‘ln.‘«
\ ‘u.

\
R

Laser research Includes development of novel technolwgies rn addltlr‘m to investigations of the

chemistry and physics associated with these studies.

The inam programs are Laser Isotope Separation

(LIS) and Inertial Confinement Fusion (ICF). The LIS Progrﬁm deals With enrich“nent of uranium fuels,

purification of special nuclear materlals, and separation Qf important isotrpes, The ICF Program

supports research in the areas of fusion energy and weappns physlcs

N
.
4.‘
\

fn the Magnetic Fusion Energy (MFE) Prcgram, LU\rL‘p ays the principal role in the nation in

developing a magnetic mirror fusmrv reacfor and m supporting the MFE computing effort

nationwide.

L,

1
i

The Beam Research Program |5 ded‘mateﬂ to “studying tlwe utility of intense beams of high-energy

electrons for defense weaporﬂs s
‘ "u T
AL

The Biomedical and Envlronmental Research (RER) program has three divisions: Biomedical Sciences,

which studies the mqtagenlc carcmogemc and biological effects of energy effluents; Environmental

Sciences, which, s1ud|e.s the écé]ogncal effects of contaminants; and Atmospheric and Geophysical

Sciences, whmh mQ.deIs potlutams in the atmosphere.

"
.

o, .
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Energy. ama Regogrues conducts field experiments related to surface and internal earth processes.

The major‘ ef'ﬁorts are in the areas of underground

share utnllzatlom

‘., “‘

Site 300,

coal gasification, nuclear waste storage, and oil

Prior land use at Site 300 was limited to sheep and cattle grazing because of the rugged terrain.

Most of the area at Site 300 is characterized by steep, smooth hills and deep ravines, with elevations

ranging from 150 meters (492 feet) at the snuthwest corner along the Corral Hollow valley floor to

more than 500 meters (1,640 feet) in the northwest sector.



There are seven major actlvity areas at Site 300 that support the high explosives (HE) testing program
of LLNL. These include general services, HE formulation and manufacture, HE processing, dynamic
testing, environmental testing, non-HE testing, and outside testing groups.

Q'n

The General Services Area (GSA) consists of nine bulldings that' Ijouslg lall the administrative and
support functions, The HE formulaticn and manufacturing is aarclecil;;u‘clln six major buildings and
flve support bulldings and assoclated magazines. The.- HE processlnq conslsts of eight major
buildings, 29 support bulldings, and magazines. The dynamic te{tlng takes place at seven HE firing
sites (bunkers), three explosives storage magazines,, and 17support buildings. Dynamic and static
eﬁvlronrnenfal testing Is carrled out In 10 bulldings.” Non—H& And special testing is carried out at
Site 300 whenever an Isolation or special requirément sltuat{on is met at LLNL. Occasionally, space s

provided to outside groups that require ‘»pepta| fons\dsratlon

e
‘o
e, ‘e
K . ‘v

2.3 State/Federal Concerns
Representatives of LLNL, Sandra Naﬁonal ‘aboratories Livermore (SNLL), DOE San Francisco
Operations and Albuquerque’ (Dperatlons Offlces, and the Survey team met with 10 representatives
of state and local enwronmentaf agenmes on Qctober 22,1986, at the SanFrancisco Operations
Office to discuss agency. concerns at both laboratories. Attendees are shown in AppendixB. The
Environmental Proteqtlon quncy EPA) was not able to send a representative,
g ‘, . e

The Survey Team L.eader deécrnbed all aspects of the DOE Survey., Messrs. Ragaini and Hoffman
presemed fgat'us repw‘tﬁ sn environmental matters at LLNL, and Mr. T. Devlin presented a similar

status report on"sNLL

Ll et
‘ ‘
G0N
“

‘The questlons from the attendees were general in nature; no major issues, environmental or
'o’therwtse were raised. The attendees expressed Interest in receiving a copy of the Environmental
Survey l\_/lgnual and Interim Survey Report, and there were a few questions about the prioritization
system ar;d the money available for corrective action. Although the state expressed interest in the
sampling aspects of the Survey, there were no inquirles on the opportunity to participate in the
Survey in any way. The meeting lasted approximately 45 minutes,



3.0 MEDIA-SPECIFIC SURVEY FINDINGS

The sections In this chapter pertain to existing or potentlal environmental problems in the air, soll,
water, and groundwater medla. Each section is medla specific a(ad Includes a summary of the
avallable background environmental Information, a descrlption o‘f the pollution sources and

controls, a review of the environmental monitoring program, and"a ca.tbgornzation and explanation
of the environmental problems found by the Survey team related.to each m@dlum

) ¢
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31 Alr L
311  Background Environmental Informa‘clo‘n‘

Measurements by the Bay Area Air Quall‘ty Management District (BAAQMD) at a statien on Old
First Street in Livermore and by the EPA' at other‘ &tatlons, have determined that the Livermore Valley
region has achieved all ambient stahdards gxqept those for ozone. Attainment of the ozone
(BAAQMD, 1985-1986) standardufor “thér .Llwarmore Valiey region is dependent upon controlling
releases in the San Francisco. Bfe\y regwn as WeII as the Livermore Valley region because of the

regional wind pattern as preseméd m FlgbreS 1 and Table 3-1 (University of California, 1986). The
data was obtained from LLNL's meteorologlcal tower,

At the LLNL Mam Sntb the pcedcmlnam winds during the summer dry season are from the southwest
and average bepween 3- 7 meters per second (m/s). During the wet season, northeast and north-
northeast wmds whuch are assoclated with post-frontal anti-cyclonic flow, are also common and

average, bevtween 2 arfd TO m/s.

o
|". .o».l‘

Strohg, persl&tent winds are characteristic of the Site 300 area. Marine air flows through the canyons
of the srte into Corral Hollow and the San Joaquin Valley beyond, producing strong afternoon and
evenlrhg winds with gusts up to 49 m/s. Directional distribution of winds at Site 300 is approximately
the salr‘né"as that of the LLNL Main Site.

Ambient air quality at Site 300 is somewhat better than that described for the LLNL Main Site. The
region Is sparsely populated, so man-made pollutants are not generated in significant quantities.

Furthermore, the winds are stronger and more persistent than in the Livermore Valley.

The Livermore Valley rarely experiences severe weather, The greatest recorded daily rainfall is about

90 millimeters (mm). Thunderstorms occur less than 5 days per year and are not intense. Hail occurs

3-1
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SUMMARY OF TYPICAL WIND FREQUENCY TABLES BY STABILITY CATEGORIES®
LAWRENCE LIVERMORE NATIONAL LABORATORY - LIVERMORE, CALIFORNIA

TABLE 3-1

4
‘l .D

Y
o

X5

DRY SEASON A
Stability (.‘,'a:tég?ryb - '.f
E F
Most Frequent Direction WSW, W WSW, W oOWSIW, W SW, WsW SW, WSW SW
Frequency (%) ~30 ~48 PR ~62 ~57 29
Speed (m/s) 3 3, R 5 5 5
Least Frequent Direction ESE, SE, SSE sk, ssE ], ESE 8¢ SE, NW SE SSE
Frequency (") 9 =3 ,',"",} ~2 ~2 <1 0
?paed(m/s) 2 L I"'j:' 1.2 3-4 4 3
Highest Ave. Speed (m/s) 3 'A T ! o 5 8 10 8
Dirgction WNW, NW L Whw T N NNW NNW NNW
Fraquency 7-9 \-.T'_‘-.,Z o 4 b2 3 10
Lowest Ave. Speed (m/s) 2 ‘3‘. . L T‘Z'. 2 2 2 0
Direction G 0 ssE 5E S £ §SE
Frequency 7 1 1 | 0
WET SEASON
Most Frequent Direction * 1%, N© o £ WSW, W WSW, W WSW. W £
Fraquency (o) .+ g 11 ~25 --28 ~32 15
Speed (m/s) N 3 4 5 5-6 6
Least Frequent Ditgetyon... | ESE SSW N NNW NNW NW
Frequency (%), ‘; 3 4 2 2 1 <
Speed (m/i}” " Y o 2 3 a 3 4
# nghef:f A‘;e, St_:j'ggd'(mvs), 3 ~3 4 3 7 12
Diragtion -, " NW WSW, W, WNW WSW WSW NNE NNE
Fraquenty 5 ~28 12 14 4 9
L'QWES"(}{\VE‘ Speed (m/s) 2 2 3 3 3 2
Dicsctior ESE SE, SSE SSW, NNW 5SE ESE, SE NNW
Frequency(®) 3 ~9 3-4 2 8 1

Source: DOE, 1982.
a  Values rounded to nearest whole number
b A=Extremely unstable conditions; B=Moderately stable conditions; C=Slightly unstable

conditions; D = Neutral conditions (applicable to heavy overcast, day or night); E=Slightly
stable conditions; F = Moderately stable conditions,
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even less frequently. Strong winds with gusts to about 30 m/s occur a few times each fall and winter,

usually following the passage of a low-pressure system.

In one study, the tornado recurrence interval was estimated to be about 1 per 292,000 years, or
3 x 10-6 per year. In amore recent study, it was indicated that extreme wmds pose a more significant

threat of structural damage in the central California area than ddtomados

Another consideration is the formation of smog in the Lﬁi.\/e'.rmdire\/alley Because of its location,
surrounded by hills, it has more days of high photochemlcal smpg (h:gh ozone concentrations) than
most bay area locations with air pollution samplmg sta'crons Durmg 1386, the Federal ozone
standard (hourly average) of 0.12 parts per mllll.on was exceeded on 3 days (BAAQMD, 1987). It has
been estimated that about one-third of the Valley smog is 1mported from upwind metropolitan bay
areas (University of California, 1986). e‘ .",~
The LLNL Main Site also maintains a: meteorolgglcal ;')rogram to provide meteorcological parameters
that may be used to estimate themtlal t:lnsés to individuals in the event of an accidental release of
hazardous or radioactive materlals mro the atmosphere This is known as the Atmospheric Release
Advisory Capability (ARAC) serVrce Jt has three main functions: (1) to provide support to designated
DOE facilities during an acc1den£er rélease of radionuclides; (2)to su‘pport the DOE Emergency
Response Team in the. event of po’centlal or actual releases of radionuclides; and (3) to provide the
Federal Aviation, Admlmstcatuorr (FAA) with dose assessments whenever aircraft could possibly
intercept nuclea; debmclouds from foreign atmospheric nuclear tests.

e, "f.“""-.“,-‘ ‘
The ARAC.tentral facility receives meteorological data from the Air Force Global Weather Central
(AFGWC?I'- m",a'fuﬁ"a_cci-dent the meteorological data collected nearest the accident site are used to
predtct cloud ‘trajectorles concentrations, and population doses. At present, ARAC has two-way
_,.-commumlcatlons with AFGWC, the LLNL computer center, four DOE installations, the DOE Emergency
Responge Team, and the FAA.

’

3.1.2  General Description of Pollution Sources and Controls

During 1986, LLNL was issued 166 permits to operate equipment at the Main Site and Site 300. The
permits allow the operation of 99 boilers for space heat, 26 degreasers, two gasoline purnp islands,
one gasoline storage facility, five paint-spray booths, 11 machine shop operations, 7 diesel-fuel
storage tanks, and 15 miscellaneous items. The Main Site air-pollution sources are regulated by the

BAAQMD, and Site 300 sources are regulated by the SanJoaquin County Air Poiiution Controi
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District. Primary pollution sources, associated contaminants, and controls in place are discussed

below.

LLNL Main Site B

Radionuclide airborne emission sources contributing the moét te publlc dose during the
period 1981- 1986 and controls used to limit public exposure are summartzed in Tables 3-2 and 3-3.
(A more complete discussion of dose assessment is prowded in Secthn 4.3.2.) Generally, at both the
Main Site and at Site 300, High Efficiency Particulate AJr (HEPA ﬁlters a.re used to remove particulate
radionuclide materials. Catalytic oxidation- moleru‘far 5|eve co|1ect|on units are employed for
removal of tritium, the major gaseous radlonucllde Ot‘ner gaSeous contaminants with very short
half-lives (2-10 minutes), including Oxygen-15 ‘150‘) and NLfrogen 13 (!3N), are released essentially

without control, but with continuous monntormg L

At ithe Main Site, HEPA filters are used in, exhap\st alr 'systems to assure that radioactive or hazardous
particulate matter is not released 0. the em«lronment All facilities handling plutonium, uranium,
and beryllium are equipped w&th thesef hers ln buildings such as Nuclear Chemistry Operations and
the Plutonium Facility, exhaust a:r from the glove boxes is passed through double HEPA filters (two
stages of filters in series). Followmg this filtration, the air enters a manifold system and is HEPA-
filtered a third time bé"‘f‘.éi‘ree..belng‘,e'g(.hausted to the outside atmosphere.

e T
. '..‘ [ ,,‘1

LLNL's mventary, nndtcates .th‘a‘é 957 HEPA fiiters are in use (some intermittently). LLNL conducts
extensive research mto u;e durab|l|ty, and testing of HEPA filters. Before being installed, every
HEPA fllterns tested fb: eﬁ’mency After irstallation, the HEPA filters are tested in-place to assure
that flfter d_amage_rjas not occurred during installation and that the filters are properly gasketed.
Flll_te,r}:_ar_e re: te_gt,ed annually. Spent filters are disposed of as solid radioactive waste.

B'di-Ld'ir‘ig' 331, Tritium Research, is the largest airborne radionuclide emissions source at LLNL,
emitti‘hgt~90 percent of all tritium releases to the atmosphere and 83 percent of the total curies
contributing to the public dose in1986. Primary control technology employed includes catalytic
oxidation followed by molecular sieve trapping. Building ventilation is designed to maintain airflow
toward zones of high hazard. A major upgrade of the building ventilation system is under way and
will provide for capturing and retaining small quantities of tritium that are released during routine

operations.
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TABLE 3-2

RADIOACTIVE AIRBORNE EFFLUENT RELEASES FROM
LAWRENCE LIVERMORE NATIONAL LABORATORY,
LIVERMORE, CALIFORNIA, ",
FROM 1981 THROUGH 1986 (Curies) ' ",

Ve, L, ‘,.‘
Year 3H BN SO

1981 2,620 | 344

1982 2014 | e sea

1983 3,245 Tl 8Ss

1984 7354 fo T s

1985 L 2,206, |- 520
1986 L dsasge

¢
—_
—_
W

[N

Source: Holland€tal., 1987..
. ‘,‘i.. "n
" \..,“.: e
t,
] \L".‘"
1 '_"
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TABLE 3-3

‘ RADIONUCLIDE EMISSION SOURCES CONTRIBUTING TO PUBLIC DOSE
LAWRENCE LIVERMORE NATIONAL LABORATORY - LIVERMORE, CALIFORNIA

Nuclide

Bldg.
No.

331

Facility

Tritium Facility

Al 1)

0
o

Curigs:

‘. Primary Controls

Partial catalytic oxidations
s ..}and molecular sieve trapping

212 |insulating Core Accelerator . ' 15 Administrative procedures
292 | Rotating Target Neutron Sour;é.'-'l: ':ifQG Administrative procedures
292 1 Incinerator 5.1 | Administrative procedures
13N, 150 194 | Linear Accelerator * .‘ 90 None for gaseous emissions
865 |ATA?(Site 300), " 23 None for gaseous emissions
Source: Holland etal., 1987. ... "‘ | e
a  Advanced Test Acceleratofﬂ:;.‘“:“" ‘ d
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Buildings 292 and 212 also release tritium and together account for about 10 percent of all LLNL
tritium releases to the atmosphere and 9 percent of the total curies contributing to the public dose
in 1986. Primary control technology is the same as Building 331, but on a smaller scale except for

ventilation design and upgrades. K

The remaining airborne radionuclide emissions contributing tqpubltc dose include 3N and 150 from
the Linear Accelerator operated in Building 194 on the I\/lam S|te avr‘wd the Advanced Test Accelerator
(ATA) operated in Building 865 at Site 300. Both operatlons pr‘oduqe ‘3N and 150 by gamma-neutron
(y, n) reactions on these elements in air. These two operatrons accbunt for all of the measurable 3N
and '50 and approximately 8 percent of the total alrborne cunes contrlbutlng to public dose in 1986.
Because both of these radionuclides have very short half-lives (150 = 2 minutes and
BN = 10 minutes), and because of the Iow cur,le re]eases, rapid radioactive decay, and intermittent
operation of the sources, no emissions" control eqfulpment is needed. Activated dust particles are
removed by HEPA filtration unitsin both operqtlons
...... ' “‘-im’ OO
Other radionuclide emnssmn.s, not cohswder'ed to be significant public dose contributors, are
summarized on Table 3-4. Crlte;Ja for the_ decision that these sources should not be included in dose
assessment calculations centered o, “detectability of emissions. Most radionuclide air emission
sources are commubusly momtored or sampled. Because of control technology employed,
nondetectable resul'ts are'ltrequéntly obtained; thus the need for dose assessment calculations is
infrequent. Brle’[ descrrptlons of two of the representative facilities are discussed below.
Airborne"ehiéﬁons‘(_‘:jé-‘r{é';'ated in Building 251 by work performied in the various glove boxes and hot
cells consmt D,.f‘amha -contaminated particulates. Air from the glove boxes passes through double
HEPA fllters a1: the glove box and then is exhausted through manifolds to stacks on tha rooftop,
“:whera the air is agaln filtered through HEPA filters. Continuous particulate sampling is done on all
BU|Id|ng 251 exhausts., Gaseous waste from the several hot cells is treated similarly, except that
contmuoUs monitoring is provided at the discharge point to provide gross release detection
capability. Detection is provided by on-line proportional detectors for alpha contaminants and
sodium iodide detectors for gamma emitters. Room air is continuously sampled for particulate
contamination and is discharged through exhaust ducts to the roof, where it is filtered through

double HEPA filters.
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TABLE 3-4

RADIONUCLIDE EMISSIONS NOT CONTRIBUTING TO PUBLIC DOSE*
LAWRENCE LIVERMORE NATIONAL LABORATORY-LIVERMORE, CALIFORNIA

Building .
No. Facility

175 Mass Uranium Enrichment Facility

- Uranitim

ARD

e = Nuclides

Ciew

231 Controlled Material Vault

3

U‘rahid:m"' L

...| Plutonium

251 | Heavy Element Facility

| Ughium
L Plutonium

Curium and other transuranics

332 | Plutonium Research o e
o LUranium

Plutonium

419 Decontamination .

""""

. f
N, ‘Y

Tritium
Uranium
Americium
Plutonium

490 | Special Isotopé'ﬁé\ci}'l.it‘y"'::.'.'.f'-.,

Uranium

514 | Waste Management-Faeility

Low-level Wastes

612 Waste Wlanagement#acility

Various nuclides and Tritium and TRU

Various nuclides and Tritium and TRU

624a I WasteMa Haé’gmébe acility
[ T

*Source: DOE"S,U,W:e&; team.

a Impact.of radionticlides emitted on pubic dose under investigation.
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In Building 332, alpha-contaminated particulate emissions are generated by operations in the glove
boxes used for continuing processes and experimental work. The glove box exhaust is passed
through double HEPA filters (in series). After passing Into a manifold, the air is again passed through
a HEPA filter before being discharged to the atmosphere. All exhc:ust air is continuously monitored
for particulate radioactivity. Room air exhaust is filtered through double HEPA filters, and
temperature-activated water spray nozzies are installed (to pre*vem h.eat damage to the filters) in

room exhaust ducts. Cen v

' .

'

D oA e,
[ i,

et e s,

Various operations at the LLNL Main Site are sources for nonradloactnve air emission. These sources
are also regulated by the BAAQMD. Estimates made by the BAAQIVID of emissions from LLNL
Main Site (University of California, 1986) are as fpl‘lows:' e

f .
* ' ‘ 0
o

Particulate Matter © ."' 9 Ib/day
Volatile Orgamc Compobr';ds' 114 Ih/day
Oxides of Nltrogen . " 163 Ib/day
Sulfur Diog/de’ ‘, ) 1lb/day
Carbom Monoxr‘d:e““ ' 24 |b/day

A e
4 ‘"
¥ 1q

The BAAQMD ronmde«s the LLNL Mam Site to be a major stationary source because its total
emissions of volatlle organin compbunds (VOCs) and oxides of nitrogen exceed 274 pounds per day
(50 tons per year, ) BAAQMD aclmlmstratlve criterion). The above total for VOCs includes exempt
solvents (those not,lnvo!ved in smog formation), such as perchloroethylene, methylene chloride,
tric 1|oroethane{ and ﬁeons These total about 45pounds per day so that the remainder of the
50~ called feactt?e orgamcs total about 69 pounds per day. Thus, LLNL is only marginally a major

statlonary 5ource “The BAAQMD also estimated that permitted sources emit 146 gallons of fully

halogenated hy(.lrorarbons per year.

-' v,

The’ 'Fe‘.‘.c'!e‘r,al ozone standard (hourly average) was exceeded on 3days in 1986 (BAAQMD, 1987).
Howeverj since ozone is produced principally from reactions involving the constituents of
automobile exhaust, it can safely be stated that present emission levels of air pollutants from the
Main Site do not cause any violations of state or Federal ambient-air-quality standards.

Site 300

The sources of routine releases at Site 300 are depleted uranium from firing table experiments and

measurable quantities of 13N and '50 from Advanced Test Accelerator (ATA) operations. Substantial

3-10
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amounts of depleted uranium (U) are used at Site 300. The amount expended In 1985 was estimated
to be 350kg (770 pounds) (University of California, 1986). Air samples collected at the Site 300
perimeter in 1986 showed ratios of 235U to 238U, slightly below the natural ratio of 0.0071. Monthly
averages during 1986 ranged from 0.0047 t00.0069, with an armual average of 0.0064 (which
indicates a mixture containing about 13% depleted uranium), _I-jowevm values of both 238\ and

235U are less than 1 percent of derived concentration guidelines, =« .o’ v,

‘ ‘
R [P

The principal source of routine releases of nonradloactivé"h'é{zar"déus contaminants from Site 300 is
the detonation and burning of explosives, The 198,; annual expendlture of beryllium from high
explosives (HE) testing activities at Site 300 was apprbxlrpately ZApounds (1.1kg) (University of
California, 1986). Yearly analyses of soll mdica.te that' benylllurn contamination is limited to areas
immedliately adjacent to the firing table bunkers HE -testing is not believed to contribute
significantly to the levels of beryllium in th‘e so&] ar the alr outside of the areas adjacent to the firing

table bunkers. o SN
Figure 3-2 shows the annual mean. and monthly maximum for beryllium levels measured at the

Main Site and at Site 300. ThP-annuaTalr'borne beryllium concentrations at Site 300 average less than
1 percent of the ambient air toncentrauon limit established by BAAQMD and the SanJoaquin
County Air Pollution Control DIStrlCt *and can be accounted for by resuspension of surface soil

containing naturally dcqumng beryltium (Holland, et al., 1987).
Because of the h|gh {empelatures and pressures generated during detonations, only simple gas
molecules are formed ThESe molecules are nitrogen, water, carbon dioxide, hydrogen, ammonia,

solid ca:bon and Iess 'chan one volume percent of other simple gases. With the exception of carbon,

these prqducts.aré.,gases that would not be found in the firing-table gravel.

_.|n;'éddi't‘i"on to the atmospheric releases from combustion and detonation activities discussed above,
srnal',l‘ tuantities of solvents and other volatile organics, including degreasing agents, are released to
the atmodéphere from routine operations at the site. These materials are utilized in general cleaning

and equipment maintenance, primarily in the General Services Area (GSA).
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FIGURE 3-2

BERYLLIUM IN AIR LEVELS AT MAIN SITE AND SITE 300
LLNL - LIVERMORE, CALIFORNIA
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Simlilar to LLNL MalnSite, Site 300 makes extensive use of HEPA filters, Of the total of 957 filters
listed in LLNL's inventory, 102 are used at Site 300 for control of particulates (mostly depleted
uraniumy).

Miscellaneous Areas o

Toxlc gases are used in limited amounts in some Main Site sheps and Iabbmtorles Gases, such as
fluorine -and others identified in Table 3-5, are typlcally conramed, in small canisters or in
diluted concentrations (less than 1 percent by volume),.lp Iarger.,pamsters. These gases are used in
microchip processing (Building 131), and chemistry, p'FvasAll‘clsl,‘,g‘r!d,,lgs.é'r"research‘

S .
313  Environmental Monitoring Program ' -, "

..‘ AR I

The LLNL ambient air monitoring prog‘r’am use ‘analytual techniques capable of delecting the
activity of numerous radionuclides in the en\/\rohment at natural background levels, At present, the
radionuclides of concern imlude~the tramsdrqnic elements procducts of neutron activation, fission

products, uranium, plutonium, oancl tﬂtruh"f‘

"
oty
“

Particulate air camplmg s conduc’tept with 26 continuously operating air sampling stations

' ':
.

strategically located around the Mann Site and Site 300, The six samplers on the LLNL perimeter
(Figure 3-3), the nrr)é sarnp’emar Site 300 (Figure 3-4) and seven of the eleven off-site samplers
(Figure 3-5) use S 2 X 10 ¢ m‘ Wf'uatman 41 cellulose filters. These samplers are operated at average
flow rates of HOO to‘?OQ Ilterslmmute The filters are cut in half; one half of each filter is retained for
berylllum qncxtym ancl ;3ne half is used for analyses discussed below. An easily dissolved filter and a
low trace: mgtafﬁa.tkground are required for these analyses. Whatman 41 represents a balance
between such raqulrements and particulate- collec11on efficiency (Lincdeken etal.,, 1963) The
rematmmq partlculate samplers in the Livermore Valley use 8.11x 103 m« glass-fiber filters

(Ilaﬂdersr 700) and are operated at a flow rate of 85 liters/minute. All air filters are changed

weekly. "

After a 4-cay delay for decay of the radon-thoron daughters, gross alpha and beta activities on the
filters are determined with an automatic gas-flow proportional counter. Monthly composites of
LLNL perimeter and Site 300 filters are also counted for gamma-emitting radionuclides using
low-background germanium-lithium detectors. Following gamma counting, the LLNL perimeter

filters from individual locations and the Site 300 composites are analyzed for the presence of

3-13
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TABLE 3.5

TYPICAL TOXIC GASES IN USE
LAWRENCE LIVERMORE NATIONAL LABORATORY
LIVERMORE, CALIFORNIA o

Usual MaximytAracunt in

Gas One Location (EUbie Figey)
Ammonia ‘ 200,
Arsine ) ‘ 2
Boron trifluoride fon 10+
Carbon monoxice ) " 200
Chiorine . .. 200
Diborane . " o L 10
Dimethylamine, K . '. |
Fluorine M ‘ 100
Hydrogen "c-ﬂv! ;55 i‘d e . " ‘ 25
Hyclrod‘e:rﬁ‘flq‘orl'cl‘é‘ .\ 100
Hydrogen sCilf!fc"f,t_a, 25
"f,\J"'rnggen diokide 200
Phdsg‘;é'}'\g:ﬁ'r 10
' "‘[%hos‘phir;e 10
Asilave 200
Stilfur dioxicle 200

Source: University of California, 1986.
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Plutonium-239 (239Pu), 235U, and 238U, Selected off-site samples from the Livermore Valley and the

City of Tracy are analyzed for 239pPy,

Concentrations of airborne tritiated water (HTO) are determmed for each of the LLNL perimeter
air-sampling locations, off-site locations S- 1 and s-2, and four addmona! Livermore Valley locations
(4, 7,9, and 17). Water vapor is collected on silica-gel samplers operéted at a flow rate of about

T

measured by liquid scintillation counting. -’ -

Atmospheric releases of radioactivity over the peridcli‘bfmfg'm to"1'9:'85 are summarized in Figure 3-6.
Noting that the scale for curies released is Ioganthmlc a'suzable proportion of these emissions have
been tritium releases. ' Figure 3-7 shows tr|t|um concerxtratlons over the same period of time
compared with the DOE concentratior. gurd'e‘ apd. mé.U;S. mean. As can be seen, emissions are well
below concentration guides and have '51150,. a's"é‘r’)‘ra‘nnual mean, been below the U.S. (nationwide)
mzan since 1978, ) i B
The annual trends for the atmosphene t‘cncemramons of radiocontaminants measured at or near the
Main Site betweer 1974 and, 1985 are shown in Figures3-7 through3-11.  Spikes in the
concentrations shown are typical of statsstlcal variations in measurements of such small quantities.
To provide perspectlve the rasu#ts shown in these figures include both background levels
(U.5. Mean) and Lhe DOE mncentratlon guide levels that were applicable during those years
(University of. gahforr:rla 986) The concentration guide levels are based on kecning below
100 mrem, the annu.al dose to the maximally exposed individual. In all cases, the measured annual
mean coneentratlon \&as significantly lower than the limits specified by the DOE concentration

guide; and was‘fomparable to the expected background level.

.-Anhu‘a‘ll.}variatiahs of alpha, beta, and gamma activities in the Site 300 vicinity are depicted in

F'i‘g'd;re's' 3-12, 3-13, and 3-14 and that of 239Pu in Figure 3-15. DOE concentration guide leveis and
backg’rou‘nd levels are indicated on these figures for reference. In all cases the measured activity

levels are well below DOE concentration guides and are comparable to background levels.

The annual trends in atmospheric concentrations of uranium at the Site 300 boundary and near
vicinity locations are shown in Figures 3-16 and 3-17 for 235U and 238U, respectively. A curve of the

monthly maximum for the year and of the yearly mean is shown on each plot. Year-to-year

fluctuations are typical of statistical variation in small-quantity measurements of this type. Overall
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concentration levels remaln many orders of magnitude fass than the DOE concentration guide
recommended lavel. (Griggs and Buddemeler, 1986), and are below expected background levels,
Concentrations of both lsotopes have decreased steadlly since peaking In 1981 (University of
Callforrla, 1986), .

[
1 '.

Other airborne emissions have also generally been demonstraﬂr;g' a.d‘eo(easlng trend over recent
years. The primary concern associated with these emlss\ons ls. that of ;ﬂublic radiation exposure
through varlous pathways. Environmental radiation exposure pathWays related to alr other than
direct inhalatlon include depasition on solls and vegewtlon (cow pastures, vineyards, and flowering
species). This deposition can lead to contamination cf mHk wlne ancl honey. All of these pathways
are discussed in greater detall in Sectiond.3. 2. Summary o all‘ pathway doses using maximum
calculated exposures ylelds a 0.03 mrem dose at the Maln S‘\te and no dose above background at
Site 300.

The concentration of beryllium in the, arr, both ahthe source and near LLNL property boundaries, has
always been monitored as a pam? of L,LNLé.safety program. Monthly, halves of the filters from
sampling locations at the LLNl,-perlmmer’ Yte' 300 and in the city of Tracy are composited by sample
location. Following sample prepafatlom,the berylium content of the solutions is determined by
atomlic absorption analysts The - oncqntratlons, which average less than 1 percent of the ambient
concentration limit e§tabhshecl by ‘the BAAQMD, can be accounted for by re-suspension of the
surface soil contarrﬂhg nawr“ally“ occurring bervllium. In addition, soil samples are occasionally
collected nearpqtnnttal%ources for verification of this argument.

[ K
s ’l'

_lJnusuaIlT'flﬁuﬁi*-Conc‘ém‘;tr"ations
The 1986 perlmeter monitoring for tritiated water (HTO) showed two periods of elevated
cthentr.atlons whlch raised the overall average from 2.8 x 10-11 uCi/ml in 1985 to 12.3 x 10-'! uCi/ml
in 1986,

The first spike occurred in early September (see Table 3-6) and was noticed at sample Stations 1 and 2
(see Figure 3-3), Slightly elevated concentrations were noticed at one station (5-2) (Figure 3-5) west
of Sandia National Laboratorles Livermore (SNLL) and at a remote station (V7) located about 5 miles
northeast of the site. There Is no apparent reason for the fact that Station 12 (midway between
Stations 1 and 2) and Station V4 (midway between the site and Station V7) did not report high values

during this period.
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TABLE 3-6

UNUSUAL TRITIUM-IN-AIR CONCENTRATIONS
(10-11 uCi/ml)
LAWRENCE LIVERMORE NATIONAL LABORATORY-LIVER,MORE, CALIFORNIA

Sample.;?qa*ni’oh Number

January-August, 1986 Samples 19 20 '19 ©T 20 19 21

Range | ND-6.0 | NB-6:7 [-ND-7.2 | ND-8.6 | ND-6.9 | ND-5.5

Sept.~Dec., 1986 Samples. 9 1. 10-°F 10 11 10 14
| Range | ND-5.5.| ND:s.9 ['ND-85 | 0.6-7.1 | ND-6.5 | ND-3.4
i 198§ Average Without S28 s 30 o 29 22

Outliers DU RPN
, OUTLIERS |22 ] 430
| 'i';".",. v

September w22t 346 - 18.5 - 12.4
. October EC SR - - - - 10.9
1 November % B - - - ~ - 9.1

December a - - - 320 448 367

PO WS 315

1986 Average Including | ¢ 5.8 5.4 30 | 151 19.9 2.4

Qutliers S

Source: - 'j- H'él_!ana'e‘t'.h}f; 19087,
Note: .~ NDi- not detected

B Y SAL TR
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Higher concentrations accurred in late December. Stations 13, 14, and 15 all reported high values as
did StationV7. (StationS-2 at SNLL reported slightly elevated concentrations.)) The value at
Station 14 for this period was the highest perimeter value for 1986, 448 x 10-11 uCi/ml. Although this
is only 2.2 percent of the DOE-derived concentration guideline (DOE 1986), it is 100 times the
average concentration at this station for the remaining 28 samples taken in 1986. (Three QC samples

.

were taken in 1986 in addition to the 26 regular biweekly samples)

A review of stack emissions and operations records at. LLNL amd SNLL has not identified any
malfunction or other release that might have caused the hlgh Canentratlons Efforts to identify the
origin of the elevated values are continuing. Consndehng thé erratic nature of the values,

especially the September values, the possub[hty of conta'mmatmn of the samples in the leboratory

appears to be a possible explanation, . K | RN
3.1.4  Findings and Observations "-‘.j:"..‘, ' -
3.1.4.1 Categoryl “ 4

None -

’.
¢ L
[ St

3.1.4.2 Category|

. o
o . Al I
S [P
.. B 7

K

None"
RE '“J”;]g'
3.1.4.3 '.*C_'&'egorylll
. . ;.’.N“;'.;.

.

. None,

3144 Category IV

D

1. Calculation of Dose Assessments. The combined off-site radiation dose resulting from LLNL
and SNLL air emissions is not reported in the annual Environmental Monitoring Reports
(EMRs).

The LLNL EMR reports conly its own site-specific radiation doses. Although this is
administratively correct and acceptable, it is misleading (from an off-site dose caicuiation
standpoint), given the proximity of the two sites and the similarity of operations. LLNL

acknowledges this dilemma in its 1986 EMR, stating, “This report . . . assesses the
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environmental impact of both laboratories,” but then goes on to contradict itself by
calculating an LLNL-specific dose. This calculation, by footnote, specifically excludes the
emission of 760 Ci (as HTO) from SNLL. SNLL's release is significant relative to LLNL's 774 Ci (as
HTO) release. However, it must be acknowledged that the dose at the site boundary and the
dose to the nearest resident (which were listed in the 1986 report as 0.26 percent and
0.22 percent of the Federal emission standard respect|ve1y) wou d sttll be less than 1 percent

of the Federal emission standard if the SNLL ermssrons were mcluded

Air Emissions From Vapor Degreasers and Part C[eaners Evaporatron of solvents from vapor
degreasers and parts cleaners is accelerated by Ieavmg ‘rhe tanks uncovered when not in use.
During the Survey, team members noted frve burld’mgs thh uncovered units not in use. The
parts cleaners were located in Burldmgs 383 419 438 and 511, and a vapor degreaser was
located in Building 865 at Site 300. _.'.,..r.':'.f‘ K

e
., [
e '
[ e
K1

The Survey team estimates that smce a typlcal parts washer is in use less than 10 percent of the
hours in a full day, covermg the unrt when not in use reduces evaporation loss by about
90 percent as compared wrrh tﬁ"‘l‘dss from an uncovered unit. Regulation 8-16-303 of the Bay
Area Air Quality Management Drsmd (BAAQMD, 1986) requires a cover and its use “when not
processing work" in a parts c1eaner Regulation 8-16-301 describes similar requirements for

vapor degreasers.‘

K v U

[ .

Contamm@ﬂon of T_Ltrum in Ambient Air Samples. Two incidents in 1986 of high tritium

Ievels at the‘LtNL pehmeter that might have indicated unmonitored releases are thought by
the Survey team Lo be the result of contamination of samples in the laboratory. Both LLNL and
SNLL wa.ve ‘ax¥amined operating records and stack emissions but, to date, no evidence of any

- ;j‘m.alfunc.no,'n or other release has been found. Table 3-5 presents a summary of these data.

o The first “spike” occurred during the first two weeks of September at two monitors, Stations 1

and 2 on Figure 3-3, when levels of 40to 60x 10-'1 uCi/ml were reported. Slightly elevated
levels were noticed at one SNLL perimeter monitor (S-2 on Figure 3-5) and one valley location
(Station 7) (10 and 23 x10-11 uCi/ml, respectively). There is no explanation for the low
concentrations (1.4 x 10-17 mCi/m'l) at Station 12, which is located between Stations 1 and 2, or
at Station 4, which is located midway between LLNL and Station 7. Increased concentrations
detected during the last two weeks in September (Stations 1, 2, 13, and S-1) and the first

two weeks in October (Stations -2, 7,9, 17) also followed an erratic pattern.
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Much higher concentrations (274 to 448 x 10-11 uCi/ml) occurred in late December, Stations 13,
14,15, and 7 reported the highest value for 1986 at each station. Station $-2 also reported its
highest level for the year, alevel of 52 x 10-11 uCi/ml.

The above values raised the.annual mean of perimeter statlons at LLNL from 2.8 x 10-11 yCi/ml
in 1985 to 12.3x 10-'1 uCi/mi, based on all data available. (The 1986 LLNL monitoring report,
which cites 2.5 x 10-11 uCi/ml as the annual mean trltlum eoncentration at the LLNL perimeter,
discarded 12 out of 176 data points that were consider‘ed to be anomalles or "outliers."”)

The annual mean for off-site monitors (mcludu‘fg the ‘two SNLL perimeter monitors) increased
from 1.2 x 10-11 uCi/mlin 1985 to 4.4 x 10 ” uCI/ml |h 1986

[
]

The maximum monthly average for ‘dnymomtormg station was 150 x 10-1* uCi/ml (Station 14
in December), up from 9.3 x 10-1* uCl/m| in ?985 Considering the erratic nature of the data,

contamination of samples in the iaboratpry appears to be a possible explanation.

LLNL and SNLL are still r-eweng r‘ecords in attempting to resolve this issue. Relocation of the

.

laboratory handling the ameent alr samples to an area remote from tritium sources has been
discussed at DOE Iaborator’|e5 for many years in attempting to remove laboratory

contammatlon as an explariatlon of abnormal concentrations of tritium in ambient air

samples. . s
. “ '.' IC. ‘

Momtormq Qﬁ HEPA Fllters The HEPA filters at Buildings 321 and 419, if damaged while in

use WDuld allow radioactive particles to be discharged, since there is no continuous

momférmgpf the pressure drop across these filters. Pressure-drop monitoring can alert

) ‘(j‘m}amteqan‘ce when a filter is damaged or overloaded. Although the use of these monitors is

‘Aét‘éndard ‘c')perating practice in most LLNL buildings, the filters at Building 321 apparently were

*Lipstalled without sucr, devices. While most filters in Building 419 have pressure-drop

indicators, the indicators are in poor condition and unreadable.

Only about 4 percent (350ut of900) of the HEPA filters at LLNL lack the continuous
pressure-drop monitoring. Without these indicators, damage could result in a filter efficiency
below the normal 99.97 percent. The reduced efficiency would not be detected until the time

of the annual testing.
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5. Testing of HEPA Filters. The HEPA filter mounted outside the ceramics shop (Building 322)

could, if damaged, allow particles containing beryllium and/or radionuclides to be discharged
because it has never been subjected to annual testing.

. ) ) w"lH
HEPA filters are normally installed upstream of an exhaust far n,\ therefore, the standard test
for filtration efficiency was developed for use at slightly negetme pressures Testing of a HEPA

filter mounted downstream of an exhaust fan (as thtS f||tar us) would requure a modified test.

', ‘. PR T
'.v~ e

6. Unpermitted Sources. Several parts cleaners and vapor degreasers at LLNL and the oil shale

crusher (Building 410) lack the registration /permlts requwéd by the Bay Area Air Quality
Management District. Although no envnronmental problems are apparent, lack of proper

registration or permlts can nevertheless |ead to papecwork type fines.

4-‘.... *
e

7. Perimeter and Off-site Ambient ‘Alr Sampjlj Results obtained from this program may be

affected by off-site sampling: s‘catlons t}wat are not locked; thus samples could be tampered

with. The perimeter and off S|te émbnent air sample results may be suspect for the following

reasons:

4 .
o,

e Off-s.ie station boxes are not Jocked.

® No procedurés ace in place for reporting equipment malfunctions.

o Air flow, 1s -hot conﬁﬂuously measured, resulting in inaccurate flow measurements (e.g., a
power 0utage~would not be recorded and compensated for in the flow measurements;

hence coﬁtammant concentrations would be underestimated).

‘-'l‘;' “ ey L,
3.2 olls, 5o e

321 - !Background Environmental Information

Section3.2 presents soil-related environmental problems as determined by the Survey team. The
major focus of this section will be radionuclide contamination because it is only those parameters for
which routine soil sampling occurs.  Soil sampling for organic and inorganic contaminants is
conducted in response to CERCLA- or RCRA-type investigations or activities, particularly
groundwater studies. Descriptions of these types of investigations are presented in more detail in

Section 4.5,

There are no regulations that limit the concentrations of uranium or thorium in soils. However,

there is some guidance available from both the U.S. Nuclear Regulatory Commission (NRC) and the



Department of Energy (DOE). The NRC, in a memorandum pertaining to a Branch Technical Position
on the disposal or on-site storage of residual thorium or uranium, established derived concentration
limits for various disposal options (NRC, 1981). One of these options applies to wastes with
sufficiently low concentrations of uranium or thorium that they would present no health risk and
thus may be disposed of in any manner. The acceptable concentratlons for this disposal option were
derived by the NRC using radiation dose guidelines recommended by the Envrronmemal Protection
Agency (EPA, 1977) for protection -against transuranium elemenis present m the environment. The
derived concentration limits are natural thorium, 10 pCWg, depleted uranrum 35 pCi/g; enriched
uranium, 30 pCi/g; and natural uranium, 10 pCi/g. The concentr.’atlor\ limits for natural thorium and
natural uranium are based on the assumption that alr the daughter products of these elements are
present in secular equilibrium. The radium rsotopes are the daughter products that are used to

establish the limits, T

DOE has established guidelines for remdual radroaﬁtlvrty at Formerly Utilized Sites Remedial Action
Program (FUSRAP) and Remote Surpids Facrlr‘rrea Managemem Program (SFMP) sites (DOE, 1985a;
1985b). The guidelines specrfy concehtrétrons “for thorium-232, thorium-230, radium-228, and
radium-226 of 5 pCi/g averaged over"t'ﬁ"'ﬁrst ‘I'S ¢m of soil below the surface and 15 pCi/g averaged
over 15 ¢cm thick layers of soil more rhan 15 cm below the surface. These guidelines take into account
the in-growth of the daughters and assume secular equilibrium. For other radionuclides or mixtures,
the soil concentration” gurde!mes mus‘c be derived, on a site-specific basis, from a basic dose limit of

100 mrem/yr to an rmdrvrdual fpom aII pathways.

- ‘ " . -
oo K .

There are no regu[‘atgry standards for nonradiological contaminant concentrations in soil as there
are for drmkmg water.supplres or for air. A determination of “safe” or "acceptable"” levels in soils
depends on’ wnﬁammant migration pathways (e.g., wind or water erosion or leachmg to the
grouhdwater) and potential human exposure routes (e.g., ingestion of soils by children or farm
amma}s, mgestron of contaminated groundwater, or inhalation of fugitive dust containing
con-temmants). Therefore, acceptable levels must be determined on a site-specific and chemical-

specificbasis.

The natural soils at the LLNL Main Site are derived from the alluvial deposits of the Livermore Valley.
The LLNL MainSite is located within the boundaries of the Yolo-Pleasanton soil association
(USDA, 1966). Weathering of the alluvial deposits has formed several distinct soil series that are
recognized by the Soil Conservation Service. Soils of the Livermore and Positas series have formed
near Arroyo Seco south of the site, while the Rincon, Zamora, and Livermore scils have formed on

these alluvia| materials near and within LLNL. The Pleasanton, Positas, Rincon, and Zamora soils are
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moderately slow to slowly permeable gravelly and clayey loam, and the Livermore is rapidly

permeable gravelly loam (USDA, 1966),

Published radionuclide "background” levels for California and the Livermore Valley solls are

[
discussed in Section 3.2.3 relative to on-site soil sampling for environm&ntal monitoring purposes.

........

3.2.2  General Description of Pollution Sources and Contro]}s': K

.

. ¢ ' .

1“‘.. K 4.,
PrEE

Investigations of soil contamination at LLNL's f acnlltles have,.for the most part, been tied to
groundwater contamination studies. in these areqs, numbe‘r of samples of unconsolidated
material were collected in the course of clring the borehoies for well installation. This information

Is presented in more detail in Section 3.4, and is uﬁecl prlmarlly in the definition of contaminant

. cida ".4
plumes. e S

The sources of soil contamination (w»th orqanlc compounds) are generally the same sources of
groundwalter contamination descrrbed m ‘Sfectlons3 4 and 4.5. In addition, radionuclides released
from various processes at the LLN'L Ma'm Sfte may be deposited on the soil and taken up by

vegetation or ingested by ammalé

Vo
.
‘. .'
e
e

The source(s) of soil cdﬁ.taminatiqn"at Site 300 are the following:

— -
K .,

L] Fallout from -flrmg table blasts

v, 0
-., .4

. I\/ItsceHaneous spHIs and abandoned waste

323 © ,f,‘En‘vII';dﬁnlep'tal Monitoring Program

LLNLhas had a"f'ormalized soil sampling program since 1971, when extensive range-finding analyses

of ‘v'.ém’pus radionuclides were conducted, Since that time, random selection sampling, augmented
by ad‘cli'tilbnal location sampling, when necessary, is conducted annually to evaluate both the impact
of LLNL operations and to track natural and man-made sources of radioactive contamination such as
fallout. There is no routine monitoring of soil for organic or inorganic constituents, This type of

monitoring is performed on a project-specific basis, and is discussed in Section 3.4,

Figures 3-18 and 3-19 and Tables 3-7 and 3-8 show 1985 soil sampling locations and analytical results
for the Livermore Valley and Site 300. It should be noted that all of the sampling locations shown for
Site 300 are on the property owned by DOE. Because depleted uranium is used in high explosives

testing at Site 300, sampling locations were located in areas where soil perturbations would be
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LIVERMORE VALLEY SOIL SAMPLING LOCATIONS
LLNL - LIVERMORE, CALIFORNIA
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TABLE 3.7

VARIOUS RADIONUCLIDES IN SOIL - LIVERMORE VALLEY (SAMPLING DEPTH = 0 TO 5 CM)
LAWRENCE LIVERMORE NATIONAL LABORATORY - LIVERMORE, CALIFORNIA

Al 1
s ". fWg/idry g * 20 (")
230py A0y R (S
Lacation? . , . BRI
(109 uCildry g & 20 (%)) | (10 pClidry g £ 20 (%)) | 110 pudry g & 2 (20)
o tv"‘ " ‘ )”‘Th ”uU
1004 9.4 % 6 BEY e 5148 58+ 5
1005 36 49 t2ey RN E 66t 5 40 26
1006 2.2 4 1 26 %4 ol 1474 | 68+
1008 5748 12 29t 537 | 29t
1009 26410 0 AT 1216 64413 4962
PXARTIeY
1010 25 %9 WS 149 68 &5 531 20
1012 6.0 % 6 e Ay, 2945 694 | a6
LTIKE -
10130 708 LA 3 26116 7746 37426
1014 7087 RANERE 24 %6 7844 461 a0
- . O
1015 49+ 8 L, 1A 3 16 %8 70%5 as b8
1016 2.9 4 11 “ 0913 X 5245 36+ 34
1017 . 03t 38, 12 t3 01 %60 39 +5 27130
1018 RN PIY 1243 07417 66+5 W IERE:
1019 Ll ! 10 %6 04414 3se | 201
oy ‘ll o “‘
1020 feny afdo 13+3 1019 AR 554 12
1028, A g k10 1344 09 % 14 71t 6 Sl
ctee [T e 134 08 %11 60 £ 6 51411
1 1073 09+ 16 14 43 05+ 18 7144 44+ 14
1024, 30 410 0747 15419 17 a4 | 21440
1025 36410 bhea 18+ 4 47 %6 25t 66
1026 10.0 £ 7 1.0 44 1614 5246 31420
1027 22646 b2ta 2046 7144 50 & 30
Source! Griggs and Buddemeier, 1986,
@ See Figure 3-18 for sample locations
b Samples 1013 and 1014 are duplicates.
¢ Samples 1021 and 1022 are cuplicates.
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TABLE 3-8

PLUTONIUM, CESIUM, AND URANIUM IN SOIL - SITE 300 (SAMPLING DEPTH » 0 TO 5 CM)
LAWRENCE LIVERMORE NATIONAL LABORATORY - LIVERMORE, CALIFORNIA

Locationd 239py 137Cs 238
(10-9 uCl/dry g & 20 (%)] | [10-7 uCl/dry ¢ 'E“Zm(.%f)'l“ (pgrdry g + 20 (%))

1028 0.7 £ 19 0.4.3:22, ‘ 6.2 £ 10
1029 0.9 % 15 0.5 47 58 + 20
1030 1.2+ 13 PRI 2.7 £ 30
1031 0.5 * 25 " 0.8 43D 8.5t 9
1032 1.4 £ 13 Tow o 0g 12 350.0 £ 5
1033 667 Il eTyiss 48 28
1034 4 #1300 R 07 £ 5.7 % 12
1035 b 05421, .|, ' 03%30 4.5 * 16
1036 287011 o0 | 1248 5.4 % 30
1037 TERE 35 4 24 2.7 + 24
1038 4.b-440 1.8 %7 5.4 + 26
1039 [+ 19%8 1.2 47 85.7 + 4
1060 o w280 10 1.8 %7 16.0 £ 19
o4t 67 12 05 £ 18 6.3 % 11

A [

Source: Griggs'amd"Byd:démeier, 1986.
a See'Figure 3-19forsample locations.
by

nnnnn

“
et

doa o

samiples 1013 and 1014 are duplicates.
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greatest to allow for evaluation of uranium distribution. This sampling strategy accounts for the
high average results at Site 300 as compared to results from the Livermore Valley locations
(36.4 ug/g £ 1.31 ug/g versusd.2 ug/g + 0.27 ug/g). There are no off-site Site 300 solls sampling
| locations reported for 1985. .
DOE uses a level of 35pCl/g uranium (dry) In remedial ac'tlr'c‘)h'.brograms for acceptance of
decontaminated areas. This concentration Is equivalent to approximatdly 105 ug/g U-238 and, as
shown on Table 3-8, only one sampling location (1032) qx‘c@eded thls guldeline. Average sample
results were approximately 35 percent and approxlmately 4pqrcent bf this acceptance criterla for
Site 300 and the Livermore Valley, respectively. ! a

Table 3-9 compares Livermore Valley and Slte 30Q soll ragdonucllde sampling results with United
States and California "background” content:atlcr’\s fuf uranium-238 and thorium-232. Results
indicate slightly elevated U-238 and 'Thx232 ﬂVOlS in the Livermore Valley when compared to
published California "background“ (4, 2 ug U 238/g 0.27 ug/g versus 2.34 ug U-238/g t 3.3 ug/a;
6.4 ug Th-232/g + 0.09 ug/g versus.. dg‘sugTh 232/9 4.13 ug/g) (Myrick etal., 1983),  Site 300
on-site  sampling resul‘;s weré“ “ higher tharnr  California  "background”  levels
(36.4 ug U-238/g + 1.31 ng/g vér.éus 2 34 wg U-238/g £ 3.3 ug/g). Updated aerial radiation surveys
for Site 300 are not available; howevef'comparison of the data from these surveys with reported soll
sampling data should" previde fa(rry good agreement. Use of aerial survey information followed by
soil sampling data U:! verifquuesﬂonable or changing areas is probably the best sequence using these
two soil radiann mcmi*torlng techniques

324 Findings and Observatlons
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None

3242 Cateqoryl

None

3.24.3 Cateqorylll

1. Actual and Potential Soil Contamination from Miscellaneous Spills and Abandoned Wastes. At

both Site 300 and the Main Site, the Survey team observed and viewed records of numerous
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spllls and abandoned waste areas that may be sources of soll, surface-water, and groundwater
contamination, These sites are discussed further In Finding 4.5.2.4.1,

No comprehensive Investigation of Site 300 has yet been perfnrmed to Identify, characterize,
and clean up spills and abandoned waste sites. The Survey team recorded the following

locations of spills and abandoned wastes at Site 300 during. ‘the performance of Survey
activities, St

® GSA areanear Well 7,
GSA area between B-875 and B-878 on south srde near Corral Hollow Road,

GSA area north of B-875 along embankment, and drum rack,

® B-827C, D, and E drum rack dralns and sumps
e Buried drum behind B-827E drum radc. . .ff',l K

‘e

® B.827A oil spills on pavement' ",

‘

® B-805 drain on uphill side ofBqulng 805

This list should not be;. Jnterpretbd as’ a comprehensive compilation of spill sites.  Such a

compilation is beyond the stope of 1he Survey, These spills are also discussed in Section 4.5

At the MarnSlt‘e the flrst step in identlfying, characterizing, and cieaning up the spills and
abandoned w‘wste siles' has already octurred. This compilation (December 1985) identified
52 known or uspectqd sources of contamination, which are listed in Table 4-22 and discussed
in Secuon 4 '5 .‘? TheSe sources vary from large, well-characterized, and partially remediated
sum-such‘as Lhe East Traffic Circle landfill, to confirmed reports of small drum spills for which
fo! pre<em Visyal evidence exists,

_Fivr'lnqiranle Gravel. Residual gravel and debris on the firing tables and bunkers at Site 300

_'may be a source of soll and groundwater contamination.

oo
4

Wastes contaminated with uranium, lead, and beryllium have been released on and around
the firing tables of the several test bunkers at Site 300. Known as "hydrodynamic cdiagnostics
complexes,” these firing tables are covered with gravel to serve as a cushion for the High
Explosives (HE) "shot.” Following each shot, the gravel is sampled to determine the level of
uranium and beryllium contamination. The firing table gravel is usually removed and
disposed of in a landfill before the limits established in LLNL's Hazards Control Department
Standard Operating Procedure are achieved. Through this process, the firing tables at Site 300

generate a hazardous waste contalning gravel and shot debris. This waste, which is disposed
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of at one of the two dedicated Site 300 hazardous waste landfills, has been shown to generate
a leachate with hazardous concentrations of metals, particularly lead, as shown by the listing
of this waste on LLNL's Part A notification as a D008 hazardous waste (EP toxic for lead).

The firing-table gravel may present a contamination threat because a significant amount of
the gravel that explodes off the firing table is not scraped up The Survey team observed
gravel deposited on outdoor stairs, rooftops, vehlcles, and parklnq areas following the
post-shot cleanup of contaminated gravel. This graVe‘i may present a significant accumulated
source of contamination because of repeated shots and because resultant contaminated
gravel and debrns has not been removed fror &urroundmg areas this reSIdual contaminated
gravel may constltute essentially unpermLtted d.>p09a| 'of'a hazardous waste. Survey-related
sampling of the firing table gravel is planned to deterrnlne whether the gravel at the firing

N cidm

tables is hazardous. e T

e

Tt ‘

.

. ‘;'
'-

LLNL personnel believe that resndual trjtlum "at Bunker 850 has contaminated groundwater
between Wells NC7-28 and NC7 44 !‘ontamlnants from gravel and debris may be transported
trom soil via surface water Tu'r'\'b'ff and dust emissions. This finding may have significant
implications for the ongorng practlce of leaving some of the firing table gravel in place after a
shot. If debris from B-850 is capable of contaminating groundwater, then debris from other

bunkers may pd's.é"tbﬁe same.risk.

