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SECTION 1.0 - EXECUTIVE SUMMARY 

As part of the Department of Defense's (DOD) Defense 
Environmenta l Restoration Program (DERP ), this investigation ~as 
authori zed to determine t he potential for to:ic o r ha zardous 
contaminat ion applicable to all former HIKE Kis s il Sits loca t ed 
throughout the Continental United States. Ph ase I of this study 
prov id e d for specific l it e r at u re rev i e w s and re 1 ate d data 
gathering functions to provide general information a bout 
potential NIKE site conta:1ination. This report addresses these 
issues. A summary of the pertinent information is presented as 

follows: 

l. 

2. 

3. 

NIKE Ajax an d NIKE Hercules missiles were deployed by the 
United States Army throughout the Continental United States 
to protect major metropolitan areas and strategic military 
installations from aerial attack. The NIKE system was 
generally in place in the time frame encompassing the early 

1950s to the mid 1970s. 

A NIKE site typically consisted of two separate and distinct 
ope rating uni ts. · These inc_l uded the Launcher Area and the 
Integrated Fire Control (IFC) Area. The Launcher Area was 
generally located on approximately 40-60 acres of land 
although each site could vary significantly in size and 
shape. The IFC Area, generally ranged in size from 10-50 
acres. The barracks facilities were either incorporated as 
part of the Launcher Area or the IFC Area, or a third 
separate and distinct Facility A·rea was constructed. 

Maintenance of the missile batteries in a combat ready 
status required the storage, handling and disposal of 
missile components as well as solvents, fuels, hydraulic 
fluids, paints, and other materials required for support 
functions. Normal operating practices at NIKE batteries in 

the conduct of these functions possibly resulted in 
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contamination of the subsurface soil and/or groundwater 
regime. 

4. Virtually all of the information concerning the potential 
f~r contamination a t NI ~E Sites came from interpretation of 
Operating Manuals and resulting questions directed to past 

NIKE site operators and the general discussion v ith these 
operators whi ch followed in the jgterview phase of this 
investigation. 

5. Potential contamination source areas at NIKE Sites included: 

LAUNCHER AREA 

Missile Assembly Drainage and Seepage Systems 
Diesel and Fuel Oil Storage Tanks 
Magazine Sump Seepage System 
Secluded Areas Adapted to Unofficial Dumping 
Warheading/Fueling Area Drainage Systems 

Motor Pool (when present) 
.Septic Systems (when present) 

INTEGRATED FIRE CONTROL (IFC) AREA 

• 

Motor Pool (when present) 
septics Systems (when present) 
Diesel, Fuel Oil, and Gasoline Storage Tanks 
Secluded Areas Adapted to Unofficial Dumping 

Of these two Areas, the Launcher Area had the greater 
potential for contamination. 

6. Operating practices producing a potential for contamination 

at NIKE Sites included: 

-2-
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LAUNCHER AREA 

. Mi ssi le Assembly and Disassembl y 

. Missile Fueling and W rhead i ng 

. Missile Maintenance and Testing 

. General Launcher and Magaz ine aintena.nce 

INTEGRATED FIRE COW'ROL (IPC) AREA 

Fire Control Operations Ma intenance 

Vehicle Maintenance 

GENERAL OPERATIONS 

General Facilities Maintenance 
Utility Service 

Deactivation 

The Master Contaminants List which consists of the potential 

contaminants of former NIKE Sites that should be 
· investigated for the NIKE Pre 1 iminary Determination phase 

(Phase II of this investigation program) includes: 

• 

• 

Benzene 

Carbon Tetrachloride 
Chromium 
Petroleum Hydrocarbons 
Lead 

Perchlorethylene 
Toluene 
1,1,1-Trichloroethane 
1,1,2-Trichlo-roethane 

Trichloroethene 
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SECTION 2.0 - IHTRQDUCTIQN 

The Departm nt of the Defense (DOD), conducts a number of 
indust-r i a l processes and manufacturin g oper tions that are 
simila r to private industry. In the late 1970's, DOD became 
awa re of _the negative impacts of what were previously considered 
acceptable disposal practices of wast• materials associated with 
these processes and operations. In response to that knowledge, 
programs we re developed between 1975 and 1978 by each service. 
component to identify and assess potential contamination on 
active military installations. Authority to address problems of 
other than active installations was lacking since funds could not 
be spent on sites not owned by DOD. 

The passage of the 1984 Defense Appropriations Act corrected this 
problem. Specific language in the Act directed 000 to extend its 

efforts to include sites formerly used by DOD and broaden the 
definition of •hazard• to include structures and debris which 
were to be abandoned or had been abandoned upon termination of 
its military use. 

The A~t directed that the Secretary of Defense assume overall 
management of the program to assure consistent approach and 
adequate resource allocation. A Defense Environmental 
Restoration Account was established and provided the resources 
for the Defense Environmental Restoration Program (DERP). The 
work performed relative to this study falls within the 
jurisdiction of the DERP program. 

The objective of this investigation addresses the potential for 

toxic or hazardous c6ntamination applicable to all former NIKE 

Missile Sites located throughout the Continental United States 
(CONUS). Contamination includes hazardous or toxic substances 
formed in ground water, surface water and soil with contaminants 

specified by regulatory criteria. To fulfill this objective, the 
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work elements described in the follow ing par a gr aphs . were 
_pe rformed i n accordance with the provis ions of our contr act. 

( ·. Discuss ion of the manner in wihich each \i0 rk element was conducted 
a s ~ell as ho it is reported in this doc ument is a l so p r esented. 

:·"."I 

(,_. · .. 
-' ; ·~ \ .. · ~?. . -~ 

. ,,., 

1) Obtain an upd ted list of the CONOS li IXB s ites . This list 
is pres~nted in Appendix A in th~ form of individual site 
reports, entitled •NIKE Site Listing Forms•, which describe 
pertinent known infor~~tion .about each site. This data was 
gathered during the summer of 1985 and is not cons ider e d 
current beyond that date. Mos t of the information came from 
site reports on file at the Corps of Engineers, Huntsville 
-
Division offices and from data presented by the Corps of 
Engineers District offices. The initial working list of 
CONUS NIKE sites came from the report •Historica l Overview 
of the NIKE Missile System• reference 1, Appendix B-1. 

2) Identify the pri• ary agencies involved with the comaand at 

3) 

.,. 
· the time of operati on of the it e and identify the 
responsibilities of the pri• ary agencies involved, relative 
to the operations of various NIXB Missile systems. This 
information was gathered through interviews with site 
operators and basically substantiated the information 
presented in reference 1. Section 4.0 of this report 
addresses this subject • 

Conduct an archive search to obtain copies of the active 
HIXB site operating procedures, technical aanuals, training 
aanuala and field • anuals, and develop a auaaary of 
infor• ation relative to activities which • ay have caused 
conta• ination. Contact was made with the NIKE Project 
Management Office at Redstone Arsenal for specific input 
regarding the manuals and procedures which would give 
information relative to activities which may have caused 
contamination. Specific manuals were recommended and have 

-5-
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been revie wed in the context of this investigat ion. This 
information is presented in Re·port Sections 6.0 and 7. 0. 

4) eet with three different previous HIKE Site operators and 

5) 

obtain infor ation on site operating practices . ny 
infor ation relative to site conta ination shall be 
recorded. This t ask was carried out with the as sistance of 
the NIKE Project Management off ice ~t: Redstone Arsenal and 
included a trip to Ft . Bliss, Je~A~ where the interviews 
we re conducted. The information gathered in this interview 
process has be en incorporated into the basic findings and 
concl~sioris of this report. 

Review the four USATHAMA reports listed and aake reference 
to the contamination or waste associ ated with the particular 
sites. This review was conducted and information has been 
used compiling the results of this report. A significant 
amount of background information has been incorporated from 
reference 1 to permit proper u derst nding of the history 
and operation of the NIKE program. 

6) Determine the location of the •As-Built• drawings for all 
sites and specify their locations in the repo~t. Each of 
the Corps of Engineers District offices was contacted 
regarding the location of the •As-Built• drawings for NIKE 

sites under their jurisdiction. A few of the districts 
reported that •As-Built• drawings were on file at the 
District office that had jurisdiction over a particular 
site. In most cases however, the •As-Built• drawings cannot 
be located. Information regarding the location of the •As

Built• drawings is recorded on the NIKE Site Listing Form 
for each site given in Appendix A. 

7) Obtain and review the deactivation plans for the NIIB 
Systems and ~rovide informa tion concerning possible 
cont aa ination. Each of the Corps of Engineers District 

-6-
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off ices a s ._. el l a s t he Red s tone Ar sena l NI KE P r oje c t 

Manag ement Office ._.a s cont a c ted r e g a rdi ng t he loca t i on of 

deactiv at ion p l a ns. In no case wa s i t p oss i b l e to loc a te 

a ny s i t e sp ec if ic dea c t i vatio n plans. Tvo gene ric 

deact i 'l7ation procedures documents were located at the 

Redstone rsenal ~IKE Pro ject K~nagement Office. Th se ere 

r e vi ewed f or pr act i ces conce r n i ng possibl e contam i n tion and 

t he fin~ing wer e incorpo r ated in . the genera l findi n g s of 

t h i s r eport . These documents a re listed as pa r t of the 

r eferenc e ma t e r ia l. 

8) L i s t · substances that ay a ct a s pos s ible s oarce s of 

contamination, suc h as : solvents, s t a rting fluid a ixtures 

(00MB), fue l s , hy d r au lic f l uids , paint&, etc. The l i s t 

should a l s o include the contaminants fr011 each source. Any 

subs tances associ a t ed v i th ope r at i ons , maintena nce o r 

dea ctivat i on of the RIX E s ite s h ou l d b e a ddressed. The 

substances • ust have been used in quantities tha t jasti fies 

evaluation a s a c on t aminat i on s ource. The f i ndings of the 

data gathering proce s as o t l ·ned in paragr aphs 1-7 led to 

the concl us ion of the listed substances tha t may a ct as 

possible sources of contaminatio n . The fin d ings as 

determined by this investigative process are discussed in 

Section 8.0. 

9) Identify any disposal, • aintenance or operating practices 

that may have caused contamination. The data gathering 

process described above also provided information that 

responded to that requested by this contract task. The 

results are presented in Section 7.0. 

10) Survey the re s earch information and identify potential 

contamination source areas within the general BI KE sites. 

The data gathering process described above yielded the 

pertinent information. The results a re pres ented in Section 

6.0. 
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11 ) Based on the data developed from tasks 1-10, deve l op a 

Generic s mpli ng and Analysis Pl&n confor ing t o the 
require ents of Contract Anne:z: • Further, Quality 
C~ntrol and Qua lity Assurance (Q /QC) Plan shall be 

deve l oped a long with t he Sampl ing and Ana l ys is Pl an. The 
Generic Sampling a nd Analys is . Plan a nd the Quality Control 
and Quality Assurance Pl an as specified are presented in the 
Appendix c _of_ this Report. As 4 corollary to the Sampling 
and Analysis Plan, a Generic Well Install ation Plan has also . 
been developed and is presented in Appendix D of this 
report. 

12) Prepare a Safety Plan that eets the requirements of Annex C 
of the contract. The Generic Safety Plan as required is 
presented in Appendix E of this Report • 

Work i terns (1) th rough (12) con st i tu te Phase I of the NIKE 
missile site study of potential toxic or hazardous contamination, 
which is the subject of this report. Phase II constitutes a 
Sampling and Analysis field investigation of 10 Representative 
NIK& Sites which will be addressed in subsequent Reports. 

Subsequent sections of this report give pertinent background data 
regarding the NIKE missile program identify potential 
contamination source areas within the general NIKE site, describe 
disposal, maintenance or operating practices that may have caused 
contamination, and present a list of substances that may have 
acted as possible sources of contamination including the 

· contaminants that result from these sources. 

-8-
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SECTION 3.0 - NIKE PROGRAM BACKGROUND 

The main source of background mate rial regarding the history of 
the NI KE progr~m ~as included in refe rence 1. Portions of this 

-
reference are summarized herein to provide proper b ckground 
information regarding the NIKE program. 

·, 

NI_KE Ajax and NIKE Hercules missiles were dep loyed by the Onited 
States Army throughout thL Continental Onited States to pro~ect 
major metropolitan areas and strategic military installations 
from aerial attack. The NIKE system was generally in place in 
the t~me frame encompassing the early 1950s to the mid 1970s. 
Maintenance of the missile batteries in a combat ready status 
required the storage, handling and disposal of missile components 

· as well as solvents, fuels, hydraulic fluids, paints,- and other 
materials required for support functions. 

Initial development studies began on the system right after the 
end of world war II, with the objective of forming an air defense 
system capable of engaging high speed maneuverable targets at 
greater ranges than the conventional artillery available at that 

time. The research and development program for the NIKE system 
became accelerated in the early 1950s with initial guided 
missiles becoming operational for the first time in 1954 when 
combat ready missiles (known as NIKE Ajax) were deployed. 
Conventional anti-aircraft gun units were outnumbered by NIKE 
Ajax units by December 1956, and the conversion to guided 
missiles was completed by mid 1958. 

During the period of its operational life, the NIKE Ajax system 
remained essentially unchanged. However, a second generation 
NIKE system, to be named NIKE Hercules, was under development by 
the mid 1950s. NIKE Ajax batteries were similar in design and 

construction with all units having similar operational 

components. Minimal field changes were made during the 
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operational life of the NIKE Ajax system. Thes e were limited to 
minor equipme nt modifications to improve operational efficiency. 
Beginning in late 1958, selected NIKE Ajax batteries began 
conversion to the more advanced NIKE Hercules system. However , 
it ~as -not until earl y 1964, that the l ast HIKE Ajax battery ~as 
deactivated and the entire operational systa!I. dep loyed the NIKE 
Hercules miss ile. The prima ry role of the !iIKE Hercules system 
was its ability to a ttack high speed, high-flyi ng aircraft 
fo.rmations with a single nuclear warhead • . An other significant 
advancement concerned the nature of the rocket fuels. The NIKE 
Ajax system used liquid fuels which were highly toxic and had to 
be handled with extreme care. The NIKE Hercules missiles made 
mo~e use of solid fuel ~hich significantly sisplified the fueling 
and maintenance operations of the missile system. The initial 
design guidelines ·for the NIKE Hercules missile provided for 
maximum use of proven components from the NI!:E Ajax program and 
stipulated that both missiles must be compatible with all sets of 
ground and launching equipment. Therefore, a minimal amount of 
modification of the battery units was required to convert from 
the NIKE Ajax to the NIKE Hercules system. 

During its term of service in the field, the BIKE Hercules system 
underwent numerous design modifications. As originally 
conceived, the system was known as basic Hercules. However, 

· several improvement programs were subsequently implemented to keep 
the system up to date. The design modifications primarily 
provided improved target tracking, guidance, and interception 
capabilities by modifying or replacing radar and electronic 
equipment. However, these modifications to the missile system 
did not produce any significant change in the battery 
configuration. 

Not all Hercules batteries were retro-fitted for the new 

equipment , because of budget 1 imitations. Guidelines provided 

for retro-fitting of certain batteries within any particular 
defense area, based on the number of batteries located in that 

-10-
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defense area . Hen c e , the f i eld deployment within a s ingle 
·aefens e a re a i n the ea r ly 196 0s may have included Aj ax , ba sic 
He rc ul es, and impr ov ed Herc ul es ba t te ries . 

NIKE Zeus, _the third gene r ation missile of the NIKE progr am, as 
th e fi rst mi ssile deve lope d in the Unit e d States that as 
des i gned t o defend ag a inst Intercontinental Balli~tic Miss i les 
(ICBM ). However, NIKE Zeus was neve r ~pproved fo r production or 
deploymen t as a tactical system . 

I n 1962, ~he Ar my be gan tr a nsfeiri ng ope r a ti on of c e rt a in NIKE 
ba tteri e s to Na tio nal Gu ar d Units . Shortly t he r eaf ter, 
deacti ! ation of NIKE batter~e s beg an . By 1 97 0 , the Army ha d 
d eactiv a ted most CO NOS NIK E sit e s. Na tional Guard Units 
continu e d to ma intain a fe w sites unt il the l a t e 1970s. Some 
NIKE equipment is still retain ed in Ft. Bl iss for the purpose of 
training troops from other North Atl a n t ic Treaty Organization 
(NATO) countries that still incorpor a te NIKE missiles in their 
defense programs. 

-11-
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SECTI ON 4 . 0 - NIKE PROGRAM MILITARY ORGANIZATION 

4.1 NATIONAL AIR DEFENSE ORGANIZATIOR 

Background information for this Section 'iias t aken directly from 
reference 1 and 'iias substantiated during the site operator 
interviews, with minor modifications. The reference states that 
the development of a missile-bas ed air defense system (NIKE) was 
paralleled bY changes in command structure in the defense 
organization, beginning in July 1950. At that time the Ar~y 
pl~ced ali artillery uniti with continental air defense missions 
under the newly organized U.S. Army Anti-Aircraft Command 
(ARAACOM) located at Ent Air Force Base in Colorado Springs, 
Colorado. The installation of NIKE Ajax batteries beginning in 
1953, led to further re-organization of the Continental Air 
Defense structure and the Army's Anti-Aircraft missions and 
organization. On September 1, 1954, ARAACOM and corresponding 
elements in the U.S. Air Force and the U.S. Navy were combined to 
form the Continental Air Defense Command (CONAD) at Colorado 

_Springs under the direction of the Joint Chiefs of Staff. In 
1957, the Army's air defense responsibility within CONAD was 
defined as point air defense by missiles fired from the ground to 
aerial targets not more than 100 miles away. Point defense was 
to include •Geographical areas, cities, and vital installations 
that could be defended by missile units which received their 
guidance information from radars near launching site• and also 
was to include the responsibility of a ground commander for air 
_protection of his forces. To represent this expanded, al 1 
missile role more clearly, ARAACOM was re-designated the U.S. 
Army Air Defense Command (ARADCOM) on March 21, 1957. 

Further development on a national scale occurred in September 
1957, when the North American Air Defense Command (NORAD) was 
formed to combine air defense capabilities of Canada and United 
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States under a one Comma nder in Chief, who a lso headed CONAD. 
-Like CONAD, NORAD elements in the Unite_d Stated report directly 
to the Joint Ch i efs of staff. All Army ARADCOM units were placed 
under the operational control of NORAD. ARADCOM continued in 
his basic configuration unt il 1975, at hich time the NIKE 

missile program had essentially been disbanded in COROS. 

4 .2 NI KE SYSTEM ORGANIZATION 

The ba sic operational ~n_t ~fa NIKE site was the Battery. The 
Battery was commanded by an Army Captain. On a specific site the 
Batte ry wa s s ub-divided into six elements. These are listed 
below,_· followed by a brief mission statement: 

1) 

2) 

3) 

Headquart e rs Section: The headquarters section was 
responsible for the operational and administrative c::ontrol 
of personnel and equipment. 

Communications Section: The communications section was 
responsible for installing and maintaining non-commercial 
communication nets and operating the commercial 
communication nets within the Battery. 

Fire Control Platoon: The fire control platoon was 
responsible for the operation and maintenance of fire 
control equipment in the Integrated Fire Control (IFC) area • 

4) Launching Platoon: The launching platoon had administrative 
control over one launching platoon headquarters and three 
launching sections, which are described in the next 
paragraphs. 

5) Launching Pl a·toon Headquarters: The launching . pl at<;>onji//:_ 
headquarters was responsible for the operation and ·training;:···· 
of three launching sections. It contained personnel who·_. 

assembled, tested a nd performed organizational maintenance· 

-13-
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on the NIKE mis sil e and maintained the rounds at the 
1 aunch ing section. 

6) Launching Section: The three launching s ections ·ere 
~sponsible for the preparation of the missile and booster 
for firing after they we re delivered t o the l aunching 
section from the assemb ly and test area. In addition , they 
performed the routine non-t e chnical tests, checks, 
adjustments, and organi.zational maintenance. 

The next organizational unit above the Battery was the Battalion. 
Generally, there were four Batteries in each Battalion. The 
Battalion was typically commanded by a Lieutenant Colonel. The 
Battalion generally consisted of a headquarters and headquarters 
Battery, four Firing Batteries (described above), and a Medical 
section. In addition, any motorpool maintenance activities other 
than the most routine, were performed at the Battalion level. 

The Battalion headquarters and headquarters Battery comprised the 
fol lowing 7, elements: 

1) Battery Headquarters 
2) Battalion Administration Supply Section 
3) Operation and Intelligence Section 
4) Battalion Motor and Maintenance Section 
5) Communications Section 
6) Radar Section 
7) Assembly and Service Section 

The Assembly and Service Section was a team of technical experts 
who supervised and assisted in the assembly, testing and 

performance of organizational maintenance on missiles and 
boosters. 

The organ izational unit above the Battalion level consisted of 
either a Group or a Brigade. This level was usually commanded by 
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- eithe r a Colonel or a Brigadi e r General. A Group had only NIKE 
-Batta lions r eporting to it, whe reas a Brigade could have other 
military entities reporting to it besides NIKE Battalions. The 
Group or Brigade level was organized into Onited States Regions . 
The Region vas usually commanded by a Brigadier General or a 
Major C-eneral. The Region could have a numbe r of different types 
of military units reporting to it other than NIKE Groups. As the 
number of United States military units increased or decr eased , 
the number of r egions also ch anged . The max i mum number of 
regions that constitute( the division of the United States 
mili tary organization was six. ·The Regions reported to ARADCOM 
at Ent Air Force Base in Colorado. This organizational structure 
basically func~ioned during the period of the maximum activity of 
the NIK"E program during the mid. 1960s. As was previously stated, 

ARADCOM was disbanded in 1975. 
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SECTION 5.0 - NIKE BATTE RY DESCRIPTION 

5.1 BATTERY LAYOOT 

A NI KE site typi cally consisted of t wo sepa r a te and distinct 
operat ing units . These included t he La uncher Area and the 
Integra t ed Fire Con tro 1 ( IFC) Area . The Launcher Area was 
generally located on approiimately 40 -60 acres of land although 
each site could vary significantly in size and shape . The IFC 
Area, gen~ral ly ranged in size from 10-50 acres. Th e Barracks 
facilities we re either incorporated as part of the Launcher Area 
or the IFC Area, or a third separate and distinct Facility Area 
was constructed. The Launcher Area and the IFC Area would 
generally be located 1-2 miles apart to facilitate necessary 
distance and equipment restrictions that involved the successful 
interaction of the two Areas. 

The layout of structures within each Area appears to have been 
site specific, although each site appeared to have certain 

. structures in common. Figures 1 and 2 illustrate a generalized 
NIKE Launcher Area and a generalized NIKE IFC Area. These 
Figures illustrate the structural units that appeared to be 
common to most Batteries although their general location to each 
other could vary significantly. For the Launcher Area, the key 
structural units include the missile assembly building, general 
storage and supply buildings, the generator building, the warhead 
building, and the three magazine (Missile Storage)/launch units. 
The IFC Area generally included the radar units, the generator 
building, general storage and supply buildings, ·and in most 
cases, the motorpool. At some sites, the motorpool could have 

been located at the Launcher Area. In many cases, the IFC Area 
also had facilities for administration and barracks. Generally, 

the administration and barracks areas were located at the IFC 
Area, however, on occasion they were located at the Launcher Area 
or on a separate parcel of land. These sites al so generally 
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- included a number of f o r ms of waste disposal including sump and 
- dra ining systems , see p age pits, septic tanks with infil t r a tion 

\ie lls for liquid waste disposal, and occasionally on- site 

l andfills. 

5.2 GENERAL UNIT OPERATIONS 

s.2 .1 Launcher Area 

; 

The La unc he r Area of a NIK E s i t e wa s the l ocat i on where t he 
' · 

mi ss il e s a nd warheads wer e a s sembl e d , ma inta ined , and p r ep a red 
for firing. The ·missiles a rrived a t the site di sas semb l e d i n t o 
1 3 specific components. All operations nec e ssary to ma ke the 
missil es flight r eady were then conducted in s pecific l oc a tions 

in the Launcher Area. The se oper a tions as they appli e d to 

contamination are discus sed in Sections 6.0 and 7.0. In general, 

routine maintenance a nd checking procedures were performed on the 

missile at the Launcher Area. However, on a periodic basis 
missiles were returned to the Battalion support shop for more 
detailed maintenance and service checking. It is estimated that 
a pproximately 30 missiles per year were sent from the Battery 
Launch Area to the Battalion support shop. It was also common 
practice to randomly select certain missiles to be returned to 
one of the th ree national Depot areas for more complete 
maintenance and service checking operations. The national Depots 

were located at Letterkenny, Pennsylvania; Tooele, Utah; and 
Pueblo, Color ado. 

Approximately 10 missiles per year were sent from a particular 
Battalion to Depot. Any shipping of the missile required it to 
be totally disassembled into its 13 component parts, packed in 
its original crates, and shipped. This was done at the Battery 

missile assembly building. It was also routine practice for the · 
personnel of a part i c ul a r Battery to be sent to McGregor Range in 

sout he rn New Mexico fo r t es t firing practice, about once a year. 

-17-
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When this occurred, the radar units were disassembled at the 
Battery location for major maintenance and service checking. 

s.2.2 Inteara ted Fi re cont rol fIFCl Area 

The IFC Area at a site contained all the radar, guidance, 
el~ctr~nic, and communications •quipment needed to identify 
incoming targets, launch missiles, and direct missiles in flight. 
These · operations as they applied to contamination are discussed 
in Sections 6.0 and 7.0. 
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SECTI ON 6.0 - POTENTIAL CONT&~INATION SOURCE AREAS 

( ~ Because of the nature of site opera t i ons , se v e r a l ind i v id ua l 
source areas exist for potential contamination on former NIKE 
sites. Some source areas will be fairly consistent in the type 

nd degr ~ of cont mination they present, wheres other sources 
will r efl ect site-specific variat i on. 

Gene r a lized site di agr ams a r e pr esented i n Figur s l and 2. The 
i ntent of these Figur£s i s p r i ma rily t o i ndi ca t e t he ma jor 
s tructu r a l units f or r efer ence · t o areas that could have r esul ted 
in wast e. · As p revious ly s t a ted , the loca t ion of t hese uni t s on 
a ny given site v a ried wi t h the t err a i n a nd th e gene ra l 
arrang~ment of facilities. 

6.1 GE NERAL' - WASTE FLOID DISPOSAL 

I --
Probably the most significant general practice that occurred on 
site that could lead to contamination was the method of dealing 
with waste fluids. Standard operating practices dictated that 
waste fluids were to be accumulated in POL (Petroleum, Oils, 
Lubricants) Barrels which were periodically transported to 
official dumps. However waste fluids were reported to have been 
disposed of directly to the so il s urface on occasion, rather th an 
be trc"nspo rte d t o POL Bar re ls, resulting in localized 
contamination. The POL Barrel contents were a lso reported to 
have been occasionally dumped in a random •onoff icial • manner,. 
creating concentrations of waste material in the soil both on
site or off-site. Locations of such dumps are predictable only 

by general site characteristics. This practice vas discussed at 
length in the interviews and will be discussed further in this 
report relative to specific site units. 

:1:· 

:; ... 

·, 

·:-:---

---

Specific site units that could have resulted in waste within the 
general vicinity of that unit are described in the next s ections. 
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6.2 LAUNCHER AREA 

Within the Launcher Area, three or four unit lo cations can be 
expected to have the highest probabi lity of contamination. They 

were the follo· ing: 

• Mi ssile Assembly Dra inage and Seepage Systems 
Diesel and Fuel Oil Storage Tanks 
Magazine Sump Seepage System 
Secluded Areas Adapted to Unofficial Bumping 

Three additional areas present some possibility of contamination, 
however, to a less significant extent. 

