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The Biomedical Research Laboratory was established in July 1972 at 

the Nava.l Weapons Laboratory (NWL), Dahlgren, Virginia as a detachment of 

the Naval Unit, Fort Detrick (Frederick, Maryland). The Detachment 1 s 

mission was to perform research on the biomedical aspects of nonionizing 

electromagnetic radiation (EMR) at microwave and radi.o frequencies (RF). 

Staffing and funding of the Detachment was by the Research Division of the 

. Bureau of Medicine and Surgery (BUMED). In addition to the Officer-in:..charge, 

CDR Willi'am C. Milroy, MC, USN (M.D., Ph.D. radiobiology), two Medical Service 

Corps (Allied Scientist) Officers, LT Terence C. O'Grady, MSC, USN (M.S. 

radiobiology) and LT Eric T. Prince, MSC, USNR (M.S. physics), and two 

enl1sted technicians were assigned; HMC Robert Ellis, USN, and HM3 Mack 

Conway, USN. A civilian clerk/typist position was filled by Ms. Treva 

Devers (later replaced by Ms. Deborah Barrows). The Detachment was provided 

office space in a relocatable unit (i.e., trailer, B";dg. #281}; unfortunately · 

, 

no laboratory facilities or equipment were initially available. Administratively, 

the Detachment was placed in the Weapons Safety Division of the Engineering 

Department at NWL, and was assigned the routing symbol 11 ESM 11
, which was 

later changed to 11 ESR(M) 11
• 



t 

2 

The first year was involved in obtaining equipment and establishing 

laboratory faciliti"es, accumulating a reference library on EMR bio-effects, 

becoming familiar with the capabilities of NWL, and developing plans and 

experimental protocol for proposed research projects. During this year, 

a review paper was prepared and presented at the International Microwave 

Power Institute Symposium [l]. By July 1973, laboratory spaces had been 

obtained at the present location (Bldgs. #371 and #452), and ~enovation and 

remodeling was well underway. Equipment, .instrumentation, and supplies 

were obtained and installed in preparation for the beginning of experimental 

work., Buildings #452 and #371 were remodeled to provide animal care and 

EMR expos·ure facilities, and an office and biochemistry lab, respectively. 

Temporary equipment storage was obtained in Bldg. #451. An operable radar 

T-6 training van was also obtained at this time, and was sited adjacent to 

Bldg. #452. 

In July 1973, a Symposium (sponsored by the Detachment) on the Bio

medical Effects of Nonionizing Radiation was held at NWL. Several recognized 

authorities on EMR effects pres~nted paper~which were compiled as an NWL 

Technical Report [2]. RADM P .. O. Geib*, MC, USN and CAPT R.B. Meeks**, USN 

formalJy dedicated the newly established Biomedical Research Laboratory. 

During this year (1973), research was begun on the biological effects 

of nonionizing radiation. By this time, the Biomedical Research Laboratory 

had been directed to concentrate particularly on 11special effects systems", 

involving high peak power (HPP) pulse transmitting devices. These are 

* Then, Deputy Chief for Research and Military Medical Specilaties, Bureau 
of Medicine and Surgery, Department of the -Navy, Washington, DC. 
**Then, Commander, Nava 1 Weapons Laboratory_, Dahlgren, VA. 
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designed to generate short-per,od, high ·intensity electric fields at 

selected frequencies. A number of sh~rt "pilot" experiments were performed 

· during the summer and autumn of 1973. Although providing little "hard 

data" on the bio-effects of_ EMR, these short-tenn projects helped to provide 

a starting point from which to undertake more detailed studies. They did 

indicate, however, that studies of gross morphological (or clinical) changes 

were unlikely to be productive in the sense of providing information on 

possible subtle changes resulting from low level chronic exposure to EMR. 

Death, debility, gross hematologic or chemical abnormalities, and ~cute 

reproductive or genetic changes were not produced by the electronic systems 

being studied. 

In the autumn of 1973, the first series of annual physical examinations 

in the. "medica 1 surveillance study" involving (potentially) occupationally

exposed wort<ers was performed. Groups of male (volunteer) personnel, con

sisttng of non-i.rradiated, unexposed "control" personnel, microwave (MW) 

and radiofrequency (RF) exposed personnel,-and HPP exposed personnel, were 

given detailed examinations consisting of complete blood count (CBC), 

urinalysis, augmented SMA-12 analysis, a "screening" electroencephalogram 

(EEG), and electrocardiogram (ECG). No statistically significant differences 

between the groups of personnel which could be attributed to EMR were noted. 

Shortly thereafter, long term animal experimentation (using rodents) 

was begun. The study parameters included reproduction (fecundity) and 

longevity, hematology, serum proteins, and metabolic enzymes in the mouse. 

Civilian employees were also added by the group during this period. 

Larry Lawton, M.S., an electronics/biomedical engineer worked on instrumentation 
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problems, and contributed significantly to our capabilities. Joseph 

Diachenko, M.S., an experimental psychologist obtained and set up a be

havioral measurement system, and initiated studies on operant conditioned 

behavtor in the rat. 

By the summer of 1974, research was well underway in a number of areas. 

At this time, in order to expand into the central nervous system effects 

area, a civilian neural scientist (Robert Manthei, M.S.) was hired. He 

set to work to provide surgical implantati_on and instrumentation capabilities. 

During this period, a Sea-Van trailer (containilil;g a copper plate-shielded 

room} with an HPP generator for animal experimentation was set up. A 60 1 

long relocatable trailer also was sited, in which animal care and an experi

mental surgery suite were subsequently installed. 

A number of reorganizations occurred through this period (1974), re~ 

sulting in some physical and administrative changes for the Biomedical 

Research Laboratory. None of the changes produced any adverse effects on 

experimenta 1 progress, however. By the end of 1974, the ''Bi.omedica 1 Research 

Group" (or Laboratory) had become the "Special Effects Bi.omedical Research 

Detachment" of the Naval Medical Research and Development Command (NMRDC)*. 

NWL had been merged with the Naval Ordnance Laboratory, White Oak, MD (NOL), 

to create the Naval Surface Weapons Center (NSWC), with a Dahlgren, VA and 

a White Oak, MD Laboratory. Also at this time the Biomedical Research Group 

had been administratively placed-under the Electromagnetic Vulnerability 

Division of·the Advanced Systems Department, and was assigned the designation 

11 FVER 11
, This brought the study of the bioeffects of EMR effort into close 

*The Research Division of BUMED had become. the NMRDC also during this period. 
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association with the Hazards of Electromagnetic Radiation to Ordnance 

(HERO) effort; a change which has proved beneficial to all concerned. 
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This change also made available additional facilities on loan from the 

HERO project group consisting of a building (#1280) with a large copper 

screen-shielded exposure chamber and extensive microwave generating equip

ment, which greatly expanded the Detachment's capabilities. In addition, 

space for a small animal holding room was available in this new building. 

This facility was used for additional behavioral and neurophysiological 

studies (described later). 

During this period (1974), research proceeded at an increasing pace. 

