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Dear Mr. F1et¢her:

Enclosed is a copy of the draft report on the aerial survey of the Neutron.
Products, Incorporated (NPI) facility in Dickerson and the sewage pumping ~

_.station on Muddy Branch Road in Gaithersburg. The survey was conducted in -~ .
‘November 1993 as part of the joint NRC- Mary]and inspection. The Department of -

Energy contractor, EG&G, experienced a delay in producing the report due to -

“problems w1th the aer1a1 photographs.

Please note- that due to limited reproduction capabilities, the aerial

 photographs are reproduced in monochrome. The final report will contain the

photographs in color. We will provide you a copy of the final, but at this

T t1me EG&G has not established a date when it will become ava11ab1e

,Short]y after the Jo1nt 1nspect1on was comp]eted requests for copies of the
report were received from Montgomery County Councilwoman Nancy Dacek,
Congresswoman Constance Morrella and Senator Paul Sarbanes. In response, we
committed to send copies of the draft aerial survey report when it was -
available. We are present]y drafting letters to prov1de each a copy and w111

: prov1de you with copies of these 1etters
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 ABSTRACT

An aerial radiolbg’ical survey was conducted from November 1-10, 1993_,_p\f/ér the Neutron Products.

- Company and neighboring areas. The company, lo;éte‘d in Dickerson, Maryland has two major opera- -

. tions involving of the radioisotope cobalt-60 (6°Co)—the manufac com ial °Co sources and
 the sterilization of medical products by exposure to radiation; The sterilization faci
-':5°Co sources with activities of approximétely 0.5 and 1.5:MCi, respéétively. The pufpose of the aerial

- survey was to detect and document any anomalous-gamma radiation-in the environment which may

have been caused by operatidns of the Neutron Product _Gofr_i "

'%The survey cov’ered two areas: the first was a 6.5- by 6.5-kilometer area centered over the Neutron

Products facility; the second érea y\)as a 2- by 2.5-kilome ounding a waste pumping‘star

tion on Muddy Branch in Gai‘thersburg, Maryla_r_\g._This IS appfoxmately fifteen kilometers souih-’ '

- ducted at the Neutro’ﬁ"‘P’roduc_:vt's.ﬂCompahy’. The measurements over the Muddy Branch area in Gai- "
. thersburg were typical of natural background radiba'tiovn and s'hc')wed‘nd'evidence of 69Co or any other

man-made radionuclide. .
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~ 1.0 INTRODUCTION |

i --An aenal radlologlcal survey was conducted from November 1 -10, 1993 ov" .the Neutron P’roduots

‘ Company and nelghbonng areas. The company, Iocated in chkerson ryland, is a source produc-

tion and |rrad|at|on fac:hty whxch uses cobalt-60 (6°Co) as |ts pnmary oaétive iSotope. The p‘urp“o_se N "

5 of the aerlal survey was to detect and document any anomalous{ amma radlat which rnayihavé -

(EG&G/EM) Wthh operates
t of Energy Nevada Operatrons

isto malntaln and manage the

'anufacturing and irradiation faciility-ilo_c'ated ahout thirty-five kilo-
., in-Dickerson, M'ar‘yland; Two rnajor operations are conducted

at the site: the manutfactur of-'chmerCia‘l 60Co sources and the sterilization of medical products by

expos"Ure to radiation. The sterilization faoility consists of two 69Co sources, with'activities of approxi- -

mately 0.5 and 1.5 MCi.