• 

Warheading/Fueling Area Drainage Systems 
Motorpool (when present) 
Septic Systems (when present) 

6.2.1 Missile Assembly Drainage and seepage systems 

The missile assembly building operations involved the use of 
various solvents, anticorrosion products, and paints as the 
missi 1 e · was assembled and disassembled. The building was 
equipped with a full-length drainage system. Spilled or waste 

materials could be washed or dumped into this drainage system. 

The draina~e in most cases was a gravity-fed system. waste 
materials were washed out of the building and into a small 
seepage system consisting of perforated tile or a seepage pit. 
The construction of the seepage system was highly variable and 

reflects features of the local terrain and soils. Porous soils 
would require a less elaborate system, since they would readily 
facilitate drainage. Pits were excavated and filled with gravel 
or other coarse fill. Seepage pits would tend to concentrate 
contaminants, when they were in use. It is also a possibility 
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- that seepage systems were ab a ndoned a nd replaced on s ites -with 
- l on g oper a ti ng histori es. The r e fore, multiple pits could be 
pre ent in t he vicinity of each other . 

6 . 2. 2 Diesel and Fuel Oil st oraoe Tanks 

A n umbe r of generators wer e reportedly used on NI KE s ite s and 
stor age of die s el fu e l was considerabl e~ Tanks were also used t o 
store fu e l oil fo r heating pur poses. These tank s we re probably 
s teel, but this could no t be d ocumente d. It i s p rob~ le tha t 
several tanks were presen t at each sit e , hol d i ng up t o 5000 
ga l l ons each. 

Tanks were us ua lly buri e d underground. They probably leaked 
hyd rocar bons t o some degr ee into the s urroundi ng s oil, due to 

, le a kag e a t connections and possible spillage during transfer 
operations. Upon de activation of the NIKE site, s ome quantities 
of fuel were ab a ndoned on-site. In many cases , the tanks were 
never drained. It is now known that there is a high probability 
of tank deterioration and consequent leakage over time. 
According to industry standards, underground storage tanks have 
a working life of 10 to 15 yea·rs, and today, most of these tanks 

.: -. have probably begun leaking because of corrosion. Under the new 
U.S. Environmental Protection Agency program, leaking underground 
storage tanks (LUST) are considered a priority hazardous waste 
problem. Thus, buried tanks could present an existing p~oblem • 

..... """ 

6.2.3 Magazine sump seepage systems 

Within the typical NIKE magazine, a floor drainage system 
permitted waste materials . to be washed to a centrals~ located 
under the missile elevator shaft. This sump was equipped with a 
pump to deliver water and waste out of the magazine and into a 
seepage system. Solvents, paints, and hydraulic fluid were 
routinely washed to the sump. 
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As with the assembly bui ld ing seepage system, this probabl y 
entailed drainage tiles and/or seepage pits. The volume of waste 
material handled by the magazine sump was probably greater th~n 
that o~ the assemb ly building, and seepage pits ~e re more likely 
to be i n use. The a rrangement of the seepage system va ried with 
the-t e rr ~in and t he a rr angeme nt of t he magaz i nes and l auncher 
s ections. It is a l s o pos sible t hat on; s l tes with s t eep terrain, 
sumps were simply pumped to a ravine Qr-· ~er watercourse. 

6.2.4 secluded Areas Adapted to •unoffic ial • Dumping 

Dumping of various wastes was reported as common at NIKE sites. 
The primary factor affecting the incidence of dumping was 
convenience. Certain authorized disposal routes were available 
to NIKE sites. However, utilization of these disposal routes 
varied from site to site. Solid waste could be delivered to 
municipal landfills, and the Army POL service was responsible for 
removing waste solvents, oils, and paints. When the landfill was 
not convenient or the POL was irregular about their pick-up, 
other methods were used to dispose of the waste. Rural sites 
were particularly prone to •unofficial• dumping. Dumping 
reportedly occurred both on-site and off-site. On-site dumps 
were secluded locations which would evade the attention of 
inspecting military officers. Lakes, ponds, swamps, and ravines 
were suited to this purpose. Off-site dumps could have made use 
of virtually any nearby ravine or water course. It was reported 
during the site operator interviews that •unofficial• dumping, 
including off-site locations was virtually a daily practice at 
some rural Battery locations. There was also use of •unofficial• 
dumps as well as public landfills at deactivation, as was learned 
in the site operator interviews. 
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6.2.5 warheadina/Fueling Area Drainaae s~stem 

( : ; The potential for contaminat ion in this a rea is considered to be 

less than th t fou nd in other areas . Liquid fuels were rarely 
spilled in quantities. The IRF.A (nitric ac id), OD MH (dimethy l 
hydrazine),- and ethylene oxide were hazardous, volatile mater ial s 
and were handled very carefully • . It was very rare that 
qu ant ities ·of these mat erials es c aped acci dentally. No 
persistent contamination woul d result from the spillage or 
leakage, due to the extrem, reactivity of each. 

Battery electrolyte was reportedly discarded in this a rea as 
well. Modest amounts of lead may have been introduced as a 
result of this operation. However, it is likely that other 

sources of le ad, such as painti were of much greater magnitude . 

> Sulfates and nitrates in the wa rheading/fueling area would be 
insignificant in the concentrations at which they would occur. 

-... 

.. ' 
'• 
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6.2.6 Motor Pool 

NIKE Site motor pools were not extensive. Most motor pool 
operations were performed at the Battalion level. However, some 
minor contamination by solvents, fuels, and lubricants could have 
occurred. Motor pools as a source of contamination aTe discussed 

.in greater detail under Section 6.3.1. 

6.2.7 septic systems 

When barracks were sited on the launcher area, a septic system of 
significant size was required. Urban and suburban NIKE sites 
ti~d into municipal wastewater systems. However ru~al sites 
required a septic tank and leaching system. Barracks were more 
often sited at the IFC area, along with the battery 
administration and other facilities. Septic systems as a source 
of contamination are discussed in greater detail under Section 

6.3.2. 
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6.3 INTEGRATED FIRE COh"TROL (IFC) AREA 

The IFC Area wa s less prone to chemical cont amina tion than the 
Laun;her Area. The diversity of ch emicals was smaller , and the 
primary mission of the IFC radar operation, did not require 
significant chemical use. The ma in units of concern with regard 
to contamination at the IFC area we ra the following: 

6.3.l 

Motor Pool 
?eptic System 
Diesel, Fuel Oil, and Gasoline Storage Tanks 
Secluded Areas Adapted to Unofficial Dumping 
(Refer to discussion under Launch Control Area, Section 
6.2.4) 

Motor Pool 

NIKE site motor pools did not involve extensive operations. 
Significant motor pool operations were performed at the Battalion 
location. However, some minor contamination by solvents, fuels, 

' and lubricants could have occurred. In some cases, motor pools 
were equip·ped with floor drains and a drainage system similar to 
that of the assembly building in the Launcher Area. Thus, 
contamination by hydrocarbons and chlorinated hydrocarbon 
materials possibly occurred in the immediate vicinity of the 

motor pool. 

6.3.2 septic systems 

On rural sites, on-site waste water systems composed of septic 

tanks, distribution boxes, and leaching areas were used. The 

major function of these systems was handling sewage. However, on 
occasion, . they may have been used to dispose of chemical 
products, an·d to that extent they present a potential source of 

contamination. In urban situations where sewage services were 
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_ provided by the municipality, this source of contamination would 

_not be present. 

The materials most likely to have been disposed of via sep tic 
systems are paints and general domestic cleaning products. Of 
these, pa i nt s pr e sent the only threat of s ignificant 
contamination in the form of oils a nd metallic -pigments. 
Contamination in this instance would be spread over the area of 
the leaching field and within the septic tank. 

Leaching fields vary in size according to the number of people 
using the facility and the type of soil at the site. Certain 
soil characteristics require much larger fields than others, 
depending on their abili ty t'o purify sewage product. On NIKE 
si te s that were manned for many years, it is also likely that 
septic systems were occasionally replaced. 

6.3.3 Diesel, Fuel Oil, and Gasoline storage Tanks 

Fuel storage tanks pose the greatest potential for contamination 
at the IFC areas. Tanks were present for diesel powered 
genera-tors and trucks, heating oil, and gasoline for vehicles. 
As with the Launcher Area, large capacity diesel tanks served 
emergency power generators. Radar operations required 
considerable electricity and these generators were fairly large. 
Generators were routinely tested and leakage and spillage of fuel 
was common. 

On most sites, depending on climatic condition, large volumes of 
fuel oil were consumed for heating purposes. Barracks and 
administration facilities were medium sized buildings capable of 
using thousands of gal Ions of fuel annually. Other facilities 
were also heated. Separate mess halls and recreational 
facilities were often present. 
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some gasoline was stored at NIKE site motor pools , a lthough not 
in quantities as extensive as those used for heating and 
generator operation. 

As discuesed earlier, underground stor age tanks ere reported to 
have leaked during NIKE site operations, however a greater 
source.of possible cont am inat ion was materia l r ema ining in the 
tanks after deactivation. In many cases , fuels we re not removed 
at the time of deactivation, and over a period of time, the 
likelihood of leaks from these tanks grows significantly. In all 
probability, most underground tanks at NIKE sites have begun to . 
leak due to deterioration of the tanks. 
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SECTION 7.0 - POTENTIAL OPERATIONS PRODUCING CONTAMINATION 

Virtu lly a ll chemical use at NIKE sites posed some potent i al for 
contamination'. However, those chemicals used as issile fuels 
we re controlled more strictly than maintenance and other 
operating materials because they were known to be to:i c. In many 
cases, the missile fuels and igniters are strong oxidizers or 
reducers, and even incidental releases of them vould not result 
in persistent contamination because of their reactivity. Other 
NIKE operations , includin7 missile and l auncher hydraulics, and 
ma intenance operations, had considerably greater potential for 
causing contamination. 

The following list of operating practices covers all major 
., chemical us e s that could potentially result in site ··· 

contamination. The list is followed by a discussion of each 
operation. These discussions include mention of the chemicals 
and materials involved, as well as consideration of all factors 
affecting the potential for contamination. 

,.,. __ 

, . 
Launcher Area 

1) Missile Assembly and Disassembly 
2) Missile Fueling and warheading 
3) Missile Maintenance and Testing 
4) General Launcher and Magazine Maintenance 

IFC Area 
5) Fire Control Operations Maintenance 

· 6) Vehicle Maintenance 

General Operations 
7) General Facilities Maintenance 
8) Utility Service 

9) Deactivation 
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7.1 LAUNCHER ~.REA 

7.1.1 Missile Assembly and Disassemblv 

Missile assembly at NIKE sites was conducted in a.n assembly 
buirding located in the Launcher Area . ~.11 missile components 
were shipped to the sites in metal canisters and wooden fin 
crates. Minor chemical use occurre~.1 dµ ring assembly to remove 
an ti-corrosion compounds, and lubr.i~~t.~ and seal various parts. 
In the early phases of the NIK-5° prog.i::-am, some sanding and 
grinding of missile parts were conducted to repair defects. 
However, these operations we re abandoned later in the program and 
defective parts were returned to the battalion or depot for 
repair, or return to the manufacturer. 

Some painting was also conducted in the assembly building. This 
was done on an as-needed basis, and battalion commanders could 
choose to have missiles painted with optional camouflage. 

Solvents used for missile preparation and cleaning included 
petroleum distillates (Stoddard Solvent, etc.),- chlorinated 
solvents, and small use of alcohols. Waste solvent could be 
saved for POL Turn-In or, perhaps more often, was washed into 
drains that had a surface leaching system conne~ted. Large 
quantities of certain solvents would evaporate during use. This 
particularly applies to the chlorinated solvents, such as carbon 
tetrachloride. The effects of surface 1 eaching systems on 
contamination, depends greatly on the depth of the system, soil 
types, and local climate. Arid, sandy environments encourage 
further evaporation and rapid leaching of unev·aporat~d materials. 
Finer grained soils (clays or silts) with routine rainfall 
discourage evaporation and decelerate leaching of some solvents. 

Lubricants, seal ants and paints are less adapted to disposal by 
drainage systems, although this was probably practiced for small 
quantities of left-over or waste material. Cans of waste and 
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left-over mate ri l ~e re dumped as solid waste ~h ich ~as delivered 

to· loc a l l andf ill s . Rural s ites may have fr equently used 
unofficial dumps for disposal of these mate ri a ls. 

7.1 .2 Missile ruelina and warheadina 

Missil fue ling and ~arheading ~s conduct dinar 7 tted a r ea 
sepa r a te f rom the assemb ly building. D~ring the early pe riod of 
the NI XE progr am , whe n conventional wa rheads were in ser vice, 
thi s area was open. With the deploymen t of nu clear wa rhe ads , a 
War heading Building was c onstructed an d used for these 
operations~ 

In this area, missiles were fueled with the various materials and 
wa rheadlng of the missile was accomplished. The electrical 

batteries were installed here, as we ll as certain other ~elicate 

structural maintenance. Service and filling of the missile 
Accessory Power supply was often conducted in this a rea as well. 

Fueling with unsymmetrical dimethylhydrazine (ODMB), inhibited 
red fuming nitric acid (IRFNA), aniline, furfuryl alcohol, and 
ethylene oxide required care and presented fire and personnel 

saf~ty hazards. Their use was governed by fairly strict 
protocol. Turn-In to depot for official disposal, as a mens of 
recycling to maintain fresh fuel on site, was probably strictly 
practiced. Environmental contamination was probably limited to 

incidental releases. With the exception of aniline and furfuryl 

alcohol, these materials were all reactive, and would dissipate 
rapidly_ in soil. Resulting compounds in most cases would be of 
low toxicity (nitrate, carbon dioxide, water, and ammonia). 
Reaction of ODMB and IRFNA could generate nitrosamine compounds. 
However, the likelihood of .this occurring because of safety 
precautions, was very remote. 

Ethylene oxide was used as a fuel for the Accessory Power Supply 
(APS) on · the missile. It vas maintained and used to test the 
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sys t em periodically. Ethylene oxide was routinely disposed of 
on-site via burning or dilution with water and subsequent surface 
dumping. As mentioned, ethylene oxide was used in moderate 
quantiti s nd is reactive. Thus, there is virtually no 
possibility of pe rsistent conta!l ina tion. 

'As iar ~s other fuels we re concer~ed, the primary propellants 
were either hydrocarbons such as JP-4, or solid materials . JP- 4 
was used in the sustaine r sta·ge of the Ajax missiles Md leakage 
could present some potential for cont am ination. All deployed· 
Hercules missiles utilized sealed solid propellants with 
essentially no potential for release. 

The fueling/warheading area had acid neutralization pits and 
general surface drainage. Spilled material occurring during 
•top-off• of fuel tanks was washed into the drainage system. 
Spilled battery electrolyte would also cause some light 
contamination from lead ions in the solution. 

7.1.3 Missile Maintenance and Testing 

Missile maintenance was conducted in four locations: the 
magazine, above ground at the launcher, the fueling area, and the 
assembly building. Refer to Figure 1 for the general location of 
these units. Where the maintenance took place depended on the 
specific operation. Simple procedures not involving the fuels or 
warhead or. related electronics could be handled in the magazine. 
Other procedures required that the missile be taken above ground 
or to the fueling area. Major structural repairs required that 

.the missile be defueled Md returned to the assembly _building. 

Maintenance or repair of corrosion or hydraulic problems were 
most common. Certain missile parts were composed of magnesium or 
magnesium alloys and were very subject to corrosion. Hydraulic 
systems needed frequent checks and leakage was not uncommon. 
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-Removal of corrosion from metal parts was conducted with at leas t 
three types of cleaners. Phosphoric acid i n alcohol s olution was 
used for aluminum parts, and al od i ne powder w s use d in water for 
c e rt a in minor cleaning. Most significant was the use of 
chromates ln the form of chromium trioxide and sodium dichroma te. 
Chromium trioxide is a solid ma t eria l available in 5 pound 
conta i ners . • Th i s was disso lv ed in . wa te r and used to vash 
magnesium• and s teel. Sodi um di chromate i s als o a solid , but was 
di s solved in acids to for~ a p ickl i ng s ol ution. Meta l parts were 
di ppe d in th i s s o lut ion. These ch roma t e s may ha ve be en _us ed in 
quan ti ties l a rge en oug h t o c a us e c ontam i nation. Chromates a r e 
he a vy metals, highly to xic, and in s ome c a s es a r e c arci nogen ic. 
Solut1ons used for decorrosion· were undoubtedly washed into sumps 
and a l lowed to leach i nto t he soil. It is a lso pos s ible that 
significant dumping of chr om ium triox ide may ha ve occurr ed during 
deactivation. This was discus sed in the interviews. 

Cleaning solvents were also used in missile maintenance. General 
cleaning and degreasing used Stoddard-type sol vents (petroleum 
distillate), carbon tetrachloride, trichloroethane(s), perchlor
etherie, and tr ich 1 oroethene, with ~:linor use of alcohol and 
acetone. Chlorinated solvents are preferred degreasers and were 
heavily used. Solvents supplied by the depot were sometimes 
substituted and avail able excess quantities of certain solvents 
may have encouraged their use. Inventories of old solvents 
continued to be delivered to NIKE sites after the solvent was 
eliminated from military procurement. Perchlorethene was used on 
NIKE sites, but was previously unreported. This was disclosed in 
the interviews. 

Painting of missile components also involved the use · of chromium 
and another priority pollutant, 1 ead. zinc chromate p.aint was 
used to prime magnesium parts subsequent to cleaning. Lead-based 
paint was used for steel. Much of the paint was consumed. 
Howe ver , was tes r esulted from the removal of old paint and unused 
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paint remaining in c ans . Pa i nt is no t well suited to drainage 
disposal, however, it is likely that some as eliminated in this 
manner. Mo re ofte n , l eftove r paint was disposed of via POL 
collection or 9 so lid• aste dumping. Dumping may have been 
practiced on-site or off-site in unofficial dumps, or else 
community landfil l s may have been used. 

He av y me t a l c ontam in a tion from paints may be a probl em on NI KE 
sites. However, mobility in g·round V&t1t t: .is limited by the paint 
vehicle and t he s olubility of t he metal i~n. Wh il e hexavalent. 
chrome fro m chromium trioxide is s ol uble, l ead and chrome in 
paints is much 1 ess soluble. This somewhat decreases the 
pr9bability of finding the·se metals in ground water samples even 
when they are present in soils. 

Missile hydraulic fluid was replaced on a regul a r basis, and 
1 e a k age , p a r t i cu l a r 1 y of A j ax sy s t ems , w as co mm on. Os e d f 1 u i d 
that was drained from the missile may have been wasted to the 
sump, returned to POL, or dumped. Leakage was usually washed to 
_the drainage sump. Unused hydraulic fluid also was disposed of, 
because once a can of fluid was opened, it was used immediately 
or disposed. 

Aircraft turbine fluid was used for lubricating gears in the 
Missile Accessory Power Supply system. This fluid was probably 
synthetic tricresyl phosphate, which is a moderately toxic 
material. This was used in comparatively small quantities, 
however, some fluid probably did contaminate NIKE sites. 

_Hydraulic fluids and paints are composed primarily of petroleum 
oils. In instances where these were disposed of on..-site, 
persistent contamination would occur. 

The Accessory Power supply and Hydraulic Pumping Unit provided 
critical power for control functions during the flight 9f a 
missile. Both systems were tested frequently, along with the 
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.elect rical systems. Testing of the Accessory Power Supply 
s ometimes utili ze d a •hot run• in which the- ethylene oxide fuel 
was a c tua lly burned . Hot runs requir ed that the missile be out 
of the magazine. Ethylene oxide was refueled af t er the run. As 
mentioned ea rlie r, ethy le ne oxide waste was dispos ed of via 
burning or-put into surface ate r. It is reactive, and ould not 
have persisted on HIKE sites. 

Pe riod i c wipe t esting of nuclear-armed missiles and the warheads 
were conducted for radiation leakage. Protocol required that 
rags utilized for these tests be disposed in lead-lined barrels 
and delivered for disposal as r adioactive waste. This protocol 
wa s frequently not foll owed, however, a nd rags were often 
disposed as regular solid waste. No accounts of radiation 
leakage were identified, and since leakage of this type was taken 
very seriously and warheads strictly constructed, it is unlikely 
that rags were ever contaminated by any measurable amounts of 
radiation. Interviews confirmed this information. 

7.1.4 General Launcher and Magazine Maintenance 

Maintenance of the structural, mechanical, and hydraulic systems 
of the launcher and magazine were significant chemical-using 
operations. Similar to the maintenance functions ~eguired for 
the missile, the launcher and magazine required cleaning, 
painting, and hydraulic work. Launchers routinely leaked 
hydraulic fluid. The elevator used to move missiles up from 
underground magazines had an extensive hydraulic system. 

NIKE sites varied somewhat in their magazine and launcher 
configuration~ Underground magazines were standard, but were 
impractical in areas with high water tables (Florida) or 
permafrost (Alaska). Arrangement of the various facilities was 
dependent on the orientation of local terrain. 
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The magazine stored missiles and contained storage rac ks and a 
rail system used to deliver the missiles to the elevator. Once 
above ground, the missile was mo ved on r a il s to the launchers. 
Rail handling of missiles requir e d tha t a ll portions of the 
rails; racks, and dolly wheels be cle an and free of corrosion. 
The rail system was cleaned with metal brushes and solvent. 
Nap-htha type sol vents were routinely used to wipe down the rails, 
leaving a light, oily residue coating the surface. Painting of 

the rail structures probably uttli l~d a lead oxide primer 
followed by a coat of •Gr green•, in accordance wi th Oper a ting· 
Manual procedures. 

As - with the launchers .the missiles also routinely leaked 
hydraulic fluid and required routine maintenance. Leaking fluid 
was washed into surrounding soil. Used fluid that was drained 
from the launchers probably was collected for dumping or disposal 
by Army POL personnel. In some instances, disposal to a sump and 
subsequent subsurface leaching may have been practiced. 

In the magazine, waste materials -- solvents, paints, and 
hydraulic fluid -- were often washed to the magazine sump located 
at the bottom of the elevator shaft. Leakage of fluid from 
elevator hydraulics could produce a considerable volume for 
disposal to the sump. Hydraulic system •blow-outs• occurring 
during operation of any hydraulic equipment would cause instant 
release of fluid. 

Hydraulic fluid is a hydrocarbon oil of moderate viscosity. The 
constituents of hydraulic fluid, as with other petroleum 
products, are .varied and numerous. 
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_7. 2 INTEGRATED FIRE COm'ROL (IFC) AREA 

7.2 . 1 Operations Main tenance 

The primary mission of the IFC area as r adar tracking and 
missile guidance. Radar, consisting of three systems, did not 
require extensive chemical use. Maintenance of radar was most ly 
electrical , utilizing small amounts of solvent for cleaning. The 
HIPAR System (High-Power Acquis iti on Radar ) used a . coolant 
pumping system consisting of · an ethylene glycol circulating 
system and pump. The ethylene glycol was replaced annually. The 
pump was oil lubricated. 

Paint compos e d the most significant ch emical use on the r ~dar 
systems. Disposal of paint at the IFC area was limited by the 
availability of disposal facilities. Waste paints we re more 
likely to be collected and removed for off-site disposal or 
occasional •unofficial• dumping. 

Fire control electronics also used certain electronic tubes that 
;~ .!.~.,_~ contain low-level radiation sources in minute amounts. These 

-~ - · 
r-. . 

tubes were often disposed of indiscriminately in earlier portions 
of NIKE site operations. Tubes may have been disposed with solid 
waste or even •tossed• on the ground. In the latter portions of 
the NIKE program, these tubes were more strictly controlled. 
Despite possible on-site disposal, the volume and hazard of this 
material is minimal. A probable maximum of six of these tubes 
per year were discarded in this manner, according to the site 
interviews. 

7.2.2 Vehicle Maintenance 

Limited motor pool operations occurred on NIKE sites. An 
individual NIKE Battery did not have responsibility for vehicle 

maintenance. Vehicl es were delivered to the battalion for all 
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ma in tenance and service . Occasional minor service or emergency 
service may have consumed small volumes of solvents, paints, and 
lubricants, so that min or contamination in the area of the motor 
pool is possible. some limited contamination from gasoline is 
als o_possible. It is noted that at s ome locations, the Battery 
motor pool was located in the Launcher Area. 

7.3 GENERAL OPERATIONS 

7.3.l General Fac i lit ies Maintenance 

Painting and cleaning we re the only consistent chemical using 
operations for maintenance of other NIK E facilities. Buildings 
and structures were maintained and certain punitive functions for 
military personnel consumed paints and cleaning materials. The 
common building paints of the NIKE period used lead as a pigment 
(20-30 percent). On-site disposal of paint was variable. In 
some cases, ground leaching systems, such as the drainage at the 
assembly building, are likely to have been used. •unofficial• 
dumping of paint was also likely. Septic systems may also have 
been used for disposal to a limited extent • 

water-soluble cleaning products are likely to have been discarded 
via surface disposal on-site, •flushing• to septic systems, or 
ground leaching systems. These products are unlikely to pose 
contamination problems, however, because of the limited 
quantities used. 

Pesticides had some use at NIKE sites, however, their use was 
quite variable and probably did not pose a serious ~ontamination 
hazard. Herbicides were used at some NIKE sites to maintain 

vegetation-free areas around site perimeters and launch areas. 
The function of this use was primarily fire control. 
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- 7~3.2 Utilitv service 

NIKE sites ~ere supported by certain on-site utilities which pose 
significant potential for contamination. A number of generators 
er used to support emergency operation of the site, including 

radar on the IFC Are a nd mis sile readiness on the Launcher Area. 
Generators we re carefully mainta ined and routinely tested • 

. Diesel fuel was sto red in large quantities for generator 
operation. Fuel was likely to have spi lled during transfer and 
pumping operations. Tank •, were typically located below ground, 
and rema ined on-site after deactivation. Tanks probably leaked 
fuel while the site was operated, and fuel left in the tank after 

deact~vation is likely to have leaked as the tanks deteriora ted. 

Tanks were also used to store fuel oil for heating purposes. 
Similar problems existed with these tanks, and quantities of fuel 
oil also are likely to have contaminated NIKE sites. These tanks 
could have been located either on the ground surface or below 
ground. Quantities of fuel oil and diesel fuel in use on NIKE 
sites consisted of an annual use of several thousand gallons. 
The extent_ of possible contamination from these tanks could vary 
corfsid_erably from site to site. The diesel and fuel oil storage 
tank~were sited at several locations on both the IFC Area and 
the Launcher Area. 

waste oils and hydraulic fluid were routinely used to control 
vegetation along underground cable-runs. 
through shal 1 ow, concrete-walled troughs. 
the ·Launcher Area and the IF.C Area. Oil 

Cable was usually run 
Large cables connected 

was poured in or on the 
troughs to eliminate vegetation. This produced widespread, but 
low-level contamination in both the Launcher Area and the IFC 
Area. 

Polychlorinated Biphenyls (PCBs) were also in use at NIKE sites 
in transformers. Release of PCBs would have been very infrequent 
since these are sealed units. Occasional rupture of transformers 
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is possible and would have resulted in contamination with 
comparatively small volumes of material . When deactivation 
occurred, transformers remained on-site and eventual 
deterioration may also have resulted in some contaminat ion. PCBs 
are Eelatively immobile in soil ~nd contamination would have been 
limited to the area in the immediate vicinity of a leaking 
transformer. The quantities and infrequent release of PCBs make 
it unlikely that serious and consistent cont amination wi ll _be 
found on NIKE sites. 