The second series of annual physical exams were completed as part of the 

medical surveillance project. Again, no abnormalities related to EMR were 

detected [3]. Operant conditioning studies in the rat had proceeded well, 

and an initial report was issued [4]. The first study of liver enzyme 

and serum protein in the mouse was completed; a report was prepared I5J, 

and a longer study, in greater depth, was begun. After a full year of 

irradiation, the study of reproduction in the mouse was completed, and 

reported [6]. A study of intentional micro-tremor (using the finger) in 

occupationally-exposed personnel at first produced some evidence of a 

possible "effect", and suggested the value of this system as a possible 

personnel monitoring device. Subsequent study, however, ruled out the 

existence of any such effect [7]. Use of bacterial and root tip model 

systems to study cellular kinetics was begun. A significant advancement 

in the laboratory capability was made with the introduction of investigations 

of effects on the centra 1 nervous system .. A study of sleep process cor

relates was begun using rabbits with chronically implanted electrodes to 

~-
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determine both -~alitf,t~.1.:..·;""·~~~-:i.1:;:
0
,:,:,r-·~leep following EMR exposure. Pre-

- ·. ··~ . . . . ., .. -~·· :_ .. ·'-:~!/.f~;~·-t·-~, .. .;~_;, -~>~~:/,>.- -.. 
liminary steps had ,.be~n ma·ct.e·\f;d'~:, a.; ·s:i:-frdy '.of nerve membrane effects combining 

•. .• •. • ; •: ... •• • .. • ,•• •~• •• ).~•.•i::;>\""•-r~•~.;•v•••• • :::r:~;1.~t~:;'{:~~). •• 
.·· .. •. ~~chn.1qu~s of ne~f~an:~t... .i:~1ology, and neurochemistry . 

. '.· .. · :: -.. · ·-,< .... '•. ··,···.·:::•:~ .i'-::·~-~-:.· __ :~::.~,::.~~ ;;r""~_: .. r~t-.,. 
The sprirfg and .;sµmmet.it. Jre°f>r.esented a period of intense activity 

.... , . . _._:;::·_' ;_'.:,..,~~[l'·.f· .. : ·-~--~_-,:~- _,r •• 

at the laboratory~ .fhfi:f_~t dyj;;as· ·progress.ing well, and an automated 

.system for ~e~ot~i:~)f-°'·" ' i}fE,Jt~h (EEG} tracings with concurrent 
video monitoring 'an9 t~:p'_ ,;_,.. ··:-r\g_~de\,ised .. With this system, recording 

. . . .· ... · .-·_ ~: .· .. ·:"_: ... )?i ?.(}:i}~{,{ . 
of EEG patterns ·over/11f' .... , 

.::~.~dc:;::r:~::::::::,{!i1 
ultimately covered:>·a :sp~_}f"''" -

::;>J;_ble. At the same time,' the long 

gJf.~'ifg possible high peak power (HPP) 
.;·;:-··:·,::' t:-· ... · . 

;~~-W~cts was well underway. This study 
:"' ... ;,,·:· ....... :. . 

.-r,.:-aiid'utilized almost 300 mice. The 
/It~-

expo.sures were made ori:a ·stff\_.and a total of 200 days of exposure 
: . · ·•. -. :·:-. - -:: ... :: .:'- ... ·< :_. ( ~::.~-~~~:;~,:ltt'. . . 
time was accumulated,~'>;iB: _ udfes were progressing, and an operant 

.. · ::~::: ::n :::;::::Ic:~tf 1 :!.rt }~f f ::::i :~ ~ ::::: b: :v:::::::e:~ 2:;~-
I n the late sprJn·f'.l~:ti&" 'ji] personnel changes occurred. CDR 

·. '. -- · _.... · :.-.. ·-' -· .. :::::.::_?:~::;r-}?);·;._ . ·tl'.}<~-:_\ __ -~-- -
William C. Milr.oY~ Mt., ·:USN,. :thit :<:>r.:19:)'nal'. Officer-in-Charge of the Medical 

Research Detachm~nt wI~it\ft~;~~f titfR{~~val Undersea Medical Institute 
in New London, Connecti,cut{r:;:/R¢Tfeying Dr. Milroy was LCDR Zorach R. Glaser, 

. . ; :,· ',~·., .· ·:/:;~tt~:·:·:,:·~::::.:~~:-,~if;:~~--:>.'"'•_ 
MSC, USN (Ph.D. biophysi~s[c:b.enji-sJpy_}. Also departing at this time was 
. _ . ·. -_ :_1:}\;~~:~~- ~~~~Yi~,_~::~.;, .. •:· 

LT Prh1ce:, · who was' replaq~}l)iy' p:~i~ph,:>L Hosszu, MSC, USN (Ph.D. ) , al so 
. . · · . · -\\t.i'\ -_ ..... ir>i: 

a biophysfdst. ,: > 

· · .·. ~iomedica] 

of the C.0., NMRI, Bethesda, MD. 



Dr. Glaser remained as Officer-in-Charge o·f the Detachment. One very 

important outgrowth of this change was the assignment of a NMRI veteri

narian, MAJ Ri.chard Bradbury (DVM), USAF, VC, as consultant to the. 

Detachment. 
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The preliminary findings of some of the experiments described pre

viously, and the results of the continuing monitoring and review of the 

world bio-effects 1 iterature were presented at the October 1975 Nationa 1 

Academy of Sciences/National Research Council/International Union of Radio 

Sciences (URS!) meeting, held at the University of Colorado campus, Boulder. 

[8], [9], [10]. 

Also during the fall of 1975, the Detachment obtained two 20 ft. x 40 ft. 

house trailers, which were to be modified into additional laboratory and · 

animal space. These were to be used to house two new HPP-type electromagnetic 

"pul sers II for further chronic ani.mal exposure· studies, as well as conversion 

to additional animal space for the increasing number of animals being used 

for the experiments in progress. The laboratory was also able to obtain 

the Electromagnetic Pulse (EMP) simulator which had been constructed for, 

and used by, the Armed Forces Radiobiology Research Institute (AFRRI), 

Bethesda, MD. The simulator was to be located at Dahlgren, and to be used 

by both the NMRI Detachment [14, 15] and several other Dahlgren groups 

(who would be investigating EMP effects on electronic hardware). 

In October 1975, the third round of annual physical exams was completed. 

Thus by the spring of 1976, the following projects were underway, and in 

various stages of progress: 

1. Annual physical exam series (3rd year) [11]. 

2. Chronic exposure studies; HPP pulsed type EMR, using rodents [22]. 
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3. Cellular kinetic studies; HPP pulsed type EMR [22]. 

4. Behavioral studies; microwave radiation, using rabbits Il3, 16, 17]. 

5. Muscle tremor studies; microwave and HPP pulsed type EMR; exposed 

and non-exposed control personnel [7, with addendum]. 

6. Sleep studies; microwave radiation, using rabbits [23]. 

7. Preliminary studies on possible EMR effects on CNS constituents 

(particularly of cerebral spinal fluid)[DD-1498 submission]. 

8. A study of possible EMR effects on synaptic spine development in 

rat brain neurons; conducted in conjunction with the Dept. of 
I 

Anatomy, School of Medicine, University of California, Los Angeles 

[DD-1498 submission]. 

9. Monitoring of the world literature on the bio-effects of RF and 

microwave radiation. Three additional supplements to Glaser's 

ongoing Bibliography have been prepared [19, 20, 21], and an 
integrated compilation is in press [26]. 

By the end of the summer 1976, the Detachment staff included: 

Military 

. Officer-in-Charge/Biophysicist-Z.R. Glaser (LCDR, MSC, USN); Radiobiologist

T.C. O'Grady (LT, MSC, USN); Biophysicist-J.L. Hosszu (LT, MSC, USN); 

Radiation Biologist/Microbiologist-F.A. Hodge (LCDR, MSC, USN); and 3 enlisted· 

personnel (consisting of 2 laboratory technicians [HM2 R.J. Ashby and 

HM3 M.D. Gargus], and an EEG technician [HM3 J.W. Rogers]). 