_ srsted of gently rollmg hills bordered by the Sugar Loaf mountaln to the n

' r'nocks. Several creek_s are within the survey area, the most no

| which flows near the Neutron P_roducts Company.

tron Products’ Company had been dispo:

- The AMS surveyed two areas near Dickerson, Maryland The first reglon shown in Frgure 1 was a

6 5- X 6 5- krlometer (4- X 4 mlle) area centered over the Neutron Products facrllty The terram con- N

1 h and the Monocacy- and
Potomac River dramage basrns to the west. The area is rural wnth f nd tree-covered hurri-' .

tie Monocacy River

2- % ,2».V5‘-k:-iiometer (125-x
chin Gaither"shurg, Marylan'd. it
Waste material 'fro'm th'e}.Neu.?_
ih'e.av.ily deveIOped urba_h |

area. -

ary sources: radioactive elements present in

ays of‘ex_t'raterr'estrial origin. Natural terrestria_l radiation levels

v de_pendIUpon ' ) rock irrirhediately below and surrounding the point of measure-

‘ment. In. B sels also depend on the nature of roadway and construction materials.

primarily from the radioactive decay of elements naturally found
in the soi ( ' oactive potassrum and lsotopes produced inthe uranlum and tho-‘ '

rium decay charns In-general Iocal concentratrons of these rsotopes produce radratron Ievels at the )

surface typrcally ranglng from 1 to 15 uR/h (9 to 130 mrem/yr) 2 Areas with hrgh uramum and/orthonum

_ concentratrons may exhrbrt shghtly hlgher Ievels



One element of both the uranium and thorium radioactive decay chains is radon, a noble gas which B

can both diffuse through"soil end travel through the air. Therefore, the level -'.Qf airborne radiation due

"“to radon and its daughter products depends on a variety of factors for a ven location, including for .
" _example, meteorolbgical conditions, mineral content of the soil, and

borne radiation from radon and its progeny contributes from 1 to.: Ppercent of the natural background -

radiation levels. "~ -

e Cosmic rays interact with elements of the earth’s atm ducing an additional soUrCe -

of gamma radiation Radiation ’lev‘els due to cosmic ra altitude from 3.3 pR_/h at sea 'leVel.
1012 uR/h at an elevatlon of 3 000 meters (10,000 feet) 3 The ic ray contribution in the s'ur'\_/ey '

‘area is estlmated to be about 3. 7 kR/h.

4.0 SURVEY EQUIPMEN

~ spectral T : opleth contour maps of éxpostire rates and isotopic intensi-

. ties..

The Mess‘ersChm'itt- B ohm (MBB) BO 105 hehcopter shown in Frgure 2was used asthe aerlal
platform The hehcopter camed a crew of two and the Radnatlon and Envrronmental Data Acqursmon

' 'and Recorder MOde_l W, (REDAR IV)_ s‘ystem.‘de detector pods, each con’taimng‘ four 2- X 4- X

ermeability. Typically, air- =



e The voltage pulses prod_uced through the interaction of gamma rays wit

 ground-based minicomputer system. )

v Helicopter position was established using twa:systems
: "signa'ls generated by a co

- stationary ground unit:

of the ground station

16-inch (downlookihg) andone2- X 4- x 4-inch (uplooking) log-type thalliurh-activated._sodium iodide”

 Nal(T! ) scintillation detectors, were mounted on the side vlanding skids of the helicopter. -

e‘NaI(T 1) crystals were ana- g

data are recorded at one-second intervals on magnetic .tapes for post-flight analysis on a

Real-time Differential Global Positioning

System (RDGPS) and a radar altimeter. The RDG ‘aranging system which uses precise timing

is calculated ar

*The accuracy of the GPS is dehberately degraded by the Department of Defense Whlle in an operational mode called
“Selective Availability” or “SA,” a pseudo-random error is added 16 the satellite timing signals. S/A is deS|gned to deny
hostile forces the precnsnon posmonlng abmty of the GPS. -



s iO,.Sl'me't-er‘(z feet) or’ + 2%, whichever is greatef. -

. The position information from the RDGPS sy_stem and radar altimefé: s simultaneously recorded

' time of a signal refiected off the ground. For altitudes up to 600 meters, the accuracy of this system

printer and three graphics terminals with hardcopy units. This systemv has-an éxtensive.libréry of

software rpu’_nnes availabl Q‘r:jcovmplet‘g;dqgg processing in the field.

