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SDERAFT

DORF EXPOSURE ROOM SURVEY

1. Background

1.1 During the period of 1961 through 1977, an Army Research Laboratory
predecessor organization, Harry Diamond Labioratories, owned and uporaled o TRIGA
nuclear research rcactor in & dedicated facility known as the Diamond Ordnance Radiation
Facility (DORF). During the period of 1977 through 1979, the DORF wag
decommissioned, and released for unrestricted use. The DORF building has since been
used as a radioactive waste storage area by the Walter Reed Army Medical Center
(WRAMC). The building is now owned and operated by the Walter Reed Army Medical
Center,

1.2 During }1996, the Army Reactor Office (ARO) at the U.S. Army Nuclcar and
Chemical Agency began a review of documents regarding all Army reactors, past and
present. Of concern was whether DORF was decommissioned in a way that complies with
today's decommigsioning standards. ARO's review of DORF final survey documentation
indicated that although the gamma radiation levels compiied with the deconmissioning
criteria of 1980, they might not comply with today’s standard. The request for survey at
Encl 1 was therefore sent to ARL,

1.3 ARL therefore planned and conducted this survey. To minimize the cost io
the Army, all survey planning, area gridding, and measurements were conducted by Mr.
Michael Borisky, the ALR Health Physicist, “the ARL Kadiation Conirol Committee was
also used as a planning resource. A review of Rockwell's DORF Decommissioning
Program Final Report (Encl 2) and nssociated surveys was first conducted to determine
what types of surveys were conducted in the past, and what type was needed now. The
results of the review, atfached as FEnel 3, indicated that past survey efforts are sufficient to
demonstrate compliance with all of today's requirements except the criteria requiring that
the gamma dose rate at one meter from surfaces not exceed background by more than 5
urem/hr, Since it was possible that the gamma survey would demonstrate compliance with
the gamma levels, the survey was approached and conducted so that it might eventually
serve as a final survey.

1.4 Alihough tlis survey encompasses only a simall portion of the
decommissioning and survey cffort, an attempt will be made to follow the final report
format recommended by the Nuclear Regulatory Conunission in NUREG 5849, Jn this
way, it is hoped that this report will be more complete and informative. 1f the reader seeks
a greater level of detail on past information, it is reque\ied the reader study the referenced
and enciosed past documents and reports.

2. Site Description

2.1 Review of the decommissioning report and associated survey- indicates that the
only arca of concern is the exposure raom, The exposuse room is a concrete structure
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surrounded by soil, with a tunnel leading into the exposurc room from the south side. The
tunnel had previously been equipped with a rolling concrete plug door that was inserted
into the tunnel during reactor operation.

2.2 Outside the tunnel is a general area where WRAMC short half-life radioactive
waste is now held for decay. Also located outside the tunnel is o shiclding pig that houses
a Cs-137 calibration source, identification number 137-Cs-002, Inside the exposure room,
located along the west side of the exposure room, is a cold room used to hold animal
carcasses contaminated with short-lived radionuclides. Directly above the exposure room,
separated by approximately 10 feet of earth/concrete shielding, 13 a low-level radioactive
waste staging and packaging area. And at one end of the staging and packaging areais a
fume hood where old liquid radionuclide sources are stored awaiting disposal.
Mecasurements of all these sources indicated that due to geometry, shielding, activity, and
decay, none of these sources were capable of significantly interfering with the
measurement of gamma lovels inside the exposure room.

2.3 The mterior surfaces of the exposure room are mostly concrete, in some
places covered with a thin layer of phenolic impregnated paper. On certain portions aof the
walls and cciling, the concrete had been surface excavated during decommissioning
removing 0 to approximately 12 inches of severely neutron activated concrete. The
poriion of the east wall, ceiling, and floor that intersected with the reactor pool had been
completely removed and replaced with new concrete.  The portion of the reactor pool
volume behind the east wall and above the ceiling had been backfilled with concrete rubble
front the denolition of the reactor pool paraper . -

2.4 As mentioned earlier, a cold room was present along the west wall of the
exposure room. The cold room rendered the concrete surfaces of the walls, floor, and
ceiling along the west side of the exposurc room inaccessible. Because the cold room was
constructed of very low density materials (aluminum sheet metal filled with styrofoam
insulation), and because the cold room walls, ceifing, and floor were within 1 meter of the
test cell concrete surfaces, measurement through the cold room walls ceilings and floor
was possible and considered technical feasible,

3. Operatins History

3.1 Aspreviously mentioned, the DORF building housed a TRIGA Mark F
reactor which operated from 1961 until 1977, During that period, the reactor was used to
generate neutran environments in the exposure room where the effects of nuclear radiation
on clectrical, chemical, and biological systems were studied. In the process, the neutron
environment activated the concrete and posmb]y the remf'orcernent bar in the exposure

. room and reactor pooi concrete, :

3.2 Decommissioning began in 1979 and was completed in 1980. As part of the

decommissioning effort, highly neutron activaled voncrete in the exposure room and
reactor pool was either removed, or surface excavated, Core samples of concrete were
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taken for isotopic analysis. There is no indication that samples of reinforcement bar were
taken for isotopic analysis. Also as part of the decommissioning effort, a final survey of
building surfaces, water, soil, and vegetation was conducted.

3.3 In 1980, the U.S. Army Environmental Hygiene Apgency conducted a close-
out survey of the facility, and found that the facility conformed to the requirement of
Nuclear Regulatory Commission Regulatory Guide 1.86 for unrestricted release of the
facitity. The license for the reactor wag therefore terminated,

3.4 Shortly following the license termination, the facility was transferred to the
control and ownership of WRAMC. The WRAMC Health Physics Group has been using
the facility as a low Jevel radioactive waste holding, staging, and packaging area ever
since. These rad waste operations have been covered by WRAMC's NRC licenses 08-
01738-02 and DARA 08-01-97. In the exposure room, which is the subject of concern for
this survey, 1ad wasle operations have been limited to holding animal carcasses and
radiotherapy wastes in cold storage for radioactive decay or shipmeni. Radioisotopes
involved included primarily H.3, C-14, 1-125, §-131, Cr-51, Ce-111, and 8¢ 16,
Radioactive wastes held in the cold room or test cell were generally contained or enclosed
in plastic bags, or containerized in 55 pallon drums. Weckly surveys by WRAMC Health
Physics verifies the absence of radiological contamination in the exposure room from these
rad waste operations.

4. Decommissioning Activities.

4.1 Previous decommissioning activities are described in Rockwell's DORF
Decommigsioning Program Final Report (Encl 2) . This cffort is limitcd to a gamma
radiation survey of the exposure room. The objective of this survey is to detcrmine
whether the gamma radiation levels in the exposire roam meer today's standards.

4.2 Surveys conducted by Rockwell after decommissioning included removable
and fixed contamination mecasurement on concrete both inside and outside the exposure
room, as well as neutron activation sampling of exposure room concrete. Air monitoring
was conducted in the exposure room and high bay area during decommissioning activities.
Radiation levels were found to be within limits for unrestricted release. As stated in Encl
3, the fixed and removable suiface sontanination clean-up Himits that were applied meet
today's imits. The water, soil, and vegetation were found to be contamination free,
Tnterior surfaces were found to be free of remavable contamination, with any fixed
contamination present within fimits,

4.3 Rockwcll's pre and post clean-up contamination surveys did indicate
significant neuatron activation of the exposure room concrete and reactor pool concrete.
The post clean-up levels at 1 em from the surfaces indicated about 100 urad/hr over
relatively large areas. Core samplcs indicated the presence of Co-60, Eu-152, and Eu-154
in the concrete, at concentrations of about 10-100 pCi/gm. Again, activation in the
reinforcement bar was apparently not assayed.
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4.4 The AEHA survey at Encl 4 also included surface wipe tests, concrefe, water,
soil, and vegetation analysis. The conclusion the of survey was that the facility conformed
to the requirement of NRC Regulatory Guide 1.86 for unrestricted release. As pointed
out by ARO in Encl 1, the AEHA survey also found radiation levels as high as 400
micraroenigens per hour in the exposure room. AR further pointed out that even
allowing for normal decay of the radioactive contamination, this fevel indicates that the
DORF exposure raom might remain above the § urem/hr (above background at one
meter) current standard for decommrssnoned facilities,

3, Survey Procedure

5.1 To address the concerns of the ARO, the exposure room was surveyed for
comnpliauce with the new § urenv/hr decommissioning criteria. The survey was planned
and conducted to meet the requirements of NUREG 5849 for a final survey, so that if the
criteria was met, no further surveying would be necessary. As surveying of the exposure
room began, it became evident that the 5 urcnv/hr criteria would not be met, and that the
survey would therefore not serve as a final survey, buf rather a scoping or
characterization survey. Jt was therefore unnecessary to survey every originally planned
location,

5.2 Migrorem/hr measurements were made at approximately 36 inches from the
floor, ceiling, and wall surfaces in the exposure room. Given that the activation of the
concrete created a planar source of radicactivity (as evidenced by the concrete surface
excavations), the difference between 36 inches and onc meter was not considered a
significant vartable to gamma levels expected. The use of 36 inches instcad of one mefer
aided in systematically gridding the exposure soom  The tdentity of vadionuclides
presenting the gamma radiation levels were not considered important for the purposes of
this sirvey.

5.3 Becausoe it was know that radionuclides were present in the exposure room
concrete as a result of reactor operation in the past, the exposure room was considered an
"affected area”, and surveyed accordingly.

5.4 Grids weie establishoed on the walls, ceiling, and floor. Grid sizes were less
than or equal to 36 inches in size. Where possible, grid corners were marked permanently
on the surfaces with paint, for future reference i neeessary. Grid locations were
transferred to the inside of the cold room as described earlier. Reference Encl 5 for a
scale drawing of measurement locations, which were actually the grid corneis.
Measurcment were taken at approximately 36 inches from surfaces so that in corners, a
single measurement would serve as a measurement point for more than one surface. For
this reason, a single measurement may be associaled with 2 or 3 measurement location
designators.
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5.5 Twao areas were chosen as reference areas to establish background gamma
‘radigtion fevels,

5.5.1 The rolling door alcove, located outside and opposite the exposure
room entrance tunnel, was chosen for two reasons. First, like the exposure room, it i
subterrancan, with 2 and. 3 planc corners. Secondly, it was most probably constructed of
with the same building materials as the exposure room. The disadvantage of door alcove
is that being located within the facility, and being associated with present and past
WRAMC rad waste operations, it might be subject to some concern as to whether it
would serve as a suitable reference area. See Encl 6 for a scale drawing of the door
alcove, and originally planned measurement locations. Like the test cell, the area was
gridded. To account for any effect that 2 and 3 plane corners might have on background
levels, measurement locations were chosen so that the percentage of measurement in 2
and 3 plane corners would be approximately the same as in the exposure room,

5.5.2 An additional reference area was chosen outside the facility, but as
close as possible to the facility. At the end of the DORF entrance road, a new parking
garage has recently been constructed to serve as a bus stop. Like the exposure room and
daor alcove, the Jower Jevel is subterranean, with concrete walls and floors backed by soil,
This areas was also gridded, and again, measurcment [ocations were chosen so that the
pereentage of measurement in 2 and 3 plane corners would be approximately the same as
in the exposure room. See Encl 7 for a scale drawing of the garage reference area, and
measurement locations,

3.5 A BAIRD microrem/hr portable survey meter was chosen to perform the
measurements. The meter procured was also equipped with a low energy window, which
allows measurement of photons down to 17 keV in energy, The low energy window was

‘not considered necessary for the survey, but was selected for other uses at ART. in the
future. The low energy window was not cxpected to detract in any way from the validity
of the survey, '

5.5.1 Final survey gamma measurements are typically ¢conducted using a
uR/hr meter cross calibrated to a pressurized ion chamber (PIC). The cross calibration is
necessaty because of the severe difference in relative response between Nal and the
pressurized gas with variations in gamima enerpy, Tt s e asswined tal each
microroentgens per hour measured with the pressurized gas in a particular location would
resnit in ane microrem per hour of effective dose equivalent in that location. In an area
where much scattering is occurring, which is certainly the case with the concrete exposure
room, the energy spectrum of photons could vary greatly from location to location, and
might not match that present at the location of cross calibration. For these reasons, ARL
decided to employ-a relatively new technology offered by the BAIRD Microrenvhr meter.

5.5.2 The BAIRD uses a tissue equivalent scintillation detector. The

detector is as sensitive as the Nal uR/hr meter, but offers the advantage that it's tissue
equivalent detector allows direct measurement of effective dose equivalent rates,
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regardless of the photon energy spectrum present at the location of measurement, It is
also lightweight and portable, and eliminates the nesd for cross calibration with the PIC,

which is bulky .

5.5.3 Upon receipt, it was found that on the lowest scale, the fluctvation
of the BAIRD meter needle at background level was such that discerning a reliable reading
would not be possible. Por example, the background reading would typically Quctuate
between 0 and 6 urenvhr. To address this problem, those at Qakridge Associated
Universities reportedly cover the meter face with a hand, quickly lifting the hand and
recording the meter needle position at that moment. ARL decided to employ another
approach.

5.5.4 Coordinating with BAIRD design engineers, ARL proposed
increasing the RC time constant of the lowest scale so that at background levels, the meter
reading would be more stable and discernible, approximately +/~ 20%. A 0,068
microfarad capacitor was recommended by BAIRD, and wired into the Jowest scale RC
circuit by ARL engineers. ARL then tested the meter stability at background, and found it
was discernible, with fluctuations of about +/- 20%. The time required to hold the
instrument in a pariicular location was increased, but for AR purposes. it was considered
a worthwhile tradeoff. The instrument was then returned to BAIRD for re-certification
and calibration, to ensure the modification did not introduce any adverse impacts, BATRD
also installed a switch so that on the lowest scale, the 0.068 microfarad capacitor could be
switched in for static measurements, and out for scanning where fast response is needed.
BAIRD empirically determined rhar in the slow responsc position on the lowest scale, 90
scconds was now required following meter reset to reach 95 maximum reading.

5.5.5 To ensore the proper operation of the instrument on cach day that it |
was used, both before and after measurements were taken, it was battery checked, high
voltage checked, background checked, and response checked as described in Enel 8. The
response check included placing the meter in a S yrem/hr above background field using a
Cs-137 source, and ensuring a net value of § urem/hr was indicated.

- 5.5.6 All measurements were taken between 18 and 23 Mar 1997, well
within 6 months of the 16 Jan 97 calibration date.

5.6 The standard writien procedure at Encl 8 was followed. Quality
asstirance/quality control procedures employed included recording data on a standard
form with ink, daily pre and post instrument checks as described, and the use of scale
drawings of measurement locations,

5.7 The survey planning, layout, measurement, and reporting was conducted by
Michael Borisky. Michael Borisky has been an operational Health Physicist with the Army
Research Laboratory since 1981, during which period he provided technical oversight
over the massive decommissioning at ARL's Materials Technology Laboratory from 1991
to 1996. Michael Borisky holds a M.H.S. in Radiation Flealth from the Johns Hopkins
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School of Hygiene and Public Health. Michael Borisky has attended various NRC
workshops on decommissioning, and in Nov 96, attended a 2 day NRC sponsored
workshop on Radiological Surveys in Support of Decommissioning, conducted by ORISE.
§ It was during this workshop that Michael Borisky learned of the BAIRD tissue equivalent
Microretn/hir meter.

6. Survey Findings

6.1 As mentioned earlier, there was radioactive waste and a calibration source
present during the survey that were not considered a significant contributor to the gamma
radiation levels measured. Tn the event that the net gamma levels measured inside the
exposure room were critically close to the 5 uremv/hr criteria, an attempt would have been’
necessary to remove all sources during the survey. This was not necessary because of the
relatively high gamma levels measured throughout the exposure room. The following is
the rationale used for assessing the impact of the radivactive waste and calibiation svurce
on the survey results:

G.1.1 The reference alcove outside the exposure room tunnel is an area
where short hall-life radioactive waste was being held for decay. On the day that
reference measurements were made in the alcove, gamma levels on contact with the waste
were not significantly above background when checked with the BATRD. Nonetheless,
the waste was moved approximatcly 10-15 feet out of the alcove while the reference
measurement were being made. As can be scen in Encl 10, the average level measured in

- the reference alcove was still less than that measured in the refecence parking garage, and
certainly well below the average level measured in the exposure room. It is therefore
inconceivable that the low level rad waste outside the exposure room could have
contributed to the gamma radiation levels measured inside the exposure room,

6.1.2 Also located outside the tunnel was a shielding pig containing a Cs-
137 calibration source, identification number 137-Cs-002. The gross garoma level
measured with the BAIRD approximately 3 feet from the pig was approximately 4.5
urem/hr. As a point source, geomeiry alone would reduce any gamma levels inside the
exposure room many meters from the calibration source to insignificant levels.

6.1.3 The BATRD was used {0 measue levels on contact with the few
contaminated carcasses and therapy waste in the cold room. No discernible increase was
defected in close proximity to the carcasses or waste, Furthermore, the pamma
measurements were made with the carcasses and waste in the cold room, and only Jocation
F4, where 41 urcavhr was detected, appeared significantly higher thatthe levels generally
mcasured in the cold room. The remainder of the measurements inside the cold room

-were generally lower than in the remainder of the ckposure room, This was perhaps
becausc the test cell 15 located along the wall farthest from where the reactor was located,
resulting in a decreased level of ncutron activation in that portion of the exposure room.
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6.1.4 Directly above the exposure room, separated by approximately 10
feet of carth/concrete shielding, is a low-level radioactive waste siaging and packaging
area. At one end of the staging and packaging area is a fume hood where old liquid
radioisotope sources are stored awaiting disposal. ‘The BAIRD was used to make
measurement in this area. The gamma level measured in the area was generally about 10
urcm/hr, with about 20 urem/hr on the fime hood, and 70 urcmv/hr on a consolidation
drum. Given that the exposure room is shiclded from thesc levels by 10 feet of concrete
and/or earth, and given that the fume hood and drum would appesr ag point sources to the
exposure room, shiclding and geometry would reduce the contribution of these sources to
the levels measured in the exposure room to instenificant levels,

6.2 The raw field data for the surveys is attached as Encl 9. A re-tabulation of the
data appears as Encl 10, (famma radiation levels measured can be summarized as follows:

Area Ranpes (urepn/hin tgan standard deviation
reference garage 26-42 3.2 0.4
reference aicove 19-32 2.3 0.3

- CXPOSUFe ro0m 18-41 28.9 5

6.3 NUREG 5849, paragraph §.5.3 recommends that exposure rates be compared
direutly with the guideline value. The present exposure rate guldeline rypically applied is 5
urcm/hr above background at onc meter. Adding 5 urem/hr to the mean and upper range
value for the referenco garage yields values of 8.2 uremvhr and 9.2 urem/hr respectively.
Adding 5 urem/hr to the mean and upper range valuc for the reference alcove yields values
of 7.3 and 8.2 respectively. These values are easily exceeded by hoth the mean level and
lowest level measured in the exposure room, It therefore appears that the exposure room
concrele still contains residual activation, and that the activation |s relatively uniformly
distributed throughout the exposure room concrete.

6.4 ARL will be making arrangements for a gamma spectrometry survey of'the
gamma radiation in the exposure room. 1n this way, it will be possible to determine what
- radionuclides ar¢ presentin the conorete. Afler idemtifying the radionuctides, it will be
possible to determine how long it will take for radioactive decay to reduce the exposure
ronm levels to the 5 urem/hr eriteria, This will determine whether delay and decay can be
used as a decommissioning strategy, as opposed to the large expense of rernowng the
concrete and disposing of it as radioactive waste.

‘7.0 Summ:ﬁ_—x

7.1 ARO requested a survey of gamnima radiation levels in the exposure room.
'ARL's review of decommissioning revurds indicated that past survey efforts are sufficient
to demonstrate compliance with all of today's requirements except the criteria requiring
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that the gamma dose rate at one meter from surfaces not exceed background by more than
5 urem/hr. A survey was therefore conducted to determine whether the gamma radiation
levels in the exposure room meects this criteria.

7.2 Pre and post clean-up surveys conducted at the time of decommissioning
indivated significart neutron activation of the exposure room conerele and reactor poo!
concrete. Concrete core samples indicated the presence of Co-60, Eu-152, and Eu-154 in
the concrete, Activation in the reinforcement bar wag apparently not assayed.

7.3 Microrem/hr measurements were made at approximately 36 inches from the
floor, ceiling, and wall surfaces in the exposure room. Two arcas were chosen as reference
areas to establish background gamma radiation levels. A BAIRD microremihr portable
survey meter with a tissue equivalent scintillator material was chosen for the
measurements. The gamma radiation levels measured at 36 inches from the exposure
room concrete easily exceeded background plus 5 urem/hr. The exposure room concrete
still contains residual radioactivity. The activation is relatively uniformly distributed
throughout the exposure reom conerete.

7.4 ARL will make arrangements to conduct a gamma spectrometry survey in the
exposure room to identify the radionuclide(s) present in the concrcte. 1t will then be
possible to determine from the associated half ife whether delay and decay will offer a
feasible decommissioning strategy.
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ENCLOSURE 10
SURVEY DATA
1, Garage Reference Area
Location Gross Reading (urem/hr) Location Gross Reading (urem/hr)
R1 3.0 Rz 12
R3 3.7 R4 iz
R5 29 R6 3.2
R7 29 R8 3.0
R9 33 R10 3.5
R11 3.1 RI2 42
R13 4.1 RI4 3.0
R15 X RI6 3.1
R17 3.7 R18 3.4
R1i9 3.9 R20 29
R21 3.3 R2Z 3.0
R23 2.9 R24 3.4
R25 3.0 R26 3.0
R27 3.2 R28 28
R29 2.9 : R30 3.1
X =3 22 urem/hr SD =038
2. Alcave Reference Area
Location* Gross Reading (urem/hr)  Location* Gross Reading (urem/hr)
E1, F13 2.4 E2, F17 2.2
133, Ci3 2.6 B4, C17 2.7
S2,F18 2.3 S3,F19 20
86, C18 3.2 57, Ci9 2.4
W1, F20 2.8 W2, Fl6 2.1
W3, C20 2.7 W4, Cl6 2.1
¥14, 2.5 Fi3 2.2
¥6 1.9 F7 22

* more than one location designator may be listed for a measurement as some
measurement locations coincide with more than one location designator. Scc scale

drawings.

X = 2.39 urenvhr SD =034
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ENCLOSURE 10 {conf)

3. Exposure Room

Location*  Gross Reading (urem/hr} Locatign®* -

F1,N1,w7 26 F2,wWs

Fi W5 31 F4,W4d

F5,W3 31 F6,W2

F7,W1 59 22 F8,N2

F9 25 F10

Fi1 28 Fiz

F13 30 F14,53

F15,N3 25 ¥16

I'i7 23 F18

Fl19 28 F20

¥21,83 26 F22,N4

F23 34 F24

E25 32 F26

Fz27 26 F28

¥29,N5 35 F30

31 33 Fi2

F33 30 34

T35 28 F36,N6

F37 28 I38

Fi90 31 F10

¥4l 33 F42,85

F43 N7.E1 30 F44 B2

F45,63 22 F46,E4

F47 ES 22 F48,E6

F40 7,54 28 E8.N14

E9 31 El0

E1l 23 $12

El3 28 [i14,S10

E15,N21,C43 33 E16,C44

E17,C45 28 EIB,C46

E19,Ca7 30 F20,C48

B21,C49,816 38 N8, Wi4

No 28 NI10

N11 31 NI2
Ni3 34 - NI16,C8

NI17,CI5 35 Ni§,C22 -

N19,C29 38 N20,C36

Sl not taken S7

52 not taken 53

2

FaX NO. 3013942660

Gross Reading (urem/hr)

30
29
33
26
31
20
11
32
not taken
36
35
23
not taken

30138428660
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3. Exposure Room {cont)

Location® Graoss Reading (urem/he) Location* (Gross Reading (urem/hr)

S11 35 56 28
S12 25 - S13 20
Si4 27 815 W8 27
$17,C42 14 S18 35
S19 28 §20,C14 26
W15,521.C7 20 S22 31
523 28 824 30
Wy 30 i/ 36
W10 30 W11 30
wiz 11 w13 25
W16,C6 26 W17,C5 25
W18,04 25 w19,C3 25
W20,C2 22 W21L,CINI5 not taken
C3g 35 39 30
C40 25 C41 27
C30 35 C3l 38
€32 30 C33 20
C34 30 C23 40
- Ca24 33 Cz3 30
C26 23 cz7 32
Cie 30 C17 30
C18 30 Ci9 30
20 28 CS 30
Cl0 30 Cil 30
Clz 30 C13 26

X =289 urem/hr SD=5
* more than one location designalor may be listed fon o casurcncnt 45 some

measurement locations coincide with more than one location designator. See scale -
drawings
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AMSRL-CS-AL-RK (385-11p) 7 Nov 1996

MEMORANDUM FOR RECORD

SUBJECT: DORY¥ Contamination Review

1. In preparation for the tasking coming from DA USANCA to conduct surveys of the
decommissioned DORF facility, 1 have visited DORF, and reviewed ARL's old DORF
files. From this review, I have ascertained the following important points:

a. Applied Clean-up Limits, The clean-up was conducted applying fixed and
removable surface radiation Jevely thul meet today's limits. Unfortunately, a new limit has
sinee been added that specifics that the gamma radiation lovel af 1 meter from the surface
can not exceed 5 uR/hr, It is unclear at this time whether the decontamination achieves
compliance with this new limit. This is ihe basis oF USANCA's concern.

b. The pre and post clean-up coniamination sukveys thal were conducted were
relatively extensive and thorough, and well documented in Rockwell's DORF
Degommissioning Program Final Report.

¢. The pre and post clean-up contamination surveys indicate there is no need for
concern for non-fixed (removable} contamination. -All surfaces, water, soil; and vegetation
were found to be non-fixed contamination free, both pre and post clean~-up.

d. The pre and post clesn-up contamination surveys indicate that there was
significant neutron activation of the exposure room concrete and pool (tank) concrete.
Further details are as follows:

(1) Both pre and post clean-up, the activation appeared to be relatively
uniform over relatively large areas of concrete, The post clean-up levels, measured at |
cm from the concrete surface through 7 mg/cm” was about 0.1 mrad/hr. It is unclear
whether a beta particle field was present o contribute to the measured levels. If so, the
gamma component may have been i fact very small. If a beta ficld was not present, the
uniform levels would indicate that the concrete is a planar source of gamma, and the
radiation level would not be expected to diminish quickly with distance. Cormpliance with
the 5 uR/hr fimit would therefore have been doublfut.

(2) Pre and post clean-up core samples of the activated concrete were
taken, and definitely demonsirated the presence of neutron activation in the conerete,
The primary long-lived isotopes present were Co-60 (5.27 yr}, Bu-152 (12.2 yr), and Eu-
154 (16 yr). The post clean-up levels present were approximately 10-100 pCi/fgm. Thesc

~ levels are either NRC license exempt concentrations, or in the 15 mrem/yr range that the

NRC has recently accepted as suitable for unresiricied area release. There has of course

11-15~-98 11:37AM
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heen some decay in the meantime, but probably not enough te drop the radiation tevels
below 5 uR/hr at 1 meter if the levels measured were due solely to gamma from these
radionuclides, without contribution from 2 beta field.

(3) Activation in the rebar in the concrete was not assayed pre or post
clean-up. It is therefore unknown how much contribution, if any, other isotopes in the
rebar might have contributed to the radiation levels measured at the surface of the
conercte.  If the radialion levels at concrete surface were partially due 1o medium-lived
isotopes in the rebar, such as Fe-59 (46 day), the radiation levels today may be much
sinaller due to the decay of these medium-fived isotopes.

2. The simplest way to proceed at this time is fo make uR/hr measurements at | meter
from the exposed concrete surfaces. Since the pool was back filled with rubble, and then
sealed ofl'with concrets, the concrete surfaces in the pool are not accessible for survey.
Measurements over the concrete surfaces in the exposure room could be considered
representative of concrete in the pool, especially because they were equally ncutron
activated. This measurement method would account for gamma coming from Co-60, Ru-
152, and Eu-154. It would also accuunt for any previously unidentified gamma emitters
present in the rebar.

3. It may prove difficult ta discern an additional 5 wR/hr above a background that is
generally about 20 uR/hr. 1t may also be difficult due to the presence of the rad waste in
storage located in the building and exposure room. If this turns out to be the case, it may
be necessary to use a GelLi MCA to measure selectively for Co-60, Eu-152, and Eu-154,
and then calculate the exposure rate level present due to these radioisotopes. In this case,
it will be necessary to use the MCE to ensure that other radioisotopes are not present in
the rebar, contributing to the exposure rate at 1 meter, Ifisotopes are detected in the
rebar, it would be neccssary to include Ureye in the calculation.

4. The above will be discussed with the radiation control committee, and a plan to
proceed will be derived.

W Hrba:ﬁ;,%/

MICHAEL BORISKY
Health Physicist

11~-15-86 11i:37AM
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ABSTRACT

The Atomics Internationai (AI) Division of the Energy Systems
Group (ESG) of Rockwell International was contracted by the Depart-
ment of the Army to dismantle and decontaminate the Diamond Ordnance
Radiation Facility (DORF) located at the Forest Glen Section of '
Walter Reed Army Medical Center in Silver Spring, Maryland. The
contract was for a firm fixed price with a schedule duration of
8 months.

A1l the contracted terms specified in DAAK 21-79-C-0136 were
fulfilled within the required schedule and budget. There was no
significant radiation exposure to personnel or internal deposition
of radicactive material as a resﬁ]t of decommissioning the Diamond

Ordnance Radiation Facility.