S “ i
. PR T
. hd .

The fmng tables are used for explosive testing of weapon components. Tests take place on a
gravel bed After each test the bed is wet down for dust suppression. This dust suppression
water as weII as. any precipitation or runoff, percolates through the firing table debris and

gcavel. ',ﬂdése_waters are not collected.

H?qh Expiesives Burn Pits (Site 300). The high explosives (HE) burn pits area near Building 829

" “may be a source of continuing or future seil and groundwater contamination. Waste HE or

HE-contaminated waste is burned in cages located in pits, or in a device called an “iron horse.”
Clarifier bags containing high-explosive wastes from the HE process areas are burned in the
iron horse, which is similar in appearance to an elevated and elongated cement mixer. No
provisions existed around the iron horse for rain or runoff ‘protection; hence,

HE-contaminated leachate may have been formed.

Waste HE and rubble contaminated with HE is burned at any given time in cages in nne of

three pits. Each pit is about 20 feet deep, about 25 feet long, and 15 feet wide. A steel,
3-46
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chain-link cage Is placed at the bottom of the pit, and the wastes are piled into the cage.
When enough HE has accumulated for a burn, which may be a period of several months, the
oileis ignited according to interviews of LLNL personnel conducted by the Survey team. Pit1is
most active now, although all pits have been used. Plt2 also received TCE- and
PCE-contaminated wastes. Rainfall during the accumulation perlod will percolate through the

waste. The result is a leachate that will infiltrate into" -the 50l| _There is no information

available on the specific type or quantity of waste burned in the pits Soil samples taken by

LLNL indicate that contamination of the soil with HE. c‘cnsmuents has occurred.

3.2.4.4 Category |V r
None
3.3 Surface Water “

33.1  Background Enwronmemal Ihfdrmatlon

Ve X
.....

LLNL MainSite “"5'.?~~.,

The Main Site lies entuely above t'he 100-year floodplains of the two arroyos (a watercourse in an
arid region) dralmruj or ad;abantto the site. The 100-year flood would be contained in the channel
ot Arroyo Seca at the southeast corner of the site, and in off-site zones of Arroyo Las Positas near the
northeast and nor‘thwest Lorners (Figure 3-20). As part of an erosion-control program in 1965,
Arroyo LayPosnas was channe\ed to flow north to the northeast corner of the site, then due west
along the 5|te,.§ Hgrthern perimeter to an outlet at the northwest corner. The two arroyos merge

along the Western Pacific Railroad tracks just east of the City of Livermore. These surface waters

‘.Jeaw: the leermore Valley from the valley's southwest corner at Sunol, eventually draining into

San Franmsco Bay. None of the communities in the area rely on these surface water sources as a

publié dribki ng water supply.

Other water bodies in the vicinity of LLNL's MainSite include the South Bay Aqueduct 0.2km
(0.1 mile) southeast, the Patterson Pass water treatment facility 1.2km (0.7 miles) east, Frick Lake
(dry most of the year) 4 km (2.5 miles) north, Lake Del Valle 8 km (5 miles) south, and man-made
lakes and ponds in the Shadow Cliffs Recreation Area 11 km (7 miles) west (Holland et al., 1987).

The arroyos are dry for mc.e than half of the year, and flow slowly for the most part even during the

wet season. Average annual rainfall at Livermore is reported (University of California, 1986) to be
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36 cm/yr (14in/yr), but the MainSite received only about half that amount in1986. The LLNL
Main Site channels all storm-water runoff through open drains and storm sewers (designed to direct
a 10-year floW) toward three receptors: to Arroyo Las Positas at multiple points along the northern
edge of the site; to a ditch running along the western part of the srte and eventually discharging to

Arroyo LasPositas at the northwest corner; and from a small area |n the southwestern corner, to

XTI

AN

Arroyo Seco. s
The LLNL Main Site has endeavored to divert all process""g.)r?"util'itﬁ/awasxewaters from entering the
storm drain system, and has succeeded to the point where there are no continuous releases to the
arroyos. Recently, plans have been developed to tle Se‘veral mtermlttent discharges to the sanitary
sewer system (e.g., backwashes from the LLNL swnmmmg pool and blowdown from the cooling
towers at Building 325 area). These wastewaters curremtry are released to the storm drainage

system., et

The bulk of the site's process rinses and other was'tewaters are released, along with all sanitary
wastes, to LLNL's sanitary sewer. -system 'for processmg at the City of Livermore Water Reclamation
Plant (LWRP). Currently, the totaf sanira'ry dlscharge from LLNL (including the flow from Sandia
National Laboratory) ranges from 8 to 0 percent of the LWRP capacity. A small portion of the LWRP
treatment plant effluent is used IocaHy to irrigate a nearby golf course, the Livermore airport,
landscaping on |-580, and nearby agrlcultural land. Such usage accounts for about 15 percent of the
total treated water a‘vauabi'e: Jhé major portion of the total effluent is transported out of the valley
via a pipeline to $an Franctsgo Bay (Holland, et al., 1987).

LLNL pro.v};é'e;:c'pntir.w(U‘.eL"s"vmonitoring equipment at the Main Site to identify any potentially harmful
radioat"“r‘iire or' t;ﬂ'émi{ic pollutants in their effluent. Radiation detectors measure radionuclides, an
X- rayﬂuorescénce monitor tracks selected metals, and a pH prabe continuously measures pH. All
three dewces are designed to trigger an alarm in the LLNL firehouse (which was chosen because it is
stéf.‘r’edAlaround-the-clock) and to activate a dedicated composite sampler to collect samples for

confirmatory analysis.
Potable water at the Main Site comes principally from one of two public water sources:

® The City of San Francisco’s Hetch Hetchy water system.

® Zone 7 of Alameda County's Flood Control and Water Conservation District.

The Hetch Hetchy system's Mocho Shaft, 11 km (6.8 miles) south of LLNL, is connected to three

storage tanks at the south end of Sandia National Laboratory Livermore (SNLL). Water for all
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domestic, plant, and fire protection uses is then delivered by gravity and distributed throughout
LLNL and SNLL via an underground piping grid system. Together the three tanks hold approximately
Smillion liters (1.3 million gallons), or about one day’s supply for the two sites during peak usage
periods in July and August.

LY
The Main Site operators prefer to use Hetch Hetchy water wHen auaniable because it is lower in
dissolved solids and trace metals concentrations, but for 1 or Zmonths each year (partly because of
emergencies or necessary repairs to the Hetch Hetchy System, parily because of contractual
commitments), LLNL and SNLL switch over to Zone? water The Zone 7 distribution main is
connected to the site water distribution system by a pumpmg statioh near the northern boundary.

e o

LLNL Site 300 R

Site 300 lies in the sparsely populated ths of the leablo Range about 29km (18 miles) ESE of the
Main Site (see Figure 2-3), Elevatmns range fmm {50 to more than 500 meters (490 to 1,640 feet)
above sea level, and the terrain JG chalactehzed 'bv canyons, ravines, and sloping plateaus. Annual
rainfall historically averages ..26crh/yr (10 2m/yr) but the last few years have been well below
average. More than 80 percerrt of the sLie lies in San Joaquin County, with only the westernmost
part lying in Alameda County. Elk Ravine cuts diagonally across the site from northwest to
southeast, while Co:ral Hollow Road defines the southern boundary. The ravines form natural
pathwayr for surfacé water runmff during the wet season, while Corral Hollow Creek drains the
canyon and hill$ Iymg to the west and south of Site 300. All site runoff paths lead to Corral Hollow
Creek, enther dlrecfly or, vna Elk Ravine. The creek in turn flows eastward, eventually reaching the

San Joaqu:m Rlver Sutb Tlows occur only during the rainy season; the stream bed is dry most of the

‘4 Fane ey,
O LR I

t

year,

‘S'i,t"é 3_00..:'is the only known natural habitat for the wildflower Amsinckia_grandiflora, which was

b‘él-i‘é‘v'e.d to be extinct until discovered in 1938 on what is now the southwest portion of Site 300. The
known habitat is not used for any routine activities and is clearly marked to protect the plants. There
is also a 40 hactare (100-acre) wildlife preserve along the east side of the site, which was transferred

to the California Department of Fish and Game in 1975.

The only water bodies in year-round use at Site 300 are the man-made retention basins and sewage
treatment pond associated with on-site activities. The site is divided into a General Service Area
(GSA) at the southeast corner adjacent to Corral Hollow Road, and to programmatic operation areas
distributed throughout the site (Figure 3-21). GSA houses ail administrative and support functions

(e.g., police/security; fire protection; medical; administration offices; crafts; stores; mechanical,
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chemical and plant engineering operations; a cafeteria; and a service station). Programmatic
operations emphasize high explosives (HE) formulation, pressing, machining, and environmental
testing; high-speed photography, and detonation on firing tables.

Process wastewaters are controlled by impoundment in lined Iagoons after prellmmary clarification,
or by collection in retention tanks for sampling, analysis, and posslble transfer to the Main Site for -
treatment and/or disposal. The annual evaporation rate of 1, 520 mm/yr (60 infyr), coupled with the
low annual rainfall rate, gives a net evaporation rate of 1240 mm/yr (49 infyr), sufficient to

evaporate all but a very minor portion of the site's wastewaters

|:,4:".. ey, .

e

An active program has been instituted to mte.rcepr and dlvert surface runoff around potentially
contaminated areas, and to drain and close unlmed surface lmpoundments Dry wells were formerly.
used to dispose of certain wastewaters, (¢ g ,.ph.oto pro-cessmg rinses and craft shop wastewater),
but all have been closed and other mp‘rhods were developed for disposing of such wustewaters.
Certain cooling waters are still released to. the ground a practice permitted by the regulatory
authority under Waste Dl@charge Ordéer 82 10'5 (CRWQCB, 1982).

N
‘, A Teaaly

Approximately 13,200to 15 OOO‘thers (3 590 to 4,000 gallons) of sanitary wastewater is discharged to
an on-site oxidation pond in the C'SA-each day. The pond is lined with an asphaltic liner and is
designed to accommbd'a'te up to. ‘26 000 liters (7,000 gallons) per day. During dry weather, water
must be added to: 1he pond 10 mamtam an effective warking depth. Conversely, in the winter when
evaporation is. mrmma] addltronal capacity is available in the form of a smaller overflow pond. This
pond is rarely used‘ Domestlc waste from outlying programmatic facilities is discharged into nearby

septic ranks whnch dnscbarge in turn to leach beds,

Site 300 uses on:site wells 1o provide potable water for all process and human needs. Twelve wells

‘:ép‘e' avaifable, but current operations require only 6 or 7 wells to serve site needs. Water is stored in

éhy '_'of. ten storage tanks, fed by gravityto distribution mains, then to the buildings for fire
protection and all other uses. Backflow check valves and air gaps prevent flow reversal and limit the
possibility of contaminating the wells or other parts of the potable water system. Chemical and

bacteriological analyses are performed routinely in compliance with state requirements (CAL, 1977).
3.3.2  General Description of Pollution Sources and Controls

All major sources of polluted or contaminated wastewaters at both LLNL sites have been identified,
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being anplied. 1INl relies on several key principles to gain control of

o0

toxic, hazardous, or radioactive wastewaters:
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e Segregation of concentrated liquids for separate handling.

» Retentlon of dilute wastewaters until sampling and analysls of the wastewaters can be
used to indicate whether treatment is required prior to release to the LWRP.

\

' e e !

® Continuous, automated alarms and a sophlsticated.momtoring sysfem for detection of

unexpected releases of metals or radioactivity, « . i
e (R

® Close liaison between program managers and hérzardou& waste/erwnrcmmental specialists
to identify potential problems unique to each. [m}rdmg or experiment.

K W,
[
"

The following paragraphs provide basic information'dn process-related and non-process wastewater

sources for each site. - ,
LLNL Main Site . RN

Wastewater sources at the Main Slte irescattered throughout the hundreds of buildings and the
thousands of exper:mems ongomg at my given time. The major sources, especially those which are
found in several sepa‘?aie programs- are emphasized here. Control technigues are directed toward
segregation at the ‘source {at.har than dilution and/or treatment. Common sources include the

following:  .* ," R
l‘ "'l

D‘egreasers u&mg solvents to clean metal parts

.". .

EIer,t‘ré’pimmg baths and rinsing operations, using acidic or alkaline solutions

OI|S sqlvents and cutting fluids from machine shops

.‘t:’

Metal cleamng and bright dip solutions

Etchants from printed circuit-board fabrication

® -

~Backwashes from filters and ion exchange columns

® Photoprocessing solutions and rinsewaters
e Steam plant and boiler blowdowns

® Wet spray booths at painting operations

® Cooling tower blowdowns

® Decontamination solutions

e Wastewater treatment plant effluents
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Degreasing solvenls are used to clean equipment and maetal or glass parts at a number of plant
locations, including Buildings 131, 141, 176, 231, 241, 321, 381, 383, 391, 403, 432, 511, and 519, The
most widely used solvent is 1,1, 1-trichloroethane, although methylene chloride, Freon, acetone,
kerosene, methyl ethyl ketone, tetrachloroethylene, and proprletq.:y mixtures are also effective.
Spenl solvents are segregated at the individual laboratorles‘ for. ;llSpoqal by Hazards Contrul

personnel. Only dilute rinses are discharged into retention lank< or L:.chfary SEWETS,

\
. '
o, .

Electroplating of chromlum, nickel, copper, and other mé‘féls~6m+o base materials Is practiced at
Buildings 141, 321, 322, and 438. Spent LOI'\CEH(!’O[ES (amds basos, and cyanide baths) are collected
separately and either treated at the Hazardous Waste Managemém (HWM) Section's liquid wasle
treatment facility at Building 514, or, more often, by a- comme:tlal facility approved by the State of
California. Only dilutle rinsewater from Buuldings 321 and 322 is collected and treated at the ion
exchange lacility serving Building 322, Oth‘@f plani.ng unses are collected in retention tanks, sampled,
analyed, then treated at the HWM tre“:.rment fucmty as required or released Lo the sanitary sewer
systam. Cyanide wastes are routed to separme 1anlfs for holding, analysis, and control at the same
treatment facility, Rinsewater hatches t\fl’nt exceed specified limits are pumped to a portable tanker
and directed 1o the HWM fnCl||ty -

Oils, solvents, and rul‘ting fluids fnr;“vQJrPgé\Led according to chlorinated and flammable categories,
then controlled as solfdl waste malenals for disposal under RCRA regulations and State of California
requirements, (Rpfer to nemloma I | for details.) Machine shops are found in a number of locations,
including Bmldu)q@ I()/l 231, 26\, 321, 367, 383, and 432. Waste materials are placed in designated

staging oreas rwar éach sourcsl for pick-up by HWM personnel.

" ., P

Metal- dmmmg A ebright-dip operations using chromic, nitric, hydrochloric, or sulfuric acid
solutfon to“clean and brighten metal are found in Buildings 165, 212, 251, 341, 345, 383 (now
‘ubcmclonocl) 438 443, and 511, Asin the case of electroplating, spent concentrales are collected and
chsp()uecl of through HWM channels, either to on-site lreatment or to off-site commercial facilities
for r'n‘eimagement' Dilute rinsewaters are typically collected in retention tanks for sampling and
analysis prior Lo release, although a few small-volume operations have sent rinses directly Lo the

sanitary sewers,

Printed crcuit-board etchants, notably in Buildings 113 and 438, are collected separately and
segregated [rom other plating or cleaning solutions. Volumes are small, typically less than 19 liters
(5 gallons), and are easily handled in carboys. The limited amount of rinsing of circuit boards
generates very low volumes of rinsewaters, which either collect in retention tanks for sampling and

anaiysis or flow directiy (o the sanitary sewer.
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Backwashing of filters at the Low Conductivity Water (LCW) stations (Buildings 291 and 325) and the
LLNL swimming pool (Building 318) generates batches of dirty water for disposal. Also, the
backwashing of lon exchange resin beds at Buildings 194, 291, and 325 contributes a significant load.
Filter backwashes at Bullding 291, along with cooling tower blowclowm and condensates from air
traps, are routed to the sanlitary sewer. Building 325 and the Mﬁr%mu\g pool filters are currently
backwashed to storm drains, but plans are being made to - re route thesd 'releases to the sanitary
sewers, lon exchange column backwashes are segregated ffor coHectﬂon pumped out, and hauled to

a permitted commercial liquid waste disposal site.

' [N .
doa .
oy, ‘., v

' .
'0‘ “,

Photoprocessing operations are spread out into a, numbar’m‘ bqumgs including 111, 113,121, 231,
255, 261, 294, 298, 327, 328, 341, and 345, Some operatlonsarelarqe 24-hour automated processing
centers (e.g., Building 113), but most are rerauvely smaH ‘low-volume generators of wastewaters. In
all cases, solutions containing recover&b]e sn|ver are segregated and sent to on-site processing
operations in Building 404 for reclamatlpn of the sulver Other spent concentrates are handled in

carboys or labpacks by Toxic Waste Con{rol {TWC personnel. Most rinsewaters are small volume
sources, anc so are routed cllrg»ctly to. thé Samtary sewers. |n a few cases, provisions exist for holding
back a batch of solution for aklﬁtematlve dr‘posal For example, Building 113 has a cellar sump that

can provide retention for several houre in the event that a spill of higher concentration solutions
reaches the floor or smk drcuns ~An automatic pump lifts the wastewater from the sump if
operations are normél and cbntenrratlons of contaminants are low. The pumps can be overridden
manually, and th,e Sump coments transferred to portable holding tanks when higher concentrations
persist. ' - g
The L LNYL'Mai'w‘.'{J“té‘;steam plantin Building 401 was permanently shut down on June 3, 1986, and will
be. drsmantled Ihns plant formerly provided steam for all but the newest buildings on-site. A new
,stearn p]am (Bu|ld|r\g 416) will contain two boilers to generate steam for 8 to 10 nearby buildings.
Smal!er‘lgas-fned units will be used throughout the site to serve all other buildings. The few
clischalr'g& originating from steam plant operations (e.g., water softener backwash or boiler

blowdowns) will be cooled in a retention tank and released to the sanitary sewer.

Paint shops in Buildings 341 and 418 use wet spray booths with a recirculated water curtain to
control fumes and overspray. A caustic powder is added to the recycled water to keep paint in
suspension. Some settling occurs in the recycle sump. A paint sludge results, which is collected and
disposed of as hazardous waste by HWM. When the water gets too dirty, it is released to the sanitary
sewer (once per month at Building 418, tess often at Building 341).
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Periodic wastewater blowdowns for recirculating cooling water systerns at Buildings 291, 325, 435,
and from small systems throughout the site are directed to the sanitary sewer system. While Hetch
Hetchy water is used as the make-up to these systems, recycle rates can e maintainecd at 90 percent.
or higher. Thus volumes released Lo the sewer are minimized to an.average dally rate of between
20,000 andl 25,000 gallons per day. Zone 7 make-up water is blown down at a higher rate because of
its higher conductlvity and dissolved solics content, so average:lréleaée volumes are increased to
25,000 to 30,000 gallons per day. During the warm weather months (July, August and September),
average daily releases more than double because mcrea*sed Iosses due to evaporation require

increased make-up volumes, especially when Zone 7 water is used.u...

Decontamination activities at Building 419 generate varymg types of wastes, including soap and

water rinses, dilute spent solvents, and wet remdues from g\andblastmg Solvents and sandblasting
resicues are separately handled by HWM, w}we.rea& clllute rinses are held in a retention tank system
pending sampling and analysis to guide' r‘eiease to 'areatment at Building S14 or to the sanitary sewer
system. Normal operations were not ob erved during the on-site Survey bhecause wel

decontamination was limited as- Lhé resuI{ of mocl:fication of the retention tank piping and

.l
Y “

collection system. e

Other MainSite sources tend to t;é"iiiv\ique to a single building or program. For example, laser
isotope separation opara{lons in Lhe Building 490 complex utilize laser dyes (principally rhodamine)
in ethanol solutlom A new: 4blle¢L|or| and retention tank system has been installed to control waste
releases rom any lenks n Lhe emanol recycle system. The Building 490 complex also includes a Freon
reurculatmg Jyste[ﬁ used m coolmg the process equipment. Two Freon holding tanks (one for clean
make- up,‘t'he' other Tor' ”dlrty used coolants) have been relocated within a well-bermed area,
compléte’ wwh.a 1gcked drain Lo the sanitary sewer. The berms provide good confinemerit in the

event of a Ieak or spill.

‘o

Ir'w'erﬂjeil. confinement fusion operations in Building 391's coating laboratory require use of a
t.etraét'hyl‘orthosilicate (TEOS) gel solution in a dip tank (200-300 gallons per year). A TEQS still in the
building is used to boil off water and recover the TEQS-ethanol mixture. Building 391 also uses
5 percent HF solutions with NH4OH as an etchant. Rinsewaters are collected in 55-gallon drums and

transferred to HWM control for disposal.

In addition to all the sources cited above, Lhe LLNL MainSite also has hundreds of individual
laboratory rooms where small volumes of typical acids, hases, and solvents are routinely used,
including the hazards control laboratory in Building 253; chemistry operations in Buildings 222, 231,

241, and 332; and nuclear chemistry facilities in Buildings 151 and 251. Each potential source has
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been identifled and merged into the HWM collection system for waste concentrates, and each
bullding has access to a retention tank system If dilute rinses can be reasonably expacted to require
sampling and analysis prior to disposal to the sanitary sewer or transfer to the HWM liguid waste
treatment plant at Building 514, ‘

[
K 'A

This latter facility can handle diverse wastewaters in any of six' S'VDOHIM (1 500 gallon) treatment

tanks. There Is also one 113,500liter (30,000 gallon) retention tank fbr temporary storage of
incoming wastewater when all treatment tanks are full.« .lhtercoﬁnecttng plpes glve the operator
great flexibility within the system. Treatment chemirals are added to any tank via a pumping system.,
The key component of the treatment system is a rmary vanuum mter using a diatomaceous earth
precoat to separate precipitated metals and other flrve ‘su%perfsions from the effluent. Incoming
batches of wastewater (which had previously been samp|ed and analyzed while in retention tanks
associated with the program) are treated c}\@mtcal!y topreupltate and coaguiate metal ions. This
slurry is then fed to the rotary drum flltel‘ Clean water is pulled through the surface, while solids
remain embedded within the 5-¢cm thlck dlatqmaceous earth precoat. As the drum rotates, a thin
surface layer is constantly ,hdvod-ofn‘ Co}' ected ina barrel, and disposed of as solid hazarcdous waste
(through routine channels vlaBLulM g) 812) rhe "clean" liquid phase is not released cirectly to the
sanitary sewer, but instead |s raturned @ a treatment tank and reanalyzed prior to release. |f
analysis indicates that additional lreatment is required, the batch is sent through treatment again.
Otherwise, it is reieaEed 1o the qamtary sewer. Certain mechanical problems with the filtration
system, which fo;mérly pelrmn’ted some wastewater to pass through the system untreated, have
been corrected a,ncl alr Wastﬁwaters can now be closely contralled to ensure acceptability for release
(DOE, 1986). "7 ]
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,IS'l.t‘é 300,.11:15 sevéral sources similar to those at the LLNL Main Site, especially within itc GSA., These
include
e  Machine shops in the 806/807 Complex, the 827/828 Complex, and at 875.

o Metal cleaning/bright dip operations at GSA's Buildings 873, 874, and 875.

o  Wet spray booth at the paint shop (GSA's Building 872).
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o Photoprocessing solutions and rinses from Bulldings 801, 823, 850, 851, 865, and
GSA's 872,

e Cooling tower blowdowns at scattered locations around the site, including Buildings 801,
815 (now replaced with a non-evaporated cooler), 826, 827 nnd 865.

LERT '.

\

v
IALLEREYTIN .l
.

These locations share the same characteristics as similar. operatlons at.the Mum Site, although

typically on a much smaller scale. Wastewaters, except for coqtfng tawer blowdowns, are collected

toid.e

in retention tank systems and transferred to two on, site evaporaﬂon ponds or to the Main Site for
treatment as required. In some specific cases, Site 300 Wastewat'ers are moved from their on-site
sources to other clarifier and/or evaporation lagoon sys‘tems dnslte For example, washings from
high explosives formulation at the 823 Complex are held'm a new 5,000-gallon retention tank,
collected by a water wagon, and transfer.rcsd tb the 806/807 Complex clarifler and surface
impoundment system, ' ‘ L ',

o
PR

* '

.
“. o

‘
Y .

Cooling tower blowdowns are «nat co‘ﬂeded but are released to the ground, since regulatory
requirements at Site 300 permnt th typeof c!is‘.posal (CRWQCB, 1982). The only other major source
of wastewaters on-site COI‘\&ISH’ Df seWage The GSA has a lined oxication lagoon for controlling
sewage from that complex whereas the more remote site locations are permitted to use septic tanks

and leach fields or ceésgoq‘ls for conral,
3.3.3 Envll:o‘r)'.r‘r';entm Mgnltoring Program

LNL MaifSite
. “‘“T

' h
' .o

MUY

Monllunnq mqunemonts for LLNL with respect to wastewater discharges are currently established
‘.-by thé City of "Livermore's Waler Reclamation Plant under Section 13 of the City Code. The
,,up.»qrmtenclent of the LWRF has imposed general discharge limits on flammables; toxics; pH; solids
or vis';éo‘u!‘ matter that could obstruct flow; noxious or malodorous substances; temperatures in
excess of 40°C (104°F); pH less than 6.8 or greater than 8.5; freon extractables greater than 100 mg/l,
biological oxygen demand (ROD) levels greater than 300 mg/l, total suspended solids (TSS) greater
than 300 mg/l, incremental addition of total dissolved solids (TDS) greater than 32? mg/l or chlorides
greater than 75 mg/l during a single cycle use of the water supply; radioactivity of such half-lile or
concentration as may exceed stale or Federal regulatory agency limits applicable Lo the POTW user
and any other substance thal may upsel treatment plant operations, cause the POTW to violate its
NPDES permit requirements, or rencer the POTW's sludge or effluent to be unsuitable for reuse or

reclamation. Specific numerical limitations have been established for other pollutants as follows:



Metals Non-Metals
Arsenic 0.img/ll |Cyanide o 1.0 mg/!
Cadmium 0.2 mg/l TICH* Cne, ‘ o 0.02mg/l
Copper ‘ 2.0 my/l Phanoll;.q:omppunds' ¢ 1.0 mg/)
Chromium, Total 1.0 mgyl PCBs ‘,, 0.01 my/l
Lead 1.0 mgy/l T ‘
Mercury 00t mg! | ' R ‘
Nickel 10mag/l |
Silver 0.2 g/l Aﬁ—
Zinc 3,.0.‘mg'/l'..,',‘u S

Source: City of Livermore, 1983
*Total identifiable ch[mmathd hydrodarbons

N Lt
‘o "‘t

. l

In addition to the prewouhly mgmlonecl parameters, three radionuclide effluents are analyzed as
they leave LLNL and the I.WRP. ableB 10 summarizes this comparison data. Concentration
reductions as a result’ qf dlluuon.and treatment of these indicator radionuclides range from
83 to 97 percent. Asehovvn, alj msults are well below concentration guidelines at the LLNL and LWRP
discharge poml, R

Except for mcawonaf excUrsuons outside the narrow pH limits (6.8 to 8.5), the LLNL sanitary effluents
show a. va h|gh«cle«:yee of compliance with LWRP requirements, Daily composites are combined to

generate monthly and quarterly composites for analysis. Although only the quarterly results are

,:equnrecl to be submmnd to LWRP, LLNL tracks metals for each monthly composite. In addition, gross

atpha..; gross beta, and tritiated water measurements are made each day. Table 3-11 provides a

summary.of the analylical data for the regulated pollutants and for selected other pollutants,

Data review indicates nearly total compliance with limits on all metals, typically reporting
concentrations at 10 to 20 percent of the permitted limit. The only exceedance noted was a single
mercury concentration of 0.019 mg/l reported in the July-September quarter of 1982, The LWRF limit
on mercury is 0.01 mg/l. With respect to non-metals, full compliance was achieved for all parameters
with the possible exception of the Incremental addition limits on total dissolved solids (TDS) and
chlorides. Since the numerical limits of 325 and 75 mg/l, respectively, are net limits, analyses reports

should include TDS and chloride concentrations in the water supply for comparison with the sewer



TABLE 3-10

VARIOUS RADIONUCLIDES IN EFFLUENTS OF
LLNL AND LIVERMORE WATER RECLAMATION PLANT (LWRP)
LAWRENCE LIVERMORE NATIONAL LABORATORY - LIVERMORE, CALIFORNIA

[N ]

HTO 37 ) 3py
Vonth (1O Ciml £ 20(%)) (1o qu/mf’ :,‘?Q.(“'f))] "‘,.[:1.9-*1 uCimt £ 20(%))
LLNL LWRP LLNL . f'».,.ug&ﬁ,p % AN LWRP
January 1841 | 1.4 583 153.4710011.97£100| 8.8+ 12| 0.5+ 89
February 39452 | 0.6 %80 [497+28 24 100] 6.1 %24 [02 100
March 457 + 34| 5.0 £ 58°[ 025 £ 10]1.8 £ 100( 2.2 £ 25 0.1 % 100
April 20+ 40 | 0.7 72,1 10:0-£°27 | 3.6 £ 100| 5.1 £ 21 | 0.5 % 91
May 49 %55 | 08480 1607 |23£100]629+7]05 %51
June 2436 |08 *71°£583+436¢100[9.8%15]02%75
July 3.4 434-[ 087£78 | 7.7 215 374 100{ 36 £ 16 [ 0.1 89
August 244317 0.5 84 | 56 £30 [1.9+100] 3229 | 0276
September 90+ 3Q7f.1.17t 65 | 29 £ 60 [0.8 £ 100 3.5 £ 15 | 0.3 £ 50
October o124%35 [ 06+82]94x30 06%100]|45%13]03¢57
November ., fj_v,':z“:.g's” 10+81 |13.9£16]06+100| 3.9 21|02 % 82
Decempeij,'f' 4745111 £70 |56+28 |06t 100] 311201+ 100
Annual Average |7.77.2 1.2 11.8 2.0 9.7 0.3
%somy o 17 105 127 60 174 56
G (uCumh. | 2x103 | 2x10°3 | 3x 106 | 3x106 | 3x107 | 3x107
- wee - ax101 | 6x103 | 4x103 | 7x104 | 3x103 | 1x104
" Jfrom LLNL *
Sbbrce: Griggs and Buddemeier, 1986,
SDM -Standard Deviation of the Mean
cG - Concentration Guideline
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TABLE 3-11

PHYSICAL/CHEMICAL CHARACTERISTICS OF LLNL EFFLUENT IN 1986
(ALL CONCENTRATIONS IN MG/L)
LAWRENCE LIVERMORE NATIONAL LABORATORY - LIVERMORE CALIFORNIA

Quarter Bt B
]+ Annual POTW
1 2 3 4 A9 | qu
Oil & Grease 15 6 <5 e T <11 100
BOD 80 100 20 . f 11 L 79 300
coD 131 203 28 .,_-'f}ééi;:‘ 139
TSS 43 19 “Pe. |29 7 300
DS 207 269} ~370..7}. 180 256 +325
Chioride 35 35| 0 [T 3 36 +75
Arsenic (0.00) 0,004 1 .0.001" | <0.001 <0.003 0.1
Cadmium 0.0018 | 0005 0002 | 0.0027 0.003 0.2
Copper 0.04 [+ 0077 [.70.07 0.09 0.07 2.0
Chromium 0.02“+}. 005", | 0.2 0.07 0.04 1.0
Lead 002 | ™00012 | 0015 | <026 <0.08 1.0
Mercury +0.0009 | 00011 | 0.0005 | 0.0013 0.001 0.01
Nickel -~} <ops <005 | <oos | <0008 <0.04 1.0
Silver Lo .0005 0007 | 0.0 0.028 0.02 0.2
Zinc Sl 008 0.16 0.16 0.16 0.14 3.0
Cyanide’. ", ] 0.02 <0.02 <0.02 <0.02 <0.02 1.0
Tick . AL ], ND ND ND ND ND 0.02
Phenolics *. | <0.05 0.18 0.13 0.09 <0.11 1.0
- |PCBs: [ <0.0003 | <0.0003 | <0.0003 | <0.0003 <0.0003 0.01
" Trec” 63 | 66 E 63 51
Ammonia (N) 26 38 11 47 31
Sulfate 61 | 88 98 62 77

Source: Adapted from Holland et al., 1987,

+ Incremental addition no greater than concentration indicated
Not regulated

ND None Detected
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effluent. On 'tw‘o occasions in 1985 and one occasion in 1986 (note the third quarter TDS
concentrations on Table 3-11), the stated concentrations were exceeded in quarterly samples, but
may have been acceptable when corrected for background TDS and chlorides in the incoming water,
This analysis is especially important when Hetch Hetchy water is not gvailable and other sources must
be used. k

AY
e !

The continuous monitoring system provides LLNL with warmngs when pf—l metals, or radioactivity
limits may be out of bounds and has enabled LLNL pemonnel 10 noufy LWRP operators when
temporary diversion of sewage effluents was necessary. Thig enables operators to protect publicly
owned treatment works (POTW) microorganisms and to kéep the plam from violating its National
Pollutant Discharge Elimination System (NPDES) requurem’ems Known significant releases of metals,

acids, or bases to the sanitary sewer system ove\r the }ast 20 yéars are summarized as follows:

Problem
367 Acid Release 324 Plating Shop Decreased etfticiency of sludge
S digesters.
9/6/67 Chomium Release, fUnkrown' LLNL paid to clean up one
PR digester.
9/20/67 Chromic Acid/ .. }'Bright Dip Operations No details,
Copper Release
4/68 Copper C.yamde .B321 Plating Shop Half of bacteriain trlcklmg filter
Release . ™. S killed.
2/10/71 Low pH* s F T Unknown ‘ Flow diverted. No other impact.
10/20/71 | Low.pH . | B321- Leaking Tank No impact (no diversion
oL needed).
3/10/75  JlowpH®. .. HNO; from Sandia 913 Flow diverted. No other impact.
7/128/84 .7 »| Nickel Retease Sandia Flow diverted. No other impact.
9/11/86 .. | Higrh p (10.5) 25 |bs Tide from B49” No impact (no diversion
ER needed).
9/18/86.  |'Nickel/Chromium Orl inally B322; transferred | Sludge rendered unfit for use.
ST Release 514 for treatment, but Hauled away
reIeased inadvertently. LLNL cost = $ 50,000
oo City of Livermore cost = $2,500

Source: Adapted from DOE, 1986.

The most recent release was the subject of a detailed investigative report with recommendations for
minimizing the likelihood of such incidents in the future (DOE, 1986). Refer to Finding 3 3.4.4.3 for
additional details on this release. Changes have heen made at the treatment facility to prevent

recurrences in the future.

The LLNL Main Site submitted a required preliminary Baseline Menitoring Report to the LWRP

superintendent in September 1985, but the final version is still forthceming. There are no current
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NPDES reporting requirements, although EPA has proposed that storm water runoff be regulated
under NPDES rules. LLNL is planning to provide whatever information is required under the final
rule requirements for storm drains. In the interim, LLNL staff has begun to collect data for use in

responding to requirements. Several routine sampling points have been established on-site as

follows: ‘
s g“

® East ditch run-on (for use as background data). ...
® Drainage retention basin. LT T

® Site runoff at northwest corner. ..
. Arroyo Seco entering LLNL, at its mtdpomt and leavmg LLNL

e "
..

Attempts have been made to collect the ffrst major storm ﬂow at the start of the wet season, and at
feast one other flow during the second dr th.;rd month‘ of the season. Samples are analyzed for
nitrates, phaosphorus, cyanides, phenol‘lc compaunds, oils and greases, surfactants, sulfates, total
identifiable chlorinated hydrocarbons (TICH) pestlcldes, gross alpha, gross bheta, and tritium.
Analytical results thus far mdmateci that no contammatlon of any consequence is leaving the site via
storm drains or surface runoff. ln fdc"t typmal results indicate that run-on is more contaminated than
runoff for certain chemical p'ar‘ameterra at detectable levels. Refer to Table3-12 for details.

Radioactivity measurements are all below 15 percent of the concentration guide levels, with tritium

at less than 0.2 percerﬁ: of.the guidé:

LNLSite300 e

Wastewaier dlsnhar.c‘;e‘[;eqwrements for Site 300 are spelled out in California Regional Water Quality
Comrol Board.lCRWQCB) Order No. 80-183 as amended, and in CRWQCB's Waste Discharge Order
No 85~ 188 for the surface impoundments. These requirements prohibit the release of any direct

‘djscharges other than cooling water and treated sewage effluents, to surface waters or surface
water.qramage courses. The order restricts the volume of wastewaters to the quantities specified in
the dfdér, and establishes a monthly groundwater monitoring requirement and annual reporting
requirement. No monitoring requirements are given, either for the cooling water releases or the
various septic tanks, cesspools, leach fields, or oxidation basins. Process wastewaters are all disposed
of via evaporation, except for one small, 120-gallon-per-day, photo laboratory rinsewater source,

which is allowed to enter the sanitary system for Building 851.

CRWQCB Order No.85-188 establishes the requirements for the two Class Il, doubie-linec, suriace
impoundments’ monitoring system (wells, pressure-vacuum lysimeters, and a leachate collection

system); inspection; geomembrane aging tests; and rodent/vegetation controls. Monitoring thus far
3-63
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TABLE 3412

CONTAMINANTS IN STORMWATER
LAWRENCE LIVERMCRE NATIONAL LABORATORY - LIVERMORE, CALIFORNIA

East ‘ »,_";;‘Drainage Northwest
Contaminant Unit Boundary... |.. Retention Corner
Influent “‘.B‘f.zsin Effluent
Total Organic Carbon mg/l . 31" _ 6 21
Oil and Grease mg/l ,8 i <5 9
Fluoride ma/l . nTp9 <0.1 0.26
Chloroform ng/l. R 3 <1 <
Trichlorofluoromethane ‘u‘g'/l' : v 3 3 3
2,4-D 'u@/l' ‘ 11 <0.5 3.2
Arsenic b ng/i o <1 <1 <1
Barium | <100 <100 <100
Beryllium L <10 <10 <10
Cadmium gl <10 <10 <10
Chromium K S ugll <20 <20 <20
Lead ' ng/l <1 < <1
Mercury f 4 ‘ ng/! <0.1 <0.1 <0.1
Selenium_"‘_n.‘ ".‘ ‘ ng/l <1 < <1
Silver " A i ' ug/l <10 <10 <10
Gross Alphi . 10-9 i Ci/m <6.7 <6.7 <6.7
| Gross Beta ) 10-8uCi/ml£20 (%) | 2.7%62 <20 3.2 54
’ Tvrlﬂj.iu}n 10-7 uCi/mi £ 20 (%) <4.2 17.5+ 31 =75

Source: Adapted from Holland et al., 1987.
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indicates low concentrations of all parameters of interest. Lagoon water concentrations are low in
both metals and high ‘expiosives (HMX, RDX, TNT, and PETN). While sulfates, chlorides, alkalinity,
and mtraw‘es Bk orese‘*nt in moderate quantities, background samples show comparable
concentratlons Ummnm concentrations were also measurable at the same levels as the background,
a fact which indicates the presence of naturally-occurring uramum‘ AII analyses are conducted on
water retained i{n the lagoons or in the leachate collection system There |s no discharge flow from
the lagoons to surface water.

. ) .
‘u o a .

Surface water runoff from Site 300 is channeled into E]|< Ravme or Corral Hollow Creek. Low annual
rainfalls in the area keep such runoff to a mlmmum The l(mlted opportunmes for sampling and
analyzing runoff indicate that there is probably no mgnlhc‘dm off site migration of pollutants via this

route, butitis too early to draw firm conclusmns unm add»tuonai data are acquired.

-
. .
¢ '

3.3.3.1 Drinking Water Standards '
LLNL Main Site o

Since LLNL purchases its potablé";}‘/at‘er?réﬁw outside suppliers, the Main Site needs to do only limited
monitoring and analyses to protect thn integrity of the system. Chlorination is practiced during
certain times of the ye‘ar fo ensure. 1hat sufficient residual levels are maintained, and bacteria counts
are occasionally rnadé to conﬂ*rm :the effectiveness of protection. LLNL pursues an effective program
of self- evaluatton mc?wlmg perlod»c inspections of the system. An ongoing effort to eliminate
possible sourcos of. contammatlon involving installation of vacuum breakers or approved
back- stphon*lge protectxon valves is proving effective. LLNL has examined all avenues of possible
radloactavnty_ cprﬂa.tﬁmatlon of potable water to protect employees from risk from such sources.

Radxarlon momtormg is routinely conducted to characterlze the drinking water used o+ =
LLNLSite 300

The principal drinking water source at Site 300 is a series of on-site wells. Therefore, an extensive
monitoring program is necessary to comply with the provisions of 40 CFR 141, National Interim
Primary Diinking Water Regulations, and CAC Title 22, California Domestic Water Quality and
Monitoring Regulations. All wells supplying drinking water are monitored for 13 metals, nitrates,
fluarides, pesticides, trihalomethanes, ¢hlorinated hydrocarbons, fecal cotiform, tritium, gross alpha
and beta, and if indicated, radium-226 and -228. Most tests are required annually, but coliform

counts are run monthly, whereas beryllium, trihalomethanes, a~ radioactivity indicators are run
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quarterly. This drinking water monitoring program provides Site 300 with effective control of

potable water systems.

As mentioned, LLNL monitors on-site and off-site surface water fq.r gross alpha, gross beta, and
tritium concentrations in the Livermore Valley and at Site 300. Samp}qng locations and gross alpha
and gross beta results are shown in Figures 3-22 and 3-23 and in Tables.j 13 through 3-16. As can be
seen, many of the rasults are reported as less than detecta,blve,-anld all dvéraged results except one
were less than 20 percent of the appropriate roncentratioﬁ‘éuid'é-(GG) .The single location with an
average result higher than 20 percent of the ccmcemratmn gulde was a gross alpha radioactivity
reading at 66 percent of the guide at an on-site Site 30’010cé‘tton Trftlum sampling results are shown

in Tables 4-13 and 4-14 and discussed in Section 4 3 2 W|th assorlated dose calculations.

3.3.3.2  Other Environmental Monitoring Daté.u.‘:ff"., o

In addition to data gathering requlre\d Lo compjy wnth permits and CRWQCB orders, LLNL collects
data on radioactivity in clnnkmq‘walers veg-etatlon foodstuffs, honey, and wine from a number of
locations in the Livermore Valley Results of analysis were compared to levels observed in
neighboring areas outside the valley Where positive values were determined, concentrations were
at or only slightly above those repévt,ed as background. Contributions from the sampled sources
indicate that incre aséd doses are. léss than 0.1 to 0.3 rnrem per year, whether from drinking water

sources, meat or nnlk consumpnon honey, or wine.

Radloactwuy measurements for two water samples at Site 300 yielded higher than average gross
alpha redd:hgs whlrh provod to be naturally occurring uranium. Even so, concentrations of uranium
were well be\c.xw iteria specified in DOE Order No. 5480.1. These sources are shown on Figure 3-24

as. LOCallon 4 a woll in the GSA, and Location 21, a spring-fed pond near Building 8.2 complex. The

‘.ﬁgure showc one more water sampling point (Location 24) than the previous figure, added in 1986,

56 that data are acquired for Corral Hollow Creek downstream of all Site 300 GSA activities. The
general drend shown as a result of these additional radioactivity measurements is that off-site

migration of radioactivity via surface water routes is not a problem at either site.

334 Findings and Observations

13341 Calegory|

None
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FIGURE 3-22

LIVERMORE VALLEY WATER SAMPLING LOCATIONS
LLNL -~ LIVERMORE, CALIFORNIA
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TABLE 3-13

GROSS ALPHA ACTIVITY IN WATER

LIVERMORE VALLEY
LAWRENCE LIVERMORE NATIONAL LABORATORY - LIVERMORE, CALIFORNIA
Number (109 uCliml % 20(%)) 10 = ),
Location(!) of e "% SDM(D) | % CG(Y)
samples | Maximum | Minimum | Average
1 4 s4.5 28 | 536 22 12
15 4 <4.5 <28 [ 530 22 2
16 4 <81 | .s28.°) ‘<54 42 18
19 4 sas | ‘'s28 | s36 22 12
20 4 <43 203 $30 1 10
23 4 sas | <28 <36 22 12
24 4 548, |ns28 <3.6 22 12
26 4 L shs ] <28 <3.6 22 12
29 ¢ ol g4y, [ s28 <36 22 12
31 4 245 S 2.1 3.4 3 ¥
33 14 45 <28 <36 22 12
L 1* a1 24 <0.4 2.1 98 7

Source:"GEijgg@}a‘hdﬁﬂ‘@dclemeier, 1986.

(‘,?f'.,;*.ieé-.‘Figur"'eé.aé‘z for sample locations
{2, SBY. = Standard Deviation of the Mean
(. " Loncentration guide: CG = 3x 108 uCi/ml
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TABLE 314

GROSS ALPHA ACTIVITY IN WATER

LAWRENCE LIVERMORE NATIONAE{.TAK.:;C?SATORY - LIVERMORE, CALIFORNIA
Number (109 uCi/ml £ 20(%)] |
Location(h of o % SOM) | % CGO)
Samples Maximum Minimum ‘Ave:age ’
3 4 s3.8 s29 | s34 12 1
4 8 37.0 + 34 sz".,lgt,:w” . ‘119'.'9' 51 66
5 8 13.0 £ 66 | 5297 <49 68 16
6 1 <33 | w33 T <33 0 "
7 4 s65 | frisee S s42 38 14
14 8 <65 <20 $4.2 26 14
20 2 s3.f7.. “ L3.0 <33 15 11
21 4 -=4s¢ 529 <36 19 12
22 8 30466 | =29 <4.9 68 16
23 4 <35, $2.9 <3.6 19 12

Source: Grigys and Buddemeier, 1986.

(h See ngi}re 3.23 for siﬁl}wwple locations.
(7 SDM ‘= Startdared Peviation of the Mean.

(4 Concentr

K‘- ‘Al
.
. h

ation Guide = CG = 3x 108 uCi/ml,
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TABLE 315

GROSS BETA ACTIVITY IN WATER
LIVERMORE VALLEY
LAWRENCE LIVERMORE NATIONAL LABORATORY - LIVEW.'ORE. CALIFORNIA

Number (109 uCi/ml & 20(%)] ~"“
Location(h | of e W SOM) | % €GO
Samples | Maximum | Minimum | ":..\A:Qéragle | '
4 $10.0 <86 >

15 4 <10.0 <86, | 96 7 10
16 4 <200 586 ] <146 42 5
19 4 $100 | =46, '}’ <96 7 10
20 4 <100, | 45+ | <86 32 9
22 4 <1907 | 288 <8.6 7 9
24 4 <10.Q] 286 <9.6 7 10
26 “ “Tg.tq;o,fg..' o586 | =96 7 10
29 o “losioan]  s8s 9.6 7 10
31 4 2400 1.6 + 38 $7.6 53 8
33 |00 <8.6 $9.6 7 10
37 J 4 100 <1.6 <7.0 57 7

Source: Grlggs,antl Buddemeler 1986.

(M) see Fugure 3* 22 for sample lacations
(2} SpM & Standard Devlauon of the Mean
(3 Concehtrenlon Guide = = 1x 107 uCi/ml
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TABLE 3-16

GROSS BETA ACTIVITY IN WATER

LAWRENCE LIVERMORE NATIONAE{XEB:,(?SATORY - LIVERMORE, CALIFORNIA

NUmber 109 uCiml ¢ 200)] <2 4]
Location(! of — % SDMI) | % CGE)

samples | Maximum | Minimum “'xl&'v‘gr:t\‘g‘je ‘

3 4 12,0 * SE6 |03

4 8 Slotas| BB ] . 168 45 7

5 8 120 £70| ., s86.*.] ‘w100 K 10

6 | S0 A"S’:“T“Q 5110 0 1

7 4 210, 0. =862 [ s119 31 12

14 8 210" | '<86 S11.0 37 "

20 2 S 16,00, 599 <129 33 13

21 4 "~~.sfi;\‘.‘c1.‘f;{ I IPTY: <9.8 10 10

22 5 ,;‘;.'5“1 0, <8.6 =97 5 10

23 4 é‘iif‘r:_o . <8.6 <9.8 10 10

‘
¢

Source: Griggg\an"c!'fifpd.cqlem.e‘nle‘f, 1986.

M See F‘chu"r'e 3-23 fo

“

A

rsample locations

() SDM, :=..SLalpc'!arg,}'peviation of the Mean
(1 ConcentfatjonGiide = CG = 1x 107 uCi/ml
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SITE 300 WATER SAMPLING LOCATIONS
LLNL - LIVERMORE, CALIFORNIA
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I

3.3.4.3 Categorylll

3.3.4.2 Categoryll

None

o
e,
e
\>

Integrity of the Samtary Sewer is Suspect. Contammattg\n o*f aqulfers and soils underlying the

LLNL/SNLL sites with heavy metals, radlonuclldes, toxnc Grgamcs, and fecal coliform may be .
occurring as the result of exfiltration from the breaks 1n the sanitary sewer because the

integrity of the sanitary sewer system is open to qUestmn
Untreated sewage and potentially haz;Fd}ﬁ:gs,’or"'r.éiidioactive constituents may escape the
sanitary sewer system through crack{i-ﬁ ﬂ'ie ééWéF'lines resulting from seismic activity or other
damaging events such as acid releases or nngxgent construction activities. Normally “clean”
retention tank flows and coolmg waters cause no real environmental problems, but untreated
sewage is always present. «in the event that there is an accidental release of hazardous
wastes (e.g., the chromjummhkél dlscharge of September 18, 1986), thousands of gallons
could percolate into the ground evén though the main flow is carefully impounded prior to
entering the LWRP. This poteh‘ual problem applies to the LLNL on-site sanitary sewer system,
the SNLL system;'.q'nd_'the tr'ur?‘k line carrying the combined wastewaters to the LWRP.
. _.- a4~ ' ‘

(nan e’rfort to esumaieltﬁe magnitude of this problem, the Survey team attempted to balance
mcommg water wrth ‘water discharged or evaporated for the year 1986 for both LLNL and
SNLL Results are,summarlzed in Table 3-17. Average gallons per week were calculated using

dally meésu,r_ements made by LLNL personnel and estimates made by SNLL. The comparison

R ~"_'was based on weekly measurements because daily flows vary widely between weekdays and
,.w_eekends, while monthly flows were affected by the number of days per month and the
‘number of weekends. Holidays have some impact on all measurements, but this proved to be

miror.

Incoming flow rates were not available for June, but all other weekly averages increased
gradually from January to July, then returned to their original levels by December. The peak
inlet flow in July is more than 2.5 times the low wintertime flows. Sanitary sewer flow rates
followed a similar trend in a narrower range, with July maximum flows at 1.5times the
December [ows. Evaporative losses were based on 10 cycles of concentration at LLNL and eight
cycles of concentration at SNLL. Peaks paralleled the inlet water flows. The "percent

accounted for"” is the total flow leaving the sites via either of two main routes: the sanitary
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January 96.. 2.
February 4.30 2.97 140 0,37 4.44 103.3
March | 4.66 2.96 ",':-‘,‘0,93":,:\~ 0.41 4:30 923 |
April 5.82 29F | 099, 0.46 438 | 753
May 6.93 288 - 138" | 05 4.77 68.8
June o 330 - .98 0.55 5.83
July 10‘42"--..,ﬁigﬁ;@s-f‘;- 2.40 0.60 6.35 60.9
August 9‘?55;-.,.' 3.2 1.95 0.57 5.78 60.5
September 7.53 "'"-’.‘,j:‘.3.3o 1.55 -0.53 5.38 71.4
October S XTI XY 1.49 0.46 4.92 67.2
November .~ | 589+ | 2567 118 0.42 4.27 62.0
Decembers .| .4.11 2.22 0.84 0.36 3.42 83.2
Jan/Feb/Mar-,". { .~ 4.35 2.85 1.00 037 4.22 97.0
AptAnay/une | 638 2.91 1.19 0.49 4.59 719
‘ .Juiy/;éfgézé‘étﬁt"' 9.17 3.30 1.97 0.57 5.84 63.7
" [oeunov/pec 6.11 2.61 1.17 0.41 4.20 68.7

TABLE 3-17

1986 WATER BALANCE FOR LLNL AND SNLL
(ALL VALUES SHOWN ARE AVERAGE FLOWS EXPRESSED
IN MILLION GALLONS/WEEK) "
LAWRENCE LIVERMORE NATIONAL LABORATORY - LIVERMORE, CALIFORNIA

"
)

Evaporative Losses

e o

Flow Flow to “Total Percent

- Accounted
[ p* B t
n LWR ) LLNL o ,"'. SNI':L 1 Ou For

Month

- $bgrce: Developed by DOE Survey team.

*  Livermore Water Reclamation Plant,
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sewer or the evaporative losses from cooling, divided by the incoming water flow, expressed
as a percentage. July and August had the largest gaps between incoming and outgoing
water, with about 39 percent unaccounted for. The bulk of this missing water is irrigation
water, which either evaporates, percolates, or flows out to the arroyos. But even in periods
when rrr|gat|on demands are reduced (e.g., December), more than 15 percent of the incoming
water does not appear in evaporative losses or sanitary sewage. Thrs would represent about
100,000 gallons per day (GPD) in December. Also, the da.ta for February indicate that about
20,000 GPD more water was evaporated or released vra the samtary sewer than was actually

pumped on site.

Goat e,
.! '. : O
[

One possible explanatron is that some of the normal ﬂow through the sewer flow monitor at

LLNL during the rainy season (e.g., February) 15 lm‘lltratlon from groundwater farther

upstream at LLNL or SNLL, whereas e‘xfll‘rJann occurs in the dry months of the year, including

| December 1986. Another possrb‘rllty |s that the unaccounted-for volumes are entirely

irrigation losses. This would mean that July |rr|gat|on demands are 582,000 GPD for 7 days a
week. g B
LLNL statf are aware of”"rh'.i'@-p‘ot'e'niial probiem. The FY 1988 Environmental Compliance and
Cleanup Conceptual Design 'Re‘.borts list “Sanitary Sewer Rehabilitation” as a line item for
budgetary cons‘rderauon I‘Fie reports speak of “a direct correlation between precipitation

and mcreased sewer: ﬂuws‘ and state that “because of the significant amounts of known

rnflltratron, exfirlratlon of sewage into the soil/groundwater can be expected during dry
perrods (emphasrs added) The reports go on to address the need for an exfiltration and
mflow smdy andﬂn assessment of sewer conditions, inciuding a video camera survey (Ragaini,
&t aI T9&6) “Any exfiltration threatens the underlying aquifers, white infiltration taxes the

: "'_‘capacn‘.y.o.‘ the sanitary system and increases POTW surcharges, which are based on flow rates.

2. ‘Analytical Lag Times for Retention Tank Contents. Priority pollutants may be released to the

LWRP without LLNL personnel being aware of it because persons responsible for deciding
which analyses are needed to correctly characterize chemical constituents in wastewaters are
unduly influenced by the additional analytical lag times required. Certain organics are rarely
requested even if they are present in the process because technicians are reluctant to add two

or three more weeks to their analytical turn-around times.

Lag times are reported to range from a minimum of 2to 3days at a few priority locations
(where there is only one retention tank), such as at Building 131, up to a maximum of

15working days at the 490 Complex. Several program areas have insufficient capacity in their
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retention tank systems now, so responsible parties at those facilities hesitate to consider any
requests that could delay transfer of accumulated wastewater. The problem is most acute at

the single-retention-tank facilities.