Asbestos was in widespread use at NIKE sites for insulation 
purposes. It is unlikely that any quantity of asbestos was 
d~sposed on-site, since the material remained in place during 
operation and would require disposal as a solid was te. Although 
there is probabl_y little asbestos present as a ground 

contaminant, it is likely to remain on-site in its original form 
in buildings, on piping and ductwork, until removed during 
demolition. 

7.3.3 Deactivation 

As previously stated in Sectio!1 2.0, paragraph (7), no site 
specific deactivation plans were obtained. The primary 
information concerning deactivation practices came from the site 
operator interviews. Two generic plans (references 8 and 9) were 
reviewed: however they did not address issues pertaining to 
chemicals or practices that may have involved contamination. 

As stated, deactivation protocol according to stated procedures 
_does not suggest any source of contamination, however, actual 
practice of deactivation probably resulted in disposal and/or 
abandonment of considerable volumes of potentially hazardous 
materials according to the site interviews. Specific practices 
varied significantly from site to site. Used chemical materials 
were normally returned to the depot at_the time of deactivation 
for credit on the battalion budget. However, during 
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_ deactivation , it often proved expeditious to simply abandon some 
_materials, and partially- used or waste material was probably 

r em ov ed by the most efficient me ans. Dumping in unicipal or 
• unoffici a l• d um ps wa s r eported to be widely practiced, as 
revea l ed in the in te r vi e~s. 

As an example of deactivation procedures at a particular site, an 
instance of -dumping chromium trioxide (chrome VI ) i n ex c ess of 
10 0 pounds dur i ng dea c t iv a tion was repo r ted in the in te r views . 
was te oils, paints a nd s ~lvents were d i s c a rd ed v i a s umps and 

other d r a inage . Ba rrel vol ume s of was t e were de livered to 
l a ndfills and dumps . On-site landfilling of was te probably 
occurred to some e xtent. Any dumping of UDMB c ani s ters would 
have 6ccurred at this tim~. Pesticide dumping in barrel 
qu antities was a lso r eported in t he interviews . This could 
present a potentially serious, although very infrequent, 
contamination a t the dump s it e . The s erious possibility of 
contamination resulting from deactivation is difficult to 
address, however, because of the high variability of the disposal 
locations and the quantities of materials discarded. Any low
lying areas on-site which would be secluded from the primary 
operating area were likely candidates for some •unofficial• 
dumping both during site operation and at deactivation. 

NIKE site operations and the resulting potential associated 
material contamination as discussed herein are summarized in 
two Tables as follows: 

Table . I (NIKE Site Operations and Associated Materials) presents. 
the materials used under each NIKE site operations category 
together with the usual disposal method and results of such 
disposal. 

Table II (General Materials Inventory of NIKE Sites) presents an 

alphabetical listing of the materials used, together with a 
quantity estimat e of annua l us e , the pu r po se for which it was 
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used, and the results of disposal. Table II was used to 
determine the Master Contaminant List for the purposes of NIKE 
Field Investigation Studies which i s discussed in Section 8.0 • 
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CPERATIONS 

1. Miaelle Assenbly 
and Disasserrhl y 

- Cle&ling and 
Preparation 

- Lubrication, 
Sealing arrl 
Painting 

2. Hissile FUeling 
and war heading 

- Electrical 
Batteries 

MATERIM...S 

Solvents 

Anticorrosion 
Coopoorrl 

Lubr !cants, 
Sealants, arrl 
Paints 

UIHI 

IRFN.JI. 

Aniline-Furfuryl 
Alcohol 

JP-4 

SUlfuric Acid 
(Electrolyte) 

,Lead 

'\ : i .~ ·.j 
· J ' ... . · . • , 
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DISPOSAL MmlJCD 

Evapocation 
Drainage aoo Leaming 

Solid Waste Diapooal 
Drainage aoo Leaching 

Solid waste Dispooal 
PCL 'l\Jm-In 
Drainage aoo Leaching 

Depot 'l\Jm-In 
Burial (rare) 

Depot 'l\Jm-In 
Spills (rare) 

Depot 'l\Jm-In 
Spills (rare) 

Depot 'l\Jm-In 
Spills 

Draining aoo Leaching 

Draining aoo Leaching 

------

Page 1 of 4 

RESULTS CF DISPOOAI.. 

ltme 
Persistent in Soils 

Minirnal-Sna.11 ()Jan ti ties 
Minimal-Sm""' ll ()Jmti ties 

: l 

Deperrlan t on Dtmping Pr act ices 
tble 
Persistent in Soila 

tble 
~ne-Rapid Reactive Decay 

!ble 
~ne-Rapid Relletive Decay 

tole 
Minirnal-Snal.l {).)anti ties 

!ble 
Small-Persistent in Small 

()Jcmtities 

!ble-snal.l ()Jmtiti es, 
Reactive DellClJ.Y 

small-Limited ()lmtities 

- - ---



a>ERATIONS 

3. Missile Maintenance 
arrl Testing 

- Cleaning and Cor-
rosion Removal 

- Painting 

- Hydraulic work 

- APS Testing 
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.TABLE I 

---------- --- ------------ ----, 
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Page 2 of 4 

NIKE SITE CPERATICNS :Am ASSOCIATID MA'IBRIAL.S 

MATER.IM...$ DISP03.AL ME:l'HCD RESULTS CF DISP03.AL 

PhoS{X}Oric Acid Drainage and Leaching None-Snall C)Jantities, 
Reactive Decay 

Alodine Powder Drainage and Leaching Minimal -Snall C)Janti ties 

Chrani um Trioxi de Drainage aoo Leadling Persistent in Soils 
Trioxide and 
Sodium Dichrooate 

Acids Drainage and Leaching Minimal-Reactive Decay 

Solvents Drainage aoo teadling Persistent in Soils 
(petrol eum . PCL 'l\Jm-In None 
distil l ates aoo 
chlorinated 
hydrocarbcns) 

Zinc chrooate c11d Drainage and Leaching Persistent in Soils 
Lead PCL 'l\Jm-In Nooe 

Solid Waste Disposal Depeooent on nnrping Practices 

Hydraulic Fluid Drainage and Leaming Persistent in Soils 
PCL 'l\Jm-In None 
Solid waste Disposal Depeooent on D.mping Practices 

Ethylene Oxide Burning tble 
I surface Dmping None-Rapid Reactive Decay 
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TABLE I PZl(Je 3 of 4 

NIKE SI'IB CPERATIOOS AID A5.50CIATED MNmRIALS 

OPERA.TI~ MATERIALS DISPOOAL METHCD I RESULTS CF DISPOOAL 

4. General Laurx:her and 
Magazine K:lintena.nce 

- Cleaning and Solvents, Paints, Drainage and Leaching Persistent in Soila 
Painting Lead PCL Tum-In tble 

Solid Waste Disposal Deperrlent on Durrping Practice 

- Hydraulic work Hydraulic Fluid Drainage and Leaching Persistent in Soila 
PCL Tum-In None 

5. Fire OX\trol ~rations 
Maintenance 

- Radar Cperation Ethylene Glycol . Unkno,m Mi.ninD1 -Snall Q.Jan ti t ies 

- Electronics Low-Level Radio- Solid waste Disposal Minimal-Snal.l Quantities 
activity surface Durrping Miniiml-Snall Q.Jantities 
( Electronic '!'\bes) 

6. VehiCAl. Maintenance Sol vents, Fuels, Drainage and Leaching Snal.1-Limited Q.Jzmtlt ea 
Lubricants, Paints CoosUJred ?ble 

P<;I., '!urn-In None 

7. Ge~ral Facility 
Maintenance 

- Painting and Paints, Lead P(I, '!um-In None 
Cleaning Solid Waste Disposal Depeooent on Dwrping Practices 

Septic Persistent in Soi l s 

- Vegetation Cootrol Herbicides Const.nned Non Persistent 



CPERATI~ 

e. utility Service 

- Generator ~ration 

- Heating 

- Vegetation Cmtrol 
in Cable Runs 

- Electric! ty Service 

- InSUlatioo 
(Fire Proofing) 

9. ~ivation 

,, 

~) • I 
', 
' ' 

-, 
,; 

TMLE I 
' 

NllE SITE CPERATICffi AID ASSOCIATID MATERIALS 

DISPGSAL HE:rlJCD 

Diesel Fuel Cooauood 
Leakage 

Beating Oil Coo.ellned 
Leakage 

Hydraulic Fluid SJrfaoe Ilmping 
and Oils 

Polychlorinated Leakage 
Biphenyls 

Asbestos Ncxle-Remains in structures 

All Materials Dmping 
0 Solvents 
0 Lubricants 
0 FUele 
0 Etc. 
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RESULTS CF DISPQ'il\L 

None 
Persistent in Soila 

t-l:ne 
Pereietent in Soila 

small-Limited Qumtitica 

Small, Highly va.r i.Dble 

None (Minimal) 

Highly Vart.able-Peraiatcnt When 
Present 
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MI\.TERIM.. 

Acetone 

Adhesives 

Alodine PcM::ler 

Anil ine 

Asbestos 

Benzene 

n-Butanol 

Carbon Tetrachloride 

Corrosion Preventatives 
(Pastes) 

Chranium Trioxide 

/ '.) ··.' .. , fJ . / 

TABLE II 

G;mAAL MA'fflRIALS INVENOCm CF NIKE SITES 

MUlAL 
USE 

USE 
OIARPCI'ERIS'l'ICS 

20 gal. Special Cleaning 

50 lb. Sealing Missile Coopooents 

10 lb. Decorroding Metal Parts 

10 gal. Ajax Fuel/starter 

500 lb. total Insulation/Fire Proofing 

100 gal. Solvent 

20 gal. 

300 gal. 

20 lb. 

100 lb. 

Ge~ra.l Solvent and Fuel 
Constituent 

Missile Cleaning 

Solvent 

~al Sealing of Missile 

. Decorroding Missile Parts 
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DISPC6AL ME'IIKD 

Evaporation, 
Drainage ard Leaching 

Conswned, 
Solid Waste Dispoeal 

Drainage ar.a Leaching 

Depot 'l\Jm-In, 
. spillage to Soil 

Minor Release, 
Intact on Site 

Ev~ration, 
Drainage and Leoching 

FUel TaM Leakage 

Drainage ard Leadl ing 

Evapocation, 
Drainage arrl Leaching 

Consumed, 
Solid Waste Dispooal 

Drainage arrl Leaching, 
surface Disposal 
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TABLE II 

GE?£RAL MATERIALS INVENrORY CF NIKE SITES Page 2 of 5 

ANNUAL USE 
MATERIAL USE aww:TERISTICS DI.SPOOAL HE'lllCO· 

Diesel FUel 10,000 gal. Fuel for Generators Consumed, 
(Hydrocarbons) Spillage to Soil, 

Fuel Tank Leakage 

unaym. -Dinethyl Hydrazine 10 gal. Missile ruel/Starter Depot 'l\lrn-In, 
Landfill 

Dry Cleaning . Sol vent 500 gal. Solvent . Evaporation, 
( Hydrocarbons) · Drainage and Lenching 

Electrical Insulating Oil 20 gal. Electronics Lubr icmt PCL 'l\lrn-In, 
Leakage 

Ethanol 20 gal. Solvent DrailwJe nnd Leadling 

Ethylene Glycol 25 gal. HIPAR coolant Unkno.m 

Ethylene oxide 200 gal. APS FUel Burning, 
{Liquid Fonn) surface Disposal 

Preons t)lknown Solvent Evoporation, 
(Chlorofuorocarbons) Drain4ge and Lenching 

Furfuryl Alooool 10 gal. Ajax FUel/starter Depot '1\1 m-In, 
Spillage to Soil 

Gasoline 1,000 gal. Vehicle FUel COOewned, 
{Hydrocarbons) Fuel Tank Lemcnge 

, • 
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MNUAL 
fOO'ERIM, USE 

Greases 100 lb. 
(Rydrocarbcl'ls) 

Heating Oil 20,000 gal. 
(Hydrocarbone) 

Herbicide.a 20 lb. 

Hydratlic Fluid ·2,000 gal. 
(Rydrocart>oos) 

Iaq>ropanol 20 gal. 

JP-4 500 gal. 
(Hydrocarbons) 

Lend 200 lb. 
(Cart>ooates and Oxide) 

Law-Level Radiation Soorcee <1. lb. 

LUbricating Oils 200 gal. 
(Hydrocarbone) 

Mineral Spirits 500 gal. 
(Hydrocarbone) 

' /, t _'J.. . ' , .. i . ::.; ' . . ! ~.~r~.r~ 

TABLE II 

USB 
OIARAC'lffllSrICS 

Mllehinery IAlbr icmt 

FUel 

Vegetation Cmtrol 

Hydnw.ic Fluid 

Deicing ex fx)uipoent 

Missile Fuel 

I , 

Paints and Battery Electrolyte 

Electrical 'l\bes 

Llbricatioo of Madlinery 

Sol vent:/'lh inner 

Page 3 of 5 

DISPC6AL MEmCD 

Conm.lned, 
Drainage 41d IA?cdling, 
PCI., 'l\tm-In 

Cawtm!d, 
Fuel Tank Leakcgc 

Cooswned 

Drainage ood Lcl.dling, 
PCL 'l\tm-In, SUrfncc Diopooal 

Evaporation, 
surface Diapoool 

Dq>ot 'l\tm-In, 
Drainage and Loa.chiJxJ 

Dcainage and leaching, 
PCL 'l\tm-In 

Solid lfaate Ohpooru. , 
Depot 'l\lm-In 

PCL TUm-In, 
Drainage and Le ching 
airface Diopoeal 

Drainage and IAlndiing 
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TABLE II 

GE?EIW. MATERIALS INVENrOOY CF NIKE SI'IBS Page 4 of 5 

PaNNUAL USE · 
MATERIAL USE OIARACTERISl'ICS DISPaiAI.. ME'lTICD 

Holybderum Disulfide 5 lb. Lubricant Conallred, 
Drainage and Leaching 

Naphtha 50 gal. Solvent:,rnlinner Dr ai.nagc and Leaching, 
(Hydrocarbons) Evaporation 

Nitric l\cid 300 gal. Missile Fuel/starter Depot 'l\lm-In, 
{IRFNA) Spilllt<Je to soil 

Paints 300 gal. Paint Ccnsumed, 
(Hydrocarbons , Pigments) PCL 'l\Jm-In, 

Drai.Mge and Lendling, 
SUrfllCe Dispooal, . 
Solid waste Diepooal 

Perchlorethylene 100 gal. SOlvent Evaporation, 
(Tetrachloroethene) Drainage mid Lel!Ching 

Phosphoric Acid 20 9al. Cleaning Mital Dl:ai.n&\ga and lAaching, 
&.trtaoe Di.spooal 

Polychlocinated Biphenyls 100 gal.total. Electric Insulator Removed, 
(PCBB) Int:ilck on Site, 

Leakage to Soils 

Prq:>an<>l 10 gal. Missile Cleaning l)["ainage and Le4clling 

Selenium 100 lb. total Rectifier Parts Removlll., 
(Metallic) Inbct 01 Site, 

. solid Waste Dieposal 

.,,. 



Sodillll Dichranate 

SodillD Poosphate 
(Tribaeic) 

stoodard Solvent 
(Bydrocarlxx\8) 

ru.Ifur ic h:id 

Toluene 

1,1,1-Trichloroethane 

1,1,2-Tric:hloroethane 

Tr ichloroethene 
(Trichloroethylene) 

Tr icresyl Pl¥>eplate. 

Zinc Olranate 

t) . .. ., 

MNtJAL 
USE 

50 lb. · 

50 lb. 

500 gal. 

30 gal. 

50 gal. 

500 gal. 

500 gal. 

· 500 gal. 

20 gal. 

100 lb. 

l} . .' '' '!>. i . s:. t c' J !.) 
~ -~··, :.' .. , 

USE 
OIARPCl'ERISTICS 

Met:Al Cleaning 

Ek)tJipnent Cleaning 

Solvent 

Battery Acid 

Solvent 

Ccnetituent of Fuels 

Solvent 

solvent 

solvent 

~ial Lulxicmt 

Paint 

I • 

Page 5 of 5 

DISPOOAL tEl'HCD 

Drain&ge and Lellching 

Dcainage and Leochi.ng, 
Septic diapooo.l 

Drainage and Loodting, 
EVapc~auon 

Drainage mxJ LeochIDJ 

Drainage mld Lenching 

Fuel Tllllk IJenkngc 

Evaporation,· 
Drainage and Leoching 

Evaporation, 
Drainage and Leaching 

Evaporatioo, 
Drllinage and Leaching 

Drainage and Leaching 

Drainage Md Lo bing, 
PCL 'l\lm-In, 
SOl id ffnate isp 
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SECTION 8 .0 - MASTE-R CONTAMINANTS LIST 

,.. - - 8 . 1 GENERAL 

0 

. ~ 
' • 

-~} _·· 

k,°::bi~ 
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Based on the previous analysis of site operations, this section 
presents the ~aster Contami a nts List hich consists of the 

potentia l contaminants of former HIKE sites. These contaminants 
sho u ld be investigated in the NIKE P~eliminary Determination 

Phase (Phase II of this investigative p r ogr am ). As shown in 

Tabl es I and II , a numbe r of many .diffe r ent substances were found 

to ha ve p o tent i a l l y cont am inated Ni l E si tes . Many of t he m, 

howe ve r, were not used i n quantities that j ust i fy eval uation as a 

c on t am inan t . Certai n o t he r substances t ha t a re pote nti a l 
contaminants we re used e rr a tica lly, and ha ve an extremely small 
likelihood of being discov e r e d on NIKE s ites. Other possible 

cont am inant s have ver y brief life e xpect a nci e s in the 

environment, and will no longer be present • 

Also, further discussion is pres e nted of criteria used for 

devel-oping the Master List from the general inventory and 
discusses particular ~aterials regarding their likelihood of 

being considered a potential · site contaminant. The Master 

Contaminants List is presented as Table III at the conclusion of 
this Section. 

8.2 MASTER LIST CONTAMINANTS 

Each of the substances identified on the master list was used in 
significant quantities on NIKE sites and has a high probability 

of causing contamination. Most of the other materials identified 
in _this investigation were · eliminated from consideration since 

the volume of use on NIKE sites was small. Certain of the 

chemicals identified in previous investigations conducted by the 

United States Army Toxic and Hazardous Materials Agency were not 

included on the master list. The primary criteria for not in

c l ud i nq material s on t he master list included: 
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the materials were used only in small quantities, 

the materials were used with extreme care such that only 
ainor quantities could have caused contamination and, 

the materi al s were reactive to the environment su ch that 
possible contamination from these ma terials would have 
dissipated rapidly with ·time. 

Specific discussions of the subs t ances comprising the master 
list, and of certain significant mate rials that wer e · eliminated 
from the list, are presented in the following paragraphs • 

. -
Materials on the Master List that represent additions relative to 
previous studies are so designated • 

Benzene (New Listing) 

Benzene was mentioned in Manual TM 9-1400-250-15/3. Benzene was 
probably in use as a solvent _ in the early stages of the NIKE 
program and was eliminated from updated standard equipment 
inventories. It remained in the text of the unrevised portions 
of the manual. Benzene was removed from military use due to its 
toxicity, much the same as was carbon tetrachloride. Benzene is 
also a common constituent of other solvents and fuels. Gasoline, 
for example, often contains significant amounts of benzene, so 
that NIKE site contamination from leaking fuel tanks or other 
solvent use increases the threat of benzene contamination. 

carbon Tetrachloride 

As indicated in previous studies · of NIKE sites (USATHMA DRXTR-AS

IA-83016), carbon tetrachloride was used in the early portions of 

the NIKE program. It is a superior sol vent, and was used 

extensively for cleaning and degreasing. 
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_, Chromium (New Listing) 

Ch r omium originates on NIK E sites in the cleaning materials 
chromium trioxide c?.nd sodium dichromate, as well as in zinc 
chr omate and other paints. 

Petrol eum Hydrocarbons 

Fuels , non-ch lor inated solvents, naphthas , l ub ricants , paints , 
a nd .hydraulic fluid all fa ll _into the cl as s of petroleum 
hydr.ocarbons. Because there are thousands of different but 
similar hydrocarbons, they are considered as a group when dealing 
with contamination from the mater i als mentioned above. In shee r 
quanti ~y, hydrocarbons constitute the most s ignificant potential 
contaminant of former NIKE s ites. 

. .. Lead originates on NIKE si tea in battery electrolyte and · 1 ead-

- .....:. .. based paints. Paint disposal at NIKE sites may have caused 
extensive contamination by lead. 

Perchlorethylene {New Listing) 

Interviews conf~rrned the use of perchloroethylene on NIKE sites. 
It was used as a solvent, probably after carbon tetrachloride use 
ceased, and before the introduction of trichloroethene and 
trichloroethanes. High volume use could be expected during that 

0-- period. 

\...; .' 

Toluene 

Toluene was specified as a cleaning solvent for missile 
components. 

solvents. 

It is also a major component of fuels and other 
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1,1 , 1-Trichloroethane, 1,1,2-Trichloroetbane, and Trichloroethene 

The use of these sol vents was previously documented by USATHMA 
and ~as confirmed by this investigation. 

8. 3 OTHER MATERIALS CO NSIDERED 

The materials discussed in t he foll owing paragr aphs are potentia l 
con t aminan t s t hat were not p l a ced on the master list of 
contaminants for the r ea sons p r e vi ously discussed, but which 
warrant further discu ss ion because they are mentioned in other 
~ource material as possible contaminants. 

unsymmetrical Dimethyl Hydraz i ne (UDMH ) 

UDMH was used in small amounts and stored for use in small sealed 
canisters. UDMH was carefully handled and controlled on NIKE 
sites. Spills • very rarely occurred, and only intentional 
landfilling would present a contamination situation. In· the 
-· 

environment, UD¥H does not persist, because of its reactivity. 
UDMH will not occur on NIKE sites, except in sealed canisters, 
and will not be found in water or soil samples. 

Ethylene Oxide 

Ethylene oxide was used throughout the NIKE program as a fuel for 
the Accessory Power supply (APS) system. This system burned 
ethylene oxide primarily to power missile guidance hydraulics. 
The system was tested periodically with a •hot run•. Waste 

ethylene oxide was disposed of immediately by burning or dilution 
in water and on-site dumping. Ethylene oxide is a reactive, 
volatile liquid stored a t low temperatures. (It has a boiling 
point of 11° Centigrade). In th e en vironme nt, i t de c ays in a 
very short time. No ethylene oxide wi l l remain as a NI KE s ite 

contaminant. 
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Aniline and Fur f ury l Al cohol 

These starte r fuels were not used in large quantities and pos e 
-

very little contamination hazard. 

JP-4 is a hydrocarbon fueJ. Contamination by JP-4 i s considered 
along with other f uels under the hydrocarbon ca tegory. 

Low-Level Radiation 

Radiation resulting from electrical tube disposal caused · 
I 

extremely minute contamination with no associ a ted hazard. 

Leakage from nuclear weapons did not occur to the best of our 
knowledge. 

IRFNA (Nitric Acid) 

IRFNA. was an extremely hazardous material that was treated with 

great respect by NIKE site operators. Very little contamination 
via spillage occurred~ The small amounts that were spilled 
rapidly reacted to become nitrates. Nitrates occur naturally in 

soils and are very commonly used as fertilizer. There is 

practically no chance that serious contamination of NIKE sites 
occurred as a result of the use of IRFNA. 

Polychlorinated Biphenyls !PCBs> 

PCBs were present on NIKE sites in permanent, sealed electric 
transformers. Small, erratic leakage of transformers probably 
occurred during site operation and after deactivation. 

Contamination resulting from PCB's would be small,localized, 

unpredictable, and unlikely to be discovered except from visual 
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obse r vation of a leaking transformer. Therefore, PCBs were not 

inc luded in the Laster List for screening dur i ng the Preliminary 
Determination Phase. If PCB contamination is suspected, it will 

-
be investigated on a site specific basis. 

Asbestos 

Asbestos remains on-site in its original form in buildings, on 
piping and ductwork. It should be removed during demolition. 
Asbestos was not included on the Master List for s creening during 
the Preliminary Determination Phase. 
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MKI'ERIAL 

Benzene 

carbon Tetrachlor ide 
(Tetrachloraoothane) 

Chranillil 
(Olramates , Olrooe III, 
IV, and VI) 

Petroleum Bydrocad>ons 

Lead . 
(carbonat es aid Oxide) 

Perchlorethylene 
(Tet rachloroethene) 

Toluene 

1,1 ,1-Trichloroethane 

1,1 , 2-'l'richloroethane 

Trichloroethylene 
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TAILE III 
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MASl'ER LIST CF SIQUFICANI' POI'ENI'IAL NilCE SITE O:>Nl'NHNANI'S 

USE 
ClIARI\CTERISTICS 

Solvent 

General Solvent and Fuel Cooatituent 

Solvent 

Decorroding Missile Parts 

Fuels, IAlbricants, 
Hydrocarboos 

Paints and Battery Electrolyte 

Solvent 

Solvent 
Conf,ltituent of Fuels 

Solvent 

Solvent 

Solvent 

' DISPOSAL f,£'llO) 

Evaporation, 
Drainage and Leaching 

Fuel T&lk Lenkage 

Evaporation, 
Dr ainage and Leaching 

Drainage and Leaching, 
SUr(ace Disposal 

. Cons1.11ro, 
FUel Tank Leakage , 
Spillage to Soil, 
POL Turn- In , 
Dntlnagae and Leaching , 
surface Diaposru. 

Drainage nnd Leaching, 
J?CL 'l\Jm- In 

Evl!p<>rati on, 
Drainage and Leaching 

Drainage and Leachi ng 
FUel T&lk Leakage 

Evaporation, 
Drainage and Leaching 

Evaporation, 
Drainage and Leoching 

Evaporation, 
Drainage and Leaching 
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1) OSATBMA 

2) OSATEMA 

3) OSATHMA 

4) USATHMA 
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WOR..-.C PLAN PREAMBLE 

The initial effort described in the fo llowing Generic Pl an s is 
ca ll ed the Prelimina r y Dete rmination Phase (PDP). It is uniqu e 
in terms of both breadth and complexity as compared with Remedi al 
Investigations (RI) under CERCLA and Confirma tion Studies under 
the IRP. Al though many techni cal requirements apply especially 
in th~ sampling and Anaiysis area, some latitude is available 
because of the preliminary natqre of this effort. 

These PDP studies are designed only to confirm or deny the 
existence of contamination whi ch could have been caused by DOD, 
and are not equivalent to RCRA ground water quality assessment s, 
or CERCLA investigations. Only when contami na tion is discovered 
is it necessary to follow the much stricter EPA guidance for site 
investigations. 

The Plans are structured so that headings describing the intent 
of each section are given in CAPITALIZED BOLD FACE TYPE. This 
language would not appear in a site specific plan. In some 1 

cases, site specific examples are given. They appear in Bold 
Face Regular Type. The site specific data should be inserted in 
place of these examples for a specific case. Other suggested 
language for site specific plans is given in regular type. Where 
specific equipment is mentioned, "equivalent equipment• that 
performs the required task in an acceptable manner may be 
specified and used. 
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1 .0 INTRODUCTION 

GE NERAL 

SAM PLI NG AND ANALY SIS PLAN 

CONTRACT DACA87-85- C-010 4 

TH IS S ECTION DISCUSSES THE OBJ ECTIVE OF S A~ PLI NG AND DESCRIBES 

THE CONTENTS OF THE SAMPLINr; AND ANALYS IS PI.AR. 