Civilian 

Research Psychologist-J.A. Diachenko (GS-12); Neurobiologist-R.C. Manthei 

(GS-11); Electronics Technician-G.L. Chin (GS-6); Biological Technician

s.A. Saft (GS-4); Clerk-Typist-P.F. Brown {GS-3); Co-op Student Electronic 
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Technician/Engineering Aid-A.C. Hill (GS-2); Summer Aid Senior High School 

student (as an animal technician)-M.S. Brown; and a National Science 

Foundation-Sponsored "research participation student" (_engaged in col labora

tive research )-S .J. Knobler. In addition a cooperative/consultative 

·arrangement had been negotiated with NSWC/DL for the services ("as needed") 

of electronics "hardware", engineering des·ign, and math analysis/computer 

personnel.* 

LT Terence C. O'Grady, MSC, USN, the .last remaining "plank" owning 

member of the original group, was selected in August 1976 to attend the 

Uniformed Services University of the Health Sciences, as a member of the 

initial class. The new medical school is to be located on the grounds of 

the National Naval Medical Center, Bethesda, MD, and classes begin 12 Oct. 1976. 

As noted earlier [24]**, the Detachment has: two microwave animal expo

sure facilities, and two HPP-type EMR generators, and the associated shielded 

exposure facilities; three separate animal housing facilities and a surgical 

suite***; an electronics laboratory; a bio-chemical "wet lab", a photographic 

dark room, office space, and several small storage facilities. An emergency 

electrical generator was provided by NSWC to insure essential services in 

the ev~nt of loss of power on Base. 

*During the previous summer (1975) and part-time dur~ng the school year, 
a student aid/biologist (G. Markwith) had been employed. In addition, 
some part-time, temporary employees (F. Lee, R. Lee, L. Gibson, and 
F. Anthony) had worked at various times, and in various capacities, during 
1975-1976. 
**copy appended 
***fully accredited by the American Association for-Accreditation of 
Laboratory Animal Care (AAALAC) · 
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In late July 1976, it was ·decided by NMRI and the NMRDC to disestablish 

the Detachment at Dahlgren, and to consolidate some of the ongoing research 

projects with similar projects then being undertaken by NMRI. The closing 

date of the Detachment was determined as late November 1976. 



(Submission or) 
Start/Completion 

Date 

07 /73-06/75 

07 /75-09/76 

07 /75-09/77 

07 /75-Contin
uing 

07 /75-09/76 

07 /75-09/76 

07 /75-09/76 

07 /75-09/76 

SUMMARY OF DD-1498 RESEARCH WORK UNIT SUBMISSIONS BY THE NMRI DETACHMENT 

Work Unit 
Number 

MF51.524-
. 015-0017 

MR041.08-
.0l-0107 

MF51.524-
.015-0028 

MF51.524-
.0l5-0029 

MF51.524-
.015-0030 

MFSl.524-
. 015-0031 

MF51 ·. 524-
. 015-0033 

MF51.524-
.0l5-0032 

.Title 

Nonionizing Radiation: Biological Effects and Human 
Safety 

Altered Cerebrospinal Fluid Constituents as a Function 
of Chronic Low Intensity Electromagnetic Radiation 
Exposure in Rabbits 

Alterations in the Sleep Process of the Rabbit as a 
Function of Chronic Low Intensity Electromagnetic 
Radiation Exposure 

Effects of High Peak Power Pulsed Electromagnetic 
Radiation on Cellular Kinetics 

Medical Surveillance of Persbnnel Occupationally 
Exposed to Electromagnetic Radiation 

Investigators 

W.C. Milroy, CDR,MC,USN 
T.C. O'Grady, LT,MSC,USNR 
E.T. Prince, LT,MSC,USNR 

R.C. Manthei 
Z.R. Glaser, LCDR,MSC,USN 
J.L. Hosszu, LT,MSC,USN 

R.C. Manthei 
Z.R: Glaser, LCDR,MSC,USN 
J.L. Hosszu, LT,MSC,USN 

T.C. O'Grady, LT,MSC,USNR 
Z.R. Glaser, LCDR,MSC,USN 
J.L. Hosszu; LT,MSC,USN 

J.L. Benedum, LT,MC, USNR 
Z.R. Glaser, LCDR,MSC,USN 

Nonionizing Electromagnetic (EM) Radiation Interaction J.A. Diachenko 
with Central Nervous System (CNS) Function as Evidenced Z.R. Glaser, LCDR,MSC,USN 
by. Measurement of Finger Tremor in Humans 

Effects of Chronic Exposure to High Peak Power Pulsed 
Electromagnetic Radiation on Animals 

Effects of High Power Pulsed and Low·Level Microwave 
Radiation on Operant Behavior in Rats 

T.C. O'Grady, LT,MSC,USNR 
J.L. Hosszu, LT,MSC,USN 
Z.R. Glaser, LCDR,MSC,USN 

J.A. Diachenko 
Z.R. Glaser, LCDR,MSC,USN 
J.L. Hosszu, LT,MSC,USN 

~ : 

--
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SUMMARY OF DD-1498 RESEARCH WORK UNIT SUBMISSIONS BY THE NMRI DETACHMENT (cont'd) 

(Submission or) 
Start/Completion Work Unit 

Date Number Title Investigators 

(10/75- ) (Not Altered Brain Ganglioside Concentration in Rats as R.C. Manthei 
Funded) a Function of Chronic High Frequency Electromagnetic Z.R. Glaser, LCDR,MSC,USN 

Radiation Exposure J.L. Hosszu, LT,MSC,USN 

01 /76-01 /77 MF51 .524- A Study of Dendritic Spine Morphology in Rat Brain R.C. Manthei 
. 015-0041 Following Chronic Exposure to Low Intensity Microwave Z.R • Glaser, LCDR,MSC,USN 

Radiation J .L. Hosszu, LT,MSC,USN 

01 /76-06/77 MF51.524- Dendritic Spine Morphology Study-Contract Portion: 
.015-0041 UCLA Brain Research Institute 
{Contract) 

02/76-Con.tin- Biochemical Analysis of Cerebral Spinal Fluid from J.L. Hosszu, LT,MSC,USN 
uing Rabbits Chronically Exposed to Low Intensity Electro- Z.R. Glaser, LCDR,MSC,USN 

magnetic Radiation S.A. Tate 

(02/76) (Not Stu di es on Passi bl e In-Vitro and In-Vivo Biochemical J .L. Hosszu, LT,MSC;USN 
Funded} Changes Induced by Non-I_oni zing Electromagnetic Z.R. Glaser, LCDR,MSC,USN 

Radiation S.A. Tate 

(07/76) (Not Continuing Bibliographic Review of the World Litera~ ' Z.R. Glaser, LCOR,MSC,USN 
Funded) ture on the Biological Effects of Nonionizing Electro- P~F. Brown 

magnetic Radiation (at RF and Microwave Frequencies) 

-~ 
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Appendix 1 
to Historical Report 

"Non-Ionizing Radiation Facilities of the Naval Medical Research Institute 

Detachment located at the Naval Surface Weapons Center, Dahlgren Laboratory, 

Dahlgren, VA 11 

J.L. Hosszu, Z.R. Glaser, G.L. Chin 

March 1976 

The NMRI Detachment at NSWC/DL was primarily chartered to examine the 

biological effects of high peak power (HPP) pulse radiation. It was felt 

that since considerable microwave research had been performed and techniques 

already developed, continuous wave and pulse modulated microwave bio-effects 

studies would complement and serve as a model system for the HPP pulse 

r~search program .. Electromagnetic radiation biological effects studies 

have often been criticized on the grounds that no unified program of exposure 

intensity, dosimetry, choice of frequency, and animal species is followed. 

