
ir 
Polychlorinated Biphenyl (PCB) Abatement Program 

Final Report 
[NASA-CR-180388) E N V X R O N f i E N T A L  PROJECTS. , 
V OLll RE 1 : POLY CHLOR IN AT ED B IP HEW L [ P C  B) 
ABATEHENT P R O G R A R  Final Report !Jet 1 N 8 7- 2 563 7 



Jet Propulsion Laboratory 
California Institute of Technology 

4800 Oak Grove Drive 
Pasadena, California 91109 

(01 8) 354-4321 

June 1987 

To : Recipients of JPL Publication 87-4, "Environmental Projects: 
Volume 1, Polychlorinated Biphenyl (PCB) Abatement Program, 
Final Report 

Subject: Replacement of Above-Mentioned Volume 1 

The Jet Propulsion Laboratory (JPL) is publishing a series of reports 
describing several environmental projects in various stages o f  devel-op- 
ment at the Goldstone Deep Space Communications Complex. Enclosed is 
a reissued copy of Volume 1. The reissued version of this volume more 
closely conforms with JPL publication standards and replaces the copy 
previously sent to you. Please return the first copy of Volume 1 to: 

Mr. Len Kushner, Mail Code 144-201 
Jet Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena, CA 91109 

Additional volumes in this series of environmental projects at the 
Goldstone Complex are in process and will be issued in the future. 

L. R. Lunine, Manager 
Foothill Documentation 
Section 641 



I 

JPL Publication 87-4 

Environmental Projects: Volume 1 

March 15,1987 

Polychlorinated Biphenyl (PCB) Abatement Program 
Final Report 

Goldstone Deep Space Communications Complex 

JPL 
Jet Propulsion Laboratory 
California Institute of Technology 
Pasadena, California 

M A  
National Aeronautics and 
Space Administration 



The work described in this publication was carried out under the direction of the 
Jet Propulsion Laboratory, California Institute of Technology, and was sup- 
ported by the National Aeronautics and Space Administration. 

Reference herein to any specific commercial product, process, or service by trade 
name, or manufacturer does not necessarily constitute an endorsement by the 
United States Government, the National Aeronautics and Space Administration, 
or the Jet Propulsion Laboratory, California Institute of Technology. 



ABSTRACT 

The Goldstone Deep Space Communications Complex (GDSCC), located in the 
Mojave Desert about 45 miles north of Barstow, California, and about 150 miles 
northeast of Pasadena, is part of the National Aeronautics and Space 
Administration's (NASA) Deep Space Network, one of the world's largest and 
most sensitive scientific telecommunications and radio navigation networks. 
The Goldstone Complex is managed, technically directed, and operated for NASA 
by the Jet Propulsion Laboratory (JPL) of the California Institute of 
Technology in Pasadena, California. 

Six, large, parabolic dish antennas, at sites called Deep Space Stations, 
are located at the GDSCC. Some of the ancillary electrical equipment at these 
Deep Space Stations, particularly transformers and power capacitors, were 
filled with stable, fire-retardant, dielectric fluids that contained 
substances called polychlorobiphenyls (PCBs). 

Because the Environmental Protection Agency has determined that PCBs are 
environmental pollutants toxic to humans, all NASA Centers have been asked to 
participate in a PCB-abatement program. Under supervision of JPL's Office of 
Telecommunications and Data Acquisition, a two-year long PCB-abatement program 
has eliminated PCBs from the Goldstone Complex. 

Thus, the Goldstone Deep Space Communications Complex is a major NASA 
facility that has abided by NASA guidelines and has eliminated the hazards of 
PCB contamination. 
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SECTION I 

INTRODUCTION 

In 1929, a group of chemicals known as polychlorinated biphenyls 
(polychlorobiphenyls, PCBs) was introduced to American industry. Because of 
their high-temperature stability, fire-retardancy, lubricity, and high 
electrical resistance, mixtures of PCBs found worldwide use in industry as 
plasticizers for plastics, heat-transfer fluids, and as insulating and cooling 
media in transformers and power capacitors. 

During the last three decades, however, many materials and chemicals that 
originally were thought to be harmless and to have beneficial social and 
industrial uses, have been discovered to be hazardous or toxic when released 
into the environment. 

PCBs are prime examples of such extremely useful but environmentally 
hazardous materials. Because of the potential deleterious effects of PCBs, 
the National Aeronautics and Space Administration (NASA) now is engaged in PCB- 
abatement programs at its various NASA Centers. This reports deals with the 
successful PCB-abatement program at the Goldstone Deep Space Communications 
Complex (GDSCC). The Goldstone Complex is managed, technically directed, and 
operated for NASA by the Jet Propulsion Laboratory ( JPL)  of the California 
Institute of Technology in Pasadena, California. 

A. THE ENVIRONMENTAL PROBLEM WITH POLYCHLOROBIPHENYLS (PCBs) 

The chemical and physical properties that determine both the useful and 
hazardous aspects of the PCBs lie rooted in a substance called biphenyl. It 
is a colorless, solid hydrocarbon made up of 12 carbon atoms arranged into 
two, interconnected, hexagonal rings. Except for the two carbon atoms that 
take part in the connection between the two hexagons, each of the remaining 10 
carbon atoms of biphenyl has a hydrogen atom attached (Figure 1). 
particular arrangement of atoms endows biphenyl with great heat and chemical 
stability. 

This 

H H H H 

H I I  H H I I  H 

Figure 1. Chemical Structure of Biphenyl (C H ) 12 10 
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Because biphenyl is an extremely stable material, with a relatively low 
melting temperature and high boiling point, it found widespread use as a good 
heat-transfer medium. 

Through rather simple chemical reactions, any, or all of the hydrogen 
Replacement of two or 

Figure 2 depicts a typical 

atoms of biphenyl can be replaced by chlorine atoms. 
more hydrogen atoms by chlorine atoms gives rise to materials called 
polychlorobiphenyls (Greek: "poly" means many). 
PCB in which seven of biphenyl's 10 hydrogen atoms have been replaced by 
chlorine atoms. 

c1 c1 c1 H 

b-h 
/"- \,== / -cl 

\c 

I b  
/-\ c/ 

7-7 H c1 c1 I T  H 

cl-c\ 

Figure 2. Chemical Structure of a Polychlorobiphenyl (C H C1 ) 12 3 7 

In 1929, mixtures of PCBs began to be produced by Monsanto under its 
tradename of AROCLOR. Because these combinations of PCBs are extremely stable, 
high-boiling materials with low flammability (fire retardancy), high heat 
capacity, and low electrical conductivity, they universally were used as 
dielectric insulating media in electrical equipment, in general, and in trans- 
formers and power capacitors, in particular. 

But the very physical and chemical characteristics that make PCBs so 
desirable for use in electrical equipment also allow them to persist for long 
periods of time in the environment without undergoing any appreciable 
degradation. In this way, the environmental persistence of the PCBs resembles 
that of the chlorinated pesticides such as dichloro-diphenyl-trichloroethane 
(DDT). 

The first report of environmental contamination by PCBs was published in 
1966. 
to give rise to toxic effects in humans, and to be carcinogenic in rodents. 

Since then, PCBs have been shown to concentrate in animal food chains, 



SECTION I1 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION CENTERS 
AND THE PCB PROBLEM 

Although the production of PCBs in the United States was discontinued in 
1977, the problem remained of what to do with the numerous, already existing, 
PCB-filled transformers and power capacitors that had been manufactured before 
1977 and still were in operation? It is a problem of particular concern to 
the diverse facilities of NASA with their large quantities of electrical power 
equipment. 

In June 1983, NASA issued a "NASA PCB Risk Assessment Manual."* In the 
Manual, Billie J. McGarvey, Director, Facilities Engineering and Computer 
Management Division, wrote: 

"The U.S. Environmental Protection Agency (EPA), under Section 6(e)(2) 
of the Toxic Substance Control Act (TSCA, PL94-469), has banned the manufacture 
of new equipment containing PCBs and established stringent requirements on the 
continued use and disposal of existing equipment containing PCBs. These 
regulations apply to all NASA Centers and field installations. 

"Accordingly, NASA developed guidelines for the management of equipment 
containing PCBs. Proper management of equipment containing PCBs will require 
that all equipment suspected of containing PCBs be inventoried to identify the 
equipment containing PCBs and to determine what actions will be required to 
minimize the risks associated with the continued use of this equipment. To 
assist in this effort, this NASA PCB Risk Assessment Manual has been prepared." 

As a NASA Center, JPL began to comply with both the EPA rules and the 
NASA Risk Assessment Guidelines concerning PCBs. 
of Telecommunications and Data Acquisition (TDA) began a detailed investigation 
to determine to what extent PCB-contaminated equipment existed at the 
Goldstone Complex. 

In mid-1984, the JPL Office 

""NASA PCB Risk Assessment Manual," prepared for the NASA Real Property 
Management Branch, Washington, D.C., by Engineering-Science, Fairfax, 
Virginia in association with DeLeuw, Cather 6 Company, Washington, D.C., 
June 1983. 
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SECTION I11 

THE GOLDSTONE DEEP SPACE COMMUNICATIONS COMPLEX (GDSCC) 

The Goldstone Deep Space Communications Complex is located in a natural, 
bowl-shaped depression in the Mojave Desert about 150 miles northeast of JPL 
in Pasadena, California, and about 45 miles north of Barstow, California 
(Figure 3 ) .  