The basic objec t i v e of any sampling campaign is to collect 

samples that are representat i ve of the medi a unde r i nv es t igation. 

Therefore, sampling me thodology, handling and analysis must all 

be controlled within a narrow ba nd of tolerance in order to 
provide samples t hat are repr e sentative of actual in-situ 
conditions. At the same time sampli ng activities a nd programs 

must incorporate practicality, simplicity, economics, 1 

reproducibility and safety considerations. 

The following Sampling and Analysis Plan has been designed to 
encompass the preceding objectives. Procedures incorporated into 
this Plan are taken from a number of sources. However, much of 
the material has been derived from EPA hazardous waste sampling 

publications. A primary source document is •characterization of 

Hazardous Waste Sites - A Methods Manual, Volumes I, II and III". 

The NIKE Site Sampling and Analysis Plan contains the following 

sections: 

Project objective 
Project Background 
Organization of Field Team 
Sampling Program 
Quality Assurance/Quality Control 
Safety Considerations 

l 
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Reference is made to the NIKE Site Well l,.nstallation Plan. The 

Well Installation Plan discusseB well construction materials, 

specifications and procedures. It also presents a detailed 

description and rationale for well locations and depths. 

****1r 
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2.0 PROJECT OBJECTIVE 
_.,.. 

THIS SECTIOH DISCUSSES THE PROJECT OBJECTIVE AND THE OBJECTIVE OF 

THE SP: PLIHG }UID ARA.LYSIS PLAN FOR EACH SITE. ENVIRONMENTAL AND 

HAZARDOOS SAMPLES ARE DESCRIBED, ARD GRAB AND CO~POSITE SAKPLI~G 

TECHNIQUES ARE PRESENTED. 

The primary objective of NIKE Site investigations (under U.S. 

Army Contract DACA87-85-C-0104) is to make a preliminary 

determination of whether Department of Defense (DOD) activities 

caused contamination at former NIKE missile sites. The word 
contamination includes hazardous or toxic substances found in 
ground water, surface water and soil with contaminants specified 

by regulatory criteria. A secondary objective of the program is 
to provide reliable data for subsequent investigations, if 1 

necessary, that would define the extent of contamination, its 
rate of movement, and potentially feasible remedial measures. 

The primary objective of the NIKE Site Sampling and Analysis Plan 

is to provide consistent methodology and procedures for obtaining 
representative samples of the media (water and soil) under 

investigation. A representative sample is defined as "a sample 
that possesses the same qualities or properties as ·the material 

under investigation". In relation to media, two basic types of 
samples can be considered: environmental (diluted) and hazardous 

(concentrated) samples. Environmental samples (ambient air, 
soils, rivers, streams, or biota) are generally dilute and 
usually do not require the special handling procedures used for 
concentrated samples. However, in certain instances, 
environmental samples can contain elevated concentrations of 
pollutants and in such cases would have to be handled as 
hazardous samples. Hazardous samples, are those collected from 
drums, tanks, lagoons, pits, waste piles, fresh spills, etc., and 

required special handling because of their potential toxicity or 

hazard. 
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In general, when collecting environmental,, or hazardous samples, 

t wo basic types of sampling techniques are recognized: grab 

samples and composi te samp les. A grab sample is a single sample 

repre-sentative of a specifi c location at a given point in time. 

The sample is collect ed all at once and at one particular point 

in the sample medium. Composite sarn_pilies ::are combinations of more 

than one sample collected at ~riows sampling locations. 

Analysis of composite sample yields an average value. 

At the NIKE Site, it is anticipated that environmental samples 

will be collected from soil, ground water, and surface water. 

Grab samples will be obtained from each sampling location as 
discussed in Section 5 (Sampling Program) of this Plan. 

***** 
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3.0 PROJECT BACKGROUND 

THIS S8CTIOR PROVIDE S SITE SPECIFIC BACKGROUND INFORMAT ION 

RELEVANT TO THE SA PLI NG AND ANALYSIS PLAN. AH EXAMPLE OF 

TYPICAL SITE SPECIFIC LANGOAGE IS GIVEN. INFORMATION COMPRISING 

SEVERAL PARAGRAPHS 0? ~:ITE LOCATION AND LAYOUT I NFORMATION 

CONSTITUTE THE FIRST POkl'IO~ OF THIS SECTION. SUBSEQUENT 

PARAGRAPHS DESCRIBE DATA OBTAINED IN TBB SITE INSPECTION TRIP AND 

INCLUDES INFORHATION ABOUT SITE GEOLOGY, GROUNDWATER, TOPOGRAPHY 

AND PRESENT SITE LOGISTICS. EXAMPLE LANGUAGE THAT IS SITE 

SPECI~IC IS GIVEN IN BOLD FACE TYPE. EACH PLAN MUST DEVELOP ITS 

OWN SITE SPECIFIC INFORMATION FOR THIS SECTION. 

~J The NIKE site is located in the town of Needham (Norfolk County) 1 

Massachusetts. Needham is a suburban colllm.un ity located in the 

southwestern part of the Metropolitan Boston Area, approximately 

12 miles froa down town Boston. It is bordered by the cities of 

• e 

( Newton and Boston on the northeast side and the Town of Wellesley 

on the northwestern side. The southern borders abut the Towns of 

Dover, Dedham and Westwood. The Charles River serves as the Town 

border for about three quarters of its perimeter. The Launcher 

Area of the site is located near the intersection of Charles 

River Street and Pine Street in Needham. 

The site was for•erly owned by the Department of Defense (DOD) 
c-, from about 1956 until about 1967. The site contained a total of 

86.20 acres, with 28.88 acres •pee• and 57.20 acres •Easement•. 
The primary tract of interest is the Launcher Area which 

consisted of 19.11 acres. Facilities at the Launcher Area 
included officers quarters, missile assembly and test building, a 
revetted fueling area, three silo areas, and other smaller 
structures. The IFC Area is located about one mile northeast of 

the site, but is not being considered in this investigation 

because of its lack of facilities that would apparently cause 
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con t ami nation. The La uncher Area is presentl y owned by the City 

of Hee d ham an d has ser v e d n o u se s i ~ce pu rc hase . 

eventua l ly intended f o r us e for new s c hool f aci liti es . 

It i s 

At other NI KE f a ciliti e s across the United States, records 

indicate the possibility that hazardou~/toxic substances may have 

been released and/or disposed on similar ~ites. The primary area 

of concern is generall y_at the Launcher Area and is related to 

missile fueling/defueling, procedures operation and maint enance 

activities, and site deactivation. Therefore, ground water, 
surface water, and soil samples will be taken only at the 

Launcher Area and analyzed for hazardous constituents. 

To better understand existing site conditions, a preliminary site 
I 

investigation was performed. Agencies presently involved with 
the site were visited and regional data were obtained. 

Preliminary data we re collected on general site characteristics 

to assist in locating the proposed ground water monitoring wells. 

Discussions were also conducted with local authorities, owners, 

and others that may have site information who were familiar with 

the Launcher Area. The following data were learned from the 

preliminary site investigation: 

The geology of Needham has examples of both bedrock and 

glacial action. The bedrock is primarily volcanic from the 

Devonian or Carboniferous Age along with some later massive 

conglomerate sediments and a small region of earlier 

granodiorite. The glacier features include - drumlins, a 

large _lake filled plain, eskers, kettle-~oles, erratic 

boulders and bedrock striation. In addition, the course of 

the Charles River was extensively relocated as a result of 

the glacial deposits in Needba.a and surrounding communities. 

Needhaa lies entirely within the Charles River watershed and 

is bordered on three sides by the Charles River. This river 

frontage totals 12. 3 miles, or approximately 15 percent of 
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t he total ri ver l ength. The Charles River is Massachuse tts' 
l a r ges t i ntrastate wate r way. 

_,,, 
Topography at the Launcher Area slopes predominantly towa rd 
t he eastern edge of t he facility. Ground wate r is locally 
controlled by topography. Significant fill has been placed 

on t he sit e to achi eve construction grade f or several of the 
buildings. wetlands e .. ist both t o the east and northwest of · 

the site. 

From initial information obta ined du ring the site visit, the 

IFC Area appears to be free from surface contamination. It 
does not appear that any activities were conducted at the 

IFC Area that would have resulted in contaminating the site. 
Therefore, all subsequent investigations for this study will 

be focused at the Launcher Area. 

The Launcher Area was purchased by the City of Needham in 

1968 for future educational purposes. It has not been 

developed since that time. Parkland exist adjacent the site 

and citizens using the parks occasionally gain access to the 
site. 

There is evidence that some dumping of refuse and possibly 
other materials has occurred in the past. It is not known 

to what extent past NIKE operations aay have contributed to 

such refuse. The sampling program will consider this 
possibility. 

The site is heavily wooded and minor adjustments to boring 

locations may be necessary considering field access 
difficulties. 
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Based upon investigations at other NIKE"facilities (Contract 

DACA87-85-D-0004), the NIKE literature study, (Contract DACA87-

85-C-010 4) and the site visit to the NIKE Site, contamination is 

most like l y t o be r e lated t o t he following Launch er Area 

f a cil i ties: Missile as s e mb ly f aci l i t i es, die s e l an d f uel oil 

storage facilities, magaz i ne seepag~ f ~cili t ies, secl uded areas 

around t he periphery of the site bou ndary convenient for dumping, 

missile warheading and ·fueling areas, the motor pool (when 

present) and septic systems (when present). Likely contaminants 

include: Volatile organic solvents, gasoline, diesel fuel, 

xocket fuel, fuel additives, paints and related substances, and 

battery electrolyte. The Sampling Program (Section 5.0) 

describes the proposed sampling procedures and analyt i cal 

methodologies to address the potential contaminants at the launch 

site areas. 

***** 
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4. O ORGANIZATION· OF PROJECT TEAM 

-✓ 

THIS SECTION PRESENTS TEE PROJECT TEAM ORGANIZATION FOR EACH SITE 

INVESTIGATION. KEY ORK ASSIGN ENTS AND PERSONNEL A.RE DESCRIBED. 

BACH COMPANY SHOULD PROVIDE THE QUALIFI CATIONS FOR EACH OF THE 

PERSONNEL LISTED FOR THE ORGANI ZATIONAL POSITI ONS DESCRIBED. 

Key project participants for the NIKE Site investigation include 

the project manager, senior technical staff, site manager, safety 

officer, laboratory manager, and work par t y. Described in the 

following paragraphs are the proposed project assignments and 

responsibilities. A l ist of individuals expected to serve in 

each capacity and a brief synopsis of the participants experience 

for similar investigations should be included in each individual 

plan. 

PROJECT MANAGER - Is responsible for overall management of 

the NIKE Site Investigation. Coordinates between office and 

field personnel, manages administrative requirements and 

schedules, oversees technical project approach, 

implementation, and report preparation. 

SENIOR ENGINEER - Provides technical oversight and direction 

for all aspects of the site investigation and data 

evaluation, and serves as Senior Author of the engineering 

report. 

SITE MANAGER - Is responsible for implementation of Sampling 

and Analysis Plan, Well Installation Plan, Quality 

Assurance/ Quality Control, and Safety duririg the field 

investigation phase. 

Manager. 

Reports directly to the Project 

SAFETY OFFICER - Oversees the site specific Health and 

Safety Plan for the NIKE Site, conducts personnel training, 

9 
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administers company hazardou s assessment and su r veillance 

medical program, and coordinates with;Site Manage r for s ite 

safety. He is available for consultation during the actual 

investigation . 

LABORATORY MANGER - Is r esponsibl_e: f_o r handling and analysis 

of ground-water and soil sample~:-~~ved by the laboratory. 
He also oversees sample trave•l: ,t-hrQugh the lab, analytii::al 

procedures, quality control, reporting and sample disposal. 

WORK PARTY - Performs on-site tasks contained in the 

Sampling and Analysis Plan and Well Installation Plan under 

the direction of the Site Manager. 

***** 
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5.0 SAMPLING PROGRAM 
_,#' 

THIS SECT ION DESCRI BE S THE PROPOSED SA MPLI NG PROGRA M FOR EACH 

SITE. THE P. OGRA.L n CLUDES THE FOLLOWI G I NFORMATION : TYPES OF 

SAM PL ES, NUMBER OF SAMPLE S, LOCATION OF SAMPLES, SAMPLE 

CONTAI NERS, SAMPLING PROTOCOL, FIELD CHARACTERIZATION TECHNIQUES, 

SAMPLE PRESERVATION, 1..ND LI\BORATORY HANDLING. A FIGURE SHOWING 

THE SAM PLI NG LOCAT IO NS sauULO BB PROVIDED. THE F IGURE SH OWN 

HERBI N I S AN EXAMPLE OF A SPECIFIC SITE. 

The objecti ve of t he NIKE Si t e Investiga tion p rogr am is t o make a 

pre 1 iminary determination .. of whether DOD activities caused 

contamination of the media {soil, ground water, and surface 

water) at the facility. I n order to accomplish this objective, 

representative samples of the media must be obtained. The 1 

following Sampling Program provides a methodical and controlled 

procedure for collecting and handling media samples at the NIKE 

Site. Included are subsections that discuss types, _ numbers, 

locations, containers, protocols, field characterization, 

preservation, labeling, and shipping of the samples. Analytical 

procedures are discussed in the following section. 

5.1 Types of Samples 

Media to be sampled at the NIKE Site will include soil, ground 

water, and surface water. As such, the samples wi 11 be 
environmental rather than hazardous (or concentrated) samples. 

Both grab and composite sampling techniques can be used too 

collect environmental samples. However, the overall objective of 

the NIKE site investigation program is to provide a one time 
determination of whether DOD contamination exists. Therefore, 

grab samples will be collected from the soil, surface water, and 

ground water at the NIKE Site. 

11 
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5 .2 Number of Sampl es _,.., 

IT IS SUGGESTED THAT APPROXI.ATELY TWELVE GROUND-WATER (INCLUDI NG 

SURFACE WATER) AND TWEL VE SOI L SA PLBS BE TAKEN FOR EACH SITE. 

HOWEVER , VARIATI ONS AT EACH SITE AR.E EXPECTED DUE TO SI TE 

SPECIF I C CONS IDERATI ONS. AN EXAMPLE I S GI VEN AS FOLLOWS. At 

t his NIKE Site, s even groQnd- water, f i v e surface water and t welve 

soil s amples will be coll e ct e d . These will i n clude the 

foll owing: 

At this NI KE Site, seven ground - water, four surface water 

( i nvolving open silos) a nd fourteen soil samples will be 

collected. These will include the following: 

- Ground water 

1 sample will be collected from each 

of the 4 wells 

1 duplicate (QA) sample from 1 of the 

wells 

1 duplicate (OA) sample for spiking 

from 1 of the wells 

1 travel blank (QA) 

12 

TOTAL 

No. of samples 

4 

1 

1 

1 

7 
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surfac e Water No, of Sampl es 

- Soil 

. 

. 

_.,,, 

l sa.m.ple (at different l ocations) will 2 

be collected from each surface imp-ound-

ment (two open silos) 

1 duplica te t QA , , ample f r om each l ocation 2 

1 sample from each of the 4 well 

borings (0-1.5 feet deep) 

TOTAL 

1 sample from each of 2 auger borings 
(5-10 feet deep) adjacent tanks 

6 samples throughout the site collected 
with a hand auger (0-1.5 feet deep) 

1 duplicate (QA) soil sample 

l duplicate (QA) soil sample for spiking 

4 

No, of Samples 

4 

2 

6 

1 

1 

TOTAL 14 

In addition to the sampling progra• described above for the 
analytical phase of the investigation, additional samples shall 

be taken for the Corps of Engineers' laboratory at Missouri River 

Division (MRD) in Omatta for QA analyses . For this purpose, a 
number of split samples equal to approximately ten percent of the 
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total (not less than one per set) shall be talc en. In the e xamp le 

given, there should be one additional water and one additional 

soil samp le taken for this purpose. One set of F i eld Blanks is 

also required for ~RD Qh purposes. 

5.3 Location of Samoles 

SEVERAL PARAGRAPHS SHOULD BE GIVEN WHI CH RELATE TO THE SITE MAP 

AND EXPLAIN THE RATIONALE FOR THE SAMPLING LOCATIONS. AN EXAMPLE 

IS GIVEN WHICH RELATES TO THE SAMPLI NG LOCATION PLAN (FIGURE 1). 

THE RATIONALE GIVEN FOR LOCATING THE OBSERVATION WE LLS AND 

SAMPLING POINTS IS REASONABLY TYPICAL. 

This NIKE Site Launcher Area contains a number of places wpere 

contamination of the site media could have occurred. These 

include the officers quarters, the missile assembly and test 

building, a revetted fueling area, three underground silo areas 

and random locations around the site and along the site periphery 

where surface drainage may have taken place • A site map showing 

various facilities at the NIKE Site Launcher Area is provided as 1-

Figure 1. In addition to showing the Launcher Area facilities, 

Figure 1 also shows the proposed location for each of the 

sampling points. Rationale for the sample locations are 

discussed as follows and are also presented in the Well 

Installation Plan (Appendix A, to this document). 

Based upon the information gathered during the initial site 

visit, the NIKE Site could be monitored using the scenario of 

sample locations outlined in Figure 1. The wells - are positioned 

aro~d the periphery of the site and in an apparent down-gradient 

position f roa the key NUCE base uni ts which may have caused site 

contamination. Since the ground water table is suspected to be 

essentially flat with some impact of topography, locations were 

picked priaarily to be adjacent facilities that might cause 

contamination in the direction that is topographically down

gradient from these facilities. Soil samples are planned to be 

14 
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taken from topographic low areas, from shallow auger borings 
adjacent to fuel tanks, and fLom each of the monitoring well s to 

provide any possible s oil ccrrelation wi th the monitoring well 
data. In addition, surface water samples will be'taken from each 

of the to silos that are open. There are no other surface water 

features on the site. The sample locations as no envisioned are 

given on Figure 1 . The precise location of the samples will be 

left to the discreti ln or. the Site Manager, based on final 

utili ty clearance, ecc. 

5. 4 Sample Containers 

Sample) 3 collected and prep_ared in the field shall include: 

groundwater samples, surface water samples including samples of 

water standing in the underground missile storage structures (if 

present), soil samples, and field control samples, as described 1 

above. All sample collections and subsequent sample handling 

procedures shal 1 be in accordance with the sampling analysis -

QC/QA plan and with applicable EPA requirements. Sampling 

containers will consist of plastic (polyethylene} and glass 

bottles as shown in Tables I and II (Section 6.0) depending upon 

the analytical method that will be utilized. 

All container caps have Teflon liners. Each container is labeled 

giving the sample identification, date, sampler, and project 

number • 

Prior to use at the NIKE Site, the containers and caps will all 
go through cleaning procedures including: hand-washing in 
Alconox or equivalent water solution at 1S0°F; rinse with hot tap 
water, rinse with cold tap water; rinse with distilleq water. In 
addition, containers used for collection of samples to be 

analyzed for EPA organic priority pollutants will be cleaned in 

the appropriate manner for the specific container. This process 

is discussed in more detail in Section 7.3 • 
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5.5 Samolino Protocols _.,,. 

Different sample matrices require different sampling techniques, 
as described herein. Care mu st be taken to determine the best 

pra c tical sampl ing pr oc edu re that wil l re s u l t in obta ining 

r ep r esentat ive samp l es. The samples ffltlSt ma intain t he i ntegrity 

of the original medium ~hrough coliec~i~h , t ransportation and 
delivery to the analyst • . The NIKE Site samples will be collected 

and containerized as described in t he follo wing paragraphs fo r 

each medium at t he site. 

5.5.1 Ground water 

The subsurface is a unique heterogeneous environment. Gas 
exchange, biological and other chemical reactions and conditions 

are different from the surface environment. Ground water is 
somewhat insulated from surface temperature and pressure 
variations. Rapid and significant changes can occur in ground

water sample upon exposure to the surface (sunlight, temperature 

and pressure). Therefore, ground-water sampling is conducted in 
a manner to minimize interaction of the sample and the surface 

environment. The equipment and protocol for collecting ground
water samples at the NIKE Site is discussed in the following 
paragraphs. 

5.5.1.1 Equipment 

Many variations of ground-water sampling equipment are available 
depending upon the objective of program. For the NIKE Site, 

ground-water samples will be obtained with pre-cleaned PVC 

hailers. Pre-cleaning will consist of hand washing inside and 

outside with Alconox, or equivalent detergent and water solution, 
and rinsing with reagent water. Bailers will be air-dried and 

wrapped in plastic to prevent contamina t ion prior to use. A 
dedicated bailer will be used for each well at the site to 

16 
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minimi ze the potenti a l for cross-contamination. If a peristaltic 

pump is used for pumping or sampling , ded iiated Tygo n tubing will 

be util ized for each well. 

5.5.1.2 Protocol 

The s a mp l ing p rotoco l at the NIKE Site will be a s f o llows : 

a. M_easure wa t e r wevel - u.sing clean, non-cont a minati ng 

equipme n t, (i.e. , an electronic l evel i n dicator, or a 

fiberglas s tape and high int ensi ty light sou r ce) de t ermin e 

t he water le v el in th e we l l and calculate the fluid volume 

i_n the casing and s creer1. 

b. 

c. 

Purge Well - Remove at least 5 well volumes with a bailer, 

or peristaltic pump. Groundwater samples shall be collected , 

only after the water levels in the monitoring wells have 

been measured and recorded, and the wells have been pumped 

or bailed (with clean equipment), so as to remove a quantity 

of water at least equa l to f i ve (5) times the submerged 

volume of the casing. In those cases wher e the well is not 

able to recharge at a rate sufficient to evacuate five (5) 

well casing volumes, the well shall be pumped or bailed dry. 

When the well has recharged to a sufficient ·aegree, the 

sample may then be obtained. If the well is incapable of 

producing a sufficient volume of samples at each incidence 

of sampling, the largest quantity possible shall be 

collected. 

Collect sample - Lower the bailer slowly until it contacts 

the water surface and allow the bailer to sink to the 

desired depth and fill with a minimum of surface 

disturbance. Slowly withdraw the bailer, being careful to 

prevent contact of the bailer line with the ground. Tip the 

bailer and slowly discharge the contents into the 

appropriate containers. Rinse the ground water sample 
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containers with a portion of the ground wat er prior to 

filling. Repeat the process as nece ssary to fill each 

container to the required volume . Sa mple s for volatile 

organics should be completely filled leaving no air space 

above the liquid portion (to minimize volatilization) . 

Sample s for hydrocar bon s sh ould ha ve a hea dspac e. Che c k 

that a Te flon-liner is p r esent t~ th e cap and s e cure the ca p 
tightl y. Al l s amp l ~s are ta ken as quic kly as possible once 

the sampling process begins, generall y well within the 3 day 

guidel i ne. Sample prese r vation i s di scussed in Section 5.7. 

d. Label Samol~ - Once the sample is collected, label each 
container providing the following data: sample 

identifica tion number, project number, date, time, method of 
I 

e. 

preservation, analysis required, and person sampling. 

Record the information in the field log book and complete 

all chain-of-custody (Exhibit 1) and request for analysis 
(Exhibit 2) documents. The field log book will consist of a 

bound note book. All entries and labeling will be 
waterproof or indelible ink. 

Handling and Shipping - Place the properly labeled sample 
bottle in the appropriate carrying container. and maintain 

the sample at 4°c throughout sampling and transportation. 
The shipping container will be a sturdy cooler. Each sample 
will be wrapped with bubble wrap. Additional bubble wrap 

will be placed between the bottles for protection against 

breakage. "This Side Op" and "Fragile" labels will be 

placed on the cooler. The lid of the cooler will be taped 

shut with fiber tape or duct tape. Samples are shipped from 

the site directly to the laboratory by overnight courier. 

Chain-of-custody and request for analysis documents are 

shipped in air-tight plastic bags in ea6h container (taped 

to the inside uf the lid) with applicable samples. The 

laboratory is notified by phone of the sample shipment. 
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nolinquiahc<.I by& . noUnqulshcd by: \_ 

4. .. 
Occoivod bya n~cclved by: 

• • • 
Tronsfcr of Cuoto<Jy Jnotructlon111 Slqn full nn1no, compnny nomo, ond dalo/Urno or tronoi" or i n opp,·opr lol c 01 
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EXHIBIT 2 

IT ~t<ALYTICAL SERVICES 
5815 ~iddl ebrQOk Pike 
Knoxvi lle. rn 319'21 

(61S) sss-e0i 

REQUEST FOR AKALYSis' 
This Fora Jiilst be Shfpped With Saq,les 

Please Do Not Ma il Under Se~r&te Ccver 

Date Sainples Shipped -------
BILL TO: REPORT TO: ___________ _ 

ATTN: 
------------

TELEPHONE NUMBER: • PURCHASE ORDER HO.: ---------- ------~ 
HO. & TYPE OF SAMPLES (i.e. water, sediment, waste. specific chemical, etc): ---

ANALYSIS REQUIRED: _______________________ _ 

TURNAROUND TIME HEEDED (see Service Policies on back): 
__ Normal, usually 5-15 working days __ RUSH, 3 working days (SOS surcharg( 

Other. -- -----------------------------POSS I 8 LE HAZARD IDENTIFICATION (Please note if sample (s) are hazardous materials and/or 
s1ispected to contain high 1eve!s of chemic1l coa,pounds): 
__ Poison __ Skin Irritant _Toxic __ Other. ____ _ 
Identify hazardous material or chemical matrix: _____________ _ 

Samples Requiring Disposal As Hazardous Materials Are Subject to Additional Charges* 
REMARKS: ------------------------------
*See Service Policies on Reverse Side 
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5.5.2 Surface water (Impoundment or Wate r Courses) 

-✓ 
Surface water samples will be obtained at different locations 

around the NIKE Site. These locations should include a ny 

accessible silos which contain water. The following section 

present s a discussion of equipment and protocol for surface water 

sampling at the NIKE s _t e 

5.5.2.1 Equipment 

A pond sampler is used to collect grab liquid samples from ponds, 

pits, - lagoons and similar reservoirs and slow moving water 

courses. A typical device is shown in Figure 2. Pre-cleaning 

shall consist of hand wa shing with Alconox, or equivalent 

detergent, and water solution, and rinsing with reagent water. 1 

The sampling device will b e cleaned between each use as 

necessary. 

5.5.2.2 Protocol 

Collecting surface water samples with the pond sampler will be as 

described in the following sections. It is noted that this 

procedure is for samples taken at the water surface. The pond 

sampler shown is not designed to take samples at depth. Depth of 

surface water samples should be considered on a site specific 

basis. 

a. Collect Sample - Assemble the pond sampler making sure that 

the sampling beaker and the bolts and nuts that secure the 

clamp to the pole are tightened properly. With proper 

protective garment and gear, take grab samples by slowly 

submerging the beaker with minimal surface disturbance. 

Retrieve the pond sampler from the surface water with 

minimal disturban~e. Remove the cap from the sample bottle 

and slightly tilt the mouth of the bottle below the 
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b. 

c. 

dipper/devi c e edge. Emp t y the sampler slowly , allowing th e 

sample stream to flow gently down t~e side of the bottle 

with minimal entry turbulenc e . Continue delivery of the 

sample until the required volume is obtained (same as ground 

water samples ) . Check that a Teflon liner is p r esent in the 

c ap a nd s e c u re t h e cap t igh tl y . Sa mp le p reservat i on is 

disc ussed in Section 5. 7. 