To this end, HPP pulse, pulsed microwave, and CW microwave s~udies are 

being carried out in a common facility with experimental and control animals 

which experience identical diet, handling, and care . 

. The major characteristics of the non-ionizing electromagnetic radiation 

exposure facilities used for biological studies at NSWC/DL are described 

in the following pages. 

Tne capa·oility for sinultaneous dual frequency microwave exposure, 

pulsed or CW, exists in one of the two chambers now in use •. With minor 

p\ysical alteratio:is, tn.e second cha"noer could be similarly utilized. 

From: 'Non-Ionizing Radiation Facilities and Bio-Research Effort of the 
Dahlgren Detachment for the Period June 1973 - March 1976, 11 Report, Naval 
Medical Research Institute Detachment, Naval Surface Weapons Center, Dahlgren 
Laboratory, Dahlgren, VA {.1976). 
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I. High Peak Power Pulse Radiation Facilities 

A variety of high peak power (HPP) pulse radiation sources are 

in use by the NMRI Detachment at NSWC/DL. The basic devices are 

designed to generate short period, high intensity electric fields at 

selected frequencies! Long term research and test exposures (chronic 

studies) of biological materials under controlled conditions are 

performed primarily at two facilities~ These are located in the 

11 Sea-Van11 and the 11 T-6 Radar Training Van 11 trailers. The trailers 

are permanently sited at locations adjacent to Bldg. 452. Short 

term research and test exposures (acute studies) of biological 

materials are performed ''i.n the fi.eld 11 at sites dictated by HPP test 

and evaluation requirements. In addition, one of the electrically

shielded anechoic chambers primarily used for microwave exposures 

(located in Bldg. 1280) has been used on a short term basis for 

exposures with a prototype HPP pulser. A brief description of these 

devices is presented below. 

A, Chroni.c Study HPP Pulser Devi.ce (Model 1} Located in 11 Sea-Van 11 Trailer 

The HPP pulse facility, located in a 11 Sea-Van 11 trailer*1 is 

a h_igh frequency electric field (E"-field) exposure device. The 

facility i.s characteri.zed by the foll owing parameters: 

-4'* The 11 Sea-Van 11 trailer measures 5.8 m (L) x 2.2 m (W) x 2.2 m (H), (19 ft (L) x 
7.3 ft (W) x 7.2 ft (H)), has no wheels, and is designed to be used as a 
container for cargo on large cargo ships. 
* Two Letter Reports, by Eric T. Prince (appended) contain comments on the 
appropriateness of the use of the term HPP and/or HEP as labels for our 
parallel plate oscillators, and their parameters. 
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1. Chamber. The shielded exposure chamber dimensions are 2.9 m (L) x 

2.2 m (W) x 2.2 m (H) (9.4 ft (L) x 7.3 ft (W) x 7.2 ft (H)), 

and occupies approximately one-half of a metal-skin trailer. 

The shielded room is lined with sheet copper on three walls, 

floor, and ceiling. The fourth wall is formed of two courses 

of copper screen and an electrically-sealed, shielded double-

lock metal door. At the characteristic frequency of the HPP 

pulse device, the radio-frequency shielding is 65 dB. The 

electrical grounding of the chamber is true earth ground 

provided by direct connection to a copper rod driven into a 

conductive salt bed laid in th·e soil exterior to the "Sea-Van". 

A shielded exnaust fan located in the wall of the exposure 

chamber, an air-conditioner providing cooling/heating, and a 

.porta5le dehumidifier provide environmental control for the 

facility. The temperature in the facility is controlled to 

within ±l°C in the range of +l5°C to +40°C. 

The high voltage power supply, operating and environmental 

controls, and the exposure sensors are located in the trailer 

half adjacent to (and external to) the exposure chamber. Alth0ugh 

no electrical leakage has been detected, all metal surfaces are 

loopless-grounded to a common electrical ground. 

2. Electronic Equipment. The device consists df an LC-oscillator 

which drives an unterminated parallel plate transmission line, 

schematically illustrated in Figure 1. The LC-oscillator is 

a capacitor which is constructed of two plane parallel sheets 



of copper, 0.08 cm· (32 mil) thick, Aln cm L, and 61 cm W 

(16 11 L x 24 11 W), separated by a 0.615 cm (0.25 11
) thick slab 

of high density polyethylene. The parallel plate region 
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(for animals) is 56 cm (L) x 61 cm (W) x 19 cm (H) (22 11 L x 

24 11 W x 7.5 11 H). The inductance of the oscillator is found 

principally in the electrodes of the spark-gap. The measured 

capacitance (using a General Radio Bridge, model ~650-A) is 

570 pf. The inductance, determined from the equation 

L = l/(2rrf)2 C, is 80 nH. Attainment of suitably high frequency 

was achieved by utilization of the distributed inductance of 

the capacitor plates, the wires connecting the spark-gap with 

the capacitor plates, and the electrodes of the spark-gap, rather 

than discrete circuit elements. 

The waveform which the subject in the animal exposure area 

experiences is composed of two distinct parts, as shown in 

Figure 2. The initial portion. is tf,ie oscillator charging phase. 

Duri.ng thi.s period (:determined by power supply capabilities, 

oscillator capacitance, charging resistor value, and spark-gap 

geometry and breakdown voltage), the potential difference 

between the parallel plates increases exponentially to the 

spark-gap breakdown voltage. This phase is appreciably longer 

than the second phase. The second phase octurs after the 

spark-gap attains breakdown voltage. After spark-gap breakdown, 

the oscillator 11 rings 11 with an exponentially decaying sinusoidal 

waveform. Under typical operating conditions, e.g. with the 
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pulse repetition rate set for 10 Hz, the duration of phase one 

is approximately 0.1 sec and that of phase two is approximately 

5 microseconds, as shown in Figure 2. 

The LC-oscillator is charged by a high voltage power supply 

(Hippotronics, Inc., model 850-20) through an isolating resistor 

(480 M.n.) to a voltage limited by the breakdown voltage of the 

spark gap. This breakdown voltage is adjustable by suitable 

choice of spark gap electrode separation and nitrogen gas 

pressure. The pulse repetition rate is dependent upon the 

high voltage power supply capabilities, isolation resistance, 

breakdown voltage of the spark gap, and the capacitance of the 

parallel plates. Of these, the second and third are readily 

adjustable. The device, with the present choice of resistance 

and spark gap breakdown voltage, delivers a pulse repetition 

rate variable from single pulse to 10 Hz at a field strength 

of up to 200 kV/m. Higher pulse repetition rates are attainable 

with degraded pulse· shapes. The oscillation frequency, which 

is determined by the capacitance and inductance of the system, 

has been measured to be 23.5 MHz. 

3. Exposure Measurements. Four methods are utilized to characterize 

the electric field exposure. These are: 

(a) Calculation of fields from basic system parameters. 
0 

{bl Utilization of a B-sensor (Physics International Corp.) to 

measure the peak electric field (E) by the time rate of 

change of the associated magnetic field, 



(c) Utilization of. an E-field sampling sensor. 