The 52-square mile Complex lies within the western part of the Fort 
Irwin Military Reservation on land NASA leases from the U.S. Army (Figure 4). 
The GDSCC is a self-sufficient, working community with its own roads, 
airstrip, cafeteria, electrical power, and telephone systems and is equipped 
to conduct all necessary maintenance, repairs, and domestic support services. 

The GDSCC is part of the NASA Deep Space Network (DSN), one of the 
world's largest and most sensitive scientific telecommunications and radio 
navigation networks. The primary purpose of the DSN is to support the 
tracking of both manned and unmanned spacecraft missions and to provide 
instrumentation for radio and radar astronomy in the exploration of the solar 
system and the universe. 

Goldstone is one of three Deep Space Communications Complexes (DSCCs) 
located on three continents: at Goldstone in Southern California's Mojave 
Desert; in Spain, near Madrid; and at Tidbinbilla, in Australia, near 
Canberra. Because these three DSCCs are approximately 120 degrees apart in 
longitude, a spacecraft always is in view of one of the DSCCs as the Earth 
rotates on its axis (Figure 5). 

The Network Operations Control Center (NOCC), which controls and 
monitors the DSN, is located at JPL in Pasadena. A Ground Communications 
Facility (GCF) of the DSN operates to link together the NOCC at JPL and the 
three DSCCs. 

Six, large, parabolic dish antennas, at sites called Deep Space Stations 
(DSSs), are located at Goldstone: four DSSs are operational, one is devoted 
to research and development (R&D) activities, and one has been deactivated. 
There also are four, similar, operational DSSs in Spain and in Australia. 
Thus, the NASA DSN consists of a worldwide network of 12 operational DSSs. 
A seventh parabolic dish antenna at Goldstone is operated by the National 
Oceanic and Atmospheric Administration (NOM). 

It was because these antenna-sites, their control facilities, and other 
ancillary installations at the Goldstone Complex make liberal use of 
transformers and power capacitors that the JPL Office of Telecommunications 
and Data Acquisition (TDA) began its survey to detect PCB-containing equipment 
at the Goldstone DSCC. 

3-1 
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The following is a brief historical description of the six NASAIJPL 
antenna-sites at Goldstone involved in the TDA survey to identify 

~ PCB-containing equipment (Figure 6). 

, A. GOLDSTONE OPERATIONAL DEEP SPACE STATIONS (DSSs) 

1. DSS 12 (Echo Station) 

Originally built in 1959, the 26-meter (85 ft) antenna first was 
used in 1960 in support of the Echo Project, an experiment to transmit voice 
communications Coast-to-coast by bouncing radio signals off the reflective 
Mylar surface of a passive ballon-type satellite. In 1978, the antenna was 
extended to 34-meters (111.5 ft). 

I 

2. DSS 14 (Mars Station) 

Built in 1966, the 64-meter (210 ft) antenna, standing more than 
234 ft tall, permitted the DSN's transmitter power and receiver sensitivity to 
increase 6.5 times compared to that of a 26-meter antenna. It also extended 
the range of the DSN into deep space by 2.5 times. The 64-meter parabolic 
dish is to be extended to 70 meters (230 ft) in time to be ready for the 
Voyager 2 spacecraft's encounter with the planet Neptune in 1989. 

I 3 .  DSS 15 (Uranus Station) 

I Built in 1984, this latest antenna-addition at the Goldstone DSCC 
is a 34-meter (111.5 ft), high-efficiency (HEF) antenna that first was used to 
support the Voyager 2 spacecraft's encounter with the planet Uranus in 
January 1986. 

I 
I 
1 
I 

4. DSS 16 (Apollo Station) 
t 

This 26-meter (85 ft) antenna, built in 1965 by the NASA Goddard 
Space Tracking and Data Network (STDN) to support the manned Apollo missions 
to the Moon, was transferred to the DSN in October 1984. The antenna is used 
to support satellites in both low- and high-Earth orbits as well as STS (Space 
Shuttle) missions. 

B. RESEARCH AND DEVELOPMENT DEEP SPACE STATION 

1. DSS 13 (Venus Station) 

The 26-meter (85 ft) antenna at the Venus Station, originally was 
located at Echo Station, and was moved here in 1962. It first was used in a 
radar astronomy study of the planet Venus. 
thoroughly tested here for performance and reliability before they 
operationally are introduced into the DSN. 

New systems and equipment are 
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C. DEACTIVATED DEEP SPACE STATION 

1. DSS 11 (Pioneer Station) 

Built in 1958, the 26-meter (85 ft) antenna first was used in 
support of the Pioneer 3 spacecraft mission. 
1981, and in 1985, the Pioneer antenna-site was designated a National 
Historical Landmark by the U.S. Department of Interior. In 1986, the Pioneer 
antenna-site was returned to the U.S. Army and is no longer located on the 
Goldstone complex. 

The antenna was deactivated in 

D. NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION (NOAA) 
MOJAVE BASE STATION 

In addition to the six NASA/JPL DSSs the Goldstone Complex also has a 
12-meter (40 ft) antenna at the Mojave Base Station, located near DSS 16, the 
Apollo Station. This antenna now is operated by NOAA. 

3-7 



SECTION IV 

PCB-ABATEMENT PROGRAM AT THE GOLDSTONE 
DEEP SPACE COMMUNICATIONS COMPLEX 

In August 1984, following enactment of the Toxic Substance Control Act 
(TSCA, PL94-469) and publication of the "NASA PCB Risk Assessment Manual," the 
JPL Office of Telecommunications and Data Acquisition (TDA) began an 
investigation of the extent of PCB-contamination at the Goldstone DSCC. 

The TDA work at the Goldstone DSCC proceeded in the following two stages: 

(1) A detailed survey was conducted at the Goldstone DSCC of all 
facilities and electrical equipment that possibly might be 
contaminated with PCB. 

( 2 )  All electrical equipment that contained PCBs were identified and 
Based upon their PCB- their PCB-concentrations were determined. 

concentrations, PCB-containing electrical equipment is divided 
into the following three categories (Table 1): 

(a) Electrical equipment with PCB-concentrations greater than 
500 parts per million (ppm) is known as PCB-equipment. It 
either must be provided with protection to contain any 
future PCB spill (see Section IV-C, Option B, below), or be 
disposed of and replaced with compatible equipment that 
contained no PCBs. Disposed equipment had to be removed to 
an EPA-approved, hazardous-waste disposal site. Until time 
of their disposal, all PCB-equipment were labelled with a 
yellow-colored, warning sticker. 

After due consideration, and life-cycle cost studies, the 
TDA Office decided it was both safer and more economical to 
remove and replace all PCB-equipment with new, compatible, 
non-PCB equipment. 

(b) Electrical equipment with PCB-concentrations between 50 and 
500 ppm is known as PCB-contaminated equipment and for 
economic reasons was to receive a special retrofilling 
treatment (see Section IV-C below). A yellow-colored, 
warning sticker was attached to all PCB-contaminated 
equipment until such time that its PCB-concentration was 
decreased to less than 50 ppm. At that time, the yellow 
sticker was replaced with a blue-colored sticker that 
certified the equipment was non-PCB in that it contained 
<50 ppm PCB. 

(c) Electrical equipment with PCB-concentrations below 50 ppm is 
known as non-PCB equipment and is acceptable to be used 
as is. This equipment was labelled with a blue-colored 
sticker to indicate it had been tested and found to be safe 
(non-PCB). 
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Table 1. Identification of Goldstone DSCC Equipment with 
Respect to PCB-Contamination 

PCB PCB-Contaminated Non-PCB 
Total Number Equipmenta Equi pmen tb EquipmentC 

Equipment of Units P 5 0 0  ppm) (50 to 500 ppm) (0 to 50 ppm) 

Transformer 158d 7 1 4  137 

Switchgear 3 7= 34 0 3 

Capacitor 54e 51 0 3 

Hydraulic 
System 6 0 0 6 

Oil Filter Pump Id 1 0 0 

aThis PCB-equipment either was discarded (from storage) or replaced. 

bThis PCB-contaminated equipment was retrof illed. 

CThis non-PCB equipment was used as is. 

dTwo transformers (one 30 kVA and one 2000 kVA) and the oil filter pump 
showed active leakage of PCB-fluid and required immediate cleanup or 
replacement. 

eIncludes sealed units that could not be opened to be tested. They, 
therefore, were assumed to be PCB-equipment. 
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The progress of the PCB-abatement program carried out by the TDA Office 
is depicted in the Milestone Schedule (Figure 7 ) .  

Photographs and schematic maps, that show the appearance and the 
location, respectively, of the electrical equipment at the Goldstone Complex 
that was either retrofilled or replaced in the PCB-abatement program, are 
displayed in Appendix A. 

A. SURVEY OF THE PCB-PROBLEM 

In August 1984, Electro-Test, Inc. (ETI) of San Ramon, California, was 
selected by the JPL Architects-Engineers (A-E) Services Board to carry out a 
survey of all Goldstone DSCC facilities and equipment that contained oil-type 
dielectric fluids. Both JPL and Goldstone DSCC-operating personnel 
participated in the survey. Equipment Survey Log Sheets (ESLS) were prepared 
for all equipment that contained a liquid dielectric fluid. A typical ESLS is 
shown in Figure 8. 

B. IDENTIFICATION OF PCB-CONTAMINATED EQUIPMENT 

Samples of dielectric fluids were taken from each piece of oil-filled 
equipment and a preliminary analysis determined whether chlorine atoms were 
present. If pcsitive, an immediate qualitative laboratory test then verified 
whether the chlorine atoms were due to the presence of PCB. If PCB was 
present, a quantitative laboratory test then determined the actual level of 
PCB-contamination, whether the PCB-concentrations were above or below the 
allowable level of 50 ppm. The results of this identification stage are 
summarized in Table 1. 