Label Sample - Label the sample bottle with an appropriate 

sample tag (same as ground water samples). Be sure to label 

the ~ag carefully and clearly, addressing all the categories 

or parameters. Record the information in the field log book 

and complete the chain-of-custody documents. 

I 

Handling and Shippina - Place the properly labeled sampled 

bottle in an appropriate carrying container (as previously 

described) maintained at 4°c throughout the sampling and 

transportation period. Samples are shipped from the site 

directly to the laboratory by overnight courier. Chain-of

custody and request for analysis forms documents are shipped 

in. air-tight plastic bags in each container with applicable 

samples. The laboratory is notified by phone of the sample 

shipment. 

5.5.3 Soils 

Soil samples will be obtained at different locations around the 

NIKE Site using different sampling techniques. The following 

section presents a discussion of equipment and protocol for soil 

sampling at the NIKE Site. 

5.5.3.1 Equipment 

Two basic types of ·equipment will be used to collect soil 

samples: a stainless steel hand auger and a stainless steel 

scoop. Specific use of these tools will depend upon the sampling 
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1 oc a tion and technique. The stainless s t ee 1 hand auger wi 11 be 
used to obtain s o il sa mples around the site buildings. The 

stainless steel scoop will be used t o collect the sampl e from the 
auger c uttings at each borehole . Each device wili be pre-c le aned 

before use t o minimize potential cross-contamination. Pre-
cl e aning shall consist of hand washing with Alcono x , or 

e qu i valen t de t ergent, and water solution, and rinsing with 

r e agen t wa t e r . 

5.5.3.2 Protocol 

Collecting soil s amples with t he stainless steel hand auger and 

scoop will be as follo ws: 

a. 

b. 

c. 

----------

W l ect Sample - Hand auger from the land surface to a dept h 

of six i nches, emptying the auger as necessary into a clean, 

stainless steel tray. Soil samples will also be obtained 

from the soil cuttings at each borehole. These will be 

collected from dri l l cuttings of the top 1.5 feet of the 
boreholes with a stainless steel scoop. Composite the 

sample and transfer into an appropriate sample jar with a 

stainless steel lab spoon or equivalent. Check that a 

Teflon liner is present in the cap and secure the cap 
tightly. 

Label Sample - Label the sample bottle with the appropriate 

sample tag. Be sure to label carefully and clearly, 
addressing all the categories, or parameters. Complete all 
chain of custody documents and record the sampling event in 
the field log book. 

lin.sl.ling ~n.sl Ship_pi_n.g_ - Place the sample jar in a 
appropriate carrying container {as previously described} 

maintained at 4°c thrDughout the sampling and transportation 

period. Samples a ~e shipped from the site directly to the 

labo r atory by overn i ght courier. Chain-of-custody and 
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request f o r ana l ysis forms documents a re shipped in air

t i g ht p 1 as t i c b a gs in e a c h c on t.a--i n e r w i t h a pp 1 i c ab l e 

samples. The laboratory is notified by phone of the sample 
shipment. 

5.6 Fi e l d Chara c te r ization of Sa:rnp.J:~ s 

Certain parameters regarding ground- water sa mples can va r y 

considerably with time. Those of primary interest regarding the 

NIKE Site are pH, temperature and conductivity. Therefore, these 

parameters will be measured in the field when the samples are 

obtained. 

Field pH will be measured with a Gallenkamp Field pH stick. 

The instrument will be field calibrated with pH 4, pH 7 and 

Ph 10 buffer solutions before beginning each days use and 
after use on two consecutive wells. The pH stick will be 

rinsed with reagent water between each use. 

Temperature and specific conductance will be measured with a 

portable YSI (Yellow Springs Instrument) S-C-T (Salinity, 

Conductivity, Temperature) meter. Calibration of the 

instrument is performed at the factory periodically. The 
instrument probe wi 11 be rinsed with reagent water between 
each use. 

s.7 sample Preservation 

All of the samples will be stored and shipped on ice to maintain 

the temperature at approximately 4°c. Additionally, monitoring 

well samples to be analyzed for dissolved metals will be filtered 

in the field and aci-dified to pH 2 with two milliliters (ml) of 

nitric acid (HN03) per liter of sample. Surface water samples to 

be analyzed for total metals will be acidified in the field with 
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two milliliters (ml) of nitric acid (H N0 3 ) -per liter of sa mple . 

Other laboratory preservation requirements are carried out as 

necessary for each Analytical Procedure. _.,,, 

5.8 Laboratory Handl ina and Tra c kin a 

Upon receip t of the saLpl s in the laboratory, the Sample Coding 

Specialist will inv~ntory th~ coolers and samples, reporti ng 

condition, temperature and numbers, and sign the Chain-of-Custody 

forms. The sample information ·and analytical requirements wil 1 

be logged into the Perkin Elmer 2000 Laboratory Information 

Manage~ent System. The sarnp\es are then stored and logged into a 

refrigerator until logged out for analysis. The VOA vials are 

-. stored in a separate refrigerator exclusively used for volatiles. 
" 

------· .. 
***** 

-~ 
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6.0 ANALYTICAL PROGRAM 

THIS SECTIOH PRESENTS THE PROPOSED ANALYT ICAL PROGRAM FOR EACH 

SITE. THIS PROGRA IS BASED ON THE CO NTA~IRAHTS LIS T AS 

PRESENTED IN TAB LE III IN THE REPORT. IF A DEVELOPED METHOD IS 

OSED, IT SHOULD BE DESCRIBED IN THE MANNER SHOWN FOR THE EXAMPLE 

GIVEN FOR HYDROCARBONS. 

The analytical me thodology proposed f or use at the NIKE Site is 

referenced by mat r ix in Table s I and II. 

summarized as follows: 

Puraeable Halocarbons and Aromatics 

The methods are 

The purgeable halocarbons and volatile aromatics will be analyzed 

by the USEPA purge and trap gas chromatography/mass spectrometer 

procedure (EPA Method 624 for water and Method 8240 for soil). 

This will include the halogenated and non-halogenated solvents on 

the USEPA priority pollutant list. 

Hydrocarbons 

One of the analytical needs for the NIKE Sites is to have an 

analytical method which could detect and quantitate ·the presence 

in surface water, groundwater, or soil of gasoline or diesel fuel 

which may have been spilled, leaked or disposed on the site. The 

method being utilized for this purpose is based on an internally 

used • ethod obtained from a specific OSEPA approved laboratory to 

rapidly evaluate gasoline and diesel fuel in water and soil from 

leaking underground storage tanks and subsequent monitoring 

during site mitigation. The method is a modification of the 

method entitled: ASTM D 3328-78 (Reapproved 1982) . Standard 

Methods for Comparison of waterborne Petroleum Oils by Gas 

Chromatography. The·vater microextraction approach was derived 

from the OSE?A Effluent Guidelines' approach to rapidly monitor 

water samples. 
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TABLE I 

ANALYTICAL PROCEDURES I 

water sanples 

Maxinum Minirn.nn Det ection 

'f_arameter Method container ~reservation Holding Ti IO'l Volume Limit 

Metals EPA 200. 7a High density cool to 4°C 6 months 1 Liter variable 

(ICAP) 
Polyethylene ~ to pH2 

(except Hg 
( <.003 - <l pµn ) 

after field 28 . days) 
filtration 

l?Urgeable EPA 624b Glass, Teflon cool to 4°C 14 days 2-40 ml (10 p[b 

ealocarbons 
lined cap 

Vials 

l?Urgeable EPA 624b same sanple cool to 4°c 14 days Sane sampl e <10 pi;b 

Arana.tics 

Petroleum nevelopedc · Glass, Teflon cool to 4°c 28 days 1 Lit er Gas <l ppn 

HydrocarbonS ~thod lined cap 
Diesel <0.5 ppn 

N:>tes: a. InStnaent used :is ICAP ~ion Speetrcmeter 
b. mstrument used :is GaS ChraDatogra[iV'Mass ~OO£ter 
c. nevelq:,ed Methld - See text. InStranent used :is GaS Chrcmatogra{il 

\ 



fai;:ameter 

Metals 
(ICAP) 

Purgeable 
Halocarbons 

Purgeable 
Aranatics 

Petrolern 
Hydrocarbons 

Notes: 

,; 

Meth<xl 

EPA 3050a 
~A 6010 

~A 8240 

EPA 8240 

Developed 
~thod 

a. Preparation Method 

9 C; 
J 

... 
, 

TABLE II 

Ali\LYTICAL PROCEDURES 

Soil Sarnpl es 

MaxilTUffi 
fi;:eservation Holding Time 

Cool to 4°c 6 months 
(except Hg 
28 days) 

Cool to 4°c 14 days 

Q:>ol to 4°c 14 days 

Cool to 4°c 28 days 

b. All containers are glass, Teflon lined cap 

"/ 

I , 

Minim.rnf Detection 
Volume Limi t 

1 Liter < 1 ppn to 
< 100 ppn 

2 - 40 ml < 10 p[b 
Vials 

Same Sampl e < 10 P!:=O 

&ure sample GaS < 50 ppn 
as ~tals Diesel < 20 ppn 

\ 



I 

This analytical approach w~ s taken to allow chromatographic 

comparison of standards made from gasoline and diesel fuel with _.,,. 
water and soil e x tracted samples to qualitate their presence. 

The EPA methods a nd Standard Met hods {l) for oil and grease do 

not differentiate diesel fuel, extr a ctable orga nic compounds, 

anima l or vegetable oils and would give very poor recovery for 

gasoline . 

To the best of our knowledge, the Corps of Engineers or USEPA 

does not have a published method for gasoline/diesel fuel in 

water or soil. The us Army Corps of Engineers' Report< 2 > has 

sever~l references to determining petroleum hydrocarbons by gas 

chromatography with fl ame ionization detection. 

The procedure is briefly described as follo ws: Perform 1 

microextraction of a water sample (100 ml a2o) with 2 ml of 

hexane for 10 minutes in a volumetric flask with full inversion 

during extraction. The hexane will then be analyzed by gas 

chromatography with a non-polar silicon column and flame 

ionization detection using a temperature program run. The sample 

will be compared to gasoline and motor oil standards and 

quantitated against the best comparative standard. Soils will be 

analyzed as above fol lowing a 1 :1 extraction with hexane using 

mechanical shaking and sonification. 

Ref°erences; 

(1) Standard Methods for the Examination of water and 

wastewater, 1985, 16th Edition APHA-AWWA-WPCF. 

(2) US Army Corps of Engineers Technical Report, D77-26, 

Assessment and Significance of Sediment - Associated Oil and 

Grease in Aquatic Environments, November 1977. 
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Metals 

Th e wat e r and soil samples will be analyze d for metals followi~g 

aci d digestion b y inductively coupled plasma (ICAP) technique 

f ol l ow ing EPA proc e dure 200.7 (water) and 6010 (soil). Method 

3050 is a preparatory step for t he soil matrix samples. 

Other Methods 

Other methods of analysis can be utilized in the analytical 

program at NIKE sites. - However some inherent difficulties are 

evident with other methodologies. For example, for purgeable 

halocarbons and volatile aromatic compounds in a water matrix, 

EPA Methods 601 and 602 (gas chromatography) are acceptable, but 

these methodologies require a confirmatory step to positively 

identify constituents. The confirmation step must be either EPA 

Method 624 (GC/MS) or use of a second GC column. Purgeable 

halocarbons and volatile aromatics in a soil matrix can be 

analyzed by Method 5030, Method 8010, and Method 8020 but these 

procedures may give a false positive reading due to naturally 

occurring interferences (i.e., decaying vegetation, etc.). For 

hydrocarbons, EPA Method 418.1 for oils and greases may be 

acceptable, but low levels of gasoline and diesel fuels can be 

driven off during the drying process. 

A list of substances identified for each of the Analytical 

Methods is given in Table III. 

***** 
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TABLE III 

u 

SUBm'AlaS IDENI'IFIED BY EAClJ ANALYTICAL METH00 1 

\!IATILE OEGANICS 

acrolein 
acrylonitrile 
benzene 
branoform 
carbon tetrachloride 
chlorobenzene 
chlorodibrcmooethane 
chloroethane 
2-chloroethyl vinyl ether 
chloroform 
dichlorobrcmooethane 
dichlorodifluoranethane 
1,1-dichloroethane 
1,2-dichloroethane 
1,1-dichloroethylene 
1,2-dichloropropane 

Diesel FUel 
Gasoline 

cis-1,3-dichl oroproP.flene 
trans-1,3-dichloroproP.flene 
ethyl benzene 
irethyl branide 
nethyl chlor i de · 
irethylene chloride 
1,1,2,2-tetr achloroethane 
tetrachloroethylene 
toluene 
trans-1,2-dichloroethylene 
1,1,1-trichl oroethane 
1,1,2-trichl oroethane 
trichloroethylene 
trichlorofl uoranethane 
vinyl chlor ide 

Aluninum 
Antirrony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadnium 
Calcium 
Chranium 
Cobalt 
Cq:>per 
Iron 
Lead 
Lithium 

METALS 

Magnesium 
Manganese 
Molybdenum 
Nickel 
;:;e] enium 
~J..ll.COn 

.C'.rid i urn 
~1.. r ontiL111 
Thallium 

. Tin 
Titanium 
Vanadium 
Zinc 

\ 
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7. 0 QUALITY ASSURANCE PROGRA~ 
_,,, 

THIS SECTION DESCR I BES THE QOALI TY ASSO RANCE/QOALI TY CONTROL 

P ROG RA . FOR EA CH SI TE . TE E PROGRAM INCLUDES A GE NE RAL 

DESCRI PTI ON OF QUALITY ASSU RANCE SAM PLES AND DOCU MENT COHTROL , 

AND THE SITE SPECIFIC QA/ QC PROG RAM . CHAI N-OF-CUSTODY AND 

REQUEST- FOR-ANALYSIS F ~ ; hRB SHOWN. 

The major concerns of a QA/QC plan are quality assurance samples 

and document control (chain-of-custody). Each of these areas is 
discussed in the following paragraphs. 

7.1 Quality Assurance Samples 

Generally it is recommended that quality assurance (QA) samples 1 

should be obtained in all sampling surveys. The purpose of QA 

samples is to verify the quality of the data obtained from the 

sampling and analytical programs. Basically, four types of 
samples can be used in a QA program: Sample blanks, duplicates, 

split samples and spiked samples. Each type is discussed below • 

Sample (Travel) Blanks -- These are samples of deionized or 
distilled water that are handled in the same manner as the 

field sample and subsequently analyzed to identify· possible 

sources of contamination during collection, preservation, 

handling, or analysis. 

Duplicates -- Duplicate samples are essentially identical 
samples collected at the same time, in the same way, and 
contained, preserved, and transported in the same manner as 
the field samples. These samples are often used to verify 

the reproducibility of the data. 
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Split Samples -- Split samples are duplicate samples given 

to the owner, operator, or person in charge for separate 

i nde pendent anal ysis. 

Spiked samples -- Spiked samples ~re duplicate samples that 

have a known amount of a subsJ:~S-~ ... of interest added to 
them. These samples .are used t}'.:!, cor.r_ql;:>orate the accuracy of 
the analytical technique and could be used as an indicator 
of sample quality change during shipment to the laboratory • 

.Quality assurance samples collected at the NIKE Site are 

discussed in a following section of this Plan. 

7.2 Document Control 

Strict adherence to document and data control are essential 
elements of quality assurance and quality control for hazardous 

site investigations. The purpose of document control is two-
fold: (1) to ensure document availability during and after 

project completion; and, (2) to document sample handling. 
Important documents generated and utilized during hazardous 

in~estigations include maps, drawings, photographs# work plans, 
QA plans, log books, data sheets, etc. These documents will be 
available for inspection at any time during the investigation of 
the NIKE Site. In addition, all relevant documents will be 
incorporated into the engineering report for the project. 

Chain-of-custody procedures document the sample identity, 
handling and shipping procedures and, in general, sampling 

personnel are responsible for the care and security of samples 

from the time the samples are taken until they are turned over to 

the shipper or laboratory. A sample chain-of-custody form is 

presented as Exhibit•1. 
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7.3 OA/QC Plan 

Th e laboratory will incorporate QA/QC procedur7 applicable to 
specifi c laboratory analyses wh ich meet or ex ceed those 

recommended in Test Methods for Evaluating So l id Wastes (SW-846), 

or EPA Handbook for Analyt ical Quality Control in water and 

wastewater Laboratories (EPA 600/4-79-019). In addition to these 

routine quality contro p ·or.ed ures, the following checks will be 

performed during the :aoora-ory. analysis. 

Duplicate Sample - A duplicate water sample taken in the field 

and labeled with different identification numbers will be 

submitted for analysis with each batch of samples. 

~le(Tra~~lL.alank - To monitor the potential contamination 
during sampling, handling and shipping of the samples, a set of 1 

water field blanks will be submitted with the other samples. 

Method Blank - A method blank consisting of reagent water will be 
analyzed in the laboratory by each of the analytical procedures 

being performed on samples. 

Spiked Sample - A duplicate ground-water and soil sample will be 

taken and spiked with known quantities of several of the 

compounds/metals of interest and analyzed to determine recovery. 

Container cleaning procedures are an essential part of quality 

control. The methodology utilized by the analytical laboratory 

for cleaning containers is described below: 

The initial cleaning step will be the same for all types of 
containers. Containers will be hand-washed in a Alconox or 

equivalent water solution at approximately 1S0°F. 

Subsequently, each container will be given three rinses: 

hot tap water, cold tap water, and distilled water. In 

addition, containers which are used for the collection of 
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samples to be analyzed for EPA organ i c priority pollutants 

wi l l be c leaned as follows : -✓ 

Vials and one liter glass containers - Bake for four 

hours at 11 0°c . 

One li t er con t ain e rs f ,o rr O"r g a n ics - Rinse wi th 

nanogradc methanol. 

Container caps and liners will be cleaned as outlined above 

for containers. 

All analytical results and QA/QC results will be reviewed by 

the project manager and quality assurance coordin9tor. 

Corrective action will be taken as necessary. 

A TYPICAL LABORATORY APPROACH TO QA/QC REGARDING POSSIBLE METHOD 

PROBLEMS IS PRESENTED AS AN EXAMPLE. THIS IS NOT INTENDED TO 

LIMIT CONSIDERATION OF OTHER POSSIBLE METHOD PROBLEMS. 

Determination of Metals by 
Inductively Coupled Plasma Emission Spectrometry (ICPES) 

Environmental samples are analyzed by ICPES to determine metals 
content following EPA Methods 200.1<1> for water and 3050/6010(2) 
for soils, sediaents, sludges, etc. It is to be noted that the 
methods differ only in the means of sample preparation, the 

latter requiring a • ore vigorous digestion to _ effect sample 
dissolution. Experience has shown that most problems encountered 

in the use of these • ethods are due to sample • atrix 

interferences. So• e specific problems which may occur, and their 

solutions, are as follows: 
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Pr:obl es 

Sample contaaination in 

the labortory 

Instrument i mproperly 

calibrated 

Instrument malfunction 

during analysis run 

Sample aatrix inter

ferences 

References: 

Solutions 

ose of method/ re~Jent b l anks wi th 

each batch of samples processed 

will sh o w any systematic 

contamination prob l em, in the event 

of which the source is i d enti f ied 

a nd corrected prior to re a nalysis 

of the samples. 

Use of an independent calibration 

check of standard at the beginning 

of each run confirms calibration. 

Regular use of check standards 

continuously m.oni tors instrument 1 

condition. 

Use of background correction, 

inter-element interference 

correction software, and dilution 

and reanalysis when any analyte 

concentration exceeds the known 

linear range of the instrument will 

correct for or point out most 

interferences. Regular use of 

duplicate and spiked samples are 

applied to determine precision and 

accuracy of the aethods. 

(1) •Methods for Cheaical Analysis of water and wastes•, EPA-

600/4-79-020, OSBPA (1979), and subsequent amendments (1982). 

(2) •Test Methods for Evaluating Solid waste• (2nd ed.), SW-846, 

USEPA (1982), and subsequent amendments (1984). 
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Volatile Priority Pollutants - Purge and Trap 

GC/MS EPA ~e t hod 62 4 (Wa t e r) and SW- 84~, ~e thod 8240 (Soil ) 

Probl .~ 

Detectable quantities 

in blank water 

Compounds of interest 

exceed calibration 

range, i.e., greater 
-
than 200 ppb 

Non-target compounds 

cause interferences 

Sample foaiaing 

Solutions 

Blank subtraction values above 

detection limits are investigated 

for possible contamination. 

If no peaks saturate the detector, 

the report is analyzed. If peaks 

saturate detector, dilute sample 

and re-analyze. 

I 

Dilute to allow qualitative and 

quantitative determination of 

target compounds. 

Dilute until foaming is under 

control in system. 

Ge-Hydrocarbon Scan Method 

Probleas 

Emulsion forms on 

extraction 

Soils with water present 

and visible 

Major interfering peak(s) 

on GC scan 

solutions 

Break emulsion with sodium sulfate 

addition or centrifuging hexane 

extract. 

Add anhydrous sodiwa sulfate prior 

to extraction. 

Dilute or alter temperature to 

• ini• ize overlap with gasoline or 

diesel fuel peaks. 
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8.0 SAFETY CONSIDERATIONS 
_.,, 

THIS SECTIOR DISCOSSES GE~ERAL SAFETY CONSIDERATI ONS FOR EACH 

SITE. SPECIFIC ASS IGNMENTS FOR SAFETY AND SITE OPERATING 

PROCEDURES ARE PRESENTED. 

A major concern durin ._ h .z ~. rdous was t e site investigations is 

safety, both for the general P\lblic and the site investigators. 

This section provides a general overview of safety concerns and 

practices used at the NIKE Site. A more detailed discussion of 

safety is presented in the NIKE Site Health and Safety Plan 

(under separate cover). 

a.1 Responsibilities 

The Site Manager, under the auspices of the LETCO Safety Officer, 

is responsible for establishing, and adjusting as necessary 

safety precautions at hazardous waste sites under investigation. 

It is his responsibility to ensure that work is conducted in 

compliance with the directions contained in the Health and Safety 

Plan. The following areas are important aspects of the Safety 

~ · Plan and under the supervision of the Site Manager: 

-~ 

,:_; ,. 

Protective Equipment - The Site Manager should ensure that 

each member of the site investigation team is properly 

attired according to the level of protection (A,B,C,D or E) 

established in the Safety Plan. 

Emergency Equipment - The following emergency equipment 

should be available at hazardous site investigations: 

first-aid kit, fire extinguisher, and full face respirators. 

Other equipment on-site, or within easy access, should 

include shower, communication equipment, extra work 

uni£ orrns, etc. 
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Wor k P l ans - A copy of th e s ite wor k plan s (Sam p ling a nd 

Ana l ysis Plan, Well In s ta l lation Pl~n, and He a lth and Safety 

Plan) should be available on-s ite . 

Emergency ?rocedure s - Th e Site Manager s hou ld be aware of 

emergenc y p rocedures discussed in the Hea l th and Safety 

Plan. At a mini mum, a preliminary safety meeting should be 

held init i ally to discuss emergency procedures, such as 

evacuation, emergency telephone numbers, general first aid, 

accidents, etc. 

Site Operating Procedures - Prior to initiating 

investigations on the site, the Site Manager should discuss 

general site operating procedures including work1 zone 

locations on the site, drilling and sampling protocols, 

decontamination procedures, etc. 

8.2 Site Operating Procedures 

Environmental (dilute) samples will be collected from media at 

the NIKE Site. These samples do not require the same safety 
precautions as hazardous samples would require. However, even 

environmental samples can contain elevated levels of toxic or 

hazardous substances. Therefore, general site operating 

procedures for drilling and sampling at the NIKE Site will 

include the following: 

a. Level B Protection - Work uniforms wil 1 consist of cotton 
coverall~, steel toe boots, hard hats and ~eoprene gloves. 
The following personnel precautions should be observed. 

1) No eating or drinking in ·the vicinity (within 50 feet) 

of drilling or sampling. 

2) wash hands and face upon leaving the work area and 
before eating or drinking. 
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3) Direct contact with suspected contaminated material 

(soil, groun d water, and surface water) should be 
avoided . _..,. 

4 ) Presc ribed d rugs shou l d not be taken on t he s ite i thout 

medical approval. 

5) Alcoholic hever, Jes should not be taken during site 

investigations. 

If warranted by site conditions encountered during drilling 

or sampling, the protection level will be upgraded to Level 

D- with the concurrence of the LETCO Safety Officer. If more 

than Level D hazardous conditions are encountered, the 

Safety Officer will be requested to visit the site 1 

personally to supervise safety. 

***** 
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WORK PLAN PREAMBLE 
-✓ 

The initial effort describe':i in the followin g Generic Plans is 
cal 1 ed the Preliminary De termination Phase (PDP). It is unique 
in terms of both breadth and complexity as compa red with Remed ia l 
I nvestigati ons (RI) unde r CERCLA and Confirmation Studies under 
the I RP . Al though many tec hnic a l requirements apply especiall y 
i n the Samp l ing and A 1a ." ysis a r ea, some lat i t ude is available 
because of the preli rn i ·1ai.y ~ature of this effor t . 

These PDP studies are designed only to confirm or deny the 
existence of contamination which could have been caused by DOD, 
and are not equivalent to RCRA ground water quality assessments, 
or CERCLA investigations. Only when contamination is discovered 
is it necessary to follow the much stricter EPA guidance for site 
investigations. · 

The Plans are structured so that headings describing the intent 
of each section are given in CAPITALIZED BOLD FACE TYPE. This 
language would not appear in a site specific plan. In some 1 

cases, site specific examples are given. They appear in Bold 
Face Regular Type. The site specific data should be inserted in 
place of these examples for a specific case. Other suggested 
.language for site specific plans is given in regular type. Where 
specific equipment is mentioned, "equivalent equipment" that 
performs the required task in an acceptable manner may be 
specified and used. 
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GENERAL 
WELL I NSTALLATION PLAN 

CONTRACT DACA8 7- 85 - C-0104 

THIS SECTIO R OF THE WE LL I NST ALLATION PLAN DISCUSSES THE 
OBJECTIVES OF MONITORING WELLS AND P ROVIDES PRELIMINARY 
BACKGROOND INFORMATION ON TUE SITE. A_..q EXAKPLE OF TYPICAL SITE 
SPECIFIC LANGUAGE I S GI VEN. INFOR MATION CO MPRISI NG SEVERAL 
SENTENCES OF SITE LAYOUT I NFORMATI ON ARE I NCLODED IN THE SECTION 
AS WEL L AS SEVERAL J AR \GRAPH S OF DATA OBTAI NE D I N THE S ITE 
I NSPECTION TRIP AND l NC ... O ·, E s INFORMAT I ON ABOUT S I TE GEOLOGY, 
GROU ND WATER, TOPOG~AEHY n ND P RESE NT SITE LOGISTICS. EXA MPL E 
LANGUAGE THAT IS SITE SPECIFIC IS GIVEN IN BOLD FACE TYPE. EACH 
PLAN MUST DEVE LOP I TS OWN SITE SPECIFIC I NFOR MATION FOR THIS 
SECTION. 