LLNL is aware of the problems to which long lag tnmes contrnbute, and an upgrade of

analytical services at Hazards Control is in progress. HOWever,.past experience with similar

problems indicates that even the upgraded program W(H be hard- pressed to keep pace, since
demand for additional analyses wiil increase as Iabor,atgr‘y"_c;qpebmty expands. Survey-related

sampling of selected retention tanks is planned.,

TN ‘e,
. v, .
Y

Arroyo _and_Creek Sediments May be Qontammated “In the past, contaminated process

wastewaters were periodically released to the ground or to storm drains at both the Main Site
and at Site 300. Surface runoff is curcenily anaryzed for radioactivity and limited water
chemistry parameters, but concentratlons ofvmetals and organics have not been determined.
Groundwater is known to be contamma_ted but LLNL has not characterized arroyo and creek
sediments to determine i#. they may be a continuing source of surface or groundwater
contamination, Survey-relatéd‘saﬁTpImg is planned for both the LLNL Main Site and Site 300,

4"

v, s,

Sewage Treatment Pond Sld'd'c}'e's at Site 300 May be Contaminated. Toxic and hazardous

pollutants (0|ls, heavy meta'ls solvents) from certain Site 300 operations and services were
formerly re1eésed ro “the: sewage treatment lagoon, with occasional carryover into the
adjacent’ qverﬂow pqnd "Toxic or hazardous pollutants may have become concentrated in the
pond slucfge_s 'from whnch leachable pollutants could be transported off-site to Corral Hollow
Créek on to the underlymg aquifer during rainfall events. These sludges have not been

acieqpa,’cely .tharacterized to enable accurate evaluation of potential impacts from this

K '_j‘_prob|em_..,§urvey -related sampling is planned. Refer to Finding4.5.2.3.14 for further details

o ,.f‘r‘elative £ this finding.

Sité 300's Building 865 Complex May be Contaminated with Qily Wastes. Oily matter and

possibly other pollutants have been released to the ground in the =rea of Building 865
complex at Site 300. A potential exists for contaminants to be carried downgrade by surface
water runoff during storm events, or to percolate into the groundwater. Since these releases
may still occur inadvertently, the possible impact from such contamination should be assessed
to determine whether further action is necessary to control this source. Thus far, no attempts
to characterize the source or evaluate impacts have been made. Survey-related sampling is

planned.
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3.3.44 CateqgorylV

1. Proximity of Floor Drains or Sinks to Process Tanks. Evidence exists of accidental releases of

toxic metal solutions to the sanitary sewer system via Iaborator«/ and shop floor drains and sink
drains. Such releases endange: normal operations at the L:verrr’wore POTW and could result in
penalties and associated cleanup costs. In the event of* a suddén Spl|| or a slow leak, toxic
solutions could enter the sanitary sewer system desplte wal*nmgs and training to prevent such

an occurrence., R S

Aggressnve acid solutions contaiing toxic metais such as chrdmlum or copper are often part of
bright-dip or metal-cleaning operations, In se\/eral cases these processes are located in
proximity to floor drains, which are conﬁected to ‘the sanitary sewer rather than to the
retention tank systems. Such conflgurauons were ‘pbserved at Building 383 (currently inactive)
and Building 345, where a vmble‘stam md«cated where solution drip pans had overflowed and
reached the floor drains. Samtary smks adJacent to process operahons were noted in
Buildings 165, 212 (Room 1-61), 43‘8; aqd 51'1 (Room 101). A dual-purpose sink in Building 165
had a unique, custom. ma( i valve' rnahdle to give the operator a choice of draining sink
contents either to a carbo for HWI\/\ collection or to the sanitary sewer, but problems exist
concerning disposal of rin ,ewatgr from alternative uses of this sink. The valve setting could be

overlooked, antl. razardous,chemicals could be drained to the sanitary sewer inadvertently.

. ' N
[} [
. Yo ™

2. Inadequate Labelmq of Sinks. In several buildings, toxic or hazardous liquids can be

madvertently dumped to the sanitary sewer system because sinks are not properly identified

as. sanltaTy or ret,éntlon tank connections. This is especially a problem in those laboratory

room_s W.'rie'rg'both types of sinks exist side-by-side. Labeling in such cases varies from none to
o con;wb'}ét.'e<l‘Releelses could easily occur via some unlabeled drain.

"

3. «:Lack of Adequate Written Instructions and/or Training of New Technicians. Inadvertent

reléases of toxic and hazardous materials have occurred as the result of misunderstandings
between process operators and technicians, environmental or hazardous waste control
specialists, and wastewater treatment plant operators. The most recent serious example
occurred on September 18, 1986, when a chain of errors led to the release of 36kg (80 1b) of
chromium and 90kg (2001b) of nickel. The incident necessitated diversion and special
handling for about 3,800,000 liters (1,000,000 gallons) of wastewater and 130,000 liters
(35,000 gallons) of sludge at the LWRP. The cost to LLNL was $150,000, and $2,500 to the City
of Livermore. In addition, the LWRP was out of corﬁpliance with its NPDES limits for two days.

The health and safety technician at Building 322 assumed that an overnight spill was of the
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‘same chemical nature as a previously analyzed batch awaiting treatment. Instead of

submitting new samples for analysis, he reported the earlier results again. As a result of
incorrect analytical data, treatment at Building 514 was ineffective and incomplete, and é
portion of highly contaminated water was released (DOE, 1986).

<
Most workers are thoroughly familiar with the requireh'Terms of the|r jobs.  This problem
appears to be limited to the training and oversight of new employees or transfers from other
programs. Since LLNL is a constantly changing entlty, r‘elattvely untramed people may he more
common than suspecfed Lack of proper trammg for new or recenuy transferred employees

may result in recurrences of such accidertal rereases

e
LN
o

Inadequate Berms and/or Dikes Around Retentton Tank Systems. Releases of hazardous

wastes from retention tank systems can.reach the'enwronmem more readily in cases where
secondary containment does not exlst or s madequate In particular, lack of berms or dikes
enables spills of liquid hazardous waste.s to be transported to the nearest storm sewers and
the arroyos draining the Mam S|te and Stte 300. Numerous examples were found, including
Buildings 161, 231 (the methylehe chlorlde dip tank), 235, and 423, and at Site 300,
Building 865. In some cases exnstmg berms were opened or cracked Building 235 had a drain
pipe (no shutoff valve) passnng through the berm to release rainwater accumulations. The
new retention ‘tank system az Building490 had good secondary containment, but the fully
closed dram vélve was ‘teak‘mg Other new systems {e.g., Building 519) have no containment
for fire suppresSton vyatpr in the event of an emergency. All these situations are potential
pathways for off snte migration of radioactive and chemical contaminants. Refer to

Fmdnﬁgd 1.2, 4 it fOr other examples of this problem.

o e,

ta P et

K '_j‘Anally"sig‘mf‘ Retention Tank Contents May Not Be Representative. Some environmental risk

_exists in those few cases where only one retention tank serves a facility that continues to

‘ "g_enerate wastewaters while awaiting analytical results for a partially filled tank. A decision to

relgase a tankful to the sanitary sewer may be improper if a slug of concentrated liquid was
transferred to the tank following sampling. For example, concentrates are usually at least ten
times richer in concentration than rinses. |f a single retention tank of limited capacity
(800 t0 1,200 gallons) is sampled when it is halt full because of a long analytical turnaround
time, sampling occurs at 400to 600gallons. Even if the tank is then dumped when
three-quarters full, and if the additional quarter tank is a concentrate, the actual
concentrations released to the sewer can be four times greater than the “analyzed"
concentrations. This can lead to an unpermitted release and possible diversion at the POTW.

Locations where this could arise include Building 113 sump and Buildings 131 and 281,

3-79



Building 281 actually has two retention tanks, but because of a valving problem, the two tanks
are functioning as one, creating the same situation as a single tank user. Refer to
Finding 4.1.2.4.6 for additional information on the problem of nonrepresentative analyses for

tank contents.

3.4 Hydrogeology Gl L0
3.41  Background Environmental Information

This section presents groundwater -related envrronmental problem's identified by the Survey team.
This section focuses on radioactive and nonradroactrve cb‘ntamunatron of groundwater and presents

subsurface information as it relates to groundwater problems

‘v'-.. *

Where impacts on the aquifers are drscussed they are presented in relation to the aquifer's
suitability as a source of drinking: water The Maxlmum Contaminant Levels (MCLs) and the
Maximum Contaminant Level Goals MELGS) promulgated under the Safe Drinking Water Act, as
well as relevant and apphcable state standards are used as guidelines for defining aquifer
contamination problems. These are technologlcal and health-based criteria for ingestion of
groundwater from public supphers I\ACLs are enforceable criteria, but MCLGs are recommended
guidelines based on Human health ‘considerations only. In addition, the California Department of

Health has establrshe’d actron +evafs for a number of organic contaminants in groundwater.

The Lawrence Lrvermore Na‘uonal Laboratory islocated in the southeastern portion of the Livermore
Valley, app(dxlmately 6,5 km (40 miles) east of San Francisco. The Main Site is located in Section 12,
1735, RZE Mt bl sbto Base and Meridian. Site 300 is located in the eastern Altamont Hills about
27 km (15 rmles) 5outheast of the LLNL Main Site,

3.4.1.1. Physiographic Setting

’

The Livermore Valley is an east-west oriented topographic and structural depression that trends
nearly normal to the strike of the central California Coast Range, within which it is located. The
valley is 25km (16 miles) long and an average of 11km (7 miles) wide. The floor of the valley is
relatively flat except for occasional small hills, which rise about 46 m (150 feet). Some of these hills

may be the result of uplifts of older materials along faults.
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The Livermore Valley is drained by westward-flowing intermittent streams. West of Pleasanton,
these streams join to form Arroyo de Laguna, which is a tributary to Alameda Creek. Alameda Creek
eventually flows into San Francisco Bay.

The LLNL MainSite was constructed on the smooth valley floor whlch slopes gently toward the

‘northwest. Elevatlons on the site vary from a low of 174 m (570 feet) a1 the northwest corner to

206 m (675 feet) at the southeast corner. Slopes are generaHy less than 8 percent, except at the

banks of Arroyo Seco and other drainage ditches.

Site 300 is located on the eastern side of the Altamon‘n H11I§ m the Coast Range Province. There are
no permanent streams on the site, but Corral Hollow Creek JUSf south of the site, flows in the rainy
season. Slopes are steep, and the site is characterjzed by a deeply dissected terrain consisting

primarily of erosional features, oL ‘ K

3.4.12  Geology )

......

Main Site
The Livermore Valley is located wn‘.hm the California Coast Range province, which consists of a
system of subparallel Pnoumam rang-es and valleys that trend north-northwest. Figure 3-25 presents
the general site Iocatlon m rel,atron to the major structural features of the California Coast. The
Coast Range is. aj{gned' wnth a number of active faults, three of which are considered to be major:
the San Andreas tﬁer sur-Naumlento, and the Coast Range thrust. These faults have juxtaposed

three dlstln«:t tlt‘nologlc blocks in a complex structural and chronological history.

‘, L ey 4,

e .rv..u‘.‘,'

The F‘ranmscan Agsemblage (Jurassic and Cretaceous age) is the bedrock formation at the LLNL sites.
I“c |s composed of a weakly metamorphosed, greenish-gray sandstone that weathers to a greenish-
brown._The rock is massively bedded and highly jointed and has been extensively deformed. It is

exposed at the ground surface in Mt. Diablo and in the Diablo Range.
Overlying the Franciscan Assemblage in the Livermore Valley are marine sedimentary rocks
(Cretaceous to late Tertiary age) and alluvial deposits (late Tertiary to Holocene age). A generalized

stratigraphic section for the Livermore Valley is presented in Figure 3-26.

Unmetamorphosed marine sediments, known collectively as the Great Valley Sequence (Cretaceous

age), lie in fault contact with the Franciscan Assemblage throughout the valley. These rocks are
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FIGURE 3-25

LIVERMORE VALLEY AND CALIFORNIA COAST RANGE
LLNL -LIVERMORE, CALIFORNIA
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FIGURE 3-26

GENERALIZED STRATIGRAPHIC SECTION - TESLA QUADRANGLE
LLNL - LIVERMORE, CALIFORNIA

3-83

e o ' ' » w oy ' v ' ' N m 0o oy



variably cemented, greenish-gray to brown, concretionary sandstones that are interbedded with

dark gray shale and conglomerate.

Stratigraphically overlying the Great Valley Sequence is a series of marlne sediments of Eocene to
Upper Miocene ages. The Tesla Formation (map unit Tts) is of Eocene (posmbly late Paleocene) age.
Its thickness is highly variable because it was deposited onan emsmm surface of the Great Valley
Sequence. The Tesla Formation is exposed south of Corral Hollbw Creek but pinches out rapidly
north of there, ‘ R
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In the vicinity of the LLNL Main Site, the leermore VaHey is, ﬂIIeH with up to 1.2km (.7 mile) of
fluviatile and lacustrine sediments of Pltocene lo Hotocene age This thick sequence has been
subdivided into the Plio-Pliestocene L;vermore Formatton ahd several alluvial deposits. Like many

sedimentary deposits, these units vary Iateraily and yertically in composition.

The Lower Livermore Formation (P|locene age) consus:ts primarily of greenish or bluish gravels, which
may be interbedded with fine- gpamed sédltnents (map unit Tps). The Upper Livermore Formation
(Pliestocene age) consists of mterbeddeti brown to reddish-brown silt, clays, sands, and gravels (map
unit Qtl). The Upper leermore Formatnqn is also known as the Tulare Formation. The Livermore

Formation ranges in thmkness from about 30.5t0 1,219.2 m (100 to 4,000 feet).
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There are four retogmzed pcst anermore units in the Livermore Valley. The oldest are terrace
deposits 3to 10m (10t~o 33 feet) above the present-day bed of the Arroyo Seco (map unit Qal ).
These depomts ate, §|lfy clay and silty gravel of Franciscan origin. There is also a slightly younger unit
of valley f‘H and terraca tieposns found in exposure along Arroyo Seco (map unit Qaly). They consist
of silty’ graveis,amd .¢apped by yellow and light-brown sandy clays and silts.

Two yo‘u"nger umts occur in the vicinity of LLNL low terrace and correlative alluvial deposits of late
Plenstocene to Holocene age (Figure 3-27, map unit Hpal), and local accumulations of floodplain and
stream chanr\el deposits (map unit Hs). The floodplain deposits are typically dense, oxidized, and
have a prominent soil profile. The channel deposits consist of dark-brown, organic-rich silty-clay,
sand clay, and sandy silt with occasional lenses of sand and gravel. These channel deposits range in
thickness fiom 60 cm (2 feet) in the southeastern portion of the laboratory to 3to 5m (10to 17 feet)
near Arroyo Seco and the natural course of Arroyo LasPositas. The older alluvial deposits are
typically dense, oxidized, and have a prominent soil profile development. Figure 3-27 shows the
LLNL Main Site area.
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Site 300

The Cierbo Formation and the overlying Nercoly Formation of Upper Miocene age make up the
majority of the bedrock at the site. Minor outcropings of the upper Cretaceous Morena Shale and
Panoche Formation occur in the northern and eastern area along the sute boundaries. The Cierbo
(map unit Tcb or Tmss) consists of poorly-consolidated white S'ands\ou’th iron- -oxide-filled fractures
and shale interbeds. The Cierbo Formation is up to 300 feet (90 m) th|ck ‘at Site 300. The Cierbo is
exposed along Patterson Pass Road. The Neroly Formauon (map umt Tn) is a, distinctive bluish
sandstone with lenses of andesite-bearing conglomerate, tuff and tuffaceous shale beds. The
Neroly Formation is up to 450 feet thick. It is the Nero]y Fon’natlon that underlies all of the disposal
pits at Site 300. The base of the Neroly is marked by q 30 “to 60-foot-thick claystone unit. Some
authors have included a unit of red and green c!aystones as the upper part of the Neroly Formation.

These claystones contain nonmarine conglomerates. sands-tones and clays.
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Alluvial and colluvial materials of Ple|stecene to Holocene age overlie bedrock. Terrace deposits are
found near Pit 6, whereas col|uvral .materlals and ravine fills cover most of Site 300 where bedrock
does not outcrop. In the pasi, these mafer|a1s have the souice material for landslides at Site 300.

Figure 3-28 is a generalized geof‘ogtc map &f the Site 300 area.
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3.4.1.3  Structural G‘ébi‘ﬁqv

S

Main Site

‘1

The Coast R‘ange has & c,omplex history of folding and faulting along the continental margin. Several
eplsodes of fb,ldmg have occurred in the past and may be continuing into the present time. Most of

the faults in. the area are northwest-trending strike-slip faults where the dominant motion is

: _.hor'vontal with a smaller vertical component. The Livermore Valley is bounded on the west by the

Cafaveras Fault and on the east by the Greenville Fault, which are both considered to be active faults.
North and south of the valley, the Diablo Range is formed by large, doubly plunging antiforms with
cores of Franciscan rocks. The valley is a complex synclinal structure, with beds that generally thicken

toward the center of the valley.

The Calaveras Fault is a right-lateral strike-slip fault that branches from the San Andreas Fault near
Hollister and trends northwestward to the San Ramon Valley. [t is ocated about 17 km (11 miles)
west of the LLNL Main Site at its closest approach. This fault has been active, and was the site of a
major earthquake in 1861 (magnitude 6 +). The fault acts as a groundwater barrier in the Dublin

area, with higher water levels on the west side of the fault zone. Upto 15 mm/yr (0.6 in/yr) creep has
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been observed on this fault, with an average annual slip rate of 7 mm/yr (0.3 in/yr). A maximum

probable earthquake of magnitude 7.3 has been predicted for this fault.

The Greanville Fault Zone is a set of northwest-trending right- lateral strike-slip faults that extends
southeast frem Mt, Diablo to San Antonio Valley. A recently ac‘cive strand of the Greenville Fault lies
foldout)about 1.1 km (3,500 feet) northeast of the LLNL Mam“irte The fault is a young tectonic
feature that truncates or offsets all other faults and folds that cross it wnth the exception of the
Las Positas Fault Zone. The current slip rate has been estlmated a'e 0. 02 to 0.28 infyr. The maximum
credible earthquake has been estimated at magmtude 6 6 t O 2‘ In January 980, two earthquakes
of magnitude 5.8 and 5.3 on the Greenville Fault cauaed sTructura'? damage to several buildings at

the laboratory, and were strongly felt at Site. 300, R

’l
Y

In addition to the Calaveras Fault and the Gre.envnlle “Fault, two other active faults have heen
identified in the area: the Las Positas Faurt and the Verona Fault. Figure 3-29 presents the locations
of the identified faults in this pomon ‘of, Lhe v,alley The Las Positas Fault trends northeastward and
creates a groundwater barrier. ATh.e ncn‘thern branch of this fault crosses the southern portion of
SNLL and coincides with a break R, sidpe between the valley floor and hills to the south. It is a
left-lateral strike-slip fault, wnh.an avera_ge slip rate calculated to be 0.04 mm/yr (0.016 in/yr). The

maximum credible earthquake on th1s.fault is estimated to magnitude 6.0 *

..
.«

The Verona Faulli |s E) thrus"e ’faultmbout 0 km (6 miles) long. It trends northwestward like others in
the region. Mul;xple drsp!aqements have occurred in the past 70,000 years. Average annual slip rates
have been estlmatéd at Q 2 mm/yr (.008 in/yr). The maximum credible earthquake on this fault has

been estjmated" at a magnntude of6.0.
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In. addmon “co these four active faults, 20 other faults have been identified in the Livermore Valley.

‘-Studnes 5f these faults indicate either that these faults do not disturb late Quarternary sediments

(and' are therefore considered to be inactive) or that their existence is doubtful. Based upon these
considerations, none of these faults have the potential to seismically affect the Lawrence Livermore

National Laboratory.

The major geologic hazard associated with the presence of the active faults is strong ground shaking
as a resuit of a major earthquake on either a regional or local fault. Surface rupture as a result of
sympathetic displacement on a nearby inactive strand of the Greenville Fault is a remote possibility.

Secondary seismic hazards, such as soil liquefaction, are unlikely at this site.
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Site 300

The structure of Site 300 is dominated by a broad anticline, which has an axis that trends roughly

east-west, and plunges gently to the east. Bedding planesdip gently along either side of this |

structure. A broad syncline occurs north of Elk Ravine, wnth a similar trend (Raber and
Carpenter, 1983). | et
Two major faults cross Site 300. The Elk Ravine Fault, wﬁidﬁ ha's*'branches beneath both Pit1 and
Pit 2, can often be located by changes in the dip of beddlng planes that are not related to the
anticlinal or synclinal structures. The Elk Ravine Fau[t shows‘ np ewdence of Holocene displacement,

and is therefore regarded as being inactive (Raber and Carpentef 1983).

The Carnegie Fault underlies the southern' por-non o’( Slte 300. Steeply dipping beds of the Upper
Cierbo and the Lower Neroly Formatlohs are Juxtaposed against gently south-dipping beds of the
Neroly Formation. This fault passes beneath the Plt 6 area. There is no evidence of movement alang
this fault since the late Plelstocene therefore |t 100, is regarded as being inactive (Raber and

Carpenter, 1983).

3.41.4 Groundwater Regime "¢

Main Site e

Groundwater table s'u'rface elevatlons range from approximately 575 feet mean sea level (MSL) (a

depth of 50f‘eet) in thﬁ ‘northeast corner of the site to approximately 535 feet MSL (a depth of -

80 feet) m the,fouthWest corner of the site. Groundwater flows generally from the eastern portions
of the mte tu the west or the northwest, Figure 3-30 is a groundwater contour map prepared in
September 1986 It shows the general flow directions as well as some apparent anomalous areas.
Near .th'e-’East Traffic Circle is a recharge mound resulting from infiltration at the retention pond
during the spring. The lateral and vertical extent of this mound fluctuates in response to rainfall
(Dresen and Hoffman, 1986).

An apparent groundwater depression exists in the southeastern corner of the site. It is reported that

three factors combine to form this anomaly (Dresen and Hoffman, 1986). The primary cause appears

to be lack of full recovery from past regional pumping of the Lower Livermore Formation.
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Within the alluvial sediments, there is a downward vertical gradient throughout the MainSite,
Water levels In wells screened in the alluvial sediments are typicaily several feel 1. jher than those in
wells screened in the Lower Livermore Formation. Within the alluvial sediments or withiri the Upper

Livermore Formation, the vertical gradient is less pronounced, byt still downward indirection,
[

0
[

The highly variable nature of the alluvial sediments in this aré:;.(‘b:;c;éuse of their deposition as a
series of interfingered alluvial fans) has resulted in a number of Ientlcular interconnected aquifers.
Water-bearing strata are the coarser-grained sediments such as. the sands and gravels, while the sllts
and clays act as aquitards. A typical subsurface cross, sectior\ is, presented in thure 3-31, Although
this particular section is from the area west of the IabOra’cory, gene'rally following Arroyo Seco to the
northwest, it is representative of the mixed subsurface str“:ta beheath the site.

Aquifer tests performed in 1983 (Stone ahd Rugglen) f}etermlned that the aquifers exhibit leaky
characteristics.  Permeability tests pérformed o0, 10wells gave a range of permeability of

1.1 x 104 ¢cm/secto 5.1 x 10-3 cm/sec. -

Site 300 “
At Site 300, water generally 'flow's“"d.b'wndip through sandstone and conglomerate beds. The Elk
Ravine Fault has a mgmﬂcant effcct~upon the groundwater regime, West and southwest of the Elk
Ravine Fault, groundwater'appears to exist as a single perched body 20 to 40 feet deep in the valleys
and as much as, 300 fEet deep heneath ridges. The northwestern boundary of this perched water
body is beneath PH;'7- No deeper groundwater system has been identified in the Pit 7 area.

Northé‘ééf of‘ fﬁe"fault multiple aguifers have been identifled. The uppermost aquifer is a

watér table aqulfer in the sandstones and conglomerate of the Neroly Formation. The deeper

:a,QUIfeFS are conhned and occur in sandstone beds in the Lower Neroly and the Cierbo. Water in

these aqu|fers flows downdip toward the northeast. The southwest branch of the Elk Ravine
appears fo be acting as a groundwater barrier, based on the difference in depth to water (23 feet
southwest of the fault versus 52 to 64 feet northeast of the fault) and a change in vertical head

potential (Raber and Carpenter, 1983).

A local drainage divide occurs near the crest of th: Patterson Anticline (see Figure 3-28), leading to
the assumption that the direction of flow in the confined aquifer is also tu the south, or downdip on

the southern flank of the anticline,
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3.41.5 Groundwater Quality and Use

Main Site

The most prevalent use of groundwater in this area is. for Irrlgatlon of cropland. In many cases the
depth and construction of irrigation wells Is not known. At the.ﬁ;ésmt' tlme irrigation wells have
not been found to have an effect on contaminant mlgration at. t’ne slte (I e contaminants are not
being drawn off-site in response to pumping wells), probably be'cause these wells are screened in
deeper aquifers to ensure a steady water supply. In ad,qiitlon because these wells are screened over a
large interval, the high flows may dilute any contammahts ghat may enter the water-bearing zone to

below the limits of detectlon. The water used fo.r I:rlgattdn 1s geherally of good quality.

ess than 1-mile west of the LLNL Main Slte, there 15 a residential development. Some of the
residents are using wells for their water‘supply, bu‘r most are using the public (surface water) supply
from Livermore. There is a contamtnant plume movlng toward these homes (see Section 3.4.2.1),
and residences using wells that. havé beqh |dentifled as in danger of contamination have been

supplied with bottled water ppovlded by LhNL

Although there is no routine m;“h';fc';iring of groundwater for water quality parameters at the
Main Site, a number df weHs downgradlent of the Main Site were analyzed for the primary drinking
water standards qrﬁd selected orgamc contaminants in 1985, Figure 3-32 shows the locations of these
wells, Prnmary drmkrng water standards were not exceeded In any of the wells; however, state
action levels for some chlorlrmted hydrocarbans (trichloroethylene, tetrachloroethylene, and

d|chldroethy|en9) \.Nere exceeded in some wells. Analytical results are presented in Table 3-18.
These aqalyse,s. Wwere: conducted as wells were completed, and LLNL does not plan to continue

samphng thbm fqr the water-quality parameters.

Site ’300

At Site 300, groundwater is used for cattle and a few domestic supply wells. LLNL itself uses
groundwater for drinking water at the GSA area. In addition, the State of California has a public
supply well at a recreational vehicle area on the south side of Corral Hollow Road and a Ranger
Station on the west side of Site 300. The depth of these wells is uncertain, but they are not yet
affected by activities at Site 300, TCE contamination ranging from 0.9to 52 ug/l has been detected at

the GSA supply well, which Is discussed further in Section 3.4.4.3.
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34.2

3421

General Description of Poi.ution Sources and Controls

LLNL Main Site

K

Several contaminant sources have been identified at the LLNL lVIain’Slte as contributors to known

groundwater contamination problems. These sources are dlscussed in greater detail in Section 4.5,

The LLNL staff has identified areas of groundwater contammqnoh through detalled hydrogeological

studies. This section presents a brref description of known. s'ourcés- of groundwater contamination at

the LLNL Main Site that are presently being monitored There are however approximately 50 other

potential sources of groundwater contamination rdentrﬂed |n Sectron4 5.2.3. Significant former

and ongoing sources of groundwater contamrnatlon are as follcws

3.4.27 .

e KAARIRT I

'
‘ ‘ !
N, ~,‘ <«

An area (or areas) in the sou‘thw.estern corner of the property that is a source of
trichloroethylene (TCE), tetra\:hloroethyi«ene (PCE), and other volatile organic compounds,
probably as a result of U.S. Navy actrvr‘qes

. “.w . ¢
.""- .-l~ "n

Underground tanks near Buﬁdmg 403 which leaked gasollne Benzene, toluene, and

xylene are found in ﬂ' Jroudeater

." ‘.
Ve
-

Activities irt or near Burld ngs 514, 518, and 612, which have resul.ed in TCE, PCE, and other
volatlle Qr‘garm cqmprpunds reaching the groundwater.

Y
s - .2.
voe S KF

Wastes Burred m the East Traffic Circle Landfill, which were excavated in 1985, but which

..-":h‘ad alreacfy resulted in localized groundwater contamination.

’C Faey v

Weéjte,s emplaced in the "evaporation ponds” at the Taxi Strip and the Old Salvage Yard,

which have leached volatile organics and radionuclides to the groundwater.

“Site 300

At Site 300, several known scurces of groundwater contamination, as well as some potential sources

that have not been investigated, have been identified by LLNL. These sources are presented in

greater detail in Section4.5 but are summarized here. The following sources are presently being

monitored:
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® Spillage and leakage from buildings in the 834 Complex. This occurrence has resulted in a
plume of TCE in the groundwater. Investigations at the 830 Complex and the General
Services Area (GSA) have identified these areas as potential, minor, sources of TCE,

® Tritium-contaminated wastes buried in Pits 1, 3, 4, 5, and 7 These wastes have caused
groundwater contamination. Building 850 may dlSO be a'sou:ce of tritium,

e High explosives (HE) wastewater lagoons where‘ibﬁb;eéﬁsﬁyater& containing HE compounds
may have contaminated groundwater, e

.
e

343 Environmental Monlitoring Program . .'

3

LLNL has an extensive investigation and mo‘fwitdrimj‘iifoqram in place for the identified groundwater
contamination problems. The followrng sectmm clescrrbe the driliing methods, well construction,

sampling techniques, and sampling schedules fpr the groundwater investigations.

N P AN
. . e,

3.4.3.1 Drilling Methods and.WéI'I'C‘Briét‘r'hC'ri'én

ot
‘4 “

LLNL has developed a drllhng technfque called "depth sampling.” This technique enables LLNL to
evaluate contammatrbn m several ‘water-bearing zones without the use of protective casing or
multiple boreholes The techmque is most useful where contaminant concentrations are less than
10 ppm. Depth ;amp!mg uses 4 mud- -rotary drilling technique and a 94-mm wireline punch-coring
system. The drrflmq mud prevents water from upper zones from entering the borehole. When a
new wateraberarmg zohe 15 reached, the drill bitis removed and new mud is mixed and circulated. A
‘ciean Lore bar,rél 1iped with clean brass tubes is used to collect a sample of the new water-bearing

zone “The brass tu‘"ﬂs are then retrieved with a wireline, sealed, labeled, refrigerated, and delivered

‘tQ a |aboratory (m most cases, Brown and Caldwell in Emeryville). The laboratory analyzes the soil

sample‘overmght for volatile organics, and apprises the field geologist of results daily. This

procedure continues until a clean zone is reached.

A well is then installed in the borehole, screened in specified contaminated zones. LLNL staff do not
directly perform well drilling and installation. Weiss Associates, Inc., of Berkeley, California, usually
provides the geologists as a contractor to the laboratory, except at Site 300, where Brown and
Caldwell geologists have been used at Pit 6. All drillers are provided by PC Exploration, Inc. All wells
constructed at the Main Site since 1984 are 5-inch-diameter PVC with threaded joints. Screen lengths
are determined in the field. Wells are sealed from the top of the monitored zone to the ground

surface. if the well yields more than
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pump, while lower-yielding wells are given bladder pumps. The top of each well riser is sealed, and

access holes are left for the sampling equipment.

At Site 300, drilling and sampling techniques are somewhat dlfferem than at the Main Site. Wells
are drilled by PC Exploration, Inc., with a rotary drill rig. Air rotary me;hods are used when feasible,
but when borings are too deep to remove cuttings by air along; alr-rmst |s used. HQ-size wireline
core is used for all corings. A hollow-stem auger is used for sampllng unconsolidated materials.

' .
«{ ‘.I R S
oo,
tet ot

Many of the wells around the disposal pits were rompletéd as mum Ievel sampling points, while
other wells (e.g., in the GSA) were completed as smgle momtorlng pomts The multi-level wells are
canstructed with 3-1/2irnch-1.D., threaded PVC. standp;pe p|e20meters, pressure transducers, and

Barcad samplers, Neutron-probe access tubes are" a|SO msLaUed in at least one borehole at each pit to

measure moisture content in the unsaturatéd zar\e K

Multiple aquifers within the same borehole are lsolated using the following technique: when a
confining layer is encountered, twasecﬁons of oppo ite-threaded stainless steel are emplaced, with
the lower piece in the con[mmg bed The‘1ower section is then filled with grout and allowed to cure.
Drilling recommences with an open borehole to the desired monitoring zone. Barcad samplers are
installed, and when the staff is certam there are no leaks, the upper section of casing is unthreaded

and removed, and a P\/.Cl‘s,.t_andplp‘e' piezometer is instalted to monitor the unconfined zone.

‘
. .
[aE '
S A

P o, .
NN LD

3432 Samgl‘ihq‘Tecf‘mtiesT
At the Mam "slte samplmg tees are usually left in each protactive casing for use by Brown and
Caldweil samplfng‘pe'rsonnel These tees screw into the pump discharge assembly. They enable the
sanmp1erc to coltect the discharge water in a tank from one side of the tee, and have a small-diameter

P\/C tube for sample collection on the other side of the tee.

For arfe#i'sting well, the sampling methodology consists of first measuring the depth to water from
the surveyed Point of Measurement (POM). Then, the pump is turned on to its maximum safe
pumping rate in order to purge at least three calculated well volumes. Specific conductance, pH, and
temperature are measured at the start of pumping and after each well volume has been removed.

Once these parameters have stabilized, the well is sampled.
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If the well is known to contain levels of volatile organic compounds that are two or more times
higher than the state action levels (Table 3-19), the purge water is collected in a tank, sparged, and
sent either to the cooling towers if the dissolved solids content is low, or to the drilling mud disposal
pit if the dissolved solids are high LLNL has shown that sparging r'e'dures the VOAs to acceptable
less than twice the state action levels, under the assumptlon that the mlxmg of this water with the

air will reduce the VOAs to the action levels, S

Samplers frequently have a problem collecting gas- fre‘e"éampleslifd‘r‘VOA vials for analysis. Water in
the samples usually releases outgases in the vials at the gerUnd surface. This release of outgas may
be the resull of either the great depth from wmch water |s removed (similar to the "bends") or to
agitation from the pumps. In any event, the Ievels of.volaules are probably underestimated because

of this problem. However, repeated auempts 'at dn‘ferem sampling techniques have not resulited in

..'

significant differences in analytical results o .

"
. ' ot
Loy ‘:_ ‘ot
Ky

As at the Main Site, water |eve|s at Sue 300 ar’e always measured prior to purging and sampling a
well. Where Barcad samplevs are m place, at least three sampler volumes are removed prior Lo
sampling. Otherwise, purging con’rmues until three well volumes are removed and pH, termperature,

and specific conductanue are stablll}z'ed.

Y
S

3433 San‘nplind‘échedule e‘nd"Analyses

\. 4

MainSite, * . e
‘.. . b.a.

Upon comple‘tuon of a well at the Main Site, a sample is collected for a complete analysis, including

radroadwny Afterward samples are collected quarterly. If two subsequent quarters produce clean

'samples, that well is put on an annual sampling schedule. If the samples are contaminated, analysis

continues,on a quarterly basis for all identified parameters.
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TABLE 3-19

ACTION LEVELS FOR SELECTED VOCs IN GROUNDWATER
LAWRENCE LIVERMORE NATIONAL LABORATORY - LIVERMORE, CALIFORNIA

o
(R

Sources: |

Note:,:”‘.'“'

,Dre en and Hoffman 1986, EPA, 1985a.

o) Proposed
California Recommended Prqposed Maximum
DOHS Maximum . | Maximim Contaminant
Compound . Contamlnant “|:Contaminant
Action Level ' Level Goal
Level (MEL) [ Levet (PMCL)
(ug/) (/) ] (e neLs)
(ug/l)
tetrachloroethylene B
trichloroethylene 5 ) R . 5 .
1,1-dichloroethylene 6 ~-"'u7 7 .
cis-1,2-dichloroethylene ":TG.'V ' 70
trans-1,2-dichloroethylene 16 : 70
carbon tetrachloride ‘ WS 1" 0 5
1,1\ trichioroethane | 200 200 200
1,1-dichloroethane o 20
1,2-dich|oroethane . i 0 5 -
methylenechlorade k ’ 40
vinyl chlorwde 2 0 1

}\/K.Ls, PMCLs and MCLGs are EPA criteria set by the Safe Drinking Water Act. MCLs

e are enfbrceable standards, PMCLs are based on technological feasibility of removing a
" eantarninant, and MCLGs are strictly health-based criteria.
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A complete analysis consists of the following:

Analyte
Purgeable halocarbons

Purgeable organics

Acid and base/neutral extractables

Method

(EPA Method 601) (overnight turnaround
from Brown and Caldwell)

EPA Methgd 624)

(
(EPA, I\/\ethod 625)
( )

California Title 22 parameters, including 2,4,5-TP; [ EPA Method 608
2,4-D; endrin; lindane; methoxychlor; and toxaphene . *. TR

Gross alpha, gross beta, and tritium

Dissolved metals (priority pollutant list) ‘ Graphité furnace AAS (EPA 600/4-79-020)
Fecal coliform e el

General minerals (major anions and cations, "agiteen

surfactants, specific conductance, TDS, totafhardnesy, R

total zinc, and pH) e -

Boron oo A ' ......

As of this date, the major ccntammams found in the groundwater are volatile organics. Il s

primarily these contaminants, for wh»qh subsequent quarterly samples are conducted.
Several wells in the Livermore Valle&f‘aEé sampled annually and analyzed for tritium. Figure 3-33 and

Table 3-20 show groumiwater samphng lacations and associated 1985 tritium concentration data for
the Livermore Va{ley As shqwn on the table, all wells were below the established 2x 105 uCi/ml

concentration guude rahglnq from 0.1to S percent of that value.
Site300 L

Upo"(i"cqmb'l‘e{i'pp of wells at Site 300, samples are collected and analyzed for volatile organics,
‘jtﬁéial.s‘:.zind vari.ous site-specific compounds, such as high explosives or radionuclicles, as specified by
Lvh'e ',g“'epllogist and other site personnel. Wells are then sampled quarterly for the selected
contaminants. Analytical parameters vary for each set of wells. Because the history of hazardous
chemical use at Site 300 is reasonably well known, LLNL believes that it is not necessary to conduct
initial complete analyses of Site 300 well samples as was performed for wells at the Main Site.

Routine compliance monitoring around landfills and surface impoundments at Site 300 is required
by the California Regional Water Quality Control Board (CRWQCB) and the EPA. In addition Lo
'compHance monitoring, LLNL also conducts groundwater quality menitoring for drinking water

parameters.
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TABLE 3-20

TRITIUM (HTO) IN GROUNDWATER - LIVERMORE VALLEY
LAWRENCE LIVERMORE NATIONAL LABORATORY - LIVERMORE, CALIFORNIA

Well Well Depth Activity .. Yo CGb
ldentificationa (m) (10.7 UCle‘i‘.. ‘29(%)]

351€-1R2 17 097871, 0.5

351E-1H3 24 0278259 0.1
351E-2R 1 10 ‘2,72 + 4.0 1

35 164G | 6 . oam 10.7 0.3

35 1E-8K) 32, 074k 88 0.4
351E-9G 1 49T | 231242 1
351E-10A2 L, [N 550130 3
IE-1181 |, 13 S 9.58 + 2.6 5

3STE-12A2 "zé,';:' 1.36 * 6.1 0.7
351E-1202 ;""'n?';.m 6.89 £ 2.8 3

3ste-12e7, | T sa 0.94 % 8.0 0.5
35‘1*5;-.4'261 R EEY 2.84 4 4.1 1

i 38121 o] 104 0.78 * 8.7 0.4

_ '3‘515':#@@.}«' 29 0.68 £ 9.5 0.3

31",5;,2;5;“7;:2" 15 144 %55 0.7

N IEERTATY 4 0.75 * 8.4 0.4

5261001 13 163 % 5.3 0.8

o Source: Griggs and Buddemeier, 1986.

»

o SeeFigure 3-18 for sample locations,
b Concentration Guide = 2 x 10-5 uCi/ml.
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RCRA groundwater monitoring Is conducted In tha vicinity of two active landfllls (Pit 1 and Pit 7).
Samples are analyzed for drinking waar standards, groundwater quality parameters, and indicator
parameters, as specifled In 40 CFR 265,92, Figure 3-34 shows the location of the monitoring wells
included in this program. <

‘uu, "

W
RN u., '

Flve wells ware Included In the Pit 7 RCRA monitoring network .In 1985, Three additional wells and
three lysimeters were added to Lhe system In late 1985, chkgaodnd monitorlng data for the flve
PIt 7 wells showed differencas in specific conductance, total organk carbo« (TOC), and total organic
hallde (TOX) between the Pit 7 upgradient and flowngradle twells ‘Groundwater monitoring In the
Pit 7 area has also shown that tritium and chlorlnated solven‘ce ((PCE, PCE, and 1,1-dichloroethylene)
are present In wells located downgradient fror‘h t;he pit The solvent concentrations are in the low
parts-per-billlon range (maximum 15 ppb reported).arid appear to be decreasing with time, It is
suspected that new pumps installed in tha Wells rhén‘(‘ be the source of this contamination (Griggs and
Buddemeier, 1986). S L

Tritlum concentrations In some downgra¢l|entWe||s were substantially in excess of 20,000 pCl/l. A
detailed tritium lnvestlgatlon vyas cohducted in 1985 to better understand the tritium migration
potential. The tritium lnvestigatlun results are discussed In greater detail in Section 3.4.4. An
anomalous measurement of 21 pCVI of alpha radioactinty was also noted in the second quarter
of 1985, water samptes anafyzed S\ihce that time show concentrations below the allowable 15 pCi/l,
Although the PI1"7 momtorlnd Wells are showing elevated concentrations of tritium and chlorinated
organics, potable aupply Wcﬂls, which are located approximately 2miles away from the landflll
monltormg wélls ari& ‘mp dlfferent aquifers, show concentrations below the acceptable drinking
water |)mlts and ac‘glqn Ievevlc for organic contaminants. The drinking water suitability data for Pit7
appears in 1‘able 3- 21,

'l
'v

'I‘n‘."1‘98‘.'5',"flve wells were included in the Pit 1 RCRA monitoring network. Because of uncertainty
aboﬁt‘lkfj't?‘,dlrectlmn of groundwater flow, four wells were added to the system late in 1985, Results
frorn the four wells showed concentrations below drinking water maximum contaminant levels and
state action levels. However, traces of organics such as phenol (41 ug/l), benzoanthracene (2 ug/l),
di-ethyl phthalate (2 pg/l), chloroform (3 ug/l), and methyl pyrrolidinone (200 ug/l) have been
detected in the fourth-quarter monitoring samples. These organics will be closely monitored to
determine whether they are indicators of contamination or instead originate from local geological

sources, laboratory analysis, or well installation materials.
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The two active landfills and six inactive landfills at Site 300 also have groundwater monitoring
programs specified by Waste Discharge Order 80-184, issued by the CRWQCB. The order requires
annual groundwater monitoring for gross alpha, gross beta, tritium, and beryllium at Site 300
landfill locations. Beryllium was not detected in any of the samp(é;"from the landfill monitoring
wells. Gross alpha, gross beta, and tritium results for the Pit 1 and: Pt% 7 wells were discussed above.
Wells in the Pit6 and Pit8 inactive landfill area did not show radloac‘uv»‘ey levels above drinking
water standards. One well water sample taken in the PJtZ area (Well K2-1) showed an alpha
concentration of 31 pCi/l in the first quarter of 1985; subsequeni; sampﬁng has not shown any alpha
activity.. K2-1 samples have also shown tritium concentrangns in excess of drinking water limits. An
investigation has shown that tritium in this well origmated in the Building 850 area and was
transported to Pit 2 by subsurface and stream f\bw (Gruggs éﬂd Buddemeier, 1986).

In addition to these regulatory momtormg requlremen{s the wells around inactive Pit 6 are being

. tv"

monitored to attempt to detect contamman”cs leavmg the tandfill. Records show that potentially
hazardous wastes were buried in tmf. plt between 1964 and 1973, including the following:
capacitois suspected to be contan‘:'lvr;éted wnthPCB beryllium- and mercury-contaminated materials,
and miscellaneous chemicald:« }n 1985 momtormg results indicated that water samples did not
exceed drinking water limits or stfaté actlon levels, Traces of organics were noted in the first two
quarters in the fol]owmg maxn.mum concentrations:  1,1,1-trichloroethane (3 ug/l), methyl
pyrrolldmone (40 ug/l) acetone (20 ug/l) and unspecified ketones and esters (20 ug/l). These were
not detected m ’the weHs in the third and fourth quarter. Methylene chloride was detected once
(4 ug/l) in the - fou.rth quar{er in one of the upgradient wells (Griggs and Buddemeier, 1986).

Addltlonal We/lis wem rnstalled at Pit 6 during the Survey, but results are not yet available.

" Y
‘u
,.‘ 4
. RN \,c..‘

n 1985 the CRWQCB issued new groundwater monitoring requirements as part of Waste Discharge

Order85188 for LLNL's new Classll surface impoundment.  The impoundment contains

'nonhazardous high-explosives process wastewater. Samples from four wells and one lysimeter are

analyzed quarterly for pH, total organic carbon, total organic halides, specific conductance, several
exploswes compounds (HMX, RDX, nitrate, nitrite), and metallic elements. The 1985 data indicate
RDX concentrations of 45 ug/l, which is near the detection limit of 20 ug/l, in the upgradient well. All
other data for the impoundment monitoring installations show both upgradient and downgradient

concentrations that are within allowable limits.
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34.4

3.4.441

3.4.4.2 Categoryll

3.4.43 Category Il S,

Findings and Observations
Category |
None - )

None

Groundwater Contamination at thj'L Maln Stte Past waste disposal practices have resulted in

several known and/or potentta] contmumg re'lease sources of groundwater contaminatior..

Trichloroethylene (TCE) and other wivehts’ are the primary contaminants identified in the

groundwater. In the sou{hwest 5ect|o:} of LLNL, contamination plumes have been observed
off-site and residential’ wells have been shut down. Details regarding the actual or potentlal

sources of contamination aré d‘rscussed in Section 4.5,

‘o'
.

(Y -
L] *. Bkl
e (A

Southwesterm Area: ™, ./~

.
M.

A plume oi TCE and other volatile organic compounds is moving off-site from the
southwestem"-cmner of the property toward a residential development. After TCE was

dlscovered in an off-site residential well, LLNL began an intensive investigation of

_‘groundwater contammatnon and potential sources in the area. The source investigation

,'”‘CanSIsted of 140 borings, but did not come to any conclusions regarding the source of

.V‘.contammatlon Based on a search of the U.S. Navy archives, it is now thought that Navy

' 'clt'e.aning and degreasing activities were the source of this contaminatiort (see Section 4.5 for

more details). A total of 46 monitoring wells and 14 residential wells were used to delineate
the horizontal and vertical extent of the plume. Well locations are shown in Figure 3-35. Well

installation is continuing in an investigation of deeper contaminated zones.
Eight volatile organic compounds--tetrachloroethylene (PCE), trichloroethylene (TCE),

1,1-dichloroethylene, trans-1,2-dichloroethylene, 1,1-dichloroethane, 1,2-dichloroethane,

carbon tetrachloride, and methylene chloride--were detected in groundwater at

3-112
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concentrations that exceed California Department of Health Services action levels, The

following table presents a summary of the analytical results from this investigation:

Actlon Level Reported Mamum

Compound (o) Concen‘sgaﬂo’n (yg/l) Well Number
tetrachloroethylene 4 0860 [MW-116
trichloroethylene 5 . 1.}0 TB-11
1,1-dichloroethylene 6 hTTA MW-109
1,2-dichloroethylene 16 . 30 MW-109
carbon tetrachloride 5 .“-':‘":"f,f'lo MW-2
1,1,1-trichloroethane 200“-.7:"'-.‘ 100 TB-11
1,1-dichloroethane &20 e ' 60 MW-109
1,2-dichloroethane S 1 ~ 5.3 MW-118
methylene chloride 40 3,200 11Q2

Data from these wells mdlcate that orc]amc compounds have rnigrated westward from the
southwestern corner of. ihe LLNL “propurty through sandy materials, Well MW-253 was
recently found to contain les‘s t‘han 1 part per billion (ppb) TCE, which may indicate that the
plume is spreadmg southwastward toward the Sandia National Laboratory property. The
western margm of- the ,pIUme is about 4,000 feet west of the laboratory at a depth of about
200 feet The pJume is Bhout 1,700 feet wide. At the southwest corner, contaminants are
found at depths of about 90 feet, The presence of private wells within this plume may have
prowded preférred vertical pathways of migration and thus allowed the contaminants to
reach gfe.ai.er depths in places. Many of these wells have been subsequently sealed by LLNL to
...avomd fUrther cross-contamination of the aquifers.

v “.{vl"ultiple sources have been proposed for this plume, based on chemical fingerprinting and
ié,b‘poncentration contour mapping. The TCE has migrated farthest from the laboratory
property, from a postulated source somewhere near Building 212, as shown in Figures 3-36
and 3-37. PCE has not migrated quite so far, as shown in Figures3-38 and 3-39, from a
speculated source slightly downgradient of Building 212. A third source of volatiles has been
speculated within the Rhonewood Subdivision. MW-251 contained 1,1-dichloroethylene,

1,1,1-trichloroethane, and chloroform, which were not found in any wells closer to LLNL.
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The study of this plume Is furthest along of any of the laboratlory's investigations, Plans are
under way for a groundwater pumpling and treatment system thatis intended to contain the
plume, In addition, wells are baing installed in clean aquifers underlying the contaminated
zones, which will be used to monitor groundwater quality and'lmo'ramial breakthrough during
pumping. Nosource removal Is planned, because specuflcmurmaneas could not be defined.

'
e [
'

Gasolina Spill at Bullding 403 PR

oo ! P I
e let Pt

Groundwater beneath Building 403 has been co‘ri’t‘a‘mltwalte‘él"-;}yt'tlw gasoline as a result of a spill,
In 1979, approximately 17,000 gallons of leaded gasofme l@aked from underground tanks near
Building 403, Samples of saturated anc .umsaturatécl soll and groundwater were collected
from 18 borings and 20 monitoring wellsdunng the invesugaflon to characterize the extent of
the plume. Well locations are show:w inF qu(a 3-40,

K o , .'
i .
l} . ' ‘

Analyses indicate that the gasolme constituﬁnts benzene, toluene, and xylene (BTX) have not
migrated far from the orlglnal spll area probably because they are retained in the vadose
zone by fine-grained sédmenfs The plume extends only about 200 feet southwest; 250 feet
wast; and 500 feet northwom.' northeast and east from the leak. The relatively symmetrical
appearance (f!gu:e’i -41) f :he plume is caused by the low hydraulic gradient in the area,
which in turn is due" to me presence of a groundwater cdivide in this area (Figure 3-40),
Table 3- 22 ls n Jummary Qfanalyt;cal results for selected VOAS,

Sho:t dmnn a1'kph"1ttc hydrocarbons (compounds containing 4 to 8carbons) were detected

farlhec 1’rbm the leak area than were the aromatics. The aliphatics are more mobile and may

‘”:eprn nnl the learhng edge of the plume. The hydrocarbons had not reached a depth of
h '185 feet as'of 1986,

- Thig plume is relatively small, although there are significant quantities of contaminated soil

overlying the water lable. More than 1 part per million (ppm) of BTX is found in soils at
depths of 20 to 100 feet

LLNL is currently investigating various remedial alternatives for this plume, including in-situ
biodegradation and soil venting. These studies are in their infancy, and no feasibility studlies

have been orepared as yet,

3119
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Southeastern Corner

Groundwater in the southeastern corner of the Main Site is contaminated with several volatile
organic compounds. [n 1985 and 196, LLNL studied grouﬁldwater contamination in the
vicinity of a number of known or suspected areas of contammatlm in the southeastern corner
of the MainSite. Eleven wells were installed in this area- tQ supplement two existing wells as
monitoring points. Volatile organic compounds were Found in wells near Buildings 518, 612,
and514. It is concluded that these buildlngs aré"potential sources of groundwater
contamination.; These sources are descrlbed ln greater detaul in Seétion4.5. Table 3-23
presents a summary of the analytlcal results “»for  PCE; 1,1,1-trichloroethane;
1,1-dichloroethylene; chloroform; and* carbon tefrachlorude which were found at low
concentrations (less than 100 ug/t), fn two well,s, whlle TCE was found at 2,000 ug/l in
well MW-112. The plume is apperenfly m|grat|ng southward from this area. Figure 3-42

shows well locations and the approxxmate exteht of the contaminant plume.

‘Y .
) e
Lot ‘.
.

At the present time, there s, a.tota'r of 1?weHs in this area. Drilling is expected to continue in
order to define the iatérat and vertlcal extent of contamination in this area. The most recent
activity in this area was hydrauhc testmg of several wells. A portable air stripper was used to

remove volat»!e;-f[om the w_ajcer prior to discharge to the ground surface.

¢ .
.- "(' e .. .
. K S
u_ B
-

East Trafflc C\rc!e Landﬁll

. .,
', . PR S

Although excauatrpn has removed all or part of the suspected source, groundwater in the area

m’ .the fq‘rmer landqu is contaminated with a number of volatile organic compounds. The

__‘former' East Traffic Circle Landfill was excavated in 1984 and 1985 to provide an area for the
. constructwn of office buildings. Contaminated soil was removed from the area, and samples
.-",were collected from areas where contamination was visually evident (stains) or suspected

| "‘(ﬁ'ugted drums observed) to confirm the levels of cleanup achieved (McConachie et al., 1986).

Some soil contamination may have been left in place, however, because of the lack of a soil

characterization program.

There has been a rather aggressive well installation program in place to investigate the extent
of groundwater contamination in the vicinity of the landfill. This investigation is continuing
at the present time. Table 3-24 presents a summary of analytical results for selected wells
shown in Figure 3-43. TCE was found in concentrations as high as 1,200 ug/l (MW-222), and
PCE was found in concentrations as high as 1,300 ug/l (MW-207).
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TABLE 3-24

ANALYITICAL RESULTS - SELECTED WELLS IN THE EAST TRAFFIC CIRCLE LANDFILL AREA
LAWRENCE LIVERMORE NATIONAL LABORATORY - LIVERMORE, CALIFORNIA

Range of Deteoﬁ'o‘:'{s‘mgﬂ)“
Compound . o BE
Mw-119 | MW-142 | Mw-207 | mw-220"| Mw-221 | Mw-222 | Mw-224 | mw-273
‘ . A e,
1,1-dichloroethylene no-as | 1162 | 62230 | 7745 .
trans-1,2-dichloroethylene ND ND-29 314 CfonDi2 | ND ND ND ND
. +
trchloroethylene no-4.7 | 260-640 | se0- | g0 | D 1,000- | 3250 | nD-16
taodbe |, 1,200
tetrachloroethylene ND ND-42 <] 1100" NR-2.6 ND 45-52 ND ND
o, 11,300 ~
1,1-chichlojoethane ND o621 6297 ND-2.9 ND ND-0.81 ND ND
1,2-dichloroethane ND NDWb NbOf8 ND-14 ND ND-5.5 ND ND
1.1 1-trchloroethane nND:0 6 | AD:0.60 | “ND-21 ND ND ND ND ND
1,1, 2-trichloroethane D . ND.* ND ND ND ND ND ND
chloroform ND I"NfD’-14 ND-8 7.2-15 ND-0.9 38-58 ND-1 ND
.« o I,

methylene chloride SOt ND L) ND ND ND ND 45-47 ND ND-0.7

Y
. '
[y

D t P
T

Source: Adapted from Dresef et al., 1986a, ¢, and d

ND - NGt folrid apigve detection limit
PRI
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Taxi Strip/Old Salvage Yard

Soils from the Old Taxl Strip and Salvage Yard were removed, but there is residual volatile
organic contamination of groundwater in this area. A numbef‘r.'pf wells have been installed to
investigate the extent of contamination. Figure 3-43 presiits wé:ll locations, and Table 3-25 s
a summary of selected analytical results for some. of these Wellf MW-206, south of
Building 5475, shows the highest levels of contamlnat}on 5800 ug/l TCE, 730 ng/l PCE,
210 ug/l 1,1-dichloroethylene, and 280 ug/! chloroform és well as 40 pCi/l of tritium). This well
fs located in the approximate area of the old "evcoporatlon ponds, which, in an area with such
a low water table and permeable sedlments, were probably infiltration ponds. Several
water-bearing zones are known to be cdmammated,«but thus far the data do not indicate the

presence of a distinct plume. Add)tlo‘nalwells'are.planned for the area.
. A 4*-.,”“"‘
"'l‘.. 1 "

Grouncdwaler Contamination aL S|te 300 Past ‘waste dlsoosal practlces and spsHs have resulted

"""

continuing sources. TC'E I8, the major rontaminant of concern, although there is a tritium
problem in one area. Most lmportantly, the water supply of Site 300 could be jeopardized by

the presence of TCE,

..
‘

oh 0,
. . K

All of the area‘; drsoussed ‘below may be potential sources of the TCE found in various
envnromnerltal mndla WU Site300.  Site 300 personnel are conducting a systematic
mveshgahbu to pmpomt source area(s) and plume(s).