Data obtained from this equipment survey and identification then were 
used to develop a PCB Risk Assessment Program for the Goldstone DSCC. 
accordance with NASA guidelines, the TDA Office used the NASA Risk Evaluation 
Guidelines, Equipment Assessment Forms, Equipment Risk Worksheets, Remedial 
Alternative Cost Calculation Worksheets, and Remedial Alternative Cost 
Comparison Worksheets to develop its PCB-abatement program. 

In 

C. RETROFILLING TREATMENT FOR PCB-CONTAMINATED EQUIPMENT 

Following the survey and identification stages of the PCB-containing 
electrical equipment, the following two options were available to treat the 
PCB-contaminated equipment (between 50 and 500 ppm): 

(Option A) Drain the equipment of its PCB-containing fluid and replace 
it with a non-PCB dielectric fluid (mineral oils) until the 
PCB-concentration of the dielectric fluid within the 
equipment was below 50 ppm. If this retrofilling operation 
was carried out, the drained PCB-contaminated fluid had to 
be removed and transported to an EPA-approved, hazardous- 
waste disposal site. 
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PCE CLASS1 F I C A T I O N  DATA 

Electro-Test ,  Inc. Reference No. 5084034,  R p p d ~ x  1, Tab 2 ,  P ~ ~ c B  

JPL Reference 956985 

C l a s s i f i c a t i o n  Cer t i f ied  b y :  

U S E &  
Richard 5 .  Rounke 
Field E n g i  neer 
Elec t ro-Tes t ,  I n c .  

Figure 8. A Typical Equipment Survey Log Sheet 
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(Option B) Do not retrofill the PCB-contaminated equipment, but run the 
multiple risks of keeping the equipment as it is. The risks 
of doing so, however, involved taking the following factors 
and precautions into consideration: 

1. Characteristics of the PCB Dielectric Fluid. One must 
consider the concentration of PCBs in the fluid, the 
volume of PCB fluid in the equipment, and the physical 
state of the dielectric fluid (solid or liquid). 

2. Spill Control/Cleanup. Spillage of dielectric fluid 
can be controlled through the presence of dikes or 
curbs around the equipment to contain all or part of 
any anticipated spilled dielectric fluid, through 
location of the equipment indoors or within an 
enclosure to limit the spread of any dielectric fluid, 
and through the elimination of any channels or paths 
that would aid the dispersion and spread of any 
spilled dielectric fluid. 

3 .  Damage Potential. Potential for damage to the 
equipment exists if the equipment is outdoors and is 
not protected from any possible damage from vehicles. 

4. Impacts. Consideration must be given to the following 
diverse impacts: environmental impacts (location of 
equipment near an area of soil, or near a body of 
water, or near to a drain that leads to the water); 
worker impacts (direct exposure to spilled dielectric 
fluids or to vapors coming from vents located near the 
spillage); and mission impacts (presence of nearby 
equipment that is in regular use and that if 
contaminated in a PCB-spill could abort a mission, and 
presence of available backup equipment to take over if 
there is a dielectric-fluid spill from the primary 
equipment). 

After review of Option B risk assessments and alternative cost 
comparisons, the TDA Office concluded it was safer and more economical to 
implement Option A (to retrofill the PCB-contaminated equipment with new, 
non-PCB dielectric fluids). 
not used at all in the PCB-abatement program at the Goldstone DSCC. 

I 
Thus, although it was considered, Option B was 

Based upon this retrofill/replacement decision, the JPL Procurement 
Office invited six contractors, experienced in the handling of PCB-contaminated 
materials, to bid on the work required for the total elimination of all 
PCB-liquids and PCB-contaminated equipment from the Goldstone DSCC. 
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D. AWARD OF PCB-ABATEMENT CONTRACT 

In July 1985, after a competetive-bidding procurement and evaluation 
phase, a contract was awarded to General Electric (GE), Apparatus and 
Engineering Services Division, El Monte, California, for the disposal of 
PCB-equipment and the retrofilling of all PCB-contaminated material at the 
Goldstone DSCC. 

The first phase of the retrofilling task, begun by GE in October 1985, 
consisted of the drainage of the PCB-contaminated dielectric fluids from 
specified transformers and oil fuse cutout (OFC) switches. The equipment was 
allowed to drip-drain. Any oil remaining behind was pumped out and each unit 
was flushed out with new dielectric fluid. After this flush-operation, the 
equipment was filled with new, non-PCB containing dielectric fluid. Samples 
then were removed to test both for dielectric characteristics and for PCB 
contamination. If test-sample analyses indicated the retrofilled equipment 
still was PCB-contaminated after the retrofill, it retained its yellow 
PCB-warning sticker and the retrofilling procedure was repeated as many times 
as necessary to get the equipment down to (50 ppm. 

A second phase of the retrofill task was to reanalyze the equipment for 
PCB contamination after 90 days of in-service use. This was to determine 
whether any residual PCB had leached back into the new dielectric fluid. The 
retrofill, retestlreanalyze, 90-day in-service-use procedure would be repeated 
until a non-PCB contamination test (<50 ppm) was achieved. This second 
phase was completed by GE in February 1986 when all retrofilled equipment were 
found to have acceptable levels of PCBs (<SO ppm). At that time, each piece 
of equipment was provided with a blue-colored sticker (Figure 9) that 
certified the equipment was safe (non-PCB). 

By March 1986, in addition to its retrofilling activities of Goldstone 
DSCC equipment, GE completed the retrofilling of four OFC switches at the 
Mojave power plant. In April 1986, GE tested 25 additional pieces of 
equipment at Goldstone and six of these required retrofilling. This work, 
accomplished in June 1986, marked the completion of GE's retrofilling 
activities at Goldstone. 

E. REMOVALS AND REPLACEMENTS OF PCB-CONTAMINATED EQUIPMENT 

In October 1985, when GE personnel began their PCB-abatement activities 
at Goldstone, they removed the following PCB-contaminated materials: 

(1) A 2000-kVA transformer. 

(2 )  Four 55-gallon drums of solid wastes. 

( 3 )  Two 55-gallon drums of liquid wastes. 

(4) Ninety-seven PCB-contaminated drums. 
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Figure  9. C e r t i f i c a t i o n  S t i c k e r  Attached t o  Retro- 
f i l l e d  Non-PCB Contaminated Equipment 



All PCB-equipment and materials to be removed by GE from Goldstone, 
whether it had been discarded or was being held in storage, first was 
transported by GE to its EPA-approved hazardous-waste storage facility in 
Anaheim, California, and then trans-shipped to various EPA-certified, 
hazardous-waste disposal sites. 

As an example of disposal, involving PCB materials rather than equipment, 
approximately 4,500 gallons of PCB transformer o i l  were transported from 
Goldstone by U.S. Pollution Control, Clive, Utah, to its EPA-certified, 
hazardous-waste disposal facility. Manifests and Disposal Certificates 
concerning the PCB-equipment and materials removed from Goldstone are 
presented in Appendix B. 

A major task of the PCB-abatement program at Goldstone was the 
replacement of a 30-kVA transformer at the 9-meter collimation tower at the 
Apollo/STDN Station. 
leaking PCBs. In February 1986, the transformer was removed along with 2,500 
pounds of PCB-contaminated solids and 50 pounds of PCB liquids. The 
contaminated concrete pad area (approximately 5 X 6 ft), as well as the 
immediately surrounding soil, were removed in EPA-approved drums. The removed 
transformer was replaced in March 1986 by a new, larger capacity, more 
economical, dry-type, 75-kVA transformer placed on a new prefabricated, 
polymer-concrete pad. 

During the initial survey stage, it was found to be 

A chronology of GE's PCB-abatement activities at Goldstone is presented 
in Table 2 .  General Electric's final report, detailing the PCB-abatement work 
done at Goldstone, is presented in Appendix C. 

F. THE TOTAL ELIMINATION OF PCBs AT GOLDSTONE DSCC 

The total elimination of PCBs at Goldstone was achieved on 
March 1, 1987, when eight PCB-containing, Hi-Power transmitter-system 
capacitors were replaced with non-PCB containing capacitors after long-term 
delivery delays. Replacement of these remaining eight capacitors was 
performed by the Goldstone DSCC Maintenance and Operations Contractor. 

Thus, on March 1, 1987, based upon the above-described stages of 
PCB-abatement, the Goldstone DSCC was declared to be free of PCB-contamination. 
The Goldstone Deep Space Comrmnications Complex, therefore, is a major NASA 
facility that has abided by NASA guidelines and has eliminated the 
PCB-contamination problem. 
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Table 2. Chronology of Contractor's PCB-Abatement Program at GDSCC 

Date Activity 

July 1985 Contract awarded to Contractor (General Electric (GE), 
Apparatus and Engineering Services Division, El Monte, 
California. 

October 1985 

February 1986 

March 1986 

GE delivered 100 drums of new, non-PCB containing 
dielectric fluid, 22 empty drums, and two six packs of 
nitrogen gas to GDSCC to begin the retrofilling task. 

GE removed, for discard, a 2000-kVA PCB transformer, four 
55-gallon drums of waste solids, two 55-gallon drums of 
PCB liquids, 97 contaminated drums, and 4500 gallons of 
PCB contaminated liquids. 

Tests completed of all equipment that had been 
retrofilled 90 days earlier. 
in the non-PCB category (<50 ppm) and could be used as 
they were. 