(d) Utilization of a spectrum analyzer (Tektronix Corp., 

model 491). 
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The pulse shape, rise and fall times of a pulse, the 

pulse repetition rate, and 11 ringing 11 (to determine the 11Q11 

(or quality) of the system) are observed on a fast rise time 

oscilloscope (Tektronix, model 7603) with appropr-iate plug-in 

units. 

B. Chronic Study HPP Device (Model 2) Located in 11 T-6 Radar Training 

Van 11 Trai.ler 

The HPP pulse facility, located in a former 11T-6 Radar Training 

Van 11 trailer*, is a high frequency electric field (E-field) exposure 

device. The facility is characterized by the following parameters: 

l. Chamber. The shielded exposure chamber dimensions are 0.6 m (W) x 

1.3 m (L), x 0.8 m CH) (19' W x 4.3 1 L x 2.5' H) and is set into 

a modified equipment rack in a·metal-skin trailer. The exposure 

chamber is lined with two cour§es of electrically grounded 

copper screen. At the characteristic frequency of the HPP pulse 

device, the radio-frequency shielding is greater than 70 dB. 

The electrical grounding of the chamber is true earth ground 

provided by direct connection to a copper rod driven into a 

conductive salt bed laid in the soil exterior to the "T-6 Van". 

* The 11 T-6 Radar Training-Van 11 ("T-6 Van") trailer measures 5.8 m (L) x 
2.4 m (W) x 2.1 m (H) (19' L x 8~ W x 7' ~), was designed and equipped 
as a mobile radar training unit van. 
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Environmental controls, temperature and relative humidity, 

are provided in common to the chamber and the 11 T-6 Van" 

by the built-in air-conditioner and heater, and a portable 

dehumipifier. The temperature in the facility is controlled 

to within ±1°C in the range +l5°C to +40°C. 

The high voltage power supply, operating and environmental 

controls, and the exposure sensors are located in-the 11 T-6 Van" 

adjacent to (and external to) _the exposure chamber. Although 

no electrical leakage has been detected, al1 metal surfaces 

are loopless-grounded to a common electrical ground. 

2. Electronic Equipment. The device, consisting of a pair of 

concentric cylinders which fonn a cylindrical capacitor as 

illustrated in Figure 3, is an LC-oscillator. The inductance 

of the oscillator is found principally in the electrodes of 

the spark gap. The measured capacitance (using a General Radio 

Bridge, model 1650-A} is 800 pf with nutrient broth present in 

the annular zone of the cylindrical capacitor. The inductance, 

with the capacitor loaded is 12 nH. The characteristic oscillator 

frequency under these conditions is 52 MHz. With an air gap 

i.n the cylinders (i.e., no nutrient broth present) the oscillator 

frequency is 38 MHz. 

The waveform*which the cell cultures in the nutrient broth 

experience is similar to that shown in Figure 4. By ·suitable 

choice of power supply settings, oscillator capacitance, charging 

resistor value, and spark gap geometry and break down voltage, 

* with the charge isolated from the plates 
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the time of exponential increase in the potential difference 

between the capacitor plates is minimized by rapid attainment 

of the spark gap breakdown voltage. After the spark gap 

breakdown, the oscillator 11 ri ngs II with an exponentially decaying 

sinusoidal waveform. By minimizing the rise time of the-electric 

potential to localize the Fourier Transform in the frequency 

domain (as opposed to the time domain), the shape of the power 

spectrum is enhanced (i.e., sharpened). 

The LC-oscillator is charged by a high voltage power supply 

(_Hippotronics, model 850-20) through a Cuso4 bath acting as an 

isolating resistor to a voltage limited by the breakdown value 

of the spark gap. This breakdown voltage is adjustable by 

suitable choice of spark gap electrode separation and geometry 

and by the nitrogen gas pressure. The pulse repetition rate 

is dependent upon the high voltage power supply capabilities, 

tsolation resistance, breakdown voltage of the spark gap, and 

the capacitance of the device. Of these, the second and third 

items are readily adjustable. The device, with the present 

choice of resistance and spark gap voltage, delivers a pulse 

repetition rate (prrl variable from single pulse to 10 Hz at 

a field strength of up to 500 kV/m. The design parameters exceed 

the requirements of the research protocol which requires a prr 

of 5 Hz at a field strength of 100 kV/m. 

3. Exposure Measurements. Four methods are utilized to characterize 

the electric field exposure. These are: 

..• ,.;.i 



(a) Calculation of fields from basic system parameters . 

• 
(b} Utilization of a B-sensor (Physics International Corp.} 

to measure the peak electric field (E} by the time rate 

of change of the associated magnetic field, 

(c) Utilization of an E-field sampling sensor. 
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(c} Utilization of a spectrum analyzer (Tektronix Corp., model 491). 

The pulse shape, rise and fall times of a pulse, the pulse 

repetition rate, and 11 ringingll (to determine the 11 Q11 (or quality) 

of the system} are observed on a fast rise time oscill~scope 

(Tektronix, model 7603) with appropriate plug-in units. 

C. HPP Pulse Facilities Used for Acute Studies 

The close working association between the personnel of the 

NMRI Detachment at NSWC/DL and the personnel of NSWC at the Dahlgren 

Laboratory, White Oak Laboratory, and the Solomon Island Field 

Test Facility has permitted several acute studies (short term) to 

be performed 11 in the field.'' These studies involve· exposure of 

biological materials to HPP pulse radiation at various sites near 

prototype devices. The prototype devices generally possess unique 

frequency, pulse intensity, pulse shape, and fringing field parameters. 

As an example, some characteristics of two of these devices are 

outlined be 1 ow. 

1. Monopole Antenna Range Experiment. An acute study, described 

by T.C. O'Grady (as Experiment# 3 ), involving the exposure 

of mice to the fringing fields of a monopole antenna system, 

shown schematically in Figure 5, was carried out under field 

l I 
--~' 
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conditions. The device is a parallel plate oscillator, loaded 

with a high density polypropylene dielectric in the plate area, 

fired by a mechanical-trigger-controlled center-mounted spark 

gap. The device is charged to 100 kV before spark gap break

down occurs (pr6ducing field intensities of approx. 8 MV/m 

between the plates) at an oscillator frequency of approx. 15 MHz. 

The animals were exposed in·the plane of the plat~s at a distance 

of 15 cm (6 11
) from the edge of the plates.·. The field parameters 

to which the animals were exposed were (1) electric field: 20 kV/m, 

(2) magnetic field: 3.3 Gauss, (3) time rate of change of magnetic 

field: 6.6 x 108 Gauss/sec, (4) pulse duration: 250.nsec, and 

(5) number of pulses: 20 pulses during a 2 hour period. 

2. "EMPRESS" Antenna System Experiment. An acute study, described 

by J-.A. Diachenko (_as part of the "Tremor" Study), involving 

the occupational exposure of personnel to fields generated by 

the EMPRESS Facility at Field Branch Solomons, NSWC, Solomons, MD, 

made use of the EMPRESS pulse generator and antenna systems. 

The EMPRESS pulse generator is a fifty stage Marx generator. 

Each stage consists of two sets of two parallel capacitors 

(four total per stage) which may be charged to ±22 KV. The 

fi.fty stages are charged in parallel by two 25 KV de power 

supplies ·1ocated in the control trailer. The stages are then 

switched to series by fifty spark gaps which are triggered by 

remote (.radio) control. The 2.2 MV developed across the Marx 

then drives current through twelve peaking capacitors; these 

· are used to establis~ current flow,,thu~ overcoming the internal 
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inductance of the Marx and decreasing the overall pulser rise

time. When current flow has been established, the main gap 

fires, thus grounding the pulser and allowing it to discharge 

into the antenna. The risetime of the double exponential pulse 

is 8 nsec; zero crossing occurs at 170 nsec. 