» A
' -_ P
0

834 Compjex Slle 300.

PR A XE ~.
’ '

i ‘”"gijnce 1982 several wells have been installed in the 834 Complex area to investigate the
o'resence of TCE in the shallow, perched groundwater. Up to 12,000 mg/kg of TCE was found
"'.i"‘rl soil samples and up to 460 mg/l of TCE was found in groundwater samples in this area.

Aolclitional wells are being installed in a ring-like pattern around the 834 Complex to define

the extent of contamination in the shallow aquifer. The shallow, contaminated water body

apparently discharges slowly to a ravine south of the complex, and the downward migration
of TCE is prevented by the presence of asilt and clay aquitard. The southern and western
limits of the plume have not yet been identified. BuildingsC and D in the complex are
probable sources of the TCE. When the weather is sufficiently wet to extend the limits of the

perched water body to that section of the 834 Complex, the contaminants in the soil can

]_

nter the groundwater (Carpenter et al., 1986). Figure 3-44 shows approximate well
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EXPLANATION

| W} Active landalide

l Qr ] Aavine {11l unconsolidated HOLOCENE
clay and silt, some sand,
gravel, organio materlal, O,
Qis Older landslide, locally YA )
resctivated, adat
v, #uémocma
Older terrace deposit, pabble S, ',', HOL@CENE
and cobble gravel, dominantly ‘n' ..‘ J
Franoisoan Complex, g ',,...." !

‘(

| T Pabble and cobble gravels, «mvallv ‘fu. .
ulays and gravelly sands derived". “ e,

chiefly from Franoiscan Complax. 4, o o v 'u. .

\'c
K]

amannas  Unconformity .“.j:“g‘ ""5:.3"”'
. .
[ Trgl, | Dense sands and pebite: gnvels,..- X "y \
loanlly cemnented, sl\tvqml amklnooow matrix,

‘
|.5 3 9] Outerop areas *, T “, o,

“ -‘: PLIOPLLEISTOCENE

—————— Unoonforml,ty- ". o

I Tnsc, I interbeqded 1Ht$\‘bﬂd;ynd:fbna,
clay qmdaﬂonef x& olbv \'pm. UPPER MIOCENE
Ourop dreqs. LOWER PLIOCENE

A\I-,

E‘_EEE] Uppor"Ul'L)n undstw\o, very fine to
medium, Wel ndurated blue sandstone,
huquently ofoi'bedded, Some intarbeds

= of gray claystone; friable sandstone at base,
’ & g‘ Outurop drobs

A . 49

[“' )| fnw#qgﬂhded siitstone, olaystone, sandstone, /

o Outdibp areas

i deommc SYMBOLS
s ‘.

l.v ?“*“ Comacu batween geclogic units,
"' gyueried where approximate,

“ 93‘,‘5“‘ ﬂé} Monitoring Well {1883)
"". ’834 K1 ~Q‘ Munitoring Well {1986)

a.wo 1 [ Exploratory Hole (1983)
“ “,"‘_“;' 8331 B , Exploratory Hole (1985)
u Location of geologic cross-section
, - 925« Contour interval

ATy Fresh scarps within active landslide,

g~ Strike and dip of beds.

LY M

SOURCE' Carpenter et al., 1986.

LEGEND FOR FIGURE 3-44B - SITE 300
LLNL - LIVERMORE, CALIFORNIA

341N

FIGURE 3-44A




SOURCE: Carpenter et al, 1906

LLNL ~ LIV

LOCATIONS OF MONITORING



FIGURE 3-44B

ELLS AT 834 & 830 COMPLEXES ~SITE 300

ERMORE, CALIFORNIA
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locations In the 834 Complex. Table 3-26 presents a summary of the analytical results for soll,
rock, and water samples in the 834 Complex area.

TCE has also been found in several other areas of Site 300. Of‘f;ar'ticular note Is the presence of
TCE in Well 7 In the GSA (0.9 to 52 ug/l with most samples, Mwe‘qn 1and 5ug/l from 1982 and
1983). The presence of TCE may be the result of cross- contamlna‘clon from an earlier sampling
event using the same equipment. TCE was not found rh anysml samples collected In this area,
s0 the source can only be speculated upon. Current work |h tHIS‘area consists of drilling at the
site boundary to monitor off-site migration, qs ‘r,ee!ue?‘ted by..L-LNL s lawyers.

The 830 Complex lies between the GSA and the 834 "omplex downhill from 834, Five
boreholes and three wells were mstaﬂed in tht,s arga, supplementing those installed in 1983, in
order to determine if the low |eve|s of: TCE in Sprlng 3 could orlginate in this area. Very low
levels of TCE have been obser\.ced i tHe B- 830 area.

‘
‘|, . 'o
. h' l' 1‘1

Bullding 833 is about 1 400 faet nor’rh of Spring 3. TCE may have been introduced to the soil
during washdown opératlons at Br830 Two boreholes drilled near 8-830 contained TCE, but

no groundwater samples wm obtalned because of the great depth of the first water-bearing

zone.

Six bornngs and one pzezometer provide data on TCE contamination in the 854 Complex.
Several - Q Lhe sonl éamples contain TCE at concentrations as high as 31 ppm. No water was
encountered'mﬂthe piezometer boring. Based on available information, it appears that TCE
,has notyet reachad groundwater as a result of attenuation by the soil matrix.

." u.
‘

" Site 300andils

The groundwater under all landfill areas (also referred to by LLNL as "pits") except "Pit6" is
cnn‘tamlnated with tritium at levels exceeding the state drinking water standard (20,000 pCi/l),
by an order of magnitude (200,000 pCi/l) in some cases. Figures 3-45 and 3-46 illustrate the
distribution of tritium contamination in the vadose zone and groundwater at the Site 300
landfill area. Tritium appears to be assoclated with Pit 2, but not Pit 1, on the east sicle of the
site. On the west side of the site, a large tritium plume appears to be emanating from the
Pit 3/4/7/5 complex. LLNL believes that Pit 3 is the primary source of contamination in this pit
complex on the western border of Site 300,
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Groundwater in this area flows eastward or northeastward along the bedding planes of the
Neroly Formation. Flow velocities are on the order of tens of meters per year through fracture
systerﬁs. Precise characterization of contaminant velocities is under way. Beneath the Pit7
complex, groundwater occurs only in a shallow perched zon‘i‘af'and at a depth greater than
300 feet. The limits of tritium plumes in the vadose zong" and- Water have been determined
from a number of wells, borings, and lysimeters. One major prme originates in Pit 3 and
trends northeastward with the perched groundwater ﬂow One or more tritium sources areas

may be found in Pit5, but they have not been defmed HoWé\/er contamination east and

southeast of Pit5 appears to be moving nopthegstward. uErgures 3-45 and 3-46 show well

locations and the approximate extent of the tritiim glumes.

Building 850 may be a potential soyrce: of trlnum near Pit 7, where firing-table experiments
were conducted. Tritium appears, to be movmg eastward in the regional aquifer.

Much of the tritium now found |q ‘the grmlndwater is speculated to have reached the water
during 1982 and 1983, which were e’xceptlc nally wet years. However, tritium near
Building 850 has beeri reachmg the groundwater since before1970. In addition, a more

recent pulse input of tritium abpears to have been superimposed on the pre-existing pattern.

’.
n' ‘. R

Table 3-27 Ims 1985 groundwater monitoring dzata for tritium at Site 300 in comparison to the
dr.nklng water standardaof 20,000 pCi/l.

-
‘- .
v,

Estlmafes sug‘ge?t that an amount of tritium on the order of 10 Curies is now in groundwater

and sor) rnc)lsture outside the source areas. The amount of total tritium in the sources is

. unanWn but a few hundred curies is an estimated upper limit. If the estimate is conservative,
"a sugmflcant fraction of the source of tritium may already have been dispersed to the
; -~",groundwater system. Migration rates in the regional groundwater system suggest that a time

R pemod of 20 to 50 years will be required before the contaminant plumes approach the Site 300

boundary. Dispersion and radioactive decay will act to reduce contaminant concentrations
during the transport process. The present location and flow direction of the contamination
poses no short-term threat to any water supply or potable water aquifer either on Site 300 or
in the downgradient direction off-site (Buddemeier et al., 1985). The present distribution of
tritium presents a minimal hazard to any water supply or potable water aquifer at Site 300 or

off-site in a downgradient direciion.
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TABLE 3-27

TRITIUM IN GROUNDWATER AT SITE 300
LAWRENCE LIVERMORE NATIONAL LABORATORY

LIVERMORE, CALIFORNIA
% of Drifiking
Nt\j\r/;klaler Quarter (Hgi(/)l) | Water Standard
P <] 20,000 pcif)
“" ". . K v,
K7-1 1] 27,000 £ 1000 " 135
200 17,000°£°10Q0 | "t 85
30| 27,000.%.1000 )., 135
4: 22,000 £.1000 [ 110
1:| 103,000 + soap 510
K7-3 2:| 63,0004 3000 315
3:,| 96,000 5000 480
4wl 71,000+ 4000 355
K7-5 ], 002 1000 0
2wl 0 1000 0
LB 00 1000 0
I R & 0 + 1000 0
K7-6 o H 0 + 1000 0
R 0 + 1000 0
3: 0 % 1000 0
e | s 0 + 1000 0
Sk 1] 32,000 £ 1000 160
P 2:] 28,000 £ 1000 140
N S 3:| 46,000 + 2000 230
T a:| 35,000 % 2000 175
SR S 1 a :
RRORIa 2: 0 + 1000 0
3: a -
a: 0 + 1000 0
K1-2 1 0 % 1000 0
2: 0 £ 1000 0
3; 0 % 1000 0
4: 0 % 1000 0
K1-3 1 0 £ 1000 0
2: 0 + 1000 0
3: 0 £ 1000 0
a: 0 % 1000 0

Source: Buddemeier et al., 1985
a = Dry Well
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Potential Groundwater Contamination at Site 300. Pit6 is a likely source of future

groundwater contamination, based on knowledge of the waste disposal activities that
occurred In the pit. Investlgaﬂons In the Pit6 area were recently completed. Four wells
installed initially in this area showed no evidence of groundwater contamination, in spite of
the variety of disposal activities known to have occurred: |n -the pit. Wells were recently
installed on both sides of the Carnegie Fault to determine whethér it Is a preferred pathway

for the migration of contaminants from the pit or a. groundwater barrler No contamination
has been found in any of these wells. ‘ufj L

Because of the wide variety of wastes burled here (lnclqdmg PCB capacitors), groundwater
contamination was suspected. However‘ |t appears xhat soil contamination is currently the

bigger problem and may eventually re'sutt |n gzoundwater contamination.

Category |V

None
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40 NON-MEDIA-SPECIFIC FINDINGS

This section discusses findings and observations pertaining to \'/:/‘aste management, toxic and
chemical materials, radiation, quality assurance, and inactive® Wasté sntes and releases. These
discussions do not include a background environmental mformatlon sewon because the areas
addressed are not necessarily tied to one medium, as was the case W|th the dlscussmns in Section 3.0.
These discussions include an environmental monltornng prcgram sectlon, where appropriate and
where information was available. The findings for ha?ardous rad\oactwe mixed, and solid waste

management are summarized in the section addressmg wastemanagement

41 Waste Management e RO

411 General Description of Pollgtj,gn"sdqr.c‘es and Controls

4111 Hazardous Waste Manaqemgnt

e
s

DOE Orders 5480.2 titled Hazardgﬂ;'hﬂd 'fi.adioactive Waste Management, issued December 13, 1982,
and 5820.2 titled Rad}oactlve Waste Management issued December 6, 1984, are the principal DOE
orders regnlatmg waste managément at DOE sites. The Resource Conservation and Recovery Act
(RCRA) of 19/6 and the 198‘4 RCRA amendments and associated regulations issued by the
us. Enwronmenta{ Protectrcm Agency (EPA) establish the standards used as the basis for evaluatlng
hazardous and mlxed Was’te handling and faalmes

'
‘I‘
* *
‘e *oy

The State of Gallforma also regulates hazardous wastes. The main body of California regulations are

|dent|cal to thme of USEPA. However, California has a broader definition of hazardous waste than

'.‘does-the EPA. Californialists waste oil as a hazardous waste, and has created a Toxic Threshold‘Limit

Concentratlon (TTLC) for certain hazardous constituents. Waste exceeding the TTLC for any
constltuent is a hazardous waste. Thus, wastes in California can test hazardous either by waste
composition or by failing a leaching test. In addition, California has established limiting
concentrations for toxic constituents in waste leachates, called Soluble Threshold Limit
Concentrations (STLC), which are analogous to those in the EPA Extraction Procedure. California also
includes PCBs as a hazardous constituent which, if exceeded in either the STLC or the TTLC at levels of
5ppm and 50 ppm respectively, makes the waste subject to hazardous waste regulations. This
increases the number and quantity of wastes that must be handled as hazardous or mixed wastes by

LLNL. California also regulates underground storage tanks more strictly than the EPA,

R AR



LLNL is @ multiprogram laboratory involved in multidisciplinary fundamental and applied research
and development activities over a broad range of scientific and technical fields. The primary
program has been the design of nuclear weapons, although majd'r“rprogramsAinclude research in
Defense Systems, Laser Isotope Separation, Magnetic Fu5|on Enerfqy: Bmmedlcal and Environmental
Research, and Energy and Resources. The degree of current acwlty and Lype of research programs

are in a constant state of fiux as individual experiments begm and end

I P
-
«

At both the LLNL MainSite and Site 300, the Iarglé"’numberi"'b'f'continually changing research
programs results in a wide variety of wastes generated at & Iarge number of laboratory buildings.
Wastes from laboratory buildings are usuaﬂy m small volumes with most containing toxic,
radioactive, or hazardous constituents or, tombma.uons of these types of constituents. Support
facilities, including general plant mamtenance shops, machlne shops, plating shops, and plastic
shops, also generate wastes, often ln larger volumes than the laboratory facilities. Table 4-1 lists

waste streams with descrrptrons of handimg me’thods by major program areas or functions, for

"""""

buildings where wastes are generaked The guantity estimates may not be indicative of future
generation rates because of the changlng nature of laboratory programs. This table illustrates the

complex variety of wastes; sources;s and treatment storage and disposal methods utilized by LLNL in

handling hazardous waste.

The large varlety of hazardous waqtes generated at LLNL can be grouped into general classes of

wastes, able4’z gwes a general description of 17 classes of hazardous waste and estimated

generation rates. "

"'t .4“,

Some artrvrtms wnthm the laboratory generate waste streams that are similar in composition, even

thoUgh they are ‘generated by different program activities, Photochemical process waste streams

"fro.m' ‘the many photographic facilities at both the Main Site and Site 300 are virtually identical in

comb‘oéjtipn and are handled similarly. Machine shop wastes (coolant, oils, solvents, etc.) are similar
in composition to the wastes from local area shops and Mechanical Technician Shops. Table 4-3 gives

asummary of 20 facilities or operations that generate waste streams similar in composition or type.

Site 300, located 15 miles east of the LLNL Main Site, is a‘high explosives (HE) and materials testing
site. Two active landfills (Pits 1 and 7) receive solid waste from the detonation of test assemblies at
seven active firing tables. Contaminated rubble collected from the pits includes gravel, wood,
plastic, concrete, and metal contaminated by depleted uranium, lead, and beryllium. Lead levels of

the wastes exceed the California Soluble Threshold Limit Concentrations (STLC). Beryllium levels

4-2



R T ]

-- -- paiesauab auon auizedepy 3besois 872
SIN 01 p3ddySpayIpios 30N
" ;1335 Ariues O} PITeIDY/UOIIPIjI4-IUSWIEBI ] {RIIWIY )
3qg Aew Apuanbajui 13Mm3Is Areyiues 0] pIselBs A|[euisoN uyiuow;1eb 9Og'E pinbi} juel vonualay
PALMG/OOE AS 01 paddivg uluowrg) (3H) Aasem dyuebig S|ediway)y
13C1RNU0) [ENIAWWO) e Ag pasodug/(Z19) Pi01§ yiowseb pot )sem priy saArsoidxg ybiy 1244 :
IS B S|EwWay) A
..\.- - T PaUING/00E 3 01 PAJdiysg ek {3H) 31sem diuebig sanisodxg ybiy 977
~-he ST - sewwaY)
m E . m = ..u — — paiesauab suon saasoidx3ybi ) szz
R .. B EiS sjeHwWIY)
L - S - — paiesauab auon asoidx3 ybiH ] w7z
“1013e13U03 _mru‘.uEEOu e At vw«canQAN —wv p3I03S s31sem AP Jase
JOIeIluod _mUEmEEOu ﬂ%@b&non_w.ozﬁ 9ypalols 13uenbpeb gg SIUIAJOS
Jopenuod _n_uquEou voxn uwwuaﬂQ~NA wv vm..OVm sauenbjjeb gt (P312ULIOIYD) SIUSAJOS Buisaauibug
3013eU0d feIdwwod A uw«oaﬂa\vhmwwmna_mo uw_.oum 13uenbyjeb gg {10 ISEAA £nsway) £TC
I01RIIU0D jRDIBWIWOD B AG ommoaagﬂpmv padoig i - N sa1sem 3Ap Jase
1N 01 p3ddiygparyipnos 2bpns 1amas Lreyues Q. vmnmu.wm z ..u-...
FOONRINS-IVIWIRAL | JeDIW3Y) BRI umuﬁdm ¢8 T ,.u -
noge ‘sishjeue 3y e 13Mas Aserues 01 pase3y3’ azmb:oz xwogn.w oom pinbij xuel BoIIUJIY
(Apuanbasjul £138) G N O Uwaa.zw.ﬂmc_m;.om - .. qME_Es aysem wnijjhiag
IOPRIUOI jeNIBWWO) @ Ag pasodsigAZ 1 9) PIIOIS 1 - i L_wwgmm.m {pi>e) Jisem 813w
JOPRRUD) fens3WwWo) e Ag p3s0dsigr{Z19) pa101§ .wwtcoE 91196 55 mmr.. Jsem apiuef
728 oy sannuent wesbnpy ....wm.EENE Ty Q.Iv 3iseam nuebsg
3013R1U03 [eI3WWo) P Ag pasodsiG/(Z 1 9) DII03S u_.w.w.cs.mm [S - = IR UL Tty Ansiway) t€44 Ansiways
resods:q § "26e.035 "1uduneds} O (S)POYIdINW finuenp aiseps K:vwmi.wﬁv& . awep buippng Mﬂ“_m wesboid
- (RS :
S N3A3S 39Vd
. s VINYO3ITVD "THOWYIATI

*-.00€ 31IS ANV 3LIS NIVIN INTI

SWVIULS uwmﬁs WJFuqo._o& ANV “QIXIN ‘SNOCYVZVH
v TiEV.L

4-3




buiddiyg;abesois
o - - paiesauab avon 2ISeAMOALL (¥4}
L\- ~ - . o - paje:auab auon 2be1015 31s2AN DAAL vZs
LT e T ) - — pae:auabauvop | sbeioisaiseaidAnrl ] £29
moummchU W@w&&ava Aq pasodsigi{z13) PeI03§ N S| 315eAn abenjes § 519
.CUM.«COu aq&ck.hnu e aﬂ mRsodsi@{ 13} paiais SIINPAUS I3I8M-[I()
uc«am::oﬂm_fnr._.rou €., >QUWMOQED ZigYpanig N SO 3ISRAA 2Benjeg 8Ls
- e R — pateidusb sucy quay)abesres | ;19
S S - — P3aje:3u3b 3uoN abeaes | 919
L N u... = paiesausb avoyn 2bes0yg w19
SIN G Baa_#mﬁm_t ] &5 o.mos_m BN Asem
Ti3/aTs AFRlges 0} PISEIPYUOLR IS ,ucmﬂc»mwnﬁﬁu«»rrwru . < _aucw b ooz Juey vonuR3A AdeY N1 DAL 33seAr Ai P4K]
paiggauan wwozu ..u. —_ $y0(Q RPpuyi) sen 815
S1h G1 PAALIS/PIIARIOS ....m.u.,.,...ubcm:.wb 09 IUBWIPIS PRIBLIWRILG) resodsig e | vis
A T o SIAISCII0D pue
SIN ¢3 paddiugpabexyed .vw;..a;:.wz . : ;ﬂcoct u.moo £ | cnueaos 1o poieuiweiun) | abeinis ajsepn pinbi €.5
S1N 63 paddiyspayipnos 3bpnis L - T |
7337235 AFRLIGES O] PIAS2IDY/UONEIP-Iudiwieds ] enway) } x‘.w&akmmm co: ;mwm.,..sdwwdr, pRjRLILIEINDD ,
SN 01 pacddiygypabe ped "painpios .u.m.wh.mu o \,ou.lﬁm..s BAre0ME; PiOS UOIJRUILLIRILGIACG (% HCUE ASIWWPY |,
esodsi(q g ebein1g TIulieai) 10 (PO Aunenyd aisen owe; Suipiing MMm wesbois 4,
. A OML 3DV
LT VINBOSIYD 'THOWHIAN

-.00€ LIS ANV LIS NIVINL INT
miﬁm.rm whm‘@; MDEUQOMQAE ANY QIXIN 'SNOGYVZVH
i-v3gavl

4-4

Ll



J01I231U0) (@112 WWO) e AQ pasodsiGAzZi 9) PaIo6ig yiuowyjeb g7 (qewwie}}) S1UIAOS IA
“301PeNRU0) PDI3WWo) © Ag pasodsi/(z13) paiog N S3ISe A isne)
103DeQUOD 211 WO B AQ PRsodsiGAZ 1 9) P101S N S3ISeM PiIy
0P NUOD PRIRwwOo e Aq pasodaeg(z19) paioig yiuow,eb gy {P33RULIOIY) AUIAOS
I0ENUOD [eDIBURBO) B AQ PIsoCIgNZ L) p3:01g N sjeaIwayd ?ogmugmu
i3iem
13m3s 01 abreyrsigyuey uonuaiay yuowyeb gog ot IsULs pieOq PNdID pajuig §| buuzawibug jernde3 vt
.,u A palesodesy y3amjeb 7
quz:oU ferI3wwo) e Aq pasodsigrz19) p3sois y3amyjeb ¢ uc3i4
- Bl »ﬁ.wm:.ccu .N.u.o wo3 e Ag pasodsigrZ19) PRicig y3ameb g7 110 uyley
SRR .Sz o v&n_c%&%aa abpnjs
TR FMuEﬂ.O« nammag:oamb.m Ju3UNe3s} [ewdY)
03 fjyuanbasgur’ .«m«»ﬁ@m 13ye wmemwn.cg o1 Ajjewiion 1eakeb ooz
R B ) -,
- T < N wN JBIVAR JSULS YURY LOIIUIIDY
‘3039e13U03 ~&DBEES n hn vwno.unzu\? i E v‘wt&n wN suoin|os Burysiuyg jeiapy
K1231033Y 132115 (vOV) ucwewmmdmﬁ_&g&umé .. wN 13dojanrapraxij yuads
1033213003 eI wwWwod e g b@wOa!Q? nmv. Bkﬁum’ ﬁ - cucoﬁmmm oL SLUBAOS
103IEUOD e R WWwol e Aq vw»oam.paw 13 p3 5% y ~ yowneb g w11
JGPRNUO EDIBWWOd @ A v&oauém.ww } Pa303S ,...H.- - - {pide) jojem asury
1037%37U03 [EIISWwWwod LG Bgém—wuﬂw.mmzw - ~u....-.v... u_wweﬁmmu m $}231Wd3YD030Y g
JOPRFU) enRwwod e Aq pasodsig/{z1g) Uwho.rﬁ - ,, M.. R . BISBAL IIXOY PYOG
3017e1U0) [EIB W WO e AG Pasodsiq/(719) parols - SHuoW, m.wqw [ B apiuasie wnyen
... - Cvccdanmm ot T ‘..m&mm; nsnel pry i
101eRu03 RIIIWWO3 e AQ pasodsiq(z13) p31015 muw\oﬁzmm [ U SIUSA[OS
J0PR U DIwWwwO) e Aq pasodnigr(z] 3} P31cis z,..mo.bzmm o1 ..,u. ...' mrﬁﬁgwa.o“cy; Buis3auibugy L€t Buuaawmbuy 1
. S S S S
esodsi 3 "abescig juaunessy jo {s)poyian Ayuens; aisesn o el 2Wﬁ ay; - - awe) Buipjing Mn”m weiboig
. w .. b \d ‘.ﬁ.. s ux
T el S
PR I JFYHL IOV
VINHO4TTVD "THOWYIAT]
hd ~ 00E 31IS GNV LIS NIV INT |

mi(uﬂ%w Whg W>B<O_D<¢ GNV GIXIN 'SNOQHVZVEH

iv3iavl

4-5

i




SUDIITHOS

TOIIRHIVOY PRI wwed 4g pasods:g wN | Bunerd paresjuaduod zuads
JIUowWswnip 7| IDICAN
RIS A7P1UPE D) DAt/ unne i pre abueydry Lo £enned poc’s Jd1eM ISUTI AT doys Buneid €
S1N O paddyg paippijog Fepaeb gg 3P AR DRIVROIPR] pinbiy
SIN 01 pddwSpRiIpios feojied ¢ 1Pra ALy
SIN 01 pRddiygpappaos a5png wiuownek ggg § 191l 35y wuey vonuadiay
1332035 xﬂdaﬂm 51 PASEIIY/UCAR NPIIUIEIPAL | [PIWIY ) (85-a}
R SIN 02 paddiyspabeypey (£g61}1ea4gi gy ATTEM IRIDROIPRI PIjOS
..a.umuu.(ou _SJMEEOu ® Aq pasodugA7Lg) PRIOLS visowned go7 (P31BULDIYD) SIUBALOS
.uw_u.duu SDOS) :Euu@ :x&‘..an 01 gSy/uoTI @ I3U ] viwowneb pot (3]qPwILRy} IUSA[OS doyg
B«uabcou r@u&EEo..m.zn @m«OavnSBmx abeajes pasoig uisowrnebd g1 0 3ISeMA onesige SiedeRy LT€
..voum.;q.uu ﬂm.u._mGEbu e >A.§Q\? 19} p2401§ yiuowned gnse SISEM HMISTIE)
oD &n.nru e rmﬁﬁou ey vmmoaﬂ@.«.m 13} P10 yuowieb gog't 3ISeM POy 1ueigbBurOIXI VO wiZe
T BRI - 1P U 133mgTeD (jood
T T B a 000°7 SBwwns Bunwunams) 2021018
B .,.- .k_w.a w0 Om vwnm_m“umA 5 y3a3mv1eb gog s gsempdeq 1234 1a1epn AHuabiawy SLE
Jirsed Jo jei13w A«:S .DNwNS.ENEO, - 1esodsig
§: pypue] Pdivunw 03 L fEuUoiseINo vﬂu»uw ..”_«chvo - N sauen ;aded 21seAn JSEM PAaPTRD ) 167
. - S pa12:9uab auoy 25noH Jwing J33TM 94
s Aieriues 01 pISediSy - 4..~.- 2 Jadbe 110-pa3ig
JOLRIIV0I fE1FWWOD ¢ Ag v@mw.uwmo |- 7 EQE,._.m.o oom M 215em vonesauabay
Bands Lierues o1 pIseaRy - uwca.ﬁmm QesT - - useMYdRq Iy pues uoEIS A1 167
;- =] . pewessuabauon fydesboipey | 657
it B uones

S

jesodsig g "36er01s JuauneaI; 1O (S}POUIBN

f1:zeenl arsean

Caea

Buuonvow HH

swen burpung

R L YNO43IDVvd

i VINHO4TTVD ‘JHOWYIAN
e *-00€ 1IS NV LIS NIVIN TNTT
SWyIuLS EMSS m>=u<c_g ONY "G3XIN "SNOQYVZVH
Iv318vL

4-6



ek e Aquiassy
J0enRUol e Rwwod Aq pIsodsi(ypIel 3beafes pasroig 000°0Z-000'G1 10 peoy SfPLAIRW o) ZL¢S
10132 IUG) PR W WO @ Ag pasodsiaiz13) palois ameb g IUBAJOS
B35 A1euues 01 pasea|dy anuow gneb g 3sem pryy
J0LRIIUOS PDRWWO) e Ag PAsodsigZ13) pRICS N S{I0 SISRAR
30102 RUC) fenRwwn e Ag pasodsigiZLg) P3Iocls N SJI0 JPWIoISURS ] doyg syyesd e
13m3s Arenues 01 pase3By ¥3a3ay1eh 000 L yseampeq 1331y pueg
u.u - 13m3s iewues 01 DISRIPY wdb g¢ #Hop33i8 amoi bunood | Sev
. < - SIBULIYY SIGIWTPIS
T uonuﬁuﬁuu NND.&EEOu e Aq pasodsiq/(Z19) p3:Gis qauowseh gz ‘iuted pUR SJUIAJOS JISBAR
-z : S e sanrsesqge
&C@Eovﬂ?mfso.u ® Aq p2sodsiq/(Z L 3) PaICIS e3fwnip jebgo-¢ Bunsegpues aisea
.., «w&w Asevges o1 paseaidy redheb gog'z J3ICMILSEM 100G Arxds doygs 1uied 8iy
0DPPIIV0D qﬂurwegu ﬂ\u@kuo%gwg PaICIS SHIO J1SeAR
uwlmmaga o1 Eﬂm«wx ¥33mM1e5 0ps-§ UMOPMOIG 110G
Dt&w bBEm«dw vwwam_wm anuyy S|ENWAYD 1S3 3N ey weas 10t
- S N spo dwebip | Bunss) amsseig-gybin £VE
o< B . Uensudd Buirsag
0GPV [EIBWWO ¢ kg vw«am?cxw 1 wov._qumm- A ...-w. re3ffeb (g IDYTSINW JISBAN SAIPDNIISIPUON 1243
- e L a doys
< - -~ amsem poy | uonelugesseusaiery | 9ze

1A% A1PlIues 01 PITPIRY
301U [RIWw0d e Ag Dasodsig |

UIRJP wWrols 01 DISEDY
123M3s Areuues 01 pIselRy

ﬁcoE:mm apnq

syoam N%.wga.ﬁ
139MTeB 005 T

}10-p331q 123a01 buijoo)
4,‘.... wﬁ@; uvoneswba g

cn!sﬁmn I3} INEIPUY
T gsesopeg Jaljy pues

[OI3LDY) SAHTIN

Buuzaubul

resodsig 3 ~3bes0is “1uauwnieas) jo (S)pPoyId Auyuend) 1SPAA . Enm.w.wzwﬂmg 3wen buipjing moz wesboig
- RIS F -4 P1g
s - u
~ i - -y .o- m i
L 3AH 29Vd
YINHOSTTYD "TYHOWHIAN

“-POE LIS OGN JLIS NIVIN TN T
wi(wm..rm WHWS_S w>5(0_a<¢ ANV 'GIX{N ‘SNOgYVZYH
-vIEvi

4-7




— payesaualb avony a2beiois Anzsnmay> 122 Lrsway)
- paresauab auoy warsAs 3beiamac
S — paiesouab suoy wItsAS 121PA
O1WP IO} [T BWWO) 49 10 pasodugrprek abeares p2uo1g waawreb g1 110 31SPAR fipey 1 GOl 169
B R H — paie33ualb suogy Juawsbeueyy pedy
he .. : - ‘. - s - paeraushauon | seary Surweg sayue}
RS N — pares2uab auon s1apyYSapog
B i - paiesaualbauon | uones dwngd ouwdnow
- 4 ) - -- p212:2uab auopn Fary a6eicis 11O
- N — p21e52u3b 3uon LT 130y
S . - — p21eiauab auoy lueq snyRURCOId
- - 4.. T M.w.‘ — paiesauat auony wele syPuedold ) 779
[ T ...-... YIuo W wnIp
mjouer guqmumﬂm w U@mﬁino - = _obcc3un s3umelusd paswis 3du {rcnuc)
XOITR1I03 1EDIILWO) @ Aq DISOCRTAZLYY mvmzdw . P.\.u. T reafeb g 1seM IPIISIY wagyabeinns 341 0TS
R B A_Mconwmu.. :p JuRUN U
1013R53U0) (e RBWWT) € Ag pIsodsgA719) Uqu»w = > m ﬂm‘wm w;.b SHIO 21SeAN wawdimby 6.5
P 51U03 [RTLBW WO © 4G pasodsegArig) pasors | u r N B Spo 3sen
10370 JuD) PNSBWWED e g BITOCHaA T 1 9) pasols : : ..1 N . .,.‘.u.r. SidUUTY | abesois pue sanp0 7L
S e ,.4.¢ doys
NP ALY enuawwe T P Ag pasodsgAz 1 9) paross cu.‘unaﬁhﬂw T . - - . wuaaos Aggopywooissery q.¢ Bruasubugy
wsadng g "3bei01g luawreas: ;o Spoyiaw finuenn asess -W.- ® .u&w@mﬁcﬂ K 2wy Buipimg MMn wesdo.g
< u.« & - f B
Tt el I
- S v XIS 39vd
o e YINYCHTTYD ‘THOWHIAN

T 00€ 31IS NV 11IS NIVIN INT1
mi(w&:lw Ed.; w?FU{O‘g ONV ‘G3IXHN 'SNOGYVZVH

t-v318vi

4-8



— — P312:3uUln JuoN 3uizebeyy abeioig 8cT
"S1N G1 paddiys/pa:yipsios 36pn|g
33N KIepues 0) pAseajay/uone N4 1Lduneds] enway)
2q Aew Apguanbasjui “13amas K1e1uPs O] PISEI3: AffewIoN qruouyieb 9o pmnby jyuel UOLUABY
‘PIUMNG/POE DU O3 peddiyg WIUOwG (3H) d1sem nuebip SIeNWIY)
IC1RIUDD 1eT3Ww WO € Ag D3ITOCRQA L g) PAIoLS quuoweb ppt ayem poy sansopdx3 ybiy T
Ely SsfwayYd
-<.~W... T PIUMGPOE 3PS C1 paddiuyg eafqi g (3H) 235eAr 2uebio saarsopdx3 ybiy 977
-l I S|eNWaIY)
- s N . — payesauab auoN samsopdng ybi | 57T
IR B sreyway)
A ..w.u. .w. z . — paresauab auon sarsoidng uSul vz
ICIRRL0D [EDBWWod mua v&«o&bmiw 19) p31015 sarsear 3p :3s€]
“30venUdd auNEEDHm £q __uwmmmﬂOkv rgybaic1s 1Buenbeb g SIUDA[OS
- FOTRRUOD [PT3IBWLAD | © m.PuychuoxF-w(ﬂmE Ruenbaebg: {P332LLIORYD) SIUDAOS Guisaauibuy
JOIFRITVOT [RIIWWGS AQ uw«oan@.n.m»mmm&mm vw.ﬁwm R sapendsed g¢ 10 3358 Asnoay) €27
303150 1L03 [esAwWwod e AQ vw«avgwwﬂ‘uw&oum B N $315eAm 34D 135E]
51N 01 paddygparpros 36pmys amas Krevves o: paseay )T
FOTTIPATIUAWIRIS] [RIWIY) NI rea%geb oeg L ...,
1n0Ge “siskjeue 13je JrAds Aeiiues o) paseaja. xzwﬁ ON g ﬁw&aﬂd\m c.um pinbyy yuey uoOnUIIAY
{Aguanbayur Li34) Sy O Dwanrdm.._um;gm - T IS 55@2. 3ser wnmAiag
J0R V0D [RIIBWWOI © Aq PIsOdsai{zLg) proIs | N . &uwzﬁmm.m - {D1I) AISEeM |PIDW
I017€21U0) fersewod © AQ DISOISIgA 719} BII0IS w.r_ucoE w:mm (< . ‘ 215PA8 Ipueh)
L2728 oasannuenb wesbpyy - .u.ww.mu..Eﬁ . S 4&. a2wemowebio
JO1YRIU0D RDIFIWIWOD @ Aq pIsodugs(7 L 9) PRIO1§ m.nb.‘mlﬁmm S d u- .. SIUIAPOS A3siwag) e Asway)
=sodug 9 abermg 1udwgeas; jo [S)poyaw finuend asean A.... - um:uﬂﬂa.w%c.%. M...' awey bumpymg m..”“m wesboig
SRS {
oo STl T N3A3IS IDVd
: AP VINHOSTTYD ‘FHOWHIATT

- 00€ 311S ANV 31IS NIVIN INTT
wgw w.ﬂwdcs w>=U<Q_Q<~_ UNY "G3IXIWN 'SNOGHVZVH
-v318vl

4-9



S1N 01 paddiygpabeyped paypijoq

IG1UN RINIBW L) ¢ G PASOCSIA7 1 Q) PRINIS
10RNUOY 1enAwwWn) Ag 3o pasodsigrpaed abeajes pasoig
S N 01 paddiygpabeyiey

reakneb gz

1wakneh g

1 .0wpeh ¢g

111 AT AN
P31BUIWRIUNI - W]
Au:ys.;\‘.m.

LA

AP AR IANIROIPP S PI0DT

£ WAL sNoAeH

sishjeue Jayye iaamas A1p1ues 01 pIseajay
IO1E NN 1PHIRWWIOD P AQ DISCANG/(7 L 9) P310IS
10183363 e AW WY P 4G pasodsig(7 . Q) Paols
R . S 1N 01 padciyspabexyrey

qJuuwowneh gt
yyuowreb gg

wakaeh gy

vivowyieb ¢g

1AIPAA 3T

SIUIAJOS
(PRIPUIINED) SILAAING

ISP A BAIPITOIPPI PGS

sjeroew A101dP ey

pai1p13uadb auon

YIieasay $s830id

paiesauab auopy

3Eei01g pavysse|y

hcmuw_wcw.,uu.m.wmmmwuﬁe.o xn.b.w.aoan_ﬂxw 1g9j P3I0YS

L In 01 paddidypadeyed

_ouunuucw_u.ﬁm_.uhw.nbﬁmu e 4q psodsiGiz 19) PaIois

seakyeh ¢
1eafrieb ¢

1@aamwnp eb ¢o-p

SIu3ni0g
91SeA DY
siP13wWw gE g

£1031810G87 31Nss3 iy
4B erwayd

SiINOY vw&a_nﬁxﬂ.m_r_w:ow wmuiﬁ $13M3s

APliues 01 vv‘nvv_vm\:?uv:.: u:mﬁ:g.h _QJ_Emﬁu '3 ﬁmvmm:
134128 ppO’9 InCGR T1aAmas AsPaines 0] nwmnm*m_ :EEEZ
1I0PNUNY PrHAWIIND Ag 3»5.%5\?@» wmnamm Um:Z«

T. S

SIN 01 paddiyyparpios 3Bpnrg
IAMAS AIP1IIRS 0) PASPA[AYUONP AT J1UDWIRIS] [RIWIY)

010340 [eNIW W P Ag P3sOdIGH7 1 §) PRIO3S

J01¥esU03 (e BwW WO  Ag PIsodsi()i(7 1 9) PRIO:S
10130 11U (2313w wod e g pasodsialz 1) paiois

jpsndsiq g "AHe10YIg uABUNEAT ] JO (S)POoLyIAW

SIND 1@&&.:@.menﬁ.mm.

IR LY PDIBWWOD P kg PAsOdsi/(7 1 9) p2iois’

reakreBhs

;

s¥2am 7126 000"t
1a1renbyeb gg

r .

103k#e6 g7
iraisiet gg

Aeakreb g

fynuent; ajseas

SPINDI} JUPY LONUILAY
11O 31seAA

sjerrw ge-Q
HISRAN PIVY

s1azNse}y

S SIUBAIOS

msejd ‘suisay

mvgv::CI: SIUARIOS

Klquassy
pue juldwdojraqg

~wep Butpnng

LEf
B2
veo
€ec
JEC
LEC siway)
E—
° w1601,
fipig
iHDI13 3DV
VINHO4MVD ‘IHOWHIND

- 00 31IS ONV LIS NIVIN INTT
wS.(uEm whm(?; w..:._,u<n:n—<x anNvy ‘a3IXIN ‘SNOGYVZVH

—mv 318Vl

AR R

"o

4-10

]

]

-

wor



"SLN 03 paddiys/pa:ipios 3Bpns
113a3s Asejiues O] Paseaay/uoe13{14-1U3W)eas | (e way)

syiuow gneb gL pINbi| yuey uCnUA}BY
I pue} jedidiunis 0) Ysy/uoi}eiauidu)g yiuow{) g1 ajsemduabounie) ABojodix0 | jeunuy S9¢
aisem
13Pue] jedDIUR W O} YSY/UOIIeIBUDY] yiuow/4) gt | pue sassednred jeunue uesp JRWIUY [JRWS WIRRy paE
Iy puej jedi2iunw 01 YSy/uG BI3UDUY $33W4) 81 31sem uabounie) fioyesoqe owng £9¢€
‘S1N 03 paddiyypaiyipios abpnig
15nads A1ejiues C) PaseajBdy/uoieslj4-1udwieas | jedwayd) ¥23m jeb ogg pinbij yuey uoiua3ay SUIWNISYY 8¢
: SN 01 paddiyspabexiey x3ameb ¢g 3jseM pel piios
ingpuey {edidINW O YSy/UORIUIDU] yaamyeb gg aysem pels pinbiy
. ‘ __.:vzﬂ {ediunt O} YSy/uonRI3VIdU} x3amieb got pinbij nuabounie) Kiojeiogeuieyy 19€ [ednpawoig
) a D K - paie:auab auoy abBeioys ajeys po 069
S 7 ._ao%vos 104 {01 v) PR1OIS ywoweb g 110 3jeys
_Sum::cv_wbnwEEou e 5 pasodsa/(Z19) pa:ols yeowneb g UETIIS yoieasay aleys ol olp
1013e11UD) (R IRW WO 4g .umwomm.%umx wmm:nn paioig yiuowyieb ¢ 15O 235e M\

1102 U0d _m.u.wEEou 3 3 ﬂ&oafo\mw 14} paioig

1eakeb gt

syuel dip auig

yd1easay Absauy

£ve s331nosay g A6iau3

As3nGday 1915 ?.oaT:mEmmmcp? wm:mwu_e

J0PRRUOD (BN IBWWO) & Ag bmmo&u.o\mmﬁmu D?ouw
10BHUOD [erIBWW B AQ vw»oam_DAN_.B pa;s

ABDIMWSIYHS £
L)

S0 33amyeb g

13dG|3A3p/IaX) JUBIS
3}SeMIIX0Y

PIOS Ppue WNIWOIY)-Sid)i4
S|e21WBYI0I0Yd

dwo) B 1821131034}

1l suoneyndwo)

- IR

pajesauab auon

abesoys Aisiway)

223

1335 fieliues 01 p3se3ay .

‘SIN 03 paddiys/paripi o

‘S 10 03 paddiys/paiipiios

SIN 03 paddiyg/pabeydey

0@ U0 [eNIBdWWI) e Ag pasodsiq/(Z| g} paioig

7 nyowreb oozl
- .:xwmzéme
.... - .ow»a&mdo
ﬁmiEEo ,mm ]

..hmwb.am o€

pinbij yuey voizualay

10 paseuiwelus)
31seas pels pinbi N1
215eM PRl Pijos NH L
YSENTIS

Ansiway)

3012 RUOD jeIdWwWO) © AQ pasodu@rz19) p3:101s seak neb o7 ,.uum.kum:w.&_:uu SIUDAJOS eubinjjelan Ansiway)
e . R A S S Sy = — ey
1esodsig g "abesoig Juawieas| jo (s)poyidpy £ruend aisepn o jeudiely 138N . awen buipjing 5 N weiboid
e Ty Pig
LT R Ty
T ‘4.. . —rangl ....”.
- TR NP 3ININ 39Vd

VINYOH4VD “THOWYHIAN

. -~ 00E 311S ANV 3LIS NIV INT1
mi(wxbm uhm(? W>E<O_D<¢ QZ< ‘a3IXIN ‘'SNOTYVZVH

-y 318Vl

4-11

U

L1

m



o

TR W

mog

Fan

o

il

LAl

Comgn "

A

“1032€I3U0D [RI3I3WW0) € AG pasodsig/{ 71 ) Paioig N s8N2)
10 NUOY IR WwWN) @ Aq pasodsigi{Z19) paiuis wN SHO IISRAN ancin O 81 so1shug
- {SUIAD
- paieiduab auoy Buiyse) useg daayg £65
(suasro
R - pajesauab auoy Buiyse) uteg mod 265%
. ‘.. -, — - paie:auab auony abe:oys pjod viy
LT .n. : R 1G}2RIUO)
A : . . : .H. - paiesausb vy simesadway § iy
I :o:?ucwuce weylweiud) uo bupuadap
motm::ou._mc.wEEQu £q ow?au_n 10 piek aberjes oy yiuow/ed gy [10 31SeA7
_oﬁm:coﬁm«u&FEoun .E vwmcaw_a {Z19) Pa:C1S syjucw g/1eb gg SIUJA|OS Kioyesoqey
10}78U0) _m.u.wEECu [ xn,ﬂwmsarakyae paioig S[EIIWAYD0I0Y,, [enpawog iy
< A..... - a : o - paiesausab auon Answosads pey 6LE ~
101IBIIUCD [BNIBLIWOS & LG pasodsiqi(?138) paL0Is uow/eb g AISeM PIOY Jueinsuery 8/€ -
‘Jp3puel mma_u.c::...gbmq,co_.rwu._wm_.&_, R yivowjek g 315eA% 3A113R0IpE! PiInbi =
SINOY E%:EE;.E.R Bbpnis.
'13Ar3s A1e1IUes 0) P3seady/udiiei}) j-juawied _mU_Ew,«u R ’ Kepgeb pog pINbij yuP) UOU3I3Y
‘pu|jedniunw oy L@QEO_«FESU,.: .M.”...:....Em.m\uwu:m@ [ (P312U1101YI-u0U) SJUIALOT ABbojorg autie LLE
103381U0) jenawwos e Ag pasodsigi(Z19) v‘whowm - rucoE;mm £ 4o Buiyny
1033253U0Y [BNIBWWOD e AG pasodsigi{719) .aw:.:m. n«roﬁ;nm S -, S}LiaA|0T doyg auiydery g/
1013R3U0] eI Wwwo) e Ag pasodsiQi{Z13) pRiois TS puowr4) S :
[ty pue) jedDILNW O} ySy/ U0 eI3UI] ﬁouﬁchmm ot Aiojei0Ge]
jitpue] jedisiunu O3 ysSy/uonesaunu) xwwzc_mm. ot - u.. T SIUIAIDS S133453 yiesy 99¢ je)IpawWoig
resadsi g "abeinyg wieas) 0 {sipoyian Aviuenp 3isesp _m:w.m.ms wﬁmg.. - awep buipjing Mz weibosd
. -, ...4 .ﬁ.l .. h. PIg
. R EEE
- ..u st he iN31 39vd
R VINHO411VD ‘JUOWYHIAS
e K ) 7~ 00€ 311S ANY 3LIS NIVIAL INT
mS__ﬂ.wm._.m m._.m<>> w>640_ﬁ_<m AGNV ‘g3XIN ‘SNOCHVZYH
- - I-¥378V1

o



tmo

e

Il

It

— - paiei3u3b auoN ylieasay jenads 631 -
— —- paiesauab suoy yo1easay iase] 891 :

VN Sji0 JUBAJOS D1e3s3y 135P1 91
N UAAJOS {1ie3say Jase) 931

“103321U0) [eNL3W WD © Ag p3sodsiqy(Z13) p103S syiuow g1eb gg 31seMm HOBN yoieasay jenadg =18
. - - paieiauab auoy ydieasay J3se] 2591 -

o yiuowyjeb gz
R L.Omuwu_.ucou ﬂm_umw.rcEau e Ag pasodsi/{Z19) pa10is Jluow/wnip SIUBAJOG fioyesoqe
‘.. : . : ‘1N O paddiygpabeydey ebgg-z 31SEA BAIDROIPR: PHDS 3u3wdo;dAag Sit 191 si3s@ ]
Buum:co“..?..usAEEme g pasadsiqs(719) P310IS eafeb gy SIUAOS M
: s L 5INOY u&a_&bwc_?_oﬂ abpnig
133M3S fmw_cwm o Dﬁmw.w&ia:m:_d 1UBUAE3IJ [@INWIY) eakieb ppo’s 133BM 3SUNY -
R mpZoquwaaEwdmmm ey H-EYH 41 sabpuiiey wnisy
..< ,m— N D*ﬁwna_zﬂﬁmmmgunu syjeow gpeb gg FISBM SATPDROIPP) DHOS -
.,.. drz o1 vwaggwmmxunh yivowjjeb gy siabier wniin juadg m
S 1N 03 paddiys/paiipios 6 p31esaunur uuwﬁommﬁ . se34eb 0oL 2isem 3adeoipe; pinbiy {1 SNAY 262 N
13Mmas Nlepues .3 nasedjdy |  syluow gzjeb pgs pInbij yuey ut1iIuI3Y ~ \
Wipuej jednunw o“ cwﬂmumcwm:aﬁ . .‘.-m.mﬂcoE cnebg SIUSAJOS/|IO P31eLLI | F
J0}1e51U0) [B1353W W) e Ag vmmcum_o\,mw&wv mmn.m.:w .EEOF s£1ebse S1LDAJOS

SINOY Dwo.a_cm\vwm.mwﬁ.ma .‘...M..‘... cucm.c:mm BISBAA B ROIPES PHOS S101B13{30Y F4%4

IGYIB U0 [RBWw WO e Aq pasodsigi{71g) paioys - : ijmm 8— SEOd BISAA :
13M3s Aseliues 0} uwmmw_wm.. | : .‘ww»\_ﬂm H0S ., pinbij juey UONRULAY

JOPEIUCI [RDISWWOD e Aq PISOAsIHT 19) P30S : ...4 _mE:._E L 13doj3A3Qg :
103P'IIL03 [R1ISWWOD B Ag p3sodsiG/(Z 19) PAIVIS nﬁw:brm.g&m G¢ SIUBAJ0S
S 1N 03 paddiyypabeyieq LwcoEamm (<4 - wumnz, wﬂtmowbmp P1iog | 101BI312DDY S04 D343 Y61 oishyg i
jesadsig 3 "3beiois luswiear; jo (s)poyrap Ayjuend 2158 awep Eutpping M_H,__m we;boig y
< . N3A313 39vd ]
PRSI VINHOAMVD ‘FJHOWYHIATT -

- T-00€ 311S ANV LIS NIV INT] ;
m<‘<mm._,m wr..,w<>> w?ﬁUﬁO_Oé ANV ‘dIXIN 'SNOAYVZVYH

- 318V1 :




“101IR UV jEisWWO) @ 4G pasodsiAr T i G) D301S

Yiuoweb ¢

1LRAjOS dous auydeyy 43587 £8¢f
ficyeicaed
DPRNUO) AW W) £q PASOCSIP 1T PAIEBUDY) syunus gy ed g aysem 3dg LOIST 4 id%ey {BE
ISR NUOY [BiAL LN AQ pasadsiGpreh abea;ss 031015 syiuGus grjeb ¢ iC BiSe AR
101IRL0) {21L3WWOS 2 £G PRsodsiQK 7 19} PaIols WILGW/eS 7 VLTSS
JO1IB U0 (21I3WW0) @ 4G pascdsiQd 7 13) pR101§ ylucuieb gy {paieur:yl) 3uaAOS suawdoianag
2 SN O3 PRCdiyyPabeyded | QIUCWWNIP-GG Ul ISBAL BAIDEOIPR. PHOS x3bsey veisng 6L
:uuvnbccu PRRWWN @ g pasodsigiz19) paioys yiucw;eb og aseam adg
s 4 u. S1N O} p2ddiyg/papijos Gruouwyeb ¢ pB PIIRUILIRIUGT
L...ut.nzcov _m.u.k_w.EEow.m AQ pasc0siQA{ 7 13) Po10IS yiuciwieb gy SIUBAIGE $31:010I0GET §i Lt
houuft._cu ,QBWE..EB e >¢.vmmoaw5:u 19) p3:03g yiecweb cg SIUBAIDG
BUQEQu «m_u.QE,EOu e E,ﬁmmcan_o\? 19) pe103g yivouwsjeb ¢ {P31eUiI0IYd) IUSAOS dayg audepy gzt
T Dﬁmﬁﬂgcam 03 pase3jay uoweb ooyl JIEANIISBAA
- m—? 4 dea:,._m.mem AIR4 owrwnip 126-¢¢ xig 31SeA dAIDRMIPE: DijOg
103D853U0) [enIAWW Q Mswn_ Umm:uwo‘? P pasoig pucuw;ebg 335EM PIOY
’ Tl I G.u;m.:.cou.
{81213 W W03 Aq pasodsiGi {7 19) vm.p.mw.m 10 ww.um._mmcuc_ .).. yiuowyeb g 3¥seA AQ JUBWLIRAXT SYYIN Srt
B : pﬂ.- = - — paiesauab auon ydieasayiase1| v/l
"103D843U0) jEIBWwWO) € Aq uwmoam.oaﬁrms P - 123keb g Asem pry doys buipam €Ll
303118100 [PILBWWOD € AG P3s0dsiGAZ 1 9) nwu__u~m .ywi...,.. i X - ) . S}O Ju3A0g
16318 1UD) [ WWO) @ Ag DASOUSIGHZ L 9) paioigl .- oo 4.. = SIU3AICS 4yd:easdy iases r A
J01RNUOY [RIDISWIWOY B AG PASCGASIQH719) PII0IC © sem piny N
10.IILOI [RIBWWGC) € AQ PasOdsi(Y/(7 1 §) POl SIUBAJOS )
Qe UGy :
jei3wwod £q pasodsigQAZ 1§} P30S 10 paieIauny} yiuoweb gz .,.... ydseasay 1ase] [ siasel
jesnduq g ‘3621015 1udwies | 0 {Sipoyiaw Ayguenty aisean awep buipjing ‘%_“w wesbci
R IATIML 3I5Vd
‘ St YINYO4MVD ‘THOWEIAN
T .. - "DOEILIS ANV ILIS NIVIN INT]

m_2<wE.m w.rw<>> m)ﬁLﬁOEg ANV "a3IXIA 'SNOTUYZVH

L-¥ 318Vl

4-14

LI

i ]