1.0 INTRODUCTION AND BACKGROUND 

Monitoring wel ls must be inst a l led in a manner to accomplish the 
followi n g objectives: to c ollect representative grou n dwater 
samples; to prevent contamination of the aquifer by the drilling 1 

equipment; to prevent inter-aquifer contamination; and, to 
prevent vertical seepage of surface water into the monitoring 
well water-intake zone. This well installation plan discusses 
the equipment, procedures and personnel that will be utilized at 
the NIKE Site to accomplish these ·objectives. 

The site was formerly owned by the Department of Defense (DOD) 
froa about 1956 until apout 1967. The site contained a total of 
86.20 acres, with 28.88 acres •pee• and 57.20 acres •Easement•. 
The primary tract of interest is the Launcher Area which 
consisted of 19.11 acres. Facilities at the Launcher Area 
included officers quarters, missile assembly and test building, a 
revetted fueling area, three silo areas, and other smaller 
structures. The IFC Area is located about one mile northeast of 
the site, but is not being considered in this investigation 
because of its lack of facilities that would apparently cause 
contamination. The Launcher Area is presently owned by the City 
of Needha• and has served no use since purchase. It is 
eventually intended for use for new school facilities. 

At other NIKE facilities across the U.S., records indicate the 
possi.b i 1 i ty that hazardous/toxic substances may have been 
released and/or disposed on similar. sites. The primary area of 
concern is generally at the Launcher Area and is related to 
missile fueling/defueling, operation and maintenance activities, 
and deactivation of the sites. Therefore, groundwater and soil 
samples will be taken only at the Launcher Area and analyzed for 
hazardous constituents (see NIKE Site Sampling and Analysis 
Pl an, under ~eparate cover). 
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The following sections of this Plan discuss well and soil 
s amp 1 in g 1 o cat ions , we 1 1 depths , d r t..11 in g equipment and 
materials, drilling procedures, well development, in-situ 
permeabil i ty testing, we ll sampling, and project assignments. 

2.0 WELL LOCATIONS AND DEPTHS 

2.1 well Loca t i ons 

As specified in t he "Investigation of Former NIKE Missile Sites 
Throughout CONUS" Statement of Work (SOWJ dated July 3, 1985, 
four ground- water monitoring wells are to be installed at the 
NIKE Site. The well locations are to be relat ed to previous DOD 
activities on the site that may have released hazardous/toxic 
substances·. 

To better understand existing site conditions, a prel iminary site 
investigation was performed. Agencies presently involved with 
the site were visited and regional data was obtained. 
Preliminary data were collected on the general iite 
characteristics to assist in locating the proposed groundwater 
monitoring wells. Discussions were also conducted with local 
authorities, owners and others that may have site information who 
were familiar with the Launcher Area and previous activities at 
the site. The following data was learned from the preliminary 
site investigation: 

The geology of Needham has examples of both bedrock and 
glacial action. The bedrock is primarily volcanic from the 
Devonian or Carboniferous Age along with some later massive 
conglomerate sediments and a small region of earlier 
granodiorite. The glacier features include drumlins, a 
large lake filled plain, eskers, kettle-holes, erratic 
boulders and bedrock striation. In addition the course of 
the Charles River was extensively relocated as a result of 
the glacial deposits in Needham and surrounding communities. 

- NeedhaJll lies entirely within the Charles River watershed and 
is bordered on three sides by the Charles River. This river 
frontage totals 12.3 miles, or approximately 15 percent of 
the total river length. The Charles River is Massachusetts' 
largest intrastate waterway. 

- Topography at the Launcher Area slopes predominantly toward 
the eastern edge of the facility. Ground vater is locally 
controlled by topography. Significant fill bas been placed 
on the site to achieve construction grade for several of the 
buildings. wetlands exist both to the east and northwest of 
the site. 

- Froa i nitial i nformation obtained during the s ite v isit, t he 
I FC Area appears to be free from surface contami nation. It 
doe s not appear that a ny activitie s were c onduc ted a t t he 
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IFC Area that would have resulted in contaminating the ~ite. 
Therefore, all subsequent investigations for this study will 
be focused at the Launch~r Area. 

The Launcher Area was p u rchased by the Cit.y of Needham in 
1968 for f utu re educ a tional pu rpo ses. It has not been 
deve l oped s i nce tha t t i ~e. Parklands e x ist adjacent to t he 
site and citizens us ing the parks oc cas i onally gain acces s 
to the site. 

There is evidence that some dumping of refuse and possibly 
other materials r 3.s occurred in the past. It is not known 
to what extent pa: t dJ E operations •ay have contributed to 
such refuse. 'i'he sa.Lllpl ing program w i 11 consider this 
possibility. 

The site is heavily wooded and minor adjustments to boring 
locations may be necessary considering field access 
difficulties. 

Based upon the infor mat ion gathered during the initial site 
visit, the NIKE Site could be moni tored in the followi ng manner. 

SEVERAL PARAGRAPHS SHOOLD BE GIVEN WHICH RELATE TO THE SITE MAP 1 

AND EXPLAIN THE RATIONALE FOR THE SAMPLING LOCATIONS. (NO 
EXAMPLE IS GIVEN TO PROVIDE MAXIMUM LATTITUDE IN DEVELOPING SITE 
SPECIFIC RECOMMENDATIONS). 

2.2 Well Depths 

SEVERAL SENTENCES SHOOLD BE GIVEN WHICH ESTIMATE MONITORING WELL 
DEPTHS AND ANY EXTENUATING CIRCUMSTANCES (NO EXAMPLE IS GIVEN) . 

Procedures for determining well depth in the field will be 
predicated upon the depth of the water table. During drilling 
(see following Section 5.2), the borings will be logged 
continuously. At the first indication of the water table (fully 
saturated conditions), the depth of the boring will be noted. 
The water table will be further penetrated a minimum of 10 feet 
unless rock is encountered. However, no well will exceed a total 
depth greater than 100 feet without specific concurrence by the 
Contracting Officer, or his representative. 

3 
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3.0 OTHER SAMPLI~G LOCATIONS' 

'l'HIS SECTION OP THE WELL INSTALLATION_.,,.PLAN DISCUSSES OTHER 
SAMPLING LOC.~TIONS (I.E. SOIL, SEDIMENT, ETC.) AT TEE SITE. 

In addition to the four wells, 12 soil samples will also be 
obtained from the Launcher Are a. Five of the samples will be 
·fro m the well borings (inclu de s a duplicate sample from one of 
the wells) and the remaining seven samp les will be distributed 
around the site at the discretion of the site investigat ion team. 
Attempts will be made to select the ioost probable locations for 
contamination around former DOD areas of activity. The samples 
will be collected, handled, shipped and analyzed as discussed in 
the NIKE Site Sampling and Analysis Plan (under separate cover). 

4.0 DRILLING EQUIPMENT AND MATERIALS 

THIS SECTION DISCUSSES WELL DRILLING EQUIPMENT AND MATERIALS FOR 
INSTALLING THE MONITORING WELLS AT EACH SITE. SPECIFIC 
INFORMATION IS PROVIDED FOR THE TYPE OF DRILLING RIG, WELL CASING 
AND SCREEN, SAND PACK, BENTONITB SEAL, GROUT AND DRILLING FLUIDS. 

4.1 Drilling Rig 

The NIKE Site monitoring wells will be installed utilizing one of 
the following drilling techniques: 

Hollow Stem ~uger (HSA) 
- Continuous Flight Auger (CFA) 
- Mud Rotary (MR) 

It is acknowledged that the Hollow Stem Auger technique is 
preferable and will be used if possible. 

The drill rigs will install a minimum 7-inch diameter borehole in 
order to facilitate installation of 2-inch (ID) wells. The drill 
rig will also have the capability to collect split spoon samples 
according to ASTM procedures. At a minimum, the rig will be 
equipped with a cathead operated, 140-pound hammer with a 30-inch 
draw. The 30-inch draw distance will be marked on the hammer 
rod. Drill rigs and drill rods will be free from oil and grease, 
and will be cleaned with live steam prior to initiating drilling 
on each well. 

If rock coring is required it will be conducted according to the 
ASTM D 2113 procedures for Diamond Core Drilling. 

4.2 well casing and screen Materials 
4. 2 .1 we 11. casing (Riser> 

All monitoring well casing (riser pipe) will consist of new, 
threaded, flush joint, PVC with a minimum inside diameter of 2 
inches. The casing will confo~m to ASTM-D 1785 Schedule pipe and 
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inches . The casing will conform to ASTM -D 1785 Schedule pipe and 
will bear markings that will identify the material as that which 
is specified. At a minimum the riser pipe ~ill be Schedule 40 or 
gr eater. No organic sol vents or glue will be used in joining the 
pipe. Instead, Teflon tape will be wrapped O_!ythe threads to 
facil i tate joining and t o pro ~ ide a more adequate seal. 

4 .2.2 Well Screen 

All wel l screens will consist of new , commer cially fabricated, 
threaded, flush joint 2-inch (I.D.) PVC. Screen slot openings 
wil l be pre-manufact ·. re j at 0.010 inch (10-slot) and a PVC 
th readed plug will be pr .n ;_ded for the bottom of the wel l. No 
organic solvents or ~lue w.11 be used in joining the screen and 
casing. Instead Teflon tape will be wrapped on the threads. 

4.2.3 centrali zers 

Depending upon the type of drilling technique, PVC centralizers 
may be necessary to maintai~ the we ll casing and screen in the 
center -of the boring. Centralizers will not be installed on the 
screen. 

4. 3· Artificial sand Pack 

An artificial gravel/sand pack will be installed in the annulus 
between the boring and the well screen. The sand pack will 
consist of clean, inert, non-carbonate materials. The sand pack 
will be placed by manually pouring the sand into the annulus 
space or with a tremie pipe, if necessary. The sand pack will be 
placed from the bottom of the boring to approximately 3 feet 
above the top of the well screen. The following Section 6.0 
describes well installation procedures. 

4.4 Bentonite seal 

A minimum 2 foot bentonite seal will be installed above the 
artificial sand pack. The bentonite seal will be tamped, if 
feasible, wetted, and allowed to swell at least 30 minutes prior 
to placement of grout. 

4.5 Grout Mixture 
A sand-cement-bentonite grout mixture will be placed in the 
annular space between the well casing and boring from the tip of 
the ben toni te seal to the ground surf ace. The sa·nd/cemen t 
mixture will consist of Portland cement (ASTM-ClS0), and sand 
(ASTM-C33) with water added in the proportion of 5 to 7 gallons 
per 94 pound bag of cement. Additionally, 3 percent by weight of 
bentonite powder may be added to the mixture to help reduce 
shrinkage. 

5 
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4.6 Drillina Fluids 

4.6 .l water: , _ .. 
water used to assist drilling operations s hall consist of fresh, 
potable water, and in no man ner will a po t entially contaminated 
source of water be used in the drilling operation. 

4.6.2 Drillina Mud 

In the even t that drilling mud is necessa ry, bentonite is the 
only drilling fluid additi ve that will be used. No organic 
additives will be used. ·Data on th~ bentonite will be provided 
including: brand name, manufacturer, man ufacturer's address, 
prod uct description, and mixing ratios. It is currently 
anticipated that the wells will be installed without the need for 
drilling mud or supplemental water . 

4.7 Well Comoletion Details 

4 .7.1 Concrete Pad 

A minimum 3 foot x 3 foot x 4 inch concrete pad will be installed 
around each of the monitoring wells at the site. The· pads can 
consist of ready-mix concrete mixed in appropriate proportions 
(i.e. ready-mix and water). The pad should be sloped slightly 
from the well to the edges of the pad to ameliorate surface run 
off. A 3 ft. x 3 ft. form should be constructed (out of 2x4 
lumber) to pour t~e form. The form may remain in-place • 

4.7.2 steel security Cap 

A round, or square, steel security cap will be installed over the 
PVC well stick-up. The security cap should have a hinged locking 
cap feature. The diameter of the security cap should allow easy 
access to the PVC well stick-up. It will be installed in 
concrete pad. Key-alike locks will be provided for each of the 
wells • 

4.7.3 Protective Posts 

Protective Posts consisting of nominal 2 inch diameter steel 
posts shall be placed at each corner of the concrete pad and to a 
sufficient height to protect the PVC well pipe from being 
damaged. 

4.7.4 we11 Painting 

The steel security cap will be painted with a bright, (yellow or 
orange) rust-inhibiting paint (i.e., Krylon, or equal) to prevent 
corrosion. 
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5.0 DRILLING PROCEDURES 

THIS SECTION DISCUSSES TEE WPLL DRILLING PROTOCOL AT EACH S ITE . 
A FIGURE ILLOSTRATI HG A TYPICAL WELL LOG IS PROVIDED FOR EACH 
SITE . -✓ 

5.1 Initial Act i vit i es 

Prior to setting up t he d:illing rig on a monitoring well 
location, the site wi 11 be checked with appropriate authorities 
for underground utilit 5es . Drilling wi ll only proceed where no 
service lines are near th• wal l locations. 

5.2 Drilling Protoco l 

After the initial site survey, the drill rig will be set up on 
the selected location. Once the drill rig is in position, the 
following protocol will be followed for each well: 

Co~lect split spoon sample (ASTM-D 1586 67) from the ground 
surface to 1.5 feet using standard penetration procedures, 
i.e., 140 pound we ight falling 30 inches to drive 1.375 inch 
I.D., 2 inch O.D., spl i t barrel sampler. 

Begin augering, or drilling, and collect split spoon samples 
continuously down to 10 feet then every 5 feet, i.e., 14-
15.5 feet, 19-20.5 feet, etc., or at changes in strata. 

- A soil test boring log will be completed during drilling by 
a qualified geologist, or geotechnical engineer. It will be 
similar to the log shown in Figure 2 and will record the 
following data: 

Sample number and depth 
Standard penetration test blow counts per 6 inch 

advance 
Percentage recovered 
Soil classification, color, consistency or density, and 

moisture content • 
Depth of boring 
Boring refusal 
Water table depth 
water losses, if applicable 
Method of advancing boring 

Soil samples will be collected from each split barrel 
sample, stored in glass jars, and labeled. The samples will 
be delivered to a laboratory for analysis of grain size, 
moisture content, and Atterberg limits. 

- The depth of first encountered free water will be indicated 
on the drilling ~og. Drilling will continue into the 
saturated zone approximately 10 feet at which point the 
boring will be terminated and the well wi ll be installed. 
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Once t he bori ng is completed, a well will be insta l led as soon as 
prac t ical, but no later than within 24 hours . Me as ures will be 
taken to prot e c t th e integrity of the we"ll during any interi m 
periods . 

In the event t hat a boring s houl d prove t o be unusable for any 
r e as on , it wil l be grouted from the ba se to the land s ur fa ce. 

6. 0 WELL INSTALLATION 

THIS SECTION DI S CUSSES THE WE LL IRSTALLATION PROTOCOL AT EACH 
SITE. A FIGURE SHOWI NG A TYPICAL MONITORI NG WE LL IS PROVIDED 
WI TH EACH SITE PLAN . 

I nstallation of the well casing and screen can differ sl ightl y 
depending upon the drilling technique utilized in advancing the 
boring. The followin~ sections discuss well installation using 

-either a Hollow Stem Auger (HSA) technique, or Cont in uous Flight 
Auger (CFA) or Mud Rotary (MR) techniques. 

6.1 Holl ow stem Auaer Techn ique 

When a boring is advanced using Hollow Stern Augers, the following 
protocol will be followed to install the well casing and screen: 

install approxima t ely 15 feet of 2-inch (I.D.), threaded 
flush jointed, pre-manufactured well screen in the outer 
drill pipe {individual joint threads will be wrapped with 
Teflon tape). 

install solid riser PVC to ground surface plus 24-30 inch 
stick-up • 

remove one auger flight (5 feet) and install artificial sand 
pack through annular opening between auger and well casing. 
Water will be used to prevent bridging of the sand in the 
annulus. 

continue removing augers and installing sand pack until at 
least 3 feet above the top of the well screen. 

remove remaining augers and install minimum 2-foot bentonite 
seal. 

grout boring annulus to land surface with grout/bentonite 
mixture, previously described. Install steel security cap, 
concrete pad and posts. The grout shal 1 be al lowed to set a 
minimum of 24 hours before developing the wells. 

6.2 continuous·Flight Augers or Mud Rotary Technique 
Well installation procedures for Continuous Flight Augers or Mud 
Rotary drilling will be similar to the Hollow Stem Auger 
procedure with the f ollowing exception: 
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after termination of boring, all dril l ing rods will be 
removed and the 2-inch ?VC well will be installed with 
centralizers. The cent ralizers will :naintain the well in 
the center of the boring for installation of the sand pac k, 
bentonite seal and grout. If the boring collapses, it will 
b e re-drilled to t he proper depth prior to well 
installation. The sand ~ack h i~l be ins talled with a tremie 
pipe from the bo ttom of -the boring. 

contin ue install ing sc.nd pack un til at least 3 feet ab o ve 
the top of the weJ l r -:::r .:: en. 

install minimum 2-foot bentonite seal. 

grout boring annulus to land surface with grout/bentonite 
mixture, previously described. Install steel securi ty cap, 
concrete pad and posts. The grout shal 1 be al 1 owed to set a 
minimum of 24 hours bef~re developing the wells. 

A typical water quality monit oring well is shown in Figure 3. 
This type diagram will be completed for each of the 4 wells at 
the NIKE Site. Each well diagram will provide the following 
data: 

total well depth 
depth of well screen 
depth to top of sand pack 
thickness of bentonite seal 
depth to base of ·grout seal 
water table elevation 
well stick-up 

7.0 WELL DEVELOPMENT 

THIS SECTION DISCUSSES THE WELL DEVELOPMENT PROCEDURES FOR EACH 
OP THE WELLS OR EACH SITE. WELL DEVELOPMENT FORMS ARE PROVIDED 
TO RECORD PERTINENT DATA. 

The development of the 4 wells at the NIKE Site will be performed 
as soon as practical after well installation, but no sooner than 
24 to 48 hours after placement of the internal grout collar. 
Development protocol will be as follows: 

measure static water level of well 

measure total well depth 

remove a minimum of 5 well volumes using compressed air 
technique, or manually 

collect water sampl-e initially, twice during development and 
at the end of development, and perform field measurement of 
specific conductance, pH and temperature 
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. 
denote physical characteristics of wa ter throughout well 
development (color, odor, turbidity, etc.) 

J _ .. 
record the tot al quant i ty of wate r re moved 

rreasure static water level 

measure total well depth 

Well development will continue at l~ast 4 hours and until the 
foll owing conditions are met : wel 1 .w-at-e·r is reasonably clear; 
sediment thickness remaining in the -.well is less than 5 percent 
of the saturated screen length; ana, at least 5 we ll volumes 
(including saturated annulus sand pack, 30% porosity) have been 
removed. 

Well development data wil l be recorded on a form si mila r to 
Figure 4. 

8.0 IN-SITU PERMEABILITY 

To determine in-situ permeability (hydraulic conductivity), a 
slug test will be performed on each well. The following protocol 
will be followed: 

measure static water level 
introduce or remove a slug of known volume 
record the fall or rise of the water level with time 

The data are then plotted on semi-logarithmic paper and should 
form a straight line. The following formula is utilized to 
calculate hydraulic conductivity (K): 

K = 

Where 

2 Le 

re - well radius 

l 

t 

ln 

Re - effective radial distance over which the head 
difference is dissipated 

rw - radial distance between wel 1 center and 
undisturbed aquifer 

Le - height of saturated screen 

Yo - y at time zero 

Yt - y ·at time t 

t - time since y0 

(after Bower, 1978) 
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JO! NO . W ENGINEERING TES1INC C!Y.PAXY JO! !0 .. "4 ___________ _ ------
y _ ______ DATE ______ C~ ______ DATE ____ _ 

l. Well No . 

2. Date of Installatioo: 

3.· Date of Develoµnent: ---- - - ··---
4 . Static Water Level: Before Dev. ________ f.;;..;;.t . ; 24 Hours After 

SHEET __ OF 

Gal. 5. ~tity of Water Loss D.lring Drilling, If Used _________ __;= 
ft. 

6. Q..iantity of Standing Water in Well and Annulus Before Dev. Gal. -------------= 
Start End 

-
7. Specific C.Onductance (unhos/cm) 

~ Tarperature (c0 ) 

r - · -.. PH(s.u.) 

. :s. Depth Frcm Top of Well Casing to Bottan of Well ________ _..:;f~t . 
,....._ 
·. 9 .. 
! ,{ 

Screen length _______ .....;;.f...;;..t. 

~-":~• 
-~ ' Depth to Top of Sediment: Before Dev. ________ .....;:f:...::.t. ; After Dev. _____ f_t. 

~, 

11. -. ,.. , 
Physical Cbaracter of Water: 

.. ~ 

.. 

-12. Type and Size of Well Develoµrent Equipnent: 

~3. Description of Surge Technique, If Used: .... 

14. lieignt of Well Casing Above Ground Surface: ft. 

15. ~tity of Water Ramved: Gal. 

Time for RaIDval: Hr.(Min. 

.16. 1- Pint Water Sarq,le Collected: (Tine) 

C 

*Develoµnent Conditions: 1) Well Water is Reasonably Clear 
2) Sedurent 'Thickness< 5% of Screen length 
3) Raloval of 5 Well Volures, Including Saturated Filter 

Annulus 

-----------

I 
I 
I 
I 
I 
I 
I 
I 
I 
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9.0 WELL SAMPLING 

GROUND-WATER SAAPLING PROCEDURES ARE DISCUSSED SEPARATELY IN TEE 
SAMPLING ARD ANALYSIS PLAN. ./ 

Groundwater sampling pro cedures are discussed in the NIKE Site 
Sampling and Analysis Plan (under separate co ver). 

10.0 PROJECT ASSIGNMEN'IS. 

THIS SECTION DISCUSSES P!iO,- :CT ASSIGNMENTS DURING WELL DRILLING 
AND INSTALLATION. 

A geologist, or geotechnical engineer, shal 1 be present at each 
operating drill rig and be responsible for the logging of 
samples, monitoring of drilling operations, recording of water 
losses/gains and groundwater data, preparing the boring logs and 
wel 1 diagrams, and recording the wel 1 instal 1 ation procedures of 
each rig. Each geologist, or geotechnical engineer will only be 
responsible for one operating rig. The geologist, or engineer, 
will have on-site QA/QC and safety responsibility and each will 
have a copy of the Site Safety Plan and Well Installation Plan. 1 

The geologist/geotechnical engineer will report directly to the 
Project Manager. 
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GENERAL 

HEALTH AND SAFETY PLAN 

CONTRACT DACA87-85-C-0104 

Prepared for: 

Department of the Army 
Huntsville Division, Corps of Engineers 

P.O. Box 1600 
Huntsville, Alabama 35807-4301 

Prepared by: 

Law Environmental Services 
Government Services Division 

P.O. Box 888013 
Atlanta, Georgia 30356 

March, 1986 
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WORK PLAN PREAMBLE 

The initial effort described in the following Generi c Plans is 
ca 11 ed the P rel irninary Determination Phase (PDP) . It is unique 
in terms of both breadth and complexity as compared with Remedial 
Inv es tiga tions (RI) under CE RCLA and Confirmation Studies under 
the IRP. Although many technical requirements apply especiall y 
in the Sampling and A1aJysis area, some latitude is available 
because of the prelimi :a11 ,ature of this effort. 

These PDP studies are designed only to confirm or deny the 
existence of contamination which could have been caused by DOD, 
and are not equivalent to RCRA. ground water quality assessments, 
or CERCLA investigations. Only when contamination is discovered 
is it necessary to follow the much stricter EPA guidance for site 
investigations. 

The Plans are structured so that headings describing the intent 
of each section are given in CAPITALIZED BOLD FACE TYPE. This 
language would not appear in a site specific plan. In some 
cases, site specific examples are given. They appear in Bold 

1 

Face Regular Type. The site specific data should be inserted in 
place of these examples for a specific case. Other suggested 
language for site specific plans is given in regular type. Where 
specific equipment is mentioned, "equivalent equipment• that 
performs the required task .in an acceptable manner may be 
specified and used. 
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1. I~TRODUCTION 

_,, 
THIS SECTION DISCUSSES THE BASIC FRA EWORK OF THE HEALTH AND 

SAFETY PLA AND PROVIDES A BRIEF DESCRIPTION OP THE CONTENTS OF 

THE PLAN AND BACKGROUND INFOR~ATION REGARDING THE SITE. 

PARAGRAP HS IN BOLD FACE GIVE A SPECIFIC EXAMPLE OF HOW THE SITE 

INSPECTION GENERATES I RE. I MIRARY FIND I NGS REGARD I NG THE I NITI AL 

LEVEL OF SITE SAFETY REQOL..B ME:NTS. A COMPLETED COPY OF APPEND I X 

A IS ATTACHED AS AN EXAMPLE 

Th e healt h a n d sa fety of site wor kers a n d t h e public is a pri mar y 

conce!n and goal during hazardous materials in v estigati on s. 

Thus, a comprehensive, carefully managed, and thoroughly 

documented health and safety plan is crucial for successful 

project completion. 

The following general plan describes specific responsibilities, 

training requirements, protective equipment, and general site 

operating procedures that will be adapted to meet site-specific 

requirements. Its flexibility allows unanticipated site-specific 

problems to be addressed while assuring adequate and suitable 

worker protection. The site specific plan based on an initial 

site inspection is attached as Appendix A. 

General sections dealing with protective equipment, site 

operating procedures, and emergency responses are also included, 

along with other information such as respirator maintenance, 

etc., and will be given to each site worker as a field reference 

m_anual. 

Based on a preli•inary site inspection trip, there is presently 

minimal evidence of hazardous coriditions that would require 

significant precautions in the inspection, sampling, and well 

drilling phases of the.NIKE Site project. Accordingly, we plan 

to begin initial site activities using Level E equipment. Based 

1 
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on this t r ip, the site specific Health and Saf ety Plan (Appendix 

A) has been completed and is attached. Lr is intended, that the 

complete Health and Safety Plan ill be distributed and discussed 

with all site personnel. This is necessary so that there will be 

sufficient a areness of the potential of hazardous c ondit i ons. 

Fur t her , th i s provides for t he proper advance prepa rati o n and 

knowledg e of t h e p r ope r procedures -that shoul d be fol lowed , if 

hazardous conditions are.encountered. 

If explosive contamination or unexploded ordnance is discovered 

at any time during the confirmation study operations at the site, 

the location will be marked, operations in the affected area will 

-immediately be stopped, and the Contracting Officer will be 

notified. 

***** 
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2 . FIELD IMPLEMENTATI0N OF HEALTH AND SAFETY PLAN 

/ 
THIS SECTION DISCUSSE S FIELD IMPLEKENTATIOR OP THE HEALTH AND 

SAFETY PLA. DISCUSSIONS ARE GENERAL RATHER THAN SPECIFIC, 

ALTHOUGH SO "E EXA PLE MATE RI AL I S GIVER. REFERE CE IS .ADE TO 

APP END I X A OF THE PLAN. THI S APPEND I X PROVIDES SITE SPECIFIC 

I NFORMATION FOR EACB s:TF . 

Prior to beginning site operations, the Project Manager performed 
a site reconnaissance to verify that current conditions are as 
described in previous reports and investigations. The primary 
purpose of this reconnaissance was to determine airborne organic 
vapor levels, and to finalize all planning and logistics for site 
work • 

Based on the information received about site conditions, it is 

anticipated tha t the site reconnaissance will be performed with 

EPA level B personnel protection. Higher levels of protection 
equipaent will be available if necessary. 