ESG-80-23
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I. INTRODUCTION

The cbjective for dismantiement and decontamination of radicactivity of the
Diamond Ordnance Radiation Faciiity (DORF) was to make the facility acceptable
for unrestricted use by removing radicactivity to Eevéis below those requiring
surveillance and iicensing.

DismantTing the reactor and removing the radiocactive components was the mode
~ selected for decommissioning DORF. Specifically identified reactor components
were dismantied, packaged, and shipped to Westinghouse's Hanford'Engineering
Development Laboratories (HEDL) in Richland, Washington. The pool tank, lead
shield deors, lead shield hoist, exposure room wood lining, rolling shield door,
and activated concrete were dismantled, removed from the facility, and disposed
to clean salvage/disposal or to radiocactive disposal.

The regulatory agency governing operations at DORF was the U.S. Army. The
Army specified Nuclear Regulatory Commission (NRC) Regulatory Guide 1.86 as the
governing document for the decommissionﬁng activity. This guide specifically
requires decontamination to levels which are as low as reasonably achievable
(ALARA), buf in all cases to ievels below those listed in Table 1. To show
compliance with ALARA, Rockwell established the Timits shown in Table 2 as a
target. These Timits are based on exberience regarding levels that in most cases
are reasonably achievable and can be effectively monitored. |

Radicactive materials and components which exceeded Table 1 Timits were
removed from the facility. The 1imits shown in Table 2 were also met in all
areas of the facility except in the exposure room where, due to room geometry and |
the accumulative properties of activation products, the activity ranged from 0.08
- to 0.24 mrad/h as measured with a Technical Associates Mark I11 Cutie Pie - CP7M.
The overall average was slightly higher than 0.1 mrad/h. Individual pieces of
concrete from the higher activity areas, when removed from the exposure room,
indicated levels below 0.1 mrad/h. These activity levels were deemed'acceptab]e
by the contracting officer’s representative and by'the United States Army Environ-
mental Heaith Agency (USAEHA) radiation survey team.

ESG-80-23
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ACCEPTABLE SURFACE CONTAMINATION LEVELS FROM NRC REGULATORY GUIDE 1.

TABLE 1

86
* o .
Muclide Averagef§ Maximumﬂ** Removablef’++
0", 975 6P ang 5,000 dpm o/100 cr | 15,000 dpm /100 cn® | 1,000 dpm o/100 cn?
associated decay products
Transuranics, Ra226, Ra228 100 dpm/100 cm2 2 20 dpm/100 cm2

Th230, Th228, Pa231, Ac227

b

1125’ I129
Thnat’ Th232, SrgO, Ra223
Ra224’ U232, I126, 1131; I133

Beta-gamma emitters (nuclides with
decay modes other than alpha emis-
sion or spontaneous fission) except
Srgo and others noted above,

1,000 dom/100 cm®

5,000 dpmpy/ 100 cmz

300 dpm/100 cm

3,000 dpm/100 cmz

15,000 By/100 cnd

200 dpm/ 100 cm2

1,000 dom Bv/100 cm?

*Where surface contamination by both alpha- and beta-gamma-emitting nuclides exist, the Timits estab-
Tished for alpha- and beta-gamma-emitting nuclides sheuld apply independently.

tAs used in this table, dpm (disintegrations per minute) means the rate of emission by radioactive
material as determined by correcting the counts per minute observed by an appropriate detector for
background, efficiency, and geometric factors associated with the instrumentation.

§Measurements of average contaminant should not be averaged over more than 1 me.

surface area, the average should be derjved for each such object.
**The maximum contamination level applies to an area of not more than 100 cmé.
++The amount of removable radioactive material per 100 cm? of surface area should be determined by
wiping that area with dry filter or soft absorbent paper, applying moderate pressure, and assessing
the amount of radiocactive material on the wipe with an appropriate instrument of known efficiency.
When removable contamination on objects of less surface area is determined, the pertinent levels
should be reduced proportionally and the entire surface should be wiped.

For objects of less



TABLE 2

CONTAMINATION LIMITS- FOR DECONTAMINATION AND DISPOSAL OF DORF

Beta-Gamma Emitters

Alpha Emitters

Total

Removable

0.1 mrad/h average*

and 0.3 mrad/h maximumt
at 1 cm with 7 mg/cm?
absorber

100 dpm/100 cm?

100 dpm/100 cml

20 dpm/100 cml

*Measurements of average contaminant should not be averaged over more.
than 1 m2. For objects of less surface area, the average shou]d be

derived for geach such object.
TThe maximum contam1nat10n level applies to an area of not more than

100 cme. -

ESG-80-23
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Figure 1. Exterjor Yiew of DORF

Figure 2. Interior View of DORF Showing TRIGA Reactor Carriage and
Control Drive Housing Located on Parapet

£SG-80-23
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1. FACILITY DESCRIPTION

The Diamond Ordnance Radiation Facility (DORF), Figure 1, was operated by
the Department of the Army's Harry Diamond Laboratories (HDL). The facility
- housed a TRIGA Mark F Reactor, Figure 2, as the principal research tool in the
- study of neutron and gamma radiation effects on electrical and electronic compo-

nents.

DORF is located within the metropolitan area of Washington, D.C. at the
Forest Glen section of the Walter Reed Army Medical Center (WRAMC), which is
8 miles due north of the center of Washington, D.C. The building containing the
reactor is 65 ft by 50 ft and 25 ft high. It is encircled by an exclusion fence
with a radius of about 240 ft. Access to the 4.2-acre site is controlled at a

single entrance gate.

The reactor was designed and built by Gulf General Atomics, San Diego,
California. It was designed for buoth steady-state and pulsed operation with a

design capability of:

1)  Steady-state or square-wave cperation up to 250 kW for a maximum

power generation of 1 mW-h/day.

2) Pulsed operation resulting in a peak power of 2,000 MW with a
puise width of 9.5 ms at half maxisum.

On September 18, 1961, the DORF-TRIGA Mark F reactor achieved criticality
for the first time. The first core was aluminum clad, but it was replaced with a
stainless steel clad core in 1964. This stainless steel clad core was operated
from 1964 through September of 1977, when reacfor operations at DORF were termi-
nated. An estimate of the burnup on the core at the time of shutdown was 0.48%
based on 242,451 kih of operation.

In the spring of 1979, the core was remdved from the reactor. Itrwas dispo-
sitioned to several university programs and to the DOE-Hanford Engineering Develop-

ment Laboratories in Richiand, Washington.

ESG-80-23
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The reactor core, Figure 3, was located near the bottom of a 15,000-gal
aluminum tank which was about 13 ft in diameter and 20 ft deep. The core was
suspended by a support structure from a motor driven carriage mounted on rails at
the top of the tank. The carriage was capable of traversing the tank to enable
the reactor to be positioned behind lead doors so that éntry could be made into
the exposure room immediately after a test. Figure 4 shows a typical test setup
in the exposure room. Figure 5 is a diagram showing a cross—secpion view of the
facility and the relative position of reactor to exposure room. With the lead
doors open, the reactor could traverse the tank to a position by the lead shield.

ESG-80-23
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1. SUMMARY OF DECOMMISSIONING ACTIVITIES

The activities which comprise the decommissioning of DORF were grouped into
three phases. Phase I consisted of the planning, procurement, and staffing
activities required to conduct Phases Il and III. Phase I was conducted in
Canoga Park, Caiifornia. Phase II consisted of those activities required to
remove and dispose of the radioactive and nonradioactive components and materials
identified in the RFQ. Phase III consisted of the demolition of nonradiocactive
portions of the facility. Phases II and III were conducted in Silver Spring,
Maryland.

A, PHASE I

Facilities Dismantiing Pilan for DORF NOO1-FDP-960-001 was prepared to
delineate the activities necessary to achieve the stated objectives. These were
categorized as: planning, monftoring, and control; radiclogical survey; dis-
mantlement and disposal; and documentation. This dismantling plan was reviewed
and approved by the Rockwell D&D Program Office, Health, Safety and-Radiatfon
Services, and by the Engineering Departmént. It was then reviewed and approved
by the Army Reactor Committee for Health and Safety {ARCHS). | |

Activities concurrent with planning were: (1) the acquisition of equipment,
tools, and material; (2) placement of service contracts:; and {3} the recruitment
and training of personnel. Phase I activities were initiated on September 17,
1979, and were completed on November 21, when ARCHS approved the dismantling

plan.
B.  PHASE 1I

Phase II was initiated on November 26, 1979, with the movement of personnel
to the DORF site in Silver Spring, Maryland, and was completed on February 22,
1980, with the return and reassignment of personnel to other projects.

Phase 11 consisted of the following activities: (1) site preparation,
(2) packaging and shipping reactor components to HEDL, (3) exposure room

ESG-80-23
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dismantlement, (4) pool tank removal, (5) concrete excavation, (6) site survey,

and {7) waste disposal.

1.  Site Preparation

Site preparation included those activities required to move the Rockwell
staff and their equipment to the DORF site and to establish a base of operations
in Maryland. A radiological survey of the nonradicactive portions of the site
was conducted for documentation and an analysis of the pool water was performed

to determine compliance with 10 CFR 20.303.

On November 26, 1979, a six-man team from Rockweil International's Energy
Systems Group in Canoga Park, California, arrived in Maryland to begin the
Phase II work outlined in the contract. A base of operations was established
within the first week including a site radiclogical survey. An agreement was
made with Holy Cross Hospital in Silver Spring wherein they wouid accept for
treatment any radicactively contaminated person from DORF.

A radiological survey taken of one of the-f1oor drains adjacent to the
parapet near the main experimental area indicated activity in the range of
250 cpm 4. The floor grating over the drain was removed and the radioactive
residue was vacuumed into an approved radiocactive waste container. Resurvey of
this drain and all other areas of the facility outside the exposure room indi-
cated Tevels of activity well below those listed in Tables 1 and 2.

Water samples from the pooj tank were analyzed by Teledyne Isotopes, WRMAC,
~and Rockwell. The data are shown in Table 3. These data show the water to be

well within the allowable Timits given in 10 CFR 20, Appendix B, Table 1, Cotumn 2.
Walter Reed Hospital's Health and Safety Branch granted Rockwell permission to |
drain the water through their sanitary sewer system.

2. Packaging and Shipping Reactor Components to HEDL

The TRIGA reactor and its components-were disassembled, packaged, and
shipped to DOE-Hanford Engineering Development Laboratories (HMEDL), Richland,

£SG-80-23
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TABLE 3
ANALYSIS OF POOL WATER

uCi/mi
Rockwell 4.4 x 10 78y
6.85 x 10 104
Teledyne Isotopes <1 x 1077 gross B

1.41 x 1079 1-3

WRAMC _ <Detectable gross B
5 x 1077 H-3

Note: 10 CFR 20 limits were interpreted to be
as follows: 4y 10—7 LCi/ml 8y

4 x 1077 uci/mids 3 x 107 3uci/mt He3

Washington. The packages and shipment conformed to Department of Transportation
(DOT) specification, Title 49, Code of Federal Regulations (49 CFR).

The reactor and components were disassembied to the degree necessary to
pefmit packaging. A1l of the items listed in TabTe'anwere removed, pééked into
weatherproof containers, and transported to HEDL. Figures 6 and 7 show reactor
and component disassembly. Figures 8 and § éhow packaging activities. Figure 10

shows packages loaded into a truck for shipment.

Fach package was monitored by the Health Physicist to determine its radic-
active content. Onily one of the containers had signiffcant detectable radiation
at the éurface. It was Container No. 158, a DOT-type A-7A drum containing the
10 ¢ americium-beryllium neutron source. Its radiation measured 120 mrad/h neu-
tron-beta-gamma at the surface and 4 m%ad/h at 1 m., A1l of the other containers
were <10 mrad/h at the surface and near background at I m. Table 5 is a list of

containers, their volumes, weights, and contents.

FSG-80-23
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TABLE 4

LIST OF REACTOR COMPONENTS SHIPPED TO HEDL

Item

No Description Unit Quantity
1 Core Support Structure, Upper Section Each 1
2 Core Support Structure, Lower Section Each 1
3 Top and Bottom Grid Plates Each i
4 Connecting Rods for Control Rods Set 1
5 Control Rods Set 1
6 Carriage Drive Motor Each 1
7 Water Pump: 1.5 hp Eéch 1
8 Incore Experiment Tube Each 1
g Ion Chamber Support and Ion Chambers Set 3

10 Carriage Support Rails Set 1

11 l.ead Shield Door Drives and Linkage Set 1

12 Pool Cover Plates Set 1 |

13 Fuel Storage Racks, Underwater Fach 8

14 Fuel Measurement Tool with Dial Micrometer Fach - 1

15 Atuminum Water System Piping Each 1

16 Water Pumps Each 3

17 Demineralizers, 3 ft3 Fach 4

18 Flowmeters, 25 gpm Each 2

19 Neutron Source, 10 Ci, Am-Be Each 1

20 Neutron Source Holder Each i

21 Pool Lights _ Set 1

.22 Carriage Positioning Potentiometer Fach 1

23 Carriage Umbilical Arm Each 1

24 Fuel Element Location Diagram Each 1

25 Water Box, 1 ft3 Capacity tach 1

26 Charcoat Filter, 1 £t Capacity. Each 1

£S6-80-23
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Figure 6. Removal of Reactor Support
Structure From Pool Tank

Figure 7. Reactor Cooiing'System Piping
After Disassembly but Prior to
Packaging

476412
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Figure &. Reactor Cooling System
Piping Partially Packaged
(Box No. 156)
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Figure 9.

Partially Packaged Reactor Core Support Structure
{Box No. 15h4) :
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TABLE 5

CONTAINER PACKING LIST FOR HEDL SHIPMENT
(Sheet 1 of 2)

Quantity
Box Mo. 151 (38 ft°, 1100 1b)
No. 11 Lead Shield Door Drive and Linkage
Motor and Clutch 1
Transmission Tee 1
Right Angle Transmission 2
Door Transmission ?
Short Shaft 2
Long Shaft 2
No. 16 Water Pump 3
Seals 4 hoxes
Carriage Drive Motor (Spare)} 1
Box No. 152 (112 ft°, 700 1b)
No. 9  Ion Chamber Supports 4 sets
No. 4  Connecting Rods for Control Rods 7
No. 5 Control Rods (2}, 1 graphite 3
No. 14 Fuel Measurement Tool and Dial Micrometer 1
Dip Leg {Water Diffuser Pump), 1 long, 1 short 2
Standard Control Rod FFCR ?
jon Chamber Guide 2
Control Rod Guide 2
Core Thimble Guide 4
No. 20 Neutron Source Holder 1
Box No. 154 (333 ft°, 4500 1b)
No. 1  Core Support Structure, Upper Section 1
No. 2  Core Support Siructure, Lower Section 1
No. 12 Pool Cover Plates 4
No. 13 Fuel Storage Racks 16
Connecting Rods and Bolts
No. 21 Pool Lights 4
No. 10 Carriage Support Raiis 2
No. 24 Fuel Element Location Diagrams (Picture Frames) 3
No. 5 Control Rod and Connecting Rod - 2

Box No. 155 (159 ft5, 3200 1b)
No. & Carriage 1
No. 7 Water Pump )
No. 22 Potentiometer
No. 17 Demineralizer Tanks 4

ESG-80-23
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TABLE 5

CONTATINER PACKING LIST FOR HEDL SHIPMENT
(Sheet 2 of 2)

Quantity

Box Mo. 156 {192 £t°. 1700 1b)

No. 15 Aluminum Piping - Water System

No. 18 Flowmeter [NK 398-00150)

No. 23 Carriage Umbiifical Ar
Post -

No. 25 Water Box

No. 26 ({harcoal Filter
Barrel Assembly (Spare)
Connecting Rod

o b e et D)

Drum No. 157 {17H Drum) (7.5 fta, 260 1b).
Ne. 3 Lower Core Assembly 1
Top and Bottom Grid Plates

Drum No. 158 (17H Orum) (7.5 Tt°, 550 1b)

No. 19 Americium-Beryliium Neutron Source 1

Figure 10. Truck Being Loaded with
Boxes and Drums of Reactor Com-
ponents for Shipment to HEDL

4764-15
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3. Exposure Room Dismantlement

The exposure room was stripped of its wood lining, lead shields, lead
shield hoist, and other removable components. The material was separated and

dispositioned based on radiological analysis.

The three floor drains were temporarily plugged to prevent transporting
radicactive materials into the facilities holdup tanks. The aluminum tracks on
the ceiling and the masonite covering the wood iining were removed from the
exposure room. Radiation survey analysis determined that about two-thirds of the
wood lining could be disposed of as clean wood, the remainfng one-third was
packaged and disposed of as radicactive waste. The clean wood was removed from
the exposure room, put into a large dumpster, transported to a Tocal dump site,
and buried to prevent its reuse. The wood was structurally damaged as a result
of neutron irradiation and might have been tempting for use as structural material
if Teft unburied. Figures 11 through 15 show these activities. The concrete
wall of the exposure room (Figure 16) was covered with the phenolic-coated tar
paper listed in the RFQ as being attached tc the aluminum pool tank. Two lead
shields were removed from the wall adjacent to ﬁhe pool tank, These were coated on
one side with the phenolic-coated paper from the wall which was actiVated. The
coating was scrapéd from the lead and the lead was recovered as clean scrap.

Figure 17 shows the lead remcval task.

Six 1-in. thick pieces of lead were removed from the top portion of the
exposed pool section of the tank in the exposure room. The aluminum frame was
removed from the Tead and disposed of as radioactive waste. The lead was analyzed
and determined to be acceptable as clean scrap. Figures 18 and 19 show these

operations.

_The lead shield was removed from the lead shield hoist as shown in Figure 20.
This shield was activated slightly and was packaged as radioactive waste. The
Tead shield hoist was drained of hydraulic oil. The 0il was analyzed-and was
found to be nonradioactﬁve.. This.0i1.WéS picked up by a "reclaimed 0il" pro-
cessor at no cost to the program. The lead shield hoist was removed by first

£ESG-80-23
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Figure 16. Phenotic-Coated

o D7BEED s

Disposal Site

Tar Paper {overing Concrete Wall of
xposure Room
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476472

Figure 17. View of

East Wall of Exposure Room Showing One Lead
Shield Lying on Fio

5
r to Left and One Lead Shield in Motion
on Right

oW

476423

Figure 18. Lead Shields in Exposure Room Prior to Removal



Figure 19. Shielding Being
Removed From Exposure Room

4764 24

Figure 20. Lead Shield Being Removed
From tead Shield Hoist

4784-25
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excavating the sand survounding it (Figure 21) and then breaking the 8-in.-thick
layer of concrete that surrounded its base with a jackhammer. Figure 22 shows
the hoist removed. The hoist was activated and was therefore packaged and

disposed of as radicactive waste.

4, Pool Tank Removal

Transformer 011 and lead-shot were drained from the lead shield doors, the
doors were removed from the pool tank, and the pool tank was removed from the

concrete cavity.

To facilitate reactor component disassembly. an opening was cut into the
pool tank to provide access to it from the exposure room. This opening was
enlarged to about ?=ft2 (Figure 23) when pool tank removal was started.

Samples of the transformer oil (Figure 24} were removed from the Tead doors
and analtyzed by Garnett-McCreath Labs in Harrisburg, Pennsylvania, for polychlo-
rinated biphenals (PCB). PCB concentrations were determined to be <1 ppm, a factor
of 50 below the established Timits for controlled disposal as given in 40 CFR
Part 761. About 180 gal of 0il was drained from the lead dogors into four 55-gal
metal drums. This oi1 was given to a "reclaimed 0il" processor at no cost to the

program.

Lead was drained from the doors into thirteen 55-gal drums. Figure 25 shows
this operation. Each drum weighed about 2,150 1b or a total of 28,000 1b. Lead
samples from each drum were analyzed to determine radioactive content. ATl
samples were well under the allowable limit for release for unrestricted use.
Table 6 presents the results of these analyses. When sufficient lead had been.
drained from the doors, they were lified from the tank with the overhead crane
and removed to a low- background area for a radiological survey. Removable and
fixed contamination levels were well below Timits as depxcted in Tab]e 2.

The doors and the Tead were d1sposed of as sa]vageab}e scrap.

The aluminum pool tank was cut into several sections to enable its removal
from the concrete cavity. Figures 26, 27, and 28 show this activity. Each piece

ESG-80-23
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Sand From Avound Lead Shield Hoist

Figure 22. Removal of Lead Shield
Hoist
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Figure 25, Draining Lead From Lead
Doors

Figure 26. Cutting a Section of Reactor
Pool Tank

3t
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TABLE 6

ANALYSIS OF LEAD FROM SHIELD BOORS
(Gross detectable beta activity)

Sample Number pCi/g Sample Number pCi/a
Control 0.17 7 0.17
1 0.11 g LTD
2 0.07 g 0.10 .
3 ¢.24 10 LTD
4 0.25 11 0.16
5 0.1t 12 0.19
6 LTD* 13 0.10

*1 pgs thanp deteciabie Timit.

Figure 27. Hoisting Section of Pool
Tank From Pool Tank Cavity

Figure 28. Transferring Section of Pool
Tank to Low Background Area for
Radiological Survey

ESG-80-23

33




was surveyed in a low background area to determine radicactive content. The arez
of the tank that was exposed to the exposure room and an area 180° from that
position and 2 ft to either side of the core centerline was removed and packaged
as radioactive waste. The remaining aluminum from the tank was below the limits
shown in Tables 1 and 2. ~This aluminum was disposed of as salvageable scrap.

The pool tank had a coating of epoxy-based paint instead cof the phenoiic-coated
tar paper liner described in the RF(. There was very littie adhesion of the tank
to the concrete as a result of its being painted instead of coated with tar

paper.

5. Concrete Excavation

Following exposure room dismantiement and pool tank removal, a detailed
radiation survey was conducted of the exposed concrete structures to establish a
map of radicactivity. Concrete samples were cored (Figure 29) from selected
areas to 'establish the extent and levels of activation in the concrete struc-
tures. Figure 30 shows the DCRF sampling plan identifying the location where
core samples were taken. Table 7 shows the results of the core sample analysis
and Table 8 is a comparison of the results of analysis from two independent
laboratories. The core samples that were provided for comparatfve-anaTysis were
taken from two areas of the exposure room. Sample Nos. 3, 3A, and 3B were taken
- from the wall and Sample Nos. 34, 34A, and 34B were taken from the floor. Each

group of "samples were cored as close to each other as possible.

Core samples were prepared for analysis at DORF and at ESG using existing
ESG procedures. The samples were cut with a tungsten carbide saw blade at the
appropriate distance from the end designated "the surface." The powder generated
by sawing was contained, we?ghéd, and counted on an NMC Model 72, automatic
- counting system for alpha and beta-gamma simuitaneouéiy.

Due to preferential cutting through softer material in the core sample,
i.e., binder and soft rock as opposed to the harder rock matrix, this sampling
technique did not permit obtaining a fully representative sample of the total

activity.

£SG-80-23
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Figure 29. Caore Sampling of Concrete in Exposure Room

Teledyne Isotopes prepared their samples by cutting through the entire core
_sample to segment it into l-in. thick sawmples. The entire sample was then counted
to determine activity. This technique was most representative'of'the total
activity remaining in the concrete at DORF. The resuits of the concrete sample
analysis formed the basis for the concrete excavation plan. Figures 31 and 32

show diagrams of the planned excavatiocns.

Concrete excavation began in the pool tank cavity with the remcval of the
pedestal which extended under the tank into the exposure'room. Jackhammers were
used to break this pedestal (Figure 33) and the thin wall section between the
pool tank cavity and the exposure room. Reinforcing bar (rebar) was removed as
nécéssary to permit further concrete removal or because of activation. Activated
concrete in the back of the pool tank cavity was then removed. This area, shown
in Figure 34, extended about 2 ft to each side of the core centerline and followed
the curvature of the wall. Maximum depth of the excavation was 10 in. at core-
centerline and tapered to about 2 in. at 2 ft from the centerline. Radiological

£ES5G-80-23
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Figure 30. DORF Sampling Plan
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TABLE 7

PRE-EXCAVATION ANALYSIS OF.CONCRETE BY ESG AT DORF
{(Gross Detectable Beta Activity)

(Sheet 1 of 2)

pCi/g
Core Distance from Concrete Surface
Number PLG* (in.)
0 1 2 3 4 5 6
Ref. 1| Background 3.20 5.2 9.0/t70 | s.0)LTD
Ref. 2 | Background 12 .4 9.7 LT {LTD 3.1}LTD | LTD
Exposure | 1 Background | 28.0 | 37.7)23.8[16.6| 19.7 | 10.4| 13.3
oo | 25 cpm 20.5 | 23.0|11.0] 6.8]11.8] 8.5] 10.6
3 300 cpm 176.8 | 98.01} 63.8165.8(31.4 | 36.6| 35.8
4 100 cpm 4z.1 18.0122.6112.0121.5]18.64{ 20.1
5 Bdckground 12,81 11.41 9.1y 6,0110.71 4.6} LTD
4] n2hocpm 22.8 8.3] 9.5 19.1 5.2 113.1 7.3
7 100 cpm 34.07 27.1123.4;22.8]13.1112.8]1 10.6
3 Background { 12.0 | 19.5[20.1j11.6f 8.3 }11i.8] 6.2
9 25 cpm 21.5 10.2117.0(17.414.7 | 13.7 13.7
10 50 c¢pm 8.4V 16.2 7.0} 7.37 5.6113.3} 3.7
11 25 cpm 25.3 22.6119.11 6.4 12.2 5.61 16.0
12 100 cpm 2.1 33.6141.0117.81 14,9 21.1 8.7
13 50 cpm 50.4 | 27.6{43.313%.618.4123.8) 22.6
14 50 ¢pm 21.8 15.1;7 3.1 1.5 | LTD 5.8 G.2
i5 Background 9.9 7.0 LTD 1.2y 4.4 5.41 5.8
Ceiling 16 200 cpm 49.9 1396.8|26.3(23.8|14.5}17.07 13.9
17 50 cpm 43.9 | 21.8127.8{20.1{15.3} 6.4| 7.5
18 100 cpm 37.7 15.5135.2119.5|16.6 |17.8 24.2
i9 150 cpm 57.2 |7 11.0120.7 130.9)16.6{14.7} 12.6
20 1 Background i7.4 9.5115.71 1.0 1.7 8.2 9f9-
21 Background | 23.8 | 11.4]| 7.0| 3.5| 6.2 9.1} 8.1
22 {50 cpm 17.0 | 11.2} 8.1} 2.3} 8.3| 9.5| 5.4
£SG-80-23
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TABLE 7

PRE-EXCAVATION ANALYSIS OF CONCRETE BY ESG AT DORF
(Gross Detectable Beta Activity)
(Sheet 2 of 2)

pCi/g
Core  Distance from Concrete Surface
Number UG {in.)

0 1 z2 3 4 5 6
Tank | 23 Background - 11.8110.31 — — - 5.0
24 4G0 cpm 58.5 28.2 131.3129.2 112.6 122.8}19.7
25 150 cpm £9.8 14.7 1 25.5 118.4 5.4 9.9 .3
26 Background 7 15.1 9.5+ 6.0 1.0 2.9 .6
27 Backaround .5 0.6 1 1.2 {LTD |LTD |LTD .1
Floor 28 100 cpm £3.9 32.9 [24.0126.7 138.3113.5118.0
29 100 cpm 20.9 17.6 7.9 111.6 2.3 5.6 112.2
.30 : 50 com 18.6 13.3114.7 114.3 2.5110.8110.4

31 50 com 1.9 12.6 5.6 1 9.9 8.3 112.2 {LTbG
32 Background | 7.3 1 7.7| 8.3| 3.3| 0.6 5.6[11.8

33 25 cpm 19.3 3 1.7 7.5 3.7 .2 |LTD
34 Background 15.3 0+10.2111.2 1L7TB .3 5.0

*Count rate meter with a 2-in. thin window pancake G-M detector.

survey of the pool tank cavity indicated compliance with Regulatory Guide 1.86,
stipulations of which are Tisted in Tables 1 and 2.

Nuclear Controls Corporation (NCC)} was contracted to break the activated
concrete from the rolling door and to remove the remainder of the door from the
site. This.operation, shown in Figures 35, 36, and 37, waé supported by the
Rockwell staff and took place between January 28 and February 4, 198C. NCC used
a rock splitter, a jackhammer, and a mobile hydraulic ram (hyram) to break up the
- door and remove it from the facility. The clean rubb!e from the door was staged
on site for removal during Phase IIl. The activated rubble was packaged by
Rockwell for disposal as radicactive waste.

ESG-80-23
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TABLE 8

PRE-EXCAVATIGN ANALYSIS OF CONCRETE BY TELEDYNE ISOTOPES

| pCi/g
- Depth Surface : : S - :

0-1 1-2 2.3 3-4 4-5 5-6 6-7

3
K40 12.7 10.4 5.4 - 12.3 - -
Co°0 154.0 136.0 866 443.0 55.3 27.5 20.2
£uld? 281.0 188.0 141 96.6 166.0 93.0 31.2
Ful> 19.0 13.6 | 5.29 7.3 12.7 7. 2.3
166.7 348.0 238.3 516.9 2458 127.5 53.7

34A
(40 - 3.8 _ 5.0 - 1.9 1.9
oY 18.2 15.8 6.8 7.8 5.0 4.5 2.2
Fulo? 34 6 36.9 | 14.2 18.1 14.6 9.7 3.2
rutod 2.9 2.5 0.9 1.2 0.6 0.9 <0.3
55.7 590 1.9 31.1 20,2 17.0 7.6

ESG Data*
0 in. 1 1in 2 in 3 in 4 in 5 1n 6 in
18 785 70.2 41.3 26.2 24,4 19.0 17.8
348 12.9 6.7 6.7 11.3 6.3 9 4.5
*Gross By pCi/g
£5G-80-23
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Figure 31. Planned Excavation
(Side View)
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Figure 32. Planned Excavation
(Top View)
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Figure 33. [xcavating Concrete From
Area Below Primary Reactor Operating
Position

Figure 34, C[xcavating Concrete From Wall Surrounding Secondary
Reactor Operating Position

. ESG-80-23 :



Figure 35. Using a Rock Breaker to Form Cracks in Activated
Portion of Rotlinag Door

Figure 36. Using a Pry Bar to Remove
Fractured Concrete

[
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The first effort in the exposure room was the removal of some of the pheno-
Tine liner (tar paper) from the concrete walls to determine its effect on back-
ground radiation in the room. A surface area of about 150 ft2 of the north and
east walls was removed by scabbling with bushing tools in 15-1b chipping hammers.
This activity is shown in Figure 38. Radiation measurements with a PUG 1 before
and after scabbling indicated no difference in reading even to where 1/4 in. of
~concrete was removed. Based on these results, removal of the phenoline liner

from the concrete was terminated.