J0YIRNUDI [BNIB3WWNI B AG pas0asigsz L §) PRi01S yjuouy|ed g | 3)5eM pY
J0Y3BAU0) [RIIWWO) € Aq pasods gz 9) P310is yiuvowyjeb gg SIUIAIGE
SN 01 paddiygpappiios-pey N
110RIILO) [RidIBWWOD AQ pasodsi@{Z 19) PIinis pes-uoN vN Axod3 doygs po) 12724
£131003Y 134135 (por) Judwabeueyy sjeateyy 13dojanapuaxiy 1uads
10313813002 [BIJWWOS e AQ P3sudsiQi{Z 1 9} P210)S jauowseb g7 sadoparsg
03P UQ) 12RIBWWod € Aq pasodsiq/{z 19) pa:ois yiuowyjeb gg asem dgsne)
103321107 2113w w0) & AQ pIsodsigiz 19) P30S yiuowjeb gg 3)seMm pidy
_ Lowuw.h.ucoV Ba..VEEB e £q pasodsigAz19) paJ03s qruowseb gz 18uUUIyl R_BNBIe
- .'«.W -idiesiuod _m:.._mmEEou.m &g pasodngiz19) pA10ig uousieb ¢ WaAos § doysuaisaogeyasw | gep
R 1GIR U3 1o pu=
_m_u&EES Aq .mmmxwm.v 104 GNWV Pa101§ ‘Juanbasyuyy | (dunpey uodn) satiep sicudeded g4 3iSeas juzgoede) 34N ]3]
..o«unzcoN_Ewuw.EEOu @Et‘w.wo@nbzm 19) PAIOIS quownud Aisem Lindian
RS S -. - . ysen
10 13U0D _!uiEE%..u .m.‘mb me.on_O\mN.w & paiog paeutwelund-Ainday 4Iie3asay 34N CEv
e o .M M - pajesauab suon sdoys 34w VEY
1033e1U0) 1eNIBWWD) P AqQ bwmoaw_dxw Gv paasy e, yuowyeb gy {p3leuLo|yd)udajog
‘Joesiuol [en13wwol £q pasodsigrdwek wmmzwu omtovm- » {auoweb gy 110 dISeAp sdoys 34w ZEY
3010041103 jeiawwod e 4q pasadsia (719) pa s . ....L.,zcoE ieb ¢ 110 2ISeANSIUBAJOS vi3
10313811U0) [eI3wwo) e £q pasndsig A.N.Ev mm.woa..m _--qauonineb ¢g {10 ISEAA/SIUDBALOS 841 4W LEV
T ) T . S pa2yeiauab suon uoneSGNS dLIPI;3 rey
3013®33U0) [R1IBWWOD ® AQ PIAsOdiq/(Zi9) PRIOISH ;0 '.uudz SPIQ 31seAR doys 34w 174} uorsng AB1auy Bepy
TiC1IR U0 [R13IB3W WG ' Aq pIodsigiSZa) paiois L 5.&E\m e sioydede] gid Aynyey dweyyseyy 119
IC)IRIIUO) jRrIWWOD e AQ Pasodsi/(7 13) PaIols EEUE gneb ce . = SIUBA[CS
J03IPIIUDI |RI3WWOD € AQ PA3OANIG{Z 19) PRIOYS puoweb 56 S - < laueyiz e sase1Abiduiybin | 16E siase
2 s i ————————————— e A ——" J
1esodsig g "abesois luauneas] jo s)poiaw 3uen)) aisean awep buipping mom”_m weiboig
, A N331MIHL I9Vd
B AR VINEC1VD ‘THONYIAN
S ~00€ 311S ANV 311S NivIN INTT

m«c&Em w‘hmd\; w?ﬁﬁQ—Dé ANV 'a3IXin ‘SNOCUVZYH

i-7378v1

4-15

W%%l



UOIIRUILLIBIUCIDG
3IH pue 23 Iy S3DHAIIS
1C1De1u0) fEis3wwns g pasodsig/pref abeajes paioyg juoweb gz SIUBA|OS pue si) | uonesedaly 20:31Q33H 618 EEDEL Y i TR U
sin 03 paddiysspabeyey jiucwjeb g5y J1SEM JANIROIPE! PIOS 192 sp3foug jenads
pa3ding;00f 3ns 01 paddiys AIIM3) 7/ {sanisojdx3 ybiH) s15eam 3 ydoie3say iGreuolag (%723
10 AUN eIl WwWnd e 4Q PAsOdsiGA L g) pruis N SIUBAJOS
"J0338:3U0) jR1YBWWO) € 4G pasuds:Qi(Z 1 g) PAIDIS wN PO
- -t S1N 01 paadiysipabeypey 12af;wnip jeb g6y I 5eM SAIPROIDRI DNTS y>31easay snskyg IpE
- -, SiN 01 paddiygpabeyey 1eakjwniprebcg g 2seM Y !
- -..H T S{N 03 peddiygspabexyded owywnip jeb ¢g-7 3i52An pijCS pey syuawa(3j AAedH ¥4
- H o 3SNOH
e ,..,..uxu., S - paressuab avon uag Huabiawi | zst
m...z Dubwna.:wavc,u:am mm.ibmfo vi-d $1e1A UONR]IIUIDS
30 “WNMIIY PRl Uoug z_wvcm, .mn.ui:Exwu ngdo;m&c dui § xs2amwnupieb gg-g 2i3€m IATIROIPR ] PIjO§
w._.z.mﬁumn}cm\ﬁwmmxuam viwoweh ¢~ SIUBA[GS
.,,. .5,2 E nwoai@ P8It v:ow uiuowreb gzt A1SPAM 3a1pdROIDR) pinbiy Ansiway) 1e3pnn 161 ©
3035813303 [2D:3WWNI € Ag _omuoam.QA@ 19} xmLLT. . yivouwyied 7 {PIIBULIGIYI) ILIAJDS -
1030043U0) jRI3WWO) e AQ vww:am.QxN wvkuoym _.,...4.. yucwyeb g ;adojarag =
101281403 jenLIwWWnd e Ag vw&um_o. dluw wak - ..u-.‘. yauouyes ¢ waajos
¢ nﬁ_u e u«CCu
1e12J3wWwwod AQ pasodsigy{Z 13) paso1s 10 v.wumuwcac_ g Asesn 3lg | sshydimrudwnadxy 12t
A£53A033Y 334A)t5 {vOov) 3udwbevepy m_m:mmeT 15d013A3D 131 1uddg -
1012 U0) [R1IIWWO) € AQ PAsHASid/(T 19} nw_ouw. ’ i3dojarag | sishyg reuawnadx 3 itt SWASAS ASUIIdG
s, .... , R - f-. pajesauabauon fiddng samog b gov
S B ki0yei0qes ucisng Ab6iau3 Bewy
101IR U [RDISWWO) @ AQ PIsuIi(T19) PAIOIS N LSO 31seAR wubew 331y Sty
je304s1(3 B "abR101g TuBWIRA1 L jO [SIPOYISN Quzuen aisepn . awey Buipying Mhm wesboig
- - . L :
) ST N AIFIHNO04 2OV
oo VINYO4IVD ‘THOWEIAIT
S - - ~00E LIS ANV LIS NIVIAL INTT
miﬁth wwm<>> m)EdOEé AaNVY "'aIXiN 'SNOAUYZvH
o Ly 318vL
. —

Fi

Py oo

L

n



ysen paieuiweluod

Q0f 811§ 1@ pa1edil jewiayl yuowssqi 08 pue ‘sanrnea: “IH
sBburuiny auiydew
00t 23S 1P p3lesdsl IewIay] yyuowrsgi g7 pue abpnis sagiie;
i33eMysem burssaig
UAWPUNOC W IeHNS/ IR reafneb ooL'y pAIRULLILILOI-TH saasoidxg ybiy 18
UMOPMOI] 1310 ISNOH I1310G YL (45
yse 1l pI1euUII_IUOD
‘00§ WS 1P PIIPAN PWIBY ] Yluowsqj 67 puP 'SDAIIIRAL "IH
..u. h sBuLIN] AUILPDPW
- . O0E AUS 1@ p31e3n (PWIdY [ Jiuowssq| 67 pue abpnjs sayyueD

yauowyjeb ooz

IILRMIISeAM
pa3leUWwRIUOd-JH

Burunpew
saasojdx3 ubin 108

DA ) ~

I AKKI

.
Yool
-

S o 00g3us 1@ Buiuing uadg

- s Q@MMQMW,ﬂm..m:_m3m uadg

S-. R\ -
JUBWPUNOd U DRI, 131}11€]) I

umqrsq) 0z

uwingsqi S

wivowneb ppz'y

yses} pajeviweluod

pue ‘s3aipde’d IH
sbusuiny aunpew

pue abpnis ;ayse)
J3lemaisem

paieuiweluod-3H

Buiuryrep

sanisopdxg ybig 908 @31y $53XCId DOE PVS

I01RIIBOT FRDIBWWOD AQ PISOASIGA L A8 PS03

- ywowneb oz

SIUIA|DS dqewwerd

3DRIIU0) [erdwwod 4Ag umwdm_.n&DE mm.‘bu._oum. 1 ..:.gcoEamm (¥4 L5ifs) 1004 1010\ 6(8

1012RAUC) feridwwod Ag UN«GQ&OD;F »a vm:Ouu I ..| “qauowneb gy spY

301050 [esl3wwod Aq pasodsigOML \.a vw._n.mm s ‘cwcoE:.nm fi74 SIUSAJOS dIGRW Wl sdoys buipiam

J01IRRUO) [eRIAWWO) AQ PAsodsigNML fa umuouu - w‘ . ﬁ.cﬁcs.wm ml Stle) pue 3UTYIeW ['74:]

103)e33u00 feRJ3wwod Ag pasodsigiJAaL AQ D015 : LHC.DE:NEQP 131BAR BSULI JIPIDY sdoygs

301RNU03 fensRwwdd Ag pIsodsigmy Ag paIols “.. cucocﬁom ] SO 3did pue {ed410343 1 94°)

10VeERU0) [ERIswWwoed Aq pasodaqyan £q parors ﬁﬁmam.mmm GSE 1312M ISUTY 23y S3IINIIS
3013e5U0) [eri3wwod Ag pasodsi@/IAAL AG P30S xucm.:Smm 1 Y4 - Swsazdssigewwey aoys uieg {8

jesodsia 3 "3bes03§ "1uawieds] 10 (S)DOUIIN

Rnzuend 3iseas

e1B 31se AN

1@313Ua9 QOE 2L

awey Duippng M”m weisboiy
|
. N33144 39Vd
VINYO4TIVD ‘SHOWHYIAN

~00€ 31IS ANV 3LiS NIVIN INT]

midmﬁm ww.m<>> w>6<b_0<.m GNYV ‘G3IXIN 'SNOGYVZVH

-y 3Vl

4-17

e

"

e



007 32510 Buaing uasg QUL AG Qe yseIl DIELIUEIU0I-TH
S3IIRIIU0) RIIISW L0 R AQ PSINATC I 19) BT TS N H JNINES,
S01IPIIUGD fRISIBWILS) ® AS Sasodsigypied 5T vmhoum gowowefigr S5
m_wq,Cumi B0 {pian) mrmu\.mm..mﬂ.vr.._ SITHIRITIN °N Vuau IAIPIAXGY JuSUQ
jesodsip I8N DS UR HOLAISS ,ﬁ:«..”u;wm. 0671 JFIBAA 33U ORIDITY
S{EdILAY)
TRNNGT [RIZIZWw WGl e AG pasodsic], AZ18) pAInig x:v:m..cmm.“ SAl3Rdy
- . 00gusTigrue paraidde ue v paning JILRAN BRILIDTIPRI PHOS
T OGE 3¥S pypuerpencidde ue uipaing $:3AP UGS PajRUIWeILG Jnueus iSB
T . 00f Avy e buiuing uadp ysel; PAReunLeiLod M
..wt.-‘ ... : =3 .w g qﬁbcmu Dorv:dde ue ul paLING ISR IRISEOIPRE puog Bunsay
m. n oo nM ‘ypue| p2ro:dde ue Ui paung yiuowspred g SHIG2E J0US PRIRUILURILC wweufp pdg | oce
- R s Buisa;
o ,(..ﬂ., s < - — - pa1e:3u35 auoy § tuswucnaug jew 3Y] vES
AI3ATITY A )S mwwmu.uur&%m.,mncmﬁ seualew 120CI2r AP IaXi; 1UadS
RELLE 33:.3‘.& ﬁww.mqu.mw‘:JZ‘d.ma Paidiys Yauwwiged aagTL iIIRARIISE M UMOPYSBAR
|eSO3SIP S IN Wﬂhﬂmw&maﬁbux&.mdcm:cwuu@ c»ccu‘.;mwaOm; IB)eAN A% GRIOIOL
DPBEAUCS enRwwoY e G 16 p3nds g %N ww« _u\uuuuw . qyuowned g1 S{RIWIYIGIOYG
2013RININT [ TDIZwwDd @ AG O vum«x?a:ﬁm«wﬁmuonm .,...... yiuowgel 7 1 pinnpmiusbeas Liciesoge
opRaed enRwwr e g vchatﬁ?m.n. vmmu:mrwrwhowm N .‘.M..«:cE;vm o01 G Pany
007 23S yrpuel paacidde fm.c. Um.r.mm A.....n.ucuﬂm.wmam cE SLQAE I0US DIFPUNBPILCT fey ¥ yseiy 108 1S3} Buiig GOE S
sopenumesuwed e 4q pasndagp.ef abeajes garus o .M.....v».w_nwur_@.m 01 S (v
2O10IILD) [EBWWE) 4G BAVCGT(T13) pAINIs uods pue pal - T ...« R 1C1R13;330y 153
T3 ATRIIUTS D1 IBTEAIISEANTIUBWER 2 2 304 T 17 1 paddiyg g Panm Oc.m, z ..... 1B3IRMIISeAR viv $38 pRxuenpy O0F S
AIDAGI3Y 13A[1S (yoy) Iu3wabeueyy sjeuaieyy ...... R ,‘...;..i?,._w,..mu.:mx# u3dg
1esudsiD 30} INTT 01 iggquel eoniuadiay :ucoiww.‘m 000'F ..&wwmz.,wgc gejoicue
JoPRILOD [eLIBWIN) @ AG PASSASIQ{719) PRI0is Em_oEamm < Py m.mwﬁwzuo,.o:a key-yx £28 B3Iy $53361d HOE 2¥S
P S —— 4!1 - R R
jesodsi g "aBe1015 U LIes | 40 (S)POYIIW Aanuend) aisesn . awey buppng %w“_m we:baiy
- SR NIFLXIS IBvd
LT VINSO4TTVD ‘FJHOWYIAN
T i T-00E 3LIS ANV ILIS NIVIN INTY

mséhm wu_.m<>> w?:U(Gqu‘m anNVv ‘aIXIn "'SNOAUVZYH

-y 318vi

4-18

Y

Wil



Jwensueil = NYlL

ABpu3z vorsng dnaubew = W
uoneedag 3do10s] 13587 = G
e Auanpuo) Mo = ADT
Auandnpuo) ybig = JH

auljAulsosoppena: = IDi 9861 "IN
JOJIUO]) IISBAA DIX0OL = TAAL qsge6t "INT1
31'G 1531 BPRAAN = SN ‘e¢g6t "IN
31gejieAy 10N = ¥N 861 INTT

uwww 2gn) = 4D Se61 12013iQg $22IN0S

pa1e13uab AuoN W3wieas} jewdy | 628

ysSe 1 PIBBIWIPIUCY

. - - B0€ 3 e burumgq uadn Jluowsqg| g pue SAAIIeY “IH
- -H.. M m sBu M aunyew
T : N . u-,h.om 3ug e burunquadp uwIng/sq] G7 pue 3bprys saiyuep
N.w SR Y 5 ) ISP MBISPA
o < - > L:QEgOQEﬂ IIRLING/ I IR} ) qpuourreb gg1z DIIPHIWRIVO3-IH Buuiydeyy 34 878
e u. T yses1 pReVILRIUC)
- ~00F S¥s u\cca\.va uadQ qIuoWw;sq] 09 pue "s3aideas ‘JH
I01IR1U0D “Qu&EEﬁuouabwooaﬂQQfEWw_Qm yiowied gz SIUIAOS DAATULIONY)
- H< u u. |v) sburuiny suiyoew
oom 3] e wc.caa Fnao .., WWoWSsGI ST pue 3bpnis saiyuep)
- S L I1BMUSEM
wawpunodun mumwawm. agisery R yiuowed ooy v paieuiwelnos-3H § bunssy DuuiypewsgH ) /78
- EER I Surssaig

- - B iremysesn

Juswpunodw muvwa.@v@mwummu 7y “qo.u...mw‘ng g D3leUIWERILOD-FH saasiedegybig ] gzg
* SR . J31eMysem Burssaigd PAIY SSAI0IG 153
1Ww3wpunodw ABLNG NP ,m. :...Smmumwm.w@m,m “ H‘. pPI1PUIWIRILOD-IH saarscidx3 ybiy 41 Lisswady) 00E 3UiS
< - s x3pdwo) easry

1521 nweulg 1531 Bueiig 90E WS

]

wsndng g TA3branig yuawea:; 16 SIDoUldN

we:60:¢

fLyuenl aseap awey buippng

TR A NFILNIATS 39V
o VINYOATTYD ‘THOWHIATT
e - 0OE LIS NV 3LIS NIYW INTT

méﬁ.ﬁmﬁgw>6<0dg ANV ‘GIXIN 'SNOQYVZVH
oo v gvi

4:19

T

o



TABLE 4.2

HAZARDOUS WASTE CLASSES, CONSTITUENTS, AND GENERATION RATES
LAWRENCE LIVERMORE NATIONAL LABORATORY - LIVEBMORE, CALIFORNIA

Co
TR

Waste LIPS Generation
c|(;55 bescription Constituents R Rates
- et ' (Liters/Year)

Urethanes, isocyanale, solVent..ébbxy. poly oils, 9,888

Qrganic Sludges
silicones, polyester, amines, solvéntsludges, anc
coal tars, RIS w
2 Solvents & Organic TCE, methyl ethyl ketone toluene acetone, 104,323
Solutions methanol, 1,14 Mrtchlotoethane kerosane,

ethylene qucol bqpropnnol PCE, dichlorine,
propanol saminol; ethanel, tetrahydrofuran,
petroleym c‘chél methylnne chloride, phenol,
mmerarspmts f*rdon Stoddard solvent, lacguer
thlm‘rel Alodme water, pump oil, KEL-F resin,
MLM \., ‘-

3 Oils and Greases 1 Hydraulmc Otl,-groase petroleum jelly, soybean alil, 80,813
o acuhm pumponl chlorinated hydrocarbons,

] fmmvrslon oil, cutting oil, recyclable automotive
ang-truck oils,

!
. ‘
-

4 Oil and Wager‘ [),qw foam emulsion, water, oil, coolant, 2,273
r\/lixtures R chlorinated hydrocarbons, water-soluble oll,
,- . 1hachining oils, and tool bit coolants.
5 O:gamc and: O»Iy | Ethanol, laser dye, Freon, water, Dowtherm J, 4,018
VVastes et ethylene glycol, carbon tetrachloride, coal tar,
Lo ‘ _ i- ypropanol, sodium hydroxide, methanol, oil,
L methylchloroform, lube oil, MEK,
N ) 1,1,1-trichloroethane, drilling mud oil, mixed
o RN e plastic rasing, Phenidone, microdeveloper.
; ,G‘é, Me-t&i)ﬁ-dutiww Sulfuric acid, potassium chromate, sulfamic acid, 12,406,657
K ; ' potassium dichromate, copper, chromium,

alodine, chromic acid, nickel, cobalt, ammonium
e hydroxide, silver, zing, cadmium, nitrate, calcium

) carbonate, chloride, fluoride, sulfate, phosphate,
nitrogen/ammeonia, aluminum, boron, magnesium,
manganese, stronlium.,

6h Metals, Sludges, and | Lithium, oil, mercury, spent etchant, boron, 4,766
Other Residuals aluminum, antimony, arsenic, barium, beryllium,
cadmium, magnesium, strontium, tin




TABLE 4-2
HAZARDOUS WASTE CLASSES, CONSTITUENTS, AND GENERATION RATES
LAWRENCE LIVERMORE NATIONAL LABORATORY - LIVERMORE, CALIFORNIA

PAGE TWO o
. s Generation
Vggsstf Description Constituents . Rates
RECEE (Liters/Year)
EAR
Miscellaneous Photochemicals, resins, tributylphosphate, faser
Chemicals & Products | dye, epoxy resins and hardener {sbnate, dibuty!
phthalate, sodium wlummum hydrbxlde sodium
stannous hydroxide, trlqultlm phosphate, ethane,
fire- ﬂghthwgfoarn,cardhwégens potassium
cyanide, 5Hverrecoverychehﬂcah Xerox toner,
sodium hydrmlde,.sﬂicones urethares,
isocyanates, polyes‘ters «amine and solvent sludges,
Dion 3*900 resins, .,
8 Paint .ind Organic Phosp \or|c aqnd m'ktle lacquer thinner, paint NA
Residuals thmnen, mmeral-spmts
9 Aqucous Solutions hlermaged hydrocarbon methanol, water, 110,004
Wilh Organics o ethanbl acetone, spent aqueous waste streams
“{lfram Biopnedical carcinogen studies, water-Freon
and ol]-water mixtures, DOW DB-31 emulsifiers,
. 3AAfldorochen1surfactantFC~135
10 |Anion Compi‘e;é;.h Pc:tassium carbonate, sodium tartrate, sodium 10,7454
. €yanide, copper cyanide, potassium cyanide,
11 Inorqamc SIleges Tetraisopropyl titanate, tetrabutyl zirconate 60
and Re&ld.Ualf .
12 | Pesticjde W‘astes' Pesticice wastes are disposed of off-site through NA
A N FIFRA-approved disposal procedures.
13 - -P‘CB;WE\St‘@T Oil, PCBs, water, chlorinated hydrocarbons, PCE, NA
SO B TCE, MCM
14 | Halogenated Chlorinated Solvents 21,586
~ v | Organic Waste
“ JSolvents
15 [spent Acid Solutions | Copper sulfate, activated carbon, nitricacid, 450
muriatic acid, fluoroboric acid, chromic acid,
sulfuric acid, phosphoric acid, hydrofluoric acid.
16 |Sspent Alkali Wastes | Ammonia, sodium hydroxide, ammonium 439
hydroxide
17 | Waste Waters Not Sodium phosphate solution, detergent soap 28,112
Classified Elsewhere |solution, micro developer, carcinogens.

Source: Heckman, 1984a.
a Kilograms/Year
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TABLE 4-3

WASTE STREAM CLASSES BY PROCESS/OPERATION
LAWRENCE LIVERMORE NATIONAL LABORATORY - LIVERMORE, CALIFORNIA

Process/Operation
General Plant

Descriplion,

lon exchange regeneration wastés; ion.exchange resin backwash,
Freon solvents, mercuric organic solvents, dillling mucd from Lest
wells, palnt shop acueous wash solutions

Machine Shops

Qils, coalants, spent organitsdlvemts, spent bright dip salutions

Plating Shops

Plating shop rinsewalérs, spent plating soiutions, solvents

Experimental Circuit Board
Facility

Metal contaminated acld sg»h,il[om,s. sodium hydroxide, solvents

Plastic Shops

Plastic monomers'and.solvents in sludges, epoxy resins, solvents,
isocyanate plastic, clilml’vl'pi'\thalate

Photochemical and
Reproduction

Phomcl\m:n.i(:cfls,,bpgnt Kodak phato solutions, dichromate black.
Xerox lofier .

4

Salvage QOperations

R(;rcyclat');leoil'f‘rrjm motor pool, heavy equipment, and vacuum
' iyt ‘et
pumps; solvents

Biomadical and
Environmental Sciences

e Sy ." ‘a . .
Geheral laboratary chemicals, spent solutions containimng
Larcinogéng, organic solvents, acids, oils

Special Materials Operations

Solvehty, vacutm pump oils, laboratory chemicals

Nuclear Chemistry '«

Caustics, organic solvents, acid wastes, oil/solventmixtures

Experimental Phystes .

Agld cdeaning solutions, caustic solutions, solvents, waste oil, plastic
J.resinfsolvents

Laser Faulies, ©. . 7

b

Oils, solvents, solvent-contaminated ninsewaters, metal-contaimng
agueous wastes

Laser lsotig::f)éﬁ};ucilit.iéfs..""

Laser dye solubiors, acd solutions, solvents

Hazards Corilsdl Anatytical
Laboratory "

Acicd beryllium solution, solvent perythum solution

Chermistry and Materials
Sciences

Oils, non-chlornated solvents, chlonnated solvents, mixed
laboratory chemicals

M';-lg}‘w‘ellc Fusion Energy

Chlorinated solvents, arganic chemicals, oils, acids

Laser Isolope Separation
(L1S) Low Specific Aclivity
(LSA) Wastus

D-38 contaminated solid wastes

Biomecdical Animal Carcasses

Mice, rats, hamsters, rabbits

Classified Non-Toxic
Incinerable Solid Wasles

Paper, plastic cover sheets, film negatives

LSA Solid Wastes

(Laboratory-wide)

Drums and 7A boxes of dry, usaally compactible, LsA radioactive
waste

Source! Heckman, 1984b,
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have been at or less than the STLC.  Gravel was analyzed for explosives (HMX, RDX, and TNT), and
levals were found to be consistently below 1ppm. These wastes also contain radioactive
constituents from uranium. Soll and groundwater beneath and adjacent to the firing tables may
have been contaminated by hazardous leachates. After each test, thé'"flrlng table is wetted down for
cdust suppression. This dust suppression water, as well as any precipua‘glon or runoff from adjacent
areas, percolates through the firing table and debris. Thege waters are not collected (see
Finding 3.2.4.3.2).

'

4 .

NI e,
[T AL L T

Wastewater discharged to lagoons from flve buildmgs contalns sm"xll amounts of HE solids, which
are flltered through fabric filters from the wastewaters Th& filtered sludge is then destroyed in burn
pits by open burning. Contamination of soil Lrnder the burn pit has occurred with high explosives
constituents (see Finding 4.5.2.3.12), oo o '

id'a

. '
y LA Y RN v
., ' ',
“ t, P
.

A hazardous waste storage area is. pperated m LHe General Services Area (GSA). Wastes are
periodically shipped from the storage araﬁi m timMaIn Site (B-612) for further processing.

KYRIPS

‘ !

', | o'
. Y V'
o ""0 1

Three open burn pits arb u$ed fOr the thermal destruction of explosive wastes and
explosives-contaminated trash by o;ﬁen burnmg Explosive wastes include sludges generated from
five on-site wastewatqr glarlflcatncn) systems and explosive-contaminated wastes from both the Main
Site and Site 300 butldmgs Comqmmatlon with high explosives constituents of soil under the burn
pits has occurred: (see Fmdmg 32 4.3, 3).

|
.'
) o

. .«

Waste Ac (,Lr'mglgtiah"l'.i{re'aé'
The fact that both the Livermore Site and Site 300 are characterized by a large number of sources
ge;werd1|ng reldt-rvely small quantities of hazardous wastes, has resulted in the need for numerous
'wbs'tal;w'c'cumuiation areas (WAAs) at both sites. Waste accumulation areas are designated places
wher'e‘Wa,stes are temporarily accumulated prior to pickup and transportation to the 612 storage
facility fc;r long-term storage prior to treatment at on-site or off-site facilities. At Site 300, wastes
from WAAs are taken to the storage area and then transported to B-612 at the Main Site. Each
waste accumulation area serves a building or a group of buildings. These areas accumulate not only
hazardous wastes, but also radioactive and mixed wastes. Most waste accumuiation areas at both
the Main Site and Site 300 are permanent, although their use and type of wastes accumulated will

vary according to program activity, Table 4-4 lists the waste accumulation ares for the Main Site.

4-23
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TABLE 4-4

WASTE ACCUMULATION AREAS,

MAIN SITE AND AIRPORT

[

LLNL - LIVERMORE, CALIFORNIA " *

. Waste Accumulation
Area

—
\

e AIpOTL L

Building(s) Served:. "

002
113 B 13
131 21,13
141 1. oA
141 -Storage Tanks(6) S « 141
151 ' et 151
151-Tanks (2. |-, 151
R 161
169 L 169
S 2120 212
2 227,222,223

231 - East

231,232,233, 234,235

. 231 <Céntral

231,232,233,234, 235

.23F - Tanks

231, 232,233,234, 235

24 241,243
283 253
o 254 254
255 255
281 281
292 292
292 - North 292
298 298
298 - Tank 298
321-South 321
321-East 321
322 -Tanks 322.
331 -Sorting 331
331 - Pickup 331

4-24
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TABLE 4-4

WASTE ACCUMULATION AREAS,
MAIN SITE AND AIRPORT ‘
LLNL - LIVERMORE, CALIFORNIA
PAGE TWO

Waste Accumulation
Area

Building(s). Served

L)

332 - Tanks 332,/
361 361 .

403

404

411 B RS

418 ‘,'.'r ::.,... el '

431 e,

436~

438 (Wnofficial).,

o A2 T

15-11'. T

513 .

..518 (uriofficial)

" 519

691

-

’SOWCE DOE Survey team.
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Both California and USEPA regulations allow the accumulation of hazardous waste, without a RCRA
permit, in temporary accumulation areas for periods up to 90 days. The basic requirements are that
incompatible wastes be separated and that all containers holding hazardous wastes be labeled as
hazardous waste containers. The accumulation start date must b'e"‘vnoted and wastes cannot bhe

accumulated for longer than 90 days. - Adherence to permitted. srorage area requirements such as

"""""
(R

impermeable surfaces and spill containment capacity is not requued However these measures are
good management practice in any area storing hazardous weste.. ' ‘

A KL

Waste Generation and Transportation Procedures

In laboratories, hazardous, radioactive, and m1xed waste aclds caustics; and solvents are usually
initially accumulated in small containers, (9., 5 galloﬁ carboys) Dry wastes containing radioactive
constituents are segregated in separate-contamers lined with plastic bags (Heckman, 1984b). It is
considered the gencrator's responStbmty to know "the contents of each waste container. The

building's health and safety coordmater S, respénsuble for ensuring that wastes placed in waste

;accumulation areas are propeﬂy packaged and labeled at the point of origin. In the waste

accumulation area, solid was‘tes are cotlected in removable top barrels. Ligquids such as cutting oils
are collected in non-removeabl2 head drums

On-site transportat«qn of wastes 'from the waste accumulation areas to the 612storage yard is
handled by LLNL: Hazatdous Waﬂte Management (HWM) personnel. Pallets of waste are transported
ona flatbed truc.k T“he normal pickup run is made each Thursday.

Prior to the wtegkly pickup, the Health and Safety Technician who is responsible for a waste
accumulatlon area (WAA) prepares a list of containers to be picked up at each area, and requests

.HV,VT\/\ to:plck them up. This list is used by the HWM technician accompanying the truck driver on the

"pi‘.t"kupﬁt'o identify those containers to be picked up. When cantainers are loaded on the truck, the

représeh‘tlativ‘e of HWM checks the load from the WAA hefore the truck leaves.

Once pickups have been made and the wastes delivered to 612, procedures specify that the HWM
technician who went on the waste picbkup run ensure that all the waste containers are properly
logged, marked, segregated, and moved to the location where they will be handled. In practice,
pallets of wastes are unloaded into the receiving area and segregated as time permits. Itis aiso the
technician’s responsibility to notify the responsitzie Health and safety Technician of any problems

encountered during the waste pickup run.
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Underground Storage Tanks - Retention Tanks

LLNL does not discharge process wastewaters containing hazardous substances or radioactive
constituents to surface waters. Wastewaters that contain hazardous'}br radioactive constituents are
discharged to temporary holding (retention) tanks, most of which’ are-underground tanks. Full tanks
are sampled and analyzed for constituents such as pH, metals; and radloactive constituents, [f the
concentrations are below regulatory limits, the contents are dnscharged to the Livermore Sanitary
Wastewater System. (f concentrations are above limits, the cén:fents WI|| usually be treated at the
B-514 Liquid/Wastewater Treatment Facility. Retenttbn tanks are" usually paired so that when one is

full and waiting for disposal, the second tank is used. el

R
N oo

.
4 . 0

Most retention tanks receive wastewaters :'Tom Iabo;atory smks and floor drains where hazardous
and/or radioactive substances are handled Drams and SInks from photolabs and machine shops are
also usually connected to retention t-anks lt ;s LLNL policy that the sinks connected to retention

tanks are not to be used for dlsposal oé, conceht«’ated wastes containing hazardous or radioactive

....

constituents (e.g., acids, uramum et.c) However dilute rinsewaters contammg hazardous wastes

and/or radionuclides are dtscharged to fetentwn tanks.

o, e,
wote
»

Acid rinse water and tank contents from the 322 Plating Shop and the 325 and 291 lon Exchange
wastewaters are rou,tmeiy transgprted by commercial vendors to off-site facilities for treatment.
Arrangements are made by HWM These tanks receive large volumes of concentrated wastewaters,

which cannot be. treated a.‘e oh site liquid waste treatment facilities.

. e, ‘1_‘_ -_‘ K
REREPREN
4

Both Sect;on 90407, of RCRA and California law (Cortege Bill) require that all underground storage
tanks and sumps contalnmg ‘regulated” substances or petroleum products must be registered with

the state Calrforma Jaw requires leak testing of all existing underground tanks without leak

‘detectlon LLNL has performed the required leak testing, since most tanks do not have leak

detecttqn‘,capability, and has taken out of service or repaired those tanks that did not pass the test.
New tanl‘<s are built with leak detection. Table 4-5 gives a list of tanks and sumps at the Main Site
and Site 300, both registered and nonregistered (Henry, 1986). The table describes tank capacities,
design, construction material, material stored, and capacities.

612 Facilities

Radioactive and nonradioactive hazardous wastes are received at the 612 yard from throughout the

Main Site and Site 300. Most wastes are received on Thursdays during the weekly waste pickup run.
4-27
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Wastes are received at the southwest corner, where pallets are unloaded from the truck into a waste

staging area that is partially bermed. The incoming wastes are then :orted by categories as tollows:

—_—

Oxidizers (including perchloric and nitric acids) Y
Acids B ;‘\.
Caustics \ T
Flammable liquid solvents ’ : |
Outdated ether ’
Alkali metals ‘ KN
Flammable solids

PCB-contaminated oil and equipmen{-.‘:"-.. -

© ® N O U B W N

Radioactive wastes R BN
10. Unknown chemical waste -~ N :
11, Solids
12. Labpack wastes - further séga{aﬁte‘(‘i‘ intamazard class.
Wastes are sorted so that in&liz‘\)]‘du‘all 'céftegories are physically separated from each other. Reactive
chemicals, including oxidizers, o‘u'Té'e‘a'ted"ethers alkalis, flammable solids, acids, caustics, and some
flammable solvents, e stored m.mdlvndual cells in a reinforced concrete building (614). Other
wastes are stored m the yard by category Waste storage areas are bermed to provide containment,

although berms are not dlway;.COmplete

4 -,
. O S
. '4

Constructlon ‘of a néw hazardous waste starage facility was completed early in 1987. This facility will
be used for stqrage of nonradioactive hazardous wastes prior to shipment to off-site commercial
famlmes 1h‘9 exlstmg 612yard will continue to be used for waste receiving and staging and for

Iong term storage of mixed wastes.

RN

612 I'nci'_hgramr

The hazardous waste incinerator and associated storage area is located within the 612 Solid Waste
Handling Area. The incinerator is a dual-chamber type including an ignition chamber, combustion
chamber, mechanical waste charging system, and liquid waste injection system. Initial combustion of
waste occurs in the ignition chamber. By-products from the ignition chamber flow to the
combustion chamber where combustion is ccmpleted.: Nonhazardous waste generated from
biomedical research activities consisting of animal carcasses, paper and plastic laboratory wastes, and

classified paper film and microfiche are incinerated. Hazardous wastes consisting primarily of
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solvents contained in scintillation vials are also incinerated. Table 4-6 describes the types of wastes

incinerated according to sources.

The storage area for the incinerator is located adjacent to the incinéfa,jcor inside a fenced area within

the 612 complex. LLNL has applied for a RCRA Part B permit for ;})g'?ﬁci‘h‘erator. Atrial burn plan has
also been submitted. RRIEEEN

514 Liquid Waste Treatment Plant RN

The Building 514 area is used to treat large- volume, |ow Ieve& liquid wastes collected primarily from
retention tanks. ‘These treated aqueous waste streams ean be defined as a characteristic waste
(corrosive, reactive, ignitible, EP toxic) that may be cantammated with radionuclides, metals, coolant
oils, and may require oxidation or pH adjustn‘tem Table4 7 describes the characteristics and origins
of wastes normally treated at B-514, 2. descrlbed in tHe 1985 LLNL Hazardous Waste Operation Plan.

'.
.
e v
D \,) 1.' ot

Capacity at the 514 facility is hml'eed éQ flrst prrorlty is given to wastewater containing radionuclides,
since off-site commercial fac;‘htl aare not used for treatment of such wastes. Nonradioactive wastes

are treated as capacity is avallable “

LN
i
. '.

~ The treatment scheme uses percrklde to ox1d|ze metals at acidic pH, alkaline precipitation of metals,

and filtration through a Dorr! Ghver filter to remove precipitates. Filtrate from the Dorr-Oliver filter
is held in a tank aud analyzéd to determine if it meets the limits prior to discharge to the sanitary
system If sanitary d‘iacharge limits are not met, the filtrate is retreated.

.
. . ’ “
o N Ay L

Dorr O!lver s?udge containing radioactive constituents formerly went to the Nevada Test Site (NTS).
A“t th»s mme all- sludges are being stored at 612, since the sludge sometimes fails the TTLC test and

"theref_ore is classified as a California hazardous waste. New NTS waste acceptance criteria prohibit

the éccép_tance of hazardous wastes; therefore, Dorr-Oliver sludge can no longer be shipped to NTS.

LLNL has developed a conceptual design for a “Decontamination and Waste Treatment Facility”
(DWTF) to replace the 514 Liquid Waste Treatment Facility as well as the existing cecontamination
facility (used for radioactive decontamination) and other facilities used for solidifying oils and
wastewaters containing radioactive constituents. The DWTF would also treat virtually all hazardous

wastes now shipped off-site to commercial facilities.
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TABLE 4-6

ORIGINS OF INCINERATED WASTES
LAWRENCE LIVERMORE NATIONAL LABORA'TORY
LIVERMORE CALIFORNIA B

Waste Source Waste I\/latenal Produced

| Hazards Control Carcmoge‘ns‘.‘»Aq‘L;epHs Waste
Calibration Standards Solvents R “’j“
Medical Bioldgip:é'l‘\‘/yas't‘eé"'-“'
Trailer parks/Tube banks .$‘g:intilll'a.1.'|'o'p' Vials (plastic)
Materials Fabrication Shop . "'Sbl:\'{lenltls (ﬂe;:mmable)
Main Laboratory ) b Carﬂ;og,énlc Liquid, Dye Waste
Tumor Laboratory Carfé‘i-,mogenic Waste
Animal Toxicology w ‘”:C.arcinogenic Waste
Health Effects Labor,atg_rly ‘1 Solvents, Carcinogenic Waste
Nuclear Chemlstry Solvents

Thy

Source: LLNL,1986"'-'~'

4-40

] o . . i o ' , "o L . Com 1 Cwp



TABLE 4.7

WASTEWATERS TREATED AT 514
LAWRENCE LIVERMORE NATIONAL LABORATORY - LIVERMORE, CALIFORNIA

ADMINISTRATION

. Typical
Source Description Trﬁatmeﬁt Contaminants
419 ] Contaminated rinsewater Chemical treatment-Ti tran.on/re eased to
' sewer- -sludge. solidrﬂgd and handled as a
"mixed waste."”.
612 | Transuranic (TRU) Facility Chemital’ treatmen's flltration/released to *
sewer- sludge sgudlﬂed and handled as a
m:xedm/_{gs‘té "
ENGINEERING o i
131 Rinsewater from retention , Nnrmally released to sewer (treated if it *
tank 7" does-not meet sewer limits).- No tritium
291 Cooling tower bleed- off“ *.Normally ‘released to sewer (treated if it *
‘ oo doesnpt meet sewer limits).
321 Rirsewater from retentlon NS [Chemical treatment-filtration/released to *
tank P éewer-sludge solidified and handled as a Ne metals
. | "mixed waste.”
322 | Diluterinsewater “. T Normally released to sewer (treated if it *
Py does not meet sewer limits). TDS, Norm
o total
AR identifiable
e chlorinated
P e hydrocarbons
R : (TICH)
325 Coolmg fowe,r bleed off Normally released to sewer (treated if it *
o does not meet sewer limits). No metals
CHEMlSTRY
222 Rm-éewater from retention Normally released to sewer (treated if it *
L0 L tank does not meet sewer limits).
Y228, Rinse(fvater from retention | Normally released to sewer (treated if it *
1.0 Jtank does not meet sewer limits).
2317 . | Acid wastes Chemical treatment-filtration/released to *
) sewer-sludge solidified and handled as a TICH, Ag, Be,
"mixed waste." W, Y, &Hf
231 Rinsewater from retention Normaily released to sewer (treated if it *
tank does not meet sewer limits). TICH, Ag, Be,
: W, Y, &Hf
241 Rinsewater from retention Normally released to sewer (treated if it * Be
tank does not meet sewer limits). No tritium
332 | Rinsewater from retention | Normally released to sewer (treated if it *
tank does not meet sewer limits).
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TABLE 4-7
WASTEWATERS TREATED AT 514
LAWRENCE LIVERMORE NATIONAL LABORATORY

PAGE TWO O
BIOMEDICAL -7
. L Typical
Source Description Trleegme"nt,j Contaminants
362 Rinsewater from retention Chemical treatmentijjtrgtion/released to
tank sewer- sludge sol{ldtfled and handled asa
"mixed waste,’. " ..
365 Rinsewater from retention Chemical treatrment- fl{’cratlon/released to *
tank sewer- -slydge soltdjﬂed and handled as a
"mixed waste." .
377 Rinsewater from retention Chemig¢al tredtmenf filtration/released to *
tank seWerdsludge solldu‘ned and handled as a
1m|><ed Waste -
PHYSICS RN oy
194 | Rinsewater from retention". Normally released to sewer (treated if it X
tank ~ |'dldes notmeet sewer limits). No tritium
212 Rinsewater from retention Norma-lly released to sewer (treated if it *
tank . [ ddes not meet sewer limits). No metals
292 | Rinsewater from reténtlon TChemical treatment-filtration/released to *
tank ., ) séwer-sludge solidified and handled as a No tritium
"mixed waste.”
LASERS N
175 Rinsewater from retentmn Normally released to sewer (treated if it *
tank - -, does not meet sewer limits). No tritium
298 Rlnsewater from retehtlon Normally released to sewer (treated if it *
tank'. R does not meet sewer limits). TICH, Be & Ag
DEFENSE SYSTEMS )
151 . Rmsewater frgm retention Normally released to sewer (treated if it *
o Ftank ; does not meet sewer limits). No metals
251 .ans’evva‘te-r' from retention Normally released to sewer (treated if it *
t'a'nk"a..‘ does not meet sewer limits). No metals
e No tritium
ATA 0
865 | Wastewater Chemical treatment-' 'tration/released to *
N sewer-sludge solidified and handled as a No rad
"mixed wasle.”
Source: LLNL, 1985c¢.
*These waste streams, if hazardous, are either corrosive, EP toxic, or radicactive. The metals

contaminants are copper, chromium, nickel, zinc; alpha, beta, and tritium are the radioactive
components; pH is out of limits for discharge to the sewer unless ctherwise noted.

Silver

Beryltium

Hafnium

Total Disso'ved Solids

TICH - Total Identified Chlorinated Hydrocarbons
W - Tungsten
Y - Yttrium
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The DWTF will consist of new bulldings, facilities, and equipment, Iincluding a liquid waste process
building, decontamination and solid waste processing and packaging building, rotary kiln
incinerator with enclosure, solid waste receiving and classification building, and a uranium burn pan
with enclosure. Construction of the facility is expected to be con’{}qleted by 1991, assuming that
funding is provided in 1987. The DOE published in the Federal Re‘cris'ee?* on March 18, 1987, a notice
that DOE Intends to prepare an Environmental Impact Statement (EIS) fo assess the environmental

effects of constructing and operating the DWTF. _."
RCRA Permits RN

RCRA Part B permit applications have been submmed fcn ‘the l\/lam Site and Site 300. The permit
application for the Main Site describes the foHowmghazardous waste management facilities:

1. Building 514 Liquid Waste Dlsposal
612 Building ,_,_"..,
614 Storage Bunldmg i
623 Waste Gas Storage Facnll“cy
625 PCB Storage Facnllty “
321 lon Exchange Plants ..
612 Storage Ya?d ’

5121nclnerator

. -
. P e

' oo
o

© N U W N

RCRA PartB permnt“applrcatlons were not made for the 513 Solidification Facility, where mixed
wastes contaml}wg Ilsted hazardous waste (chlorinated solvents, oils) and characteristic hazardous
waste (reectwe ura‘F{fum corrosives, etc.) are solidified.
"LL.N:L.‘f.i:iéd arevised RCRA Part A permit for Site 300. The revised Part A application included

1. Three open burn pits

2. Pit1and 7 landfills

3. A container storage area

The original Part A application included five wastewater treatment systems that generate a listed
RCRA waste. These were deleted, since the clarifiers generate but do not treat RCRA wastes and

therefore are not RCRA facllities.

1F.‘
2N
w
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Flve surface impoundments were listed on the original Part A permit application. These
impoundments were deleted when analytical results showed that they did nat receive RCRA-listed or
characteristic wastes. Drywells originally used for the disposal of wastewaters were deleted, since
they were permanently closed and abandoned with the approval o*f 's,he California Regional Water
Quality Board. (See Finding4.5.2,3.15 for further detalls ) P

The Site 300 RCRA Part B permit application was submitted for the tWO Iandfllls and for the container
storage area. PartB applications were not filed for the burh pHcs bécause final standards under
40 CFR 264 were not yet established by the EPA. Curmnﬂy the burr\, pits are operating under interim
status, as are the landfills and container storage area.- fn,rga! RCBA permits have not been issued for

any LLNL facilities. Lo

4.1,1.2 Radioactive Waste ' .

DOE Order 5480.2 defines radmactlve Waste as. solid or fluid materials of no value containing
radioactivity; discarded ntems suclh".as c!othmg, containers, equipment, rubble, residues or soils
contaminated with radloacttwty, or scurs. rubble, equipment, or other items containing induced
radioactivity, such that the levels éxceed safe limits for unconditional release. Numerical limits are
not specified in the DQE defmltlon At LLNL all waste that is exposed to radioactive material or to a

system exposed to. 'radioactlvny conmdered radioactive and is analyzed before a decision is made

regarding dlsposal G

. P '
" " R K

LLNL handres most mvwevel radioactive wastes within the hazardous waste management system.
WAASs are used for both radioactive and hazardous waste, Radioactive wastes are transported to the
B-612 Hazardonh\ANaste Storage Facility by hazardous waste management personnel for processing
ahd storage prror to shipment to off-site DOE facilities. The retention tank system receives
wastewater containing both radioactive and/or hazardous constituents, which are subsequently
treated at the B-514 liquid waste treatment plant, Certain radioactive wastes such as scintillation
vials, solvents, and biological wastes are incinerated at the B-624 incinerator in the hazardous waste
management area. The facilities and procedures described in Section 4.1.1.1 also generally apply to

radioactive wastes

LLNL generates 500 to 1,000 m3 of solid radicactive waste/year. This waste is primarily experimental

apparatus, disposable clothing, wipes, and building equipment.
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Most solld radioactive waste not containing hazardous wastes Is cor%pacted at 612, then
containerized and shipped for burlal to the Nevada Test Site (NTS). NTS has recently promulgated

!

Waste Acceptance Criterla that prohibit acceptance of radioactive wastes containing hazardous
constituents (i.e., mixed wastes). As a result, certain wastes forme’r'.ty shipped to the NTS, such as
Dorr-Oliver fllter cake and listed wastes (e.g., solvent, oils solldiﬂed étBquing 514) are now being
stored on-slte. L, I

o
e, ¢
.

K s
R " :

c4
Yo
P

Planned environmental releases of radioactivity frorn soﬂ'd‘wast At LLNL occurs only from the
incineration at the B-624 incinerator of animals injected with trmum and scintlllation vials. Airborne
releases are limited to 0.50 Ci/day, with the limit attalhed by hmttlng the total radioactive content of

the wastes Incinerated. Wastes are characterizéd far radlodctlve constituents prior to incineration,

“

-
¢ G e
K

Liquid radioactive wastes are prmessed by solidlflcatlon precipitation/filtration, incineration, or
evaporation. Approximately 500, OOO to 700 OOO ||térs of radioactive liquid waste are generated
yearly. These wastes vary in toxtcity fram Jow teVeI tritiated water (less than 10-2 uCi/ml) to highly
contaminated plutonium-239 acnds (as hlqh as ¥ mCi/ml). Most liquid waste is wastewater generated
in decontamination operatlom on equment retention tanks receiving wastewater from
radioactive work areas, and cuttlng flulds from the uranium and beryllium machine shop areas.
Machine shop personnel contalneruze spent cutting fluid in 55-gallon drums. Decontamination and
washdown wastes arp placed m tanks for transport to the 514 Liquid Waste Treatment Facility. Small
guantities of hqutd wiistes resdft from blomedical studies with radioisotopes and sample counting
solutions (lnquld scmt»l{atmn) which are mixed wastes; radioanalyses work at the chemistry buildings
(151, 222 25'1 331, 3'32)', and decontamination solutions such as trichloroethylene and Freons.

.

Y ‘e
oo
’e

S
DN ‘."

Table 4-8 descr;bes radioactive waste sources by program area, types, quantities, and methods of

treatmemt storage or disposal.

Y

Deé‘orfmissioning Livermore Poal-Type Reactor
and Rotating Target Neutron Source (RTNS) Shutdown

The Livermore pool-type reactor is being decommissioned in two phases. Under Phase | the reactor
was defueled, with water and liquid wastes removed and processed. Phasell of the
decommissioning plan was originally scheduled to begin in FY 85, after the 5-year cooldown period,
but has not yet been started.
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The reactor would be removed In four steps. The first and second steps would consist of removal
and demolltion operations. Step ! would Include placing containment building support and safety
facilitles In operation; Installing temporary personnel facilities; and removing experiment gear,
uncontaminated equipment, and accessories. Step Il would Include"f:emoval of radioactive material
left in the reactor vessel, the graphite thermal columns, the lead sh1é|ds, the core grid support, and
assoclated hardware, For Step |l a subcontractor would be bnought I ﬁq ‘demolish the reinforced
concrete reactor structure and the cooling tower. All radlcactLve wastes would be packaged and
processed under the guldance of Hazards Control. Under‘StépTV ré?ﬂaimng removal and cleanup
work will be completed. Initlation of removal and de:ﬁolltion opq,ratlons has been deferred due to
lack of funding. Site personnel have expressed concerh tha't fu“zure decommlssmmng will be more
difficult because of attrition of personnel |nt|mate)y famllldr with the reactor.

- PR
K e .

The RTNS facility iri Building 292 is scheduled to be shut down in 1987, If a warm shutdown is used,
the vacuum system would be kept on, and a fast rastart could be accomplished. A cold shutdown
would involve turning off all power, se;urlng mh'e system, and sealing the vacuum system so that
there is no throughput, Some"' AEQOHtathnatlon would be required, which would result in
generation of radioactive waste, ‘If tahe RTNs were to be decommissioned, costs in the range of
$3 million to $6 million could be modrred

O .
‘

&
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Transuranic (TRU).WgStéS..”“‘“‘.&
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LLNL generates bei'.Ween 150 and 250 m3 of TRU wastes per year. Most TRU wastes originate in the
PIutomum Buﬂdmg (832) and the Heavy Element Building (251). Very little is generated from the

"u
‘e P .’
"

TRUY 'Wa's'x‘.te s §ég§'fegated from non-TRU waste in accordance with DOE Order 5820.2. Approximately

'Qé'pe'r;cé'nt of TRU waste is contaminated by plutonium isotopes 238p:;, 239py, 240Py, 241Py, and 242Pu,

The rerrajning TRU waste is contaminated by radionuclides such as 241Am, 237Np, 244Cm, 248Cm,

250Cf, 252Cf, and possibly some fission by-products.

Liquid wastes containing less than 150 mg/l plutonium from the Plutonium Facility are solidified at
the decontamination facility (Building 419). Approximately 2 drums/year of solidified TRU waste are
generated. Higher concentration plutonium wastes are either processed for plutonium recovery or
solidified in glove boxes in Building 332, One-gallon paint cans which contain the solidified TRU

waste are then packaged in 55-gallon (17 C galvanized steel) TRU waste drums.

4-49
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By volume, contaminated trash is the predominant TRU waste. This consists of solid materials such as
wiping tissues, paper, plastic, chemistry glassware, ceramics, metals, and small quantities of solidified
metals or sludge. Contaminated trash TRU waste packages are sealed in 55-gallon TRU drums.

Approximately 200 to 300 drums/year are produced. o

..
AR I

LN

Objects which, because of size, cannot be packaged in 55- gaHon drums are placed into specified
DOT7A 4 by4 by7foot steel boxes. Larger boxes may be— reqwred for some larger equlpment

Approximately 25 to 40 boxes/year are generated. "

LLNL established a TRU Waste Certification Program"'s'b.,:ﬁh%t;fljku wastes could be accep‘ted at the
Waste lsolation Pilot Plant (WIPP). This pléﬁdj-was "su,bmitted May 1, 1986, and approved on
October 6, 1986. m

" .“
. ' Te L
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Various radioactive liquid wastes are; .s¢lldtﬁed Water-based liquids are solidified using Portland
cement with added sodium smcate Aclds and alkalis are adjusted to a pH range of 6 to 8 prior tn
solidification. Qil- or solvent- basecH:qunds are solidified with Envirostone. Solidified wastes are then
packaged into drums @nd sent to NTS (|f radioactive) or WIPP (if TRU) for disposal.

o "o ';'.: ";‘ ."J'.
B

Most liquid wastes, |noud|ng mixed wastes, are solidified at the B-513 Solidification Facility. During
the time that the 5urvey was carried out, the Solidification Facility was not operating, since new

equlpment ‘W, beln‘g 1’r'fstalled Start-up of the new facility was scheduled for ear'y 1987.

R e
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Smaller lé'm._gﬁu_rjté of radioactive liquid wastes are solidified in other facilities. Low-level

S
0 .

pl'@téﬁ&ﬁm-con'tai'ning liquids (<150 mgPu/l) are solidified at the 419 Decontamination Facility.

'M‘ére"céncentrated pl‘utonium liquids are solidified in glove boxes in Building 332 or processed to

recover pl,utomum All solidified plutonium wastes are packed in TRU drums. Small quantities of

tritium- contammated oils are solndn‘led in Buitding 331.

Liquid radioactive wastes that will be solidified by the new facilities are now being stored at 514 for
periods in excess ot 90 days. These wastes include mixed wastes such as oils (which are a listed
California waste), chlorinated solvents (listed by USEPA and California as hazardous wastes), and
various acids and alkalis (which are EP toxic hazardous wastes). The storage area is not permitted as

a hazardous wasie storage facility.
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Until 1986 all solidified quuid wastes were shipped to NTS. However, in the future only solidified
mixed wastes (i.e., radioactive acids), which are harardous owing to one or more characteristics, will
be sent to NTS. The hazardous characteristic of corrosiveness, etc., is removed by the solidification
process., Once treated so that the hazardous characteristic is rer?i'aved the waste is no longer
considered a hazardous waste. Conversely, oils and solvents, .whwch are listed wastes even after
solidification, are considered hazardous by definition until a delistmg pé*tntion has been applied for
and granted. They will not be sent to NTS and are now belng stored temporanly until a disposal
option is found or until a delisting application is made and gran‘ted by Cahforma

- Depleted uranium (D-38) metal turnings were oxrdtzeé 'dﬁ"a uyranium burn pan located in
Building 231 by Materials Management. The ?esultmg sIUdge was solidified by Hazardous Waste
Management in 514, and the burn pan vyastewaters t'eated at the 514 Liquid Waste Treatment
Facmty In the second quarter of 1986, the 'bum pan ‘Was decommissioned. A small quantity of
uranium turnings was solidified W|thout oxldatwn 1n both cases the solidified D-38 wa- sent to NTS.

NTS will continue to accept D- 38 ‘;hathaﬁ been'oxldlzed and solidified. However, D-38 that has only
been solidified will not be accepted by NTS, because the waste would still be considered hazardous

because of its reactivity.

i
L N .-

‘Since the decommlssjonmg a(the burn pan, 63 drums of D-38 had accumulated at Building 514 as of
November 1986 and the mven‘eﬁry was increasing at the rate of approximately 1 drum/week. These
uranium turmngs a,re store‘d under oil to keep the uranium wastes from spontaneously combusting.
This property of undmdfzed D-38 makes it a reactive hazardous waste. At this time, with the absence
of any. uramunj‘ Qdeatlon facilities, there are no treatment or disposal options and storage takes
place in an- unpermltted hazardous waste storage facility at 514. The permitting status of this facility
cannot be resolued until California receives authorization from EPA to implement the Federal RCRA
program for mixed wastes.

.

4.1.1.3 Mixed Wastes

LLNL generates a variety of mixed wastes, including reactive uranium wastes, corrosives such as acid
and alkalis, EP toxic wastes such as Dorr-Oliver filter cake sludges from the 514 Liquid Waste

Treatment Facility, EPA-listed solvents, and California-listed oils.
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Treatment methods used include metal oxidation and precipitation at the 514Liquid Waste
Treatment Facility and solidification, principally at 514, and, tc a lesser extent, at generating sources.
Commercial facilities are not used for the treatment or disposal of mixed wastes.