All units were found to be 

Removed a 30-kVA transformer located at the 9-meter 
collimation tower at the Apollo/STDN station. 
transformer was leaking PCBs. Along with the 
transformer, the surrounding soil and concrete pad also 
were removed for disposal. 

The 

Completed retrofilling of four oil fuse cutout (OFC) 
switches at Mojave power plant. 
tested after 90-days service. 

Three other OFC switches 

Removed six containers, each containing 80 pounds of PCB 
waste materials. 

Removed three crates containing 57 PCB capacitors. 

April 1986 GE tested samples for PCB content from 25 additional 
pieces of equipment. Of these, six required retrofilling. 

June 1986 Retrofilling of six pieces of equipment that had tested 
PCB-contaminated in April 1986. 

October 1986 GE completed its contractual activities. 

March 1987 PCBs had been eliminated from the Goldstone Complex. 
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SECTION V 
I i CERTIFICATION 

I hereby certify that all work performed for the elimination of PCB 
within the Goldstone Complex of the Ft. Irwin military reservation, San 
Bernardino County, California, as described in this report, was performed in 
compliance with both the Environmental Protection Agency requirements and 
provisions of 40 CFR and with the NASA Risk Assessment Manual (June 1983), and 

I in accordance with good engineering practice. 
I 

Leonard H. Kushner 
Registered Professional Engineer 

Signature ba U P r  

Date Signed: March 15, 1987 

Registration No. E9003, Electrical State: California 
SF1086, Safety California 

I Stamp/Seal: 

1 
1 

I 

\ 
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APPENDIX A 

PHOTOGRAPHS AND LOCATIONS OF ELECTRICAL EQUIPMENT THAT WAS 

GOLDSTONE DEEP SPACE COMMUNICATIONS COMPLEX 
RETROFILLED OR REPLACED DURING THE PCB-ABATEMENT PROGRAM AT THE 

In this Appendix, each photograph of a piece of Goldstone equipment is 
designated by a Figure number (e.g., Figure A-34). On the schematic drawings 
of the various Goldstone sites involved in the PCB-abatement program, an arrow 
drawn from the Figure number points to the location of that particular piece 
of equipment. 
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ECHO STATION 
DSS 12  

Originally built in 1959, the 26-meter (85 ft) antenna first was used in 1960 
i n  support of the Echo Project, an experiment to transmit voice communications 
Coast-to-coast by bouncing radio signals off the surface of a passive ballon- 
type satellite. In 1978, the antenna was extended to 34-meters (111.5 ft). 
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Figure A-b. Power Factor Capacitnt: Echo Statice, 
Administration and Cafeteria,  Bldg. G-21, 
Room 127 

Figure A-5. Power Factor Capacitor: Echo Stat ion,  Fire 
Line Pump House, Bldg. G-22, Room 101 



U / 

c 
Y 
S 
L 
0 Y 

-1 

u 
X 
Y Y 

c 

A-13 



TO G - 3 4  

PLENUM 
BASEMENT LEVEL 

LEGEl  LEGEl  I D  

CONTROL AREA 
GROUND LEVEL 

Figure A-7. Echo Site: Control 
Building (C-26) 
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Figure A-8. Power Factor Capacitor: Echo Sta t ion ,  
Dormitory, B i a g .  G-23, Room i O 8 .  

Figure A-9. Power Factor Capacitors: Echo Stat ion,  
Control, Bldg. 6-26, Room 131 
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Figure A-11. Power Factor Capacitor: Echo Sta t ion ,  
Network Laboratory and Maintenance F a c i l i t y ,  
Bldg. G-38, Room 115 

Figure A-12. Power Factor Capacitor: Echo Sta t ion ,  
Network Laboratory and Maintenance 
F a c i l i t y ,  Bldg. G-38, Room 131 
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VENUS STATION 
DSS 13 

The 26-meter ( 8 5  f t )  antenna a t  the  Venus S t a t i o n ,  o r i g i n a l l y  was loca ted  a t  
Echo S t a t i o n ,  and was moved here  i n  1962.  It f i r s t  was used i n  a r ada r  
astronomy study of t h e  p l ane t  Venus. 
t e s t e d  he re  f o r  performance and r e l i a b i l i t y  be fo re  they o p e r a t i o n a l l y  a r e  
introduced i n t o  the  D S N ,  

New systems and equipment a r e  thoroughly 
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ORIGINAL PAGE I3 

Figure A-14. Motor-Generator Set Capacitors: Venus S i t e ,  
Outside of Bldg. G-53A 

Figure A-15. Motor-Generator Set Input Transformer: 
Venus Site, Outside of Bldg. G-53A 
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MARS STATION 
DSS 14 

B u i l t  i n  1966, t h e  64-meter (210 f t )  antenna, s t and ing  more than  234 f t  t a l l ,  
permi t ted  the  DSN's t r a n s m i t t e r  power and r ece ive r  s e n s i t i v i t y  t o  i n c r e a s e  6.5 
times compared t o  t h a t  of a 26-meter antenna. 
t h e  DSN i n t o  deep space by 2.5 t imes.  The 641neter  pa rabo l i c  d i s h  is  t o  be 
extended t o  70 meters  (230 f t )  i n  t i m e  t o  be ready f o r  t he  Voyager 2 space- 
c r a f t s  encounter  with the  p l a n e t  Neptune i n  1989. 

It  a l s o  extended t h e  range of 
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Figure A-34. High-Voltage Crowbar Cabinet: Mars Station, 
Antenna, Bldg. G-80, Room 102 
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Figure A-36. Power Factor Capacitors: Mars S ta t ion ,  
Operations Support, Bldg.  G-86, Room 104 

Figure A-37. Power Factor Capacitors: Mars S ta t ion ,  
Operations Support, Bldg.  G-86, Room 107 
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ON 

This 26-meter (85 ft) antenna, built in 1965 by the NASA Goddard Space Tracking 
and Data Network (STDN) to support the manned Apollo missions to the Moon, was 
transferred to the DSN in October 1984. 
satellites in both low- and high-Earth orbits as well as STS (Space Shuttle) 
missions. 

The antenna is used to support 
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Figure A-41. Apollo Site: Ploc Plan 
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Figure A-44. New, Replacement Transformer atop Mountain near Apollo Station 
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In addition to the six NASAIJPL DSSs the Goldstone Complex also has a 
12-meter ( 4 0  ft) antenna at the Mojave Base Station, located near DSS 16, the 
Apollo Station. This antenna now is operated by NOAA. 
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Figure A-48 .  Electr ics l  Equipment : Meja1.7e Base Static:, 
Outside of M9 

Figure A-49. Electrical Equipment: Mojave Base Station, 
Outside of M9 
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Figure A-58. Stored Equipment: Mojave Base S ta t ion ,  Open 
Storage Area 

Figure A-59. Stored Equipment: Mojave Base 
Storage Area 
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PCB ABATEMENT WORK AT 
THREE MISCELLANEOUS SITES AT 

THE GOLDSTONE COMPLEX 

In addition to the PCB-abatement work carried out at the five operational 
antenna sites, the PCB-abatement program also inc uded work conducted at the 
following three miscellaneous sites at the Goldstone Deep Space Communications 
Comp 1 ex : 

1) Pump House (located at Ft. Irwin NTC). 

2) Goldstone Dry Lake Airport. 

3 )  Microwave Test Facility and Fire Training Area. 

Photographs and locations of electrical equipment and structures that were 
invnlvpd in tho PC!E-&ztement prcgrzm =t !!?reo miscells-eo-s cites 're 
presented in the following pages. 
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Figure A-62. Goldstone Complex Pump House: Plot Plan 
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I 1 ' ASE. E N L A R G E D  On 
FOLLOWING P A G E S  

N c LEG E N D  : 
:!< ASPHALT PAVEMENT 

Figure A-64. Goldstone Dry Lake Airport: Plot Plan 
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MICROWAVE TEST 
FACILITY 

\ 
L. sv-4 

L 

FIRE TRAINING AREA 

Figure A-61. Hicrovsve Test Facility 
end Fire  Training Area: 
Plot P l a n  

A-103 



ORIGINAL PAGE I$ 
OF POOR QUALITY: 

A-105 



APPENDIX B 

MANIFESTS AND DISPOSAL CERTIFICATES CONCERNING FINAL DISPOSITION 

GOLDSTONE DEEP SPACE COMMUNICATIONS COMPLEX 
OF PCB-CONTAMINATED EQUIPMENT REMOVED FROM THE 
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.. 
roim 

No. Type . OUmlllY 

D p 12 3 I M  0 p p 17 p 

3 p 2 2 (w 0 P36qO I 
..,. . . 

I I  1 I I I I  

I I  1 . 1 1 1 1  
. I :  

n. FYIIII~ 8 Phone 

1 1 1 1 1 1 1 1 1 1 1 1  1 g6J 47TH 8 SMITH AVENUES 
EL  DORADO, ARKANSAS 7 1 7 3 0  

I 12.Conlun.n I 13 

.. . . 9 ..-.,- _-- ,-.:. J AMIIIWU 0o)rroiplions lor Mattrials balea Above K. U(uwlmy -0s lw W. . . ~ - . .  .. .:';=I . - . PCB 

EMERGENCY CONTACT: LOUISE SAH 7 1 4 / 6 3 0 - 4 1 1 1  or 714 /777-4376  
P.O. 051 -74089-0  

t 



GENERAL ELECTRIC CORPANY 
AYAHiIR DECOfl FK IL ITY  

101021ab 
Pi6E NO. 1 

Pce LOG REPORT 

Job Nurbers: 74142’ 
FSR NurLers: icLL 

Customer Kurbcrs: ALL 

B- 7 



GENERAL ELECTRiC COMPANY 
3 6 0 1  E .  ,LA PALMA AVENUE 

4&j&j~JJ$eonQl 9 2 8 0 4  7 1 4 / 6 3 0 - 4 1 1 1  
5 lran,pon*r 1 Comprnr  Name 8 US EP4 ID NumDer 

DART TRUCKING COMPANY, INC.  10 IH ID 10 10 19 18 16 15 18 12 15 
1 Tranaponw I Company Name I US E P 4  ID Numaer 

'WASTE POLYCHLORINATED BIPHENYLS, RQ 10 /4 .54  
ORM-E UN2315 (CAPACITORS) 

'WASTE POLYCHLORINATED BIPHENYLS, RQ 10/4.54 
ORM-E UN2315 (CAPACITORS) . . 