The EMPRESS antennas are: a conical monopole 100 feet high, 

and a horizontal longwire 1300 feet long supported 100 feet 

above the ground. Vertical mode of operation is used f~r ship 

t~sting since the vertically polarized electric field is the 

most efficient coupler to ship structures such as vertical 

cable runs up a mast of vertical HF whip antennas. In this 

mode, the pulser drives the conical antenna, which is top 

loaded by the longwire antenna to prevent ringing. The energy 

is dissipated by a 270 ohm copper sulfate resistor which _termi

nates the far end of the longwire to ground. The EMPRESS is 

normally operated at 1.5 Mv (to increase capacitor lifetime); 

this produces a 2500 volt/meter field at the ship anchor point 

1000 feet away. Horizontal mode is used for aircraft flight 

tests. In this mode the pulser is supported in the center of 

the longwire, thus forming a dipole. The conical antenna is 

not used in this mode. 

Instrumentation consists of a portable 150 MHz oscilloscope 

powered by a square wave inverter and a 12 volt automobile 

battery. This system is inside an aluminum box. Waveforms 

are recorded by a camera using high speed Polaroid film. Sensors 

_, 
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consist of clamp-on current.probes; electric field sensors 

such as a double disk loaded by a high impedance differential 

probe; magnetic field sensors such as the multigap loop with 

passive integrators. External trigger signals are often required; 

these are provided by a laser trigger generator with fiber optic 

1 inks to the instrumentation. · 

D. HPP Pulse Facilities Under Construction 

Two HPP facilities are under construction at the NMRI Detachment 

at NSWC/DL. 

One of these is a parallel plate device, in a bounded wave surface 

configuration, with adjustable oscillator frequency and 11 Q11
• The 

plate area is one meter square. The field parameters are those of 

certain- electromagnetic radiators which are consistent with the 

state-of-the-art. 

The other pulser device is a bounded wave surface, parallel 

plate, air gap transmis~ion line which is capable of generating a 

peak electric field (max.) of 447 kV/m between the plates. The 

associated peak magnetic field intensity is 1.19 kA/m between the 

plates. Because the device is terminated and loaded, no radiated 

standing wave exists. The pulse shape and duration simulates that 

associated with the detonation of a nuclea~.device. 

It is anticipated that these devices will be operational 

during the 4th Quarter of FY76. 
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I. Microwave Exposure Facilities 

Two microwave chamber facilities have been, and are currently 

being. used by the NMRI Detachment at NSWC/DL to provide controlled 

exposure conditions for biologically oriented research programs. The 

design and construction of the third microwave chamber/facility is 

currently underway. One of the shielded microwave rooms (Bldg. 1280) 
Jso 

hasAbeen used in the past for studies involving a HPP pulse radiation 

simulation device. 

A. The microwave exposure facility located in Bldg. 452 is characterized 

by the following parameters: 

1, Chamber. The interior dimensions of the chamber are l .Bm D x 

1.8m W x 2.lm H (6 1 D x 6 1 W x 71 H). The chamber size was 

dictated by the room di.mens ions, and al so chosen so as to use 

integral multiples of microwav~ absorber panels. The chamber 

is lined with anechoic microwave absorber (Emerson & Cuming, Inc., 

model EHP-8, fire retardant) providing at least 40 dB attenuation 

of the incident radiation. Two courses of screen, aluminum and 

copper, exterior to the microwave absorber provide an electrically 

tight continuous ground plane; each provides 30 to 60 dB 

attenuation in the presently used frequency range. The electrical 

grounding of the chamber is true earth ground provided by direct 

connection to.a copper bar driven into a conductive salt. bed 

laid in the soil exterior to B.ldg. 452. Two shielded fans, one 

exhaust and one ~upply, provide air circulation for ventilation 

and cooling. Any combination of outdoor (fresh) and indoor 
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(heated or cooled)· air can be supplied to the chamber. Interior 

and external temperatures are monitored by an indoor/outdoor 

remote thermometer {Taylor Co., model 5377). Temperature in 

the chamber is controlled to within ~l°C in the range of +l8°C 

to +40°C. The relative humidity is the same as the (controlled) 

air-conditioned room in which the chamber is located. A portable 

dehumidifier can be connected into the air intake· line of the 

chamber, should the experimental protocol so dictate. 

2. Electronic Equipment. The flow chart of the pulsed or CW micro

wave system is illustrated in Figure 6. The microwave horn 

(Narda, standard gain, model 644) is mounted in the ceiling 

approximately at the geometric center of the chamber. A Wavetek 

function generator {model 142) is used to externally modulate a 

,microwave generator {Hewlett-Packard~ model 616A). The microwave 

signal is amplified by a 50 dB gain, 100 watt traveling wave tube 

amplifi.er, ,TWTA (Microwave Cavity Laboratory, Inc., model l 0482). 

The pulse shape, duration, amplitude~ and repetition rate are 

observed by a crystal detector mounted on a 10 dB directional 

coupler, on an osci 11 oscope (Tektronix, model 7603). The dual 

beam osci.lloscope is used to monitor and photograph either (or 

both) the input modulating pulse and the modulated output micro

wave pulse. Although only the pulse envelop~, exclusive of 

carrier wave, is shown in Figure 7, the rise and fall times are 

clearly defined. The experimental design permits continuous 

tuning of the microwave frequency over the range of 2.0 to 4.0 GHz, 

with independent continuous choice of pulse width, repetition rate, 
· · /) .Pl 1'/ /: ,,.. /, .. c'ln/ cl~~'-b l.,- ( tlJZ c 'A ... ~,.__, 

l h d d l t • l; (.. · .C{,.:.,<-- ,,"(..__ ~., " - " I 
pu se s ape, an mo _µ a 1 on. · · /. _ .,. , 1 • <v ,1u.-;i,:.• .. t.{.:,.c .. 

/; C </ tt,,) cvu. .,,«&,-(·. u-~i-c--L _,,t;!L, ,,i--r-,/Jo-:U<,,i_,1...,''.,&v./U-'l--p!/..<-U,-(,. __A?v~~,1.,-z:r.,<, . • 
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3. Animal Care Capabi-lity. A s_eparate, air-conditioned, ventilated 

room, measuring 2.8m W x 4.5m L x 3.0m H (9.2 1 W x 15' L x 10' H), 

is located adjacent to the exposure chamber in Bldg. 452. The 

conditioned air supply, relative humidity, and automatic light 

timing of this room are separate from the rest of the building. 

The holding facility, designed for sma 11 rodents and rabbits, 

meets or exceeds the requirements outlined in 11 Gu.ide for Laboratory 

Animal Facilities and Care" and "Guide for the Care and Use of 

Laboratory Animals." Only one species of animal (mouse, rat, 

or rabbit) is housed in the room at any one time. 

B. The microwave exposure facility located in Bldg. 1280 is characterizea 

by the following parameters: 

1. · Chamber. The interior dimensions of the chamber are 2.4 m D x 

·3,0 m W x 2.4 m H (8 1 D x 10' W x 81 H). The chamber is a commercial 

electrically-shielded room, and is lined on the walls and ceiling 

with. anechoic microwave absorber (Emerson & Cuming, Inc., model 

EHP-8, fire retardant} providing at least 40 dB attenuation of 

the incident radiation. The floor of the chamber is lined with 

either EHP-8 anechoic microwave absorber (40 dB attenuation) or 

hair absorber (20 dB attenuation). The outer surfaces of the 

chamber are sheet copper at true earth ground, electrically 

grounded by direct connection to a cooper bar driven into a 

conductive salt bed laid in the soil exterior to Bldg. 1280. 