Solidified mixed wastes and Dorr-Oliver filter cake sludges were formérly shipped to NTS as mixed
wastes. The practice ceased in early 1986 when NTS required generators to. cer‘ufy that wastes sent to
NTS did not contain any hazardous constituents. Sohdrfred rruxed quurd wastes containing listed

wastes and Dorr-Oliver filter cake sludges from 514 are bemgstored mdéfmltely at612

California does not have a mixed waste regulatory program Hawever to retain the authority from

EPA to run the RCRA program, California must |‘mplement dmrxed waste program in 1987, The state

‘v
-

is rn the process of developing such a program. - 5 ._.I.u
Lack of a mixed waste regulatory program create; a;‘gray area in the regulation of hazardous wastes.
It is clear that a hazardous waste wrthqbdroattwe constituents should be treated as a hazardous
waste. However, facilities such ashl‘_'L;NL have ot been pressed by regulatory agencies to apply for
RCRA PartB permits for mrxed waste traatment storage, and disposal facilities. DOE had untrl
May of 1987 interpreted statuatory ex:. 1ptrons in RCRA for by-product wastes to exempt DOE
facilities from the propedural u.e., permlttmg, recordkeeping) aspects of RCRA for by-product wastes
and used the techmcal re‘qulrement of RCRA as a guideline for handling mixed wastes. In
May of 1987 DOE agreed with EPA that the DOE regulations would apply to the radioactive portions
of mixed wast&s ancf RCRA regulatrons to.the non-radioactive portion of wastes. Thus LLNL will have
to comply wrth the brdcedural aspects of RCRA (i.e., permitting) and strictly adhere to the technical

requrrements fqr mrxed waste.

RN A
'!

The RCRA Part B apphcatron for LLNL at the Main Site and Site 300 included facilities that manage

‘m|xed wastes such as the 514 Liquid Waste Treatment Facility and Pits 1 and 7 at Site 300. However,

ftorage and solidification facilities for mixed wastes at 514 were not included in the application.
These facrhtres and any treatment facilities for reactrve uranium wastes will have to be considered

for RCRA Part B permitting when California promu|gates mixed waste regulations.

Section4.1.1.1, Hazardous Waste Management, and Section4.1.1.2 on Radioactive Waste

Management give additional details on mixed waste management at LLNL.

4-52



4.1.1.4  Solid Waste

LLNL generates approxl‘mately 40to 50m3 of waste per workday, which consists of shredded
computer printout paper, waste paper garbage, wood, and cons‘{huction rubble. Solid wastes
without radioactive or hazardous constituents are segregated, bb-th- é:n generatmg points, and at
collection areas from wastes containing such constituents They are then transported by LLNL
personnel and equipment to the Alameda County Sanltary Landﬂll Slte Waste is covered dalily with
clean earth and compaction performed by large dtrt movmg équlpment Radloactive and toxic

wastes are not sent to the landfill. ,j . j:'-. R

41.2  Findings and Observations Cone,
4.1.21 Category| o
None R

4,122 Categoryll o,

1. Lack of Treatment/DlsposaI .Alternatlves for Mixed Wastes. The lack of treatment/disposal

alternatives for mrxed wastes increases the potential that such wastes may be mishandled, or
that haza'rdous[radloact.FVe constituents may be released by failure of containers during

long- term stprage

o .‘ "o n'
. ' “'. 4“ D
o ‘«-. b

NILxed w,astes such as Liquld Waste Treatment Plant Dorr-Oliver sludges are being stored in
“madequate facnlmes at 612, which is not in full compliance with some RCRA regulations (see
""Fmdmg& 1.2.2.2). Wastes formerly sent to NTS are now being held at LLNL, since NTS no
.-":longer accepts mixed wastes. Commercial off-site disposal facilities cannot be used, since they

K vyppld not accept wastes containing radioactive constituents,

Reactive uranium wastes are being stored in an unpermitted hazardous waste storage area in
the 514 Solidification Building. These wastes are stored under oil, which is also a listed
California hazardous waste. The storage area has no secondary containment. In
December 1986, approximately 54 drums were stored and more were being accumulated.
Until the second quarter of 1985, Materials Management oxidized the uranium to remove the
hazardous characteristic of reactivity in a burn pan in Building 231. Burn pan wastewaters

were treated at the 514 Liquid Waste Treatment Facility. Oxidized uranium was soliditied at
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514 and sent to NTS. Since the pan was decommissioned, these reactive uranium wastes have
been accumulating. Hazardous Materlals Management has requested funding for purchase of
a new burn pan.

Kl
(]
) |

)

Solidification facllities at 514 and some generating points: had been used for treatment of
various radioactive wastes, including mixed wastes such as, solven"zs, auds and metal-bearing
wastes. The solidifled wastes were sent to NTS for d|sposal LLNL is now installing new
solidification facllities. In the meantime, radioactivé ahd msxéd ‘wastes are accumulating at

514 in an unpermitted hazardous waste storage facmty

..“ ,'l"“ -
NTS will no longer accept mixed wastés even h‘ they are solidified. Therefore, once the
solidification facility is back in use, §ohd|flec[ mtxed wastes will no longer be shipped to NTS

and will have to be stored at LLNL~., '+ ", h

Classified wastes that are potemjauy mixed wastes are accumulating in the 234 Classified

......

Storage Facility. This faclhty..ls de'sugned for classified material storage and not for waste
storage. The storagé 'araa i atready crowded, and additional containers of waste are
accumulating. These class?f&éd wastes have not been tested for hazardous characteristics
because of the physma' nature of the waste. Hazardous Waste Management is investigating

shredding techniques to bbt‘h put the waste into a form suitable for testing and to reduce the

‘r
' .r.’

waste volume o

DS ,
v, . W

Cons‘trumon ‘of'a Decontammatlon and Waste Treatment Facility (DWTF) has been proposed.
Th:s fauﬁty would treat virtually all mixed or hazardous wastes generated by LLNL. The

“conceptual desngn report was issued in March 1985, However, funding of the plant
' '($38 000 000) has been delayed. Start-up of the plant is now projected to be in 1990 or 1991 if
.-’.:fundlng is obtained in the next fiscal year. In the interim, mixed wastes will continue to

*accumulate on-site.

612 Storage Facilities. Inadequate storage facilities for hazardous/radioactive/mixed wastes at

612 can result in accelerated deterioration of containers and releases of hazardous radioactive

constituents to the ground or surface water in the event of a spill.
® lack of adequate roofed area in the waste staging area and any roofed area in the waste

storage areas results in waste containers being exposed to rainfall and sun and thus

increases the potential for ueterioration of containers and subsequent release of their
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contents. Rainfall can accelerate the corrosion of containers. The heat of the sun can
cause contents of the contalners to expand to the point where the container ruptures.
Since incompatible wastes may be stored in proximity to each other in the staging area,
ruptures of contalners could result in the mixture of incom'g;a‘tlble wastes.

v
(R

1""4 -
)

e

Lack of bermed countainment in certaln waste storage areas at‘ 612 ¢ould result in the

o ey

release of hazardous/radioactive wastes or constitUents to ! we stormwater drain, such as

‘
ot
W' r'u e

oils, solvents, and metals.
The staging area where wastes are temporarlly s{ored vafter the weekly waste pick-up run
prior to segregations Is bermed on* alr four S{dres However, one corner of the berm

adjacent to the fence was removpd durlnq.cons,tructlon activities. Runoff from the staging

area would enter the stormwgter system Survey -related sampling is planned.

. "
.

The segregated storage area r\e‘xt to fhe tent had a berm on only three sides. The labpack

waste storage area and drummmg o,peratnon area did not have berms.

l .
‘.l. A v, .
Vot ey
oo

Cracked asphalt surféfé;"'thru"ughout 612 could result in the release of hazardous/
radloactlve wastes or constituents to the subsurface in the event of a spill. This was
pamcularly ev?den‘; m'th‘e waste staging area, waste storage areas, and the receiving yard.
The as‘phalt surface Was not designed for heavy loads or for maintaining integrity on the
claylrke ,f.ubsurfacé Cracks are present throughout the paved areas. Releases of
hpzbrdou&‘-Wa “re could contaminate the subsurface via cracks in the pavement.

[
'u

~‘ 4’ . u.u

The Iack of adequate fire detection and suppression systems in the receiving and storage

. areas<ould result in the release of hazardous/radioactive constituents to environment in

¢

the event of a fire. The 612 facility receives and processes flammable wastes and reactive

';‘-‘,Wastes. In the event of a fire or spontaneous combustinn of a waste, existing fire detection

and suppression systems may not be adequate for proper control.

LLNL is in the process of building a second hazardous waste storage yard. However, this
new facility will be used for the storage of hazardous wastes destined to be shipped to
commercial treatment or disposal facilities. Initial waste staging and long-term storage of

mixed and radioactive wastes will continue to take place at 612.



4.1.2.3 Cateqorylll
None ¢
4.1.2.4 Category IV

1. Waste Accumulation Areas (WAAs), Lack of proper contamment cracked surfaces, and

inadequate rainfall protectlon in waste dccumMatlon areas used for temporary storage of
hazardous/radioactive wastes could result in the feleasmof hazardous radioactive constituents
in the event of a spill. S,
The existence of numerous |p-d|wdual hazardous/radloactlve/mnxed waste generating
operations at LLNL has resu!ted “in the need for “areas where wastes can be accumulated. There
are approximately 35 WAAs at the Mam S.r'te and more than 20 at Site 300, Wastes may he
transported in solid or lnqmd f-orm,* In carboys, drums, hottles, packages, etc., from individual
tabs or facilities to a WAA Somettmes drums in WAAs may be filled from smaller containers
with oils, solvents, etc. Waa’ce pick -ups are made from these areas on a weekly basls, if
requested by the responsnbl.e health and safety technician, for shipment to the 612 Waste
Storage and Handhng Factlkty
cu ..‘.' "’ .
Callfornla and USEPA hazardous waste regulations allow the temporary (less than 90 days)
accumu‘latnon waastes in WAAs, Standards for accumulation of wastes in these areas call
only for btpper Iabelmg of hazardous waste containers, noting accumulation start dates and
“stdrage for Iess than 90-day storage. Requirements for containment, impermeable surfaces,
E 'ar\d runZofifrun-off controls, which apply to permitted storage areas, do not technically apply
s ‘;;to WAASs. Since the wastes in the WAAs typically pose the same hazards as wastes in permitted
"‘s'tfo_r;age areas, not implementing the above requlremenfs increases the potential for a release
of'hazardous or radioactive constituents from WAAs. The degree of environmental protection
afforded by WAAs was inconsistent throughout the site. Waste accumulation areas at Site 300
were often quite deficient or poorly maintained. WAAs in the Magnetic Fusion Energy

#:ngram often were not officially designated by LLNL nor properly used.
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Instances of improper use or Inadequate physical construction of WAAs observed during the
Survey Include the following:

e 261 WAA notdesignated or marked ‘,:::::."; .

e 151: Nocontainment e '

e 281: Nocontainment : .

v 511:  WAA not designated - WAA being buut""'f,ﬂj‘li"“'

® 231 Liquid waste tank, no contalnmént teakage ;(dependlng on location) would
partially go to sump. " ..‘:':'f',',,

.
Bl e

® 234 Nocontainment DA

® 879 (Site 300) No containment:: tr»acked.surface

e 893: (Site 300 Storage yard)-Drums of waste “oll stored outside designated area

e 875: (Site 300 I\/Iamtena»r)ce l\/lech Area) Poor housekeeping, no coritainment, poor
base, evidence qf Ieakage stams)'

e 875  (Site 300, Pamt Shop Aréa‘) No containment, poor surfaces

e 801 (Site300 ConplYard Area) No containment, gravel surface, no roofing

o 169; Liquid waste notplaced in WAA on available skid, which had containment.

® 431 Nogontamment ..

o 431 (Eqst Unoﬁﬁc«al WAA no containment

° 432 (East) Unofficfal WAA

° U.nofflaa1 WAA
L .,.451"2;.‘ Cr‘acked base
Qj'.f’32 Platmg shop plating waste tank - no containment

.. ."322 "'No containment

9 151 - No containment

K B"-'322 - Hazardous Waste Containment. Lack of secondary containment and sufficient storage
capacity for the tank storing 322 Plating Shop hazardous wastes has resulted in the release of

wastes from the tank.

Plating solution spills and rinsewaters containing listed and characteristic hazardous wastes
are released into the floor sump in the 322 Plating Shop. Solutions from this sump are
pumped into a tank outside the plating shop. This tank in turn is periodically pumped by
Hazardous Waste Management for shipment to offsite commercial treatment facilities.

Overfilling of this tank has occurred as evidenced by stains down the sides of the tank.
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3.

4.

Discussion with plating shop personnel indicated that such overfilling occurs periodically,
usually as a result of excessive build-up of liquids in the plating shop sump which are
discharged to the tank. Splillage from overfilling the tank would not be contained, since there:
{s no secondary containment, ‘ o

)
‘-.‘.1-1'
\
g !

In most areas of the laboratory where tanks are used to store hazdrdous waste or wastewaters

potentially containing hazardous wastes, the tanks are paued The paired tanks may elther ba
in below-ground sumps or, if they are above ground, ,fhey"h‘ave secondary containment.
When one tank Is full and being sampled, the second tank lsused Requests have been made
for appropriations to build a second tank and dlked contatnment for the B-322 shop tank.

. “ "
., K

Hazardous/Mixed/Radioactive Wastg Trcmsoontamon On-site transportation of hazardous/

mixed/radioactive wastes In an, ‘open‘ﬂatbed fruck without side restraints increases the
possibility that in the event of an achent ‘cohtainers would fall from the truck, rupture, and
release hazardous or radloactivq"constrwents into the environment, Since incompatible
wastes may be transported m :tha same Toad, rupturing of containers could result in the mixing

of incompatible wastes:

A 4-foot-high {t atbed truckJs used during the Main Site weekly waste pick-up run. Drums of
waste placecl N pal[ets are banded together and placed on the truck with a forklift. The truck

proceeds from one was*ce "accumulation area to another until it s full.

4 . -
'. ‘Y K o K
' .
0

.
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“‘4

v

Labbrarorv C1o$ute Proceczures Lack of laboratory-wide closure procedures for individual

Iaboratqhes or faCI|IUeS can result in mishandling of unknown wastes and chemicals with

. mcrea‘aed potentlal for inadvertent r.v sses into the environment, Chemicals and unknown
wastes often accumulate in laboratories or facilities that are no longer active because of

v ',‘termmatlon of funding or completion of the project.

Cl‘ean-up and disposal of discarded chemicals and wastes is not handled in a consistent manner
throughout the laboratory. In the Chemistry Program, the health and safety technician cleans
the laboratory and arranges for disposal of chemicals and wastes if the laboratory is not
properly cleaned by the departing experimenters. In the Laser Program, cleanup of shutdown
laboratories with accumulations of chemicals and wastes is the responsibility of the incoming
experimenters who will be occupying the space. In most cases, neither the health and safety

technician nor incoming experimenter will be as familiar as the former experimenter with the
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nature of the wastes and chemicals In the laboratory, This can present speclal problems at a
laboratory facllity llke LLNL, where the use of radloactive and toxic substances Is widespreac!.

Bullding Sanitary Discharge Analysis-Hazardous Constitggnts.t‘.‘ The lack of a building-specific
sanitary effluent monitoring program could allow the dls'c})grg@"o‘f hazardous wastes into the

sanltary system to go undetected. L,

Most bulldings where hazardous/radioactive wastes‘ar“e géﬁ‘ ;ated have sinks that are directed
to the sanitary system and other sinks that are. dlreetqd to the retention tank system. Typlcally
signs posted over the sink indicate whether the slnk s p\umbed to retention tanks or to the
sanitary system (see Findings 3.3.4.4.1,2, s, and 5). LLNL does not have a program for perlodic
analyses of monitoring effluents from- lndi\tldual bulldlngs to determine If wastes are being
improperly disposed of into the sanitary syatem 'rhe Incentive for “unauthorized discharge”
of wastes to the sanitary systqm mdy increése If a planned waste chargeback system is
implemented (see F|ndin94 1. 2,4 {i) $urx/ey‘re|ated sampling Is planned.

n
“,

o we ', '-“v.‘o
. XTI
I ooy ‘

Retention Tank Access‘ "Unlimftad access to retentlon tanks could allow unauthorized

discharging of harardous/mlxed wastes Into retention tanks,

4,

o .
N .
. l

LLNL uses retemlon tq‘nks t'b receive process and laboratory wastewaters that may contain
hazardous‘/rédlo.active wnstltuents Each tank recelves wastewaters from a particular
building M:Jst tar\l{g\ are palred so that while one full tank is being analyzed to determine
treatmem anu ;drspcsal options (e.g., treatment of the 514 Liquid Waste Treatment Facility or
an.nff S’It)i gommercial treatment facility, or sewer direct discharge to the sanitary system), the
.“other t‘ank can be filled.

N
'v

K v’,‘,f\‘hany retention tanks are directly accessible through unsecured access plates, through which

K H.'az,ardous/radioactlve wastes could be directly poured into the tank. The analytical protocol,
which is tallored for each retention tank, may not detect unauthorized discharges. In
addition, unauthorized discharges could go undetected if they occur after a sample is taken.

The incentive for unauthorized discharges of wastes may increase if a planned hazardous/
radioactive/mixed waste treatment/disposal cost chargeback system is adopted. Individual
program areas and projects would be charged for treatment/disposal costs in an effort to
encourage waste minimization at the generating source. This chargeback system is being
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7.

8.

considerec because of the dramatically Increasing costs for off-site treatment of hazarcous
wastes andl the lack of any disposal facilities for mixed wastes,

Hazarcloys Waste Training. Lack of a formal training program, for generatars of hazardous/

mixed/radioactive waste at LLNL may lead to the mishand|iny énd Improper use or disposal of
such wastes. I L
«:‘ "H ."‘ .,

LLNL has many individual facilities gnneratlnq hazarcfous wa ‘st'e and, consequently, many
incividual generators of hazardous waste. lhﬁ"iﬁ maltyldual'generators are responsible for the
inltial classification, collection, and packagmg o Fnazardous/radIoactlve/mIxacl wastes and
transportation to the designated waste a‘ccumulatloh‘area

Yy . ‘
LE AN
' ' TV I
g -.
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Evidence that generators do not qlways hancile waste properly Is described below:

'y
vt oo
L
".' ' ¢
'

® Available containment Is notqpl'operly.used in waste accumulation areas at Building 169;

e

solic wastes were placbd on patlets With containment, while licuic waste containers were
on the ground and’ T’\C,)t‘ even tobated within the designated WAA.

!
N .

) Wast.a are placed ou‘télcle the designated WAA (Building 893).

‘
[ ‘- S N y
o “. K

o ¢ K

LI hutclowr‘f labcrratorlos and facilities are not always properly cleaned, and wastes are not

propév[y d|sposed of by experimenters,

Ta l'"' e e

" Tralning rof health and safety technicians and hazardous waste management personnel

. appears lo be adequate. Individual generators generally were aware of proper waste

handling techniques for radionuclide-containing wastes, but not for hazardous wastes. LLNL
does not have any training program on hazardous waste handling techniques and
requirements for individual generators. Neither Operation Safety Procedures (OSPs), which
are procedures for individual operations, nor Facility Safety Procedures (FSPs), which are
produced for entire facilities, discuss in any detail the specific hazards or handling technicjues

for hazardous waste,

Mixed Waste Storage and Treatment Facilities. Mixed wastes containing liquids are being

storec In an unpermitted, non-contained storage area in B-514, a practice which results in a
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potentlal for rel ase of hazardous constituents, Practices required by hazardous waste
regulations, such as diking and Inspections to minimize the potentlal for release of hazardous
wastes or constituents, are not In place. These are likely to be required once Callfornia
recelves authorizatlon to regulate mixed wastes. "

S PN

.
‘““‘ (TN

LLNL generates a varlety of mixed wastes, Including reactlve urankqm wastes, corroslves such
as aclds and alkalls, EP toxic wastes containing Ieaohab} metals, EPA-listed solvents, and
Callfornia olls, All these wastes contaln D-38 ortrltlun\ '. SRR

N ' ‘l‘
¢ “'\, ": '
| Ll Cegi

1 4 Ty ‘n, .

The primary treatment method for mixed Hquld wastes Ls solidiflcation; the maln solidiflcation
facilities are at the 514 Liguld Waste Tréa{ment Facuity, although small quantities of mixed
wastes may be solidified using Porthnd cemem w]th added sodlum sllicate. Aclds and alkalls
are adjusted to a pH range of 6to 8 prlor”m solldi fication, Oll and solvent-based liquids are
solldified with Envirostone, ., " T
Low-level plutonium- contalﬁnl‘r{gnqwds f< 150 mg/l) are solidifled at the 419 Decontamination
Facility, More highly mngentrated plutonium liguids are solidified In glove boxes in332.
Small quantities of tritium- con’nammated olls are solicified in 331,

..
.‘ Y ‘u,

ApproxlmatMy 3 OOO cpblc feet of solldified wastes are produced monthly at 514 when the
so!ldlficatrqn faqilities oberate These solidifled wastes were all formerly shipped to NTS.
However,.m edrly 19&6 NTS stopped accepting any radloactive wastes unless the generating
acllrt,y bertlflbd Mat the wastes did not contain any hazardous constituents, Therefore, LLNL
can no rqhger send solldifled mixed wastes to NTS unless the hazardous characteristic has been

PR TYRRY

.,rer'noved prior to solidification, Corrosives such as acids and alkalls neutralized prior to
h )olldiflcauon could be shipped. Listed wastes such as oils, solvents, etc., could not be shipped

“ -"‘_even when solidifled. Long-term storage will be required until mixed waste disposal facilities

\

" afe,available,

Materlals Management oxldized depleted uranium (D-38) metal turnings in a uranium burn
pan located in Bullding 231, Burn-pan sludge was solidified in 514 and burn-pan wastewaters
treated In the 514 Liquid Wastewater Treatment Facllity. Selidified sludges were sent to NTS.
In early 1986 (second quarter), the burn pan was decommissioned, Since the decommissioning
of the pan, 63 drums of D-38 had accumulated at 514 by November 1986, with the inventory
Increasing by 1to 2drums/week. These uranium turnings are stored under oil (itself a
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Callfornia-listed hazardous waste when wasted) to prevent the reactive uranium from
combusting. ‘

4.2 Toxlcand Chemical Matetlals <

‘l
Sy )

.
e,

421  General Description of Pollution Sources and Contrals: .,

o
A Vo
! i

The Toxic Substarices Control Act (TSCA) of 1976 enables EPA fo déVelop adequate data on the
effects of chemicals on health and the environment’ ;and tq regulate the use of toxic chemicals to
reduce unreasonable risk of injury to health or the ehvlvortmqht It grants EPA the authority to
(1) require Industry to provide information bn chemicaiq used and manufactured; (2)require
Industry to test the health and envlronmental effacts Qf chemlcals used and manufactured; and
(3) control production, distribution, use,'and dlsposal of'certaln chemicals that cause unreasonable

risk of Injury to health and the erwtrqnment AT

)
.
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Regulations published to date mver tWo mﬁrjor areas: reports to EPA and restrictions on the

production, use, and dlsposa‘t \q‘F specn‘ic substances Under the reporting requirements, facilities
must notlfy EPA of any chemfc\ala exported and report their inventory of imported and

manufactured chemic;lls In addltlon facllitles must submit safety, health, and environmental data
on specific substamqes 'The res‘rrmtlons on production, use, and disposal cover polychlorinated
biphenyls (PCBs) g asbestos, pofybromlnated biphenyls (PBBs), 2,3-dlbromopropyl phosphate, fully
halogenated chlbr.of}uoroalkanes and waste material contalning tetrachlorodibenzo-p-dioxin
(TCDD). 1)l i

doe
.

Vg, s

At LLNL “the DOE  Environmental Survey covered PCBs, asbestos, fully halogenated
chldrofluoroalkahes and pesticides/herbicides. In addition, the handling of waste lithium hydride
arncj {he storage of drums of boron were also addressed.

L

PCB Sources

The LLNL 1985 Annual Report (Griggs and Buddemeler, 1986) identifies 12 PCB transformers and
1,985 capacitors on-site, The total welght of PCBs is 4,395 kilograms. Transformers are located in or
near Buildings 151, 431, 381, 391, and 423. The capacitors are located throughout the LLNL facilities.
No other PCB equipment was identified on-site. All current operating PCB equipment is labeled
according to current TSCA regulations as well as security fences and access doors,
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LLNL had one recent, small, PCB spill in 1985 when a transformer In the 618-619 salvage yard began
to leak. The materlal spread over an area of approximately 1square foot and was properly cleaned
and disposed of. After remov .l of the stalned solls, analysls showed the PCB levels to be less than
1 part per million (ppm). LLNL does not conduct effective Insper‘;'.'fl,on of Its PCB equipment, as
evidenced by the leaking equipment and combustibles found near @hé.ffca transformers that were
Identified during the Survey.

.
‘

T I ¢

' ' . ‘

1' ¢ . :
K K

- Bullding 625 Is deslgnated as the PCB storage area for LLNL Wﬁ area1s well maintained and has a
6-Inch continuous dike. The HWM group Is responslble for operaﬂog this area. PCB equipment that
ls disposed of from 625 |s properly manifested and sent. to m'f-’slttr «contractors approved by the EPA.

Asbestos Sources o .
Asbestos materials are present throug-hou’t the LLNL Facility. The majority of asbestos has been used
for insulation. Some of the bulldlngs wlth active asbestos removal projects include B-131, B-222, and
the old barracks area. Asbestos removg[ projs‘cts are conducted according to NESHAPS regulations.
LLNL Industrial Hyglene pﬂrsém‘rel mdrnl’cor these projects to ensure that the removal personnel are
conducting the project according to regulations After material is double-bagged and crated, it is
stored at the on-site waste storage areas before shipment to a state-approved, off-site disposal area.
The on-site bulldlng areas are asbestos <labeled. Amounts removed per year varied greatly. No
estimates were avaﬂable ""'9"'

'I -
‘Y P ad

. o
‘ 'q K

Chlorofluoroalkane ‘SourL

J
. l

. 4

[N 4

Refer to Secixon 3 T 2 for a discussion of chemicals in this category.

‘Pesticide/Herbicide Sources

A total of 230 gallons and 1,028 pounds of pesticides were used on the MainSite in 1986, These
include Roundup, Fore, Princep, Surflan, Lorox, Ronstar, Talon, and Orthene. These are stored in
Buildings 519, 520, and 294. Records for this operation are maintained by LLNL personnzl in

Building 519.

At Site 300, the major pesticides used are Fumarin, Ditchacinon, Hyvar-x, Kro-var, and Amitrol. Thase
are stored in Bullding 841. The mixing area in 819 is plumbed to a retention tank. Since this tank is
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not analyzed for pesticides, there is no way to track a spill from this area. No restricted pesticides are
used at LLNL.

All applicators are state licensed and attend training courses on a reg‘ular basis. All storage areas are
secured, diked, and well maintained. ‘The application of pestlches |§ conducted according to the
direction given by the producers of each individual product %

At both sites, contaircrs are triple rinsed, and washings\"al'r,é"i-é'd‘c'iéd"t'o‘the batch being applied.

Containers are then sent to HWM.

Other Toxic Material Sources

e
aen'e

Lithium rydride waste is occasionally gpn'e‘réte'c‘_f:éitml_i.’r\ft and stored in the 612 Storage Area before

Ty

ultimate disposal. e

Loty oW e
.o, -" P
Ko o 1.

Nine drums of elemental boron are s.tored in the surplus equipment warehouse at Camp Parks. Two

drums of elemental boron aré- smred mthe equipment warehouse at the Sunshine Building.

4.2.2 Findings ang-Qbservatinns_

4.2.2.1 Categotyl

Cooe K ..

Nofie, el

s
O
S XT TN
SRR

I A AL IRRE I

a 2 2. 2 Category [l

.'.

"1-‘"'. ; '_',-F"CB Transformer Releases and Storage. The following PCB transtormers were identified as

K ‘Haying leaks and/or combustible materials near them:
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Transformer | Location Problem Status ‘
74 ' ith oi i

0 151 Drip pans with oil/combustibles nearby , | Corrected 12/18/86
741 151 Drip pans with oil/combustibles nearby"{ ‘| Corrected 12/18/86
. PLC0832 431 QOil and grit around valve ' ﬂﬁ.... Awaltmg analysis

Evidence of oil leak near drain valve'as

104 ‘ 431 evidenced by discoloration of*'so'rbehi‘ No action
341 381 Drip on bottom of drain valve™. =" ""{ No action
Chronic leak since 1981; oll in dr|p pan .
342 381 and onside of transformér el No action
108 423 Combustibles s ..tor,ed_‘nearby_ ' Corrected as of 12/18/86
2. PCB Capacitor Release and Improper Storaqe A ieakmg capacitor was identified in room 1931

(Building 231). Subsequent analysns Was posmve for PCBs. A bark of nine PCB capacitors was
identified as being stored in the ntm PCB storage area at 612. In addition, no PCB labels were
in place. These capamtors were scheduJed for subsequent removal. One PCB capacitor was
improperly stored ou-Lsrde of 423 Provisions had been made to remove it, but as of

December 19, 1986, the umt,\j‘\ra‘g not stored properly.

4.2.2.3 Categorylll .

S

None', ..

. PRSI
'.' 1,__ -

4.2.2.4 Gategdry IV

1 Elemenrtal:Boron. Nine drums of elemental boron are being stored at Camp Parks and two
.;'tdr"ums of elemental boron are being stored at the Sunshine Building. Camp Parks and the
hE ."_S*u_nshine Building are surplus equipment warehouses and are not appropriate places to store

these materials. Elemental boronis a flammable material (Sax, 1984).
2. PCB Capacitors. Several pallets of capacitors, in storage at Camp Parks, are not labeled either
PCBs or non-PCRs. Records indicate that the capacitors do not contain PCBs; however, the

absence of labels could create confusion during a PCB inspection or emergency situation.

According to program personnel at Building 819, there is no mechanism for

alerting the HC safety technician when there is a pesticide spill in the pesticide mixing area.
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The mixing area has a drain plumbed to a retention tank, which is not routinely analyzed for
pesticides. This could result in the release of contaminated retention tank effluent to the
‘sanitary sewer,

| “,

4, Lithuim Hydride. A S5-gallon drum of lithium hydride (LiH) isbemgstored inthe B-612 areaina

manner that allows water to collect on it. LiH is reactwe W|th water ‘and could cause afire in

the mixed waste storage area. This situation was correded December 18, 1986.

". ‘.' ;r‘-- ‘vie

5. PCB Reports. Annual PCB reports for 1980 and 1‘9'81- show that 434 capacitors are unaccounted

for. (Although not an environmental problem this accoummg error could result in a fine.)

4‘ 'A‘
.

6. PCB Leaks. PCB leaks are not being ¢ deaned up wlthm 48 hours. This could result in a larger

... '

PCB clean-up as well as a fine. = ..,

4.3 Radiation

.......

43.1  Background Environ‘ﬁ;éhgal"I‘nf'cj:fnmation

The LLNL radiation snte settmg can., be descrlbed as a subset of each of the previous media settings
(i.e., air, soils, hydrogeolbgy, and s’urface waters). Each of these primarv pathways is responsible for

radionuclide transport and ul’crmate contamination of vegetation, fcod, ambient air drinking water,
and soils. IRt

5'.4"“

Background ramatlon in the vicinity of LLNL is a consequence of both natural and man-made

sourges. These sources include cosmic radiation, natural radioactive materials in the soils and

.bunldlng maten\als fallout from past atmospherlc weapons detonations; releases of radioactive

'mateqt-als from nuclear power plants and other facilities handling radioactive materials worldwide;

and ‘thé"intake of radioactive materials in food, drinking water, and air. The most significant
exposure is that to the lungs from background levels of radon. The annual average effective dose
equivalent for natural background in the United States is approximately 189 millirem/year (mrem/yr)
(United Nations, 1982) This dose is detailed in Table 4-9. About one-half of the dose equivalent is
attributable to the inhalation of radon-222 and its decay products. Previously accepted estimates of

background doses did not include the radon contribution and were set at about 100 mrem/year.

The data in Tahle1-9 were derived in accordance with the approach recommended by the

et

International Commission for Radiation Protection (ICRP) in ICRP Reports 26 and 30. This approach
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TABLE 4-9

AVERAGE ANNUAL EFFECTIVE DOSE EQUIVALENT TO
HUMANS FROM NATURAL BACKGROUND RADIATION
LAWRENCE LIVERMORE NATIONAL LABORATORY

)

LIVERMORE, CALIFORNIA 7" = ™

AnnuaJ Effecttve -
Organ Dg:se Equlvalent

(mfem)

Gonads 3 ‘-—-ZT—T
Breast } k . 14
Lung (Total) 100
Red Bone Marrow * -‘ o 13
Bone Surfaces ' ' 6
' Thyroid ‘ 3
i Other ‘ | 29
: Totaf). i 189

Source UmtedNatlons, 1982.

. 4 6 “Total. represents the product of the appropriate
s “wé*gh‘tmg factor times the annual dose

eqifvalent for pulmonary, trachial/bronchial, and
RS ~nean doses.
PR ""‘1"_‘ ‘-_'
BRPT R
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allows direct comparison of the effective dose for different organs by reflecting the distribution of
and organ sensitivity to various radionuclides. This is accomplished by applying "weighting factors”
to the doses received by individual organs. The weighting factors are expressed as the fraction of the
total risk for the entire body attributable to the organ. The sum 'c'.ﬁ‘f;‘the dose equivalents for the

individual organs priovides an estimate of the total effect of the rgp!jat&o'h on the whole body.

The EPA reports gamma radiation dose rates on a quarterly basu,w‘or select Iocaﬂoms throughout the

United States in Environmental Radiation Data (EPA, 1986). Duhng the hwost recent reporting period

of January-March 1986, measured dose rates equw;;ﬂent to an annual dose of approximately
70 mrem * 3.6 mrem were reported for the Berkeley, Callforma 'monitoring location. Although the
Lawrence Livermore Main Site has not selected any one TLD monitoring station as a "background”
station, averages of 55 Livermore Valley TLP Iocanns md|cated annual dose rates of approximately
60 mrem £ 11 mrem (Griggs and Buddeme|er, T986 éackground or perimeter gamma radiation

doses cannot be reported for Site JOO because there is'no TLD monitoring program in place.

< .
' oot
. ..
. s., ", ‘o
“, N
PR

As required by DOE Order54841 ChapterHl *4d2d1-3, LLNL conducts an annual "assessment and

reporting of potential dose fo the publlc In 1985 DOE adnpted an interim radiation protection
standard for environmental actmhes to be implemented in calendar year 1985 (DOE, 1985¢). It is
DOE policy to follow the guldance of the National Council on Radiation Protection and
Measurements (NCRL’) to: .the exteht practicable with respect to radiation protection standards. A
comprehenswe rewsuon of prevrous NCRP recommendations on a basic radiation protection system is
still under developmeht However current NCRP guidance is available regarding protection of the
publicin :rs Se‘ptember"lB 1984 advice to the Environmenital Protection Agency published under the
title Comrol A, Alr Emissions of Radionuclides.” In this document, the NCRP endorses the

.....

recornmendahon of the International Commission on Radiological Protection (ICRP) to limit the

commuous expmsure to any member of the public from other than medical sources and natural

'bacquound to 100 mrem per year whole body dose-equivalent. The previously recommended limit

of 500 [ﬂpern per year is retained for non-continuous exposures. This recommendation is now
adopted as an interim standard for DOE environmeantal activities for the sum of all exposure

pathways.

Radiation exposures are received from external sources and from radionuclides taken into the body
by inhalation of air and ingestion of water and foodstuffs. Radionuclides taken into the body will
continuously irradiate the body until they are removed through either radioactive decay or
metabolic processes. Consequently, internal dose estimates are calculated as “S0-year dose

commitments.” These are obtained by integrating the total dose received by an individual's body
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over an assumed remalining lifetime of 50 years. Principal pathways for exposure of humans from
radlonuclides released from LLNL ate shown in Figure 4-1. The doses to the various major organs are
considered for varlous exposure pathways. The radiation doses received by a specific organ are
welghted and summed to determine the total dose. [

‘
ALK N

'
Yeoay,

432  General Description of Pollution Sources and Controls:- .,

|'. A‘. " )
[N PR

Aerlal radlation surveys conducted in August 1975 to charafterize radiation emission sources
indicate major sources of gamma emissions from atce1erator dperations (Maln Site and Site 300),
waste storage areas, radiography areas, plus numerous <other sources that have been
decommissioned or are no longer operational! T'hese surye.ys indicate the greatest off-site (outside
perimeter fencing) exposure rates to be < 10 to 2, Omlcrorem/hour (urem/hr) (~<9to 18 mrem/year)
above background at the MalnSite and <1'Omrem/hour (~9 mrern/year) ahove background at
Site 300. An updated aerial rad&atton survey has been conducted and should be available soon.
Comparison of these updated survey res.ul'ts with.the results from the 1975 survey will indicate or be

affected both by changes due to new. cqnstrudwon and by operations (various program activities).

l .
‘,,‘ .

N 1', ",
Xl

The major source of penetratmg ﬁadnatlon closest to perimeter fencing and therefore most
important, from an,’ uncontrolled publlc access exposure standpoint, is the insulating core
transformer (ICT) rotatmg 'ﬁargetm Building 212, Increased evaluations of this source relating to
potential exposuré were conducted as a result of the removal of shielding equipment. Table 4-10
summarizes enqu,nmental Mmonitoring data in comparison with appropriate limits and guidelines.
As can be seen from “ehe data even with continued exposure at the fence line for 24 hours/day,
365 days/year' the maxtmum calculated 1986 dose would be 28,5 percent of the DOE limit and
15.1 perce\nt'of the natlonal average background, including radon exposure. Proposed acquisition

of the East Avehue property between LLNL and Sandia National Laboratories Livermore (SNLL)

"would probably eliminate Building 212 as a point of concern relating to public direct radiation

exposure.,

Immersion, or external penetrating radiation exposure from. radionuclides in air, and external
penetrating radiation exposure from radionuclide land surface contamination, also known as
ground-plane irradiation, are additional direct radiation issues. Environmental TLD monitoring
programs, in conjunction with soil radionuclide monitoring of the Livermore Valley, demonstrate
that public exposure is well below permissible limits and is essentially indistinguishable from

background levels.
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As expected, onsite soll sampling at Site 300 indicates higher 238U concentrations than Livermore
Valley off-site sampling results (see Soll Section, Figures 3-18, 3-19, and Tables 3-7 and 3-8); however,
lack of an environmental TLD monitoring program in conjunction wlth off-site sampling at Site 300,
prevents continuous documentation of acceptable penetrating rudiation levels, Ground-plane
frraciation is not a significant dose contributor at the Malnﬁ],tg"and‘ Is not suspeclted to be a
significant cdose contributor at Site 300. e

. o
XN '
]

O a
Primary sources of racionuclide usage and potentlal envirclﬁlr’v‘*}j.é'r-jj’t_l-if c'éf‘\éern are listed in Table 4-11,
LLNL control technologies for radioactive effluents 'faﬂ'i'm-o 'threé'&;asic categories, depending on the
physical state of the radionuclide and the media. Partncu&qte €missions in alr streams are primarily
controlled by HEPA flitration. Gaseous and vabor ‘alr em)éﬂons (primarily tritium gas and tritiated
waler) are catalytically oxidized (HT or TT to* HTO) foHpWed by molecular sieve trapping. The primary
control technology employed to limit emlsslon Lo surf‘ace water is the use of retention tanks at
facilities with the potential to generate radmacttve.}y contaminated liquid wastes. Retention tank
contents are analyzed, evaluated for sm‘Jmphdm'.e with appropriate standards, and then either
discharged to the sanitary sewer’ system or treated at the Hazardous Waste Treatment Facllity for

proper raclioactive waste dlspor,al.

433 Envlronmentai'.Monitorlng,?rbgram

Direct racllatuon |s measured H‘\ several ways at the Main Site. Penetrating gamma radiation is
measured usmg TLDs'. at Lhe site perimeter (fence line) in 22 locations, including triplicate cluster
Iocauons, for p[emslbﬁ‘analysns Environmental neutron dose-rate measurements are also made at
the fence Iunt' elght locations using 235U track etch detectors (see Figure4-2) (Griggs and

Budc,lemelef('1986) Aclclltlonally, another 55 locations are monitored for gamma radiation in the

Luvermore alle\; (Figure 4-3).

oy

Mean ‘a‘h‘m.lal measured doses for the Main Site perimeter and Livermore Valley gamma radiation
(1985) were 59mrem *6mrem and 60 mrem £ 11 mrem, respectively. Both of these compare
favorably with the 70 mrem + 3.6 mrem measurements reported earlier in this section by EPA. The
mean annual measured neutron dose for the 1985 Main Site perimeter was 5.2 mrem * 1.1 mrem.
This entire dose is presumably attributable to Main Site operations, since no background neutron

dose information is available, and if it were, would most probably be negligible.

Site 300 perimeter and off-site penetrating radiation cannot be fully assessed because of the lack of

an environmental TLD monitoring program. Gamma emissions currently are primarily produced by
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‘ the ATA (Advanced Test Accelerator) in the form of short-lived 150 and 13N radionuclides. Although
: current operations are not likely to produce exposure above background, documentatiot. of off-site
penetrating radiation doses in uncontrolled public access areas would verify compliance, and would

provide information regarding any past activities that could have pés,f,ibly contributed to increased

\
re o

!

, “round-plane irradiation. : S E
l LLNL has an extensive environmental radionuclide momtormg ,program whlch is integrated mto
i both the site process and environmental momtormg programs Racﬁonuclldes are monitored or
i measured in ‘ PR '

. TN

l’ ® Stack emissions. .,

® Arnbient air at the Main Site herimet‘er, l;?L'if.é?'mqré'Valley, and Site 300.
® Retention tank wastes, - A ‘ o
[ Sewerdischarges ) e S ‘
® Soil, potable water, and ground\uater .

, ° Vegetaﬂon wine, honey, and rmlk

.....

P
o,

Of the numerous facilities at LLNL on{y f1ve were considered to-have emissions warranting inclusion
in dose assessment chculatnons \see F|nd|ng4 3.4.4.3). The methodology used for calculating air
pathway doses at the f’ence Ime ‘to the maximally exposed. individual, and the population dose
within an 80 knlometer I'adIUS of LLNL are summarized in Figure 4-4. Table 4-12 summarizes pubhc‘
dose from LLNL. due fo acrborne effluents during 1985. As outlined in AIRDOS (EPA's approved
model for. calbulatmg d|5per5|on of radiocontaminants), distances from each of these facilities to
entered for each of 16 compass point directions. Maximum values are then estimated using the LLNL
'an*tln‘uous Pomt Source (CPS) code Gaussian plume model for annual reporting purposes. While
"'tl'ié're .‘,is"vno reason to believe LLNL-developed models for air dispersion are less accurate or less
con‘sér.v"a‘t‘i,ve than AIRDOS, LLNL has not submitted its modeling strategy to EPA for approval as an
altemati\‘/e dose assessment methodology. " Until simultan‘eous AIRDOS-LLNL CPS dose comparisons
can be made, underestimation of public doses as the result of use of models that have not been
approved by EPA is a possibility and a violation of NESHAPs requirements listed in 40 CFR61.93.
Additionally, trittum releases from the 624 Incinerator are not included in LLNL dose assessment

calculations. While the quantity of tritium airborne releases is administratively controlled to no more

than 50 Cifyear. calculation or environmental sampling to identify the actual quantity going up the
! stack and associated dose calculations is at least as likely to be a factor as the 5 Ci released from the
': ICT in Building 212 during 1985.
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To calculate the “fence-line” site boundary, nearest resident, and population doses, a contiruous-
point-source computer code based on the Gaussian plume model was used.
. L

where

U = intake rate, m

-
'
.

mYy = 8000 r J/y, mhal,a'hon rate’ fo‘r adult maximum exposed individual,
cdmwmd = 3.17 x 10 (x/QX Q),

Coae

T

Ki [
."

.

D = dose factor, mrem/pCi, ‘

for’M,D = 6.23.x ﬂ‘) "'mremlpc‘l‘ x 15 1o include
immersion dosé, = 9 35 )1' 1(1 mrem/p(l
.l,.= 52*>< m me
it o pCi-y
-
W ‘ )

(r 50D x U = 5287% 10-2 rem . m°
. : pCi -y

. ', *.
= mmm/v

ey, .' 7‘4‘
- .

for '™N, D %

1

D -

mas mdlv\dun(

K

were summed over aH d;rections

Cdown\"cmd - 317 10/ NQ) O _ (3)
where : ‘ ‘ -“

1/Q = dilfusion parameter, sec/m’, ‘ ": ‘

Q = release rate, Cl/y, ‘.r. ’

317 x 10 = 1 x 10”%%/3_15 % 107 &< " .

Cuownwind = cOncentration downwind, gCi/m]. " ‘ *‘.

Drmax individuat = U X Cgonnuing X D o ‘ ’ )

For pnpulahqn dose, thé dilfusion factors and population figures for an area within 80 «m of LLNL.-

Dose j(’ﬁegson-ﬁvté‘ﬁ-)~'; 3.17 x 10‘[2(1/(2),1’;]0 upDp , (5)
ST -
w-ﬁ'cfre, SRR
‘ i\‘,:'_'.
S0 IS @Qie, | = summation of the (x/Q) for region |
' L - times the population in region i for all regions n, ggs_o_rg;ggg
m
" Q = release rate, Cify,
U = inhalation rate, average individual (adult),
D = dose factor, mrem/pCi.
SOURCE. Gniggs and Buddemerer, 1986
FIGURE 4-4
E DOSE ASSESSMENT METHODOLOGY = AIR

)
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TABLE 4-12

ESTIMATED WHOLE-BODY RADIATION DOSE TO THE PUBLIC
FROM LLNL AIRBORNE EFFLUENTS DURING 1985
LAWRENCE LIVERMORE NATIONAL . ABORATORY - LIVERMORE CALIFORNIA

*
\ .

{..Dose at ) -':Doseto Dose Within.
Bidg. 1Site Nearest | 80-km Radius

Nuclide No.

Facility Curiés’

- Bouridary | Resident of LLNL
"..".'(m‘rem) (mrem) | (person-rem)

Tritium Facility

i ‘ 212 | Insulating Core Accelerator | | s 7000 0.00 0.00
i 292 | Rotating Target Neutron Sotirce, 210 0.11 - 0.02 0.08
: 13N, 150 | 194 |Llinear Accelerator o= .l 120 | 0.06 0.01 0.00
i

865 | ATADb (Site 300) . rieete<doo | 0,00 0.00 0.00

Source: Adapted from Griggs and Buademener 1986.

a  Doses are based on the 6‘240 m‘- HTO released by LLNL. The dose due to the 1,365Ci of HT
released by LLNL does not add sngnifscantly to the total. SNLL emitted about 450 Ci of HTO,
which are not included in thesé' cal'culatlons

b Advanced test accelerator
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‘Other dose pathways considered applicable to LLNL operations include tritium in potable water,
vegetation, wine, honey, ahd milk. The calculation methodology for potable water exposure is
shown in Figure 4-5. Tables4-13 and 4-14 show calculated adult, whole-body dose measurements
for the locations shown in Figures 4-6 and 4-7, assuming a person Qbuld consume 2 liters/day and
assuming dose conversion factors for tritium contained in ICRP 30‘from Ihat sampling location. The
highest dose is 0.05 mrem, which represents 0.03 percent of the U S. averege background radiation
dose shown in Table 4-9.

In similar fashion, dose from the forage-cow-milk p"é't'hway i.s"'c;a'l‘culated using the methoaology
shown in Figure 4-5. Figures 4-8 and 4-9 show the leermore Valrey and Site 300 vegetation sampling
locations, followed by Tables 4-15 and 4-16 ||stmg calculatéd adult, whole-body dose measurements
for these sampling locations. Most conservatwe vegetatlon pathway public dose calculations yield
exposures of 0.3 mrem/year for leermore VaHey locatlons and 9 mrem/year for Site 300 locations.
These exposure levels represent 0. 15 percem and 4.8 percent of the U.S.average background
radiation dose shown in Tab|e4‘9 Twablell T7 shows measured tritium concentrations in milk
obtained from farms within 5 kllérwl'{;a‘t'ers af LLNL (Livermore Valley) and the associated adult, whole-
body dose. Milk dose calcula‘mons assume intake of 30 liters/year and use the ICRP 30 tritium dose

conversion factor.
4".“‘ .,

K
Kl

Tables 4-18 and 4- 19,show1;r|1;‘um concentrations in wine and honey, which are two locally produced
agricultural products No dose assessment calculations have been made because accurate data on
consumptton 5t these speblf‘c products would be difficult to obtain and probably not contribute

sngmﬂcantiy to pub Tc d'ose Inclusion of this information is provided as another indicator of off-site

.....
‘a7 b’
'<

)n“;u'r'rir;w'ary, a's'é't;ining maximally exposed individuals and conservative dose assessment calculations,
"‘Table 4 20 shows the summed dose consequences from all LLNL and Site 300 sources as reported in
the 1985 annual monitoring report. As discussed earlier, actual milk tritium measurements indicate
doses much lower than those calculated for the Livermore Valley vegetation-cow-pathway. The
Site 300 maximum vegetation dose is grossly overstated because on-site vegetation was sampled
ever: though it is not foraged by cows. Sampling of milk from a nearby dairy farm, which would
provide a more realistic indication of Site 300's contribution to the off-site vege{ation dose pathway,
was not conducted. Based on observations of operations during the Survey, it is likely that milk

tritium concentrations of farms near Site 300 would be in the same concentration range as the

. <
Livermaere Valley milk reculte,
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Annual Dose from Potable Water

Assuming that all water sampled is available as drinking water, the annual whole-body dose for
tritium has been calculated using the following equation:

Ronl body = CuU.Dy ‘ ‘...,!"'_H'a‘ (1)
A N“ \‘.
where it
.C,, = concentration in pCi/liter, .~ , ‘ o
U, = intake rate, liters/y, “"'-{."'.',f’.""‘ e
= 730 liters/y for maximum exposed indivi dudl

D,, = dose factor, mrem/pCi,
6.23 x 10~® mrem/pCi for the whole- body ingestmn pathway for an adult, and

annual dose in mrem to the total body from, Mgesnon “of 730 liters of potable water with
concentration C,,. DI

(L

leal body

.~
D e
'5, '~, “
-l.. N

Annual Dose from Forage-Cow-—M11k Pafhway for Tritium in Vegetation

Assuming that all feed for the cattle was pasmre grass‘ the annual whole-body dose per uCi/ml HTO
for the maximum exposed individual has beep caleuta\ed using the following equation:

3 “.;)“,-.‘1
Dlol\l body = w-g + Diear + Dmslk ". o (2)
Dy (leafy vegelables) = Uy ;(' ¢¥“& X TﬁHw , ' (2a)
where u ’-
Uyey = intake rate,” g/y,, 64 kg/y lor maximum exposed individual,
.5.. .r". "J \“w‘." D
ng = conceht«'anon in pCl/‘iég 10° % X Cyeg #Ci/ml (measured),

Dyro = dose fadpr, mrem/pr 6.23 x 10" % mrem/pCi for *H for the adult whole-body ingestion
,-pathway, KA

Dyeg (mremv‘y) =540 x 10° C,,, uCi/ml (measured),

1

. < Dmmr = Udmeﬂ' % Creat X Dyro (2b)
.whém ‘
U';l-:x.'}h 110 ke/y,

Dyro = 6.23 x 10°® mrem/pCi,

SOURCE: Griggs and Buddemeier, 1986

FIGURE 4-5A

DOSE ASSESSMENT METHODOLOGY - WATER/VEGETATION
LLNL - LIVERMORE, CALIFORNIA
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Coneat = (F) (Q)) (Cyeq) exp (-4 t,).

F, = fraction of daily Intake of nuclide per kg of animal/fish (pCl/kg in meat per pCi/day ingested by
the animal), days/kg,

'.".-"'.
Q¢ = amount of feed consumed, kg/day, o
,“? 5'1 -
, RGN
Cyeg = same as above, o,
A, = radiological decay constant, day "', S
B .J‘A ‘ ",‘r;:'. oy

t, = time between slaughter to consumption, days. " w,

K Ay

. ,__y_ ___g_)( uc1>< ‘,ECi/kg)
Crmea (1 2 x 107 )(50 day Cueg ml 10 UCi/ml4,” o

x exp|-15 x 107420) = 0.6 x 10° g:; ves -—u—i-(measured) .

Deat (Mrem/y) = 041 x 10* x Cv,spCi/ml (me“arsgred)

o,
.

Drmik = Umik X Cutk X Dyyro . , "- (2¢)
Moy, T Gy
Umllk = 310 IMETS/)’, “"“";r‘w:,“‘:. i"'tﬁ."‘
N e
Dyro = 623 x 107 mrerﬂr’-ﬂCi """%:',';,;;.

s
Coin = Fn QC veg exp (-~ Aty it

= ffa;:ﬁon of daily’intake of nuclide per liter of milk (pCi/liter in milk per pCi/day
- ingesttd b“y thﬁ Aanimal) day/liter,

Q,‘ < amount oF‘fqéd consumed, kg/day,
Cv,g = starne A’sabove,
WA -‘*n;?dio}oglca) decay constant, days ™!,

Kc = (ransport time from the feed to milk receptor,

f_y_)( Ji)(c pCi)(loq l/k)
., liter d Y% ml HuCi/ml

, x exE[-— 1.5 x 10°42) = 0.5 x 10° Clliter x C -&g(measured)

HCi/ml Y% ml

i

Dy (mrem/y) = 0.97 x 10¢ Cyeg HCI/ml (measured)

i

0.40 x 10*C,ep uCi/ml (measured) + 0.41 x 10*C,., uCi/ml (measured)
0.97 x 104 Cyeg #Ci/ml (measured) = 1.78 x 104 Cv,a,uCi/ml (measured)

D(oul (mrem/)/)

+

SOURCE: Griggs and Buddemeier, 1986

FIGURE 4-5B

DOSE ASSESSMENT METHODOLOGY - WATER / VEGETATION (cont'd.)
LLNL RMORE, CALIFORNIA
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TABLE 413

TRITIUM (HTO) IN WATER
LIVERMORE VALLEY
LAWRENCE LIVERMORE NATIONAL LABORATORY - LIVERMORE, CALIFORNIA
Yo of [(10-7 uCi/ml + 20(%)] 2t | caleulated Adult
Locationa SamApies et % SDMI | % CGC Whole-Body
Maximum | Minimum | Average™ BRIl Dose (mrem)
1 4 0.8 0.4 S0k W 230 | 3x10- 3x 103
15 4 0.8 05 | ox.[e | 3x10 3x10-3
16 4 2.3 13 [o18 27 | 9xito 8x10-3
19 4 0.7 05, ef - .08 18 | 3x10- 3% 103
20 10 345 | g, [99 |07 5 5 x 10-2
23 4 07 |* g4 05 27 | 3x10-! 3x10-3
24 4 1.5% | ol b0 09 | st | axio 4x103
26 4 g, [ e 1.5 9 | 8x10- 7x10°3
29 4 0.7 “fir, 03 0.4 37 | 2x10° 2x 103
30 4 <l 1.0 4. 0.4 0.6 44 | 3x10° 3x10-3
31 A | ads 0.3 0.6 a6 | 3x10- 3x10°3
33 e .08 0.1 05 52 | 3x 10 3x103
37 | ars ]2 0.4 0.8 47 | ax10- 4x 103
’l,‘ |"5-“.'