C -. . 

3 p 12 3 I M  0 p ,5 I 7 p  P PCB 

3 ,O ,2 C IW 0 ,05690 I P -PC8  

. -  I I 

. ; - . .  . - .  - . . I  ..., .. ~. . . ' ..-*; . . . ..- .. .. . . ... .. . ..-.. L . 7 .  - -  . .  ----------__--------------- - - - - - - - - - - - - a  - . .. 
if no alternate,TSDF, return to generator 
15. Spmal  hanalq  Inilwcl~ons ana Aaa81#wll InlOnnaI~On 

EMERGENCY ,CONTACT: . LOUISE . - . .  SAH . 7 1 4 / 6 3 0 - 4 1 1 1  or 714 /777-4376  
- -  P.O. 051-74089-0  . ;. . - :-* , . .  

i 

B-8 



Department 01 Heaim Senices 
Torlc Substances Control D ~ r ~ o n  

Sacramento. California 

.. 
itat. 01 Calltomla-Health and Wellare Agency 

Please print or type (Form designed lor use on elite (12.pitch) typswrller.) 

1 I RM 200 FASAISENA, 

I 
18. QENERATOR'S CERTIFICATION: I hereby declare that the contents of this consignment are fully and accurately described 
. above by proper shlpping name and are classified, packed. marked, and labeled. and are In all respects in proper condltlon ' 

lor transporl by hlghway according to applicable International and national governmental regulations. I Date 

Month D a y  Year ('. - . 
i;' / __-. . ( / A  :-.) i' < \  I .'. =. I /.-,I \ /  Printedllyped Name ', 

, t- I t r  . 
18. Transporler 2 Acknowledgement of Receipt 01 MaterlJs' 1 ~ Dale 

Prlntedllyped Name ISlanature Month Day Year 

~ 

.. 

I -  . . .  
10. Diacrepency Indicatlon Space 

20. Facilit Owner or Operator. Certilicatlon 01 recelpt 01 hazardous materlali covered by thls mantlest except as noted In 
ttem b. Dale 

1 

I 

Prinledllyped Name ISignature Month Day Year 

1 . 1  I 1 . .  

is 8012 a (1 1/84) 
' A  1700-221 

M w u  t YELLOW. GENERATOR RETAINS 

B-9 



ORIGTNAI: PAGE IS 
OF POOR QUALITY 

Job Number!: ? 4 W ?  
;5R lumbers: ALL 

Cus!occr tiurbers: kLL 

6EKiRitL ELECTRIC COMPANY 
ANAEEII! GEXll! ikZILlTV 

lOi02i8b 
PALE 10. 1 

?CB LO6 F.EPORT 

B-10 



I ta  or Callrornia-Haalth and W*llara Aqmncy 

j 
1 

ORIGINAL PAGE IS 
OF POOR QUALITY 

Dsmrtment or ~ o a i t h  s e ~ i c s r  
Toxic SuDItances Control Dlrlslon 

Sacramanto. Dllfornla 

' 15. Spec~al Handling Inatruntons and AddttwaI lnfwmatton 

~ _ _ _  
Document No of - IS not  raquired by Fcderal jh WASTE lAANlFEST law . Genbrator s Name and Maillno Address 

I I 
I 9. Desmatod Fac~l~tv Name and SIIO Address 11s FPA In ~ , . ~ k .  

. . . . . . . . . r .  .....-. r, 

. I  

I I  " . I I 

c- 3- 
B-11 



C 

16. GENERATOR'S CERTIFICATION: I hereby declare that the contents of tnis consignment are lully and accurately described 
above by proper shipping name and are classified, packed, marked. and l&eIcd, and are In all respec!s in proper <onditicn 

. ... 
. - ___ 

' for 1ranspoR by hichway accordlng lo  appllcable Internatlo_nal and-na!lonal goverFmenta! regulations. .-. ..: 



. . .  ..- . -  ........ . . . . .  
I 1  1 1 .  

.- _. - . - _  .- . . 
C. 

. , . . . I  ..-: . . . . .  ' 1 . .  I . . -  
! ! . .  

B-13 



ORIGTNAE PAGE IS 
OF POOR QUALITY 

Department 01 Healtn Services 
TOIIC Substances Control Dnvlr 5n 

Sacramento. Ca1ilcrn.a 

'. GENERATOR'S CERTIFICATION: I hereby declare that the contents 01 this conslgnment are fully and accurately described 
above by proper shipping name and are classified, packed. marked, and labeled, and are in all respects in proper condition 
for lranspon by highway according to applicable international and national governmental re ulatlOnS. 1 

I 

I 

Date 
Monrh Day YCi ,&L I/? ',IS 3 < 

Date 
1& u..s/, <L? lL 

pement of Receipt of Materials_/ 
Signature Monrh Day 711 .PrintedlTyped Name 

iransporter 2 Acknowledgement of Aecetpt of Materials 

. . .  
Date 

. ,  .*-  Monrh Day Yei 
. ' . ... . 

Signature ,,>;' 
_. .- .- _. *. x ,  , .  'rintedlTyped Name . 

screpancy Indication Space 
, - <  - .  - '. .C &A 7 . q .  Ip 

I 

?:/ 
rc'. 

i 

B-14 



1015 LOUISIANA LlnLE ROCK. AR 72202 (501) 375-8444 No. 1 4 3 1 R  

L O U I S E  SAH 
G I E . / J E T  F'ROF'ULSION L A E S  
3x11 EAST LA rALFin 
A t  An€ In . CA 92085 

. _  , . . .  

ENSCO INCORPORATED 

FREIIRIC H. SCHWARTZ ' 
NAME 

TITLE 

DATE 

V. F' / SALES b HARKETINS 

1 /03/(36 

B-15 



6ENECAL ELECTRIC COHPRNY 
A H E i l i l H  fECOH FACILITY 

PCB 106 REP9RT 
i o ~ w e b  

Y k i E  NO. 1 

Job Nuobers: i 4 i?C7  
ijl! Nurbers: ALL 

Custorer Nurbers: GLL 

741262 FSR NO: JET PkOPULSION L A X  P a s w i A  (618)577-9862 84718274 
BGISE 8 4 t b W 0  I ~ t l l l t l  CO1 XFnZ j:SC YE5 30 F 23 PXPlibil 720 327 G!/;a/% 03/23/86 64iC'CiPb E S V I R X A i  

002 CRP-9 j25K 57 EA?: IN 6JXES I?@O 545 9!/28iB6 ? j / i a / 8 6  0 5 i l b l a 6  ENSCO - C EL I O R i 4 O  fi?-98Gi'9 
053 CAP-B : ;XK 57 ilfj IN BCXES 12G5 545 5 3 / 5 / 0 6  0 3 l Z j l 8 i  05/16/86 E K X O  - C EL DOGiGO Ai i -E%?? 
604 CAP-B )?SK 57 CkPS IN POXES IN 1268-32 & 03 0 0 53/23/86 3 3 / 3 / 6 6  05/ lb/E6 ENSCO - C EL D O G 2 0  AR-E@5G9 
905 I;FR (500 NE5 I5 F 5 b!!! i l i  145  66 0 3 / i 6 / 9 6  03/Z6/86 04IOP196 ENVlROjliF KiISE E4b6db43 I l t l l 1 l I  

ORIGINAL PAGE B 
OF POOR QUALITyl 

B-16 



DmGINAL' PAGE 1s 
OF POOR QUALITY 

Department 01 Heallh ~ e n ~ c e , '  
Torlc Substances Conlrol Dlvlslon 

Sacramento. Calllornla 

(.I. oi C.lllon.i.--Hemllh and WeIfam Agmcy 

Pleas# print or lype. 

4 UNIFORM HAZARDOUS 1. Generator's US €PA ID No. Manllesl 2. Page 1 Jnformallon In Ihe shaded areas 
Is not required by Federal 

3. Generator's Name and Malling Address A.Stal? Manifest Document Number 

(Form doslgnrd for use on ellie (12.pllch) lypewrller) 

WASTE MANIFEST 1. C P  f 0 0.0. 2.0.34 I .rocume? N o  0' I law 

- JfL 8 4 7 18 2 7 1 
If w o o  oaw C-izOVE: 5LVIB. S A 3 ~ I 3 J P .  tA 91104 BState Generator's ID 

) 5 7 7 -  586t & E -  <ROLL cflx 000 t o  3q\ 4. Generator's Phone ( 

5. Transporter 1 Company Name 6. US €PA ID Number C Slate Trensporter's ID & , s  
. & ~ e u .  ELELT~ 1. c & b 0.30 5 8  't r 0 . L .  , 'D.Transporter'8 Phone 7 6 1 
7. Transporter 2 Company Name 8. US €PA ID Number E State Transporter's ID 

9. Deslgnaled Faclllty Name and Slte Address io. US €PA ID Number G.Stale Feclllly's ID 

c co 
I. . . . . . . . . . . F.Trensporter's Phone 

- 

GEIJERk ELtC.tRIC b 
3601 L R p f i ~ b ( h  &LO., PA 
h A L l C t ( 4 . L q  1.C 4 1 0  3O.SBV.rO 

11. US DOT Dstcrlptlon flncludlng Proper Shipping Name. Haxard Class. md ID Number, 
No. 

1 I 115; Special Handling Instructions and Additional Inlormatlon 

351. Sq )= I  2 6 1  . .I 
K.Handllng Codes for Wastes Llsted Above 

. .  