Based on the core sample analysis and contact radiation readings, there were
five areas of the exposure room significantly above background. These areas are
jdentified in Figures 31 and 32, Concrete was removed from these areas to
depths of 6 to 8 in. using a combination of hydraulic crack forming and impact.

A commercial rock spiitter ﬁas used to hydraulically compress the concrete to

form ¢cracks, a jackhammer or chipping hammer was then used to break the concrete
from the walls and ceiling. Figures 39 through 42 show this activity. About
40,000 1b of concrete was removed from the exposure room, packaged in DOT-approved
shipping containers, and disposed of as radicactive waste.

5. Site Survey

Concurrent with and following the removal of radiocactive components and
materials from the DORF site, radiological surveys were conducted to document the
levels of radioactivity left in the facility. Table 9 presents data generated
from analyzing concrete for fixed contamihation. No fixed or removable contami-
nation or activation was detéctab]e outside of the exposure room above Tables 1
and 2 limits. Concrete activation in the exposure room was greater than the
Table 2 1imits but Tess than the 1imits specified in the NRC Regulatory Guide 1.86.
Figures 43 through 45 show the detectable aétivity remaining in the exposure room
as determined during the final site survey. Continuous air monitors were oper-
ated. in the reactor building during the demolition. An NMC Model was located in
the high bay and an Eberline Model was located in the exposure room. Table 10
shows the aif sample results for those areas.
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4754:39
Figure 3/. Mobile Hydraulic Ram Being Used to Break Nonradicactive
Portion of Rolling Uoor

Figure 38. Scabbling Concrete from Sur-
face of Exposure Room Wall

476440
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Figure 39. Using Rock Drill to Bore Holes
Into Ceiling of -Exposure Room
(preparation for inserting rock splitter)

rigure 40. Using Rock Splitter to Form Cracks in Concrete Ceiiing
ESG-80-23
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Spailing Concrete From Surface of Dxposure Room After
Crack Forming

Figure 42. View of Concrete Excava-
tion of Ceiling, Floor, East and
North Walls of Exposure Room and

Portion of Pool Tank Cavity

478444

£SG-8C-23
46




TABLE 9
POST-EXCAVATION ANALYSIS FOR FIXED CONTAMINATION IN CONGRETE

sample iocation Ty By
No.. .. |. o 6060' EUlSZ _Eu}54 Total:
p-1 Excavated South Wall 27‘ - a4 31
p-2 Nonexcavated South Wall 21 54 4 79
P-3 Excavated Pit Wall 14 37 2 53
P-4 Excavated Pit Wall 19 43 2 67
P-5 Nonexcavated Flcor 32 £8 4 104
P-6 Nonexcavated South Wall 16 33 - 49
p-7 Excavated South Wall i3 28 Y 43
P-8 Nonexcavated West Wall 28 61 4 93
P-9 Cxcavated West Wall 29 37 3 69
: (PTug)
p-10 Nonexcavated North Wall 134 28 - 162
P-11 Excavated North Wall - 18 36 z 56
P-12 Scabbled Fast Wall 15 24 - 39
P-13 Monexcavated South
Reactor Wall i 6 — 7
P-14 Excavated South Reactor 5 30 2 37
Watl
P-15 Excavated Ceiling 15 68 5 88
P-16 Nonexcavated Ceiling 34 82 & 122
P-17 Nonexcavated Ceiling 18 56 4 79

Note: Five samples -contained approximately 10 pCi/g KqO, twoc samples con-
tained approximately 15 pC?/g Co%/, and one sample containad
96 pCi/g Cs134 {p-17).

£SG-80-23
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Figure 43. DORF Final Survey, Exposure Room
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TABLE 10
RESULTS OF AIR SAMPLING AT DORF

plifcc
High Bay Exposure Room

1979

27 Nov. to 3 Dec. 1.6 x 10”14 1.8 x 10713
3 Dec. to 10 Dec. 1.3 x 10734 1.1 x 10‘13
10 Dec. to 17 Dec. 1.3 x 1071 1.9 x 10713
17 Dec. to 20 Dec. 1.7 x 10714 9.1 x 10713
1980

8 Jan. to 14 Jan. 1.7 x 107 9.0 x 107"
14 Jan. to 18 Jan. 1.2 x 107 4.6 x 1074
18 Jan. to 22 Jan. 1.3 x 10744 1.2 x 10713
22 Jan. to 25 Jan. 1.7 x 107 6.1 x 10713
25 Jan. to 28 Jan. 2.0 x 10714 4.6 x 10713
28 Jan. to 31 Jan. 1.7 x 1071 2.2 x 10753
31 Jan. to 7 Feb. 0.7 x 107 7.3 x 10714
7 Feb. to 12 Feb. 1.2 % 107° 4.3 x 10°1%
12 Feb. to 16 Feb 3.6 x 10714 0.7 x 10°

Note: MPC for Eu154 in air is 4 x 10_9 uCi/cc. This was
the most restrictive isotope present.

7. Waste Disposal

Radioactive (RA) waste was packaged into DOT-approved containers as the
waste was generated. The types of material removed from the DORF site as RA
waste included concrete, wood, aluminum, steel, plastic, and rubber. Forty-seven
steel drums and eight wooden boxes coﬁtaining 1143.5 ft3, weighing 60,425 1b, and
1.17 x 19'4 Ci were removed from DORF. The waste was disposed of by land burial.
Due to State of South Carolina restrictions on the volume of RA waste permitted
for burial at the Barnwell site, the earliest space allocation available to DORF
waste was in April. In order to comp]éte the DORF contract on schedule, the
waste was shipped to the Nuclear Engineering Company (NECO) site in Beatty,

£ESG-80-23
51



5

47644

aste

|
¢

pactive b

1

ited Box of Rad

Partially Fi]

15
=
oy
w
~
=

toaded Onto Truck

ing

Be

daste Containers

joactive |
for Disposa

Rad

.

47

Figure

and Burial

T by L

-80-73
5

ESG

2




Nevada. Chem-Nuclear Systems was contacted to act as broker for the disposal of
the RA waste. In that capacity, they handled the arrangements for the transporta-
tion and disposal of the waste taking possession of it at the DORF site boundary.
Figures 46 and 47 show waste being toaded for shipment to land burial.

C.  CONFIRMATORY SURVEY

A survey of the DORF site was conducted between February 25, 1980 and
February 27, 1980 by a U.S. Army Environmental Health Agency radiation survey
team. This survey was conducted to confirm compliance with NRC Regulatory Guide
1.86 prior to the Army's acceptance of the facility for unrestricted use. The
survey team's recommendation, following analysis of the data from the onsite
survey, was to accept the facility for unrestricted use. A copy of this recommen-
dation and the preliminary results of their survey are appended in Appendix A.
Compliance with NRC Regulatory Guide 1.86 was a contracted prerequisite o con-
ducting Phase III tasks.

D. PHASE TII

Phase III consisted of dismantling the concrete parapet to the main fioor
Tevel, the restoration of any disrupted services to the building, and the repair
of facilities damaged by the dismantling activities. An option was given to haul
atl of the debris from the site or to put it in the pool tank cavity, provided a
barrier was erected between the exposure room and the cavity.

Phase III began on April 21, 1980 when ESG was officially notffied that DORF
was in compliance with NRC Regulatory Guide 1.86, and was completed on May 9,
1980.

Nuclear Controls Corporation (NCC), a subsidiary of the Penhall Company, was
“contracted by ESG to pefform all of the Phase III work. They elected to construct
a barrier between the exposure room and the pool tank cavity to permit the debris
from the parapet to be disposed in the cavity. The barrier was constructed with

a single course of the No. 4 reinforcing bar in the wall and a double course in
the roof extension to the exposure room ceiling. The barrier wall was formed by
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Figure 49.

476447

jaure 48, View of Barrier Wall From Parapet

View of Barrier Wall From Fxposure Room
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a single pour of concrete to a minimum thickness of 8 in. Figures 48 and 49 show

the barrier.

NCC contracted Controlled Demolition Incorporated (CDI) to dismantle the
concrete parapet. CDI specializes in explosive demolition. The parapet was
_reduced to rubble and placed into the pool tank cavity by the combined use of
explosive charges, jackhammers, and a "Bobcat" skiploader. Figures 50, 51,
and 52 show the parapet during dismantlement. Figure 53 shows the parapet demo-
Tition compieted with the rubble completely below the floor level. A railing was
instailed around the open pit to provide a safety barrier. Restoration of the
floor was not included in this contract.

Rubble, remaining on site from the demolition of the rolling door during
Phase 1I, was removed from the site and, that area where the rubble had been

piled was leveled and reseeded.

The building was cleaned of the debris generated by the demolition work.
Minor repairs were made to restore the facility's lighting system and other
utitities were verjfied to be functioning satisfactorily. '

DORF facility drawings were redlined to reflect the changes made by the
performance of the contracted work. These drawings were presented to the DORF
Contracting Officer's Representative. A Tist of the drawings and a description
of the changes are given in Table 11.
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Figure 50. Expiosive Charges Being Loaded Into
Pre-drilied Hales

Figure 51. Parapet After Several Explosive Charges Set Off
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Figure 53. Parapet Demoliticn Completed
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TABLE 11

REDLINE CHANGES TO DORF DRAWINGS
(Sheet 1 of 2)

DRAWING NUMBER

A-1 .

E-4

E-6

M-1

. FLOOR PLANS AND SCHEDULES -

Shows parapet removed.
Shows Tead shielding removed.
Reference to Drawings #5-1, 2, 3, and 4 for changes.

FLEVATIONS AND SECTIONS

Crosshatched Section A to show deletion of parapet and Exposure
Room wood.

Also crosshatched elevation B-1 to show deietion of defails for
Exposure Room. '

SECTIONS AND DETAILS

Crosshatched Details 5, 10, 11, and 12 to show deletion of wood
in Exposure Room.

SINGLE LINE DIAGRAM

Circled portion of line diagram showing the recirculating water
pumps, lead shield door, rolling door, and core dolly electrical
systems disconnected.

GROUNDING PLANS AND SYMBOLS

Circled parapet and Exposure Room grounding references to show
them removed.
POWER

Marked up print to reflect disconnected circuits.

SAFETY INTERLOCK DIAGRAMS

Noted that fuses were removed from the relay panel in order %o
disable those circuits.

PLANS AIR CONDITIONING

Noted that wood was removed from the Exposure Room,
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TABLE 11

 REDLINE CHANGES TO DORF DRAWINGS
(Sheet 2 of 2)

DRAWING NUMBER (Continued)

M-2

M-3

M-5

S-1

S5-2

5-3

S-4

EQUIPMENT ROOM DETAILS

Showed that reactor cooling equipment was removed and that the
hydrauiic system for the lead shield hoist was drained and the
hvdraulic cylinder removed.

PLUMBING
Crosshatched details 5, 6, and 8, and Section B to show deletion.

ROLLING DOCR - EXPOSURE ROOM

Noted that the door was demoiished.

PLANS

Crosshatchad Detail 4 to show deletion.

SECTIONS

Crosshatched Detail 1, Section C and Section D to show deletion.
Also crosshatched to show approximate areas affected hy the
excavation of concrete.

DETAILS

Crosshatched rolling door frame to show deletion. Also circled
and crosshatched area of doorway affected by concrete removal.

RAMP PLANS AND DETAILS

Crosshatched vamp plan, ramp reinforcing plan, Section A, and
Details 1 and 2 to show deletion. '
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DEPARTMENT OF THE ARMY
HARRY DIAMOND LABORATORIES
2800 POWDER MILL ROAD
ADELPHI, MD. 20783

DELKD-N-RBI 22 April 1980

Rockwell International Corp. RECEIVED
Energy Systems Group

8900 De Soto Avenue ' ' IR APR 25 1990
Canoga Park, CA 91304 c éspondonc; Dept

Reference: Contract DAAK 21-79-C-0136

The inclosed letter of 17 April 1980 from the U.S. Army Material Develop-
ment and Readiness Command, D. Taras states that the NRC Regulatory Guide
1.86 criteria for unrestricted use has been achieved at the Diamond Ordance
Radiation Facility {DORF) based upon the preliminary report from the U.S.
Army Environmmental Hygiene Agency, 3 April 1980. Accordingly, this letter
constitutes official notification that Section F,5.1 of the above contract
has been accomplished and vou now have thirty days from the date of this
letter to initiate the phase III tasks (i.e. F.5.2 = F,10 as amended} as
indicated in Section H.3 of the contract.

Sii;;rely,
C_J/)&qﬁ( ‘éc 92(/’};&/._,
Charles Ware

Contracting Officers
Representative

incli. - 2

CF

J. Rosado 22000

. Schallhorn 223900

. Mazzone 091

. Harris Rockwell Int,

e !
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DEPARTMENT OF THI ARMY
HEADQUARTERS US ARMY MATERIEL DEVELOPMENT AND READINESS COMMAND
- 5001 LISENHOWER AVENUEL., ALEXANDRIA. VA. 22333. .
D. Taras/seb/AUTOVON 284-9340

DRCSF~P 17 April 1980

SUBJECT: Decontamination of Diamond Ordnance Radiation Facility

THRU : Commandexr
Us Army Electron}gﬁ_ﬂeseafiﬁﬂghd Development Command

ATTN: =557
\JU/ 'A\:IETP’I’E?B—‘E;& 20783

%D
W\ ?\’t{

TO: Commander
Harry Diamond Laboratories
ATTN: DELHD-N-RBI
Adelphi, MD 20743

. 1. Reference is made to the following report: "Radiation Protection Special Study

No. 28-43-0982-80, Close-Out Survey of Diamond Ordnance Radiation Facility (DORF),
25-28 February 1980.

2. Om 10 April the Army Reactor Committee for Health and Safety reviewed the
referenced report and concluded that decontamination is consistent with the
criteria in NRC Regulatory Guide 1.86 and is as low as reasonably achievakle. In
PHONECON, 17 April 80, LTC Quillia, WRAMC Radiation Protection Officer, stated
these acheived levels are acceptable to WRAMC. Based on the above, the facility
is suitable for unrestricted use and cccupancy, T

Member, Army Reactor Lommittee
for Health and Safety

Cr:

HQDA{DASG-PSP-E); (DAPE-HRS)
LACIS

DRCSG
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Mr. Lodde/cw/AUTOVON

DEPARTMENT OF THE ARMY
584-3526

U S, ARMY ENVIRONMENTAL HYGIENE AGENCY
ABERDEEN FRQVING GROUND. MARYLAND 21010

=4 3 A e

HSE -RH/4P PR 13

SUBJECT: Preliminary Report, Radiation Proizction Special Study Ho.
28-43-0982-80, Close-0ut Survey of Ciamond Ordnmance Nadiation
Facility (DORF}, 25-28 February 1970

Commander .

US Army Materiel Development and
Readiness Command

ATTi: DRCSG

5001 Eisenhower Avenue

Alexandria, VA 22333

1. AUTHORITY. Letter, DELHD-M-RBI, Harry &7 :mond Laboratories, 2 Hovenber
19793, subject: Request for a Radiological Fzaith Special Study, and
indorsement thereto.

Z. PURPAISE. . This special study was perforrzd to determine the. presence end
extent of radicactive contamination and wheiner the facility met the
radicactive contamiration levels stated in _clear Requlatory Cammission,
Regulatory Guide 1.86, Termination of Operziinz Licenses for Nuclear

Reactors, June 1874, followine decontamine<?zn.
3. GENERAL.

a. This radiation protection special -st.dy was conducted by Mr. Gorden
M. Lodde, Health Physicist, and 2LT Roger M. Devis, Jdr., Health Physics
Division, this Agency, during the period 23-73 February 1980.

b. An entrance interview and an exit bHriefing were provided to Hr.
Charles Hare, Contracting Officer's Represer-ative, Harry Diamond
Laboratories.

4. FINDING.

a. The resultts of smear surveys are procsided in Inclosure 1.

b. The results of concrete analysis arz crovided in Inclosure 2.

ESG-80-23
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HSE-RH /WP

SUBJECT: Preliminary Report, Radiation Protection Special Study Ho.
28-43-0982-80, Close-0ut Survey of Diamond Ordnance Radization
Facility (DORF}, 25-28 February 1930

c. Surveys by direct radiation measurenents indicated that the highest

radiaticn values were obtained on the north, scuth, and west walls of the

exposure room. The values ranged from 20-4C0 microroentgen per hour (uR/h)

on contact as measured with an Eberiine, Model PR¥-7, Micro-R-Meter and up %o

350 pR/Hr wien measured with a Victoreen, Hodel 440, Tonization Chamber.

These two methods of radiation measurements are in close agoecement,

5. DISCUSSION.

a.  Samples were taken from the wastewater holding tants and the sowage
system down stream from the holding tanks.

b. Core sanples were taken of f site and soit and vegelation samples
were taken both on and off site.

c. The final repart will be forwarded in about 60 days foltlowing
analysis of the samples.

6. COMCLUSION. A revicw of the findings indicated that after decontanmi-
nation the facility conformad te the requirements of Regulatory Guide 1.86.

7. RECOMMENDATION. HNone

FOR THE COMMANDLER:

- AN
2 Inci %DERMOTT

as coL, HMSC
Director, Radiation and
Envircnmencal Sciences

CF: -
Cdr, LERADCOM
Cdr, HSC (HSPA-P)
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HSE-RH/WP ’

SUBJECT:  Preliminary Report, Radiation Protection Special Study Ho.
28-43-0982-80, Close-Out Survey of Diamond Ordnance Radiation
Facitity {DORF), 25-28 February 1980

RESULTS OF ANALYZING WIPE TEST SAMPLES

Disintegraticns par ilinute 22 Standard Deviations/100 cm?

Sampte RCB Gross Alpha Gross Beta
Identification Lab HNo. Activity Activity

1 L244 < 1.4 4,8 + 2.5

2 L245 <1,4 < 2.5

3 L246 <1.8 < 2.5

4 L247 <1.4 < 2.5

5 1248 <T.4 < 2.5

6 1249 < 1.4 < 2.5

7 L250 <1,4 < 2.5

8 1251 ' <1.4 2.8 + 2.0

g L2752 <1.4 < 2,5

10 L253 < 1.4 6.0 =

1 L254 <1.4 ' 2.6 + 2.0

12 1255 <1.4 < 2.5

13 L256 <1.4 < 2.5

14 L257 < 1.4 < 2.5

15 1258 <1.4 < 2.5

16 L2598 <1.4 3.6 + 1.5

17 L260 < 1.4 < 2.5

18 L2561 < 1. < 2.5

19 L262 <1,4 14.6 + 3.

20 L263 4,7 & 2.4 14,0 + 3.

21 L264 <1.4 < 2.5

22 L265 <1.4 6.2 + 2.3

23 L26s <1.4 7.0 =
24 L267 3,2+ 1.9 < 2.5

25 L268 < 1.4 5.2 + 2.4

26 L269 <1.4 < 2.5

27 L270 <1.4 3.0 ¢ 2.0

28 L271 <1.4 < 2.5

29 L272 <1.4 < 2.5

£SG-80-23
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HSE-Ri/UE

SUBJERT: Preliminary Report, Radiation Protection Seecial Study Ho.
28-43-0982-80, Close-0ut Survey of Diarond Ordnance Radiation
Facility (DORF), 25-28 February 1925

Sample

RCB

Identifjcation iab Na.
30 1273
31 L1274
32 .275
33 L276
34 Le77
35 1.278
36 1.279
37 1280
38 L2381
39 L282
40 L233
41 L284
47 L285
43 L2856
44 L2g7

U Disintegrations per Finute +2 Standard Deviations/100 cm?

Gross Alpha Gross Beta
Activity Activity
< 1,4 3.2 +2.2
<1.4 9.8 = 3.2
< 1.4 3.2 + 2.3
< 1.4 < 2.5 .
< 1.4 <2,5
1.8 | 3.2 + 2.4
<1.4 3.2 = 2.1
<1,4 5.0 ¢ 2.4
<i.4 £,8 £ 2.3
<1.4 <2.5
<1.4 . <2.5
<1,4 34 £ 2,1
<1.4 < 2.5
<1.4 < 2.5
< 1.4 <2.5

{ uaﬁdff_jzé)
LoHUS L./JONES, Chief
Radl & Biol Chem Div, USAENA
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HSE-RI/WP

Pralimiracy Report, Radiation Protectien Special Study No.

SURJECT: .
28-43-0082-20, Close-Cut Survey of Diamond Ordnance Radiation
Facility (DORF). 25-28 February 1980
IKTERTH RESULTS OF ANALYZING CONCRETE SEMPLES

Sample RCH Microcurie per Gram %2 Standard Deviations
Ideptification Lab Mo Europium-152 Activity Eyropium-154 Activity Cobalt-60 Activity
EX-N RCT 3.5 %1075 2 0.1 x 1075 2.8 % 107 £ 0.5 x 10°6 1.0 x 1075 = 0.4 x 1076
EX-§ rC2 5.9 » 107% £ 0.1 x 1078 4.5 % 107% + 0.8 x 1076 3.4 x 1075 £ 0,1 x 1075
ES In Pool RC3 1.6 x 1075 = 0.1 x 1075 1.4 % 1078 & 0,4 x 1076 5.4 x107% £ 0.3 x 1076
ES-W RCL 2.8 x 107% + 0,1 x 107¢ 2,2 % 107% £ 0,5 x 1078 1.4 x 1075 + 0.1 x 107%
X LIFT-S AN 1.0 % 107 & 5.2 x 1078 7.9 w1078 + 0,9 % 1078 3.0 x 1075 £ 0.3 x 1078

ALPHUS L/)Jn,ﬁ)s Chiof
N

Radl & BYd1 Chem [iv, USAEHA
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DEPARTMENT OF THE ARMY
OFFICE OF THE INSPECTOR GERNERAL
WASHINGTON, D.C. 20317

5- g JuN 1669

§ APR 1959

46 TID

SUBJECT: Reactor Facllity Inspection of the Diamond Ordnance Radiation
- Facility (RFI-5) (FY 69)

THRU : Physicist In Charge, Diamond Ordnance Radiation Facility,
Harry Diamond Laberatories, Washington, D. C. 20438
Commanding Officer, Harry Diamond Laboratorles,
Washington, D. C. 20438
Commanding General, United States Army Materiel Command
Washington, D. C. 20315

TO: Chief of Staff
Department of the Army
ATTN: The Inspector Cenersgl
Waghington, D. C. 203153

1. GENERAL

1. 1In . accordance with AR 20-1 and AR 385-80 a reactor facility
inspection of the Diamond Ordnance Radiation Facility was made during
the period 12 - 14 March 1969. The facility was rated SATISFACTORY.
(Only a rating of SATISFACTORY or UNSATISFACTORY was considered.)

2. The rating applied to the technical, health physics, and safety
aspects of the operation of the facility, and the administrative and
logistical support essentlal for its safe and efficient operation.

3. Evaluation was accomplished by questioning personnel; reviewing
procedures, records and reports; observing reactor operations; inspecting
the facility; and observing the response to a simulated emergency
situation, Detailed results of the inspection appear in TAB B.

. " 4. At the Diamond Ordnance Radiation Facility the team chief held

a critique of the inspection and gave the Physicist in Charge a copy of
the inspectors' informal notes and a memorandum of minor irregularities.
The team chief held a critique for the Commaqdlng Officer, Harry Diamond
Laboratories.

PROTECTIVE MARKING IS EXCLUDED
FROM AUTOMATIC TERMINATION . Copy No. 1
(PARA 18, AR 345-15)
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IG TID
SUBJECT: Reactor Facility Inspection of the Diamond Ordnance Radiation
Facility (RFI-5) (F¥Y 69)

II. SUMMARY OF SIGNIFICANT OBSERVATIONS

5. There were no deficiencies noted during the inspection,

6. The Physiecist in Charge and his staff are commended for thelr
competence in dosimetry and reactor physics, and the outstanding operating

conditions at the reactor facility,

7. The Health Physics Section, Walter Reed Army Medical Center, is
cowmended for providing outstanding health physics support.

111, RECOMMENDATIONS

8. It is recommended that Physicist in Charge, Diamond Ordnance
Radiation Facility, correct the comments in TAB B. '

IV. PROCESSING REPORT

8. AR 20-1 prescriﬁes the procedures for processing this report,
f

B L/ .
- % e ? j—f«cm“/
. Aéjé}Q, - L8

2 Incl GEORGE ‘E. LEAR

TAB A - Msn & Org - LTC, 1IG

TAB B ~ Observations Inspector General
2
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IG TID _
“SUBJECT: "Reactor Facility Inspection of the Diamond Ordnance Radiatilon
Facility (RFI-5) (FY 69)

Copies furnished:
1. Physicist in Charge, DORF For ind and rtn thru chanmnels

. Physicist in Charge, DORF For retention :

. CO, Harry Diamond Laboratories For info and retention

and 5. CG, USAMC, ATTN: AMCSA-N " " " "

CRD, ATTN: CRDNCB " moomn "

CofEngrs, ATTN: NPD " moon

TSG 11 L

. DCSLOG, HQ DA, ATTN: LOG~-OM-ALB n H " "

10, . ACSFOR, HG DA, ATTN: FOR CM NU " " " i

1l. DCSPIER, HQ DA, ATTN: DCSPER-SD " " " "

12. Dir of Regulation, AEC

13  and 14. Dir, Div of Reactor
Development, AEC, ATTN: Asst Dir
for Army Reactors :

15. OTIG, HQ DA, ATIN: TID Suspense Copy

1

@

PelRe BN ile SR RPN S

Extract furnished:
CG, WRAMC

3
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IG TID
TAB A

MISSION AND ORGANIZATION

1. Mission. The mission of the Dlamond Ordnance Radiation Facllity as

stated in Harry Diamond Laboratories Pamphlet 70-4 was: '"to provide

a source of radiation for experimental programs conducted at the Harry
Diamond Laboratories or by other Federal Government Agencies and their

contractors., "

2.  Organizaiion. BSee attached organization chart.

e

PROTECTIVE MARKING IS EXCLUDED
FROM AUTOMATIC TERMINATION
(PARA 18, AR 345-15)

- FOR OFFICIAL USE ONLY
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16 TID
ORGANIZATION
Commanding Officer
Harry Diamcnd Leboratorigs
Technical Director
Chief, Laboratory 200
Chief, Bramch 230
¢ _ s : i
! ‘ 3 :
Beactor Safeguards Technieal feactor Test Flanning
Committee : Atde Committee
Physicist in Charge
t _ P .
Secretary | Staff Physicist
Asst Physicist in Charge
Operations Staff Health Physics Btaff
{From WRAMC)*
RECAP OF PERSONNEL
Auth Actual
Civilians . 8 B
Enliated HMen#® 2 2

Appendix 1 to TAB A Protective Marking is Excluded
: ' ' from Automatic Termination
{para 18, AR 345-15)

FOR OFFICIAL USE ONLY
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IG TID
TAB B

OBSERVATIONS

1. This incleosure contains detailed observations made during the
ingpection. Theese observations are classified as Factors Affecting
Operatione, Deficiencics, or Comments. The definitions of these terms
are: '

g. Factors Affecting Operations are observations of adverse situations
or conditions correctabls by a staff agency or bheadquarters other than
that inspected.

b, Deficiencies are observations of adverse situations or conditions
which are within the capability of the imspected reactor facility to
correct and are important enough. to require correction.and report of cor-
rective action.

¢. Comments are observations of conditions which require correction
and which can be corrected by the inspected reactor facility. The con-
ditions are considered not seriocus enough to warrant classification as
deficiencies. Corrective action is not reported to The Inspector General
but is kept on record at the reactor facility.

2. No factors, deficiencies, or comments were reported for the following
areas inspected: Mechanical Systems, Health Physics, Envirommental

Monitoring, and Industrial Safety.

3. The appendices to this TAB are:

APPENDIX _ - TITLE
1 " Ope£ations
2 ' ' - Electrical and Instrumentation Systems
3 - Simulated Emergency Situétion

_JROTECTIVE MARKING IS EXCLUDED
FROM AUTOMATIC TERMINATION
(PARA 18, AR 345-15)
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IG TiD

OPERATIONS

1. Factors Affecting Operations. None.

2. Deficlencies. None.

'3, Comments.

a. At the conclusion of the FY 68 Reactor Facility Inspection made by
the DAIG inspection team, a Memorandum of Minor Trregularities and Defi-
ciencies was given to the Physicist in Charge. Paragraph 2 of that
memorandum required that a memorandum of cerrective action taken be
retained on file. Corrective action had been taken but no memorandum of
corrective action was available.

b. A comment under "Operations™ in the DAIG Reactor Facility In-
spection Report, 30 April 1568, was the observation that HDL Pamphlets
70-4 gnd 70-5 required "review and printing of mnew pamphlets'. HDL
Pamphlet 70-4 has been reviewed and reprinted. First indorsement,
AMXD-RBE, Harry Diamond Laboratories, 14 June 1968, stated the ”DORF'staff
will review, rewrite, and reissue" HDL Pamphlet 70-5 so that these tasks”
will be completed within 180 days (1 December 1968)". The rewriting and
reprinting ¢f HDL Pamphlet 70-5 has not been made; however, the review

was 1n progress.