5.0 METHODS OF AERIAL DATA ANALYSIS = R

The ’aerial radiation data generally consist of CCntribptiOn_s from nat_urallyaoccurrihg radioisotopes, air- -

borne radon, cosmic rays, and aircraft-related gamma radiation. For this survey, the major emphasis



‘methods discussed below. ,'

5.1 Gross Count

“The gross count method is based on the integral countin

" between 38 énd 3,026 keV:

~ rays, airborne radon, and aircra

 eral altitudes over the survey

was placed on the detection of anomalous gamma radiation in the ‘environment surrounding the Neu-

_t‘ron" Prc)dbcts COm‘péhy’: I's:oplé'tﬁ maps Weré produced by bro’ce»ésing the daté using the extracﬁo’n

in that portion of the gamma spectrum

(0

where C_RGC is the gross éou.hting rate, Eis
cOntain'inQ the number of gamma fays collecte nergy E per unittime. The gross counting
‘r,allte», '.njeasured .in cdqnts per was_qohverted to an expos".ure rate in uR/h '
ata height of 1 rﬁeter ébq

from the documented te
@

olated to 1 meter AGL and CRg( is the gross counting rate

in count s_ecohd at altitude A (meters). The background counting rate, CRgxkg, attribut‘edbto cosmic

lated gamma radiation, was determined by acquiring data at sev-
ea test line. The attenuation coefficient a ir{l:theﬂ exponential term of
'Equation 2 represents the attenuation of the terrestrial background by the étmoéphere’s_air' mass and

was deterhined empirically for the aerial system at the survey site by taking data at different altitudes -
6



_ranging from 46 to 300 meters (150-1,000 feet) over thé;urVéy_ area test li'n,es’._The value measured o

for the aerial system was:

@ =000634 m-1 @

At the 46-meter survey altitude, Equation 2 now becomes -

ER = '(CRGC — CRexc ),

~ o3 @

eters at the altitude of 46

de higher fof a localized point

source since the AMS averages all sources over :
_ sum includes all naturally-occ mma rays fror botassium,vuraniun_'n, thorium, and their decay

osmic rays, aircraft equipment; and man-

in areas where the natural radiation background varies.dug to geologic or ground cover changes. For.

example, the survey area’s natural background (including a cosmic ray contribution of 3.7 uR/h) was

7



- foundto yai'y from 7 to 11 'uR/h by moving several meters from woodlands to a developed area. Differ-

N ehtial 'energy methods can be used to increase the'ﬂsehsitii/ity of the AMS to gamma ray efnitte‘rs.

- A man-made gross count (MMGC) algorithm has been designed to

| in spectral shapes u_Sing differential energy methods. This algorithm takes advalnté'ge of the fact that

while background radiation levels often vary by a factor of two or. more within a surve

pecifically,

ground spectral shapes remain essentially constant. M e ratio of natural components

in any two integral sections (windows) of the energy in nearly constant in any given

_area:

)

;

result in a much larger gross cour

gh energy regions wa hosen to Iie‘betwéen the 89Co 1,333 keV peak and the potas-

sium-40 (40K) peak at 1,460 keV.

In practice, a value of the constant K defined in Equation 5 is obtained from the natural terrestrial back-

ground of the survey area:

——r——— - - R

e the presence of changes =~



. (6)

lows a compari-

o

rays. In general, CRimcc Will vary
numbers of gamma rays with

~ - energies between 4 and b.

For the Neutron Products survey alue of the constant X in Equation 6 was determined and Equa-

tion 7 was applied to the.

I

1394 keV o | &
= 3026 keV | '

Note thatan energy value of 1,394 keV was chosen as the dividing point between low and high energy

regions. This value was used instead of the 1;400 keV discussed earlier for computational reasons.

The MMGC algonthm IS desngned to respond to a wnde range of nuchdes and, therefore is quite gen-

eralin nature. Its sensntnvnty to specific nuclides i is less than optimal. The next sectlon descrlbesmore

sensitive algorithms for the deie_Ction of specific nuclides.