I 

t 

Blue: GENERATOR SENDS THIS COW TO DOHS WITHIN 30 DAYS / 
WS aozz A ( i tmr j  lo: P.O. Box 400, Sacramento, CA 95802 I <  11IW1 
'€PA 8100-22) 
1 

B-17 



Stat. of California-Heallh and Wellare Agency Departrncnl of Heallh Senicea 
Toxic Subslances Control Dlviiion .. ~ _... ~ ~~~ .~ . - . 

Sacramento. California . .. 
. _ . . . .  

5 0  print or Iyvs. (Form dellgned for use on ellle (12-plich) ~ y ~ s w r ~ l e r  ) 

3601 E. L A  PALMA.AVENUE ANAHEIM, CA 92806 

ALTERi lATi  TSDF: RETURN TO GENERAOTR ALTERNATE EMERGENeY PHONE: LOUISE SA8 
714/777-4376 

16. GENERATOR'S CERTIFICATION: I hereby declare that the contents of this consignment are fully ana accurately described 
pbove by proper Shipping name and are classified. packed. marked. and labeled. and are in all reswcts in DroDer condition 



ORIGINS PAGE IS 
OF POOR QUALITY 

. .  
r e  ulotl~;~. - .- L f';'' 5'' I .. Date . - -  -cry- f', ::. ............ ,*. . . -  __ ___ Month DJY Ycrr 

.. .~ 
16 l$.'sJ f/, 

T 17. Transporter 1 Acknowledgement of Receipt of M a t e r i u - - - -  -_ 4--- _____._._ .I .... Date 

a 
t 
Y 
E 
I 
A 
T 
0 
R 

. . . . . . . . . .  ' I  ! : ' 1  

16. GEtiE8ATOR.'S CERTIFICATION. i heieby declare that the contents 0: ihisconsignment are fully and ac'iiialely described . 
, I 1 . above bv orooer shiooina name and are classified. oacked. marked. and labeled. and are In all resoects in orooer condllion 

. __. _ _  . 

. .  
of recelpl 01 hzardous materials covered By this manifest except as noted in --- .- . 
: . G . w  ;. s...:. ;!;>-,:+**;.:.- . . . . .  --,.:>- .:.- . . . . . . . . .  . .  ... 

. - Date - .. .*;.-..: 

. ............. ............. .... ...__ , Mcnrn Day Y e d r  Name _______..__._ Stgnature . . . . .  . . . . . . .  .._ .-: I: . .  . _ . . I  ... ' 

A31/ S / / L I A A /  I,?. 2 ln . . ;1 .7 / ,  
' _  ... L .... ....._.-_.........-.L..--&T.../.. ... _. _. .............. 

fs (022 A I1 1/84) 
?A 8700.221 

YELLOW: TSDF SENC? THIS COP)' TO GENEJATCR W!THIN 30 DAYS a4 ( % , I  

B-19 



-3. Generalor's Name and Malling Address 

I 1z.contalners 
No lTvac l  n? Ill. US DOT Description (Including Proper Shipping Name, Hazard Class, and ID Number) 

WETE POLYCHL3RIilATiD LIPKZl4'i'LS, Z c  13/4.54 
O P I .  E Uiu'2313 (Dci32IS, 

;ikSTE FLXHALiLE KIXIXEI (FOZ4ERLY LIJJID) 
itA 1263 -RELRTED YATERIAL (fiPTY DRU11S) 

kXTZ PCLYCiiLORIllATED BI?riEN'(LS, R? 1C/4.54 

b. 

C. 

031. E UN2315 (EMPTIES 
d. 

0 02 D.14 9 G . 4 . 4  4 F 

802 D.M 0 0 . 1 . 0  .4 P 

'002 D.M 0 0- 1 . 0  .4 P 

. 1. 
.Waste No.' 

16. GENERATOR'S CERTIFICATION: I hereby declare that the contents of this consignment are fully and accurately described 
above by proper shipping name and are classlfied, packed, marked, and labeled, and are in all respects in proper condition 
lor transport by highway according to applicable international and national governmental reguiJitlons. i Date 

I 

Month Day Year, 

Date 
Month D a y  Yaar 

' 7  ..-i I, 

/; 
Signature . ] - -A/  , , / \(;fl?c&d 

17. Transporter 1 Acknowledgement of Receipt of Materials ,/ / 
PrintedlTyped Name.. SiQnature /' 

.-- c:-, .C i, n +. / .-.-. - .c -.- .- 1;  I I ,  /I,- , , 

. -  731 

r 
1 
C 

i 

'I 

' - 512 
_ I  

18. Transporter 2 Ac!ifiowiedgemcnt of Receipt of Malerials - I '  /. 1 Date 
PrintedlTyped N'ame Signature - /  Month Day Year 

. . -  
19. Discrepancy Indication Space 

. _  

'20. Facilit Owner or Operator: Certiflcation of recelpt of hazardous materlals covered by this manifest except as noted In 
Item 79. Date 

PrintedlTyped Name Month Day Year 

CflPr?l pa, I -  0 

_ . .  

. .: 731 
. -  

4,. ;I: - -  . . .  

ORIGINAL PAGE E3 
OF POOR QUALITY 
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ORIGINAL PAGE IS 
0:; l'O3.2 QUALITY 1875 FORGE STREET 

TUCKER, GEORGIA 30084 
(404) 934-0902 
TELEX NO. '33-129 

CERTIFICATION OF DECONTAHINATION 

TOGENERAL E L E C T R I C  S E R V I C E S  P P H  J o b  C o n t r o l  No.: 1061019 
3 6 0 1  L A P A L X A  
A N A H E I M ,  C A L X F O R I N A  

D e c o n t a m i n a t i o n  B a t c h  Number:  G M 0 0 3  

T h i s  i s  t o  i n f o r m  y o u  t h a t  i n  a c c o r d a n c e  v i t h  10 CFR 761.60 
( e ) ,  a n d  PPH, I N C . ' s  a u t h o r i z a t i o n  f r o m  t h e  U.S. E n v i r o n m e n t a l  
P r o t e c t i o n  A g e n c y  i n  W a s h i n g t o n  D.C. ,  p o l y c h l o r i n a t e d  b i p h e n y l s  
(PCB)  i n  o i l  f r o m  y o u r  c o m p a n y ,  a s  d e s c r i b e d  b e l o w ,  were 
d e s t r o y e d  by PPH, INC./USPCI on N o v e m b e r  24 1 9 & 2  a t  i t s  
f a c i l i t y  i n  C L I V E  , U t a h  . Any i n q u i r i e s  s h o u l d  r e f e r  
t o  t h e  PPH j o b  c o n t r o l  n u m b e r  r e f e r e n c e d  a b o v e .  

G e n e r a t o r  Name 

J E T  P R O P U L S I O N  L A B O R A T O R Y  

10 CENTRAL AVENUE 
KANSAS CITY. KANSAS 66111 

(9131 6214206 
TELEX NO. 434407 

M a n i f e s t  Number 

4 3 4 5 0  

E n d i n p  PCB L e v e l  

< 2 PPm 

S i n c e r e l y ,  

PPH. I N C .  

P. 0. BOX 8411 
PHILAOELPHIA. PENNSVLVANIA 1Y101 

(1151 42S5144 

TORONTO sT*a e u i m v c  
SUITE 801A 
ONE YONGE 

TORONTO. ONTARIO MI€-lE5 
(416) 364-1919 

TELEX NO. 065-2U.W 

B-21 



D.Darlmrn1 of  H * ~ l t n  Srrrlc*s 

. Sacramento, Oiltornla  
T O X I C  SUbSlJnCeS Control D l r l S l O ~  

I I I  
d. t .  i I I I  

I 

%. GCNERATOR’S CERT !FICATION: I hereby d u l a r a l h a t  lho contonlaof this consignment are fully and accuralely described 
abovo bv D r m r  rhimina name and are c laar i f id .  Dbckd. markad. and labdad. and .re in bII rosDenr in D r m r  ConditiOn for 

I . .  
3. Doscrepcno, Indication Space 

B-22 



1875 FORGE STREET 
TUCKER, GEORGIA 30084 
(404) 934-0902 

10 CENTRAL AVENUE 
KANSAS CITY, KANSAS 66118 
(913) 621-4206 

RE: PPM Job Control Number 1061019 
?on 
Hazardous Waste Hanifest  Numt+r 03450 

Deai Si:: 

Enclosed, pleore f ind  your copy of the above r e fe renced  hazardour waste 
manifest  c e r t i f y i n g  t h a t  your rhipment o f  PCB c s n t u i n a t e d  material har  a r r i v e d  : 
a t  our Annex 111 f a c i l i t y  i n  Cl ive ,  Utah. 

I S  

I f  you have any quea t ion i  concerning- ' thir  shipment; $ l e a r e  feel free t o  
con tac t  me i n  our Clive.  o f f i c e  a t  801-263-8168. 

S i n c e r t l y  , 
PPM, INC. 