PROTECTIVE MARKING IS EXCLUDED
FROM AUTOMATIC TERMINATION
(PARA 18, AR 345-15)

Appendix 1 to TAB B
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ELECTRICAL AND INSTRUMENTATYON SYSTEMS

1. Factor Affecting Operations. HNone.

2., Deficlency. Nene.

3. Comment. Records indicated that scheduled maintenance on auxililary

" Bervo Chassis and Thermocouple Sampling circuit Nr. 1-26A had not been
performed since 14 December 1967. Equipment Maintenance Log (DA Form 2409)
reguired a twelve months maintenance interval.

PROTECTIVE MARKING IS EXCLUDED

FROM AUTOMATIC TERMINATION
(PARA 18, AR 345-15)

Appendix 2 to TAB B
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SIMULATED EMERGENCY SITUATION

1. Factors Affecting Operations. None.

2. Deficiencies. None.
3. Comments.

a. During monitoring of personnel leaving the reactor area. a health
physics technician used his finger to gauge the distance from the survey
instrument detector to the individual being momitored. This procedure
could cause contamination of the health physics technician and the survey
Instrument.

b. ?roteclee gloves were not worn by a health physics techanician
while handling possibly contaminated re-entry personnel dosimetry belts.

¢. After return to the health physics control point, initizl re-entry
personnel removed their face masks before removing other protective cloth-
ing. Masks should be the last protective item to be removed by the ini-
tial re-entry team.

d. Initial re—entry personnel removed hooties on the "hot side' of
the health physics control line and then stood in that area. (FM 3-15,
Section VIII, Nuclear Accident Contamination Control, 17 Jun 66 and NBS
Handbook 92, Sectiomns 3 and 5, 9 Mar 64)

PROTECTIVE MARKING 1S EXCLUDED
FROM AUTOMATIC TERMINATION
(PARA 18, AR 345-15)

Appendix 3 to TAB B
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DEPARTMENT OF THE ARMY
OFFICE OF THE INSPECTOR GENERAL g—
WASHINGTON, [.C. 20314

SUBJECT: Reactor Facility Inspection of the Diamond Ordnance Radiation
: Facilicy (FY 71) : ) ' '

THRU: Commanding Officer
Harry Diamond Laboratories
Washington, D. C. 20438

TO: Chief of Staff
United States Army
ATTN: The Inspector General
Washiagton, D. C. 20314

1. GENERAL

1. In accerdance with AR 20-1 and AR 385-80 a reactor facility
inspection of the Diamond Ordnance Radiation Facility was made during
the period 18 — 20 January 1971. The facility was rated SATISFACTORY.
(Only vatings of SATISFACTORY and UNSATISFACTORY were considered.)

2. The rating applied to the technical, health physics, and safety
aspects of the operation of the facility, and to the administrative and
logistical support essential for its safe and efficient operatiom.

3. Evaluation was accomplished by questioning personnel; reviewing
procedures, records, and reports; cbserving reactor operations; and in-
specting the facility. Detailed results of the inspection appear in TAB A.

4. The team chief held a critique of the inspection and gave the
Physicist in Charge a copy of the inspectors' informal notes and a memo-
randum of minor irregularities. The Commanding Officer, Harry Diamond
Laboratories, was briefed on the results of the inspection.




Y

- IC¢ TID
SUBJECT: Reactor Facility Inspection of the Diamond Ordnance Radiation
Facllity (¥FY 71) '

1T, SUMMARY OF SIGNIFICANT OBSERVATIONS

S, Radlation monitoring equipment was not 'installed in accordance
with approved plans. (TAB A, para 2a)

6. There was a need to improve calibration supﬁort for radiation
survey instruments. (TAB A, para 2b)

I1i. RECOMMENDATIONS

7. It is recommended that: |
g

a. Commanding Officer, Harry D&amond Laboratories:

{1} Coordinate with the Commanding General, Walter Reed Army
Medical Center, to correct the factor affecting operations in TAB A,
paragraph Za.

{2y Correct the comments in TAB A, paragraph 4.

b. Commanding General, Walter Reed Army Medical (enter:

(1) Coordinate with the Commanding Officer, Harry Diamond
Laboratories, toc correct the factor affecting operations in TAB 4,
paragraph 2a.

(2) Correct the factors affecting operstions in TAB A,
paragraphs 2b and 2c.

Iv. PROCESSING REPORT

8. AR 20-1 prescribes the procedures for pfocessing this report.

1 Incl ROBERT K. O'CONNELL
TAB A ~ DORF LTC, IG

Ingpector General
Copies furnished:
-{See next page)

R
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SUBJECT: Reactor Facllity Inspection of the Diamond Ordnance Radiation
Facildty (FY 71)

Coples furnished:

. €O, Harry Diamond Laboratories For ind and rtn thru channels
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TAB A

DIAMOND ORDNANCE RADIATION FACILITY
WASHINGION, D. C. 20438

1. Mission. The mission of the facility, as stated in Harry Diamond
Laboratories Pamphlet 70-4, was: "to provide a source of radiation for
‘experimental programs conducted at the Harry Diamond Laboratories or
by other Federal Govermment agencles and thelr contractors.”

2, Tactors Affecting Operations

a. There was no instrument installed to moniter the reactor effluent
air for pawvticulates after it passed through the sbsolute air filters. The
Walter Reed Army -Medical Center Environmental Radiological Monitoring Plan,
which was applicable to the facility, indicated rhat such a monitor was
installed and was being checked daily, (WRAMC ENRADMON Plan, 15 Aug 66,
para 6a(2){b)}

b. Recently, the facility had not been receiving timely support In
the calibration of radiation survey instruments. From 19 Novemher 1970
to 11 January 1971, only one of the thirteen instruments on.hand at the
facility was in calibration. The Health Physics Section, Walter Reed
Army Medical Center, was responsible for providing calibration support.

¢. During November and December 1970, environmental monitoring
technicians collected fallout-washout samples at intervals ranging from
11 to 14 days rather than weekly as prescribed. (WRAMC ENRADMON Plan,
TP 2-2-3, para 2)

3. Deficiencies. None,

&, Comments.

a, The console regulated AC voltage was not within tolerance. Since
28 September 1970, the voltage had exceeded continuously thé specified
limits (117 + 3 volts). This overvoltage detracted from the accuracy of
other parameters. (Harry Diamond Laboratory (HDL) Pamphlet 70-5, 1 Dec
69, para 2.3.3)

b. The voltmeter used to measure console regulated AC voltage was
not in calibration. (HDL Pamphlet 70-5, para 2.3.3)
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DEPARTMENT OF THE ARMY
OFFICE OF THE INSPECTOR GENERAL -
WASHINGTON, D.C. 20314

SUBJECT: Reactor Facility Inspection of the Walter Reed Army Medical
o Center Research Reactor (FY 71)

THRU : Director, Walter Reed Army Institute of Research
Washington, D. C. 20012
Commanding General, Walter Reed Army Medical Center
Washington, D. C. 20012
The Surgeon General, Department of the Army
Washingteon, D. C. 20314

TO: Chief of Staff
United States Army
ATTN: The Inspector General
Washington, D. C. 20314

1. GENERAL

L. In accordance with AR 20-1 and AR 385-80 a reactor facility
inspection of the Walter Reed Army Madical Center (WRAMC) Research
Reactor was made during the period 21 - 22 Januvary 1971. The facility
was rated SATISFACTORY. (Only ratings of SATISFACTORY and UNSATISFACTORY

were considered.)

2. The rating applied to the technical, health physics, and safety
aspects of the operation of the facility, and to the administrative and
logistical support essential to its safe and efficient operation.

3. Evaluation was accomplished by questioning persoanel; review—
ing procedures, records, and reports; and inspecting the facility.
Detailed results of the inspection appear in TAB A.

Copy No. {E




1G TID
SUBJECT: Reactor Facility Inspection of the Walter Reed Army Medical

Center Research Reactor (¥Y 71)

4. The team chief held a critique of the inspection and gave the
Deputy Director, Division of Biochemistry, Walter Reed Army Institute of
Resedrch (WRAIR), a copy of the inspectors' informal notes and a memo-
randum of minor irregularities and deficlencles, The Executive Officer,
WRAIR, was briefed on the results of the inspection.

11. SUMMARY OF SIGNYFICANT OBSERVATIONS

5. A contract had been awarded to deactivate the reactor facility.
{TAB A, para 1) ;

I1I. RECOMMENDATIONS

6. It is recommended that:

a. Director, Walter Reed Army Iﬁstitute_of Regearch, correci the
deficiency and commenis in TAB A, paragraphs 3 and 4.

b. Commanding General, Walter Reed Army Medical Center, ensure
expeditiocus deactivation of the reactor and release of excess personnel.

{TAB A, para 1)

iv. PROCESSING REPORT

7. AR 20-1 prescribes procedures for processing this report.

1 Incl ROBERT K. O'CONNELL

TAB A - WRAMCRR LTC, 1IG .
Inspector General

Copies furnished:
(See next page)
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TAB A

WALTER REED ARMY MEDICAL CENTER RESEARCH REACTOR
WASHINGTON, D. C. 20012

1. Mission. The missieon of the Walter Reed Army Medical Center Research
Reactor had been terminated. A contract had been awarded for deactivation
of the reactor. Dismantliag was expected to begin in May 1971 following
approval of proposed procedures by the Army Reactor Systems Health and
Safety Review Committee and The US Atomic Energy Commission. Pending
deactivation, the staff remained on duty to insure that the reactor was
waintained in a safe condition.

2. Factors Affecting Operations. None.

3, Deficiency. Envirommental monltoring technicians were not maintaining
guality contrel charts to insure the accuracy of each counting system used
in radicanalysis. (WRAMC EMRADMON Plam, 10 Aug 66, S0P #1-2, para 24)

4. Comments.

a. The female plug used to connect the horizontal thermocolumn shield
door motor to a 208-volt power source was cracked and in need of replacement.

b. The standby electrical power source for operation of the emergency
communication system did not function during a test involving loss of
external power.
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DEPARTMENT OF THE ARMY

OFFICE OF THE INSPECTOR GENERAL
WASHINGTON, D.C. 20314

S- 3.0 Jun 972

DAIG-TI 3 HAY 1977

SUBJECT: Reactor Facilify Inspection of the Diamond Ordnance Radiation
Facility (¥Y 72)

Commanding Officer
Harry Diamond Laboratoxries
Washington, DC 20438

L. GENERAIL,

1. In accordance with AR 20-1 and AR 385-80, a reactor facility
inspection of the Diamond Ordnance Radiation Facility, Washington, DC,
was made during the perlod 3 - 5 April 1972 by LTC Robert K. 0'Connell,
0ffice of The Inspectoer General. The facility was rated SATISFACTORY.
(Only ratings of SATISFACTORY and UNSATISFACTCRY were conéidered,)

2. The rating applied to the technical, health physics, and safety
aspects of the operation of the facility, and to the administrative and
legistical support essential for its safe and efficient operation.

3. Evaluation was accomplished by questioning personnel; reviewing
procedures, records, and reports; observing reactor operations; and in-
specting the facility. Detailed results of the inspection appear in TAB A.

4. The team chief held a critique of the inspection and gave the
Physicist in Charge a copy of the inspectors' informal notes and a memo-—
randun of minor irregularities. The Chief, Nuclear Radiation Effects
Laboratory, Harry Diamond Laboratories, was briefed on the results of the
inspection.

iT, SUMMARY OF SIGNIFICANT OBSERVATIONS

5. There was a need for a more effective preventive maintenance
program. (TAR A, para Za)

Copy No 10
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DAIG-TI : :
SURJECT: Reactor Facility Inspection of the Diamond Ordnance Radiation
Facility (¥Y 72)

ITI. RECOMMENDATIONS

6. It is recommended that:

a. Commanding Officer, Harry Diamond Laboratories, correct the
factor affecting operations, deficiencies, and comments in TAB A, para-
graphs 2e, 3 and 4.

b. Commanding General, Walter Reed Army Medical Center, correct
the factors affecting operations in TAB A, paragraphs 2a, 2b, 2c and 2d.

IV. PROCESSING REPORT

7. AR 20-1 prescribes the procedures for processing this report.

FOR THE INSPECTOR GENERAL:

1 Incl ROWLAND B. SHRIVER, JR.
TAB A - DORF \ Colonel, IG
Chief, Technical Inspections Office

Copies furnished:

1. €0, Harry Dizmond lLaboratories For ind and rtn thru channels
2 and 3. CO, Harry Diamond Taboratories For retention
4 and 5. CG, USAMC, ATTN: AMCSA-N For info and retention
6. HQDA (DASG-PSC-E) For action and retention
7. HQDA (DAPE-MPS) Tor info and retention
8. HQDA (DALO-OMD) " woom r
9. HQDA (DARD-ARP) . " i " "
10. HQDA (DAEN--50) " Y " i
11. Dir of Regulation, AEC " " " "
2 and 13. Dir, Div of Reactor " " " "
Development, AEC, ATTN: Asst
Div for Army Reactors ) .
14. HQDA (DAIG-TIL) Suspense Copy
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TAB A

DIAMOND ORDNANCE RADIATION FACILITY
WASHINGTON, DC 20438

1. Mission. The mission of the facility, as stated in Harry Diamond
Laboratories Pamphlet 70-4, was: '"to provide a source of radiation for
experimental programs conducted at the Harry Diamond Laboratories or
by other Federal Government agencies and their contractors."

2. Factors Affecting Operations.

a. There was a need for a more effective facility preventive
maintenance program.

(1) Safety relief valves on the air compressor and electric hot
water generator had not been tested since installation. {EM 385-1-1,
1 Mar 67, para 21A02) '

(2) Electrical distribution breakers were not being tested regularly.
A recent courtesy test by an outside agency identified several ineperative
breakers, which were replaced during the inspecticn. (Fngineer Regulation
1130-2-303, 15 Dec 67, App 1, para 1203)

{3) There had been no routine preventive maintenance on the diesel-
generator since 1968. A maintenance contract was under consideration.

b.  Procedures for releasing radicactive liquid waste to the sanitary
sewer did not insure that effluent activity was within prescribed limits.
Although data on greoss gamma activity of the effluent was recorded, there
was no evidence of analysis to identify all contributing elements and
establish proper limits accordingly. (AR 7535-15, 4 Nov 66, para 22a(3))

.¢. During CY 1971, environmental samples were not collected at one
soil station (Number 10) and two fallout-washout stations (Numbers 5
and 10). (WRAMC ENRADMON Plan, 15 Aug 66, Tab G, pg 1; Tab D, pg 7)

d. During the period 18 October 1971 - 26 November 1971, technicians
did not complete weekly analysis of reactor water samples for the presence
of Tritium because of faulty counting equipment. Later analysis indicated
that the Tritium level had been much higher than normal.
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DAIG-TE

e. The overhead hoisgt used to 1ift and move heavy objects in the reactor
room had not been load-tested since 1970. (A recurring cbservation.)

3. Deficiencies.

a. Reactor operators were using an uncalibrated veoltmeter (Tripplet 6304)
to check console AC regulated wvoltage. A calibrated electrostatic voltmeter
was available for cross—check, but was considered undesirable for routine use.
It was indicated that suppert personnel would not calibrate the Tripplet wvolt-
meter. (HDL Pamphlet 70-5, 1 Dec 69, para 2.3.3)

b. There was no assurance that the quantity of neutron-activated
materials on hand was within prescribed limits; the facility had recently
acquired a large quantity of activated graphite without establishing the
total activity involved. (AEC License No. BML 08-02534006)

c. There were no portfable neutron survey instruments available. Be-

ginning in January 1972, all seven instruments belonging to the facility
had been sent away for calibration.

4. Comments
a. During modification of the reactor pocl water-level alarm system,
wires of a 6-volt system were left bare and exposed. A short-circuit in

this system would have opened a common fuze and deactivated the water
" activity monitor and the water temperature indicator.

b. There were no records or markings asscciated with CQ2 fire
extinguishers to indicate original charged-weight and dates on which

future testing would be required. (EM 385-1-1, 1 Mar 67)

¢. The odor of gas fumes was detectable near the second floor boiler.

2 TAB A
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DEPARTMENT OF THE ARMY
OFFICE OF THE INSPECTOR GEMERAL.
WASHINGTON, D.C. 20314

s—3 0 JUN w7s

DAIG-TI

SUBJECT: Reactor Facility Inspeccion of the Army Pulse Radiation
Faeility (FY 72) '

Commanding Officer
US Army Aberdeen Research and Development Center
Aberdeen Proving Ground, Maryland 21005

I. GENERAL

1. 1In accordance with AR 20-1 and AR 385-80, a reactor facility
inspection of the Army Pulse Radiation Facility {APRF), Aberdeen Proving
Ground, Maryland, was made during the period 10 ~ 12 April 1972, by LTC
Robert K. 0’Connell, Office of The Inspector General. The facility was
rated SATISFACTORY. (Only ratings of SATISFACTORY and UNSATISFACTORY
were considered.)

2. The rating applied to the technical, health physics, and safety
aspects of the operation of the: facility, and to the administrative and
logistical support essential for its safe and efficient operation.

3. Evaluation was accomplished by questioning personnel; reviewing
procedures, records, and reports; observing reactor operations; and in-
specting the facility. Detailed results of the inspection appear in TAB A,

4. The team chief held a critique of the inspection and gave the
Chief, Reactor Support Brauch, a copy of the inspectors’ informal notes
and a memorandum of minor irregularities and deficiencies. The Commanding
Officer, US Army Aberdeen Research and Development Center (ARDC), attended
- the critigue.

“1I. SUMMARY OF SIGNIFICANT OBSERVATIONS

2. There were several recurring observations indicating a need for
additional corrective effort. (TAB A, paras 2a, 2b, 3b, 3f, and 3g)

Copy No 11




DAIG-TI
SUBJECT: Reactor Facility Inspection of the Army Pulse Radiation

Facility (FY 72)

6. Excess special source material had been on hand since October
1969.  (TAB A, para 2a)

7. The facility required more effective support in eliminating
potential fire and safety hazards. (TAB A, paras 2b, 2c¢, and 2d)

8. There was a need for greater precision in the monitoring and
release of radioactive substances. (TAB A, paras 3a, 3b, 3e, and 3d)

ITE. RECOMMENDATIONS

9. It is recommended that:

a. Commanding Officer, US Army Aberdeen Research and Development o’
Center, correct the observations in TAB A, paragraphs 2z, 3, and 4. T

b. Commanding Officer, Aberdeen Proving Ground, correct the factors
affecting operations in TAB A, paragraphs Zb, 2c, and 2d.

c. Commanding General, United States Army Materiel Command, assist
the facility in correcting the factor affecting operatiens in TABR A, para-
-graph 2a. ' '

Iv. PROCESSING REPORT

10. AR 20~1 prescribes the procedures for processing this report.

FOR THE INSPECTOR GENERAL:

1 Incl ROWLAND B. SHRIVER, JR.

TAB A - APRF Colonel, IG .

' : Chief, Technical Inspections Office
Copies furnished:
(See next page)
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TAB A :

ARMY PULSE RADTATION FACILITY
ABERDEEN PROVING GROUND, MARYLAND 21005

1. Mission. The mission of the facility, as provided by the Commander,

Aberdeen Research and Development Center, was:. ""to operate and maintain
a pulse reactor facility to provide a radiative environment simulating

nuclear radiation (neutron) produced by nuclear weapons.'

2. Factors Affecting Operations.

a. Excess special source marerial from a damaged reactor core had
been awaiting disposal since October 1969. During February 1972, the
facility requested additional funds to finance reprocessing of the
material in conjunction with returning it to the Atomic Energy Commis-
sion. Informal inquiry at Headquarters, United States Army Materiel
Command, indicated that necessary funds would have to be reprogrammed
locally. This observation was included in two previcus inspection
reports to insure compliance with an AEC/DA Memorandum in which the
Army agreed to return such material when it was no longer required at
the facility. (Memorandum of Understanding between the Atomic Energy
Commission and the Department of the Army, signed 1 September 1966 by
the Secretary of the Army)

b. Circuit breakers, transformers, and relays supporting the facil-
ity were not being tested to insure operability. (A recurring observa-
tion.) (Engineer Regulation 1130-2-303, 15 Dec 67, App 1, para 1203}

¢. Procedures for testing facility safety valves for pressurized
systems were nct adequate. No effort was being made to demonstraté the
- reliability of equipment gages used as part of the test. (EM 385-1-1,
1 Mar 67, para 21A02) '

d. There were fire hazards associated with a temporary fuel oil
storage and distribution system located in the mechanical equipment
room: ' )

(1) Frail fuel lines on the floor surface had no protection against
physical damage.

(2) The mobile fuel tank was not adequately secured to prevent move-
ment. ' ' o

FOR OFFICIAL USE ONLY

Protective marking is excluded
from cutomatic terminaiion
(para 13, AR 340-16)

N S—




DAIG-TI

(3) The fuel tank was not electrically grounded.

3. Deficiencies.

a. Procedures for disposing of radiocactive liquid wastes did not
insure- that the activity of such wastes was within allowances;: - -Although-- -
liquid wastes were being released within the facility grounds rather than
to a sewer, the activity at the boundary of the restricted area had not
been established. Since the identity of the waste radionuclides had not
been precisely determined, the activity recorded for liquid released
within the restricted area was often greater than that allowed at the
boundary. (AR 735-15, 4 Nov 66, para 22a(2))

b. There was not sufficient assurance that the radiocactivity of the
facility air effluent was within acceptable levels. Since air effluent
was nolb being monitored continuously and air £low meters were not cali-
brated, facility data concerning maximum release rates and total activity
released were based largely on estimates without any identifiable support-
ing analysis. In addition, there was no information regarding concentra-
tion of radicactive gases at the boundary of the restricted area, (A
recurring observation.) (AR 755-15, para 22a{2); AR 385-80, 16 0ct 70,
para 5-1(b)(5); Techunical Specifications for APRF, 12 Apr 71, Chap VII,
para 3c) :

c. Liquid radioactive waste was being released iﬁdirectly into an
unrestricted area without obtaining the approval required by the local
government. (AR 755-15, para 22a(2))

d. Remote area radiation monitors and particulate air monitors were
not being calibrated at quarterly intervals. Area monitors had been
last calibrated during July 1971. Particulate air monitors were being
calibrated during March and October, except for the air-flow meters which
were being ignored. (Technical Specifications for APRF, Chap V, paras @
and R) '

e. -There was no evidence that quarterly. checks of the reactor motion
interlock were being performed. (Technical Specifications for APRF,

“Chap V, para L; Chap VII, para E2)

f. There was no preventive maintenance being accomplished on the
batteries used to power radio communications and remote annunciation
from the reactor to the laboratory building. (A recurring observation.)
(National Electric Code, para 700-4)

2 , TAB A
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g. Corrective action had not been taken or recorded with respect to
.the Memcorandum. of Minor Irregularities left at the facility following the
previous reactor facility inmspection. (AR 20-1, 22 Aug 68, para 2-12)
4, Comment. Entries on tags attached to facility fire extinguishers

indicated these items were not -being checked each month for service-
ability. (AR 4£20-90, 27 Apr 70, paras 2-7a and d)

’

3 "TAB A
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DEPARTMENT OF THE ARMY
OFFICE OF THE INSPECTOR GENERAL,
WASHINGTON, D.C. 20314

s-4 JUL 1973

REPLY.TO . .
ATTENTION OF1

DATG-TT & MY W3

- SBUBJECT: Reactor Facility Inspection of the Diamond Ordnance Radiation
Facility (FY 73)

Commander
Harry Diamond Laboratories
Washington, D. C. 20438

L. GENERAT

1. in accordance with AR 20-1 and AR 385-80, a reacter facilicy
inspection of the Diamond Ordnance Radiation Facility, Washington, DC,
was made during the period 16 - 18 April 1973, by LTC Vincent P. De Fatta,
Qffice of The Inspector General. The facility was rated SATISFACTORY.

(Only ratings of SATISFACTORY and UNSATISFACTORY were considered.)

2. The rating applied to the technical, health physics, and safety
aspects of the operation of the facility, and to the administrative and
logistical support essential for its safe and efficient operation.

3. Evaluation was accomplished by gquestioning personnel; reviewing.
procedures, records, and reports; observing reactor operations; and ia-
specting the facility. Detailed results of the inspection appear in TABR A.

4, The team chief held a critigue of the inspection and gave the
Physicist in Charge a copy of the inspectors' informal notes and a memoran-—
dum of minor irregularities and deficiencies. The Chief, Nuclear Vulner-
ability Branch, Harry Diamond Laberatories, attended the critique, and
the Commander, Harry Diamond Laboratories, was briefed on the results of
the inspection.

IT. SUMMARY OF SIGNIFICANT OBSERVATIONS

5. There was a need for a more effective proventive maintenance
program. (TAB A, paras 2c, 2d, 3k, 4e, and 4g)

DISSEMINATION IS PROUIBITED
EXCEPT AS AUTHORIZED BY AR 20-1 Copy No 10 '

FOR OFFICIAL USE ONLY .
| Prolective morking
from: i

I R Lt




DAIG-TI
SUBJECT: Reactor Facility Inspection of the DMamond Drdnance Radiation

Facility (FY 73)

6. There was a need for review, revision and updating of basic
facility documentation. (TAB A, paras 3f, 1, and 4f)

7. Additional command emphésis was needed on the facility's
personnel reliability program. (TAB A, paras 3a, 3b, and 3c)

ITT. RECOMMENDATIONS

8. Et.is_recommendéd‘that:

¥

a. Commander, Harry Diamond Laboratories, correct and ensure non-
recurrence of the observations in TAB A, paragraphs 3 and 4c through 4g.

b. Commander, Health Services Command, correct and ensure non-
recutrence of the observations in TAB A, paragraphs 2, 4a, and 4b,

1V.  PROCESSING REPORT

9. AR 20-1 prescribes the procedures for processing this report.

FOR THE INSPECTOR GENERAL:

1 Incl_ ) ROWLAND B. SHRIVER, JR.
TAB A - DORF Colonel, IG

: Chief, Technical Inspections Office
Copies furnished:

1. Cdr, Harry Diamond Lab For ind and rtn thru channels
2 and 3. Cdr, Harry Diamond Lab For retention

4 and 5. Cdr, USAMC, ATTN: AMCSA-N For info and retention

6. HQDA (DASG-PSC-E) noon " ’

7. HQDA (DAPE-MPS) woow " "
8. HQDA (DALO-OMD) wen ¥ "
9. HQDA (DARD-ARP) : BT " o
10. HQDA (DAEN-S0) : " " o "
11. Dir of Regulation, AEC , v i "
12 and 13. Dir, Div of Reactor ' "o " "
Development, AEC, ATTN: Asst '
Dir for Army Reactors -
14. HQDA (DAIG-TI) ' Suspense Copy -

Extract furnished:
Cdr, Health Svcs Cmd
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TAB A
DIAMOND ORDNANCE RADIATION FACILITY
. WASHINGTON, DC . 20438

1. Mission. The mission of the Diamond Ordnance Radiation Facility is
contained in the HDL Pamphlet 70-4, paragraph 3.1, which states: The
mission of the Harry Diamond Laboratories is, in part, to: .
a. Investigate and determine the susceptibility of electronic
materiel to nuclear weapons radliation environment, mechanisms of those
effects, and ways and means of developing less susceptible materiel.

b. Conduct research and development in the various physical science
and engineering fields directed toward meeflﬂg the military. characteristics

for fuzing or of Telated items.