)

Sourcéjl:'~'.~,"C‘5rig‘g“s-andﬁuddemeier, 1986.

a. 'See Figlré4-6 for sample locations.
-b." Stapdard deéviation of the mean

“.t. CG, Concentration Guide, = 2x 10-5 uCi/ml.
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TABLE 4-14

TRITIUM (HTO) IN WATER - SITE 360
LAWRENCE LIVERMORE NATIONAL LABORATORY - LIVERRIORE, CALIFRONIA

oo (107 uCifml % 20(%)] e Calculated Adult
Locationa samples . "‘/Es'.S.D_Mb "%f;GC 1 Whole-Body
Maximum | Minimum | Average,]." ' Dose (mrem)
3 4 | 03% 21 0.0 01 |83 | 7x102 7% 104
4 8 | 03:2 0.0 01* 65 | 5x102 5 x 10+4
5 8 | 0610 00 f. 0z 88 | ox102 9x 10-4
6 1 |o2r23 [o2¢23 |02 1% 10! 1x10°3
7 o [osei3forsgrafroas’ | 108 | 1xi0l 1x10-3
14 8 09 8 A’Q:s"i'.jrz,. " 06 22 3x 10! 3x1073
20 7 08+9 | o4mts' | 06 27 | 3x10 3% 103
21 ¢ |oseiz]a2ya] o3 48 | 1x10- 1x10-3
22 8 08 %8| 09 0.2 135 | 1x 10 9% 10-4
23 4 | 04t15 |0 £ 44 0.2 58 | 1x10-1 1x 103
Source' Griggs and.B:Jcrdemeter,1986
a  See Figurg.d??";qp~§,ampl‘é‘Iééations
b Standard'déviatleh offhe mean
¢ CG, anggntr’a;t‘i‘?g‘G‘gide, = 2x 10-5 uCi/ml.
4-84



’
bt Greenv)lle Road
680) \ P v ‘.j&,,
Hopyard N “?h'u.b' Road
F\Oﬂd ¢ “u-;"‘..
-, Dublin ol

158 0)

Fremont

-
i

) Calaveras Reservoir

@ — SKMPLING LOCATION
=Y
— STATE HIGHWAY \8BO) — INTERSTATE HIGHWAY

SOURCE: Griggs and Buddemeier, 1986

FIGURE 4-6

LIVERMORE VALLEY WATER SAMPLING LOCATIONS
LLNL - LIVERMORE, CALIFORNIA

4-85



~
<
W
&
¥
i &
-‘.\:“.! '-‘7
s[ﬁ c‘uﬂ,é":'.".
(gg 5 “o :"“-u ‘:,::'u” ..',., !
o & “"“!:"‘f,":'g"
2| i o
o mg ! 'l,'t‘
w V—Jo
Jl £3
2
o—
O
E<g
32
S9
0
® z
= =
i
' 2
< O
R m E
% o
g ES
t: <3
2
o 2
l A -
VW]
b
®—e @
! °
~/
i &
S
© s
o
’ ' ;
L © e | %
ALNNOD  NINDYOR NVS o 3
"k‘ ' XINNGD ~ VAIWYV 2
| tf AL H
| o i 5
® o o [ 2
T w
V | - T v
& 4 Lé
2 2 5
wy

o SR TTI I | S, . A i

4-86

L ' ' ' LI L ' T , ' Lo Cop



33

FNNIAY FHOWHIAIT N\

AVENUE

\]
o

EAST

//

[

E

LIVERMORE

TESLA ROAD

29®—SAMPLING-TOCATION

SOURCE: Griggs and Buddeme:er, 1986

4-87

FIGURE 4-8

LIVERMORE VALLEY VEGETATION SAMPLING LOCATICNS

LLNL - LIVERMORE, CALIFORNIA



FIGURE 4-9
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TABLE 4-15

TRITIUM (HTO) IN VEGETATION - LIVERMORE VALLEY
LAWRENCE LIVERMORE NATIONAL LABORATORY - LIVERMORE, CALIFORNIA

(107 uCl/ml + 20(%)] Y A
. No. of In Water Recovered ; .| Calculated Adult
Locationa | ("7 7 .| %SDMb. Whole-Body
Samples e .
' S Dose (mrem)
Maximum | Minimum Avarage' J'."

4 4 42 %24 | 28440 . ‘ 6x 10-3
5 4 |3260% 1] 81¢14 [ graTe] 171 2% 10!
20 4 | 1728 [astia | 99 55 2x10-2
23 4 440041 [ 26,4 £ 571 1403 137 310!
29 4 [207t6Ta0t23 | 16 58 2% 10-2
31 o | rser saep’| o7 57 2x10-2
32 4 | 1eme8 25 1 a4 8.8 64 2x10-2
33 4 |oaa £230"10 ¢ 100 1.9 88 3x 10-3

v

Source:  Griggs and Budcié'r';fé,i.er, 1986,

a  Seefigure Zlﬂai'fogsampl‘éﬁ'ocations
b Standar.cf"devia‘tiq‘p-g.f'phe mean

i~
[4¢]
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TABLE 4-16

TRITIUM (HTO) IN VEGETATION - SITE 300
LAWRENCE LIVERMORE NATIONAL LABORATORY - LlVEQMOR& CALIFORNIA

Locatlona No. of

(107 uCl/imi & 20(%)]
In Water Recovered

RN

gy

Samples
Maximum

Minimum

o

«

v

fieg 'y
‘

% SOMb

Calculated Adult
Whole-Body
Dose (mrem)

NERoU '
URl) A\
.

AEERYH

Source: Griggs and Buddemeter, 1\9{36

a  SeeFigure 4-9 for sarn‘ﬁlél)"oclat‘llbh'é:'
b Standard deviation of the frein,

v
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4 1.6 % 68 114100, 1.2,
2 4 11+97 |1.04% 100 ,.,-':yﬂif.‘,r f 2x 103
3 4 1.3 + 85 1,1":.+Jf1}o,9 1.1 11 S 2x10°3
6 4 [13,6000 04 [ 15 5788 [4,983.6 130 9
2 4 2.2 £ 45 " 1147100 1.5 36 3x10-3
13 4 151.0 £ 2, | 2.4.4 46 713 | 17 1% 103



TABLE 4-17

TRITIUM IN MILK - LIVERMORE VALLEY ,
LAWRENCE LIVERMORE NATIONAL LABORATORY - LIVERMORE, CALIFORNIA

Number of samples

W ‘-

R ".:'.'.’HT_.o
107 uCifini" % 20(%))

w

Sia 29

QPP TRV

Maximum .. 5.2%20
Minimum . 71.0 %100
Average 1.5

% SDMa

55.9

Calculated adult whole-body dose (mretn)

3x10-3

~ Source: Griggs and Buddemeiér‘ﬂ?8.'6'.':1.

ey e

a  Standard deviation ofthémeén

A

‘o
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TABLE

4.18

TRITIUM (HTO) IN \}EGETATION - SITE 300
LAWRENCE LIVERMORE NATIONAL LABORATORY - LIVERMORE, CALIFORNIA

Location

California

No. of
Samples

(107 uCifml £ 2034310 .
In Water Recovared R

%SDMa

Maximum

1.8 12

Mlmt’mjm

RN

. Average

Europe

1393

A

TaE 0T

5.5

102

Livermore

5946 | 30%8

34

15

Source: Griggs and Buddemeier, 1986 AOTERIIES

a  Standard deviation of the-m_‘eéh :i"f' ‘

'
.
4 !
S
L
oo
e .
. .
- Y
A '
e
w
[
£
o PN
i

‘
tiva
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TABLE 4-19

. TRITIUM(HTO) IN HONEY - LIVERMORE VALLEY
LAWRENCE LIVERMORE NATIONAL LABORATORY- LIVERMORE, CALIFORNIA

T

[10-7 uCi/ml + 204%1.7 .
No. of In Water Recovered ..

% SDMa
Samples

Location

Maximum | Minitagm ]2

o

California 2 | 73t4 | 2B 5.0 67
Livermore 2 46+6. | 39%6 " 4.2 11

Source: Griggs and Buddemeier, 1986, - ..

a  Standard deviation of the'ﬁjrean ,
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TABLE 4-20

EFFECTIVE WHOLE-BODY DOSE EQUIVALENT!

LAWRENCE LIVERMORE NATIONAL LABORATORY- LIVEBMORE. CALIFORNIA

Livermore Valley {7 = "\site 300
Pathway Maximum Individual,,.]. Maxitnim Individual
Dose (mrem) .« Dose{mrem)
Air | 0.03 T 0,00
Water (Potable) 0:05; e, | 0.003
Vegetation .030. 9.0
Totals oo 038 9.003
Percent of DOE e .
100 mRem Guideline BRI 02‘38/° 9.003%
Percent of U.S. AVGFB‘QG.,Y"']‘:::"".',-_"w., M
Background Radiation .} "-* 0.2% 4.8%
Exposure (~1894hrem) "t ‘
Source: Developed by Bd@.*&urvey team.
1 Exc_l‘uaés",'.dir‘ect rad}é’tion doses.
- 4-94
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4.3.4 Findings and Observatlons
4.3.4.1 Category |
None o ' "
4.3.4.2 Category |l
None .:"'..':j"z'
4343 Categoryl o
None ‘ '
43.4.4 Category IV ‘

1. Direct Radiation - Perlmeter and Off Site Monitoring At Site 300. Lack of a perimeter and

off-site environmental pehet?atmg radiation monitoring program at Site 300 prevents
documentation, and evaluatlon of potential present or past environmental impacts.
Discussions vw'gh LLNL persqnnel indicate that location of TLDs at existing air monitoring sites

might be a logucal flrsn‘step in combination with other sampling/measurement location
criteria.’ .
"v.i_';-.‘;i‘.-‘

PAR

2. Dose Asségsment Calculation Methodology. While there is no reason to suspect the accuracy

.“of LLNL s CPS (Contmuous Point Source) computer modeling code for estimating public dose,
l-"'EP‘A NESHAPS requires the use of .the AIRDOS computer modeling code or an equivalent
'.",approved by EPA. Since EPA has received no requests to evaluate "equivalent” codes,

"calqulatlons of public dose to radlonucllde effluents should be made using the approved

methodology to avoid any potential underes‘umatlon of environmental risk. LLNL personnel

are aware of AIRDOS requirements and are taking steps to rectify this situation.

3, Dose Assessment - 624 Incinerator. Underestimation of public radiation dose may be occurring

as a result of failure to incorporate the 624 incinerator radionuclide emissions into the dose
assessment calculations.  While tritium releases are administratively limited to 50 Ci/yr,
measurement of actual emissions and subsequent dose calculations could be incorporated

into the dose assessment procedures.
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4.4 Quality Assurance/Quality Control

441 General Description of Data-Handling and Sampling Procedﬁs’qes

)
CIRTIE A
s .

Cevae, .

At LLNL, the environmental quality assurance responsnbolmes are dlvnded among the Hazard Control

(HC) Laboratory, the Main Site verification monitoring program, ,the S|te 300 verification monitoring

program, and the ambient air sampling program. T

The HC Laboratory analyzes environmental fampleé".'\‘/vaé‘i'e Qé'mp!es, and retention tank samples.

Analyses include metals by atomic absorpﬂoh and mductwely coupled plasma (ICP), solids,

radiological analyses, pH, and organics by gas and hquld chromatography The laboratory is certified |

by the State of California and AlH. Although a quallty assurance (QA) plan is in effect, several areas
are not adéquately addressed, mcludmg cha(mof cust’ody, lack of a QA coordinator, calibrations, and
written procedures. The Main Site vernﬂdaﬂon mbmtormg program is basically concerned with the
monitoring well program and er;;aélng that =l aspects of dealing with outside laboratories and
sampling are carried out in' a Lorrect m,anner The Site 300 verification monitoring program is
centered upon the momtormg wé1~l samplmg project and includes proper sampling, written
procedures, and chasr]xof custody The ambient air sampling program includes an evaluation of the

accuracy of the measurements taken from on-site and off-site sampling stations.

0.4.2 FindiHg};"‘a,n'c:i-‘t‘)b;é}f«'/aﬂons

- W
'-. e

4.4.2.1; 'c.ategqcy .

‘.
'4

;;Noné:}

4422 _C, ategory |l
None

4.4.2.3 Cateqory Il

None
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4424

Category IV

1. HC Laboratory B-253, Quality Assurance/Quality Control (QA/QC) Program. Analytical results

for environmental samples may be suspect for the following reé&pns:

e

"‘l«. ’. 1,
\
o “vae,

No sample log books are in use for organic results from EPA Method 601 analysis.
No formalized (written) procedures are presenf"fé'ﬁ' malintehance and calibration of all
analytical instrumentation. o

e N, .

‘o e

Laboratory procedures notebooks are"'n':d'tﬂgpdlaitéd,'regularly.

'

- .
K . Carie'e .
¥ .

No one is formerly designated,as a QA/QC coordinator.

.

Chain-of-custody process stepg, When samp{es are dropped off at laboratory by sampler;

.....

samples sit unattended unttl ar?alys:; no chain-of-custody is used for samples sent to the

contract Iaboratory, Brown aﬁd CaldweH

‘.< ".
v, ‘..
»

There are no- formal (wntten) procedures for Identlfymg unsatisfactory results. Section
head uses, best- ~1u‘dgment to decide when to use sample results, but there ic no formal

documantanon on how the decision is made.

.
v .
oo .‘ .
e .
« e
v

Callbratioh ?wu!ts for metal analyses by atomic absorption and ICP are sometimes

eyeballed" versus plotted to determine linearity.

1 Only blank samples are spiked to determine recovery; actual samples are not spiked. This

process confirms instrument calibration but does not give a measure of interferences in

,the determination that could be caused by the sample matrix.

Existing QA/QC program does not cover chain-of-custody.

There are no formal (written) procedures for checking data transfer errors.
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2. Main Site Verification Monitoring Plan, QA/QC.  Analytical results for environmental samples

may be suspect for the following reasons:

® The current QA/QC plan does not cover chain-of«custq‘d;y adequately, especlally for
samples sent to the HC laboratory (B-253) and,;qgts&d"e‘. laboratories other than
Brown and Caldwell. NIRRT

. [
R .

A, ¢
[P 1'#-.

® No provisions are in place to conduct internal audsis df envlrohmental samples,

.
DR ‘.,

® A sample tracking form showing date, tlme, sampre ifentification, and number does not

accompany samples from point of sarﬁphng to analysw

. .
“- . “uc‘ .
‘s

3. Site 300 Verification Monitoring Han, QA/QC “Ahalytical results for environmental samples

may be suspect for the followung reasons N

e No written procedures are avatlable Jor sampling.

e No blanks or duplmates are taken during a sampling round.

e Sample bottles are not rmséd W|th the solution to be sampled prior to taking the sample.

e Sample refrjgerator is not Iocked when samples are stored overnight. (In this instance,

chain-of- cus‘mdy p:ocadures are not followed.)

G

S oA
o

ot

e

4.5 Inacti\)e.\[}la‘été Sites'and Releases
"4. ‘w"c_,"‘-‘ “,~“

. ‘.-'

4.5.1 Qenereﬁ Descriptlon of Pollution Sources and Controls

', te Y, e
'.

The Compreh@r'mvsa Environmental Response, Compensation, and Liability Act (CERCLA) of 1980
.(reauthonzed and amended in 1986) established (1) notification requirements, (2) liability standards,
and (3).fe§ponse authority for dealing with releases of hazardous substances to the environment.
Also knox;vn as "Superfund,” CERCLA's scope is expansive. The EPA and state agencies can undertake
or order study or cleanup when there is a release or the substantial threat of a release of a hazardous

substance to the environment.
Superfund was substantially expanded by the Superfund Amendments and Reauthorization Act
of 1986 (SARA). In addition to significantly increasing the size of the fund to finance cleanups, SARA

creates a response authority for petroleum underground storage tank releases (technically, an

amendment to RCRA) and mandates community right-to-know and emergency preparedness
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programs (Title [Il). SARA also obligates Federal facilities to comply with the same regulations and
policles as other entities, Hence, except for certain limited national security waivers, Federal facility
cleanup plans for sites on the National Priorities List must undergo EPA review and concurrence.

<
l ‘4

This section describes several sources and potentlal sources of. h‘a‘-zard\ous substance releases from
Lawrence Livermore Natlonal Laboratory (LLNL) facilities mto the envirdﬁment The release sources
from both Site 300 and the Main Site are tuscribed separately Thas section focuses on specific
known or suspected areas of contamination that may be resborﬁsible fér'these contaminated areas.

ta T
' 4 e A\l .
“

The known groundwater contamination resultmg from these sources is discussed in Section 3.4, The
sources are listed and described generally In th‘ls éubsectroh (4 5.1), while more detail is provided in
the Findings section (4.5.2). IR

4.51.1 Livermore Laboratory LMain_\-Silte‘)' .
There are at least four major area;';:;{grtpu}wdwater contamination (listed and discussed below) at the
Main Site, The sources of con’camlnation for three of these areas have not been identified. In
addition, there are numerous otHer actual or potential sources of contamination. The Livermore
Laboratory MainSite n’s one of the few DOE facilities to have been included on the EPA’s National
Priorities List ( NPL), ,fmahzec(‘ on. July 21,1987, The December 1986 Phase | report (Lindeken et al,,

1986) summanzed the, use of tHe Hazard Ranking System (HRS) to establish ranking scores for sites.
Five areas at the’ M.am Slte Were scored. Of these five areas, four general areas (listed in Table 4-21)
scored hlgher than‘kthe arbttrary 28.5 Hazard Ranking System (HRS) score above which sites are
proposed for the NPL (An area of tritiurn contamination in the groundwater at Site 300 scored
below "the 2,{3‘:5,llcut-off score.)

oo oo
,, ’ .
v

'Sb‘pthw'est and Off-site Area

The sour‘ce of the organics in the groundwater at the southwest corner of the site, as described in
Sections 3.4.4.3 and 4.5.2.3, is not clearly known. LLNL investigations have generally identified
(1) historical Navy releases into the storm sewer system that previously discharged to the southwest
corner and (2) an old Navy “continuous fuel pit" that extended from the present location of B-403 to

the southwest corner,

4-99

) " ' . . [ Iy {1



TABLE 4.21

MAIN SITE AREAS USED FOR PROPOSED
LISTING ON NATIONAL PRIORITIES LIST.,

LAWRENCE LIVERMORE NATIONAL LABORATORY - LI

VERMORE, CALIFORNIA

LEETREN

"
\
n

Laboratory Area

1. Southwest and Off-site Area

MRS Score

."‘,,..‘. RO 32.7

2. Building 403 Gasoline Leak

Ry

! s

3. Southeast Area . |

32,7

4. South Central Area (Includes East Ijr’a‘ff‘lio'cir,c‘le
Landfill, Taxi Strip, and Old Sa\\/a‘ga‘.\’ﬂacdf. L

——
.o

32.7

]

'
oo ' ".'
N +
‘o
Source: Lindekenetal., 1986. . '
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B-403 Gasollne Leak

The B-403 gasoline leak is one of the few clearly identiflable sources of groundwater contamination
at the site. LLNL estimated that 17,000 gallons of gasoline Ieaﬁ«"e‘cl into the ground from an
underground storage tank in 1979. This area was historically useltjz‘tl)y‘/“-tfiq Navy for alrcraft refueling
and fuel storage; hence, other fuel leaks may have occurred in t‘hlaare‘e‘x.‘

Gy '

Southeast Area e

The source of groundwater contamination in the southeast ar’ea of the site has not been clearly
identifled. Several likely sources are discussed irt: berction 4 5 2 3.

LA e
" R 1id'a “,

South Central Area a e

groundwater contamination: ‘ .o R
.!“r“. ."

e East Traffic Circle Land‘f|[1'-ji' .
® TaxiStrip Stgrage Area .,

o Old Salvage Yard',
T 4_'.“',".‘I:
. l..‘jt

K
N ! et
e

i

Miscellaneous 'Krﬂbwr‘}.'ei'nd',&uspected Areas of Contamination
v\"‘l !

" ‘ N
' t ‘ .
K ' ., " K

.
" L

Accordmg to, a gompﬂatlon by LLNL (Dreicer, 1985), there are at least SO areas of known and
suspected comammatlon at the LLNL Main Site. These areas range in size from abandoned dry wells
ta lanclfHIs A hst of these areas is given in Section 4.5.2.3, These areas may pose a threat Lo surface
water or groundwater. If they remain uncharacterized, contamination might spread and could

result in uncletectecl threats and/or more expensive remedies,
4.51.2 Sile 300 Sites

There are at least six known or suspected sources of contamination at Site 300 as well as several

apparent splll or abandoned waste locations, These sources are listed and described briefly below.
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TCE Release: B-834 Complex, B-830 and G5A Area

Trichloroethylene (TCE) has been released at Slte 300 from the Building 834 complex, as well as
Building 830 and the General Services Area (GSA) area dry we‘i‘tq TCE has been found In
groundwater near Bullding 834 at Site 300. TCE has also been found-lﬁ groundwater from Spring 3
and Well 7, which are both In the GSA, More detalls on the groundwawr quallty are given In
Section 3.4, In addition, the TCE contamination at SHe 300 was the subject of a 1983 report
(Carpenter et al., 1983), and was addressed In Part | ofthe Phasé I.repoPt'(meIeken et al, 1986).

Site 300 Landfllls BRATOS

Eight landfills at Site 300 have been operated slnce ‘the 19505 Two pits (Numbers 1 and?) are
presently operating. Generally, the Iandﬂlls I‘QCGJVE shot debrls and firing table gravel associated
with hydrodynamic test operations at, the hlgh expléslves firing bunkers. The debris and gravel is
typically contaminated with uramum; bef‘yllium ‘ind lead. These fandfills are discussed further in

““““

Sections 4.1 and 4.5.2, R ..'~"

Higi. 2xplosives (HE) Burn Pit (Site 300).,,

1

Y, N
‘. N 'o

Three pits and a stee'h bqntalr!er near Building829 are used for burning waste HE and
HE- contdmlnated Wast.es A ste%é‘ contalner, called an "iron horse," is used for burning HE processing
sludge from cldssh‘lad bagq “This burn pit is discussed further in Section 4.5.2,

L Y, ‘t‘.’"‘ ',"
HE Was,‘cés‘/fya;t.érfl,agqqns (Site 300)
Waétewaters frum HE processing In various bulldings at Site 300 were discharged to lagoons near
those l)u|ldlngs Eight lagoons were used for disposal of wastes from HE processing and machining

until a. permitted surface impoundment was installed in 1985,
Firing Tables and Bunkers (Site 300)
There are several firing ltables and bunkers at Site 300 where uranium, beryllium, and lead wastes

have been released. Known as "hydrodynamic diagnostics complexes,” these firing tables are
covered with gravel to serve as a cushlon for the HE shot.
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GSA Dry Wealls (Site 300)

Seven dry wells located In the GSA at Site 300 were used for the disposal of a varlety of hazardous
substances from the early 1960s until the state ordered thelr closuné'% 1980, The waste types and
the approximate disposai rates for the closed GSA dry wells are descrlbéc$ ln Section 4,52,

ey

Miscellaneous Spllls and Abandoned Waste Areas S 3

.
RS

At Site 300, spills and abandoned wastes were obseryé:d'];n .sgverél“é't'eas, including
' . |..< ' “v* ::;"u.‘

® GSA area near Well 7 (stained soll and. abandoned clrums)

® GSA area between B-875 and B878 on south side near Corral Hollow Road (stained soil).

® GSA area north of B-875 along embankment and drum rack (stained soll and discolored

runoff). S o
& B-827C,D,and Edrum rack dr«)ms and wmps (stained concrete and sediment).
* Burled drum behind B &27E drum rac‘k
® B-B27A oil spills on pa‘vqmen'c

e B-8750drain on uphill Slde mf Burlding 805 (stalned asphalt and sediment),

‘.

ta .,
.

‘ .

Diesel tankers nea‘r‘.qu;(W,“elJ >,ar:u B-811

R ",
.
"l ‘

Four diesel tank tr;nlers wqfe parked at the GSA area near Well 2 and near B-811. These tankers
appear to hd\/e beer\ abandoned and no LLNL personnel contacted were knowledgable about the
contents of thase tanks if any.

Over[low Basm fo: Sewage Lagoon

An “.q',\‘/é'r'flow" basin located southeast of the sewage lagoon near the GSA of Site 300 may be the
sou'réey.éf soil or groundwater contamination. The overflow basin is usually dry, but has been used in

the past. The botlom of the basin is devoid of vegetation and appears to be discolored,

452  Findings and Observatlons

4521 Categoryl

None
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4.52.2 Categoryl|

None
‘:'.‘l'
4523 Category |l P
1. Southwest and Off-site_Area. There are severpl h}storlcal sources of groundwater

contamination In the southwest portion of the site, A blume df contaminated groundwater
has moved more than 4,000 feet off-site from tha Smuthwest gorner of the Malin Site. The exact
sources of the widespread groundwater contamlnatfoh-fn'the southwest area on and off the
Main Site are not known, Some reasohable specufat(on is possible by both LLNL and the
Survey team, however, because of the IdentnLy.of 1he contamlnants and information gathered
from an extensive ongoing recorqs search ancl intervlewmg project. The known and suspected
mdjor sources in the southwesh prea epre revIeWed briefly here. More detalled information is

....

section, .

o Dreicer, M., May 1985, ""t'?'r‘.al.lvmfnarv Report on the Past and Present Uses, Storage and
Disposal of,bflazardous Ma}er'ials and Wastes on the LLNL, UCID-20442.

. ‘. ‘,
M v .,
‘1 ‘

. Dresen M D and F‘Hoffman, July 1986. Volatile Organi¢c Compounds in Groundwater
Wes‘co L N__L,UCRL 53740,

Uy 4‘ '4‘ “'
‘ .' .

‘n
l.

Q"'.;"Mqédnpchle W. A, and F. Hoffman, July 1986, Reconnaissance of Groundwater Quality in

"‘the Southwest Corner of Lawrence Livermore Natlonal Laboratory, UCAR 10164,

l Lindeken, C. L., J. A. Loftls, and R.C,Ragaini. June 1986, Draft DOE CERCLA Program
"+, Phase | Installation Assessment Part Il; The Livermore Site.

The largest sources of groundwater contamination are believed to be between First Street and
East Avenue near West Perimeter Drive. Dozens of other sources may have contributed,
however. The contaminant found by LLNL at the highest concentration in the monitoring
wells in this area (MW-116) is perchloroethylene (PCE). Other volatile organic compounds,
such as trichloroethylene (TCE) and 1,1,1-trichloroethane, have also been found in this area as
well as off-site far about 4,000 feet, The source of the PCE Is believed to be degreasers and

solvents used by LLNL and the former site tenants (the U.S. Navy). A procedures manual found
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in a records search of Navy archives indicated that the Navy used more than 20 pounds of TCE
or PCE for degreasing each aircraft engine (Lindeken, 1986). PCE was also used by the Navy for
a large dry cleaning operation. TCE was also used, among other purposes, in Arroyo Seco for
reducing the foaming and sudsing near the outfail which res(j‘tted from detergent discharges
into the sewers, Blueprmts of the storm sewer and sanrtar'y-sawer system show that both
sewers previously led to an outfall in the Arroyo Seco south of the. present Building 111 in the
southeast corner of LLNL. Solvents released into sewers or onto the pavement from the entire
southern half of the site, where the Navy and the éar’iy']abdratory buildings were located

were discharged through this outfall. There is’ no avallable mformahon on the total quantxty

- of contaminants released. Failure to quantn"y the contammants in the groundwater could

result in significant uncertainty in any grcundwaier remediation attempts because of the

inability to perform a basic mass balance analysns

.......
.
., '
o

Another source of groundwat-er contammaubn in the southwest area of the site was the

former Navy gasoline storage: and refuelmg facilities. Large gasoline storage tanks were
located east of BUIIdmg 403»“{2\(9 snte of the recent gasoline leak discussed in the next finding.
Naval aircraft were refuefed from the “continuous fuel pit,” which extended from the current
location of Building 321 to north of Building 418. A pipeline ran through this long pit from
the fuel storagg‘tanks Constant pressure was maintained in the fuel line so that aircraft could
park near any, of’ the dozens of dispensing hoses Iocated along the line. Leaks from this fuel

line may have mlgrated afong the trench to thie southwest part of the site.

uroundwater'contammatlon in the southwest area has been extensively characterized. The

remednaL actlon to mitigate the spread of groundwater contamination is now being planned.

“_Three ro fwewells are e. pected to be used for extraction pumping of contaminated
" 'g;oundwater followed by air stripping. Early testing of the air stripping system (on-site pilot
. _scale) has achieved up tc a 99 percent removal efficiency. Consequently, the TCE and PCE

B .c'vo.r)centrations have decreased from 7.9 and 100 ppb, respectively, to below detectable limits

(0.5 ppb).
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Building 403 Gasoline Leak. About 17,000 gallons of gasoline leaked into the ground in 1979

from an underground storage tank east of Building403 and have contaminated the
groundwater. This leak has also been extensively studied, and is detailed in the 1986 Phase |
report (Lindeken et al., 1986) and in Dresen et al., 1986a. ‘ *

)
PR

The planned air-stripping remedial activities discussed aboye for ‘t‘hfé',southwest area are also
expected to be applied to the B-403 gasoline leak. ‘ ;o

DI
. [ ‘.' '
TN e e,

Although the B-403 gas leak is believed, to be,, the prrmary source of groundwater
contamination in this area, other sources are thought to Irave contributed. These include the
former Navy fuel storage and automobiie’ malntenance facility and a former drum and storage

area. Groundwater contamination near B 403 JS d}scussed in Section 3.4.4.3.1,

s . ‘e
I
|' ". ‘

Southeast Area. The fo!lowmg-known or potentlal sources are believed to have contributed

to groundwater com‘ammatlon |n~th‘e southéast area:

L
R g
‘ ‘u \u“

e Drum leaks around Burldmg 518

e  Drum racks at Buildings 543 514 518, and 519.

® Navy act;vnt)ealn Bunldnng$412 and 514.

e Oil tank splllage contarmnated with solvents and polychlorinated biphenyis (PCBs) in the

new salvage yard "~R"'
R -

The gfo\Jndwatefmn the southeast corner of the site has been contaminated by several known

sources, énd possnbly other unknown sources. A variety of known and potential sources of

._‘gro.un‘dwlater contamination have been aggregated as the “southeast section” for the

""" purpose of HRS scoring and groundwater investigations.

" There is no precise information available on the actual type or quantity of waste disposed of in

this area. The quantity of wastes disposed of in this area was assumed by LLNL to be about

oneto twodrums of TCE, but the actual amount may have been much higher Aircraft

‘maintenance requiring the use of more than 20 pounds of TCE or PCE per engine occurred in

this area at Building 514. Although a significant amount of waste TCE and PCE was discharged

to the Arroyo Seco in the southwest area via the sewers, a considerable amount is also

believed to have been washed off the pads onto the ground. Also, hazardous substances

other than TCE and PCE have apparently been released to the ground in this area. For
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example, spills of methyl ethyl ketone (MEK), acetone, etc., from drum racks and spills in the

waste handling and treatment area near Buildings 514 and 612 have been reported by LLNL.

East Traffic Circle Landfill. An abandoned landflll located ur‘iderneath the East Traffic Circle

and used from the mid-1950s to 1970 has contamma‘ted- groundwater, and possible
contamination of subsurface soil may remain. About 4 77 acres were used for a landfill under
what is now the East Traffic Circle, extending to underneath Bulldmg 514. Originally used
primarily for nonhazardous garbage, the Iandfrll Wa’s fargew exhumed and transported
off-site between July 1984 and late 1985. DetaHs of the removal are given primarily in
McConachie et al., 1986. This section revnews the ma]or ‘features of this old landfill and the

o

general extent of residual contaminatiorf:.’

Seven areas of the landfill were found fo contaln ﬁezardous substances. The material included
160 PCB rapacitors, rusted crushed drums (fewer than 100), broken laboratory bottles, metal
shavings, and used automoblle ~a|r and 011 filters, During the East Traffic Circle Landfill
exumation, several areas of vmbly dlsqoiored soil were observed in layers up to a few feet
thick. "w-'“
The amount of, norl removed depended on the analyte considered. Virtually all measurable
(less than 0.050 mglkg), PCB contammated soil was removed. Heavy-metal-contaminated soil
piles wereg' removed to beﬂow California Total Threshold Limit Concentration (TTLC) guidelines.
The heavy metal condentratron remaining in the landfill pit was believed to be within the
abllrty of the ’sorptwe capacity of the soil to immobilize the contaminants. No goal appears to

ha.ve bee‘n, estabhshed for the removal of volatile organics fre m the old landfill. Soil samples

[SEEIRT"S

_.from' below empty drums indicated the presence of 11 mg/kg of TCE and 50 mg/kg of PCE.
""Resrdual TCE and PCE concentrations are unclear from available information. A monitoring
. ":well located near the old landfill (MW-142) has shown 410 ug/l TCE as well as a variety of other

" chlprinated organics.

Th= adequacy of the source removal at the East Traffic Circle Landfill is unclear because of the
lack of analytical data on organic contaminant concentration during and after the cleanup.
The cleanup appears to have been focused primarily on radionuclides and PCB, not organic
solvents. Inonly a few cases were any sampling and analyf.is performed for organic solvents.
Several soils samples revealed TCE. This sampling and analysis was initiated by visual evidence

of contamination such as drums, bottles or carboys, and discolored soil. The lack of routine
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monitoring may have resulted in residual contamination's going undetected. There is no
information on the type and amount of residual contamination.

Taxi Strip. Spills and surface impoundménts ("evaporation tr*a‘ys"
taxi strip caused groundwater contamination. From 1953 L}nml an excavation operation

in 1983, hazardous waste was stored on an area south of the East'Trafflc Circle, known as the

) located on a former Navy

Taxi Strip. It was named for the Navy taxi strip prewously on the S|te The 1983 excavation
project removed most of the contaminated soil pursUant td Cahforma State guidelines,

Groundwater contamination is known to have oCcurred Froyvever, because of the following
historical activities on the taxi strips: D *

® Storage of thousands of carboyg’contammg amds and caustlcs (90 percent) and organic

‘v

solvents (1-2 percent).

® "“Solar Evaporators” (also qéferred as "evaporation ponds") approximately
10 leet by 20 feetby 1 hoot (assentlaﬂy small, unlined surface impoundments) were used

to evaporate liquid' wgstes

'o "c

v
s
.

® Storage and-transfer of u'sgd'oils and solvents (south of Building 431).

« N
[N
- [N
R up M
(I P

‘e

In 1983, about 4, OOO cubié yards of contaminated soil were removed from the taxi strip area to
a maxlmumﬁepth of ‘about 35 feet. A monitoring well near the taxi strip has shown TCE

comamlnatloh o‘Fup to 740 pg/l.

5

A "

A R

' #aey
Fees o

. Old Salvaqe Yard Spills and discharges of hazardous substances on the old salvage yard may

" have comemmated groundwater. An old salvage yard was located on the present site of the
hE fe‘lectrical power distribution center south of the former taxi strip. The old salvage yard served

" essentially the same role as the current yard relocated to the southeast in 1979, except that

hazardous substances were stored and spilled there. There is no information available on the

type or quantity of waste at thissite.

Inadequate Spill Identification, Characterization, and Cleanup. Inadequate identification and

characterization of spills may result in continued or future groundwater contamination.
According to a published compilation (Dreicer, 1985), there are approximately 50 known or
suspected areas of contamination. A total of 52 areas are aggregated and listed in Table 4-22.

Of these, 14sites are known to be contaminated anc 34 other areas were suspected of being
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contaminated. In addition, 4 areas (e.g., carcass burial) were believed to be of "little concern.”
The areas considered to be "suspect” include several areas where some contamination can be
visually observed on the surface (e.g., No. 24-plating shop spills).

Of these 52 areas, the Survey team reviewed the available: 'anai-ytlcal data for 41 of these sites
in some detail. Approximately half (22) of the sites evaluaied have not been directly sampled.
In several cases, groundwater monitoring downgrad|ent pf the sites indicated that the sites
were not sources of groundwater contamination. Sol[ samplés have not been taken at the
sites to confirm whether subsurface contammatlon has o«;uned (i.e., a potential source of
groundwater contamination). This lack of mformauon ‘may result in contaminated areas

remaining in place. These contaminated- areas may create leachate slowly or more rapidly in

the future because of a change in clrannage paxterns or removal of a temporary cap, such as a

trailer or an asphalt pad. Also, faLIure t'o |den‘ufy contaminated soil areas could result in the

inadvertent removal of that soal to an unsafe Tocation such as a landfill or an on-site "clean”

fill area on a constructlon S|te oc a recr@auonal field. Windborne soil may also present an

inhalation or dermal contact rLsk f."-'

“.l .
F

The ongoing groundwater mvestlgatmn at LLNL is being coordinated with the identification,
characterlzatlon, and cleanu.p of contaminated areas. In cases where significant. groundwater
contammatlon has been fOuhd such as the Old Taxi Strip, the Building 403 gasoline leak and
the East Trafflc Cncle Lahdflll source characterization and cleanup have been performed or
are bemg R amned * The remainder of the list of 52known or potential sources of
contarﬁmatloh avppears to be relatively smaller sources. These sources have the potential to

comamm‘ate groundwater or other environmental media. The planned groundwater

_‘pump and treat operation can only serve as a temporary plume stabilization process until the
o 'ulilmate Sources of the groundwater contamination are found and mitigated through

B '_rEmovaI or treatment.

.

La;wdfiHs (Site 300). The inactive landfills (2, 3, 4, 5, and 8) at Site 300 eppear to be causing

groundwater contamination. The active landfills (1and7) may also be sources of
groundwater contamination but are discussed in this report in Section4.1. These landfills are

occasionally referred to as "pits.”
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TABLE 4-22

N "WN/«ND SUSPECTED CONTAMINATION AREAS

APRIL 1985

LAWRENCE LIVL Rmid //RE NATIONAL LABORATORY - LIVERMORE CALIFORNIA

Oil drums drained

Fire training area spllis

Old reactor retention tanks
Dip tank spills

Solvents used

Garbage pits

Swamp

Fire training area spills

Buried cows and goats

Pu garden FOPRRIR M)

Garbage pits
East Traffic Circle landflll"-

Radioactive material storage

Radioactive sp‘i‘ll"

Plating shop sumps'z o et
Old garb‘,?rge ddmp e
Barrel storage sp:Lls

B 231 su.mp (N) :

"B2315dmp )
. .Solventﬁpllls
. 01dB-337 dry well
3 :TCE spills
- ‘é;-222 retention tanks

Plating shop spills
Acid dissolver
Navy gas tanks
Barrel storage rack
TCE spills

Source: Dreicer, 1985.

-----

41a.

41b.

42.
43,
44,
45,
46,
47,
48,
49a.

49b.

50.
51.
52.
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Xyle‘rﬁ'e.'a'nd toluere spills
R Hg reclaimer
','-.,‘lll\/lachlme shop spills

‘ "Platmg shop sump

Navy continuous fuel pit
Navy gas pits

Navy gas and oil tanks

Old drum and cylinder storage
Oil and chemical spills
Taxi strip

Oil and chemical spills
Bunkers and storage yard
Present road oil stored (W)
Present road oil stored (E)
Past road oil stains

Waste evaporation

TCE and diesel fuel spills
Radioactive waste operation
Pipe shop dip tank

Solar evaporation pit
Sa(b‘/age yard

Solvent and oil spills (N)
Solvent and oil spills (S)
Temporary barrel storage
Fuel tankers stored

Old salvage yard
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The eight landfills at Site 300 are listed in Table 4-23 with the waste received and period of
use. Landfills1 and 7 are presently open and receiving hazardous waste as interim status
facilitles. Landfill 6 (Pistol range landfill) received primarily uncontaminated garbage, except

'for‘Z,OOO PCB capacitors. PCBs are very Insnluble and generally.‘:immoblle in groundwater.

R EETRUDAERN
AL ETH N

The landfills are discussed in more detail in the Phase.l" report (Lmdeken et al,, 1986) and a
special study report on groundwater (Buddemeler etal 1985) Generally, the landfills
received shot debris and firing-table gravel assocnated wsfh hydrodynamic test operations at

the high explosives firing bunkers containing uranium, beryllLum and lead.

Landfills 3, 4, and 5 are grouped together on the western edge of Site 300, straddling the

border between Alameda County afrd San .lcxequm County These landfills received firing-

“table debris contaminated with trmum" The précise amount of tritium in these landfills is

unknown. More than 200, 000 pCt/l of trmum activity was found in the vadose zone and
groundwater near these Ilandfills AIthoUgh details of the high explosives experiments
involving some form of trﬁ;d'rh are strll classified, unclassified shipping records indicate that
about 22,670 Ci of trmum were sent to Site 300 between 1963 and 1978. About 20,900 Ci were
expended during testing, of whlch approximately 90 percent was expended at Bunker 850.
Wastes from B,unker8>0 were sent to Landfills 3, 4, and 5. According to Buddemeieretal.
(1985), Pit 3 is mos‘c cl‘aarly a‘trltlum source. Pit 4 appears to be a relatively negligible source of
tritium, Actlve. P|t7 dces not appear to be a tritium sour « because it opened in 1978
followmg Ce.ssaﬂon o’r‘ the tritium tests. The r latively low contribution from Pit 5 is unclear
because mfor‘ma‘tlmn is not available on types and quantities of disposed wastes. Details on

the dlst'rl,b.unon of tritium in the groundwater are given in Section 3.4.4.3.2. Investigation on

_“the extent of contamination and possible remedial activities are continuing. It is possible that
a 'the trntlum will decay to bc..w drinking water standards before it migrates over the facility

.V;boundary.

o

Landfill Caps at Site 300 are Inadeguate and are Eroding and Failing. Loss of integrity of the

caps on Landfills2, 3, 4, and 5 at Site 300 may result in continued or future groundwater
contamination because of infiltration of rainfall or s rface water and subsequent leachate
generation. The caps at Landfills 2, 3, 4, and 5 have been compromised by rodent burrowing
and erosion. The Survey team observed dozens of ground squirrel burrows in the landfills. In

addition, a drainage ditch appears to have migrated and expanded into landfill Pit 2. No

4-11
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TABLE 4-23

SITE 300 LANDFILLS
LAWRENCE LIVERMORE NATIONAL LABORATORY -
LIVERMORE, CALIFORNIA ~ * "

LELXTY

Landfill Waste Received . :L','_ “ #éwibd of Use

1 Firing table debris r +"1.4961 - Present
2 Firing table debris ¢ .. .'| 1956 1960
3a Firing table debris, 1958- 1967
4a Firing table (‘:!ﬁbfjs ‘ o 1968 - 1979
5a Firing tabe. débrﬁfsjif. T 1968- 1978

Decontémmated furnaces filters,
6 glove boxes damaged pallets, PCB 1964 - 1973

......

....

'\F‘l‘rn.qg tab,l‘e.debrls 1978 - Present

7

8 Firingtable debris 27771962

DS .‘y

Source Llhdek,en etal 1986.
Recewed i’rltlum wastes from Bunker 850; about 22,670 Ci of tritium
swergs shnpped to Site 300 for high explosive tests from 1961-1978.
About 95% of tritium was used at B-850.
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debris was observed to be exposed from the bank of the widening ditch, but the gravels may
have been from a shot table. There were no markers at Pit 2 to identify precisely where the
landfill was located and, thus, which area was a cap whose integrity needed to be protected
from erosion, o

andﬂlls 2 and 8 also recelved firing-table debrls 5|m||ar to that deposntml in Pty 3, 4, and 5,
except that relatively insignificant quantities of trlt|um were belleved tol . been disposed
of in these pits, according to LLNL (Buddemeler et al 985) Bbcausa all are located on the
northeastern side of Site 300, these pits were’ grouped togﬁther for HRS scoring. The HRS
score of 17.0 appears to be in error becauSe of the asugnr‘pent of an observed release score of
zero, despite the detection of tritium and. uramum lmthe groundwater. The observed release

should have automatically merited 45 p@lnts |n.fhe raw calculations. This change could have

had a significant effect on the HRS%core o .‘ e

TCE Contamination Near B- 834 §$rte 300} Trichloroethylene (TCE) has been released at

e,

Site 300 from the Butldmg 834~co,mpléxb'as well as Building 830 and near the General Services

Area {GSA) area dry Welts The $qurce of the TCE release at the B-834 Cornplex has been
determined by LLNL, and |s déscrnbed helow. The exact source of the TCE contamination at
B-830 and the GSA is not dearly known. TCE has also been found in groundwater from
Spring 3 and- Welf 7, hlch a‘re both in the GSA. More details on the groundwater quality are
given in Secttorﬁ 4, 4"3‘ aln addition, the TCE contamination at Site 300 was the subject of a

1983 report (,Carpenter’ etal., 1983), and was addressed in Part | of the Phase | report (Lindeken
et gl 1986)

oo P TN .

L TCE f.\',r{és"‘d;éa at the B-834 test complex as a heat transfer fluid. Built in1959, the
""B;'ﬁ34 Complex consists of several buildings and test cells used for thermal treatment and
.~"'tésting of weapons components. TCE releases occurred probably from Buildings C and D as a

"r'es_ult of deterioration of pump seals, valve gaskets, and pipe threads, as well as direct

discharges to floor drains or dry wells. Several hundred cubic yards ot .ontaminated soil were
removed from around B-834, but no soil cleanup goals were specified and no post-cleanup

testing was performed; hence, there may be residual contaminants.

B-834 is believed to be the largest source of TCE at Site 300, but some TCE has been found in
two other areas. The TCE found in water from Spring 3 is pelieved to be a result of TCE use at
B-830, but this connection has not yet been established through groundwater monitoring.

~

ihe TCE contamination in Weli 7 (0.9 to 52 ugh, with imost saimples between 1and 5 ug/ from
4-113

" . o C : O ] w0 [ T

L



11,

1982 to 1983) is belleved to be a result of actlvity in the GSA, but no TCE was found In
water from three boreholes near Well 7. Soil and rock samples near Well 2, however, did
Indicate the presence of TCE. The Survey team observed ‘extremely sloppy housekeeping
activities around Well 7. Drled paint sludge and oll-stained ancl old drums were found within
30 yards of Well 7. RITTRRAN

\
IXYITH "
e
o
oo
e bt
kN (.

Miscellaneous Spills and Abandoned Waste. Miscellaneous spllls and abandoned waste areas

at Site 300 may be sources of soll and groundwater cdnracﬁfnatrcn The Survey team observed

the following spills or abandoned wastes: ./ /"

® GSA area near Well 7 (stalned soll and"é'banddnéd drums)

® GSA area between B-875 and 8878 on sou(b side near Corral Hollow Rnad (stained soil).

® GSA area north of B-875 along embankment and drum rack (stained soil and discolored
runoff), o

® B-827C,D,andEdrum rack clr.aim and.s‘Umps (stained concrete and sediment),
® Buried drum behrnd B 827tx;1ru:n rqck
e B-827A oil spills on pavement

® B-8750 drain on uphill slde of Bullding 805 (stalned asphalt and sediment).

¢,
‘, o

This list cloes nor 'necqssarlly represent ‘a comprehensive compilation of spills or abandoned
waste areas at Sute éOOﬁ These areas indicate the presence of relatively small actual or
potentrai .sources of groundwater contaminaton that, in sum, may equal or exceed the threat
posed by Iarg‘er wurces such as the B-834 Complex TCE leak.

1‘ ‘ .
Voo ' a.-;

_‘_lnadecLate CTeanup ("Closure") of HE Process Wastewater Lagoons. The lack of completed

"“‘cleanups( closures”) of HE wastewater lagoons at Site 300 may result in groundwater

.-":‘COntaminatlon. The HE lagoons are now being reviewed for “closure” under RCRA (40 CFR,

- Section 264), which is administered by the State of California Regional Water Quality Control

Board - Central Valley Region. A "closure” (cleanup) under RCRA does not necessarily involve
exuming the waste, but may simply require monitoring and capping, based on state

recuirements,

Wastewaters from HE processing in various buildings at Site 300 were discharged to lagoons
near those buildings. Eight lagoons were used for disposal of wastes from HE processing until
a permitted surface impoundment was installed in1985. Table 4-24 shows the flow and

composition of HE wastewaters to the lagoons. The HE lagoons were constructed between
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the late 1950s and mic-1960s (e.¢., B-BOS was bullt in 1957; B-806C was built in 1966).
According to on-site interviews by the Survey team, however, the welir and clarifier systems
were bullt approximately 2 to 5 years after the bulldings. Presumably, the buildings were used
for HE processing during this perlod, prior to the construction 6"1”'the welr and clarifler systems,
Therefore, for an uncertain number of years, raw HE processmgWastewater was discharged to
the lagoons. Recent analytical data (Raber, 1983) frorn water sampled downstream of the
weir/clarifier system and the nucleopore fllter is of Hmltecl relevance to understanding the

nature of the wastes discharged Into the Iagoons becausé Lt excrudes the undissolved HE which
had been discharged into the lagoons prior to, the qonstrbc;ion of the wair/clarifier system.
The highest volume of HE-processing wastewater was dpparenlly cischarged to B-806 lagoon,
which was constructed in 1966 and présumably hérd a clarifler installed before operation,
unlike the pre<1960 lagoons. The Iagoom atB 827(2 and 8- 8270 do not have a clarifier.

e,
‘ . foed
N ! °
¢t .
ot

Qualitatively, the HE processmg yva«.tes have inéluded the following compounds:

“ N
e Xylene -."
e Acetone " ) .
o Fthyl acetate binder """.-‘.',fu.,_ '
® Propel!ants = «

Baratol . . _—
o

o
° Ammomhm.perchldrate ‘
HMIK: (1 B.,S 7. tetrahntro 1,3,5,7-tetraazacyclooctane)

.
o RDXU 3, 5. trrmtro 1,3,5-triazacycl nexane)
Q TNT (,tr[mtrotoluene)

PETN (pentaerythntol tetranitrate)

"'vl‘; TATS: (lriaminotrlmtrobenzene)

.
)
v

”Q’u.an'tifying the presence of these compounds in soil and groundwater samples is difficult in

some cases. For example, TATB has a very low solubility in water (less than 1 part per million),
and no analytical procedures have been developed for its determination at low
concentrations. The detection limit for PETN using high-performance liquid chromatography
(HPLC) was 300 ppm (Raber, 1983).
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TABLE 4-24

FLOW AND COMPOSITION OF HE* WASTEWATERS TO LAGOONS
LAWRENCE LIVERMORE NATIONAL LABORATORY - LIVERMORE, CALIFORNIA

Bullding

825

Estimated
Flow,
Gallons/Day

D
4

RN g
"\

e IAALERETT

Ccmtammar‘vt;s

Xylene, acetone, ethy! acetgfté bintler, propellants, explosive
compoundsl!Mx RDX, TATB TNT Baratol, and ammonium
perchlorate "« ' v,

O ki ._1.

826

Xylene, acgtone, ethyl acetate binder, propeltants, exploswe
ompounéls HMX RDX TATB, TNT, Baratol, and ammonlum
perchlprate " .

g g

827C

50

Xqune acetone erhyl acetate binder, propellants, explosive
cohwpounds HMX RDX, TATB, TNT, Barato!, and ammonium
;perchToraLe ¢

8270

Xy)’ene,‘acetone ethyl acetate binder, propellants, explosive
\cgmpounrls HMX, RDX, TATB, TNT,
"’ perchlorate

Baratol, and ammonium

827E

-",_“‘.Xylehe acetone, ethyl acetate binder, propellants, explosive

‘cgmpounds HMX, RDX, TATB, TNT, Baratol, and ammonium

| perchlorate

828C "

Xylene, acetone, ethyl acetate binder, propellants, explosive
compounds HMX, RDX, TATB, TNT, Baratol, and ammonium
perchlorate

806A, 8068 . |-

HMX, RDX, TATB, TNT, 807

Xylene, acetone, ethyl acetate binder, propellants, explosive
compounds HMX, RDX, TATB, TNT, Baratol, and ammonium
perchlorate

CSaurce:

. Raber, 1983.
* "o High explosives

**'. 100 Gallons from cooling tower
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A 1983 LLNL stucly (Raber, 1983) reportec residual RDX and TNT among other contaminants in
the highly filtered wastewater (i.e., the concentrations exceeded Safe Drinking Water Act
Maximum Contaminant Levels (MCLs) for the few compounds having MCLs, and exceaded
National Acaclemy of Sciences, National Research Council (NRC'i"gulclelmes) The sensitivity of
the analtyical technique used, however, was touv crude:’ to eiétoct parts per billlon (ppb)
concentrations, Therefore, many compounds may have been undetected despite thelr
presence, .
Significant concentrations of HMX, RDX, and T[\lrwera founcl in lagoon water and sediment
samples (following weir and filtration), but not ln Weil ‘water or springs. The upper limit
recommendec by the National Research CQUﬂLI' for RDX and TNT (0.050 mg/l) was exceedad in
the wastewater of lagoons 806/807 (‘O'Smgll RDX 1 03 mg/l TNT) and 817 (2.1 mg/l RDX). No
deteclable (greater than 0.03 mg/i) RDX' Or TNT was found In the other lagoon wastewater,
Significant HMX (up to 4. Amgxl) as found i lagoon water samples, Barium (75 mg/l) and
salenium (0.7 mg/l) concentramoqé Weré ‘bove RCRA groundwater protection standards
(40 CFR 264.94). PR

AR
N .
e

The estimated discharge r;&t-e umong the lagoons varied from 5gallons per day (gpd) to
6,000 gpd. The. nverage flow rate was about 860 gpd. The duration of use also varied from
21to 28 yearq wlth mt qverage of about 25 years of use. Hence, the lagoons may have received
about 62, 8m||||0n gallbns of wastewater over the lifetime of the lagoons (860 gpd [average
rate Iow]kelagoonw 365.25 cdays/year x 25 years). Because these lagoons may have been

usocl ntermltmml tho e:timate probably serves as an upper bouad.
¥ y pp

. ,‘ ' \l
[N fia .“‘

“LLNL m cur:enlly conducting the initial investigation stage of a planned lagoon closure
' "program Soil cores are being taken of each lagoon. Future closure activities will depend on

. ,ttle results of this investigation,

Overflow Basin for Sewage Lagoon. An "overflow” basin located southeast of the sewage

lagoon near the GSA of Site 300 may be the source of soil or groundwater contamination. The
averflow basin s usually dry, but has been used in the past. The bottom of the basin s devoid
ol vegetation and appears to be discolored. No information is available on whether or not
hazardaus substances were released into the basin. If oil or other hydrophobic supernatants
were released to the sewage lagoon, then these substances would be preferentially released

Lo the overflow basin because the overflow pipe for the sewage lagoon is located near the
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surface of the lagoon. Floating compounds such as olls would therefore have been skimmed
off the surface, Survey-related sampling s planned,

Dry Well Glosure at Site 300 GSA, At the GSA of Site 300, dispotal of solvents and other waste

Into dry wells, as well as Inadequate closure of dry wellg,* may r‘esult in continuing or future
groundwater contamination. Seven dry wells located |n-the GSA . Site 300 were used for the
disposal of a variety of hazardous substances from t} etearly ‘1 9605 untH the State crdered thelir
closure In 1980, The waste types and the approximatq‘d{sposéﬂ rates for the closed GSA dry
wells are givenin Table 4-25. ‘

, . .
Ll ' .
[ MV T ‘
. |‘ ¢ v ‘ ‘

“

o 4". K
e

In 1980, the Callfornia Reglonal Wa* ar Quallty Contvol Board (CRWQCB) ardered (Order
Number 80-183) LLNL to cease use of, and. .cLo%e, flve dry wells (874N, 8725, 87552, 873E,
879ESE) at the GSA, In late 1983, LLNL cllbaed seven dry wells (87551 and 8739, in addition to
those listed in CRWQCB Orderao 183) by removing the casings and 1 foot of soil from around
the wells, Most of the old dry wdrll locat.lons were then covered with asphalt of the same
thickness as the qurrouncﬂhg parking eu'ea During the December 1986 survey, these old dry
well locations looked IH«.e 'fillecl 'ln ﬂot holes, because the asphalt patches covering them were

the only remaining malkers wsrble

+

S .
o" ‘.‘

The potenua[ for. grounchater contamination stems from the potential for residual-

Lontammated soH remammg under and around the old dry wells after the closure. No soil

amplmg WQS perforrhed following the exhumation, however, to determine whether the

remamrru soN \ws contaminated. The amount of soil removed was a constant 1 foot around

eaqh drydwell regardless of the amount of wastes discharged to the well. Therefore, it is

“unclear whether or not all of the contaminated soil was removed because the amount of soil

L 'removed was not related to the amount of contaminated soil. For example, 874N photolab

. I,rmsewater dry well apparently received relatively little waste, but 8735 paint shop dry well

" recpived significantly more waste (150 gallons/month). Both, however, had 1 foot of soil

removed from around the old dry well. Since contaminated soil may remain in the area of

these "closed” dry wells, continued or future groundwater contamination may result,
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TABLE 4-25

GSA DRY WELL SUMMARY

LAWRENCE LIVERMORE NATIONAL LABORATORY - LIVERMORE, CALIFORNIA

Dry Well Waste Type ; ' Disposal Rate
874-N Photolab rinsewater (MEK, toluené, ftedn) . | Not available

879-ESE Auto steam cleaning (xylene, tolhéhe;_fM’EJ().',‘. < 10 gallons/day
872-S Acrylic/latex paints, oil paipfjs',-a,qeton'é;'f‘\'llEK 30 gallons/day

paint thinner, MEK, alkaling'sdap, ... 350 gallons/day
875-S1 Machine shop washdown, ste'a.ffw.-jg'leaﬁing 50 gallons/month
875-52 Acid dip rinsewater " ' 50 gallons/month
873-E "1 Acid diprinsew'at‘ér':‘:ff,"" e 50 gallons/month
873-S Water-based p‘é'iri't'-f, , 150 gallons/month
Source:  Ragaini, 1984 .. AN :

' ":‘1‘:'. -
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Some dry wells located outside the GSA in the process and firing areas were included in the
March 19, 1985, RCRA dry well list submitted to the USEPA, but were not located,
characterized, or cleaned up.