@@- Y ~ d Z > &  
Recordkeeping 

Enclosure 

serving industry through Chemlcd Technology 

B-23 



ORIGINAL; PAGE XS 

CERTIFICATION OF DECONTAHINATION 

1875 FORGE STREET 
TUCKER, GEORGIA 30084 
(404) 934-0902 . 
TELEX NO. 543-129 

D e c o n t a m i n a t i o n  B a t c h  Number:  ~ ~ 0 0 3  

T h i s  I s  t o  I n f o r m  y o u  t h a t  i n  a c c o r d a n c e  v l t h  40 CFR 761.60 
( e ) ,  a n d  PPH, I N C . ' s  a u t h o r i z a t i o n  f r o m  t h e  U.S. E n v i r o n m e n t a l  
P r o t e c t i o n  A g e n c y  i n  W a s h i n g t o n  D.C., p o l y c h l o r i n a t e d  b i p h e n y l s  
(PCB) i n  o i l  from y o u r  c o m p a n y ,  a s  d e s c r i b e d  b e l o v ,  were 
d e s t r o y e d  by PPM, INC./USPCI o n  N o v e m b e r  24 19EJ a t  i t s  
f a c i l i t y  In C L I V E  U t a h  . Any I n q u i r i e s  s h o u l d  r e f e r  
t o  t h e  PPtl j o b  c o n t r o l  n u m b e r  r e f e r e n c e d  above. 

G e n e r a t o r  Name M a n i f e s t  Number 

JET PROPULSION L A B O R A T O R Y  43450 

D e s c r i p t i o n  o f  M a t e r i a l  

4 3 2 0  G. < 500 - 1 7  ~ C L C I L .  

E n d i n g  PCB L e v e l  

< 2 PPm 

S i n c e r e l y ,  

PPM, I N C .  

10 CENTRAL AVENUE 
KANSAS CITY. KANSAS 66118 

(9131 621-4206 
TELEX NO. 434607 

P. 0. BOX 8418 
PHILAOELPHIA. PENNSYLVANIA 19101 

(2151 425-5144 

TORONTO STAR BUILOING , 

SUITE 801A 
ONE YONGE 

TORONTO, ONTARIO M5E.IES 
( 4 1 0  364-1919 

TELEX NO. O65.242-OO 



1875 FORGE STREET 
TUCKER, GEORGIA 30084 
(404) 934-0902 

10 CENTRAL AVENUE 
KANSAS CITY, KANSAS 66118 
(913) 621-4206 . 

1'2;s i s  :o i n t o r -  y o u  r . i ~ i t  1 1 :  d c c o r d a n c e  w i t h  4 G  CFi( ; & i . < i ' ;  

( e ) ,  a n d  Pi'![. INC.'s 2 u t 1 i 3 r i t a t i o n  f r o m  t h e  U .S .  Env ironnc: . :a l  
Protect ic-n i;rncy i n  ;larhin;r-on i i . C . ,  p o l y c h l o r i n a t e d  b i p h r i y l s  
(PCE! i n  oil from y o u r  c s a p . ~ ; l y ,  ..s d e s c r i b e d  b e l o v .  w e r e  
d " s t r a y . ? c !  5 ;  pi]::, Is$-, , ![:.;''C: 3 3  // -24- s !.9e at i t s  
f a c i l i t y  i n  f - j u ~ - , . - & ' ; a h  . Any i n q u i r i e s  should reE:?r 
7:  rhc? ??Y ; ? b  zpqtr-1. n.,.*,*..- r e f e r e n c e d  a b o v e .  

-Industry through Chemlcal T e C h f d o ~ v  

. , .... .: j, 

,! : '  ' 

PCB Morogement. Cleardp, and Dsstructbn . 

B-25 



10 CENTRAL AVENUE 
KANSAS CITY, KANSAS 66118 
(913) 621-4206 

B-26 

I 

CEXT f F I CAT ION 0 F 3E C o n  T A f! I .Y AT I. O!J 

T h i 3  i s  . f J  i n f o r m  y o u  thcr t  i n  a c c o r d a n c e  w i t h  40 ZF.7 7 6 L . - # C  
::), cr.2 9 ~ 3 ,  INC.'s a u t h o r i z a t i o n  from t h e  U . S .  E n v i r c ~ m e n t s :  
P r o t e c r i . - r l  AAencs i n  ' J a s h i . - . g t o n  D . C . .  p o l y c h l o r i n a t s n  b:?heny ls  
( T C B )  i n  cil trqn v01.r FumDanv.  a s  d e s c r i b e d  b e l o w ,  %.*re 

M a n l f e s t  H u m i c r  
Y3gSo 

PCB Management, Clean-up. and Destnrctlon 
- - .  

ORIGINAL PAGE IS 
OF POOR QUAT,JTY 



.. .. #. 

I n In 
L L L  
L B a, 
O O L  

f i z  
E g f  

n x  L 
t i  01 
5 l A  E 

L 
tP 

Li 

ORIGINAL rs 
OF 

B-27 



Department of naaiih S e w c a r  
Toxic SuDllanCes Coniiol Owston 

Sacramento. Calilorni8 

UNIFORM HAZARDOUS Manifest 2. Page 1 
WASTE MANIFEST 

Intormation in the shaded areas 
IS not required by Federal 
law 

L 

Gcn?r i l  Elc-crric io. I ' ' [O ~I-J;I<C<T;J~. . . .  Dlransporter's P h o n 0 7 1 4 ' ~ t ~ a -  
7 Transporter 2 Company Name 8 US EPA ID Number E State Transportefs ID 

9 Desionaled Facility Name and Site kddress 10 US EPA ID Number G State Facility's ID 
I . . . . . . . . . .  Transporter's ..... 

; 

H.Faclllty'r Phone 

above by proper shipping nane and are classltied, packed, marked, and labeled, and are in all respects in proper condition 
for transpert by highvay a ~ c @ ~ ! i n g  I@ cpplicabli intyna!innal a i d  *a!bmat Covcrnvrn'al -gv laWrS -- 

Date I 

?onfh Day Yea I PrintedlTyped Name 

A. A, &%&L /~;u&ggvH I .'I LJ15d 

f/W2q7//d Is'"- 7, / 7p ~ -25 - '=. 

17. Transporter 1 Acknowledgement 01 Receipt 01 Materials u /  Date 
c. / Month Day Year 

I 3 [ 1'1 L I  : ' 
PrintedlTyped Name 

Date 
LOPE& f l  
18 Transporter 2 Acknowledgement 01 Receipt 01 Malerials // 

PrlntedlTyped Name fSignature Monlh Day Year 

I I i ~bon ia ine rs  
11 1. US DOT Description (Includmg Proper Shipping Name, Hazard C/ass, and ID Number) 

NO. rvoe , 

F 
A 
c 

I 

I . ' .  

I 20 Facilit Owner or Operator Cenrfication 01 receipt 01 hamdous materials covered by this rnanilest except as noted in 
Date 

MOnlh D3y leaf 

Itern ZS 
PriniedlTyped Name Signature 

I .  I 1 . .  

Xi G 261 . .  , 

KHandlIng Codes lor Wastes Listed A ~ J v ~  

I . . .  
I 19. Discrepancy Indlcation Space 

ORIGINAL PAGE IS 
OF POOR QUALITY 

B-28 



State kf Chllornla-Health an6 Wcllrre Agency 

. . . . . . .  

I - ~ .  r 
PrtnledITyped Name . Signa ure Monrh Day Y8ar 

.- - 1" e ' i a 6 ' 0  5 
. . .  

9 L O U I S E  SAH .--I .A,  c . *- 
17. Transporter 1 Acknowledgemenl of Recelpt 01 Materials ' - 

. .  
print of type. (Form deslpned lor use on eIIte (12-pltch) t).vewrllcr.) . . . .  

ENYIROSAFE SERl'I E5 OF IDAHO, I X .  

a. 

. . .  
U 1.1 7 0 n 4 4  P 

WASTE eOLYCHLORIHATED GIPHE:IYLS, RQ 10/4.54 

P A S T E  POLYCHLORIMTED BIPt iEt iYLS,  R? l0/4.54 
O X 1 . E  U112315  0.02 1 M i )  0 2 9 9 P 

O W E  U:12315 
b. 

C. 

. . . . . . .  

Fl 
. . . .  . .:. . . . . . . . .  

I , I  

I I I  1 

I . .  

. .  

. - _  . . . . . . .  ......... . ...,_. 

I!i EMERGENCY CALL GENERAL ELECTRIC OR LOUISE SAH 713/777-4376 . 

16. GENERATOR'S CERTIFICATION: I hereby declare lhat lhe conlenls of this consignmenl are lully and accurately described 
8bOVe by proper shipping name 8nd are classifled, prcked, marked. md  labeled, and rrr in all resprcls In proper condilion 
for transport by highway accordlng lo applicable Internrlional and nallonal governmrntrl rrgulrlions. - r Date 

I I .  1 . 1 . 1  

PIII I KY . . .  - . .- -- . ' .  .'-;Q& 

f l  U U A 7  uti 
I I" 

19. Discrepancy Indication Space 

20. Facilit Owner or Operator: Cerlilicallon of recetpl of hazardous maleflalt covered by lhis manifest except as noled in 
Item 19. Date 

PrintedlTyped Name 
I 

Slgnaturr Afmfh Day Y e a r \  

. . .  