~ two- and three-window strips. Although gamma rays emit‘ted fro

_-.’ene_rgiés, the detector and 'electrOnic systems used in the mea

- The two:

5.3 Isotopic Extractioné.—WindoWing Methods

The determination of an individual isbtope’s contribution to the gross exposug’e rate requires an algo-

: vrit'hm‘ that can identify a specific photopeék’s counting rate. The simplesﬁ of these algorithms are the '

(o)

%

value e_nsures'"'::ﬁat'.fhére than 9 -of the total photopeak counts are contained within the window. -

‘“:ir]dow stripping method.a;_s"sumes that the photon counting rate from a spediﬁc_ isotope can. -

m the sum of cé"__:_ ts in the energy window minus a scaled background contribution. -

An example of this:is Vg'iven in?igdre 4, which shows typical source (labeled A) and background (B) '

- windows used to extract the photopeak. The bac:kgrouhd-correctéd photopeak _c'ount‘ing rate, CRw, . .

is given by: _

10



. CRy= Y SEY-K)SE) @1
B S - SR

12

Note that, except for differences in the choice of the limits a-d, CRy i$ identical in form to the CRMMG(f |

- defined in Equation 7. Idéally, the choice of the a and.b limits ' ation 11 would be the energy limits

ofaand bto avoid intérfer’-

. the contributions fro sent in the backgrdund data from which K was

~ derived. Therefore, ath ripping algorithm has been deVeIoped in Whichv‘tvh‘e background-
- corrected ph

)

1



_peak. The limits c-f represent the energy limits of the two “background” windows. Figu
- _ example ofa typrcal three- wmdow setup. The photopea

o ground wmdows are glven by B and B’.

6.1 Terrestrial Gamma Exposure Ra

e ZSBKG(E)
.‘ K E=a

- . |
> SBKG(E) ¥ Z SoxolE) -
E=c

_E=e

a4

'As with.the two-window strip; the limits a'and b represenf the energy window.':»lin'ﬁts about the photo-

 shows an

dow is designated as A, wh_iie the back-
6.0 RESULTS

Products survey area are shown in the form

ntours include an estimated cosmic ray con-

" on the hrgher eIevatlons to the east. The land area in the survey reglon appeared to have a unlform-

background actlvrty from 7-11 uR/h. A gamma ray energy spectrum typical of the natural radlatron.

background in the survey reglon IS shown in Frgure 7

12



~ -AMS averagss all sources over a comparatively large area.

: radiation levels shown are typical of natural background activity

62 Man-Made Gamma Emitters

. Exposure rates excee_dihg 1,300 pR/h were measured directly over the Neutron Products facility..

" These values could be one to two orders of magnitude higher for a localized point source since the

The terrestrial gamma exposure rates within the Muddy Branch nin Figufe' 8. Thvééef'v;

aerial data for man-made emit-

adioisotopes were detected in the

the Neutron Products Company facility. No 6°Co was detected at any distance greater than 300 me_térs |
(1,000 feet) from the center of the facility. A gamma ray eriergy spectrum collected over the plantis

showhv in Figure 10.

.13. 



The 89Co isotope search performed over the Muddy Branch region found no evidence of 80Co within

the survey area.

7.0 CONCLUSIONS

. 'An aerial radiological survey was conducted from November 1-10, 1993, over the Neutron Products-

- ducted at the Neutron Products Company. The_ffl

- thersburg, Maryland; were typ

~ or any other man-made radionuclide.