2. Factors Affecting Operations.

a. The dosimeters issued for health and safety purposes did not have
valid DA labels 80 overprinted with the letters "I & C" (Inspection and
Certification) affixed. (TB 750-242~3, 21 Nov 69, para 3a(2))

b, Fallout - washout sample station 5, Main Section (xoof of out-patient
building} was not collected or counted from 22 September 1972 to 10 November
1972. The Bealth Physics Officer did not make this fact known to the Physi-
cist in Charge and therefore the incident was not reported in accordance
with applicable regulations. (WRAMC ENRADMON PLAN, 15 Feb 72, App C,
para B; Technical Specifications for the DORF Reactor, 24 Nov 71, Vol 6,
para 8e; AR 385-40, Aug 72, para 2-14 (C2))

EN

c. Safety relief valves en the electric hot water heater had not been
tested since installation. (EM 385-1-1, 1 Mar 72, para 21A 02) (Recurring)

d. There was no record available to indicate that electrical distri-
bution breakers were being tested regularly. (ER 1130-2-303, 15 Dec 67,
App 1, para 1203) (Recurring)

DISSEMINATION IS PROHIBITED'
EXCEPT AS AUTHORIZED. BY AR 20-1
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DALG-TI

3. Deficiencies.

a. In at least one instance an individual asgigned to a controlled
position had not initialled the new job description on his DA Form 2706
{AR 50-5, paras 3-21a and 3-26(2))

b. Nuclear Duty Position Strength and Reliability Reports, RCS
CSFOR-161 (DA Form 3637-R) were not prepared and forwarded. (AR 50-5,
para 3-29)

¢. A nuclear duty position rester was not being maintained. (AR 50-5,
para 3-3) - r

d. During the nuclear accident/incident {simulated) the following
were observed:

(1} The emergency procedures in HDL Pamphlet 70-~5 and the Inter-
service Agreement between the Cdr, WRAMC and the Cdr, HDL were in confliet
concerning Public Affairs Activities during reactor adecident/incidents,
{HDL, Pam 70-5, 1 Dec 69, para 4.4.10 and Interservice Agreement between
Cdr, WRAMC and the Cdr, HDL, undated, para 13}

(2) The accident was not reported to the Chief of Engineers.
{AR 385-40, Aug 72, para 6-2)

(3) Notificaticn of emergency condition was not in accordance with
approved procedures, i.e., the person designated as being in charge
notified the fire department, the military police and the hospital for
an ambulance, rather than notifying the military police only. (HDL Pam
70-5, para 4.4.3)

e. The Americium-Beryllium start-up source had not been leak tested
at six-month intervals. (USAEC License 08-02534-09, 12 Jul 72, Condition
13 A(1))

f. Several basic facility documents were in need of revision and up-
dating, for example:

(1) The technical specifications for the facillty dld uot reflect the
‘changes required by the installation of the Instrumentation and Control
Modification. For instance, ARCHS approved the SSAR which allows Mode I
‘steady state operation to a maximum of 250KW, yet the technical specifica-
tiong 1imit the Mode ¢ steady state operation ta 100RW. (AR 385-80,

16 Oct 70, para 3-lc)
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(?) The facility emergency plan contained in HDL Pamphlet 70-5 does
not meet the requirements of Appendix B, AR 385-80 nor had it been approved
by ARCHS. (AR 385-80, para 3-1f and 3-2c; Table 3-1 and App B)

B Modifications were being performed without the approval of the Chief,
Nuclear Vulnerabillty Branch. For example, on 1 March 1973 a 220K Ohm re-

sistor was replaced in the console system with a 100K Ohm resistor and on
21 June 1972 a 1 K Ohm resistor in the area monltoring system was changed to

-a 3 K Ohm resistor. (HDL Pam 70-4, 31 Jan 69, w/Ch 1, para 5.8J)

h. A malfunction which occurred on 17 July 1972 to the Transient Rod
Indicator, was not recorded in the Reactor Log Book. (HDL Pam 70-5, 1 Dec 69,
part 2, page 2-2)

1. The cperating precedures for the recently dnstalled reacter console
fiad not been reviewed by the Reactor Safeguard Committee or approved by the
Chief of Nuclear Vulnerability Bramch 280. (HMDL Pam 70-4, paras 5.5 and 5.6}

3. Emergency reporting insiructions weré not comspicucusly posted and
some of the emergency telephone numbers listed thereon were incorrect.
{EM 385-1-1, para 13 GO3, 1 Mar 67}

v k. The velometer used to verify the stack flow rate had not been cali-
brated at the prescribed intervals. (TB 750-236, Feb 72, Sec I1, page 365)

4. Comments.

a. In at least two locations along the perimetef fence of the facility,
vines had grown and entangled within the chain link to the extent that the
view of the area outside the fence was completely obstructed.

b. Indications were that the screening procedures required by Chapter
3, AR 50-5 were not being accomplished in a timely manner; i.e., several
instances were noted where DA Form 2706's had been executed as late as
16 April 1973.

¢. The hot water generators located in the lst floor "machinery room'
of the basement "warm room'" were installed at a height that prevented visual
inspection or operation of controls from the floor level.

d. Drills of Facility Emergency Procedures were not conducted on a
quarterly basis. Dates of drills recorded were 28 March 1972, 8 August
1972, 27 February 1973, and 6 April 1973. (Technical Specifications for
the DORF Reactor, 24 Nov 71, para VI-4-2d) ' .
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e.  There was a need for a more effective facility preventive maintenance
program. For instance:

(1) Maintenance card DA Form 2409, on oscilloscope 316 Serial #263, was
not. up te date. Last entry was 26 February 1969. _

(2) Micro-Microameter type 413 Serial #662515713~01 had not been cali-
brated since 20 January 1970.

(3) Micro-Microameter type 410c Serial #1968l was past calibration due
date., Records (DA Form 2409) indicated last calibration performed 8-71,
Instrument was supposed to be calibrated on 2092,

g/ff, The facility had not developed adequate guidance to facilitate re-—
cording of malfunctions. For instance the Ffacility had not specified:

(1) What constitutes a maifunction.

-(2} Reporting requirements to include where information is entered,
(i.e., malfunction log, station log) what information is required, and
what corrective action was taken.

{3) Review of mal functlons by facility personnel to check for health
and safety considerations. (Para VI-5-8, page 63, Technical Specifications
for DORF Reactor)

g. A wire leading to the reactor pool water-level alarm system was bare
and exposed.
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DATG-TL -
SUBJECT: Reactor Facilitry Inspection of the Blaﬂani Ordnance Radiation

Facility (FY 74)

Effects Simulation Techuolokv Rranch attended the critique, and the
Commander, Harry Diamond Laboratories was briefed on the resultrs of

the inspection.

I%. SUMMARY OF ORSERVATTONS

7. Additional command emphasis was neceded on the facility's person-
nel reliability program. (TAB A, para 2a)

8. Additional training in emerpency proceduves was requived.
(TAB A, paras 2b, 3c and 3d)

LIT. RECOMMEND

iNe)

=l
r+
el
(]

act and ensure nom -

3¢ and 34.

recurrenee “of the

b. Commaudﬁs and ensure nonre-

currence cof rhe ohsey

1v. PRGCESSING

Teport.

10. AR Z0-1 presgcribes

FOR THE ACTING THE INSPECTOE GENERAL:

SIGNED

1 Incl : ROWLANT B.
TAS A - DORF ) Colonel, IG

Chief, Technical Inspections Division

2

Copies furnished:
(See next page)
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SURJECT: Reactor Facility Inspection of the Diamond Ordnance Radiation

Facility (FY 74)

~ Copies furnished:

1 Cdr, Harry Diamond Lab For ind and rin thru channals

2 and 3. Cdr, Harry Diawmond Lab For retention

4 and 5. Cdr, USAMC, ATTN: AMCSA-N For info and retention

6. HQDA (DASG-PSC-E) " " H "

7. HODA (DAPE-MPS) oo " "

8. HGDA (DALO-MGR) oo " "

g, HQDA (D"\RD"ARP) N A 41 £

10.  BODA (DAEN-S0) noon " "

11. Dir of Regulation, AEC ' ' " "

12 and 13, Dirx, Div of Reacto: " ! " i
Develeopment, ABC, ATTH: Asst
Dir for Army Reactors

4. HODA (DATG-TE) Susnense Copy

EBxtract furnishad:

Cdr, Health Sves Cmd
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TAB A

DIAMOND ORDNANCE RADIATION FACTLITY
' WASHINGION, D. C. 20438

L. Mission. The mission of the facility was to:

a. Investipate and determine the susceptibility cof electronic materiel
to nuclear weapons radiation envivonment, wochanisms of those effects, and

ways and means of developing less SJECPn!?b‘h materiel.

ey 0
3
O

1, no one was assigned to direct
69, Part &, Annex D, para 1b)

. 1

ampler located in the emergency cache
ix month intervals. (MEDEC, S0P

c. A stayplex high volume aiv s
was not calibrated at the required s
No 2-3, 19 Dec 72, para)

d. Eleven self-reading pocket dosimeters maintained for use in emer-
gency situations were not imspected and certified at the required six
month intervals. (TB 750-242-3, 21 YWov 09, para &)

e. Two compressed gas cylinders, which were not in use, did not have
the regulator removed and the cylinder cap installed. {(EM 385-1-1,

1 Mar 67, para 21.D.11)

DISSEMINATICN IS PROHIBITED
EXCEPT A5 AUTHORIZED BY
AR 20-1
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3. Comments.

. a. In'at least four locations along the perimeter fence of the facility,
vines had grown and estangled within the chain link to the extent that the
view of the area outside the fence was completely obstructed. The situation
will be compounded when the summer growing seascn arrives. (Reburr ing from
FY 73)

b. There were no standard procedures for recording the results of the
maintenance performed on the electrical, instrumentation and mechanical

systemg. - ,

¢, Duriuvg the simulated emergency drill it was noted that:

LR ‘TL".’ 2l Tf—}‘{:}_‘ £

T o]
ency drill indicated & need for addic onal frainin
g ¥ 2

2 ' . TAB A
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DEPARTMENT OF THE ARMY
OFFICE OF THE INSPECTOR GENERAL AND AUDITOR GENERAL
: WASHINGTON, D.C. 20310

REPLY TO ' S"'f 8 SJHR o

ot ATTENTION OF:
DALG-TT g1 apw ey
imi ] i d

SUBJECT: Reactor Facility Inspection of the Diamond Ordnance Radiation
Facility (DORF) (FY 75) .

Commander

Harry Diamond Laboratories
2800 Powder Mill Road
Adelphi, Maryland 20783

I. GENERAT

1. In accerdance with AR 20-1 and AR 385-80, a reactor facility
inspection cof the Diamond Ordnance Radiation Facility, Washington, DG
was made during the period 24 - 27 March 1975, by Colonel Otto C.
Doerflinger, Jr., Office of The Inspector General. The facility was
rated SATISFACTORY. (Only ratings of SATISFACTORY and UNSATISFACTORY
were considered.)

2, The rating applied to the technical, health physics, and
safety aspects of the operation of the facility and to¢ the administra-
tive and logistical support essential for its safe and ef{icient
operation.

3. The evaluation was accomplished by questioning personnel;
reviewing procedures, records, and reports; observing reactor operations
and a simulated emergency drill; and inspecting the facility. Detailed
results of the inspection appear in TAB A.

4. The team chief held a critique of the inspection and gave the
Physicist {n Charge a copy of the inspectors' informal notes and a memo-
randum of minor irregularities and deficiencies. The Chief, Nuclear
Radiation Effects Laboratory and the Associate Director for Admlnlstra—
tion attended the critique,

Dissemination is prohibited
except as authorized by AR 20-1, Copy No. /}5
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DATG-TI
SUBJECT: Reactor Facility Inspection of the Diamond Ordmance Radiation

Facility (DORF) (FY 75)

II. SUMMARY OF OBSERVATIONS

5. The ENRADMON plan required updating. (TAR A, para 3a)

6. The facility was not fuliy complying with USAMC physical
security requirements. (TAB A, paras 2, 3b and 3c)

III. RECOMMENDATTIONS

7. 1t is recommended that:

a. Commander, Harry Diamond Laboratories, correct and ensure
nonrecurrence ¢f the observations noted in TAB A, paragraphs 3 and 4.

b. Commander, United States Army Materiel Cowmmand:

(1) Assist the facility in correcting the observations noted in
TAB A, paragraphs 3b and 3c.

(2 Comment on the chservation noted in TAR A, paragraph 2.

Iv. PROCESS ING REPORT

8. AR 20-1 prescribes the procedures for processing this report.

FOR THE INSPECTOR GENERAL AND AUDITOR GENERAL:

SIGNED
1 Tncl 7 ROWLAND B. SHRIVER, JR.
TAB A — DORF Colonel, IG -

‘ Chief, Technical Inspections Division
Copies furnished:
- (See next page)
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DAIG-TI .
SUBJECT: Reactor Facility Iaspection of the biamond Ordnance Radiation

Facility (DORF) (¥Y 75)

Copies furnished:

Cdr, HDL For ind and rtn thru channels
and-3. Gdr, HBL - ) For retention

and 5. Cdr, USAMC, ATTN: AMCSA-N For action and retention
HODA (DAPE-MPS) For info and retention

HODA (DALO-MGR) 1 " " "

HODA (DARD-MRP)

HODA (DASG-HCH)

HQDA (DAEN-S0)

Dir, US Nuclear Regulatory
Commission, ATTN: Exec Dir for Opns
and 13, Dir, Div of Reactor RBesearch
& Development, US Energy, Research &
Development Admin, ATTN: Asst Dir
for Army Reactors

i4. HQDA (DAIG-TI) Suspense Copy

.
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TAB A

DIAMOND ORDNANCE RADIATION FACILITY
"WASHINGTON, DC 20438

1. Mission. The mission of the facility was to:

a. Investigate and determine the susceptibility of electronic
materiel to nuclear weapons radiation environment, mechanisms of those
effects, and ways and means of develeping less susceptible materiei.

e

b. Conduct research and development in the various physical science
and engineering fields dirvected toward meeting the military characteris-
tics for fuzing or of related items.

2. Factor Affecting Cperations. The lock and key control procedures
prescribed by higher headquarcers do not take inte consideration the
physical design of the research reactor nor the limited periods during
which the reactor is manned.

3. Deficiencies.

a. The ENRADMON plan needs immediate updating in order to evaluate
the impact, if any, on the current operating procedures. Due to the
significant changes in man-made terrain features, plant 1life and popula-
tion density, this updating should include a detailed reevaluation of
the diffusion model for gaseous effluents and of the necessary monitoring
requirements to determine the impact of the effluent releases. (AR 385-80,

20 Dec 73, para 4-3c)

b. The clear zone was not being monitored to detect the presence of
individuals oxr vehicles within the zone so as to allow response by members
of the security force at the time of penetration of the area. (AMCR 190-3,
8 Nov 73, w/Cl, para 9-3¢c)

c. The reactor building which contains highly radioactive special
nuclear material was not locked with two separate padlocks. (AMCR 190-3,

para 9-9a)

Dissemination is prohibited
except as authorized by AR 20-1.

FOR OFFICIAL USE ONLY
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DALG-TI
4. Comments.

a. The interpretation of data and the conclusions contained in
the Draft Summary of Environmental Radiation Levels for the year 1974
were not adequately supported by the information ({e.g., unusual trends
‘presented were not discussed, ambient radioactive levels were not proper—
ly monitored. and radiclogical impact on the local population was not

considered).

b. Procedures for and method of notification of security personnel
when a duress situation exists should be reviewed.

¢. Maintenance of thermocouple wiring on the reactor head needed
additional emphasis.

TAB A
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DEPARTMENT OF THE ARMY
OFFICE OF THE INSFECTOR GENERAL AND AUDITCR GENERAL
WASHINGTON, D.C. 20310

REPLY TO
ATTENTION OF:

DATIG~TE

SUBJECT: Reactor Facility Inspection of the Dismond Ordnance Radiation
Facility (DORE) (FY 76)

Commander

Harry Diamend Lzboratories
2800 Powder Mili Read
Adelphi, Maryland 20783

I.  CENERAL

1. In accordance with AR 20-3
inspection of the Diamond Ordnance
was made during the period ¢ - 12 Mar-h
Doerflingar, Jr., OfFfi T e
rated SATISFACTORY. (Only ratings of

ward rcancidsrad )

and AR 385-80, a reactor facility
Facility, Washington, 0C
by Colonel OQtte C.

or “eneral. The facility was

ALISHACTORY and UNSATISFACTORY

fﬁ -
(9
E.J

=t (‘1‘

2. The rating applied to the technical, health physics, and
safety aspects of the operation of the facility and to the administra-
tive and logistical support essentizl for its safe and efficient
operation.

3. The evaluation was accompliished by questicning personnel:; re-
viewing procedures, records, and revorts: observing reactor overations
and a simulated emergency drill; and inspecting the Ffacility. Detailed
results of the inspection appear in TAB A,

4, The team chief held a critigque of the insnection gnd gave the
Physicist in Charge a copy of the inspectors' draft notes and a memo-~
randum of mipor irregularities and deficiencies. The Chief, Nuclear
Effects Simulation Technology Branch, attended the eritique.

copy No. {0

e termination

a1
S .LC‘}




DATG-TEX . ,
SUBJECT: Reactar Facility Inspection of the Diamond Ordnance Radiation

Facility (DORF) (FY 76)

TI. SUMMARY OF OBSERVATIONS

5. The ENRADMON plan required updating. {(Recurring from FY 75.)
(TAB A, para 2a) :

6. An effective plan to apprehend armed intruders had not been
developed. (TAB A, para 2b)

ITI. RECOMIENDATIONS

7. It is recommended that:

a. Commander., Harvy Diamnnd Laberatories, corvrrect and ansure non-

recurrence of the observations noted in TABR A, paragraphs 2 and 3.

b, Commander, United States Avmy Materiel Development d Readiness
Command, assisit the facility in corvecting the ohzervation neted in TAR A,

paragraph 2b.

IV, PROCESSING REPORT

8. AR ZU-1 prescribes the procedures for processing this report..

FOR THE INSPECTOR GENERAL AND AUDITOR GENERAL:

SIGNEL
1 Tncl OTTO C. DOERTLINGER, JR.
TAE A - DORF Colonel, 1IG

Chief, Technical Inspections Division
Copies furnished:
{See next page)
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SUBJECT: Reactor Facility Inspection of the Dismond Ordnance Radiatiom
Facility (DORF) (FY 76)

Copies furnished:

1. Cdr, HDL. . o For ind and rtn thru channels
2 - 3, Cdx, HDL For retentiocon
4 - 5, Cdr, DARCOM, ATTN: DRCSA-N For action and retention

6. HODA (DAPE-MPS) For infe and retention
7. HODA (DALO-MGR) e " "
8. HODA (DAMA-AOQP) " " s "
9. HQDA (DASG-HCH) moon " "
#A0. HQDA (DAEN-50)
' 11. Dpir, UsTNucTear Regulatory
Commission, ATTN: Exec Dir for Opns
12 -~ 13, Dir, Div of Reactor Research
& Development, US Energy, Research &
Development Admin, ATTN: Asst Dir
for Army Reactors
14. HQDA {DAIG-TI) Suzpense Copy
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TAB A

DIAHQND ORDNANCE RADTATION FACTLITY
© WASHINGTON, D. C. 20438

1. Mission. 7The mission of the facility was to:

a. Investigate and determine the susceptibility of electronic
materiel fo nuclear weapons radiation eavironment, mechanisms of those
effects, and ways and means of developing less susceptible materiel.

b. Conduct research and development in the various physical science
and engineering fields directed toward meeting the military characteris
tics for fuzing or of related items.

T

a. The ENRADMON plan needed immedizte updating in order
that the data being collected wer i i
type of radicactive material %

ey —- 7 — -
‘A (B.J UU cr‘,f_ﬁt::\, .»'3’3 Moot

o insure
T an
)
J

9

b. An effective plan to apprehend an organ

ed zroup of grmed in-
truders had not been developed. (DA message (0323502

ize
735 Jul 73)

ar identification
curity Plan, Diamond

c. Visitors were not issued or required to =
c e
h 3a(3))

vea
badges. (AMCR 150-3, paragraph 9-6 and rnfsi al 3
Ordnance Radiation Facility, 25 Sep 1975, paragrap

3. Comments.

a.  During the conduct of an emergency respomse exercise, the follow-
ing were noted:

(1} A more responsive method of notifying the WRAMC health physics
personnel was needed.

{2} Procedures used did not control adequately all personnel entering
and leaving the controlled area.

;}r r‘H ’?- — T ar .
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(3) Greater participation by medical personnel was needed to insure
timely medical suaport in all emergency situatioms.

b. Two compresseﬂ gas cylinders had not been hydrostatlcallj teute&
within five years. (Recurring from FY 75).

c. Approximately 257 of all end-of-wearing peried readings for pocket
dosimeters had not been recorded,

d. Action levels had not been defined for monitoring of pool water
“for radipactive contamination,

CFOR OFFICIAL USE OMLY
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SUBJECL: FReactor Facility Inspectfon of the Dlamend Ordmance Radiacicn

Facility {(DORF) (REL 3-77)

Commander

Harry Diawond Laboratori
2800 Powder Mili Road
Adelphi, Marviand 20733
T. GENERAL
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DAIG-TI
SUBJECT: Reactor Facility Inspection of the Diamond Ordnance Radiation
Facility {(DORY) (RFL 3~77)°

b. Conduct research and development in the various physical
science and engineering fields directed toward meeting the military
characteristics for fuzing or of related items.

5. The team chief held a critique of the inspection and provided
the facility a copy of the inspectors' draft notes and 4 memcrandum of
minor irregulariries and deficiencies. The Chief, Nuclear Radiation
Effects Laboratory, attended the critique.

II. SUIMARY OF OBSERVATTONS

ics operator was

6. Factor Af Vs
period 1in excess

assigned to a contr

ing Operatio One heaith ph

Jei=in
nuclear duty position for a
0

of 180 days with a SECRET securicy Liea ance hasad on an Entrance

National Agency Che Jdo accion had bheen ke D de the investi-
¥ bg

gaticn. {AR 543 il 76, para 3-3b{i) 2

to para 3-3b(3

5, 1.
AR 50-5, 10 Sep 76, ad
Reed Army Medical Ce

7. DPeficiencies.

a. A dralnage pipe under the perimeter fence had an ope
greater than 96 scuare inches and was not protected by secureiy
metal grills or bars. (AMC Reg 190-3, 8 d@ov 73, w/Ch 1, para 3-9»

b. The emergency equipment storage shed wzs not posited with a
"Radiation Area’ sign when the measured level of radizcion outside t
shed was in excess of 10 mr/hr. (&% 385-30, 18 Hov 71, para 3-1bh

III. RECCMMENDATIONS

8. It is recommended that:

a. . Commander, Harry Diamond Laboratories, correct and ensure
. :

3
nonrecurrence of the observation aoted in paragraph 7.

‘b. - Commander, United States Army Health Scervices Command, ensure
nonrecurrence of tha observation in paragraph 5.

Iv. PPOCEFSEEC REPORT

9. AR 20-1 prescribes the procedures for processing this report.
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DALG-TI
SUBJECT: Reactor Facility Inspection of the Diamond Ordnance Radiation
Facility (DORF) (RFI 3-77) )

V. RELTASE

' 10. Dissemination of this report or extract therefrom other than
as shown on the distribution list is prohibited without specific approval
of The Inspector General and Auditor Genaral.

‘FOR THE INSPECTOR GENERAL AND AUDITOR GENERAL:

SIGNED

OTTCG C. DOERFLINGER, JR.
Coleonel, IG
Chief, Technical Inspections Division

9]

pies furnished: .
Cdr, HDL For ind and rtn thru channels
3. (dr, HDL For retention

5 Cdr, DARCOM, ATTN: DRCSA-N For infe and retention
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JHQDA (DALO-RDP)

HQDA (DAMA-AOP)

BODA (DASG-HCH)

HGDA (DAEN-50)

Dir, U5 Nuclear Regulatory
Commission, ATIN: Exec Dir for Opns
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"calibration or inspscition to assure that opsration will be within

Techinical Specifications.

Opsrevle mesns 2 copponent Or sysiem is capable of parforming its
Operating means a componsnt or system is performing its intendad

is a combwn:tlon of sensors, cables, amplifiers

ich are“connected Tor the purpose of measuring th

value of a rezctor variable,
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-operator action; ~The reagtor pow

Scram 1s ithe interrupiion of magnet holding currsai of the stendard control

rods or the air nolalﬂo pressure of the transient rod such thzt the control

channsls and

associated circulitry which forms the zutomatic profzciive sysiem for

the reactor or provides information which rzquires manual protective action

Steady Stste Mode is the reactor coqdib1oq when the reacior mode sglector
switch is in the stesdy state or zutomatic position In this node, the
reactor vowsr m2y be held constant or changed elther memazlly or by sarvoe-
action of a control rod.

Sguare Wave mode is a form of steady siate operation when the rezeior

mode selector switch is in square wave mode position. In this mode the

ected from the core and held ovut until scrzmmed by

Lo

transiert rod is e

y

er 1s Increasad on pericds less than -l

one second and is held at a constent power by servo-aciion of ithe iransie

rod as determined by a power demand setiing.

Pulse Mode is the reactor condition when the rezcior mode switch is in

the puitse mode position. In this mode, the transient rod is gjected

‘from the core and is scrammed autemstically. The reactor power increases

Qu

on periods less than one second. The power excursion is self quenchin

J— -

by the pro t negative temperature coafficient of resctiv

[ald
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TRIGA Mark I’ Rzzcior ‘as the principal research tool in the si
effectis of neutron and gzremzs radizticon on electiriczi znd elacir

" Various radiation effects can be studied with compliete safzoiy under controlled

laboratory condiiions.

The DORF THICA Mark F Reactor was designéd and built by Gulf General

Etomic, San Diego, California. It is an inherently safe reactor designed

[

design carvability of:

for both steady state and pulsed operation. It has th

(1)
(2)
(3)

The corresponding

.0 msec. at half mexdim
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(2} 'The DOSF is located within the metropolitan sres of Washington, D.C.,

O
at the Forest Clen Sactiion of the Walisr Reed Army Medical Center

wnich is eighi niles freom the center of Washington, D.C., =2nd approximately

two mites south.of Kensington, Maryland.  The Foresei Glen si

E
of spproximately 190 acres of rolling, pariizlly weoded and cleared aress,

on which are located both research laboratory facilities znd hospital
féci"ities for pétients. The szite is located in a commzreial and residentvial
area.

{b) The reactor is located nezr the southern border of the Forest Glen .

A

Settion (FGS) about %ﬁiﬁ Teat From the nzarest resezrch laborateries and about {j*;
500 feet northwest of Brookville Road, which bounds the vpropsriy on the
southeszst. The L.2 acre DORF site is surrounded by woods, excep :
northesast, where a large Opan field separates it from the research laboratoriss.
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BUIIDING

The bullding contsi
high. It has bsen

i oin ey s fan
adr—cond e tond B

absclute filters and ot

REACTCR

(a)

feet doep.

desisned to overate at
h

ining the DORF TRIGA is 65 £t. by 50 fi. and 25 Tt.

a slight negstive pregsure The

all air from the reacvor building throuﬁb

t a stack 45 feet above ground level.

Dly 1s loczued at the boition of a 15,000 gallon
approximately L3 feet in dismster and 19.5

sembly 1z suspended by 2 slnport structure from a

)
H
1
¥

() The

of about 85 cylindrical

four control rods and

i

- -between the uppér and 1
aluminus shroud, 19 inc

Holes approximately 1.5
the fuel elemesnis and o
and .Through the plate.

through the plate -and ¢

ré TOrms A4 compact

fuel-moderstor

neutron source holider. Core components ars
over aTuminum grid plates 24d surrounded by-an .
aes In diameter, which surTerts the grid plates.
inches in diameter in the upper grid plate space
ontrol rods and allow watér to flow out of the care
Heles in the lower grid plase permit coolant passa
zceive :

the fuel element lower end fiviurses.

e
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(c)  The DORF-TEIC. so0lid fuel elzments, developed by Gulf Genersit

Atomic, In winich 2 zirconium hydrids moderator is homogeneously couwbined with
t each element corsists

b=y

-

enriched uranium Tusl. 7The active part o T a8

o
cylindrical rod or urz:sium-zirconiua hydride coniziniag @

of uranium-
enriched to 20 % in 233 uranium. The hydrogen-zirconiuz ratio is zbout 1.7.

2 1 £

A.0.25 dinch diameter um hyariis rod runs Through the ceaver of the

active section. Grephits slugs act z2s top and bottom neutron refisctors.
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the active region and grau s are clad with 0.02 inch stainless steel.

The overall dimensions of 28,237 inches long by 1.h7
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ineches in di
thermocouple instrumeni=i elements zre used to provide fusl femperaiurc

MeaAsurchents

)

raaclor reriod may b2 as short as

this excursion.

ature ceoefficient of res2iivity, an inherent propsriy of th2 uraniuwm-zivconiun

hydride fuel. This cozTicient arises primarily Trom the nacdening of ths
neutron spectrun assoclated witn the heaiing of the uranium-zirconium hydride. .

1 . - :os b3 i = ) =3 L3 i = - o _ e e T
Other contributioas Lo e shuidows zre the Dopeler broszdening of ths U-233
absorption rasonznces znd the expulsion of water from the core due to thermal
expansion of the fusl 2l=sment.

A more

the Hazard
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This spociflz

atteined duringz 2l! modes of operation.

advantageous because thesa higher-nydride com
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are single phase,
beyond 1050°C and are not subject to phase separation on inermal cycling.
Lower hydrides, which are used in mzny lower powsr TRIGA cores, have a

substantial -vclume change sssociated with pha

o
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approxinziely 530°C. This.thase and volume chanca coupled with temper-

ature gradisnts throuzh the fuel elemsnt can cause distortion or beanding
in fusl slements. if the lowsr-hydride is ussd at tempsratures zbove

(l) GGA-T Kinatiq Behdvior of TRiGA Reactors,
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iztely 53070, Hydrides of

~approxi 5]
the phase boundary at zpproximately 1.5 (1.4 atom percent) and were chossn
for the originzl T

composition even

A potential

tyre qsed in itk
whare & 100 element coras rolesssd an ansrgy of 54 MY sac., Z pRLA
power of 8LOCIET, 2 pulse widih of 5.5 msec. and a peak Fuel temperaiure

of 1050°C. Since
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I1% STTTINCS
ITI-1  FULSH OPZRATICH
- APPLTCABILITY

a zafety

m9;~1,11 Rl

that an automatic proiective action is

is excecdsd.

initiated bafore

1. The mexipon mezsursd fuel tesmperaturs shall not exeesd [0C°C <

2. Tae mz2ximum pulse peak powsr shzll net excezd 5,500 M. (1105 4
of full scals).-

by
contrel rod a measured

temperature of TOO C correspo nd Lo a caleciilated pzak temperature of
BO0°C wish iz wzll below the safsiy Vigis, an
a maximum measursd fusl tempsreture of €00°C for 2 34.00 reactivity in-

sertion raports

4900 MW. For
" was 8M00 MY an
full
fuel

scsle

-
e

The pulse
fue

5,1-

4 by Gulf CGeneral Atomic {(GGA) and

tor {IT1-2).

agf2d p2ak rower Tor a $Q.OO siep r2aciivity insertion i3
$5.00 reactivity insertion at GGA the measured P23y power
the peak tsterature W25 1050°C:(2) Therefore, a 110% of

ting peak power setting of 5,500 MW rresponding to a

2 of 550°C is consarvative and safe.

limiting safely systems settings are therefore dualized for
maeratures and peak powver.

retic Behavior of TRTGA Reactors, (iarch 1957).

apility Tests on Stainless Clad TRIGA Fuel Biements Subjectad

ctivity Insertions, {July 19853).