YELLOW: GENEPJTO? RZTAIPIS 

B-29 



_ -  @ -  STATE OF ARKANSAS 

plaarc prml 01 lype 

[A UNIFORM H A Z A R D O U S  reqwr1 by Frarra1 

I I 

v. I Department 01 Pollullon Control and Ecol'dgy 
P. 0. Box 9583 Little Rock, Arkansas 72219 
Telephone 501662.7444 

form Approved O M 8  No 20060404 EzPlreS 1.3166 (form derrgned lor use on elile (12prIchJ Ivpewritrr) 
I Cene,alor I US E V A  ID NO Mandril  2 P w *  I A I O I ~ ~ I , O ~  in. snaoed areas 8s no1 

A 7 v u 8 * ' i N O 2  o1 WASTE M A N I F E S T  
1 t.neraior s N-* m a  ~ J . i ~ n 0  Aaa.ess 

I 

G 
E 
N 
E 
R 
A 
T 
0 
R 

I 

LI1JI.U) I l B l r .  I I AMERICAN ROAD H. FJCII I I~ '~ Phon. 

DORADO. AR 71730 # A  I R  ID IO 16 19 17 14 18 11 19 12 501/863-7173 - 
, .... 

G I PCB 
1 I 
I 

I I I ALTERNATE/EMERGENCY PHONE: LOUISE SAH 714/777-4376 

ORIGINAL PAGE IS 
OF POOR QUALITY 

B-30 



ORIGINAL' PAGE I$ 

- 
A 

G 
E 
N 
E 
R 
A 
T 
C 

'i 
i 
i 
I 

I 

i 
I 

\ 

L k s t e  Polychlorinated Eipkenyls,. Ui2315 
RQ 1014.54 OR!-E _-  -,- --+ . . .  - ..... - . . . .  . - _ .  - 

- . _  . .  .- .. .. . . . .  

5. . . . . . .  _ .  

u 
-. , . .- . . -. 2 
I ' I "  -I I - 

G 1 
I 

I .  .. 

. . . . .  . . . . . . . . .  I 1 .:.. . . . . . .  

1 1 l I l I I  
19 D l Y C r * O m C l  I"OlCJl#On SpXC. &places V i r ' e s t  KO. CA-84331433 wiL5 apprwal of AD- and l e t z e r  

of authorization f rom Getterator t o  follow. 

B-31 



IA  
Department of Health Sentcer 

TOXIC Subrtancca Control Dtrtrion . 

16. GENERATOR'S CERTIFICATION: I hereby declare that the contents of this consignment are fully and accurately described 
above by proper shipping name and are classified, packed, marked, and labeled. and are in all respecfs in proper fondition 
for transport by highway accordlng to appllcable lnternatlonal and-national governmental regulations. ..-- . . . .  

. - 

....... . ... . .  Date . . - ,._-_,_-... ,,.,-,-* .C ----.--.-.- _ _  ..___._ :.:-.-:-<--. -= .=- -.= . . . . . .  

. . . . . .  Monr.9 Day Ye2" /- 

. . - - .  ,.-. 4.- ..-- .' -- . . .  . . ..... Signature . .  __. -. . .-..Printed17 ped Name --_ . .  

18. Transporter 2 Acknowleaoernent of Recelot of Materials . I Date . 1 

12- - , . I  

.JITH C a . . , i t  ..a: .,i i=- :-.:+ r.: _____  ._,.e. - ._. 
. . ,  ____._- --- 

ORIGINAS PAGE IS 
OF POOR QUALITY 



APPENDIX C 

GENERAL ELECTRIC'S FINAL REPORT DETAILING PCB-ABATEMENT WORK 
DONE AT THE ZOLDSTOXE DEEP SPACE CS~%?i!ICATIOMS COKPLEX 

c-1 



ORIGINAL PAGE Is 
OF POOR QUALITY. 

8-1 f-J 2-! 

1 1 3  

1'4" PLUS ' Y  

24 . 5  . 5  

55 : 55 1 

!(\-!0-!5 !0-9-85 ! 0-! 0-85 lir-?-Y5 

950 b22 210 NiPl 

972 

18 

15 

! t ! R  

19 

1.7 

3 

1.1 

3-3-Bb 

N/ P 

2-5-46 

3e 

2-5-86 

42  H I M S T  ACH!EVE5 TE!!PEitATBRE 

DIELECTRIC AFTER RETROFILL 46.0 %V 38.5 r,v 



09 9415 A F T H  RE?!??F!LL 

D!ELECTRIC AFTER RETROFILL 

ORIGINAL PAGE TS 
OF POOR QUALITY 

C - 4  



ORIGINAC PAGE IS 
OF POOR QUALITY 

FCB 9ETROFILL JOB 
JDL CONTRACT 1957327 
SE 109 t 480E2594 

CONTRACT !:E!! N I .  C -6 

SERIAL kt!!E€R 

L3CATI2N j 

?! au I c GALLONS 250 

1" 1; !' 

:ATE 3RA!NEC. 

?R!r !!?E/HRS 

FLUShED: SALS 

REFILLED 

10- 8-85 !?- 3-2: 

! 40 

50 25 50 

10-!4-85 19-10-95 

PCB CINTA!!!#A!ICN!PPR 
?S LISTED I n  SPECIFXATION 

BEFORE !?E?EDF!LL 

kFTED 4ETRDF!?L 

90 DAYS AFTER RE?ROFI,L 

CAT! RETESTED 

HIGHEST AChiEVED !E!!PEMTUAE 

?In *." 2!0 645 ;-n J I ' V  

1% 

.? 

6.2 

2 - 5 4 6  

35 

: 92 

0 

5.7 

2-b-96 

39 

4.6 

30 

;!ELECTRIC AFTER RETROFILL 36.9 K V  45.1) KY 42.9 KV 37.0 K V  

c-5 



REF::LED 

3!ELEC?RIC AFTER RETROFILL 

ORIGINAI; PAGE Is 
or: POOR QUALITY, 

I -  



ORIGWAL‘ PAGE It? 
OF POOR QUALITY 

AFTER RETFGF!LL 9 0 22 0 

00 MIS #?E3 RETREFILL O 0 6.9 1.4 

DATE fiE?ESTED 2-5-06 z-5-ab 2-5-06 2-5-86 

DIELECTRIC AFTER RETROFILL 40.3 K,/ 45.0 !?d 49.8 KV 44,: ? V  

c-7 



5 - 7 - 9 5  

216 

15 

?G DF!S AFTER RETFIOCiLL 2.1 

LATE FrE?ES?ED 2-5-86 

!CSCS:  ICh!EYE!! 'E!!PERATY?E NO S A S E  

D I E L E C T R I C  AFTER RETROFILL 45.1 KV 



S K k E T  ?ANY bOB? VENliS!653A 
!!ETSCF?LLEI kU5.86! 
(RETESTEC 2-5-80! 

E W E ?  TANK 4 5 4 x 1  1 VEY!!S!S53A 

OIL FILTER PURP NONE iiENUSl553A 

F!iAHENT TRANSFORRER 

SlfKE? TAkK 

n!a VENUSi 603 
(RETROFILLEI! AU6.85) 
(RETESTED 2-5-86) 

6886 HARSiGEO 
!RETRSFILLEC 2-6-Mi 
(RETESTED 9-4-06) 

N I A  ECHC1645 

N/A EC!i!3!645 

N/A V E W S  BYE. 

\iOLL!HE 

!3 

!O 

10 

! O  

EYPTY 

20 

3co 

308 

C .* 

2 

15 

! 5  

50 

N/A 

N!A 

lu/A 

?@ 

59 

DISPOSED OF PER EPA REGULATIONS 

0 NDN PCB 

0 N2N P:B 

5-5  r P b , T A Y  
4 - r i q  nit. 

OL 
.)Y 

DISPOSEI! 2F PER EPA AESL:JT!C!C 

61 

2.1 

7s 

7.2 

:\ 

. 9  

16 

0 

27 

0 

2.2  

c-9 



ORIGINAL PAGE IS 
OF POOR QUALITY 

8146 W c S  ZNEIPP!! 



t 

c-11 



. .  

4. Title &-Subtitle 

Environmental P r o j e c t s :  Volume 1, Polychlor ina ted  
Biphenyl (PCB) Abatement Program - F i n a l  Report 

7. Authorb) 
L. Kushner 

~ 

TECH N ICAL-REP0 RT STANDARD TITLE PAGE 

5. Report Date 

6. Performing Organization Code 

8. Performing Organization Report No 

March 15, 1987 

12. Govemmont kcassion No. 3. Recipient's Catalog No. 
' *  No* 87-4. Vol. 1 I 

12. Sponsoring kency  Name and Address JPL Pub l i ca t ion  

~ ~~ ~~ ~~ 

9.  Performing Orgcmization Nuns and Address p. Work UniLNo. 

17. Key Words (Selected by Author(s)) 

J E T  PROPULSION LABORATORY 
Ca l i fo rn ia  I n s t i t u t e  of Technology 
4800 Oak Grove Drive 
Pasadena, Ca l i fo rn ia  9 1109 

18. Distribution Statement 

( 1 1 .  Contract or Grant No. 
NAS7-9 18 

19. Security Classif. (of this report) x) .  Security Clcssif. (of this page) 21. No. of Pages 
Unclas s i f i ed  Unclass i f ied  186 

113. Type of Report and Period Covered 

22- Price 

14. Sponsoring Agency Code 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Washington, D.C.  20546 

I 
15. Supplementary Notes 

Sponsored by t h e  Nat iona l  Aeronautics and Space Adminis t ra t ion  (RTOP o r  
Customer Code 314-40-32). 

16. Abstract 

Located a t  t h e  Goldstone Deep Space Communications Complex n o r t h  of Barstow, C a l i f o r n i a .  
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