~ written, site-specific health and safety I2..l.fill. (see Appendix & 
was developed after~ reconnaissanceL and will be distributed 

to tlil workers, arui mlained through training and on-site 
briefings, The plan covers all phases of operations at the NIKE 
site, including: 

Work practices 
Hazard identification and assessment 
Established work zones 
Level of personnel protective equipment required in ~ach 
zone 
Sampling procedures 
Entry and exit routes 

Decontamination procedures 

Accident/emergency response 

3 



2.1 PERSONAL ?ROTSCTIYE EQUIPMENT -✓ 

Based on experience at similar sites, it appears that the primary 

exposure wil l be through physical contact or through inhalation 

while handl ing potentially contaminated samples. It seems 
appropriate, therefore, to specify protective measures based on 

the work activity, rather than requiting a site-wide level of 

protection. 

It is well established that work er safety and efficiency decrease 
~" 

in direct proportion to the amount of protective gear required. 

Thus, it is always desirable to use as little equipment as 

possible which provides adequate protection. Anything less
1
than 

maximum protection (levels A or B) cannot be specified, however, 

without carefully defining site conditions, allowing extra safety 

margins, having higher level equipment readily available, and 

anticipating worst-case conditions. Based on these criteriar and 
the results of our site inspectionr we have chosen to use level E 

protection for various site activities consistent with EPA 

protocolsr the provisions of OSHA (29 CPR 1910, 1926) arrd EM 
385-1-lr U.S. Army Corps of Engineers Safety and Health 

Requirements Manual. In the event of conflicting. requirements, 

the most restrictive shall apply. It cannot be emphasized too 

strongly that these requirements are subject to change at any 
time by the Heal th and Safety Officer based on contaminant 
monitoring, visual observations, or changes in work or site 
conditions. 

2.1.1 well Installation, soil Borings, water samples 

The primary concern is physical contact with contaminated soil or 

water, although frequent OVA measurements (and explosimeter 

readings, if indicated) will be made. Respiratory protection 

equipment will be readily available. 

4 
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Required gear at the wor k sit~ includes : 

2.1.2 

_.,, 

Distinct field erk clothes 

Pol y l a.2ina ted Tyvek coveralls (readily availabl e) 

Steel toed boots and gl oves (chemical resistant) 

Safety glasses or goggles (readily available ) 

Hardhat 

Air-p urifying r e s ~ i rat ~r ( Feadily a vailabl e ) 

Fire e xtinguishe r (readily availa ble ) 

Firs t a id kit ( read i ly available ) 

Eme r gency oxygen ( readily avai lable ) 

Sed ime nt Samp ling (not applicable) 

2.2 MONITORING 

Extensive monitoring will be conducted with an organic yapor 

., detector. If breathing zone readings of greater than 5 ppm over 

...... 
_; 

.<>:"':'.,: 

i background are obtained, the situation will be evaluated to 

determine the need and/or adequacy of air-purifying respirators. 

We will maintain sufficient equipment on-site to immediately 

address increased contaminant levels and upgrade personal 

protection if necessary. An exPlosimeter will be used to check 

for explosive atmospheres in the bore holes. We also will use 

other monitoring procedures if warranted by site conditions, such 

as oxygen deficiency meters, hydrogen sulfide detectors, and 

detector tube sampling. 

Workers will continually be observed {through the buddy system 

and by on-site managers) for signs of heat stress and other 

adverse health effects. 

***** 
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3. RESPON SIBILITIES 
_,/ 

TH IS SECTION DISCUSSES GE NERAL PROJECT RESPONSIBILITIE S FOR 

ENFORCING THE HEALTH AND SAFETY PLA..Ji. 

The Project Manage r, Site Manager, and Health and Safety Officer 

are r esponsible for formulating and enforcing health and safety 
requirements. These responsibilities in~lude: 

Assuring that all site team members have received the 

required health and safety training 

Assuring that all team members have completed the required 

medical examination and have met the qualification crbteria 

for site work 

Assuring that all equipment used on site is suitable and 
adequate 

Addressing any unusual problems or conditions that may be 

encountered 

Assuring that site standard operating procedures are 

followed at all times 

The Site Manager has direct responsibility for administering the 

Health and Safety Plan relative to all site activities and will 
be in the field full time while site activities are in progress. 
The Project Manager has general overview responsibility for the 

success of the Project and may make occasional site visits during 

field operations. The Health and Safety Officer has 

responsibility for approving the Health and Safety Plan and 

responding to any non routine matters that relate to Health and 

Safety during the Project life. 

***** 
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4 . PERSONNEL TRA I NI NG 

-✓ 

THIS SECTION DISCUSSES BASIC PERSONNEL TRAINING AND PROVIDES THE 

OUTLINE FOR A TYPICAL TRAINI HG COURSE. 

A thorough understanding of t he type s of hazards most likely to 

be encountered at haz, cd us was t e sites and personal protection 

measures needed to protec~ personnel from them are the first 

requirements of a complete health and safety plan. Each project 

team member participates in continuous comprehensive training 

courses. Additional briefings will be held as necessary to 

explain and discuss site-specific health and safety matters. 

All subcontractors (e.g., drillers, excavators) will be required 

to complete health and safety training and have documentation of 

same prior to authorizing their access to the site. A list of 

safety equipment intended for use by each subcontractor, and 

written certification that appropriate training has been provided 

to the personnel scheduled for site work, will be reviewed by the 

Health and Safety Officer and kept on file. Deficiencies in 

subcontractor plans will be resolved before authorization to 

proceed is granted. 

An outline of a typical comprehensive training course follows. 

All topics may not be covered if not applicable to a project • 

***** 
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HEALTH AND SAFETY PROCEDURES 

AT 

HAZARDOU S WASTE SITES 

I HEALTH AND SAFETY • 

A. Introduction/Background 

B. Att i t ude and Behav ior 

C. General Safety Practices 

1. 

2. 

3. 

Overview of personnel protection equipment 

EPA levels of protection 

Procedures for site investigation 

a. Planning before departure 

b. At the site 

c. Decontamination and site exit 

4. Environmental monitoring equipment 

a. Detector tubes (Draeger) 

b. Organic vapor analyzers (OVA, HNu) 

D. General Occupational Health 

1. Common classes of chemicals 

2. Exposure routes 

3. Physical, chemical properties, toxicity 

4. Medical monitoring 

5. Pulmonary function tests 

E. DOT Labeling Regulat i ons 

F. Safety Regul a tions 

8 
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II PERSONAL PROTECTION 

A. EPA Levels of Pr o tection 

1. Selection criteria 

2. Equipment 

B. Respiratory Prote-tioo 

c. 

1. Types of respirators 

2. Fit t est ing 

3. Cartridge selection 

4 . Clean i ng, maintenance, storage 

Protective Clothing 

1. Types, materials 

2. 

3 • 

Selection 

Protection from various chemicals 

D. Self-contained Breathing Apparatus 

III RESPIRATOR FIT TESTING 

A. Qualitative Fit Testing of Employees 

1. Personal safety data sheets 

2. Cleaning, repairing, maintenance 

_.,, 

IV EQUIPMENT DEMONSTRATION AND PRACTICE SESSIONS 

A. 

B. 

c. 
D. 

Draeger Detector Tube sampling 

Organic Vapor Analyzers 

Biornarine, Scott SCBAs 

Protective Clothing 
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V 

VI 

VII 

HAZARDOUS WASTE FUNDAMENTALS 

A. Determination of a Hazardous Waste 

B. Labeling, Manifes ts, Placarding 

c. Proper Shipping Names, Transportation 

D. Material Safety Data Sheets 

QA/QC CONSIDERATIONS 

A. Requirements 

B. Standard Forms 

C. Chain of Custody 

SITE OPERATIONS 

A. work Zones 

B. 

c. 
D. 

Sampling Techniques 

Equipment Decontamination 

Sample Handling 

VIII REVIEW OF SITE-SPECIFIC STANDARD OPERATION PROCEDURES 

***** 
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5. PERSONAL PROTECTIVE EQUIPMENT 

-✓ 

THI S SECTION PROVIDES A GEHERIC DISCUSSION ON PERSONNEL 

PROTECTIVE EQUIP ENT. LEVELS OF PROTECTIOH Al D EMERGENCY 

EQUIPMENT ARE PRESENTE D AND RBFERERCB IS ADE TO PROTECTIVE 

EQU IPMENT AND SELECTI)N CRITERIA I N APPENDIX B. SITE SPE CIFI C 

DATA ARB PRESENTED IN l..PPEt JIX A. 

5.1 LEVELS OF PROTECTION 

Person~l protective equipme n t selection is based on EPA Levels of 

Protection as defined in Standard Operating Safety Guides 

(November, 1984), but we have further defined the protection 

levels to provide an additional level of protec t ion between EPA 1 

levels C and D. The required protective equipment and selection 
criteria ·are summarized in Appendix B • 

In addition, specialty and reserve equipment will be issued to 

each team, as necessary, including: 

First aid kit (approved by consulting physician in 

accordance with 29 CFR 1910.151) 

Emergency oxygen (or escape unit) 

Additional boots, gloves, hardhats, suits, respirators 

Two-way radio communication 

Field manual (site operating procedures) 

Fire extinguisher 

Portable eyewash (as appropriate) and sufficient potable 

water for copious flushing 

5.2 EMERGENCY EQUIPMENT 

(As ne eded based on site conditions) 

11 
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5.2.1 Fire Extinauishers -✓ 

Be c ause of the potential threat of fire at many hazardous wa ste 

sites during initial remed i al measures, fire extinguishers wi 11 

be readily available and at hand thro ug hout the investigation. 

All fire extinguishers will be Class ABC. One fire extinguisher 

will be kept with the fi~ld crew during any subsurface activity 

such as drilling or backhoe excavations, one will rema in in the 

decontamination area, and one will be placed in all vehicles. 

5.2.2 First Aid Kits 

An industrial first aid kit wi th sufficient supplies for 10 
I 

people will be kept in the decontamination area. Smaller first 

aid kits will be kept in clean areas and with field crews. At 

least one individual at the site wil l be trained and certified in 

First Aid and CPR. 

5.2.3 Eye wash 

An eye wash station (meeting the minimum requirements of ANSI 

2358.1) will be maintained at the decontamination zone and 

portable eyewash stations (as appropriate) will also be kept with 

field crews. 

5.2.4 communications 

A telephone will be installed whenever long-term investigations 

require the use of a field office trailer. Emergency telephone 

numbers will be posted at the telephone, outside of the trailer, 

and be included in each team member's field manual. As a 

minimum, the Site Manager and one individual in each work zone 

will be provided with a radio for field communications. 

12 
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5.2.5 Ernergencv Shower 
-✓ 

If required by site contami nants and conditions, an emergency 

s howe r (meeting the minimum requirements of ANSI 2358.1) wi ll be 

located either outside the decontamination trailer, in the 

decontamination area, or other suitable location. Otherwise, 

end-of-day showers will b~ required. End-of-day showers will 

occur at each individual's ~emporary field residence. 

***** 
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6. SI TE OPERATING PROCEDURES 

THIS SBCTIOR PROVIDES A GBHERI C DISCUSSI ON OF SITE OPERATING 

PROCEDURES I NCLUDING INITIAL SITE SURVEILLANCE, ORK ZONES, SITE 

STANDARD OPERATING PROCEDURES, AND DECONTAMINATION PROCEDURES. 

6.1 INITIAL SITE SURYE I~LANCE 

Pr i or t o beginn i ng si t e ope rat i ons, t he Site Manager and/or t he 

Health and Safety Of f icer will pe r fo rm a site r econnaissance to 
verify that current conditions on site are similar to the 
description provided in previous investigations. Included in 

this effort will be atmospheric monitoring of total vapo;/gas 
concentrations, and becoming familiar with the locations of 

residences, sampling and well sites, work zones, etc. The 
atmospheric sampling performed at this time should verify 
conditions reported and, depending on these results, the 

necessary monitoring that will be conducted during field 

operations, in accordance with the particular site needs • 
Typical analyses include airborne particulates, organic vapors, 
combustible gases, and oxygen. (This section should also include 

a brief description of the results of the site inspection which 

leads to the completion of Appendix A. No exaJ1ple is given.) 

6.2 WORK ZONES 

A hazardous waste site is usually divided into three specific 
zones: Zone 1 - exclusion zone1 Zone 2 - contamination 

reduction zone; and zone 3 - support zone. These three zones are 

established on the basis of contamination potential. 

The exclusion zone is the area of greatest environmental 
contamination and pTesents the greatest potential for worker 

exposure. Personnel entering the area ~ wear the previously 
mandated level of protection. I n certain instanc es, different 

14 
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le ve l s of p rote c t i on will be required depending on the tasks to 

be comp l eted . 

-✓ 
Th e contamination reduct i on zone act s as a transition between 
"hot s pots • and c lean areas. The support zone serves as a clean, 

control area, and decontamin a tion faci lit i es end he re. All areas 
will be defin ed and ma r ked as app ropr ia t e for the particular 
site. 

6.3 SITE STANDARD OPERATING PROCEDURES 

The following items are requirements t o protect the health and 

safety of field workers and will be included in the field manual. 

Depending Qll site-soeci~ conditions, items may be added Q.I. 

deleted • 

The buddy system will be used. 

established. 
Hand signals wil 1 be 

During site operations, each worker should consider himself 
as a safety backup to his partner. Offsite personnel 

provide emergency assistance. All personnel should be aware 
of dangerous situations that may develop. 

Visual contact must be maintained between buddies onsite. 

Eating, drinking, chewing gum or tobacco, smoking, or any 
practice that increases the probability of hand-to-mouth 
transfer and ingestion of material is prohibited in any area 
designated as contaminated. 

Prescription drugs should not be taken by personnel where 
the potential for contact with toxic substances exist, 

unless specifically approved by a qualified physician. 
Alcoholic beverage intake is prohibited during the work day. 

15 
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No excessive facial hair which interfere s with the 

satisfactory fit of respiratory protection is allowed on 

personnel required to wear such equipment. Each staff 
member must pass the fit-testing for respir a tors. 

Contact lenses wi l l not be permitted at the site . 

D i s po s ab 1 e c 1 o t hi n.g w i 1 1 be -u s ·ed when e v e r po s s i b l e to 

minimize t he risk of cross-contamination. 

The numbe r of personnel and a mount of equipment in any 

contaminated area should be minimized, but allow for 

effective site operations. 

1 

Work areas for various operational activities (equipment 

testing, decontamination) will be established. 

Procedures for leaving any contaminated area will be planned 

and reviewed prior to going onsite. 

Work areas and decontamination procedures will be 

established based on prevailing site conditions and are 

subject to change. 

Wind indicators will be strategically located onsite. 

Con tact with contaminated or potentially contaminated 

surfaces should be avoided. Whenever possible, do not walk 

through puddles, mud, or any discolored ground surface; do 

not kneel on the ground, lean, sit, or pla~e equipment on 

drums, containers, vehicles, or on the ground. 

No personnel will be admitted to the site without the proper 

s afety equipment. 

16 
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Proper dec ontaminat i on p r ocedure s mu s t be f o ll owed bef o re 

leav i ng t he s ite. 
-✓ 

All personnel must c omply wi th est ab lis h ed safet y 

proc e du res. Any s taff member who d oes not c om p ly with 

safety pol i cy, as est a blished by th e Hea lth and Safety 

Of ficer or t h e ?r , ject Ma nager, will b e i mm ed i a tel y 

dismissed from th€ sit •. 

Any medical e merg e nc y supercedes routine safety 

r equire men t s . 

No street clothes will be worn at the site. At a minimum, a 

separate distinct se t of wo r k clothes wil l be worn. 

6.3.1 Prior to Leaving Fiel d Office 

Review site information (see Site Manager). 

Expected hazards 

Special conditions 

Sampling procedures 

Location of showers· and telephones 

Emergency medical information 

Level of personnel protection required 

Check safety gear and equipment. The following equipment is 
available for issue, depending on site-specific conditions. 

Steel-toe safety boots 
Rubber boots 

Coveralls, Tyvek, Saran, etc. 
Hardhat with strap 

Faceshield 

Goggles 

17 
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VITON inner gloves 

Half-face (or full-f a c e ) respir:;.ator with appropriate 

ca rtridges and prefilters 

SCBAs 

Nylon backpack for gear sampling equipment 

Ziplock (R) baggies, quart and gallon size, to keep 

spare equipment clean 

Belt 

Belt pack for respirator 

Belt pack with personal first aid kit containing: 

(First aid kit will be approved by consulting physician 

in accordance with 29 CFR 1910.151) 

* can of spray-on * roll of 1/2 in. 

bandage adhesive tape 

* bottle of vegetable oil * finger tip bandages 

(for PCB/oil irritation * instant ice pack 

on eye contact) * emergency compress 

* knuckle bandages * poison ivy wash 

* ammonia inhalant * insect repellent 

* sting relief packet (seasonal) 

* isopropyl alcohol pads 

* snake bite kit (optional) 

Field standard operating procedures 

Backup equipment and spares will be maintained at the field 

office: 

Extra suits and gloves 

First aid kits 

Respirators with cartridges and prefilters 

Portable emergency oxygen unit 

Other self~contained breathing apparatus 

Communication devices 

Duct tape 

18 
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Trash barrel for return transportation of contaminated 
gear and equipment 

Salt replacement drinks (GATORADE) J _ .. 
Safety harness and lines (if necessary) 

6.3.2 Before Enterino Site 

No eating/drinkin~ / s .oki ng while suit ed up. 

Exception: Gatorade. When getting Gatorade, clean your 
gloves, etc . 

Drink some Gatorade. 

Place sample containers in field sample carrier 

(backpacks or carrier). 

Check location of showers/lavatory/water supply and tele
phones. 

Lay out and check alternate safety gear. 

Oxygen masks 

First aid kit 
Extra clothing 

Don required safety gear in. order. · 

Suit 
Boots 

VITON inner gloves 

Neoprene and/or other synthetic outer gloves 
Tape neoprene gloves to suit sleeves 

Get long sleeve gloves if collecting soil samples, etc. 

If suit has long enough legs, gather excess material at top 

of boot and tape the cuff over the top of the boot. If wet 

19 
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conditions prevail and no cuff can be formed, either connect 

the suit and boots with tape or cut off ex c ess suit and tape 

suit on outside of boo ts. 

Remember : Suits are splashproof, not completely waterproof. 

Respirator (test even if y-0u are not going to wear it 

immediately). {See attached fitting instructions) 

Hardhat with integral goggles and face shield. 

Put hardhat on and use the chin strap. Especially when well 

pumping, use both the face shield and the goggles. The face 

shield is meant to break impact of liquids and solid 

objects. Qnl_y the goggles, however, are splash proof. 1 

Check gear for rips/tears/malfunctions. 

Set up buddy prior to proceeding. 

Check your buddy's equipment and have him check yours. 

· Preliminary site survey. 

Characterize physical conditions of site 

Use as much excess caution as possible 

Use sampling gear {such as long handled dippers for 

sampling holes/pipes/gaps/tanks/trunks/manhole) 

Use caution - go slowly. 

If any problems with gear or equipment arise, exit by same 

route as you entered •••• . NQ SHORTCUTS 

On return, have buddy check for external contamination. 

Check gear for damage. 

20 
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6.3.3 Sampling 

No eating/drinking/smoking while sampling . .✓ 

Use standard sampling techniques (see field manual or si~e 

manager). 

Use excessive ca ·e ir handling sample s. If the sampling 

site is not accessible using your gear (i.e., water too 

high, slippery, steeply sloped, holes, etc.), don't take a 

sample. · Confer with buddy and team leader about alternate 

sampling site. 

Wipe off spills, dirt, and residue immediately. 

If any gear or equipment damage develops, i mmediately repair 

or replace. 

If you experience any physical discomfort, abnormalities, or 

lightheadedness - stop workf tell your buddy, and go back. 

Always go back by the SAME ROUTE as you came. 

6.4 DECONTAMINATION PROCEDURES 

All personnel must complete appropriate decontamination 

procedures prior to leaving the site in a manner that is 

responsive to actual site conditions. A decontamination area 

will be set up at an appropriate site location. Receptacles will 

be provided for all disposable clothing. The receptacles will be 

conventional trash cans lined with heavy duty polyethylene trash 

bags. Wash tubs containing a detergent-water solution or an 

appropriate decon solution (see below) and soft-bristle brushes 

will be used to decontaminate reusable personnel protective 

clothing and boots. Fol lowing the detergent-water washing, an 
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intermediate rinse will be appl ied when applicable . Clean, 

potable water will be used for the f~nal rinsing. Each 

individual shall conduct proper personal hygiene which may 
in c lude washing any exposed s k in prior to eating, smoking, or 

leaving the site, consistent with site conditions . 

Air monitoring equipment will be brus.hed:.to re move any obvious 

contamination, and will be taken int-o..; the:-trailer for recharging 

and calibration. The wash waters used and the disposab 1 e i terns 

will be collected. 

6.4.1 Initial Decontamination 

wash boots, gloves, respirators (see below). 

Put re-useable field gear inside trash barrel for transport 

to central wash facility. Put respirators in separate 

baggie, if contaminated, and label. 

Dispose of disposable suits and any other disposable and/or ,'f{ii!_~ 

uncleanable equipment in the proper receptacle on site. 

Check with team leader if uncertain. 

6.4.2 Decontamination Procedures 

Respirators 

Remove filters and cartridges and carefully wipe clean 

as much as possible. If prefilters (outside filters in 

snap-on rings) are dirty, replace them with fresh ones. 

Put filters/cartridges in baggies. If respirator has 

surface dirt, clean external and internal surfaces with 

the decon solution provided and water. Wipe internal 

surfaces wlth alcohol. Use packaged wipe for daily 

nominal disinfection. 
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At least once a month disinfect/sterilize respi _rators 

by leaving them 10-30 minutes in CIDEX or a comparable 

solution. Thoroughly rinse respirator with distilled 
-✓ 

water, rub dry, wipe with alcohol wipes , and store in 

baggie. See additional instructions in field manual. 

Note that we use high-efficiency filters, which, 

coupled with pref i 1 ters , should increase the 1 if etime 

about 6 ti r e: as compared to comparable standard 

cartr i dges . 

. [Note: Personnel wi th respiratory tract infections, 

however minor they may seem, should disinfect at least 

weekly and, if possible, daily.] 

Other Equipmen t 

Brush and scrub gloves and boots, then continue with 

decon solution and water. 

Rinse thoroughly. Use some disinfectant or alcohol 

wipes for inside of gloves. Occasionally use chlorox 
or CIDEX on inside of boots to alleviate odor problems . 

Be sure to rinse thoroughly after using CIDEX or 

chlorox. Hang boots and gloves to dry on drying rack. 

Dry other equipment with paper towels. 

Heavy Equipment 

All heavy equipment must be decontaminated prior to 

leaving the site. This will include manual removal of 

gross contamination with shovels, etc., followed by a 

steam or high pressure wash, paying particular 

attention to tracks, wheels, and undercarriages. 
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6.4.3 Decon Sol utions 

Decon solutions are prepared to react with, neutralize, or 

physically remove specific contaminants on a site. All decon 

solutions and rinse waters are collecte.d for proper ·disposal. 

Decon Solution 1 - f.or light eon,tamii:n,ation; liquinox-based 

Dec-on Solution 2 - for organic contaminants; detergent-based 

Decon Solution 3 ~ - for most acids and alkalies; trisodium 

phosphate based 

I 

Decon Solution 4 - for organophosphates, cyanides; calcium 

hypochlorite based 

***** 

24 



.... . 
" 

7. EMERGENCY PROCEDURES 

THI S SECTI ON DI SCUSSES EMERG ENCY PROC EDURES-,..,FOR EACH SITE. 

E ERGB CY TELEPHONE NUMB ERS ARE PROVID ED FOR LOCAL AM BULANCE, 

POLICE, FIRE ARD HOSPITAL S ERV IC ES AND KEY TE AM PARTI CIPANT S 

{I.E., SITE MANAGER, SAFETY OFFICER, ETC . ). THE S ECTIO N ALSO 

DI SCUSSES ACCIDENTS A-m INJURIE S, F I RE, EXP LOSION, SITE 

EVALUATION, AND SAFETY 0 ~ r JIRD PARTIES. 

7.1 EMERGE NCY TELEPHONE NUMBERS 

Ambulance: 

Police: 

Fire Department: 

Hospital: 

Field Office: 

Project Manager: 

Health & ~afety Officer: 

7.2 HOSPITAL 

Hospital emergency room personnel will be contacted and briefed 

regarding the scope of the study. The emergency route to the 

hospital will be mapped and posted inside and outside the field 

office and in the field manual. Travel time to the emergency 

room will be posted on xhe map. 
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Th e lis t of emergency telephone number s wil l a l so be pos ted . A 

l oc al accredited physician will be id€ntified for emergency 

referral s and the hospital will be notified accordingly. 

7.3 ACC IDENTS/ INJURIES 

Depending on the severi,ty of the :i.njur:y, treatment may be given 

at the site by trained personnel, additional assistance may be 

required at the si t e (emergency medical technicians), or the 

victim may have to be transported to hospital. 

In life threatening situations, care must begin WITHOUT 

considering decontamination. 

Outside protective clothing can be removed if it does not cause 

delays or aggravate the problem. Respirators must always be 

removed. Normal decontamination procedures should be fol lowed 

when at all possible • 

Heat-related illnesses can occur at any time when protective 

clothing is worn • Heat stroke requires prompt treatment to 

prevent irreversible damage or death. Unless the victim is 

obviously contaminated, decontamination should be minimized and 

treatment begun immediately • 

It will be the responsibility of the Health and Safety Officer to 
investigate thoroughly the details of any accident or injury. 

Based on his findings, he should recommend any corrective action 

relative to field procedure to prevent recurrence. ENG Form 3394 

will be completed in accordance with AR 385-40 and the USACE 

supplement 1 to that regulation. 
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The potential for fire is significant at many hazardous waste 

sites. During subsurface operations, explosimeters and organic 

vap o r analyzers are used to monitor levels of potentially 

combus tib l e gases . Fi re extinguishers (Clas s ABC) wil 1 be kept 

at each drilli ng r ig o· b !c kh oe, a t the decontamination area, and 

in the office. Local £ire deRartments will be aler t ed to the 

nature and location of any field investigation. 

7.5 EXPLOSION 

There is frequently the possibility of explosion during hazardous 

material investigations. Work will be stopped and the situation 1 

evaluated when readings in excess of 20% of the lower explosive 

limit are obtained. 

,! i, 7. 6 SITE EVACUATION 

c~ 7.6.1 Stages of Eyacuation 

Three stages of evacuation have been determined: 

Withdraw from immediate work area 

Withdraw from site 
Withdraw from area 

Withdrawal llim. ~ AI.M 

Withdrawal to a safe upwind location will be required if any 

of the following occur: 
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Concentrations of volatile organics, combustib le, or 

toxic gases are detected above safe levels for the 
level of protection being worn. 

Occurrence of a minor accident - Field operations wi ll 

resume after first aid, and/or decontamination 

procedures have. been adrninis:te:r:-ad. 

Equip ment , protective clothing, o r respirator 

malfunctions. 

Evacuation Q.f ~ 

The site will be evacuated in the following cases: 

Explosive levels of combustible gases, toxic gases, or 

volatile organics are detected (<50 percent LEL) 

A major accident or injury occurs 

Fire and/or explosion occurs 

Evacuation Q.f Nearby Area Facilities 

The Site Manager is responsible for determining if 
circumstances exist for area contamination, and should 
always assume worst-case conditions until proven otherwise; 

Fire and police departments must be contacted. A list of 

their addresses and telephone numbers will be located in the 

field office, and will be carried by the Site Manager. 