10
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This spzcificztion ap plles to the meximom reacior power atizined

during steady state cperation.

OBIECTIVE

1.
of full

2. The integrated power at stezdy sLaLe power snzll not exceed

1 megzwmtt hcour psr day.
BAZIS

Selection .of the limi
Gperatibn is bzsed upon opsration of oihér TRIGA type resciors st both
GGA and other Tacilities which-use the seme type fusl elemenis as DORF.

Experience at GGA has shown that for reactor power levels up to 1.5

megavatts the maximum fuel temperature is 510°C and is well helow the

. 1 A = ; 5
safety limits (“). At the DOBI rezctor the paximum steady state nower
is 1 megawatt and the corresponding fuel temperziure is about k3G°C.

(1) GCeA-5735 Research iIn Improved TRIGA Reactor Performaznce, (October, 195k)-

11



consideread

§ad
n

A steady stzte powar limitaticn (scram) of 1109 of full pos

780°C and the interrnal siress on th2 cladding would be 507C wsi if the loss
of coolart occurs after an infinitz Tun at 1 M¥. The yield stress of
304 stainless steel at 780°C is 12,300 psi and the ultimate strenst

g
uded thet loss of coolant after

—~

e

24,800 psi. Consequently, it is conc

prolonged operation at 1 87 will not result in the rupture cof the fuel

12



Iv-1 REACTOR

CAFPPLICABILITY

This speciijication aprlies to steady state, squzre wave and pulse modes
&3 : ’ ! P

OBIECTTVE

minimum reactor instrimentation and asscciated scrams

H
iy
ch
i)

To specity

which must be op2rationsl in order to monitor and conirol reactor coro

+

p

instrumnen

Square Vave.

- Measurinz Charnsl No. Serams
Power Level JTon Chamuvers

N
r_..l

. 0-100 k¥ D
0-1C00 ¥ =S |
' 2

Fuel Temperaiure Fuel Eloment 2
Thermocouples
b. Mode IIT--Transient Opsration .
Measuring Chznnel ¥o. Scrams
Power Level . Ton Chamber

0-5000 M. ' 1

Fuel Temperature .  Fuel Element . 2 2
Thermocouples

13



DESIGN BASIS

The lin=ar power and log power mzasuring channels are raguired for ths

establist nuring pulse preparziicn procsdurs. The
linear =z power level channels zre usad from suberitical source level
to the ating levsl in steady state and square wave power operation.

A transient (pulse) operation channel which usez a separate pulse
detector for monltoring pulse pealk and integrated powsr is requirsd.

Two temperature messuring channals which monitor the cors fuel
temperzturss during stesgy sitaite, square wave and pulss modses of opzration

rower znd consequently the reactor fucl temperature. For stesdy stiate.
sguare wave and puls2 modas of opsration the initiation of
1

core.

cts the integral vower rather than instantansous

fuel temperature scrams are net used to initiste

and the seram limits

f-ty

-
the 1

Est pulse

¢

I

[h)

o

reactor is scrammed oy eizher an autonatic timer o

Y

One power level chennel is required to provide a scram which is set
at 110% of each range of operation in steady state, or squars wave and
pulse mode. In -each case all control rods are dropped into the cors ugon

initiation of a2 powsr laovel scram.

1k



V-2 LIMITING CORE Cr=2ATIHG CCONDITIONS AND PARAMETERS

This spzcification applies 1o the core conditions and parame

during reacitor operation.

OBJECTIVE

Ffuel elerents and & minizus of iwol2) thermocouple insirumented T

uranium zirconium hyarijs. Z. ncninal) uraniuvm enrichad to 209

)
and a Zr:H of 1.7 (nominzl). The

inches of =

array.

2. The core shb
one (1) transizat conirol rod.

3. The reactor core shall be loaded so that the =2xcess reac

above cold critical does not exceed £6.25 in infinite water.'

T A
A2ICA

L. The shutdown marzin shall not be less thaa 50 cents with the
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5+ The cors shzll be cooled by nstural conveclive —iaisr Tlow. -t

6. The r==:

£

tor =hell not be opzrated if the maxisum Tuel ltemperature

as measured with a8 standard thermocounle ingtrumented fusl elen#nt in the

B ring of th

f. The rezctor snall not be operaved with the bulk rezctor water

temperature in excess of €0°C.

8. When the initiazl daily reactor startup is acccmplished from a

power level lzzs than ©.1 watt, neutron source level multiiplication shall

be indiceted o the linear, channel ¢n withdrawal of the first conirol rod.

Q. The tinme from the Teitiation of the sersit signel to full insertion
2 - 4 PO . -
shall not sxcesd onz {1) scecond for the standard conirol rods and two (2)
gszeonds for the transient control rod.

Y

BASTS

The TRICA ilark ¥ {ype elemenis have demonstrated to bz safe and

The sziety

Experience at DORF haa demoaatr ted the reliability of the standard
d

system. o contnol rad n2s evar

and transisnt convrol rcf
position. EFowevar, 17 tne most reactive contrel rod baocoomes stuck in the
T,

fully withdrawm pesition, the necessary shutdown margin will bes available

.

in the other ocntrol rods.

The maximum allowsd excess rezctivity of. 26.25 provides suf
reaétivity to accommodate fuel burn-up, x<enon and samarium poisoning,
experiments and  control reguiremen .
reéctor can be brou:b* to critical with the transient control rod down

‘and the core positioned z2zzinst the exp osare roon tank wall.




A 50 ceny is adequzte for shutdown or ins rveactor in

tive rod aocs not waL back

(3

the event that th2 mosi res:

Holes in the botiom gri

] é
the core and psst the fusl elaraont triflute and through

The expected mezsured Tuel temperatures for the maximum allowsble pulss

[+]

@)

of $%.00 is about CCC°C above ambieni pool temperature. The fuel temperature
scrams ares not nornally wsed to initizte scrams during pulse cperation.

Therefore, the temperature scres limits areg set z2bove the maximum measured

o

temperature expecisd for the larges 2 reaciivity Insertion.

'D’

temperature is & comsgrvative temperature limit.

The linear ch=nrel mezzuromants provide adéguziz sgsurasnes of asuiren

gource level subcriticozl maliiplication during daily intitizl reactor check-
out and rezctor sizri-un.

The r@d_drop ar .scram is_nqt-ﬁhe prlmgry shu*aonh machanism cLor the
TRIGA typs fuel bocauze of the rrompt negative terperaiure coefficient of
reactivity. Thersfore, the scrao time is nol criticel to the safe operation

of the reactor. The scram time is mpeasured
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that there is no res

transient control rcd.

(1) aPublic Document File, Docket 50-163, License R-57, Letter to AEC-Reactor
Operations from Gulf General Atomic, dated 25 July 1057,



IV MInILUM COHDITIONS FOR

APPLICABITITY

This specitication applies to rsacior interlocks which must be

.satisfied during reactor opsrations.

OBJECTIVE
the Le

To assure thei’reactor willvoperated withir the bounds of approved
written procedures and to assure against the radiation exposure of cperating

personnal.

SPECITIY f

1. Reacteor cperation conirol shzll be restricied by the reactor safety

interlock system If any of the following

a. Control rod withdrzwal wit _ X NA WA
) .
Jess than 165 full sqsle neutronm. . - . - L .-
source multiplication oz e Two

most sensitive linear channel ranges.

b. Simultanecus mznusl withdrawsl x Na HA

of two or more standard control rods.

. _
* Not Applicabdle ’ _ : .



BAction Preveniad ' Steady States  Sguzrs Have RPulses

c. Initiation of a pulse from below A x
1 watt or above 1 ¥ steady state power
or on a period of less than 40 seconds.
‘d. Applicaticn of air to transient X
control rod uniless drive cylinder is
fully dowm. s
X p's

e. Withdraw:s

control rod.

2.

within the reactor pool zre either fully opzned or Tully closad.

b. the exposure room plug door cannot bé opsned unless the lead

shield doors in the rezctor posl are fully clossd and zre botvsen ne

reactor core and the exposure room.

“¢.  the reactor cors cannot be.-moved from . ong end-of the pool o -

the opposite end unlisss the lead shield doors are fully open.

d.  the lead shield doors in the reactor pool cannot be opensad
unless the exposure room plug deoor is closed and a warning horn in the

exposure room has scunded.

BASTS. =

ystem is designed
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to prevent standard control reod moveneni unless sufficient neutron sourcs
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0

manuzl witharawal of not more

[

i
i
rate of resctivity insertion l

Y
In sguare wave mole of opsration, the regulating sitandard contrel rodi

will autom=tically rerip-out of the core after the transient conitrol rod !

drive has received the initial drive down sigral after being ejected from
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inadvertant pulse on Top of sisady stats power levels. TIn prepzring for

gned to prevent ths syposurs of
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individusls who mey b=z preparing sxperimeants in the exposure room or adjacsni

the pilug door.
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V-  RADIATTON &

~APPLICABTLIEY

This spocification applies t0 the z2vailabilitfy of ionizirg radiation

monitoring equipment in pﬂoper op&" ational condition.

CBSECTIVE

To asgure that vediation monitorinz eouipment 1s available For evaluziion

of radistion hozards to opsrating personnel and o the public,
SPECIFICATICH
L. Taere shall be two Tixed azrez monitoring instrumsnts operztional in
PO AN
the reactor bullding durinz 211 pericds of rractor opsravica.
2. An'air poarticulste monitoring instrument conitinudusly samnling air
above reazctor rool shall be operaticnzl and when in an zlarnaed state czpable

A

of sutonetically closing bullding isolation dampers.

3. A gbb gtack monitor t
from the facility stack shzll be .dperati

capable of zux

BASTS

A

It is necessary that z continued evaluation of the radistion levsls

Bullding be made to assure. the safety of perzonnal.

This is accomplished by the remcte area monitoring system of the type deseribad

in the HSA. —_ '



' The air particulzate monitor [AFM) system is necessary for the detection

activity.

The air-conditioning system exhzusts the air from the reactor building
through absolute filters and out the stack. Since a major portion of the

air exhausted from the facility building passes through the exposure room

assures

tection

the buildirg isolat

1o the atnosy

i

22



V-1  EEACTOR THRTRE

reactor insirumeniaiion.

OBJECTIVE

a. Linesr chapnel

b. TLog N channel
c. 110% powsr lsave
d. Temperature laval scrams

ev ‘Ssfeily Interlock system”™ 0 -

BASIS

ty of reactor Instrumsntation and safety systems

The operationszl cax=zbild
must be verified oricr Zo thelr use in reactor operation to insure proper
[ B
control and safety of opearation. A dzily instrument checklist is used to

establish that all instrumeniaticn channels are operable and important scraas

23



and interlcocks

instrument checkliist is
The checklists and procedures discusszd in the Operating Pr

CManual (HDL 70-5) will be used. .
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Vv

V-2

systens.
OBJECTIVE
the min
2ble

nTATVaLls
2. The air psriiculata
radioaciive source wizkly.
daily.
3. The zas stzaok monit

active scurce weekly.

A record of zil rels

A

L.
system by air parti

The closure

daily.
BASTS

Experience at DORX has
area monitori ng systan is su
accuracy of ithe system. Alth
requirement, six detsctors =
fixed arez monitors zre ‘

hack

to the surveillance of radietion rmonitoring

of radiation meonitors ars

monitor ecalivration shall bhe checked with 2
Th2 monivor shall b2 checkesld for oparability

tion

or calibra

shall

atmgs ne re shall be xzp*.

the

air

indicated that a 6 month calibration of the fixed
fficient to provide reasonzble assurance of the
hough itwo fixed area monitors are the nminimum

re Iocated throuzhout the Facility building.- The
2d up by poriable radiation survey instruments.

25



R Q=7 o
TLCE l)-_/; U-le

on}

The air partisulztes monitor has been In operation
experience hzs demonstratsd that weekly check of the calibration with
a radiocacive scurce zssures that the system is cperating and the system

sensitivity . is maintained.

The gas stack moniitor calibration is checked with a check source
at weekly intervsls. Tne calibration of the system hzs be=n related io
a primary Argon 41 czlibration. The primary calibration will be

performed as deemed necessary by the Physicist-in-Charge.

26



BATTOR FUEL

V“'?) REAT

rveillance of

vrplies to the reguirements for su

COBJECTIVE

Sursz

[

To =

she

A
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o2}
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The Tuel Tollcw2r section of the control rods

-z d *, 1 g 1 ol
l/lo inen traverse banl and shzall be messured afitzr every 500

-at least once, annually.

BASTS

¥
¢l
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1~

The results of 2 fuel sizbility <est progran
indicate that the sizinless steel clad U-Zr 31.7 TRIGA Tuel elements maintain
good dimensional srab;llzy wnen subjeciad to step rezacitiviiy insertions up

L
Ryperiencs at DORF indiceies no avpreciable elongation or bend

to k.70, FExx
{ as Clad TRIGA Fuel Elements

1 o oy e e . -
(1) C.0. Coffer, ot 21, Stability Tests on Sitainless Cla A 3
ted to Larze Reactivity Insertions, GGA-5L39 (July 1965)
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DESIGH BiSIS -

The evacuation siren is ussad lo evacusie personnel Irom the facility

The coincidsnt alarm sysism notifies the Military Police at the Forest
Glen Section of “RAMC of a radiation release at the facility. Two ocut of
three radistion monitors in the coincident system must b2 in an alarmed

siate to actuzis the coincident zlarm. A weekly operationasl check is con-

sidersed to bhe & rzascnsble surveillance interval.
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V-5 CONT20L EONS

APPLICABILITY

W

o

This specification zprliies to the surveillance reguirements for the

Teactor control rods.
ORJECTIVE

The objective is o zssure the integrity of the conirol rods.

- Typ 3 = = =t 1 1 3 L —~ - o~
L. The reactivizy worth of each conirol rod shall be determined =2anuslly
with the core in infizite wmisr reflector and at a posiiicn adjacent 4o the

2. Control red szras —ips:z shaoll be determined i

and by elecironic meszirerint zanually.

3. Th2 control rouds 3hzll be visually iaspscted st.intzrvals not

exceading cne year. ' - . e

.DESIGH.-BaZIS R L - e

Tne reactivily weorih of the conirol rods is measured to 2ssure tnat
the required shutdown merzin is availsble, io provide s means for deiermining
the step reactivity izseriions in pulse mods, and to deteramine

the reactivity worth of materizls placed in the reactor snvironment.

Experience since 1941 has indicated that stop watch times are acceptable
for routine measurenent of control rod drop times. A nmore accurate electronic

t
measuremant is perform=3d zrnawslly.
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he conirol rods and acceptable rod drop

are sufficient for confidence of propsr cparation.
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V-6 QOPERATOR

e

APPLICABIITTY
wo whe eceryification of personnel require

to operate the rezcior.

OBJECTTIVE
To assure that the operators have approprizte training =nd that all

certified operators mzintain proficiency.

The DORF Reactor Operator fualifications
lification of reactor operziors a2s spacifiad

review of the traini

in AR 385-86.
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AT ST AT
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The follow

established T

o
et

(@)
DORF (In accordsnce with AR 385-80, Huelezr Reactor Systems I

Safety) .

1. Organization
Operation
The direct line of responsibility and authority for
ety the

Fnysicist-in-Charze, DORF

Assistant Physicist-in-Charge, DORF

Reactor JOperaior

k. Health Physics

WZAMO) - wherein, in part,

ad by WRAMC Health Physics OfTice.

{H
Fd
|-e
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|~..~l
C
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™
ot
]
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[

for DORF ars suppl

The Commanding Gensrzl, WRAMC is responsible for 211 aspects of Health
F:

o

Physics, both on~site and off-site, at the DORF. The Hesl<

J
'WRHN“ assigns Health Paysics Personnel to provide cevarage at the reactor

st

site, Thnese personnel are under direct control of the WRAMC Healzh FPhysics

Officer. Tne Health Physics Officer has final and zbsolute authoriiy with

03

regard to matters pertaining to radiologiczl safeity =t DORF.



The Rezctor Sw erizrds Committes {RSC
and revorits to the Cormanding OfTicer. The Committes
ﬁersonuel.vno.ccllecively provide. .z broad.spectrum. of
reactor technolozy. Tng B0 ssrvas as an inuwnc-Jaw*

2ll matiers perizinins Yo reacior s=fety, operaiting procedures, reacior

-

d. Rezetor Yest Planning Committee

by the Commenains 0771

Diamord Crdnznce

insure the desir
procedures of expsrimenis.
e. Poysicist-in-Charze

Ity

O
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{(PIC) o

Radiation Facility has the direct and imm dlate re bnoqb101li ty for the
5

facility, its orsrsiica z2nd 3=

~
LS

responsibility Zor ths zzfe, compelsnt and efficiant corperation and uvse ©
facility. He is resprnsible for the approval or disapproval of proposed

2. Records =nd T=ooris
~ a., Writlten rzcords including log books are mazintained on
reactor operations, rszctor maintenznce, reactor modificaticns, and
,radlatﬂon expesur=s ¢l rearsonnsl.
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b. Written swmmaries of review and recom

and the ETPC are nzintainzd.

d. Accidents =znd

I3
H
w3
o)
[
o1,
@
=
o
n

are reporied as reguired in AR 385540.

e, Fkediation exposures of personnel are reported as required in

AR 501k (Occupational Exwosure to Tonizing Radiation).

B. ACTION 1IN HZSPONSH 10 VIOLATION OF SARETY TIMIT

€. ACTION T ZESPOHSE 70 VIOLATICH OF LIMITING SAFETY SETTIHGS

The following criteria are establiszhed to dcflne acticn in the event
that any of the limiting safely-system settings given in Section I1I are

violated.

Whenever it is determined that a limiting safety system seitting has
been exceedsd, an . evalustion hall be made by the Fhysicisti~in-Chargs, who
shall submit & report of the violation and propesed corrsciive zciion to the

Chlef of Radiation cilities Branch and the Beactor Safezusrds Committes (RSC)

mj

for review. The Chief of the Radiation Fzeilities Branch will authorize

corrective acition and report through chan“uls to Chiefl of Engineers a&s ro-

auired by AR 385-40 and AR 38)—u@
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facility and 21} systoms and components involving nmuclear sarety of the
1

provisions
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...... e e QUMMARY

Reactor Systems Health and Safety Review Committee (ARCHS) reviewed
Technical Specifications prepared for the Diamond Ordnance Radiation
Facility {(DORF) reactor to define those significant design features,
operating procedures, and operating limitations which were considered
important to provide reasonable assurance that the facility would be
operated without undue hazard to the public health and safety.

The DORF Technical Specifications were prepared in accordance with
standards and guidance published by the Atomic Energy Commission in
Part 50 of Title 10, Code of Federal Regulations. Alsc, the format
and content of the SM-1A Technical Specifications were compared te
Techinical Specifications recently approved by the Atomic Enargy
Commission for the TRIGA reactor ah the University of California at
Trvine,”

The ARCHS concluded that the DORF.Technical Specifications provided
reasonable assurance that the DORF reactor would be operated without
undue hazard to the health and safety of the general public or
operating crew and that they were consistent in format and content
with Technical Specifications presently being approved by the Atomic
Energy Commission.

It was recommended that the Chief of Fngineers approve the DORF Tech-
nical Specifications dated 24 November 1971,



SECTION T =

FACILITY DESCRIPTION

‘The Diamond Ordnance Radiation Facility (DORF) nuclear reactor is
located within the metropolitan area of Washington, D. C. at the
Forest Glen Section of the Walter Reed Army Medical Center. The
DORF reactor is a TRIGA Mark F designed and built by Generél Atomic
Division of General Dynamics Corporation (GGA). TIif has operaiional

characteristics consistent with the other reactors of tha same class,

The mission of the DORF is (1} o investigate and determine the
susceptibility of electronic materiel to nuclear weapons radiation
enviromment mechanisms and effects, and to determine ways and means
of developing less susceptible materiel, (2) to conduct research and
development into various physical sciences and engineering fields
directed toward meeting the military characteristics for fuzing or
related items, and {3) to provide a source of radiation for experi-

ments aligned toward medical research and nuclear medicine.

pamt



.. SECTION T%

BACKGROUND

For a number of years, veactors operated by the Arwy under‘prOQigion

of Section %1b of the Atomic Fnergy Act used either the Hazards Summary
Report or.the later Safety Analysis Report as the basic operating
~document. As a result of recent changes made by the U. §. Atomic
Energy Commission in its rules and regulations constituting Title 10

of the Code of Federal Regulatigﬂ352 it was decided that Technical
Specifications, as established in Title 10, would be prepared for all

Army muclear rveactor facilities.

The Harry Diamond Taboratories TRIGA Mark F research reactor was
authorized under Section 91b and began operations in 1961. Since that

3

time, it has operated under the original Hazards Summary Report~ as

4,5

changed by an Addendum and three Special Safety Analysis Reports (SSAR)

6,7,8 which were reviewed and approved by the Army Reactor Systems Health

and Safety Review Committee (ARCHS) for the Chief of Engineers.g’ 10, 11

Based upon the above documentation, the Harry Diamond Laboratories sub-
ﬁitted Technical Specifications to define those significant deslgn
features, operating procedures,.and operéting limitations which were con-
sidered important teo pfovide reasonable assurance that the facility woula
be operated without undue hazard to the public health and safety.. In

preparing the DORF Technical Specifications, the Dorf staff used the



guidance published by the AEC in the Code of Federal Regulations
10 CFR 50 and the format and content of reéenﬁly aﬁproved Technical
Specifications for a similar TRIGA reactor at the University of

California at Irvine;lz

The following paragraphs present the results of the review conducted
by ARCHS to insure that the DORF Technical Specifications conformed

to the above guidance and standards.



SECTION IIT

SAFETY EVALUATTON

The Design Basis Accident (DBA) for the DORF was a defect in the
cladding oﬁ a fuel element either prior to or simultanecusly with

a 2.2% £ %/k transient. From operating experience with TRIGA reactors
it was concluded that this DBA caused no significant hazard to indi-
viduals near the reactor. The Commitlee review was therefor crganized
Lo insure protection of the facllity from an accident more severe than
iha DBA. Acéofdingly; it was necessary Lo insure fuel cia& integriny

and limit reactivity inseriion.

Fuel Clad Integrity

Fuel clad integrity was assured by (1) defining damage criteria,
(2) expressing the damage criteria in terms of measurable system
variables {safety 1limits) and (3) providing adwinistrative controls

or safelty systems which acted automatically to prevent damage.

The limiting damage eriterion for thé fuel c¢lad was the possible
diffusion of hydrogen from the fuel with a resulting pressure within
microscopic voids in the fuel body and in the gap in the fuel can.

In recent experiments at Gulf General Atomic (GGA), measurements were
made of the internal pressure in the fuel can for pulses yielding a
local peak temperature of approximately 1100°C (calculated). The re-
sulting rise was approximately 24 psi compared with 575 psi predicted

from the equilibrium steady state data. OQut-of-core {laboratory)



experiments on U-7ZrH fuel sections confirmed the lower hydrogen

1.7
pressures for tranmsient temperatures. They further showed that the
transient hydrogen pressure mgasured in the fuel can was a function
[of heating rate and that with high heating rates, pressures much re-
duced from the equilibrium values were obtained. Upon cooling of the

alloy, vehydriding occurred so that no residual hydrogen was left in

the fuel gap.

GGA has pulsed the Advanced TRIGA Prototype Reactor {ATPR) to peak
fuel temperatures of 1050°C. This temperature of 1050°C correspondad
o the hottest point in a fuel slement and was calculated from a
measured vempevature of 7509C, The ATPR, Ffueled with elements of rhe
same Type used In the DOKF TRIGA, has been pulsed to 35,00 reactivity
insertions where a 100 element core released an energy of 54 MW sec,,
achieved a peak power of 8400 MW, a pulse width of 5.5 msec. and a

peak fuel temperature of 1050°C.

Harry Diamond Laboratories (HDL) selected a maximum fuel element
temperature of 1000°C as the safety limit for the DORF reactor. The

Committee concurred with the basis and conservatism of this selection.

It was noted that no safety limits were discussed with regard to the
prevention of departure from nucleate boiling during steady state opera-
tion. The Committee considered this acceptable for three reasons.

First, a maximum fuel-temperature of 1000°C with a stainless steel

clad was a sufficient condition to preclude clad damage since the

clad must necessarily be less than the thresbhold of damage under this



condition. Secoqdly, there were no other variables which affeected

~ DNB, {such as flow or pressure) over which the facility maintained
variable control and for which limiting.safety system settings could be
specified with autematically acting scram devices. A minimum pool

level was specified from other comsiderations although its overall effect
on DNB was negligible for any reasonable submersion of the core. Thirdly,
specifyving only a temperature limit was consistent with AEC practice in
the Technical Specifications for the TRIGA reactor at the University of

California at Irvine.

In reality DNB ratios were very large (at least 7) for all DORF operalions

1

and bulk Boiling was prevented by subseguent limiting conditions for
operation. Tf steady state power levels at the DORT were not so low and

safety margins correspondingly high, the Cosmittee would want to reconsider

its approach in this matter.

To assure that an automatic protective action was initiated before the
safety 1imit'waé excecded during pulse operation, HDI. specified limiting
safety system settings as follows:

1. The maximum fuel temperature, as measured with a standard
thermocouple instrumented fuel element in the B-ring of the core,

shall not exceed 500°C.

2. The maximum measured pulse peak power shall not exceed 2,200

MW (110% of full scale).

With an aluminum fcllower on the A-ring control rod, a measured tempera-
ture of 500°C corresponds to a calculated peak temperature of 65090

which was well below the safety Timitl3. 1Tn practice, reactivity

&



insertions at DORF were limited to $3.00 by a mechanical stop on the
pulse rod: A reactivity insertion of $3.00 resulted in a maximum,
measured fuel temperature of 460°C and -a correqunding, calculated

peak fuel temperature of 580°C for a pool temperature of 25°C.

A §5.00 reactivity insgrtion of GGA with identical fuel elements re-
sulted in a measured peak power of 8400 MW and the measured peak
temperature of 7509C.13  The measured peak power for a $3.00 step
reactivity insertion was 1860 M. & Therefore, a limiting peak power
setting of 2,200 MW (1i10% of full scale), corresponding to a measurad

1 temperature of about 500°C, was counservative and safe.

th

fus

{T

The pulse limiting safety systems settings were, therefore, dualized

for both peak fuel temperatures and peak power.

The Committee concurred with the basis and conservatism of these

limiting safety system settings for pulse operation.

To assure that automatic protective action was initiated before the safety
limit was reached during steady state operation, HDL specified limiting

safety system settings as follows:

1, The maximmm measured fuel temperature during steady state

operation shall not exceed 500°C.

2. The measured value of steady state power shall not exceed 110%

of full power of 250 kilowatts.

3. The integrated power at steady state power shall not exceed

I megawatt hour per day.

-3



Selection of the limiting safety svstem setting for steady state

bﬁéfation.wés baéé&uupoﬁ”oﬁératioﬁ”of ofhé? TRIGA~Eype reactors at
both GCA and other Ffacilities which use the same type fuelrelements
as DORF. Expériénce”at.GGA,ﬂdé.showﬁ ghat fér reac£§¥”powér levels

up to 1.5 megawatts, the maximum fuel temperature was 5109C, and was

well below the safety limits.'® At the DORF reactor the maximum
steady state power ﬁas 250 kilowatts and the corresponding fuel
temperature was about 240°C. Based on fuel temperature limitations,
a steady state power of 110% of full power was conservative by

approximately a factor of six.

An anaiysiszS of the pegk heat flux, where there is a departurse from
nucleate boiling (DNB) and a transition to film boiling, has been
performed for other TRIGA reactors similar to the configuration, fuel
elements, and core sPacingrof the DURF reactor. The analysis showed
that the maximum channel heat flux for a DNB ratio of 1 and bulk pool
temperature of 90YF {(core inlet temperature)dwas 380,000 BTU/hr fr. 2
This heat flux corresponds to a maximum reactor power of 1800 KW for
a 70 element core with a peak-to-average power density ratio of 2.0,
Based on DNB ratio considerations, the 250 KW steady state power limi-
‘tation for the DORF reactor was conservative by a factorrof approxi-

mately seven,

The Committee concurred.with the basis and conservatism of theze

limiting safety system settings for steady state operation.

HDL specified Timiting conditions for operation which insured that

for any mode of opération there were three automatic protective



devices (two on fuel temperature and cone on core power) any one of

which could scram the reactor.

Reactivity Limitations

As discussed earlier a mechanical stop on the pulse rod limited
reactivity insertions at the DORY to $3.00. In addition limiting
conditions for operation restricted core excess reactivity to less
than $5.00 in infinite water and required a minimum shutdown margin
of 50 cents with the most reactiva rod stuck out of the core and the
pool temperature less than 609C. Also experiment reactiﬁity worth
was limited fo $2 .00 and éxperiments with a rveastivity worth greater
than $1.00 were required to be secuvely fastened or properiy located
to prevent movements which could cause inadverfent reactivity changes

during reactor operation.

Maximum rod drop times were specified and a reactor and facility safety
interlock system was provided to agssure that the reactor would be

operated within the bounds of approved written procedures.

Appropriate surveillance requirements were specified to assure adherence

to these limitations.