14



I FIGURE 1. USGS MAP SHOWING THE AREAS SURVEYED FOR ANOMALOUS GAMMA RADIATION . o



FIGURE 2. MBB BO-105 HELICOPTER WITH DETECTOR
PODS :
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FIGURE 9. ISORADIATION CONTOUR MAP SHOWING 59Co ACTIVITY IN THE NEUTRON PRODUCTS SURVEY AREA
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St

. Survey Site: Neutron Products Compa

© ‘Survey Location: - 39°13'20"N 77°25%

- Survey Date:
Average Ground Speed
| Line Direction:

" Detector Array:

“Acquisition S

Project. Scientist

DataP

. APPENDIX A

 SURVEY PARAMETERS

. .Dickerson, Maryland

Survey Areas: ' Neutron Products: 42 km2 (16.5 mi2)

Survey Altitude: | ‘

_Line 'Spacing: .

Number of Linés:

Aircraft:

nergy Window: 38-3,026 keV '
Factors: 933 cps/(kR/h) at 46 m

25



 REFERENCES

Norelius, C. Private communication, NRC Regio'n I, 1993."

al Variations in
gs of the Second

: ‘Llndeken C. L KR. Peterson D. E Jones, R.E. Mchllen “‘Geo
Envnronmental Radiation Backgrounds in the United Stat
International Symposium on the Natural Radiation Enviror _

' Texas. National Technical Information Service, Unit er _merce,- :
Springfield, Virginia, 1972, pp 317-332. '

. Klement, AW., C.R. Miller, R.P. Min, B. Sherlen. Estima
" United States 1960-2000, U.S. EPA Report OR

Mohr, R.A. Ground Truth Measurements at the C
- 'EGG-10282-2066. EG&G/EM, Santa Barba



'DISTRIBUTION

'NRC/HQ

" E.D. Weinstein © (1) -
. NRC/REGION |
 P.D. Kauiman )
DOEDP
" L.E. Gordon-Hagerty (1)
"O.W. Taylor - (1)
DOEHQ

T osTI

(@5

' DOENV
- .M.R. Dockter

DDE@
Te I

" C.A. Santill

- EG&G/EM

. Doyle
. Shipman
. J. Tipton
. Vojtech
.H. Zavattaro

. LIBRARIES
TR

TIC
WAMO

AN AERIAL RADIOLOGICAL SURVEY OF THE - - ’
NEUTRON PRODUCTS COMPANY

EGG 11265-1081

AND SURROUNDING AREA
DICKERSON, MARYLAND

DATE OF SURVEY: NOVEMBER 1989
DATE OF REPORT:. OCTOBER 1994

Sy

(-

)
~ LVAO
WAMO (1)
LVAO (1)
WAMO (1)
LVAO (1)

(80)

(-



: unneosnuts :
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555-0001
December 16, 1994

Mr. Roland G. Fletcher, Administrator
- Radiological Health Program
Air and Radiation Management Administration
‘Maryland Department of the Env1ronment
2500 Broening Highway
Baltimore, MD 21224

Dear Mr. Fletcher:. )

Enclosed is a copy of the draft report on the aer1a1 survey of the Neutronv
Products, Incorporated (NPI) fac111ty in Dickerson and the sewage pumping
station on Muddy Branch Road in Gaithersburg. The survey was conducted in

- November 1993 as part of the joint NRC-Maryland inspection. The Department of
Energy contractor, EG&G, experienced a delay in producing the repnrt due to

, problems with the aer1a1 photographs. _

© Please note that due to limited reproduction capabilities, the aerial
photographs are reproduced in monochrome. The final report will contain the
photographs in color. We will provide you a copy of the final, but at this
time, EG&G has not estab]lshed a date when 1t will become ava11ab1e

~ Shortly after the joint 1nspect1on was comp]eted requests for copies of the
report were received from Montgomery County Councilwoman Nancy Dacek,
Congresswoman Constance Morrella and Senator Paul Sarbanes. In response, we
committed to send copies of the draft aerial survey report when it was

~available. We are presently drafting letters to provide each a copy and will
prov1de you with copies of these letters.

If you have any questions about the report or our response to the requests,‘
please contact me or Mr. R1chard L ~Blanton of my staff at (301) 504-2322.

S1ncere1y,

Paul H. Lohaus Deputy Director
Office of State Programs

" Enclosure:
As stated