Groundwater contamination, if any, resulting from the dry weHs.|s probably low because the

wells did not receive large quantities of concentrated waste Most of the highly soluble

contaminants have already dispersed, and fnlterable contammants such as sludges and heavy
metals have likely adsorbed to the soil matrix and were removed’w1th the exhumed soil. But,
because of the lack of data, the actual contammam mstnbutwn is unknown. Also, the asphalt
paving over the old dry well locations serves as’ a cap Whtch prevents or retards infiltration and
leachate formation. Some leachate may be formed hcwever from the relatively shallow local

water table rising up to contaminategrsoil. ..‘.'.'.
L Te e .

» 1
RN . .
L .o

The solvent contamination irr. the ‘droundwéter at the GSA area has also not yet been
completely characterized or addses*sed There are several potential sources in the GSA area

that may be contrabutmg to. the. ntaml’natlon First, seven former dry wells in the GSA area,

described above, were exhumed but no sampling and analysis was performed to confirm that
the cleanup was adequat‘ely completed - In addition, TCE contamination from the
B-834 Complex (nor‘ch of the. GSA) is known to exist, but the extent of that contamination is

uncertain Lmdeken et aI o 1986) Survey related sampling is planned.

Diesel Fuel Tamkers at -Site 300. Residual fuel oil in four diesel tankers at Site 300 may present

a fnre and exp‘ras‘mn hazard as well as a soil and groundwater contamination threat.

K
¥ ‘A

._Two dresel tank trailers are parked across from Building 811, and another two are parked
h between WeH 7 and the sewage pond east of the GSA. These tankers were all originally
."_:p'erked along with several others across fromB-811. Initially filled with diese! fuel oil for

' 'sig'pplemental storage during the 1979 oil crisis, these tankers have not been used for several

years. No “gas free” certification was available, however, to indicate that they had bheen
completely emptied. Personnel interviewed on-site by the survey team indicated that there
was probably several inches of residual oil in each tanker that could not be readily pumped
out. The two tankers east of the GSA were parked in tall, dry grass that could present a fire

hazard.
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Inadequate Reporting and Cleanup of Ornqomq Spills and Reportable Quantity Releases. The

failure of LLNL personnel to promptly report and clean up spnlls of hazardous substances may
result in groundwater contamination, as well as possible’ *sur?ace water contamination and
fugitive hazardous dust emissions. '
The Survey team observed numerous visible spills o'f'lig"z.{a"i'doulé‘gubstanvces that had neither
been reported to LLNL's Hazards Control Depé:r"tjmeql (H”Cli)."or environmental agencies, nor
béen cleaned up. The following list identifies.t'l'lé‘ h_og'_a;r'ojtgs substance spill locations, as well as

known or suspected substances spilled, aél'obsgrve('fl-ljy,'the Survey team:

® Main Site R
Drum rack south of B-231 - solvents
Retention tank overflow at Br?72 PLatmg Shop - solvents, acids, heavy metals.
Drum rack south o'f B B.ZJA énéa['Ftrst Street) - solvents.

® Site300 ":l'.'_‘--... '
- GSA arqanear Well 7. solvents oil.
- (JSA area b@tween BB?S and B878 on south side near Corral Hollow Road - solvents,
oll'f S
- GSAgrea north of B875 along embankment and drum rack - solvents.
‘..~“:'~'8827 C, D, and E drum rack drains and sumps - solvents.
h.-B,‘uneq”drum behind B827E drum rack - unknown.

- 2882'7A oil spills on pavement.

. 8805drainon uphill side of Building 805 - unknown.

o Th|$ list does not necessarily provide an exhaustive catalog of spill locations. Other spills that

ha‘ve neither been reported. to HCD nor cleaned up may exist. Many other spills have been
reported and cleaned up. Thislist is intended to show that some areas have not been reported
to HCD or cleaned up. According to a representative of the Guidance and Monitoring Section
of LLNL's Environmental Protection Program (DeGrange, 1986), spills should ke reported to
the Hazards Control Department (HCD) technician and to the HCD team leader. Personnel
within the HCD-Guidance and Monitoring group seemed to be cognizant of CERCLA's
reportable quantity regulations (40 CFR 302), but spills do not appear to be routinely reported

to HCD for their evaluation.
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Interviews by the Survey team of several LLNL employees indicated that spill reporting training
was inadequate. When program staff, who actually handle hazardous substances, were
interviewed. they seemed unsure of who should be told a'b'out spills and said they oniy
reported spills that were large. Guidance and Monr’to’r‘mg- analystq ‘and hazard control
technicians seemed very well informed about sprll reportlng However “"these personnel do
not usually directly handle hazardous substances. Hence sprlls of hazardous substances at or
above a reportable quantity may occur without an eva{uatlon by HCD staff to determine
whether it is reportable. In addition, spills of hazardous Substances in amounts below a

reportable quantity may present a threat to human health and the environment due to

accumulated impacts.

LR .
ciem .,
¢ .

Inadequate System for Preventlnq'lnadvertent Excavation of Contaminated Soils. The lack of

an adequate system to avoid drgglng |nto contaminated zreas at the Main Site and Site 300

may result in groundwater cantammanon, off-site emissions of fugitive dusts, and

inappropriate disposal. .. ~

e

The Main Site has a consrderebre number of areas contamrnated with hazardous substances.
Because of the hrgh level of.construr.tlon activity, there is a S|gmf|cant probability that these
areas will be penetrated dunng excavation of building foundations or utility trenches. Feilure
to |dent|fy and charactenze contaminated soil prior to excavation could result in (1) disposal
of contamin.at:ed soa& off-site at an inappropriate facility (i.e.. “ubtitle D facility or a

recreatronal ﬂeld') (2 exposure of contaminated soil to rain and subsequent enhancement of

.....

mareas, and ( ) off site drspersmn of air emissions from fugitive dust.

X 'IZO'ff-site Disposal. Hazardous waste may have been shipped off-site to disposal facilities that

"a‘r"e, or may be, sources of groundwater contamination or other environmental releases of

hazardous substances.

The Survey team reviewed documentation of off-site disposal. Records for disposal occurring
after 1980 were believed to be adequate. Manifests were generally completed for each
shipment and contained information regarding the amount and type of wastes being
disposed of and the off-site disposal facility. For disposal prior to 1980 the off-site disposal
location was usually not noted; only the transporter was indicated. Purchase orders rather

than manifests were often used from 1978 to 1980.
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In most cases documented hazardous waste shipments showed that, until recently, the waste
was transported to sites that are now prohibited from receiving further watte shipments from
EPA Superfund cleanups or San Francisco Operat‘fbns Office facilities (e.qg.,
IT Corporation-Martinez, |T Corporation-Benecia, and Chamcca[Waste Management, Inc. -
Kettleman Hills) because of significant RCRA nonccmplnance at- these facilities. If ary site
where LLNL waste has been sent becomes a .»uperfund S|te0n the EPA s National Priorities List,
then DOE may assume a CERCLA-generator liability fbr fhé' clean'up costs and natural resource

damages.
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APPENDIX B

SUMMARY OF SURVEY ACTIVITIES

B.1  Pre-Survey Preparatlon U

‘o' l“ ‘e

The Department of Energy (DOE) Office of Enwronmental Audnt Asswtant Secretary of Environment,
Safety and Health, selected a Survey team for the Lawcence Livermore National Laboracory in
June 1986. Mr. Lawrence A, Weiner was demgnated the DOE Team Leader, with Ms. Susan Barisas
serving as the Assistant Team Leader. Mr. Gerald Ka“tz was "the point of contact during the on-site
Survey in all Survey efforts for the San Francisqm Operathons Office. The remainder of the team was

composed of contractor specialists from the NUSCorporatnon and its subcontractor, ICF Corporation.

‘These individuals and their areas of experttse afe |4.sted below.

speclalify-~., Name
A‘i',’r';'-,:“ Joseph Crist*
\ <""Surf$"c€Wa"‘il‘é'ﬁ's' Joseph Boros

, Waste Me'a.nagement Ralph Basinski

' el ‘Iﬂactlve Waste Sites o James Werner (ICF)

" ' Hydrogeology Amy Hubbard

‘ ':;:'V”""‘“Radiation ‘ Mark Francis
' ‘*.-';f' QA/Toxics Arthur Olszewski

* NUS Coordinator

Survey team members began reviewing LLNL general environmental documents and reports in
July 1986. Messrs. Weiner, Basinski, Crist, Burd, (Health and Safety Representative), and Ms. Barisas
conducted a pre-Survey site visit on October 20-22, 1986, to gain familiarity with key DOE and site
personnel. They toured the facility and completed a cursory review of the data generated in
response to an information recuest of September 26, 1986. The request listed environmental

information of interest to the Survey team for Survey planning purposes.



Ten representatives from state and local environmental agencies attended a meeting at the
San Francisco Operations Office.  Agencies represented included the Bay Area Air Quality
Management District, the Regional Water Control Board-San Francis‘éb Region, the Alameda County
Environmental Health Department, the Zone 7 Water Agency, tff¢' Call‘torma Department of Health
Services, the City of Livermore, and the City of Tracy. The Envnronmental 'PFOtGCthﬂ Agency was not
able to send a representative, Meeting attendees are Iisted m Table B-1. The questions from the

attendees were general In nature and no major Issues were reJéec’] enw‘ronmental or otherwise, The

attendees expressed interest in receiving a copy of. the Environmental Survey Manual and Interim
Survey Report, and there were a few questlons about tﬁe prrorltlzanon system and the money
available for corrective action, Although the state expressed interest in the sampling aspects of the
survey, there were no inquiries regarding* the opp\or'cumty to split samples or participate in the
survey in any other way. The meeting Ias'tmd approxnmately 45 minutes.

The Survey team intensively rewewed @he mférmation generated during the pre-Survey visit and
prepared a Survey Plan for the LLNL sute' ‘Thls Pplan described the specific approach to the Survey for

each of the technical d:sclplmes and mduded a proposed schedule for the on-site activities.

B.2 On-Site Actlvitij‘as.“

.
- ol
n

The on-site por‘don of the Sur.t/ey was conducted during the period of December 1-19, 1986, The
opening meetlr\g Was he(d On December 1, 1986, at the site, and was attended by representatives
.‘_Headquarvers, the San Francisco Operations Office, LLNL, NUS Corporation, and
ICF Corperatnon Dlscussmns during this meeting centered on the purpose of the Survey, logistics at
LLNL, anci an mtroclucUon of the key personnel involved.

¢
I gt
v

"DU'Irin‘_g'vthe Survey, team members reviewed file materials, permits and applications, background

studies,'."engineering drawings, accident reports, and operating logbooks. The production process
was tho‘roughly analyzed to identify existing and potential pollutants. Site operations and
monitoring procedures were observed. Extensive interviews were conducted with plant personnel
regarding environmental controls, operations, monitoring and analysis, past operations, regulatory

permits, and waste management.

Periodic meetings of the Survey team members were held to report observations and compare

findings. The DOE Team Leader, the Assistant Team Leader, the NUS Coordinator, and Survey



TABLE B-1

DOE ENVIRONMENTAL SURVEY MUETING WITH AGENCIES

OCTOBER 22, 1986 o

Name

Gerald Katz

Organizatiof .,

DOE/san Francisco ' «*'* :

Joseph. G. Crist

NUS Corporation T

Larry Weiner

DOE/Headquariars,

Susan Barisas

DOE/Argonne"f\'i'tat.i‘dhal:'l;pboratories

Richard Ragaini

Lawrente :L*iv.ermb'r.émt\,lationa! Laboratories

Perry K. Lovell

Sandfia ,r:‘l.atidne‘l"hqboratories Livermore

Ronald L. Peterson

DfOE(A:lb‘dqu?rque

Jlohn Cochran

T ’D,QjE/'A"I"b ugu érque

Jim Davis

1) \‘ "‘ "
+e | BOE/San Francisco

Theresa Rumjahf.

N
'
. '

A

2 "R‘é;jior:;al Water Quality Control Board -

.
‘'

Sdf}Francisco Region

Chris Smith

"l City of Livermore

Thomas K: Paylin

.,
'
N

Sandia National Laboratories Livermore

Lawrence Livermore National Laboratories

Frec‘l-F-ilo'fffmexn"':‘,"."';;.""'

Ifend Nishimura’

[PV

City of Tracy, Community Development
Department

=" 1Jog Slamovich

L AXRERY oo

Bay Area Air Quality Management District
(AQMD)

R 'S_u's,an Brechhill

DOE/San Francisco

Jac’k' Bean

Bay Area AQMD

R. Roth

Bay Area AQMD

Gerald H. Winn

Alameda County Environmental Heaith

J. Killingstad

Zone 7 Wauer Agency

Denise Tsuji

Department of Health Services

Rafat A. Shahid

Alameda County Environmental Health

Roger Ferenbaugh

l.os Alarnos National Laboratory
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team members met daily to discuss findings and progress, and to arrange for specific site personnel
and facllities to be avalilable, as needed, on the following day.

The Survey team members identified further sampling and anah‘;'/'&'s requirements necessary to
complete the Survey effort, The sampling and analysis requlreméhts were discussed with Oak Ridge
National Laboratory (ORNL) representatives on December 15 18,‘1986 bRNL had been designatec
by DOE to provide the sampling team for the LLNL site and ta' perform the laboratory analytical

services. . NIRRT

.
L]

A site close-out briefing was held on December 19 1986 wﬁere ‘the DOE Team Leader presented the
preliminary observations of the Survey team.* These observauons were classified as preliminary,
because additional research and, in some cgses addIILonaI fleld sampling were required to positively

confirm the observations. M

B.3 Samplingand Analysis ot

ORNL will perform the samphng and analysw portion of the Survey ORNL evaluated the Sampling
and Analysis Requests made by the Sunvey team and determined sampling and analysis logistics,
costs, and schedules. The Samplmg and Analysis Plan prepared by ORNL includes a quality assurance
plan and a health aﬂ,d safety plah The Sampling and Analysis team is expected to begin work at the
site during Augue;t 19&7 e

o
1‘-.

B.4 Repgr‘f 'Rrebé?é'tkin' |

. «

d
f R ;.,“‘

A Survey Prehmmary Report for the LLNL site will be prepared for DOE review. Comments from this
revrew and 1he results of the sampling and analysis efforts will be incorporated, and the report will
be re;ssued as an Interim Report. The timing of the Interim Report is dependent upon th»

completnon of the sampling and the reporting of the analytical results to the Survey team.
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ENVIRONMENTAL SURVEY PLAN
LAWRENCE LIVERMORE NATIONAL LABORATORIES
DECEMBER 1 - 19, 1986 -
LIVERMORE, CALIFORHIA

1.0 INTRODUCTION

The Lawrence Livermore National Laboratory-(LLNL) survey is part of the larger
Department of Energy (DOE)-wide.Environmental Survey effort announced by
Secretary John S. Herrington on September 18, 1985, The purnpose of this
effort is to identify, via "no fault".haseline surveys, existing environmental
problems and areas of env1ronmenfﬁ1'risk at DOE facilities, and to rank them
on a DOE-wide basis. This. ranking will enable DOE to more effectively
establish priorities for addressing ‘ghvironmental problems and allocate the
resources necessary to correct these problems. Because the survey is "no
fault" and is not an "audit,™ "{t..1s“not designed to ‘dentify specific isolated
incidents of noncompliance. or 'tg* analyze environmental management practices.
Such incidents and{br. management practices will, however, be used in the
survey as a means O¥ 1dentffy1ng existing and potential environmental
problems. “'e

The LLNL survey.will be conducted in accordance with the protocols and
procedures cuntained 1n the May 16, 1986, draft Environmental Survey Manual.



2.0 SURVEY JMPLEMENTATION

The Environmental Survey of Lawrence Livermore National Laboratories (LLNL)
will be managed by the Team Leader, Larry Weiner and the Assistant Team
Leader, Susan Barisas. Gerald Katz will serve as the San Francisco Operations
Office (SAN) representative on the Environmental Survey tnam. Technical
support is provided by NUS Corporation personnel a§“follows:

Joseph G. Crist  NUS Coordinator/Atr._
’ Joseph Boros Surface.W§féf}Under§}gund Tanks
Arthur 01szewski QA/T§CA“(f6i§§1h5£ér1a1s)
Mark Francis | Rad{?é¥éqt.”:a;h |
Ralph Basinski qRCRAlfggjiaf Hazardous, and Radioactive
. aaes)
James Werner “h'q'jfcﬁﬁalA:YInactive Sites)
Amy Hubbard ;uJ"*fgﬁ.ﬁyé?ogeology/5011
Elmer Burd B ‘

- x’q;tﬁm'kﬁr/Rad1at1on/TSCA (Toxic Materials)

2.1  Pre-Survey Acfiyjiiégif

Pre-Survey activities begafi-in early September, 1986, when Survey team members
began reviewing LLNL environmental documents that were available at the DOE
office of Environmental Audit & Compliance (0AC). This review was followed by
a September 26, 1986 memorandum from Lawrence A. Weiner (OAC) to James T.
Davis (SAN).and LLNL:{via SAN), announcing the pre-survey site visit and
requesting additional ‘survey-related information.

The pre-survey .site visit, October 21-23, 1986, was conducted by Mr. Weiner,
Ms. Barisas, Mr..Crist, Mr. Basinski, Mr. Burd (NUS Health and Safety Advisor)
and:'Mr. Kdtz. The purpose of the visit was to become familiar with the site,
identify-potential areas of concern for purposes of the survey, collect the

.documents--requested in the September 26 memorandum, and coordinate plans for
,gthé.@pcomfng survey with SAN and LLNL personnel. Mr. Ken Moor, Idaho National
-, “Engiheering Laboratory (INEL) and Ms. Sandy Wagner, United Nuclear Corporation

"(ONC), Grand Junction Project Office (GJPO) who will manage the sampling and

analysis program also attended the pre-survey site visit. During this pre-
survéy visit, the team met with representatives of SAN and LLNL, and officials
of the various state, regional, county, and city environmental agencies. Team
representatives toured the facility and collected the documents assembled by
site personnel in response to the information request memorandum. These
documents were transferred to NUS Pittsburgh offices in November for use by



team members during the planning stage of the survey. Additional information
was requested during the pre-survey site visit and has been received. This
survey plan 1s based upon the 1nformat1on received by the survey team as of
November 12, 1986,

2.2 On-Site Activities and Survey Reports

[

The Environmental Survey will be conducted from. Becember 1, 1986 through
December 19, 1986. The survey will include the- Livermore site and the Site
300. A tentative agenda is as shown in Table 1,21t 1s expected that
modifications to the agenda will be made as. anpropr1ate to minimize disruption
of site activities, and to enhance survey. efficiency and effectiveness. All
modifications to the agenda will be coordfnated ‘with the site officials
designated as survey contacts. L

The on-site activities of the survey team wiTI consist of discussions with,
among others, environmental, safety,;. operat{ons. waste management, purchasinq,
and warehousing personneT. a review of. files and documents (1nc1ud1nq
classified documents) unavailahle: priog ‘to the on-site portion of the survey;
and process-specific and area spedific ‘tours of the facility.

A closeout briefing will be. conducted on Friday, December 19, to describe the
preliminary findings of the survey team. A draft report of the LLNL survey
will be prepared within. 4. to -6 weeks from the conclusion of the survey. The
draft report will be sent ‘to” SAN and LLNL for review and comment.

Within 4 to 6 weeks of the c!~p1et10n of the sampling and analyses (S & A)
portion of the survey (discusscd below) an interim report will be prepared by
the survey team. The interim report will incorporate comments to the draft
report and the.data from: the S&A results.  The interim report will be made
available to the pub11c, upon request. - :

Upon comp1et1on of, the Environmental Survey effort a final report will be
prepared and.w11l ‘contain a DOE-wide 1ist of environmental problems. The
report - wilt. be Ased as an information base for the ranking of DOE's
environmental prob1ems

2. 3 Sa!uliug,and Analysis

¢iBased on ava11ab1e site environmental information and the results of the on-
- “site survey activities, the LLNL survey team will identify survey-related
‘sampling needs. Implementation of the S&A phase of the LLNL survey will begin

approximately 12 weeks after the completion of the on-site survey activities.

This “effort is expected to have a 2-4 week duration and will be conducted by
INEL. Mr. Ken Moor will be the INEL Team Leader for the S&A phase of the LLNL
survey. The INEL sampling team will draft a sampling plan based upon the



e - . (I

sampling needs identified by the survey team. The Assistant Team Leader (Ms,
Barisas) will coordinate the review of this sampling plan with SAN, LLNL, and
EPA's Environmental Monitoring Systems Laboratory (EMSL) in Las Vegas. EMSL
has quality assurance and data validation responsibility for the S&A phase of
the Environmental Survey.

Analysis of survey-related samples will be performed by INEL following the
protocols specified in the May 16, 1986, draft Envirpnmental Survey Manual and
the LLNL Sampling Plan. Resu1ts of the sampling.and analysis will be
transmitted to the survey team leader for 1ncorporation into the interim
report.

......



3.0 QUALITY ASSURANCE
3.1 Issue Identification

The quality assurance (QA) area of the survey will focus on evaluating current
sampling and analysis procedures performed at LLNL or at any off-site
laboratories conducting environmental analyses on samples from LLNL, The
intent will be to review the quality assurance procedures for collecting
process effluent and environmental samples, for perfarming the laboratory
analytical work to identify and to quantify pol1utant§“and~for evaluating and
reporting the data. Aspects of the quality assurance program relating to

environmental management of LLNL which will be-examined, i1f available,

" include: analyst training: equipment/instrument calihration and maintenance;

sample collection, handling and chain-of-custody" phocedures, blank, replicate
and spiked sample results; data reduction énd. reporting; and data
documentation, including logbook and ca]culation reviéws and archival data
storage. e

Sampling and analysis procedures will be rev1ewed to ensure that they conform
to accepted requirements and are being gppropr1ate1y implemented by LLNL. An
overall survey of the LLNL env1ronmehta4 mon1tgr1ng quality assurance program
will be performed. .\u‘ S

Primary contacts at LLNL are eXpected to be personnel from the analytical
facilities in the Hazards Contr01 erartment

TR
“ o« "-

3.2 Records Required

Files will be reviewed as part of the survey, including documents not yet
reviewed or received (eg ., classified documents, individual files, documents
not yet identified).. ~.Specific. documents and files to be reviewed as part of
the survey 1nc1ude bwt wil] not be limited to, the following:

QA plansfor. LLNL and any supporting analytical laboratories.

LLNL env1ronmenta1 sampling and analysis procedures manuals.

QA audits of }nvironmental sampling and analysis at LLNL (1981-present).

Per10d1c bt arhyal QA summary reports for LLNL.

Summaries:of résults of QA sample ana]yses of external performance

evaluatioh "sgmples (e.g., from DOE's Environmental Measurements

Laboratory and from the EPA).

0 Training "récords for sample collection personnel and LLNL Tlaboratory
- staff,

o '‘lLaboratory notebooks, standard data reporting forms and sampling

Togbooks.

©C OO0 O
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0 Instrument maintenance, repair and calibration records for laboratory

and field equipment.
Results of internal precision and accuracy studies of environmental

analyses.
Results of interlaboratory analyses of standard samples, 1if any (e.g.,

studies between LLNL and SNLL).
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4.0 SURFACE WATER/DRINKING MATER
4.1 Issue Identification |

The focus of the surface water/drinking water portion of the survey will be on
the possible release of polluted or contaminated wastewaters to surface
waters, the Livermore Water Reclamation Plamt'or groundwater aquifers
gnd?r;y1ng LLNL. Potential pathways for offpsjtga‘m1gration of pollutants
nclude: Gt

0 Spi1ls or leaks into permeable soil areas :

0 Releases to the sanitary sewers.or- to storm drains without
‘ retertion, chemical or radio1og1ca1 aﬂaTysis, or treatment

0 Use of dry wells for d1sposa1 of 11qu1d wastes at Site 300

A review of avallable information 1ndlcqte$ ‘that considerable attention has
been paid to control of radiological releages and elimination of toxic metal
pollutants. However, less documentat1on exists on the fate of trace levels of
toxic organics in wastewaters. The‘survey will assess the potential for
organic contamination of wastewaters, as-well as review present conditions of
wastewater control, collettion and treatment. Liquid waste treatment,
collection and handling equipment w111 be examined and records of operation
will be reviewed. BT
The survey will 1nc1ude ~1deqt:€1cat1on of potential discharges to surface
waters, or the Tood? sanTTary authority, which may not be addressed in
operating permits or other dotuments from LLNL. The Livermore Site and Site
300 will be 1nvestigated- .for evidence of possible breaks or obstructions 1n
the sewer systems which'scould result in releases of wastewater to the
environment. “.'The survey will also address the possibility of cross-
contamination, of fhe potable water piping system by either the sanitary or
storm drajndge systéms Measures taken at LLNL to prevent back-flow of
process qutewater or sanitary sewer f]ows into the drinking water piping
systems will-'bé reyiewed, along with LLNL's self-monitoring reports (required
under. primdrg grink1ng water regulations). Copies of standard operating
procedures 0ps operating logbooks, and maintenance records will be
reviewed With, respect to wastewater monitoring and treatment systems. LLNL
field. practfces will be observed to determine how closely SOP's are being
,fo1]owed . Interviews with managers and operators of monitoring equipment and
- treatment systems will be conducted in order to understand modifications or
n,ﬂsjqn1f1cant deviations, 1f any, from written SOP's,

A walk-through of selected buildings will be made to observe normal routines,
including maintenance activities which generate wastewaters. Various
discharge and monitoring points will be reviewed, and actual sampling and
analytical procedures will be ohserved. Emphasis will be placed on the major
contributors to wastewater generation, for example plating operations in

L C ne ‘ L i



Buildings 322 and 321, low conductivity water systems in Buildings 291 and
325, printed circuit board production in Building 141 and, for Site 300, the
LINAC Radiography complex at area 823. Some minor sources (i1n terms of total
volume) will also be examined because of the nature of the contaminants and
commensurate potential environmental impacts, e.g., radiological activities in
wastewaters from Buildings 151 (Nuclear Chemistry) and 419 (Decontamination).
In addition to the decontamination procedures at “Building 419, other toxic
waste control operations in Buildings 513, 514,..apd 612 will be observed in
some detail. The wastewater collection, holding and treatment system will be
evaluated under normal operating conditions, as wiT the final effluent
monitoring and sampling station at location 196, Site surface drainage
characteristics, such as culverts, arroyos.and: ravines will also be examined,
along with the man-made efforts to control: surface run-on and run-off, The
impact of changes resulting from conStruLt1on of new wastewater treatment
facilities will also be evaluated, ‘.

e,
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4.2 Records Required .fa

Files will be reviewed as part of the survey, including documents not yet
reviewed or received (e.g., classified  documents, individual files, documents
not yet identified). Spec1ﬁ1c documents and files to be reviewed as part of
the survey include, but wl]] not be 11m1ted to, the following:

0 Recent ana]yt¢ca1 &ata on wastewater releases to the Tocal POTW.
0 Notices of v101ation§ rélating to wastewater releases.
0 Operators TOgbooks -and treatment plant reports from EPD.
0 Standard operatinq ‘procedures for wastewater collection, holding and
treatment. .
0 Sampling protoco1s and logbooks.
0 Wastéwater Tab tracking reports.
0 Treatmént plant and monitoring equipment maintenance records.
0 Petailed” drawings of the domestic water supply, storage and
Cdistrtbution system,
o ' Records.-af drinking water quality.
0. .., SPEL-plan, or its equivalent.
S PYOgrPSS report on proposed new wastewater treatment facility, the

S0 JDWTE system.
Wd“ ““Internal memos or correspondence relating to surface water/drinking

A “‘anater problems, e.g., back-flow prevention measures.

o ‘Memos and correspondence relating to minimizing infiltration of

' e rainwater/groundwater 1into sanitary sewers during wet seasons, and
exfiltration of sanitary wastewaters into soil or groundwater during
dry seasons. Include data on comparison of flow monitoring with
precipitation readings.

0 Any information on water quality/sludge characteristics for the LLNL
drainage retention basin.

0 Other records as determined on-site.



5.0 AIR
5.1 Issue Identification

The air-related survey activities will involve an assessment of the air
emissions at the site, the administrative and dmission controls applied to
the sources, and the ambient air monitoring. systems. The emphasis of the
survey will be on operational and procedural” practiees associated with the
emission sources and the emission control’ equipment. fugitive emission
sources, both within and outside the bu11d1ngs, and mitigative procedures
applied to fugitive emission sourcer Cto$e. liaisop will be maintained with
the radiation team member because of the. importance of air-rad 1ssues,

Facility visits will be coord1nated through ‘the Environmental Protection
Department. ' .*.“u

The general approach to the sunvey w1lT 1nc1ude a review of existing air
permits, pending applications, and- standard operating procedures. Processes
and control equipment will.be" inspected for compliance with DOE ALARA
requirements for radionuclide emissﬁons. The survey will also review the
nonradiological air contamindnts “from the different buildings at the site,
evaluate any existing controls app11ed to the air emissions, and assess the
need for additional monitoripg oi.gmission controls to characterize or reduce
the environmental consequennes bf the emissions.

The ambient air monﬂtarinq System will be evaluated to assess the adequacy of
the existing mon1tor1hg_progndm to characterize environmental impacts of the
air emissions from the faCt11ty The activities involved in this part of the
survey will include the i1hspection of the ambient air quality samplers, a
review of documentatfon app11cab1e to the ambient air data acquisition, and an
eva]uat1on df the. prote sing procedures used to assure the accuracy of the
data. S
Areas of paP¢1cu]ar interest will include emissions of the criteria poilutants
(e.g., -sulfur. oxides, nitrogen oxides, hydrocarbons, carbon monoxide and lead)
as well as reégtilated hazardous air pollutants (e.g., radioactive-bearing
partdcu]a&as,, beryl1ium, and asbestos). Although not currently listed as
hazardoﬁs &ty pollutants, fluorides, and freons will be included in this
,.review

"ilIn add1t1on. the use of organic solvents will be assessed as a potent1a1 or

actual source of emissions to determine i1f they are adequately characterized,
monitored, and controlled. The organic emissions assessment will focus on
those substances that the EPA intends to 1ist as hazardous or toxic air
pollutants.

Fugitive emissions from the resuspension of contaminated soils will be
evaluated as a potential means of the airborne release of radionuclides and
hazardous materials from the facility. Consideration will be given to
historical and current operations to determine the potential for soi]l
contamination and windborne releases.



Several areas of specific interest have been identified during a review of
available documentation:

0 Completeness of permitting for degreasers and use of environmentally
acceptable solvents. LLNL has at least 20 degreasers ranging in size
from 2-to-780 gallons/year (several of the smaY]er degreasers are exempt
from the permitting requirements).

0 Control and monitoring of beryllium, rndionuc11des, freon and fluoride

......

emissions, B

0 Emission potential of fug1t1ve dust sourcas such as roads, and landfill
activities.

0 Potential for asbestos emissions’ dur1ng ‘building decontamination or
demolition,

) Effluent sampling and mon1tor1ng operatiohs.

Throughout the survey, emphasis wjll be p]aced on assessing the available data
to characterize the overall environmental 1mpact of plant operations.

5.2 Records Required “ «;H,foh“w

e

Files will be reviewed as part of -the survey, 1including documents not yet
reviewed of recefved (e.g..clasyified documents, individual files, documents
not yet identified). Spectfiq documents and files to be reviewed as part of
the survey include but’” w111 nut be Timited to, the following:

PSD ledg ér K

Air eff1uent samp1fng and QA procedures

Ambient air sampling and QA procedures

Contractor stack test results

EffTugnt bery}1ium sampling results

Laboratohy ‘récords on TSP and fluoride analyses (ambient)

Any otheﬁ -documents pertinent to air emissfons from LLNL buildings,

C OO0 000 C



6.0 RADIATION
6.1 Issue Identification

Radiological 1ssues to be addressed during the environmental survey will
center around the air, soil, surface water, and groundwater medfa, Each of
the above mentioned media will be evaluatedfor radiation concerns by
collecting background information and data'(including ambient data),
1dentifying existing and decommissioned rad1a1+on pullution sources and
associated controls, and finally by reviewing ‘environmental monitoring
programs designed to gather data on 1dent1fied pollution sources.

The survey will also evaluate rad-waste management‘pract1ces. dfrect radiation
exposure issues, dose assessment methodologies, and radiochemistry quality
assurance programs for environmental: mondtoring data. Review of rad-waste
programs 1ncluding management practices for Tow-level, transuranic, rad-
hazardous (mixed), and adherence 4o LLNL procedures will be a major focus of
the radfation portion of the survey A-more detailed discussion of this
subject 1s provided in sectdion 8.0, of the work plan. The radiological
evaluations will be close1y coordinated with the other specialists on the
survey team, o " Rt

Due to the complexity of the s1te and the large number of buildings and
operations, radiological, survgy issues will be organized by evaluating each of
the twelve program area5, Fac111ty visits will be coordinated through the
Environmental Protection Depértment. To accomplish this, the assistance of
persons knowledgeable in prioritizing radiatifon related tssues (possibly the
health physics représentat1ve for each safety team) dinvaluable for
accomplishing survey objectives. Each program crea will be assessed based
upon observations of pwocesses, operations, effluent sources, controls and
monitoring .equipment, .~ Discussions with operating and supervisory personnel
will also. be utf?lzed to provide needed information critical for complete
evaluation: Reportd, records, and other data associated with continuous,
1ntermltt9nt .and-"any accidental or unscheduled releases should be readily
aucess1b1e for rev1ew

6'2 Records Required

,j«F11es wiI] be reviewed as part of the survey, including documents not yet
. reviewed or received (e.g., classified documents, individual files, documents
. mnot yet identified). Specific documents and files to be reviewed as part of

the survey include, but will not be Timited to, the following:
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Radiation-related ambient air quality information,

Backgreund radiation data for sofl, surface water, and groundwater.
Inventories of air, soll, surface water, and groundwater radionuclide
release points and quantities,

Vegetation radionuclide monitoring data. \

Unscheduled or accidental release reports. «
Radioanalytical quality assurance programs, qnd procedures.

Dose assessment methodologies, 1nc1ud1ng assumpt1ons, calculations,
reporting, etc,

Building plot plans with process and equ1pment 1ocht10ns.

Description of radiation mon1tor1nq.equ1pment practices and procedures
(e.g., calibration, maintenance, etc.). .

Reports or recommendations for upqrad1nq rad1at1on monitoring systems.
Reports prioritizing new radfatitr mondtoring installations.

Off-site and on-site radionuclide samﬁ11ng point criteria,

Rad-waste management practiges, pdl1¢1es. procedures, and communication
mechanisms

NESHAPS/DOE Subpart H 61, 90«61 98 reports.

Information regarding empﬁoyse radiation exposure data,



7.0 TOXIC/HAZARDOUS SUBSTANCES
7.1 Issue Identification

- The toxic substances survey will address raw materizls and process-related
 chemicals used at LLNL as well as the usage, handijng, storage and disposal of
~ polychlorinated biphenyls (PCBs), asbestos, pesticides (including herbicides
~and biocides) and other hazardous substan.ss. The condition and environmental
- monitoring of underground storage tanks used fon stbrage of substances other
 than wastes will also be examined. Through {nterviews. #ith key LLNL personnel
~and tours of plant facilities, the tracking, control and management of
- toxic/hazardous substances will be reviewed:. This information and records of
'~ usage, will be evaluated to determ1ne the potent1a1 for environmental
. contamination. ‘ "

The survey will address 1nventory control of PCB-containing and PCB-
contaminated electrical equipment. hydhadl1c equipment and heat transfer
equipment, The condition of equipment canta1n1ng PCBs and the potential for
environmental contamination wjidl.also be assessed by examining a subset of
this equipment. Obsolete, stored or used PCB equipment will be checked for
proper containment and protect1on ".Plant storage records for PCBs will be
r3v1ewed Disposal pract1qes for non—rad1oact1ve PCB materials will also be
addressed, un S

LLNL projects 1nvolv1hg ihg demo11t1on/d1sposa1 of asbestos and asbestos-
containing materials’ w11? be. “reviewed to identify pathways of contamination.
Asbestos removal and disposal practices will be evaluated, and asbestos
disposal areas will be v1sited

Pesticide purchase, usage, and application records will be reviewed. The
applicator tra1n1ng program will be reviewed. Pesticide storage areas and
disposal pkact1ces ‘w111 be examined to assess risk for environmental
contam1nat10n

Toxic and hagardous materials purchase and usage records will be reviewed.
Areas where these materials are stored and used will be visited and handling
proceduré; w111 be evaluated.

.Management. 1nventorv. and control of chlorofluorocarbons ("freons") will be
. examined.’:

"”fniscuss1ons will be held with those individuals knowledgeable of

toxic/hazardous substances practices in order t» develop an understanding of
current and past practices. Discussions will be held with personnel from at
least the following groups:



0 Environmental Protection Department
- Guidance and Monitoring Section
- Investigation and Correction Section
- Hazardous Waste Management Section

0 Hazardous Control Department (\
- Health and Safety Team Personne]

7.2 Records Required "‘j:lii

Files will be reviewed as part of the suﬁvey, 1nc¥ud1ng documents not yet
reviewed or received (e.g., classified documents, ind1vidual files, documents
not yet identified). Specific documents.and files to be reviewed as part of
the survey include, but will not be 1Tm4ted to, the following:

0 Toxic/hazardous substances 1ﬁventory and chemical purchase records.

0 Toxic substances 1abeT1qg and tracking system overview.

0 Procedures for purchasing, Handi1ng. storing, using and disposing of
toxic substances., ...

0 PCB transformer/capacitor 1hspect10n records (1981-present).

0 Storage and 1ns?qpt1oh pecords for PCB contaminated equipment
(1981- presenﬁ nq1Qd1ng radioactivity contam1nateﬁ and non-
radicactive {tems.. w

0 Disposal retords: for non-radioactive PCB items (1981-present).

0 Procedures for: storage hand1ing, and disposal of PCB fluids.

o Correspondence w1th LLNL Fire Department regarding PCB electrical
equipment, especially any records of fires involving PCB equipment.

0 Locations of aTt LLNL buildings and areas containing asbestos.

0 Progedures. for asbestos removal, handling, and disposal as well as
ethronment@} monitoring information,

o ‘Records of asbestos use 1n plant equipment and support facilities.

0 iﬁgrtifiqat1on of active and inactive asbestos disposal areas at

4 “Pesticide/herbicide training, handling, storage, and disposal
d«t,,--records and standard operating procedures.
0" “'Pesticide annual reports (1981-1985),
“Special procedures involving handling, storage, use and disposal of
‘thlorofluoroalkanes (e.g., freons).

..~,"f:o Inventury and env1ronmenta1 monitoring reports and procedures for

S underground storage tanks (1981-present).
0 Other recorcs as determined on site.



8.0 SOLID/HAZARDOUS/RADIOACTIVE WASTE
8.1 Issue Identification

The solid/hazardous/radioactive waste survey will be carried out by reviewing
and evaluating all activities generating solid wastes, and the treatment,
storage, recycling and disposal practices involved: in the handling of solid
wastes including hand1ing of wastes by commercial: off-site facilities.

Management of all solid waste streams including mixed wastes, hazardous
wastes, radioactive wastes and non- hazardous wastes will be reviewed. The
review will generilly consist of several activifies.: 1) Physical facilities
where wastes are generated, accumulated, stored;. treated, recycled or disposed
will be inspected; 2) Personnel 1nvo1ved in.-these activities will be
interviewed; 3) Files will be reviewed; -..4)..The potential for contamination
of environmantal media as defined by waste reguYations will be evaluated.

At both the Livermore Site and Site 300, large numbers of sources
(approximately 100-150 buildings) genetate a wide variety of wastes, usually
in small volumes, and generally cmnta1n1ng toxic, radioactive and/or hazardous
constituents. Many waste generating ‘activities may be short term or sporadic
since many program activities’ are short term or intermittent. Therefore,
existing records may not accurate}x ref1ect the waste streams currently being
generated. .H )
Consequently, 1ncreased emphas1s be placed on reviewing general waste
characterization management practices and training practices and inspecting
facilities which can potentia]]y generate solid wastes. Off-site commercial
facilities receiving wastes from LLNL will be evaluated, since some of them
have been subject to compliance actions. The purpose is to evaluate potential
problems at the of i s1te facilities which might affect LLNL wastes.

W
T A.

Initial emphas1s w$11 be placed on those LLNL facilities shown by past records
to have generated £ignificant quantities of waste and those facilities for
which Fac11ity Safety Procedures (FSP) have been prepared. Emphasis will also
be p]ated on potential mixed wastes, including classified wastes which may not
have" beeﬁ -adequately characterized due to the regulatory uncertainties
regard1ng mixed ‘wastes,

'Lwaste hand11ng practices that will be reviewed include the following:

Waste minimization and recycling.

Waste characterization, segregation and manifesting.

Treatment and decontamination.

Waste accumulation, packaging, and storage procedures.

Waste management practices, including training, inventory
control, record keeping. 1nspect10n protocols, and contingency
planning.

O DO OO
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Operations and practices will be compared with existing

descriptions and written procedures. Information gathered on waste generation
points and waste streams will be used to find any sources of waste not
previously identified or proper]y characterized, which may have potential to
affect the environment.

'Discuss1ons will be held with those 1nd1v1du$fs knowledgeable of waste

ve
‘e

waste management practices. Discussion w111 be he]d w1th personnel from at
least the following groups: ..

0 Environmental Protection Departmeﬂt
- Guidance and Monitoring Section
- Investigation and Correction, cection
- Hazardous Waste Management Seution

0 Hazards Control Department
- Health and Safety Team Persohne]

e
L ‘e

0 Plant Engineering .

0 Materials Management :“Q
0 Supply and D#str1butﬁoh Operations

0 Off-site Vendors Hand]ing LLNL Wastes

The review of 5011d/hazardous/rad1oact1ve waste practices will be co-ordinated
with the CERGLA and hydrogeo]og1c surveys to identify past and present
releases that may ‘pose . a-threat to the environment; the radiological survey to
define proalems ‘with'wastes containing radioactive constituents; and the
surface water/drinktng water survey since a11 aqueous process wastes are
handled as- sol1d wastes at LLNL.

8. 2 Records Required

F11es wﬂ]l be ‘reviewed as part of the survey, including documents not yet

< reviewed- or received (e.g., classified documents, individual files, documents
o not cyet identified). Specific documents and files to be reviewed as part of
’u:the survey include, but will not be 1imited to, the following:

Part B Permit Application.

3016 Inventory.

Underground tank storage notification & associated records.
Inspection records (state, local and federal).

Groundwater monitoring, sampling, and analytical documentation.
Release notification or occurrence records.

oooood
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Waste inventory documentation.

Enforcement action documents.

Internal facility inspection documentation.
Correspondence with requlatory agencies on solid waste.
Records dealing with the reuse/recycling of wastes.
Training records ‘ <
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9.0 INACTIVE WASTE SITES/RELEASES (CERCLA)
9.1 Issue Identification

The survey will attempt to identify environmental problems and potential risks
associated with the historical handling, storage and disposal of hazardous
substances at LLNL. This aspect of the survey w111 be coordinated with the
RCRA and hydrogeology team members. The survey w111 focus on current and
future risks related to the following:

Past land disposal practices (on- and off s1fe)

Past spills/releases from tanks, ponds, pipes, pits, trenches;
Potential for future spills /reTeases, .and

On-going remedial action prugram

O O G O

Facilities that have handled or are currently hand1ing hazardous, mixed and
low-level radioactive subscances’ qt the Livermore Site and Site 300 will be
evaluated.

AR veud! [N
< e e 0

At the Livermore site, rglevéntnfaéf11t1es in the following four areas
identified as CERCLA ("5480.14") sités. by the Phase I Installation Assessment
will be evaluated: .”' _ '~;.‘ '

Southwest and’ off s1te ﬁreas.

Southeast sectibn‘ N

South central section; and

Northwest secr10n o

cooc

The status ofractivities undertaken pursuant to the proposed listing of the
Livermore siteon the’ Nationa1 Priorities List will be assessed. Any
available mater1a1 “on'Phase II Contirmation Reports and Phase III Engineering
Assessments will bé-Feviewed. In addition to those areas identified in the
Phase 1. report several other areas at the Livermore site will be evaluated.
The areas 1nc1ude fire training areas, dip tank spills, and garbage pits.

At . Site 300 the following five sites identified as CERCLA ("5480.14") sites
by the Ehasg I Installation Assessment will be evaluated:

o Bu11d1ng 834 TCE leak;

o Landfill complex 3, 4, and 5;

0 High explosives process water lagoons;
0 Landfi1l 6 (pistol range); and

0 Landfills 2 and 8.

The status of the remedfal actions at these sites will be assessed. In
addition, several other areas at Site 300 will be evaluated. These areas
include Pits 1 and 7, Advanced Test Accelerator site and the sewage treatment
pond. Finally, records of off-site disposal from the Livermore site and Site
300 will be reviewed.



| -
.

Sites that have undergone or are undergoing remediation will be addressed.
Records and analytical data in support of the site cleanup will be reviewed.
Also, 1inactive tanks or containers that may have held hazardous substances
will be identified and their status assessed. Former storage areas and
staging locations will be included in this effort,

The survey team will want to review additiona] mater1a1 pertaining to the
Phase I Installation Assessment report (i.e.,.mag Vocations of all burial,
spill, and release sites, aerfal and surface photographs, personnel 1interview
files, reconnaissance field data pertaining to-HRS/mHRS evaluations, and the
HRS/mHRS ranking procedures used for the’ .Phase.l Installation Assessment
report). Drafts and preparatory mater1a1 for the’Phase IT and III reports will
also be reviewed. . :

The team will also want to review the env1ronmenta1 records pertaining to the
past management, disposal (on- site and fo-sfte), clean-up, and regulatory
compliance,

Contacts for this portion of" the survey will include personnel from the
Env1ronmenta1 Protection Depawtment

‘v

9.2 Records Required

Files will be reviewed as part of the survey, dincluding documents not yet
reviewed or received- (ec i ¢ldssified documents, individual files, documents
not yet identified)." Specific documents and files to be reviewed as part of

the survey include, but w111 not be Timited to, the following:

0 Past.waste management plans
0 SOPs regardipg management of hazardous substances, disposal areas
and-'stordgé-areas
0 ;Hazardpus sibstances inventories
0 'lt1st1ng ©Of areas used for hazardous substances storage, receiving
~and 'shipping, and disposal
fo;.thistoﬁical files on past operations and processes, substances used,
.0 2 jand methods of handling and disposal
"0~ FiTEs on past off-site waste handling and disposal
o o~J]HRecords of facility expansion and building rubble disposal

f}3- 3o ~Pescriptions and Notifications of inactive waste sites and potential

areas of contamination

’-,;4‘0 Description of all waste management facilities, including buried

S tanks and structures (existing and removed)
0 Historical aerial and surface photographs of the facility
0 "Interview files" for the draft Phase I Installation Assessment
report ‘
0 Files pertaining to any radiometric surveys of the site grounds
0 Documents pertaining to past, current, and proposed remedial actions
at LLNL



'

- Environmental records pertaining to past facility responses to
hazardous substance spil1s and releases
Draft Phase II and III materials, including working copies, internal
memoranda, correspondence, and calculation sheets
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10.0 HYDROGEOLOGY
10.1 Issue Identification

One of the major environmental issues at the facility is the release of
contaminants to the groundwater. Radiological parameters appear to be well-
controlled, but toxic organics have been found 1n the subsurface, mostly as a
result of past pract1ces. TP

The survey effort will involve the evaluat1on of racent studies of site
hydrogeology, determination of the status ¢f onigoing studies, and the review
of plans for further investigations and remediaT actions, FEach potential or
known source of groundwater contaanation will-be visited, and drilling and
sampling activities will be observed..” Mary. of these visits to sources will be
conducted jointly with the RCRA, CERCLA, alfid/or surface water personnel,

Personnel at these various fac111t1es w111 be' interviewed to determine past
and present waste-handling practices. . Well ‘construction will be reviewed both
on "as bullt" diagrams, and in .the fier. Potential groundwater recharge and
discharge areas will be 1nvestigated

Known or suspected areas of 5011 ‘tontamination will also be visited.

Observations of soil sta1n1ng, surface drainage pathways, and nearby
m€n1t021ng wells wi]] be made. “'So11 sampling activities will also be
observe . R

P Y 0
.. "nu.

Several areas of speC1fic 1nterest have been identified through review of the
data received thus far, These Include:

0 Southeastern corner: of the Livermore site, where there are a number of
identified or suspesfed sources of volatile organic releases, including a
gaso11ne spilly “401vent storage, salvage yards, an abandoned landfill, a
tax1 strip, and Various Aip tanks and areas of spillage.

0 Southwestern COrner of the Livermore site, including materials storage
,areas, dumﬁs, sumps, and spills.

0 ':fIdenﬁitded (1solated) spil1l areas, garbage pits, and storage tanks on the
e northern half of the site.

H”ﬁb fﬂfArroyo Seco area west of the Livermore site where a trichloroethylene
“+.". plume has been observed moving toward a residentual development.

o -Site 300 area landfills, disposal pits, unlined evaporation lagoons,
spi1ls, and springs will be of interest in assessing potential and known
groundwater contamination. Contaminants include both solvents and
constituents of explosives such as nitrate.



0 Areas near spills, landfills, etc., where soils have been investigated
and/or regularly sampled.

Discussion will be hald with personnel from at least the following groups:
o  Environmental Protection Department &
~ Guidance and Montoring Section P!
- Investigation and Correction Section ...’
- Hazardous Waste Management Section K

10.2  Records Required ‘in ,’,.“

[ XY

(g

Files will be reviewed as part of the. survey including documents not yet
reviewed or received. (e.g., classified: documents, individual files, documents
not yet fdentified) Specific documents .afid-files to be reviewed as part of
the survey include, but will not ke 11m1ted to, the following:

Sampling procedures and ana1yt1ca1 profoco]

Seismic records

Recent monthly pro ress'reportérof LLNL groundwater project

Well construction ?as buf]t) diagtams and current well Jocations
Chemical analytical data. for'5011s, groundwater, and/or springs
Additional geologic. and?or hydkoqeo1ogic investigations, as available
Groundwater and sb11 nwnitoring program plan

OCcCOoCOCQCOO0
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APPENDIX D

ABBREVIATIONS, ACRONYMS, AND SYMBOLS |

Air Force Global Weather Center 77" === .,

o .
N

AFGWC _

ATA Advanced Test Accelerator i

ARAC Atmospheric Release Advisory"cép@b])fty'

BAAQCD Bay Area Air Quality Cont_polpistri‘étfjf',A

BOD Biochemical Oxygen Deménd ; )

CAD California Administrative Code”

CAL California R

CERCLA | gggwageﬁlﬁ?;xﬁfnwronr;fental Response, Compensation

CFR Code of Federal Ri'e*‘ggla't'réns

CG Conc.enjtlré}tit?r)v‘“ﬁq‘id~éﬂ'ne

cm C‘elnt.i‘m e{ter.(s}"'.

CPS ContinyousPoint Source

CRWQCB Califo??-.féf‘_&egional Water Quality Control Board

Cs <, | Cesiumm,

C "'v.i“&e,g'f{eés Celsius (or centigrade)

°F _Déﬁrees‘Fahrenheit

D38‘ 'l'Jraniu.m containing higher concentrations of 238U than
07T el s Hfound in nature (99.3%)

< DWITE

Decontamination and Waste Treatment Facility

- {35k

== Department of Energy
g . Dollar(s)
e.g. (exempli gratia) for example
EP Extraction Procedure
EPA Environmental Protection Agency
ESE East-Southeast
etal. (et alii; et alias; or et alis) and others
FAA Federal Aviation Administration
FIFRA Federal Insecticide, Fungicide, and Rodenticide Act
FY Fiscal Year




Gallons per day

GSA General Services Area
HC Hazards Control
HE High Explosives ',_ \
HEPA High Efficiency Particulate Air S T
HF Hydrofluoric acid S o
HMX 1,3,5,7-tetranitro-1,3,5,7-tetr&aZocyclécctane
HNO3 . Nitric acid e
HRS Hazard Ranking System ™ .. , ’
HTO Tritiated Water -, -
HWM Hazardous Waste Mahég’;emeﬁtf'
l Interstate hE e A
ICRP Internationa :Cmmrﬁiséifop on Radiological Protection
in Inch(es) ‘ .
km KiIor_ﬁeter'(s)"f."‘--,""‘u,' .
b pound(s) "~ "
LCW LO\}\'/'('Z:c‘;n_c'iu'c"tWity Water
LLNL Lawrence Livermore National Laboratory
LWRP b lLivegm:cS‘re Water Reclamation Plant
MEK <" |iethyl ethyl ketone
uLT/ml ) FMicrocuries per milliliter
my/! - 5[ milligrams per milliliter
mit Mile(s)
: m'r‘- - Cubic meter(s)
) I\AM Materials Management
mm Millimeters
mrem Millirem
NaOH Sodium Hydroxide
NCRP National Council on Radiation Protection and Measurement
NH,0OH Ammonium Hydroxide
No. Number(s)
NPDES National Pollutant Discharge Elimination System
NTS Nevada Test Site

D-2



NPL.

National Priorities List

%, Percent
pce Polychlorinated biphenyls
PCE 1,1,2,2-tetrachloroethylene (perchlorg‘e‘a‘ti‘i’;}l’ene)
PETN Pentaerythritol tetranitrate ‘
pH Negative logarithm of the hydragen tOﬂ concentration
POTW Publicly Owned Treatment Wdr){s‘,'n"f,.f,,‘ Lo
PPHM Parts per hundred million ..., ..
PPM Parts per million o ﬁ ,* N
Pu Plutonium o e
RCRA Resource Conser.y;:tio'nvéhd.ReEei/'ery Act
RDX 1,3,5-trinitro‘-1:3',.5:¢(i:a252y.c!',6hexane
RTNS Rotating Ta'r'g‘é"tNeJtr‘o"n.}ource
SARA Superfu hd'Am‘ehdrﬁerJts and Reauthorization Act
SDM Standarc 'D,e'i:]‘af‘i_mq of the Mean
SICAPCD S,,‘a‘n_‘J‘oéa'oTQ}ﬁ:Céuniy Air Pollution Control Department
SNLL San‘drié‘.Ngtiénél Laboratories Livermore
TATB ‘ Triaminctrihitrobenzene
TcA .| 1,1,1-Trichloroethane
TCE . Trichloroethylene
TC_'ILP‘I' }Toxic Concentration Leaching Procedure
1Ds ' 4“ "‘,'hTotal Dissolved Solids
K 'T'EQ“DS " | Tetraethyl orthosilicate
Tt€H~- Total Identifiable Chlorinated Hydrocarbons
) TN, Trinitrotoluene

TOC Total Organic Hydrocarbons
TOX Total Organic Halogens or Halides
TRU Transuranic
TSS Total Suspended Solids
TTLC Toxic Threshold Limit Concentrations
TWC Toxic Waste Control
USEPA United States Environmental Protection Agency

+ U.S. GOVERNMENT PRINTING OFFICE: 1968-0-199-004
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VOC

Volatile Organic Compound

WAA

Waste Accumulation Areas

wipp

Waste Isolation Pilot Plant

yr

Year(s)
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