The Committee concluded that potential reactivity changes were adequately
controlled and that there was reasonable assurance that a step reactivity

greater than 2.2% Lk/k unld not be inserted into the DORF reactor core.



Additional Safety Consideratioms

The Committee considered the following additional areas of sufficient

importaned to warrant individual consideration;

Emergency Power

Ventilationr

Fugl Storage

Environmmental Monitoring
Facility Radiatiorn Level Control
Organization

Review of Reactor Operations
Review of Experiments
Operating Procedures
Modification Procedures
Records

Reports

Quality Assurance

Compliance
Following is a summary of the Committee's review in each of these areas,.

Emergency Power: Electrical power supplied by batteries was required to
be available to operate emergency building lights and radiation monitoring

equipment.

The equipment operated by the emergency electrical battery power was

considered adequate fo assure the detection of radiation levels, and to

10



provide lighting so thét the reactor core, including the control rod
pééitibﬂs,”céﬁid be moniéofea visuaiif.- ﬁormallg;ufﬁo.additional

sources of power were available: (1) a 100 KW, diesel driven generator;
(2)..é”gééoline ?owéféd, 5 Kw;.féfféble geﬁéréﬁér. In viéﬁuéf the -

adequacy of the battery operated emergency system, these units were not re-

quired to be operational to conduct reactor operations.

Ventilation: The reactor was not permitted to operate unless the

facility ventilation system was in operation, The entire facility was

jan

air-conditioned. WNormal air recirculation was used in the building,

N -

Raus

iy

{0

except in the exposure reoom and in the warm-storage room. All
air from the exposure room and warm-storage room passed through absolute
filters and was exhausted through a stack that extended approximatelv

45 feet above the ground level. The flow of air was controlled by main-
taining a lower pressure within the exposure room and the warm-storage
room than in the remaindér of the building. The remainder of the

building had, in turm, a slightly lower pressure than that found outside,

The ventilation system was required o be equipped with automatically
closing dampers which isolated the air in the building from the outside
environment when radicactivity was detected within the facility. Air
particulate and gas stack monitoring systems activated alarms if un-
desirable quaptities of radiocactivity were detected within the building
or iﬁ the stack, Concﬁrremtly:with the alarms,-control signals were
provided to actuate positive sealing dampers in the ventilation ducts

to isolate the building from the outside environment.

il



Fuel Storage: Arrangements were specified for fuel to be stored in
quantities and ggometrical_arraysiwhich.precluded criticality and
adequate cooling water was specified for irradiated fuel elements to

prevent temperatures in excess of design limits.

Environmental Monitoring: Specifications regquired sampling stations
and frequency of sampling to be in accordance with the latest
Environmental Radiation Mounitering Plan approved by the Army Reactor

Systems Health and Safety Review Committee.

Plant Radiatvion Level Countrol: Specificaticns required:

1. There shall be two fixed area monitovring instrumenis operating

e

in the reactor bullding during all periods of reactor operation.

"

2. An aly particulate mounitoring instrument, continucusly sampling
air above the reactor pool shall be operating and, when in an alarmed
state, capable of automatically closing isolation dampers.

3. A gas stack monitoring instrument conlbinuocusly sampling air
exhausted from the facility stack shall be operating and, when in an
alarmed state, capable of automatically closing the building isolation

dampers.

There were appropriate surveillance specifications to insure proper

opération of these monitors and the isolation dampers.

Organization: The operaticnal chain of command and support elements

were established as follows:

12



Commanding Officer, Harry Diamond Laboratories (Responsible Command)
Technical Director, Harry Diamond Laboratories

Chief, Nuclear Radiation Effects Laboratory

Chief, Wuclear Vulnerability Branch'(ﬁéactor“Coﬁmander)
Physicist—in—charge, DORF

Reactor Operator

Two levels of independent safety review were provided (Reactor Safeguards

Committee and the Army Reactor Systems Health and Safety Review Committee)

A reactor operator qualificaticn board was established for the purposae
of certification and re-certification of reactor operators. The guali-
ficatien board was convened by the Reactor Commander. The criteria for

reacltor operator certification established in AR 385-80 were to be

followed.

The Reactor Test Planning Committee (RTPC was appointed by the Commanding
Gfficer, HDL, to review radiation tests to be performed at the facility.
The Committee has the responsibility to insure the desirability, validity,

and the use of proper radiation test procedures during experiments.

A Host-Tenant Agreement was established between the Commanding Officer
of HﬁL and the Commanding General of Walter Reed Army Medical Center
(WRAMC). Therein; it is specified that the Health Physics activities
for DORF were to be supplied by WRAMC Health Thysics 0ffice. The
Commanding General, WRAMC, was responsible for all aspects of Health
Physics personnel to prqvide coverage at the reactor site, These
personnel were under direct control of the WRAMC Health Physics Officer,

The Health Physics Officer has final and absolute authority regarding

13



matters pertaining to radiolegical safety at DORF.
Review of Reactor Operations:

The Reactor Safeguards Committee was required to-meet- periodically toe -
review reactor operations., The scope of the Committee reviews were
specified and included:

1. Review and approval of all propeosed changes to the facility
procedures and Technical Specifications,

Z. Review of abnormal performance of fécility aquipment and
operating anomalies.

3. Review of unusual or abnormal oceurrences and incidenrs which
are reportable under AR 385-40.

4, Meeting annually at the facility for the purpose of refreshing
knowledge of operation and reviewing changes which have occcurred.

5. Determination of whether a proposed change, test, or experiment
would constitute an unreviewed safety question or change in the Technical
Specifications.

6. Review and recommendation of approval for experiments utilizing

the reactor facilities based on review criteria specified.
Review of Experiments:

A1l radiation experiments require a review by the Reactor Test Planning
Committee {RTPC), the Reactor Safeguards Committee (RSC), and the reactor
Physicist-in-Charge (PICY. Approval for the performance of an experiment

was the responsibility of the Reactor Commander,

14



All experiments conducted at the DORF were to be described by a
‘test plan. The test plan included:

1. The purpose of the experiment

2. A procedure for the performance of the experiment

3. The reactivity worth of the experiment

4, The integrity of the experiment, including the effects of
changes in temperature, pressure, and chemical composition

5. Any physical or chemical interaction thaﬁ could occur with

the reactor components.

6. Any radiation hazard

Operating Procedures: Written reacror cpevating and administrative
procedures were reguived for startup, operation, and shutdown of the
reactor and all systems and components.involving the nuclear safety
of the facility, emergency situations, and modification and maintenance

operations which could have an effect on reactor safety.

These procedures required as a minimum the approval of the Chief,

Nuclear Vulnerability Branch,

Periodic energency drills were required and special procedures were
specified for interlock bypass and entry into the facility during non-

operational hours.
Modification Procedures:

Modifications of the DOR¥ reactor were to be performed in accordance
with specific written procedures and accomplished in accordance with

the provisions of AR 385-80. These procedures required as a minimum

15



the approval of Chief, Nuclear Vulnerability Branch and require other

“approvals depending upon the nature of the mo&ifipation involved,

Records:
The following records were regquired to be kept in a manner comvenient
for review by facility management and higher headquarters.
1. An operational log which included
a. Pertinent data repgarding system operation
b. Operator actions

¢. Details of any abnormalities occurring

Z. Records of m#intenance acéivities whiéh include:
a. Routine maintenance and component replacement
b. Equipment failures
¢. Replacement of principal items of equipment
3. Regords of periodic checks, inspections, and/or calibration
performed to verify that requirements specified under surveillance
standards were being met. All equipment failing to meet surveillance

requirements and the corrective action taken were to be included.

4., Routine facility radiation and contamination surveys
5. Environmental monitoring surveys
6. Radiation exposure for all facility personnel, including all

visitors to the facility who enter controlled areas

7. Records of the concentration of radicactivity in liquid and.

airborne effluents released to the environment and solid waste shipped

8. Malfunction reports



9. Records of changes made to the facility as deseribed in the
ééfety analyéis report

10. Records of reactor tests and measurements

11. Records of changes made in the.bﬁerating pfoéedures

12. Records of new and spent fuel inventory

13. Safety réview of facility modifications, changes, tests, or

experiments including recommendations by the RSC.

Reports:
The following reports were to be prepared and submitited for review in
accordance with appropriate Avmy vegulations,

1. An Amnual Operating Report, as veguired by AR 385-80

2. Accidents and incidents as requirved in AR 385-40

3. Radiation exposures of.personnel as required in AR 40-14

(Records were to be kept indefinitely)

Quality Assurance Prégram:

A quality assurance program was specified which established design and test
controls and provided records that components, systems structures,

operation and maintenance of the facility conformed to design specifications

for the facility.

Compliance:
Under Department of Army regulations, the DORF was subject to an annual
general inspection on health and safety by qualifiéd representatives of

the Department of the Army Inspector General,

17



An annual technical, health physics and safety review was also to be
conducted by ﬁhe.Séfety Office, AMC, as prescribed by USAMC Supplement 1

to AR 385-80.
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SECTION TV

CONCLUSTONS

The Committee concluded that there ﬁas reasonable assurance that
the DORF could be ‘operated within the limitations of these Tech-
nical Specifications without endangering the health and safety of
the general public ox operating persommel. Specifically, it was
noﬁed that:

1. Operating experience with TRIGA reactors had demonstrated
no gignificant hazards to individuals wear the yveactor when the
reactor experienced a 2.27 £ %k/k transient with a defect in the

cladding of a fuel element (the design basis accident for the DORF).

2. DORF Technical Specifications were organized to insure clad
integrity and limit reactivity ivnsertion to less than 2.27% A k/k

for all operational conditions.

3. Fuel clad integrity was assured by (1) defining damage
criteria, (2} expressing the damage criteria in terms of measurable
system variables (safety limits) and (3) providing administrative

controls or safety systems which acted automatically to prevent damage.

4. The safety limits established for pulse and steady state
operation provided appropriate allowance for uncertainty in onset of

damage.

5. Limiting safety system gsebtings had been established which
provided adequate safety margins during steady state and pulse

operation. Reactor and Facility interlock systems and administrative

19



controls had been provided to prevent conceivable hazardous reactivity
changes in those instances where automatically operating safety systems

were noit feasible,

6. 1In addition to providing protection for the barrier to the
release of radicactive fission products, the Technical Specifications
provided appropriate limiting specifications and surveillance require-
ments in the following areas which were considered to warrant special
consideration:

Emefgenéy Powear

Venkilation

=

Fuel Storage

Environmental Monitoring
Facility Radiation Level Control
QOrganization

Review of Reactor Operations
Review of Experiments
Operating Procedures
Modification Procedures
Recoxrds

Reporﬁs

Quality Assurance

Compliance

7. The format and content of the DORF Technical Specifications

were comparable to Technical Specifications recently approved by the

20



Atomic Energy Commission and other Technical Specifications being

prepared for Army nuclear reactor facilities.

21



SECTION V.

RECOMMENDATIOHN

It is recommended that the Chief of FEngineers approve the DORF

Technical Specifications dated 24 Hovember 1971,

22
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HFEALTH PHYSICS
WALTER REED ARMY MEDICAIL CENTER
Washington, D. C. 20012

HSWP-QHP 7 March 1979
*#S0P MHumber 3-D-1

HEALTH PHYSICS SOP FOR DIAMOND ORDNANCE RADTIATTION FACTLITY

1. Purpose: To establish routine Health Physics procedures and to provide
guidance to the DORF staff in the implementation of the Health Physics Program

~at DORF.

2., TRadiation Control Areas. Radiation Control Areas are as described in

h@géygﬂgegulation 40~10. The entire area located within the DORF perimeter

fence is a restricted area.

3. Personnel Monitoring

a. Personnel assigned to DORF will be placed on film badge service in

accordance with AR 40-14.

b. Persomnel entering radiation areas will be placed on film badge
service in accordance with AR 40-14.

¢c. Visitor personnel not entering radiation areas and accompanied by
DORF personnel at all times need not be placed on film badge service.

d. Personnel placed on film badge service will wear pocket dosimeters.
Dosimeters will be read as required, at least daily and results monitored on

the dosimeter log.

4. Radiation Protection Standards

%  This SOP supersedes HP SOP's 3-D-1 thru 3-D-8, dated March 1975



a. Personnel exposure to radiation, permissible levels of radiation per-
missible levels of contamination will be in accordance with WRAMC NRC License
requirenents. -

b. Radioactive waste disposal procedures will be in accordance with current
WRAMC NRC License requirements.

c¢. Release of liquid radioactive waste from detention tanks will be in
accordance with current WRAMC NRC License regulations and DORF ENRADMON Plan.

5. Radiation Work Permits (RWP)

2. Radiation work permits will be obtained prior to performing any of the

féllowing procedures.

1. Shielding, brazing, soldering, or grinding or radicactive or con-
taminated material.

2. Work in radiation or high radiation areas.

3. Any procedure requiring respiratory protectiom.

4. Any procedufe which in the opinion of the HPO WRAMC or PIC, DORF
requires an RWP.

5. The RWP will be used to specify working conditions in order to
issue radiation safety and will be submitted by person performing procedure and

-will be approved by HPO WRAMC AND PIC, DORF.

6. Environmental Monitoring

Environmental monitoring will be in accordance with current WRAMC
ENRADMON Plan.
7. Surveys
Periodic radiation & contamination surveys will be performed in accordance

with current WRAMC License requirements.

* This SOP supersedes HP SOP's 3-D-1 thru 3-D-8, dated March 1975



b. Decontamination procedures will be performed, as required, in accordance
current NRC License.

8. Health Physics Operational Checks

a. Monitor checks. The air particu;ate monitor,.ggs stock mppitor, auxil-
iary rotemé%éfs;.ﬁater monitor. Coincidence monitor, and area monitors will
be checked weekly for proper operation. A calibration check will be performed
seﬁiannually on the area monitors.

b. A weekly pool water sample will be drawn and analyzed for 3-H and long
lived activity. If positive results are encountered, further analysis will
be performed as required.

9. Receipt & Shipment of Radioactive Materials

a. Receipt and shipment of radioactive materials will be in accordance
with current WRAMC NRC License and will be coordinated with the Radioactive
Materials Control Branch, WRAMC.

10. ©Spent Demineralizer Resins

a. Removal and disposal of spent demineralizer resins will be performed
by Health Physics as necessary in accordance with current WRAMC NRC License.

b. Resins will be analyzed prior to shipment to determine radioactive
inventory.
11. Adir Filter

a.. Removal and disposal of used air filters will be performed by Health
Physics as necessary.

12. Portable Radiation Survey Instruments

a. Portable radiation strvey instruments will be furnished, calibrated

and repaired by Health Physics in accordance with current WRAMC NRC License.

* This SOP supersedes HP SOP's 3-D-1 thru 3-D-8, dated March 1975



DEPARTMENT OF THE ARMY
HARRY DIAMOND LABORATORIES
2800 POWDER MILL. ROAD
ADELPHI, MD. 20783

" DELHD-N-RBT ' 28 December 1979

SUBJECT: DORF Dismantling Plan.

THRU: Commander-——————uo
US Army Materiel Development
and Readiness Command
ATIN: -BRCSF-P (Mr. D. Taras) ./
2001 Eisenhower Avenue. ... — . - 7 »Z7F
Alexandria, VA 22333

TG: Commander
Office of the Chief of Engineers
ATTN: DAEN-MPZ~E/Mr. J. Wagoner IT
Washington, D.C. 20314

1. Reference: Letter dated 26 Nov 1979, DAEN-MPZ-E to DELHD-RBI, Subject:
DORF Dismantling Plan.

2. Inclosed are six copies of the revised DORF Dismantling Plan (prepared
- by Rockwell International) incorporating the changes recommended in paragraph b
of the referenced letter.

FOR THE COMMANDER:
% A .
;‘/ (lle T ez loa

Incl WALTER L. GIESELER .
as : DORF Physicist-in-Charge



DAEN-KPZ-E 28 NOV 197y

SUBJECY: DURF Dismentling Plan

THRU: Commander _ , _
Us Army Meteviel Development and Readiness Command
ATTH: ORLSF-P {Mr. D. Taras)
5001 Liseshouwer Avenue
Alexandria, VA £2;3$

1o Commancer

Uizmond L;%srsirrzﬁs
ATTH: SELED-PRL {Mr. Giescler)
2B Pows

Agolpht, BD 20783

¢

or #Mili Boad

%ubjen& p]@n lias been revieweq by ARCHS.  Approval 1s hereby grantec
subject to - ST

a. Submission to ARCHS pricr to commoncement of the physical
dismantlement operaticns of six (6} coples of procadures for fntrgfncy
medical treatment of workers.

p. Incorporation of the following coaments in the plam:

(i} Page 37, 3¢ paragraph - shkould reed US Army Enpvivommental
Hygiene Agency. :

(2) Page 3o, paragraph J.;. - dirge rg ding dosimeters shall
&

ct
17
be reguired during work in high vadiation eree

(3) Page 35, last paragraph - Surgeons aleves may not withstand =0

direct handiing operations and should be pnysically protectied by en over
glove. :
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[. INTROBUCTION

The Harry Diamond Laboratories (HDL) operates an irradiation test
reactor with assoéfated.é*berlmental equlpraent which Is called the
Diamond Ordnance Radlatlon Facillty (DORF). The faclllty occuples a
~single remote butlding on the.gfoundsmof the Forest-Glen Annex of the
Walter Reed Army Medical Center (WRAMC) near Silver Spring, Maryland,
It is used to conduct experiments: (1) to [nvestigaté'and determine
susceptibility of ordnance electronlc materiel to nuclear weapons radiat lon
environment, mechanisms of those effects and ways and means of developing
less susceptible materiel; (2) to conduct research and development in the
varlous physical science and englneering flelds directed toward meeting
the miiitary characteristics for fuzes or of related ltems.

The DORF, deslgned and .constructed by the Geperal Atomlc Division
of General Dyhemics Corp., incorporates a reactor which is designated the
DORF-TRIGA. General Atomic started Jp the reactor which attained criti=-
cality on 18 September 1361 and operated the Facility until 13 January
1962, Durlng this period, the reactor was checked out and fundamental
callibration test§ were completed. A full report for this period is found
in "HDL~TRIGA Reactor Acceptance Test Report', GA-2995, General Atomic,
March 1962. HDL accepted the faclllty on 1 January 1962 and assumed Ul
administrative and operational responsibllity on 1 February 1362.

The purpose of this re@ort is to describe, in accordance with letter
AMCAD-SN, subject: Reportling Requlrements for Army Nuclear Reactors dated
30 September 1966, the DORF operatlons and modificatlons, Subéequent

reports will be submitted annually,

1. OPERATIONAL PROBLEMS
A. Fuel Elements =~ Aluminum Clad
The orlginal fuel elements used In the DORF reactor were aluminum
clad. The fuel portion of each element conslisted of an alloy of uraalum-
in U235.

zlrconium hydride containing 8 wt-% uranium enrliched to 20% The



hydrogen-to~zirconium atomic ratlo was approxImately 1.0, The fuel meat
temperatures were Iimited to 500° C | o

' The p;oblems assoclated wlth the aluminum c]ad fuel elements were
(a) tongitudinal growth and (b) phase transition at 530°C. The growth
phenomena resulted from a ratcheting effect between .the expanding fuel
meat and the aluminum clad. The reactivity insertlons were limited to
$2.65 to insure that the maxlmum fuel temperature dlid not exceed 500°C.
The maximum aliowable dlmension change was a longitudinal growth of 100 mils
and/or a bend of 1/156 inch. Thirty {30) fuel elements were removed from
reactor service because of growth in a period from reactor startup in
September 1961 to June 1964 when the aluminum clad fuel elements were
discarded in preparation for the installation of a stainless stez] clad
core, The total power generated was 40596 KW~HR including power generated
in 2450 transient Insertlons {pulses).
_B. Fuel Eiemeﬁt Flssion Product Leak - Aluminum Clad, 28 October 1383

A leaking fuel element was detected, ldentified, isolated and placed

in storage in a non-hazardous conditlon and eventually shipped from the
reactor facllity for disposal. The problem was notlced during a 250 KW
operatfon at steady state reactor operation. The alr pariuiculate monitor
detected unusual high readings approximately 15 minutes after inltial
start of the power run, The faulty element was detected and removed from
the core and placed In starage. Subsequent pulsing of the reactor showed
normal condlitions. The flssion product moﬁitor or gamma area monitors
did not detect the fisslon product leak. No over-exposures occurred to
any parsonnel at the reactor facillty.

C. Fuel Elements - Stalnless Steel Clad _

!f was well known that some of the problems in elongation were asso-

t-iétéd with the use of aluminum elad fuel elements In & pulse type Triga



reactor. In order to correct and slgnificantly improve the dimenslonal
stabflity of the fuel elements, General Atomic developed a stainiess
.sfééi.clad U-ZrH1_7 fuel eiem6n£. VThe chief advantages of this type of
fuel element are (a) the phase structure of the higher-hydride material
is unaffected by temperatures In excess of 700°C whereas the. fuel .element
with a U-ZrH] g experienced a phase transition at 530°C and (b) the
stalnless steel cladding Increases the strength, Integrity and reliability
of the fuel element. The stalnless steel clad fuel elements presently
used at the DORF are Identlcal to those used by General Atomic to pulse
‘their Mark F prototype reactor to 6800 MW peak with a corresponding peak
temperature in excess of 750°C with no physical effect on the integrity |
or relfability of these fuel elements,

The DORF reactor instalied a new core composed at the above improved
fuel elements and the reactor attained criticality on 15 June 1964, The
dimensional stabiflty of the stalnless steel clad fuel elements has been
extremely good, No appreciable growth has occurred In over E90§ transient
reactivity insertions,

D, Excess Reactlvity Loss

A good indication of the nuclear condition and/or changes of reactor
characteristics, if any, Is the excess reactivity measurements. The
excess reactivity measurements of the reactor are made each day the reactor
is operated. Since the Installatlon of the stainless steal high hydride
fuel element core, there has been a graduail decline of excess reactivity.
The loss of excess reactivity is not notlceable from day-to-day since the
measurements may vary as much as +5 cents, depending on the previous
reactor operating history, experiments near core, and the particular control
rods used for measurement, however, long term trends are clearly evident.
The total loss of excess reactivity since the installation of the stainless
steel core 15 approximately 40 cents which, at present, prevents the
reactor from being pulsed with the core in its "full-in" position agalnst

the exposure room tank wall, Therefore, the reactor core ismoved about




5 to 7 miilimeters toward the center of the reactor pool in order to

go critical with the translent rod dewn. The transient rod must be fully
Tnthe core {down position) béfore the puléing Interlock system Is
satisfied. The present excess reactivity of the reactor In infinlte water
reflector and loaded with 85 elements Is approximately $3.63, The.ex—
posdfé"fbéﬁ.ﬁbrth is approxlmately a hégéfi;é.70.céﬁ£§.

The ifaitial loss of excess reactivity was noticed after one hundred
$3.00 pulse program when approximately 12 cents were lost. Since that
time there has been a gradual decrease In excess reactivity to a rather
constant value of $3.63 for the past 9 months, Although it Is recognized
that there Is no $afety haza}d, the maximum reactivity insertion has been
administratively limited to $2.65, since the conclusion of the $3.00
puise program, so that certaln reactor parameters can be measured before
the reactivity insertions are Increased to $3.00 pulses,

it appeard from an analysis that the loss of excess reactivity
occurred after large reactivity lnsertions {>$2.65), This Indicates that
the recactivity loss is associated with dimensional changes In the fuel,
General Atomic has observed this as reactivity losses with steady state
reactor power level but ascribes [t to decreased heat transfer after
pulsing, Since the center fuel elements are in a more severe temperature
eavironment than those in the outer reglions of the core, fuel elements
from the inner rings weré interchanged with those in the outer ring. The
results show that although there was less U23% {n the Inner rings than
previously, the excess reactivity increased a measurable amount {approxi-
mately 8 cents).

The loss In reactivity is not considered a safety hazard since the
rate of change Is small and (s not a large step change. The DORF can be
presentiy pulsed to §%.00, if the 40 cents should magically reappear as
a positive Insertion during a pulse, this would mean only a $3.40 reac-
tivity Insertion. While this insertion would be slightly above the opera-
ting limits of the DORF veactor, there will be no safety hazard involved
since the DORF type fuel elements have been pulsed to $4.70 for hundreds
of pulses with no adverse effects (G.A. Reports 5786 and 6849).

L



A definltive physical cause for the reactivity loss Is not yet
known. The DORF staff Is contlnulng to pursue, as the reactor schedule
..pérmits, pdééfbfé mechanféﬁs.fo.ldentify the particular cause fdr the
loss phenomena. General Atomlc and other Trlga reactor faclllties are

being advised and consulted concerning.the reactivity loss.
111, CHANGES

A. Concldent Radiation Alarm System

On 4 May 1962, a colncldent radlation alarm system was Installed to
notify the WRAMC MP station or a radiation release within the DORF facility.
A radlation alarm from any two of the followlng radiation detectors will
actuate the WRAMC MP radiation alarm: (1) Alr Particulate Monitor, (2)
Victoreen Gamma Monitor above reactor tank and (3) mezzanline Victoreen
gamma Monlitor,
B. Removal of Radlation Monitor

in August 1963, the remote area monitor in the Forest Gien Annex
Bldg. 500 area was reﬁcved and the detector unlt Instalied directly In
the DORF stack as a backup monitor of 'stack effluent.
L. Conscle Area Inclosure

In November 19563, the reactor console area was inclosed to reduce
building nelse level, provide an isolated reactor oparating area for the
reactor operator, and to eiiminate outside interferénce from the rest of
the buiiding.
D. Change in Lead Shield Door Interlock System

In January 1964, the Interlock system was modifled to allow reactor
operation In Position 1 (agalnst exposure room tank wall) with the pool
lead shizld door open.
E. Removal of Plug Door Wood Timber Facing _

On 10 January 1964, the wood timbers on the exposure room plug door

were removed because of an Industrial saféty'hazard.



F. Modification of Interlock System
In March 1364, the Interlock system was modifled to allos reactor
“opefékfon.in any position wlthin the reactor pool {(Positions 1, 2, and 3)
providing the exposure room plug door Is closed.
- G. Reactor Carrlage Position Stops
In March 1964, carrlage stops Installed for experimental use of a
beam tube.
H. Fuel Storage Plts
In May 1364, the constructlon of the dry storage plts for actlvated
fuel elements was completed and approval was recelved for thelr use.
i. Adjustment of Translent Rud Drive Up Limit
th August 196% - Mechanical rod and electrical transient rod drive
up limit adjusted to prevent insertion of more thaa $3.00 Eeactiv?ty.
4. Change In Fuel Element Measurement Interval
_ 8 January 1365 - Approval granted for change In fuel element measure=
ment interval from 100 puises to 500 pulses.
K. Installation of Emergency Generator
In March 1363, an instantaneous staft emergency generator instalied
and checked out. Electrical distribution moedified for connections to
emergency generator output, .
L. Removal of Transient Rod Drive Up Limlt Stops
On 18 May 1965, the $3.00 limit mechanical and elecirical stops on
transient rod drive mechanism were removed for the purpose of reactivity
rod calibration. Mechanic and -electric stops reinstalled at completion
- of calibratlon,
M. Removal of Fission Products Monitor
On & June 1965, approval received for the deletion of the requirement
for the fisslon product monitor as & necessary piece of reactor Instrumento=
tion.
N. lon Chamber Power Supply
On 10 January 1966,“additiona¥ fon chamber power supply installed as
& part of reactor instrumentation, Appropriate scram features of reactor

safety system retalined.



DEPARTMENT OF THE ARMY
HEADQUARTERS US ARMY MATERIEL DEVELOPMENT AND READINESS COMMAND
5001 EISENHOWER AVENUE. ALEXANDRIA. VA. 22333
D. Taras/seb/AUTOVON 284-9340

17 April 1980

SUBJECT: Decontamination of Diamond Ordnance Radiation Facility

THRU : Commander

US Army Elwaﬁf&‘"gﬁd Development Command
py ATTN: =

v % -AdEIphi, MD 20783

3 i'\-{“‘

16 Commauder
Harry Diameond Laboratories
ATTN: DELHD-N-RBI
Adelphi, MD 20783

1. Reference is made to the following report: Radiation Protection Special Study
No. 28-43-0982-80, Close-Out Survey of Diamond Ordnance Radiation Facility (DORF),
- 25-28 February 19380,

2. On 10 April the Army Reactor Committee for Health and Safety reviewed the’
referenced report and concluded that decontamination is consistent with the
criteria in NRC Regulatory Guide 1.86 and is as low as reasonably achievable. 1In
PHONECCN, 17 April 80, LTC Quillin, WRAMC Radiation Protection Officer, stated
these acheived levels are acceptable to WRAMC. Based on the above, the facility
is suitable for unrestricted use and occupancy, -
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) Member, Army Reactor Committee
for Health and Safety

CF:

HQDA(DASG~PSP-E) ; (DAPE-HRS)
DRCIS

DRCSG
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DRCSG-E (3 Apr 80) 1st Ind

SUBJECT: Preliminary Report, Radiation Protection Special Study No,
- 28-43-0982-80, Close~Out Survey of Diamond Ordnance Radiation
Facility (DORF), 25-28 February 1980

Headquarters, US Army Materiel Development and Readiness Command
5001 Eisenhower Avenue, Alexandria, VA 22333 9 Apr 80

#10: Commander, US Army Electronics Research and Development Command

ATTN: DELHD-N-RBI, Adelphi, MD 20783

Subject report has been reviewed by this office and is Forwarded for
information and appropriate action,

FOR THE COMMANDER:

1 Inel
nc

CF:
DRCSF-P
DRCSA-NS
DRX0S=ES
DRCIS-A

/i

T

[ED .