Ventilation of the chamber is controlled by a shielded multi-

speed exhaust fan venting outd?ors. Temperature- and humidity

controlled recircula~ed and fresh air is supplied to the chamber 

from the room in which the chamber is located by means of 
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shielded·vents. The temperatu·re in the chamber is controlled 

to within ±1°C in the range of +18°C and +40°C. The relative 

humi.dity is the same as the. (.controlled) air-conditioned room 

in which the chamber is located. A portable dehumidifier is· 

used to provide additional control of relative humidity. In-· 

terior and exterior temperatures are monitored by an indoor/ 

outdoor remote thermometer (Taylor Co., model 5377). 

2. Electronic Equipment. A schematic illustration of the pulsed 

microwave system is shown in Figure 8. The microwave power 

·supply is a modified General Electric SCR~584A Radar Unit, with 

general pulse characteristics: (1) duty cycle range of 0.001 to 

0,002, (21 pulse width_ range l.O to 3.0 microsecond, and (3) ·1 KHz 

pulse repetition rate (.prr). Three frequencies are currently 

available by choice of tuned magnetrons, as shown in Table I. 

The peak, and therefore the average, microwave power delivered 

to the exposure plane in the far-field zone is continuously 

variable by appropriate choice of systems of fixed and variable 

attenuators, air- or water-cooled dummy loads, and directional 

couplers. The duty cycle range can be extended to 0.003, with 

a corresponding change in average power and degradation of pulse 

shape. The pulse shape, duration, magnitude, and repetition 

rate are monitored by a crystal detector and oscilloscope 

(Tektronix, model 7603). Three standard gain horns and couplers 

are permanently mounted inside the chamber (exterior to the 

Echosorb) to permit rapid interchange between the available 

microwave frequencies. Although not currently in use, the design 
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TABLE I. 

SCR-584A Modulator Characteristics 

TUNED MINIMUM PEAK . PULSE 
HORN FREQUENCY FREQUENCY POWER FROM WIDTH DUTY 

BAND MAGNETRON (Waveline) RANGE (GHz) (GHz) SCR-584A V4Sec) CYCLE 

s 2J34 299 2.700-2.740 · 2. 736 240 kW 1.0 0.002 

C 7156A 399 5.450-5.825 5.625 250 kW 3.0 0.0012 

.xB 7111 599 8.500-9.600 9.412 200 kW 2.75 0.0013 
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of the chamber per~its simultaneous exposure with either of 

the frequencies listed in Table J (pulse mode), and any 

frequency in the range of 2.0 to 4.0 GHz (pulse or CW) by 

utilization of a 100 W TWTA (MCL, model 10482 or TEM, model 

70110) system in a configuration similar to that described 

for the microwave facility located in Bldg. 452. 

3. Animal Care Facilities. A separate room, adjacent to the room 

in which the chamber is locat~d, is used as a holding facility 

for a limited number of experimental animals, currently 16 

rabbits. A mixture of fresh and recirculated temperature and 

humidity-controlled air, from the main room, is supplied to 

the animal room. A wall mounted exhaust fan is vented directly 

outdoors. The lighting of the room is controlled by automatic 

-timing clocks. The room meets or exceeds the requirements 

outlined in "Guide for the Care and Use of Laboratory Animals" 

and ''Gui:de for Laboratory Animal Facilities and Care." Only 

one species of animal (mouse, rat, or rabbit) is housed in the· 

room at any one time. 

II. Exposure Measurements 

Five independent methods to determine microwave exposure are used. 

These are: 

A-1. In Bldg. 452: 

Oscilloscope measurements of the signal generated by the microwave 

signal generator, with subsequent calculations of microwave.ampli

fi_cation and losses in the TWTA, calibrated coaxial cable, dual 

bidirectional coupler, coaxial-to~waveguide coupler at the horn, 

and the (approximately) inverse square decrement with distance 

:.~, 
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in the far-field zone. 
A-2. In Bldg. 1280: 

.• __ . Oscilloscope measurements of the signal generated by the individual 

magnetrons, grid and plate voltages, with subsequent calculation 

of microwave amplification and losses in the directional couplers, 

attenuators, calibrated coaxial cables, coaxial-to-waveguide. 

coupler, horn, and the (approximately) inverse square decrement 

of power with distance in the far-field zone. 

and in both facilities: 

B. Thermistor bolometer measurements of forward and reflected power 

(read on Hewlett-Packard model 432A power meters), with appropriate 

corrections for losses in the coaxial bidirectional coupler, fixed 

attenuators, coaxial-to-waveguide adaptor, and (approximately) 

inverse square decrement in the far-field zone. 

C. Power measurements from a small dipole antenna, mounted on a 

motor driven X-Y plotting table, and read directly on an X-Y 

recorder with the antenna placed in the target plane in the 

far-field zone. 

D. Standard gain horn power measurements (read on a Hewlett-Packard 

model 432A power meter) with the horn placed in the target plane 

in the far-field zone. 

E. Power measurements made in the target plane in the far-field zone 

by Narda broad-band isotropic probes (models 8323 and 8321) with 

the Nard a radiation monitor (mode 1 8315A}. Va 1 ues measured with 

the Narda system showed excellent agreement when compared with 

the NBS-developed isotropic probe and associated read-out. 
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All five methods are utilized during the initial calibration and 

periodic re-check of field parameters for each microwave frequency and 

exposure intensity required by experimental protocol. The values are 

required to agree ·within experimental error before release of the chamber 

for experimental use. Altho~gh all five methods are utilized in the 

characterization of the microwave exposure levels,items C, D, and E 

are used primarily to map the exposure field distribution- in the target 

plane, while items A and Bare used to monitor the exposure levels 

during animal irradiations. All field measurements are made with and 

without animals, and/or animal holding (restraint) devices, in place 

to determine the magnitude of the field perturbations. Field perturba

tions were kept to very low values by optimum placement of animals. 

III. Dosimetry 

The primary dosimetry, absorption of irtcident microwave energy, 

is accomp 1 i shed by core temperature (rec ta 1) measurements (1) during 

exposures usil')g a liquid crystal fiber optic temperature probe, and 

(2} pre- and post-irradiation temperatures, taken within 1 minute 

before and after animal exposure, using a thermistor probe (Yellow 

Springs Instrument Co., model 43TC). 

IV, Calibration 

All instruments and electronic equipment are externally tested 

and cali.brated by the Electronics Calibration Laboratory of the NSWC/DL 

on a frequent and periodic schedule. 
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Personnel Safety 

Strict adherence to the safety program by personnel involved with 

the non-ionizing radiation facilities is required. The safety program 

is based on personnel training. and restricted acoess to exposure areas. 

All facilities are locked and keys or combinations to locks are restricted 

to appropriate personnel within the Detachment. Servicing of equipment 

with high voltage components is permitted only with two, or more, qualified 

people present. Exposure to soft X-rays, produced by microwave generating 

equipments is monitored by individual and environmental film badges. and 

is minimized by uti'l ization of appropriately shielded generators with 

safety interlocks. No female personnel are permitted in those areas 

where the potential of ionizing radiation exposure exists. All sites have 

been surveyed and meet, or exceed,the U.S. Navy HERO Program requirements 

of permissible electromagnetic radiation leakage. 