7.7 SAFETY Qf. THIRD PARTIES 

Site access will be controlled such that only verified team 

rnembe rs, waste removal subcontractors, and previously approved 
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guests will be allowed in work areas -or areas 

potentially hazardous materials or conditions. 

con ta.in i ng 

Special 

badges/passes may be issued as needed. Unauthorized, after hours -~ 
access will be deterred by locked gates, fences, etc., as is 

practical and appropri a te for the site. The enclosed and non

enclosed areas of the site will be posted with warning and/or No 

Trespassing signs, subject to community relations considerations. 

***** 
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8 , MEDICAL MONITORING PROGRAM 

THIS SECTION PROVIDES A. GENERIC DISCUSSION OF THE MEDICAL 

KONITORIRG PROGRAM . 

Each individu al wi 11 undergo and pa:ss ='a comprehensive physical 

examination prior to going to any :na'zcid fous site. Subcontractor 

personnel are required to furnish documentation of equally 

comprehensive examinations. Annual or quarterly monitoring may 

be required if indicated. 

The tests included in the examination are described in Table 8-1. 

Other tests can be added if warranted by special needs or 

exposure history. An example of the medical history forms are 

shown in Appendix C. 

8.1 INITIAL EXAMINATION 

The initial examination is intended to determine each employee's 

complete medical history as well as the compatibility of the 

(b io) med i ca 1 stat us with the· job description. 

minimum physical requirements must be met: 

For example, 

~i~i~~ - Binocular vision is required, and must be 

correctable to 20/40 (Snellen) in one eye and 20/20 in the 

. other. Normal depth perception and basic color distinction 

are required. 

Hearing - Hearing loss in either ear should be no more than 

30 dB at 500, 1000 and 2000 hertz 

Smell - Normal 

Sneech - No conditions causing indistinct speech 
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Other - No disease or condition which would i nter f ere with 
t he full performance of dutie s. -✓ 

An electrocardiogram and spirometry are performed. The 

ele c trocardiogram is recorded as optional for annual re

e xamin a tio n. It i s, howeve r, sugge s ted that empl oyees over 35 

years of age and emplo 1eE, with cardi ac risk fa c t ors (o verweight, 

smoking) be required t0 hav~ annual EKGs. 

Chest x-rays have, for t he most part, been eliminated from the 

physical examination except for the initial baseline exam. The 

physi~ian gives the patient a complete examination of the chest. 
This, coupled with the pulmonary function studies, gives the 

doctor sufficient information relative to any potential pulmonary 

problems. If chest x-rays are indicated from the results of 1 

l .ater examinations, they are then performed. This decision is 

left to the discretion of the examining physician. 

In addition, an extensive battery of hematological and serum 

chemistry determinations are performed. Hematological tests 
include a full blood count with differential and pla~elet ·count. 

The standard serum-enzyme chemistry is also performed for the 

following parameters: 

Alsanine aminostransferase (ALT, SGPT) 

Aspartate aminotransferase (AST, SGOT) 

Albumin 
Alkaline phosphatease 

Bilirubin (total) 
Blood Urea Nitrogen (BUN) 

BUN/Creatinine ratio 

Calcium 

co2 (Content) 
Cholesterol 
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Chloride 

Cr eatin i ne 

Gl obu lin 

Glucose 
Lactate dehydrogenase (LDH) 

Phosphorus (I nor ganic) 

Potassi um 

Protein 

Sodium 

Triglycerides 

Ur i c acid 

-✓ 

A routine urine analysis is l:}erformed, including observation of· 

color, specific gravity, and microscopic examination of formed 

elements and pathologically significant elements not normally 
present such as glucose, protein, blood, ketones, and bile acids. 

The majority of these parameters _are indicative of kidney 

dysfunction. 

Audiometry (hearing examination) is often included i _n the 

examination cycle if significant noise exposure is anticipated 

(i.e., working in close proximity to ·heavy equipment for extended 

periods of time) • 

8.2 QUARTERLY EXAMINATIONS 

Quarterly examinations consist . of blood chemistry and enzyme 
tests, focused on the detection of preclinical signs and imminent 

adverse health effects. These tests require serum and urine 

analysis only and can be performed by licensed paramedical 
personnel. Quarterly exams can be performed on all site members, 

as deemed necessary by the Health and Safety Officer, depending 

on frequency and duration of field work. 
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8.3 ANNUAL EXAMINATION 
_.,, 

Annual examinati on s a re generally a r epeat of the initial 

examination. A numbe r of the recommended biomedical tests for 

the establishment of baseline and sensitivity parameters can 

someti mes be di s pensed with at th is time . All personnel included 

i n t he initi a l exam pr rg r ~m are given annua l exams . 

8. 4 SPECIAL PARAMETERS 

ri indicated by the medical history and/o r in itial laborator y 
-

results, the examining physician will order additional tests. In 

addition, a host of parameters can be added to the parameters 

mentioned to Account for prior and expected e xposure conditions. 1 

An example would be exposure of heavy metals. If lead is a 

primary agent, a blood lead evaluation would be performed, in-
., 

eluding a quantitative blood . lead determin~tion: Other heavy 

metals could be analyzed in either blood 6r · urine sample~ • 

Summary reports of the examinations are . provided and reviewed 

with each employee. Medical/exposure monitoring records will be 

maintained for a.specified period of time in accordance with the 

provisions of OSHA (29 CFR 1910). 

***** 
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TABLE 8- 1 STANDARD BIOMEDI CAL MONITORING 

Test 

Initial 

Examination 

Full physica l 

EKG 

Chest X-ray 

Hematology evalu a tion 

(including complete blood 

count, differential and 

platelet count) 

Hemoglobin and hematocrit 

Urinal'ysis 

Vision screen 

Executive profile (SMA-22, 

CBC, thyroid profile) 

Pulmonary function 

Audiometry 

Proctoscopic exam 

X 

X 

X 

X 

X 

X 

X 

·x 

X 

X 

(X) 

-✓ 

Quarterly 

Checkup 

X 

( X) 

X 

J>..nnual 

Examination 

X 

( X) 

( X) 

X 

X 

X 

X 

X 

X 

(X) 

(X) 

(X) - Included at the discretion of the accredited physician. 
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LAW ENVIRONMENTAL SERVICES 
Governmen t Serv ic es Divi sion 
1140 Harrrnond Drive, Su ite 5150-E 
P. 0. Box 888013 
Atlanta, Georgia 30356 
TEL: (404) 396 -8000 

., _.,. 

HEALTH AND SAF ETY PLAN 

REVIEW AND APPROVAL 

Health and Safety Officer 

Senior Engineer/Scientist 

Field Safety Coordinator 

Chief Engineer 

DATE OF PLAN PREPARATION · DATES OF PLANNED FIELD ACTIVITIES 

MEDICAL SURVEILLANCE 

All LES field personnel participate in the LES medical 
monitoring program. 

(To be obtained by Field Safety 
beginning work;) 

HOSPITAL: 7i Je- ./}// e-,(,,,, 117 . 
FIRE : 011 S,· ~ S ~ :.,4 t:/ 
POLICE: 

36 
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EMERGENCY PROCEDURES 

In event of overt personnel expo sure (skin contact, i nhala t ion , 
ingestion); 

-✓ 

~ - r move cont~mina ted c othi ng, wa sh with soa p and water 

Inhalati on - r emove to fresh air ,,, ~ ,- ✓J 1 _ L"_1 
t~ ~~1,bl,t,.S' UJT'' ""'n-17 "1""_. 

Eye Contac t - flus h with eye wasn fd water - get medica l hel p 

Ingestion - ge t medic a · h~ l ? if indica t ed 

In event of pe r s onnel injury: · 

Administer first a id if needed. Medical emergencies 
take precedence over deco ntaminati on procedures. Know 
route to nearest medica l f acility. 

In evint of potential or actual fire or explosion: 

Do not fight fire. Contact Fire Department and/or 
client company officials as appropriate. Evacuate if 
necessary -to upwind •clean• location. 

In event of environmental accident <spread of contamination 
outside HWS): 

Contact //~k Wi1/41or Bill Harr is 

SITE INFORMATION 

· e1~ ~ If l)k.,l~/4. a, r~·~.s 
J'tu-'rlJ~ d,ny' o~-h~· lh-f,·-1-J 

r~r17 ~ ~-1~. 
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WOR!C PRECA£Jl'IONS 

l. 

2. 

3 • 

4. 

5. 

Prior to ny emp loyee or su bcontr actor ·personnel beginning 
wor~ on tha BWS, the Field Safety Coordinator shall brief the 
employ on the contents cf this pl an. _.,,. 

No eating, drinking, srnoking or putting hands in mouth ~hile 
on the sit • 

Weai: t1 • ek !t:dts, rubbet gl el'/-Oi .c.~ c a~ber ~cols at al i L~ me!"'
-while ou the ,5it!". B~1;,-, ,s.,-,1,'- w,r/4 ~T Lf!!_;;<::.-/ E ~ 
~if~ -ro /41 ·d Z> /:/ ~~-
w,s~ all exposed sk.ir areas with soa and wate~efore 
departing f rom the si te, :J;:;~":';;;r';;, ,v. /~ ..,,.,.... 
d,,,t~ ~,vi~ d ~/dtl(.,, ~~ r?s,"--4---~~,--< 

Remove and ch an ge-'any non-i per v ious cl ot:tfing that becomes 
contaminated during site activities. 

6. Do not go anywhere on the site other than where directed by 
the Field Safety Coordinator. 

7. Use safe and legal ir •otedures for sample storage and 
shipment. 

PERSONNEL POTENTIALLY EXPOSED TO RAZARDO0S MATERIALS 

Personnel Authorized to Enter aws 

1. 
2. 
3 • 
4. 
5. 

Other Personnel Assigned to Handle Hazardous Materials 
v , (decontaminate, analyze samples) 

l. 
2. 
3. 
4. 
s. 

17 
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er ELD sA?ETY cooRDINAToR • s S1J1-U(MY 

(To be comple ted by Field Safety Coordinator after completion of 
field 'tiOrlc, and returned to Bealth and slfety Officer.) 

During th ork ~nd covered by the Safety Plan, there were: 

a • No v i o l at i on s o f · t h e S a f e t y P l an pr o v i s i o n s and no ob v i o us 
contamination of LES employees or subcontractors. 

b. The following vi olations of th~ S~ety Plan pr ovisi ons or 
obvious contamination of LES p-e-~~nnel or subcontractors. 
(Give details of who, whert', t:y~ of contaminatio n, 
circumstances, first aid or medical assistance.> 

Signature _______________ D.ate _________ ....:: 
Field Safety Coordinator ~r 

~·.,Je, ,M~ 

ALL ACCIDENTS AND INCIDENTS CAUSING POTENTIAL EXPOSURE TO 
BAZARDOOS MATERIALS MOST BE REPORTED AS SOON AS POSSIBLE TO: 

1) BEALTB AND SAFETY OFFICER, or 
2) CBIEP ENGINEER, or 
3) BRANCH MANAGER 
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APPENDIX B 

PERSONAL PROTECTIVE EQUIPMENT 
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Tho~ 1th ~nd &fcty plui reco ni%tt fiTe 
r pr I nta li;b.t T ri ac fro PA. opcr 
&dditioc.al 1-v l of prot ctioo b t e~n U 
propo aed lov 11 of prot•c,l u -~~ -~,c~ o~ 
i llCe, t8 r eo nded by Ul . 

l n h ·"'Of p-rot act ion. Thi 
t ing gaidelille ind allovs n 
1 v la C c.nd O. The fo ll inc 
orttnic ~ por Ul4 ly::; r retd -

A. 1.1 Protective !guipcent and Selection Criteria 

Level A 

~Tel A is worn vb.en the bi&bes t level of respiratory, sk in, and eye 
protection i1 reqaired. 

Protective Eqaipment Required 

Pre11ure~emand (po 1itive pressure) SCU., NIOSB/MSHA. 
approved 
Fully eneap1ulated suit 
Glove• (inner) viton 
Glove• (oater) chemical-re1i1t ant, Neoprene 
Boots, chemical-re1i1tant, • teel toe and thank 
Rard hats 

• Tvo-vay radio com.manication 
• Disponble coverall chemical 1uit 

Selection Criteria 

Any of the following condition, varrantt Level A protection: 

Cheaical 1ub1tance ha• been identified which require• 
hi&heat fora of protection baaed on measured (or potential) 
high concentration• of at1101pheric vapors, s••••• or par
ticulates; or vork function, involve bi&h potential for 
expoaure to T&pora, 1a1e1, or particulatu. 
!xtremely hazardous subatance• (e.,., dioxin, 'Department of 
Tranaportation ['DOT] Cl•••~~• poi1on1, concentrated pe1ti
cide1) are known or auapected, cd akin contact it po11ible. 
The potential exiata for contact with tab1tance1 that 
destroy akin. 
leadinc oa the or1anic vapor analyzer aettr exceed• 500 ppca. 
Operation• are conducted in confined, poorly Tentilated 
areas or a.ck:now air qa.ality hasarda. 

Level B 

Level B safety &ear i! ·worn wben the hi1be1t ltTel of respiratory pro
tection i• required, bat a letter desreo of akin prottction ia required. 

Protective !qaipcent 

Preuare~u.and (po1itive ;,reu are) SC!A, NIOSa/MSHA 
approTed 
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Chaa i c.a l-uti,tGt ,pluh cait or polyco4t d dis?0&-4~ l t 
chu ica l -T:u i ,t &n t c.o u al h 
GlOTCI (i~!l8r ) , vi trou 
GloT o (oa.t r ), chesic l reai,tLnt (t &pit d to 1l ene1 ) 
!ioota, in cb. ical ·ru i,t nt, stc l t o nd -·t'h11k 
'Soot , oa.t di po ble (t p d to cnfh ) 
to:. r ncy p air copply 
Re.rd b.t.tc 
Tvo-aray r dio cor.u:o.ni c tion 

Selection Crit ria 

!ta oapherea with rhui' .l concentr a tion• con idered 
Im.Dediately Danieroa, to Life nd Realth (IDLE). 
!tmoapher e• exceedinc li it• of protection afforded by 
a full-face, air-pt1rifyi.ng r et pirator. 
Atmo1pb er e1 containing substance, with poor warning 
properti11, 1ub1t ance1 for vbich air-purifying cartridge• 
do not exiat, or haTe low . removal efficiency. 
Atmoaphere containing <19.5 percent oxygen. 
Condition, are auch that am.all expo sed area• about the head 
and neck will not be contacted by huardoa1 aub1tance1. 
!tmotpbere contain• froa 50 to 500 ppm volatile organic• aa 
• ea1ured by the organic vapor analyzer. 

Level C 

Level C aafety eqaipcent will be worn when the type• and concentration• 
of airborne c.ontaainant, are kno,rn, and the criteria for uainc air
purifying re1pirator1 are met. 

Protecti~e ?<taipment 

• 

• 

• 
• 

Full-face, air-parifyinc reapirator vith auitable 
cartrid&e•• fit teated 
Ch•ical-re1i1tant aait or polycoated di1po1able 
che11ical-re1i1tant coTerall1 
GlOTea (inner), Titon 
GloTel (oater, che11ical-re1i1tant (taped to 1leeTe1) 
!oot1 (inner), 1t1el toe and ,hank 
!oot1 (outer), diapoaable (taped to cuff1) 
&ler&e~cy e1capa air ,apply 
Hardhat 

Selection Criteria 

• Ataoapheric ccutaainant couceutratioua do not exceed IDLH 
lneh . 

• Air concentration• of identified 1ab1tauce1 will be reduced 
by the reapirator.to below the 1ab1tanee(1) exposure li• it • 

• Senica limit of respir&tor cartridge• will not be 
exceeded. 
C<lndition1 are 1ach that aull expoaed area• aboat the head 
and neck will not be contacted by ha:ardoa1 1ub1ta.nce1. 
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Job fa.:ic t iotu do no t r ~a i n SC!A. • 
l.tJz.a pll rs c.on t a.i11 be t ccu1 19.5 IJld 25 ~ re nt oxnea • 
&tao aphere contain• h. e~n 10 '1ld 50 ~-p::- ✓ o lLti l c crt ~ie 
c.c t:'" fq;r~ t-y t ~ o-rt n c ,.apo r &:a ly u r. 
Indi,rf.da.gl llt. b tu1 ae ufally fit t s t d. 

LeTel D safety eqaipcent Ila• been aodified frQa 1 protocol• 1 0 tll&t an 
ada ition.a l u f e t y l e l e~n b dd~ d b t~e~~ ~e r~a irementa of Level C 
and the ba aic work a.uif ora ( ~PA. Lnel D >:• ~ - bu ic vOTk anifora i, pre-
1ented at part of Level!. 

ProtectiYe !qaipm.ent 

• 
• 

Ralf-face. air-purifying re1pir ator 
Chesaical-resiataut suit or di1po1able cbesical-reaiatant 
c~verall• 
GlO"fet • neoprene . 
Cotton gloTea a, liners if needed 
!oott (inner). 1teel toe and shank 
!oota (oater)• di1poaable 
!'.raerieucy eacape air aapply 
hrchat, 
Safety goggles 
Face shield (integral to hardhat) 

Selection Criteria 

• 

• 

itmotpheric coutminant concentrations do not exceed IDLH 
levels. 
Air concentration, of identified 1ub1tance1 will be reduced 
by the retpiratar to below the 1ub1tance(1) expoaure limit. 
Senice liait of retpiratary cartrid&e• vill not be 
exceeded. 
Coo.ciition• are 1ach that 1aall exposed area, about the had 
and neck will not be contacted by ha:ardoa1 1ub1t.ance1. 
Job fuuctiona do not require SCIA1. . 
Atao1pbere1 contain between 19.5 and 25 percent or.y1en. 
Ataoapbera contain• detectable leTela of Tolatile organics, 
bo.t <10 ppa a, aeaaured by the OT&anic ,.apor analyzer. 

Level ! 

LeTel I equipaent will be .-oru only in area• where contact with contaa
in.ated uterial• i• eztrmely unlikely. It i• priurily intended for 
aurface recon.n.ai •aance work. 

Protective !quipaent 

Ralf-face, air-p~rifyinc respirator (earTied) 
Co•erall•, cotton 
!oota, st ee l toe and ,bank 
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... -. 

• 

&oota (oat r), diapoubla (optional) 
it&rd b.ata 

opree sloTes witb. cottou liner• (optiotal) 

~alcetio~ Criteria 

L l E prot ction i1 the ~as ic ork anifor• . I t can be worn in are 
b. r only boot ~n bo co titu.ii:uted, ~nd M ill.behble to:ic atib t ance 

&re pr sent. 
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APPENDIX C 
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MEDICAL FORMS 
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.t'.._:~ 
... #"'\,:,. 

ck Pa-st Ill nesses: (AQel (~et (AQel 

"j ChlCkenPox D Pneumoma D Mononucleosis 

J 1-Ae&.sles D Broncn it ia D Ve nereal Disease 

J ermir.n Measles D Pleurisy D Meninoit is 
-, 

l umps 0 T uberculos,s D Heart Att&ck_ 

' Sc:u let F~er 0 Malaria 0 Kidney Trouble _J 

-, 
Rheumat te Fever D Ulce r D Stroke .....J 

0 Hay Fever D Kep.a[l!is D Phlebitis 

CJ Astnma 0 Cancer D HiQh Blood Pres sure 

Othe r. 

,eration·s: (Age) 

nous ln1unes (broken bones. knocked unconscious, etc.): (Age) 

egnancies (and any serious comp licat ions) : (Age) 

raceot,on ttype): Have you had a skin test for tuberculosis? ____ Result: ________ _ 

Jn ,zat ions or Vaccinations within !he past ten years ,and approiumate date): 

;_( ~· 
int drugs or patent medicines (include laxatives. antacids. aspirin. etc): 

r ,~ , ., •' 

•--· g ies (medications, pollens, foods. etc.): 

.,ow much: sound or fitful?): --------------------------------------------__ , 
s it well balanced" ____ Special?). -----------------------------------------

1cco (packs per day): ___ Alcohol (drinks per day or week): ____ Coffee {cups per day): ____ Regular or no catteine: ___ _ 

f'! ~ you ever smoked? ______ How Long? ______ Have you ever tned to stop smoking? _____ _ 

t Symptoms did you have? _____________________________________________ _ 

,•, place. States where you have resided. and Foreig:, Travel: 
- .. 

.at,on (hignest level completed: special studies1: ------------------------------------

Type ot exercise and hobbies: 

Soec1a1 probiems related to home or work condit ions: 

Check ,r anyone in your family has ever had the loilowing 

Relationship 

O.o,aoetts 
0 H~art O,sease 

Os:rok~ 
CJ.rr1, :?:d O,scrder 

0~:.:I 

0 M1:n13: lll~SS 

11 L.v,nq 

CJ H.i;in Si.;.;: ~r~SSLre 

Cc~n~~, 
C ~.l,grJ•~~ - -; ACJcnes 
I ~ -~~; 

::11,., =~ ·-i " -: · .:.5,r,n,_, 
~~ ,er:~: 

Al]e Stat,; ot Hea::r, 

Broll'le!S 

Huso~l'd w,te 

/If you need more space ust' b3clc Sh"'t -~1 

--------------

F at!ler 

S,s,~rs 

4.7 NAME: 
DATE. 

CAn:rn,a 

0 s,e,11:11\1 o,sordcr 

r C•t~:t~ 

r ,.; .~~,y o,se:ise 

Cr:,lc:JS'," 

C ,::-:~, 

:.o,· Slat~ .i i H~~•lt'I 

- ------------------------

Relat,onst-!10 

II Decease<:1 

Cause 



Ch&ck the pnsc ding box If you now have (or hav rec ntly h · cf) tny of the following : 

D ~ D Swuls • Ch~ • Fl!IQIJe 

• F-!l0r ~11\1 D Wt1Qnl ~n D Wt,q!!!.los:s. D Sl:in r;iSII 

D Sul l\dllnQ D F.ic1lol lklvonq D ~ D s~ 1a~ ,or 1ymc,n nooes1 
D Ezsy tnus.-q D Ex~ bitto<"9 0 ~ D He~ 

D ~f blow 10 !he "'~ D Fa ,nt ,nq ~ IS 0 L~n1r.uoeone,s D Blurr~ V111011 

D 0<aJbie VISIOII D Blind 1po11 D Ert ~••n D Eye .,tl.im~1,on 

D lite'J b ~s D Eo1t.cl"f D T rcu!)jt nu11rq D R.IIQrnQ., !!'If t.'S 

D El< drainaQt • . [,11 lllOCU~ D Eo1t ,tcn,rq D Ou::z,ness 

D ~DlefflS D llas., OOSl•i.KIIOn D Sinus 1rouu, D Pos1 "ls., ano 

D F•eo,enls.neu"'ll D Sores ,n 11\t rnou1n D Ho.r~ntSS D Serious ~!JI prOO!ems 

D Freooent sore 111ro.1s D Freo,en1 rvn~y nose D Btus1 IUIT'-llS. swei11~ or i:,;,,n D O,sc~:Qt lt?t!' !he nlOQlt 

D Ou~n.c CCU//1 D Cou,.n,,-,g up onlt-Qm D C.,.,Q!>,nq UP DklOd D Whttz,ng 1 

D 1 , 0Ul)I e t. u """'9 • Shont>tSs or bruin w11n uen,on D TrCl.>ble t.n1111nq whrn ty,nq Ma! D C/lnl p.,n 

::, D ln~i, or nttssrvtly r;iold t-eant>eal D va11co~e vt1ns D Mklt swell rnq D ~ cra'TIDS 

D Bkit lrQ5. hnQt,s. !Cle! D Cord ~ .. nds :X 1etl D Hun mlXTTlUI 0 T11>.:t.1e s .. a,ia.-,ng 
,~::. D Huntiurn D ll'ICl'9tSIIOtl D F:eouent btlC/1,nq or pzss,ng 9u D Mausu 

D ~o,tat,on o/ lald er ...:m1,ng D Vom,hnq !);ooa D A!xlomir-.1 or S1CCT\idl ~ •n or dlseotnf011 D 811 Ck bQwf I IT'O\'effit!1t S 

D l>;l!lfui b0wt1 rno.tl'ntff1S D Gre.s1· ::::,,,,,, ITIO'tfflltnlS D Frequent ~ tio-tl movemel!IS D 8loOd .,,rn l)QWtf movements 

D Mucus With bo'Jftl ll"CWffllt!IIS 0 COtl!l•rillt'r. D Kem1a D Y~~Ol!Tffll 

D lnltsllllalll'l)'ITI$ D Bu,n..n; -. ,t~ unna.t,on D Frt0ien1 utm.11011 D Excess "<t ~rrnt wolume 

D Ur,;itnt 1n1at,on D 6kloil\ ., ~ D KIOnty s10:,e~ D lnal)ohly IC con1101 the unnt 

D Awaktn1n9 h'1)ffl ~ to ur,nate • HC7W D 0 •11::.,•: , SIJ. :,nc; UIU\411011 D Prosmt 110U0ic D Pa,n. u.:r:a::::n. swe!l,ng o( or 01$d\¥9 

Nny times UCll "'9hl" D Oi.:ra1;;:~ o• ,~r!Ods t D T1111t t>etwtt, o,1100s , 11\t 9t""lll 'S 
.r;.•, -~ D Aqe at trst perlOd ( ) . D U~suall\ :,~r.t tio.r D Unusually r.tavy ''°"' D OISW'lrort titlo,e pe<IOCIS 

..... . D Oi;c;,mtot, cu mg penods D Sitt~,-.; ,if !tf ~ D ViQlnar d1SC~9t 0, WIIIU!()l'I D MfflDC)llU~ IC~ ol lrltl Aqe 

D Kol !Qshes D Ttr.:t· ::.:stS o, ,O,n!S D T~er "-'S:lts D JOIIII p:,,r: 

D Jo-n: st r11 ~ss • ~1•, !r!~~'') D u~rll'f o, tnrar,~ 1,y•Otd 91,1110 • 8.ict IIOUDlf 

D BurSIIIS D Cl\as;:t a s,:e of l'IUd. ~ o, f~t D 011 kl'f'WIIQ Of Int s1.,r. D Su~r ., !!If utlfll! td~t>eltsl 

D EsttUNt "'°'trtt. tl'WSl or unnai,on D Lo.ss :,: i,,t1 .. J ' ::-rve D NulTl0"fU o, :on9i,:-c; c• r:-.:,,,m oll'fflS..()f D Sltf~,I~ 

• lmllOltree :e;s D \\LJ.,;f"!! .-::;:-. D D Trerc-v·! ~ :.:tS. tw,ICllll'q COftVl,1$1,..I l!\C001a,na1oon 

D Par.i,ys,s D Atuotty D lnrUlllllly D S.U,tldsPteC/1 

D ~~s D Ftt -~! ~ •t~t5Sl'ltSS D n.o..;;r,ts : 1 suoe~e D ~!OftH : · 

D Cr, ·"9 Sl)t!IS D Tr.:i ... : r X~!::·"t; cr,t-c,sm D 51!01"~ It.IS D ~•rt 1 : • r-:- someont 

D h~tssrvt anqe< .,, 1emoe< D Set-~;:• •1;·.r; !twigs 1na1 co,, : t• ·!' D :::,,s:.r· •:-·\·11.g 

D Fet•·,ig 111,11 PtOOlt are ·0..,1 :a 9f1 you· 1t,J11 .. .: - ~: ~ '"'S .~:rs• 

NAME: 

DATE: 
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