Personnel Responsible for the Development and Operation of Electronic 
Systems 

Guidance, supervision, and assistance in the design, development, 
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and construction of our exposure facilities, the electronic systems, and 

the shielded chambers has been generously suppHed_by personnel of the 

Special Applications Branch, Weapons Divisio~ 1and the Research Branch, 

Electromagnetic Vulnerability Division,of the Advanced Systems Department, 

Naval Surface Weapons Center, Dahlgren Laboratory. Some of the personnel 

who have been directly involved include F. Rose (Ph.D., Physics and 

Electrical Engineering), K. Baile (M.S., Physics), R. Gripshover (Ph.D., 

Physics), and H. Odom (M.S., Physics) who were responsible for the HPP 

pulsers; and L. Lawton (M.S., Electrical Engineering and Systems Engineering), 

LT E. Prince, MSC, USNR (M.S., Physics; who was assigned to our Detachment, 

currently attending graduate school toward a Ph.D. in Applied Physics), 

and R, Amadori (Ph.D., Electrical Engineering) who were responsible for 

the microwave equipmentJ and T. Hayes who assisted us in performing the 

HERO surveys on all equipment. The current program also includes J. Hosszu 

(Ph.D., Physics), Z. Glaser (Ph.D., Chemistr1 and former Navy electronics 

(radar) technician), G. Chin (former Air Force communications electronics 

technician), and J. Rice (.former Oak Ridge National Laboratory electronics 

and instrumentation technician). 
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SCHEMATIC REPRESENTATION OF HPP PULSER DEVICE (MODEL 1) 
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Figure 2 
WAVEFORM OF HPP PULSER DEVICE (MODEL l) 

LOCATED IN 11 SEA-VAN 11 TRAILER 
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Figure 3 
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Figure 5 

SCHEMATIC ~EPRESENTATION OF MONOPOLE ANTENNA 
RANGE HPP PULSER DEVICE 
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Figure 6 
FLOW CHART REPRESENTATION OF MICROWAVE FACILITY IN BLDG. #452 
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Figure 7 

WAVEFORM OF ELECTROMAGNETIC RADIATION PULSE FACILITY 
LOCATED IN BLDG. #452 
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Figure 8 
FLOW CHART REPRESENTATION OF MICROWAVE FACILITY IN BLDG. #1280 
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ANIMAL CARE FACILITIES 

The animal care facilities of the Naval Medical Research Institute 

Detachment are full-y accredited as a "Group i- Facility" by the American 

Association for Accreditation of Laboratory Animal Care (AAALAC). Approx

imately 500 ft2 of space is devoted to animal hous~ng and service area. 

·The average daily anir;;a1 population during 1975 con5isted of:· 250 mice, 

SI 

20 rats, and 50 rabbits. Facilities available include: receiving, quarantine, 

iso latfon, surgery, food and bedding star.age, an -automatic cage washer. and 

· sterilizer for equipment, and access on Base to an incinerator for the 

disposal of carcasses. Additionally, COL William Pryor, USAF, VC (DVM), 

head of the Veterina~y Medical Sciences Department at NMRI, has made 

. available to us the services of his department, ineluding the services of 

Dr~ Richa·rd.·Bradbury (MAJ, USAF, Ve) on a regular basis, and the facilities 

at NMRI for necropsy, roentgenography, use of his laboratory and personnel 

~s needed) for the diagnosis and control of animal diseases, and ane~thetics, 

· other medications, food, bedding and miscellaneous supplies and equipment. 

Attached is a copy of a portion of our annual report to the AAALAC 

submitted at their request in November 1975, and transmitted via Dr. Pryor 

· at NMRI. 
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· ANIMAl CARi: P~O$RAM FO~ 1 C)~ 

. Inclicat-: for the reporting year additional information or comments on: 

a. Changes in organization structure: We became a Detachment of the Naval Medical Research Institute, Bethesda, Md.,_in May, 1975. Since that time we have been receiving regular veterinary support directly from Veterinary Medical Sciences Department, r;t·'.RI. Richard Bradbury, DVM (MAJ, USAF, VC) has been working closely with us on.a weekly basis. 

~-
b. Addition or deletion o! cqwp::ncm: We recently gained an additi anal · 1 aboratory, and added new animal housing and care area in connection vlith the new laboratory. Ventilation/heating/ A/C improvements were·made to our existing animal facilities. Additional operating room and surgical equipment were added,and stereotaxic equipment obtained. Additional rat, rabbit~ and mouse cages were also obtained. · 

c. Availability and utilization of employee training programs: Two technicians sent for one week of i ntens i\ training each in the Veterinary Medical Sciences Department of the Naval Medical Research Institute, under the guidance of Dr. Bradbury. Upon their return to this activity, the two trained technicians ·instituted training of our personnel. Additional fonnal la~ animal technician training is being arranged for one technician._ 

d. l,fethcds for control of ani.-n=J clisez.se: 
l. Quarantine of all newly received an-imals. 5. Telephone consult with staff of VMSD, 2. Frequent cage, ·water bottle, feeder NMRI, Bethesda, MD changes, and sterilization. 6. Necropsy of deceased animals. 3. Proper food & bedding storage. 7. Culture of suspect organisms. 4. Irrrrnediate isolation of suspect/sick 8. Limited access to animal spaces (authorize 
c. S~pJsm&lpte-op-..rative 2.11d post-o~tivc surgical careG) personnel only)· 
Rabbits are pre-medicated (IM) with ketamine prior to IV.administration of Nembutal anesthes~ Sterile surgical technique is practiced. Post operative surgical care includes frequent observation of the animal. · · 

f. Effectiveness 0£ sani.tation practices: 
Floors:. walls, cages, animal support equipment, etc. cleaned as appropriate. There have been no jnstances of disease or sickness in our animals. 

g. Current personnel health pro~: 
~nnual physical exams (including TB te.sts) of all Detachment personnel. 

h. lndi~tc the current number of equivalent full time animJ.l c.::i.rc tcchnicfans 1.2 

I 

'Animals ere euthanizec by cieccrit&tion or barbitucte overdosE. 
,.. 
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Space Utilization 

A listing of the spaces presently assigned to the NMRI Detachment at 

NSWC/DL includes: 

Total Space Presently Occupied 
Consisting. of: 

Laboratory 
Office 
Animal Housing 
Storage 
Lavatory 
Machinery Space (Auxiliary Electrical Generator) 

3216 ft2 

1818 ft2 
546 II. 

241 II 

398 II 

54 II 

159 II 

This includes Bldgs. #371, #452, Animal Trailer (now called #371-TL-l), a 

Sea-Van, a Radar T-6 Van, and portions of Bldgs. #1280, and #284, as shown 

in the att_ached Figures. 

Two trailers, each 20' x 40', will add an additional 1600 ft2 space 
. . 

. when their placement and reconditioning is completed. The new space will 

be approt~oned as indicated below, and in the attached Figures, and combined 

with the present space will total: 

Laboratory 
Office 
Animal Hous_ing 
Storage 

-Lavatory 
Machinery Spaces 

TOTAL 

NEW SPACE 
IN TRAILERS 

931 ft2 
86 

350 
139 

42 
0 

1548 ftZ 

TOTAL 
. SPACE 

2749 tt2 
632 
591 
537 
96 

159 
4764 ftZ 

I' 
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