¥ & RCBERT T, CULTING, M.D,
Colonel (P), MC
Command Surgeon

CARL W. JGHNSON
MAJCR, MEC

MEDICAL EMTOMZLOCIST
OFFICE OF THE SURCEDN
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Mr. Lodde/cw/AUTOVON

DEPARTMENT OF THE ARMY
584-3526

U. 5. ARMY ENVIRONMENTAL HYGIENE AGENCY
ABERDEEN PROVING GROUND. MARYLAND 21010

..... - e e . g APR}QBU _

SUBJECT: Preliminary Report, Radiation Protection Special Study No.
28-43-0982-80, Close-Dut- Survey of Diamond Ordnance Radfation
Facility {(DORF), 25-28 February 1980

Commander

US Army Materiel Development and
Readiness Command

ATTN: DRCSG

5001 Eisenhower Avenue

Alexandria, VA 22333

1. BAUTHORITY. Letter, DELHD-M-RBI, Harry Dismond Laboratories, Z November
1979, subject: Request for a Radiclogical Healtn Special Study., and
indorsement thereto.

2. PURPOSE. This special study was performed to determine the presence and
extent of radiocactive contamination and whether the facility met the
radicactive contamination levels stated in Nuclear Regulatory Commission,
Regulatory Guide 1.86, Termination of Operating Licenses for Nuclear
Reactors, June 1574, following decontamination.

3. GENERAL.

a. This radiation protection special study was conducted by Mr. Gordon
M. Lodde, Health Physicist, and 2LT Roger M. Davis, Jvr., Health Physics
Division, this Agency, during the period 25-28 February 1980.

b. An entrance interview and an exit briefing were provided to Mr.
Charles Ware, Contracting Officer's Representative, Harry Diamond
Laboratories. .

4. FINDING.

a. The results of smear surveys are provided in Incicsure 1.

b. The results of concrete ana1yéis are provided in Inclosure 2.
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28-43-0982-80, Close-0ut Survey of Diamond Ordnance Radiation
Facility (DORF}, 25-28 February 1980

.- €. Surveys-by direct radiation-measurements indicated that the Highast

radiation values were obtained on the north, south, and west walls of the
exposure room. The values ranged from 20-400 microroentgen per hour {uR/h)
on contact as measured with an Eberline, Model PRM-7, Micro-R-Meter and up to
350 pR/Hr when measured with a Victoreen, Model 240, Tonization Chamber,
These two methods of radiation measurements are in close agreement.

5. DISCUSSION.

a. Samples were taken from the wastewater holding tanks and the sewage
system down stream from the holding tarks.

b. Core samples were taken off site and soil and VEQELdt“Dﬂ samples
were taken both on and off site.

¢s The final report will be forwarded in about 60 days following
analysis of the samples.

6. CONCLUSION. A review of the findings indicated that after. decontami-
nation the facility conformed to the requirements of Regulatory Guide 1.86.

7. RECOMMENBATION. None

FOR THE COMMANDER:

)
2 Incl ANK E. McDERMOTT
as ~COL, MSC
Director, Radiation and
Environmental Sciences

CF:
Cdr, ERADCOM ~
Cdr, HSC (HSPA-P)
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KESUL IS UF ANALYTZING WIPE TEST SAMPLES

Disintegrations per Minute +2 Standard Deviations/100 ¢

Sample RCB Gross Alpha Gross Beta
Identification Lab No, - Activity : Activity
1 1 244 o <1.4 4.4 + 2,5
2 L2ds <1.4 < 2.5
3 L246 <1.4 < 2.5
4 1247 <1.4 ' < 2.5
5 L248 <1.4 | < 2.5
6 1249 < 1.4 < 2.5
7 1250 < 1.4 < 2.5
8 L1251 <14 2.8 £ 2.0
9 1257 <1.4 < 2.5
10 L253 < 1.4 6.0 + 2.7
11 1254 <1.4 2.6 + 2,0
12 1255 <1.4 < 2.5
13 L256 C<1.4 < 2.5
14 L257 < 1.4 < 2.5
15 L1258 C<1.4 . < 2.5
16 L2539 | <1.4 3.6 + 1.9
17 1260 <1.4 < 2.5
18 L261 < 1.4 . < 2.5
19 L262 ' <1l.4 14.6 + 3.7
20 ' L263 4.7 + 2,4 14.0 + 3.6
21 L264 S <1.4 < 2.5
22 L265 <1.4 6.2 + 2.3
23 L266 , <14 7.0 £ 2.6
24 L267 3,2 + 1.9 < 2.5
25 1268 <1.8 5.2 + 2.4
26 1269 S <1.4 < 2.5
27 L270 C<1.4 3.0 £ 2,0
28 L271 <1.4 < 2.5
29 L272 . <1.4 < 2.5
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Disintegrations per Minute 2 Standard Deviaticns/100 cm?

Sample RCB Gross Alpha Gross Beta
Identification Lab No. _ Activity Activity
30 L1273 <1.4 3.2 + 2.2
31 L274 C<1.4 9.8 + 3,2
32 - 1275 - <1,4 3.2 £ 2.3
33 L276 <i.4 < 2.5
34 L277 _ < 1.4 o <2,5
35 L278 S <1.4 3.2 & 2.4
36 L2739 C=1.4 3.2 + 2.1
37 . L280 <i.4 5.0 £ 2.4
38 - L2al <1.4 4.8 = 2.3
39 . 282 - <1.4 <2.5
40 L283 . <1.4 o <2.5
41 L284 <1.4 3.4 + 2.1
42 1.285 - <1.4 < 2.5
43 L286 < 1.4 < 2.5
44 L287 < 1.4 . <2.5

L US‘L.. ONES, Chief
Radl & Biet Chem Div, USAEHA
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Study No.
ce Radiation

INTERIM RESULTS OF ANALYZING CONCRETT SMMPLES

Microcurie per Gram
Europium-152 Activity

SUBJECT:
Facility (DORF)

Sample RCB

Identification Lab Ho,

EX-N RCT 3.5 x 1075
EX-S RC? 5.9 x 1075
ES In Pool ‘RC3 1.6 x 1075
ES-HW RC4 2.8 x 1075
EX LIFT-S RCS 1.1 x 1074

H o+ I+ M

+

0.1 x 1078 2.8 x 1076 & 0,6 x 10=8
0.1 x 1075 4.5 x 107% & 0.8 % 1076
G.1 x 1073 1.4 x 1078 & 0,4 x 1076
0.1 x 1075 2.2 x 1078 £ 0.5 x 1076
0.2 x 1075 + 0.9 x 1076

7.9 x 1078

7 JONES, Chief

2 Standard Deviations
Europium-154 Activity

Cobalt-60 Activity

1.0 x 10°5
3.4 x 1075
5.4 x 1076
1.4 x 1075
3.0 x 1078

61 Chem Diy, USAEHA

+ B+ 4

1+

0.4 x 1076
0.1 x 1075
0.3 x 1076
0.1 x 1075
0.1 x 1078
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ACTIVATION ANALYSIS OF RADTOACTIVE MATERIAL
IN THE DORF STRUCTURE BEFORE

DECOMMISSTONING



INTRCDUCTION

This report documents information of the amount-and type of radicactive
material that will be present In the structure -and building of the Diamond
‘Ordnance Radidtion Facility after removal of the reactor fuel in the spring
of 1978. Such information isrreguired for decommissioning plans and must
be supplied to the ArmynReactOr Committee for Health and Safety (ARCHS)
prier to their approval of such plans. The information is also needed by’
the waste-disposal area directoraté who mﬁst.ﬁudget for specific velumes and
radicactive levels. Finally, the isotopic éomposition‘of the radiocactive
waste is necessary for labeling containers at the time of shipment.

The first secticn of this report is a summary for those who need only
the final results on type, location and amount of residual radicactivity.
Section two describes the investlgative procedures, discusses the possible
gourcas of radiozctivity and the prOpeities of the vadicactive isotopes
found. Graphs of isotopic analyses and calculations, which convert detector
response Lo specific activities, are included in this section. The second
section also provides the detailed calculations of volumes, weights and total
radiocactivity in the various sections of DORF. The final section contains

recommendations based con things discovered during this study.

SUMMARY

The radicactivity that will remain at DORF after the fuel removal in the
spring of 1978 has been carefully estimated based on criteria, measurements and
necessary assumptions documented in this repoft. .A concise summary of that
radivactivity is given in Table I. The most predominant radiocactive isotopes
in the concrete are cobalt—60 and europium-152 and -154. The most predominant
isotopes in lead are antimony-124 and silver-110". The wood and steel (mainiy
in the lead-shield hoist) are not vefy radiocactive and easy to dispose of. The

aluminum itseif is almost non-radicactive but there is a radiocactive Phenoline



liner which tends to stick to the aluminum. Its radicactivity comes from

cobalt-60 and zinc-65.

in excess of 60 days.

All of these readicactive isotopes have half-lives

1 . .
Summary— of total radicactivity to be expected from materials

TABLE I.
in the DORF structure after core removal.
Mass Volume Radicactivity -
Material (1bg) (£ft3) (millicuries)
CONCRETE 82,170 412 36.24
(If whole plug (170,050) {850) {(36.24)
door included).
LEAD 55,753 112 13.34
ALUMINUM 2,288 15 75.71
WoOon 34,944 1344 .33
STEEL 2,667 5.5 3.03
GRAND
TOTAL 177,817 1lbs 1889 ft3 0.126.-Curies

(89 tons)

S

1 ' . ' . .
k/This repregsents a summation of the values given in Table X.




" IDENTIFICATION OF THE RADIOACTIVITY

Isotope Identificationi

The principal method of idemtification was gamma-radiation speétroscopy
with a germanium lithium-drifted detector, or Ge(Li) crystal. The crystal
is heoused inside a very low-activity-lead éave lined with wood. Numerous
background analyses confirm that for photoés with energies greater than
140 keV, Samp%es with low activitles (two to three times background)} can be
successfully analyzed for specific photon energies. A plot of a multichannel
_énalyzer spectrum of the background is given in Fig. 1. The principal higher
energy peaks in the background spectrum are the 511-keV gammas asscciated
with annihilation radiation and the l46l-keV peak from AOKg a radiocactive
isotope which is found naturally in almost all "mon-radioactive' materials.

The method of analyges provides for wvery good resolution of the photon
energies in the range 140 keV _to 2500 keV at approximately 9.7 keV per
channel of 256 total channels. The electronic equipment is sufficiently
stable over counting periods of 56,000 seconds to permit energy assignment

within two percent. Graphs of the gamma spectra of the various materials

investigated are shown. (See Fig. 2 through 5).

The method does not provide for the ultimate in accuracy for determining

épecific activity. The crystal efficiency (disintegrations per count as a
function of energy) can only be accurately-assigngd for a well-defined
geometry. The samples in the ﬁresent situatioﬁ varied in size and shape,
Therefore, they were suspended above the crystal so that their centers of

‘mass were approximately three centimeters from the active volume of the



detector and efficiencies were determined with calibrafed point sources,

The error associated with this procedure is estimated to be no greater £han
_50%; based on a volume inteération of point-source response at peints in
space representative of the sample'size; For the task at hand such accuracy

is sufficient,

Rational of Sample Selection

The job was to identify the radiéactive content gnd quantity of materials
that will have to be removed from the DORF site so that it can be certified,
by post-decommissioning radiocactive survey, as an unreétricted area for
poseible public use. This survey, to be conducted by the Army ﬁnvironmental
Health Agency (AEHA), must be accomplished prior to any £illing, sealing or
burying activities, This presented two problémsq How can we identify the
radioactivity in presently inaccgssible areas, such.as bglow the reactor
pool, before the reactor fuel and higher—leﬁel radioactive structures have
been removed? What.amount of material will have to.be removed from walls
and floors to reach an acceptable AEHA level?

The first pgoblem was attacked as follows. Representafive samples of
all the material types are accessible in the exposure-room area. Because
of the significantly larger thermal-neutron cross sections of materials
and the fact that the DORF-TRIGA reactor is zirconium-hydride moderated and
water-cooled reactor; the thermal éomponent of the spectrum is the dominate
soufce'of induced radioactivity. .As will be discussed l;ter; the predominance
of radioactive europium confirms this. Therefore, isotopic analyzes of

exposure room samples are representative of those in presently inaccessible



areas,. Furthermore, with facility dosimétry data for the various locaticns,
we can estimate the residusl radioactivity in remote locations with signifi-
cantly different flux exposure levels,

The second problem of how much material to remove is ﬁore complex
because we do not have good guidance oa the amount of radiocactivity in
volume that can remain. NRC Regulation 1,86, the current guide, clearly.
spécifies levels for removal surféce cbntamination but ié, at best, wvague
on volume activity and how to detect it. The criteria set for the analysis
in this report are as follows: ’

{1} Once the reactor support structure has besn removed there will be
0o high-level radioactivg waste remaining in the DORF structure., Our
analyses confirm this;

{2} Based on existing allowable concentrations of radioactive materials

in water and a specific activity proportional to material density, we can set

an allowable specific activity of 2 x 1O~5 microcuries per gram as the maximum

permissible concentration of radionuclides in water when.it is‘known that

Sr 90, T129, (I 124, I 126, T 131, Table II onlyj, Pb 210, Ra 226, Ra 228,

Cm 248, and Cf 254 are not presentj Since the density of water is one g/cm

and there are 28317 cmB/ftB, 2 x 10_5uCi/g corresponds to 0.57 MCi/ft3 of water,
(3) it is assumed that the radioactivity is distributed in the material

to be removed in proportion to the incident thermal fluen;e (flux-time product)

and attenuatedAexponentially according to thermal-neutron relaxation lengths,

(i.e., the inverse of microséopic removal cfos; sections for bfgad beams).

Half-life decay is taken into consideration for the period until spring 1978, There-

fora the depth of material to be removed, D in centimeters, is determined
5 3 2

e

w

10 CFR20, rote to Appendix B



by relative fluence level at the surface, ¢/¢O, and

¢/¢o X A
D=11n —2%
: 0.57uCi/fe (1)

where A is the activity in pCi/ft” estimated from this study. The values

of relaxation length are given in Table II.

TABLE II. Material densities and relaxation lengths, L

— S =
) Material _Density Relaxation Length
Concrete : 2.35 g/cm3 , 1.6 cm
Lead 11.0 g/cm3 4.2 cm
Wood 0.42 g/em3 2.9 cm

Measured Radioactivity

Samples taken from the DORF exposure room were concrete, wood, aluminum,

lead and a tar-paper—-like liner installed between the aluminum pool tank and

‘the concrete pool base. Although the aluminum itself has very littlé resideal

radioactivity {less rhan 8 x 10_6uCi/gm for the sections counted), the
Pheneline paper (i.e., the tar-paper liner) has the hichest specific activity
of all the materials examined. Since this liner tends to stick to the aluminum,
for all practical purposes the aluminum tank exhibits this acﬁiyity.

Tables IV through IX give a breakdown of the isotopic compositicon of the
radicactivity in the varicus saaples. Tables iV and V are.composed of several

additional pages that serve as detailed examples-of the methods of analyses

and are self explanatory when reference is made to the graphs of the multichanmel-

analyzer output. Figs. 1 through 5 are the multichannel-analyzer gamma spectra

for the variocus types of samples. The energy of the photopeaks is related to

poen T



' : % . :
TABLE III. CAMMA SPECIFIC ACQTIVITY AND THE NUMBER OF MICROCURIES PER UNIT?OF
MATERTAL FOR VARIOQUS RADIQACTIVE MATERIALS FROM THE DORF EXPOSURE ROOM

Type of Specific Activity Activity per unit
Material 'Location in Exposure Room (d/s.g) of material
1. PHENOLINE PAPER On aluminum tank near exposure room 636 | 3.6 pCi/sq ft
. end of pool :
' 3
2, CONCRETE From front part of room about 78 - 140 pcti/fe
4 feet from reactor '
. - . 3
3. CONCRETE Very near reactor at exposure room 141 . 252 uciffe
end of rtank
A LEAD From curtain above the movableé lead 72 0.62 uCifip
shield . '
5.  LEAD From brick in middle of the movable 205 1,30 uCi/lb
lead shield
6. WOOD From very near reactor and cencrete 1;3 ‘ 0;40 uﬂi/ft3
' sample #3, ahove, : .

£

From gross beta plus g

approximately 1.8,

ammiim -

amma analyses, the beta-to-gamma activity of all

these different materials 1ig



spectra for the various types of samples., The energy of the photopeaks

is related to start the chamnel number (abcissa) by the following equation:

E(keV) = (channel 42.5) x 9.69  +2% @

For clarification, the gamma-ray peaks are indentified by isotope and their
energies in keV (and in pareﬁthsis)jare given for mosg of the peaks.

The specific activity (d/s-g) for each measured sample is compared
in Table ITI. This table also provides the aumber of microcuriés per
unit most practical for that type of material, This latter information is
used in Table X to determine the total radiocactivity in the volumes of

radicactive materials at DORT.
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CONCLUSIONS & RECOMMENDATIONS

The principal conélnsibn from this study is that once the feactor—grid
éupport structure ﬁésnﬁééﬁ feﬁ&féd”thefe is very litéié“fé&£;;éEi§i£y Te-
maining at DORF, Uafortunately the levels are definitely above background,
but only by factors of several hundred, and the radioactivicy is mainly
distributed throughout concrete walls and floors. Deep excavations will
not be necessary. However;_this ig of little consequence if cne still has ro
remove several inch-thick layers from large areas. This is the situation
in the exposure room. In fact, the exposure-room decoﬁtamination is by
far the major problem and several possible methods of attack come to mind,

(1) -Excavate aﬁd rémove the th;ee 5QOO=galion gésie%#g?gﬁnggiQiﬁg tanks,
cut off part of the teps and use them as shipping containars for the radio-
active debris from DORF, For example, the woéd has suffered radiation
damage and dry rokbk so thatlit crumbles rather easily. 1t is a big volume
-(1200_ft3) but relatively light in weight so it can easily bé_téséed or
shoveled into the tanks and they could then be closure welded for shipment.
There will also be much dust, dirc, paper and small concrete chips of
radioactive waste, all of which could be put into the tanks.

(2) Mechanically cut, DO NOT CUT WITH A TORCH, the alumipum because of
the radicactive "tar-paper® liner which could easily catch on fire.and
produce countaminated smoke, However by reference to the excgvation—of—
cﬁncrete details in this report, the places wﬁere the aluminum liner will
be radiocaciive are easily identified. It does not aépear that the liner

will produce a problem in other than these areas.



-

kB)‘ Thought should be given to the possibility of transferring some
of the lead to AFRRI or APRF because its radioactivity is realiy not a
serious hazard and these facilities need it for shielding in neutron fields.
This could "5avé a few ddollars on transportation and disposal costs.

(45. Survey activities are going to be a problem because there just
ién't imuch activity to survey right'now. For example, depending on what is
going to be done with the exposure room, it may not he necessary to excavate
concrete from the rear wall of thé room, In any évent, thought should be
given to how much the survef rezading "from the rear wall only", beforxe
excavation, must be decreased by material removal te provide an 'acceptable"
survey level. 1In view of the expense to breakup and ship concrete, it is
prudent tc be practiczl abO;t sealing up or buryiag very small, but detectable,
amounts of radioactivity,

(5) Almost all of the materials exhibit one or two predominant and
characteristic photopeaks. Therefore, survey activities could be determined
by a sodium-icdide scintillation aetector. It is suggested that a portable
detector with a 3/4-inch-thick cylindrical lead shield around the sides
Vwould be practical. <Calibration could be accomplished in é;crude, but
adequate, manner by measuring the responsé of a variety of sources simul-
taneously positioned over a square-meter plahe area behind about 1/4-inch
thick aluminum. This approximates the following situation, ‘The dose rate
to tigsue in rads pef hour in ap infinite medium, of density p, uniformly

contaminated by a gamma emitter, of energy F (MeV), is

2.12 EC/p _ ) (3}



3

where € is in microcuries per cm”®. At the surface, the dose rate is

about one half of this and~for‘air a one~centimeter<from-the-surface .
survey is an adequate representation of the surface rate. By then surveying
uthemﬁcalibration~setup at-one meter™ and correcting for ITRz“fﬁ ohe
centimeter, one can estimate the rads per heur effigigngy of the
scintiilatiéﬁ.&étecfor. A vériéty.bf soufcéé, respositionea.éhéﬁid.be

used and the results averaged.
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DESCRIPTION OF WORK MONITORING AND PROTECTION REQUIREMINTS
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Diamond Ordnance Radiarion Facility
Forest Glen, MD

HQQOD

BESINNING COMPLETED
COVERALLS
WATSREROOF GUTER LAYER
CREW CHIEF PH»
LAB COAT
1 iesle , -516
Walter Giesler /-5168 NO PERSON AL GUTER CLOTHING

HEALTH PHYSICS SURVEY
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HSWP-QliP Water Sample Analysis
Radiation Protection Officer Health Physics Officer 2D NOV T
pidmend Ordindndés Radiation Fac  WRANC SFC flering/acl /75104
WRANC
The following are the results of the pool water samples taken from ?Gur_facility:
DATE SUBSTANCE ACTIVITY
-7 . .
26 Nov 79 Tritium 5 x 102 pCi/titey = o X740 -J"'-‘-/"/*"I
29 Nov 79 Gross gamma <minimum sensitivity = 2 x in3 pCi/titer = 7 x 10 “M/ 4%»_/

ROBERT M, QUILLIN
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1. OBJECTIVE

- The objective -for dismantlement and radioactiue“decontaminatioﬁ of
the Diamond Ordnance Radiation Facility (DORF) is to place it in a
condition acceptable for releass for unrestricted use. Reactor components
will be packaged and shipped to the Department of Energy (DOE} at Hanford,
Washington. A1l radioactive materials and components will be removed ’
and decontaminated for release for unrestricted use, or packaged for
disposal as radiocactive waste and delivered to a licensed bhurial site.
Areas of the facility and materals released for unrestricted use will be
‘decontaminatad to lavels which are 25 low as reasonably achievable
[ALARAY, but in all cases to levels be?éw those. described in Nuclear
Reguiatory Commission {(NRC) Regulatory Guide 1.86, Table 1. The methodology
in decontaminaticn for release for unrestricted use as statad in this

guide will be Tollowed. As part of the ALARA program, Reckwell has
sstablished the 1imits shown in Table 2 as their target for compliance

with this contract. The limits are based on experience regarding levels that
in most cases are reasonable achievable and can be effectively monitored.




: TABLE 1

v ‘ NRC REGULATORY GUIDE 1.86

u ACCEPTABLE SURFACE CONTAMINATION LEVELS

. Nuclide® Average b c Maximun® 9 Removaﬁ]eb ¢
U-nat, U-235, Y-238 and 5000 dpm @/100 cu® | 15,000 dpm /100 cn® | 1000 dpm 2/100 cn
associated decay products ' j
Transuranics, Ra-226, Ra-228, 100 dpn/100 cn’ 300 dpin/ 100 e’ 20 dpn/100 cin?
Th-230, Th-228, Pa-231, :
Ao-227, 1-125, 1-129 : :
Th-nat, Th-232, Sr-90, Ra-223, 100 dpin/100 cm2 000 dpm/ 100 cm2 T 200 dpm/lOO cmg
Ra-224, U-232, 1-126, 1-131, 5
1-133 , |
Seta-gamma emitters (nuciides with | 5000 dpm 877100 cn? | 15,000 BY/100 cm? 1000 dpm 877100 cn
decay modes other than alpha emis- -
sion or spontaneous fission) except
Sr-90 and ¢thers noted above,

YNihere surface contamination by both atpha- and beta-gammna-emitting nuclides exists, the limit$
esteblished for alpha- and beta-gamma-emitting nuclides should apply independently. '

As used in this table, dpm (disintegrations per minute) means the rate of emission by radioactive
material as determined by correcting the counts per minute ohserved by an appropriate detector
for background, efficiency, and geometric factors associated with the instrumentation. -

feasurements of average contaminant should not be averaged over more than 1 square meter. Fob
objects of less surface area, the average should be derived for each such object. 3

dThe maximum contamination level applies to an area of not mere than 100 cmz.

®The amount of renovable radioactive material per 100 cn® of surface area should be determined.by
wiping that area with dry filter or soft absorbent paper, applying moderate pressure, and assessing
Lhe amount of radioactive material on the wipe with an appropriate instrument of known efficiency.
When removable contamination on objectives of less surface area is determined, the pertinent °
levels should be reduced proportionally and the entire surface should be wiped,

b
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TABLE 2
: LM_”mRGCKNELL_iNTERNAT!QNAL[EN&RGYm§Y§TEMSWGRQUP”

 CONTAMINATION LIMITS FOR DECONTAMINATION & DISPQSAL OF DORF - 1

TOTAL REMOVABLE

Beta-Gamma £mitters 0.1 mrad/hr average 2 5 100 dpm/100 cme
and 0.3 mrad/hr maximum
at 1 cm with 7 mg/cm@
absorber

Alpha Emittars 100 dpm/100 o 20 dom/100 cm?

E

qyezsurements of average contaminant should not be averaged over more than
1 square meter. For objects of less surface area, the average <hould be -
derived for each such object.

bThe maximum contamination level applies *to an area of not more than 100 el .
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[T, SCCPE OF PLAN

. The scope of this Dismant! ing Plan is-to .Vde.]...‘i.nea.te. the activ ‘E-t-i'-es- -
necessary to realize the objectives stated in Section I. The activitias
are catagorized as: planning, monitoring, and control; radiological
survey; dismahtlement and disposal; and documentztion.
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"fIIﬁ: PLANNING, MCNITORING, AND CONTROL

The activities which comprise the dismantlement of DORF will be
initiated, monitored and controlled by the Rockwell $ite Manager at
DORF. The site Manager will alse have the gverall technical responsi-
bility for the dismant?inéméét¥Vﬁ£§és and will be the cnsite interface
for all contacts with the Army's Site Contracting Officer or his repre-

'sentatiye. The DORF D&D organization structure is shown in Figure I.

The Rockwell Radiation and Huclear Safety represeﬁtative will be responsible
for radiological surveys and survey;data analyses. Records of significant
radiation surveys and apalyses will be made available to the Contracting
Cfficer or his reoresentative.

A schedule listing the specific tasks and the proposad sequence for
performance is presentad in Table 3. The estimatad level of manpower
and milestones for these activities are included for information. The
milestone schedule will serve as the criteria to measure progress in

dismantling OGRF.

fhe Operational Safety Plan on Decontamination and Disposal at DORF
is attached as Appendix A. It contains the radiation safety, industrial
hygiene, and industrial safety procadures in support of the activities
described in this Bismantiing Plan.




DORF CONTRACTING
OFFICER

ROCKWELL SITE

ROCKWELL-CANOGA PARK

DECONTAMINATION ANO|
" DECOMMISSIONING |
PROGRAM OFFICE

MANAGER AT DORF

ENGINEERING
DEPARTHENT

RADIATION AHD
NUCLEAR SAFETY

. . PACKAGING RNS
SUBCONTRACTORS OPERATIONS ENGINEERING REPRESENTATIVE
FIGURE 1. DORF D&D ORGANIZATION CHART
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TABLE 3
DORF D40 PROJECY SCHEDULE

e o e e o A 3 e e e e e et e e e e st e e et e e e e e s P
‘ Heek Euding :
N e et e e i B s e R e e B B E T B S i B B e I T Ly R
Project r . : ;
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L I BN S il Fa IR E A R R R N Rz B R I N = R RS I R R = R =T R N e R e I N ARSI R
o AR vl Mowl Ml ot SRSl (RS IR R Bl [t (e N L Il N S P e Oy e IS I [ R LT N N R B B IS R N
Task Title AR R = R e e R et B B BN A N A N R R e e A N A T A PN D A R PR 1 B el DN DA OO e SR I
Gyl et A e e e e IO o O IOiola |l o (Ml vt I ow S W e T (e O R VRS gl e
\\\1\\\‘\1\‘\\\1~\\\ \1\\_\.\,\-\&\.“_‘ R ey SN SN SV S “-‘_‘“\‘\; S DN O £ N
L Y P [ i s [ ov] et g Ferr fey B fain 0~ 300 | e L [ g 0 Jr Fed gk fea oo Joerpog o s
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Prinst 1 Ly
Dicwantting Plan J U D A
Taoliny S D S R O
Plan Review & Approval (DORF) N N O T I
S
FHASE 11 ‘ 720 N W L N T T _ v
Site Peeparation —_
kg, Mt'1 - Shiy to Hanford —
Cxpousure Hoom . I N
Care Tank Removal O
Concrete bxgavalien Y RN N S
Tank Remtva) 1o
Site Survey s
Haste Disposal .
Confirmatory Survey {DORF) ‘ . N SR O, R A
PIASE 111 | ‘
Reconstruction (Punhall) : i
e e L i U S O DN R N NS SN SO (O SN S U UONE SRR NN S50 N VT NV SO NN (OO

Milestone
Mitestone

Mitestone
Mitestone
Milestone
Hilestone

- Conplete Phase Y, 10/14/79

- Stavt Phase 1Y, §1/26/79 ®

- Reaclor Components Shipped to MELL 12721779

Complete Phase 11, 2/726/00 :

~ Start Phase 1T} Within 30 Days of Survey Acceptance i
- Complete Phase 111 ' ' ' ‘

> T R
1
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IV. RADIOLOGICAL SURVEY

A radiological survey will be made to assess the eﬁtent of radio-
activity pfesent in thg'facility. This assessment will include the
‘grounds which surround the facility fé'éstéb]?éh’éddlfé&bfd”thhait{éné'
at the site before beginning the dismantling activities.

Radiological surveys will be conducted before and during the Phase I1I
work only to provide information for quidance in determining (1) what
areas are radiocactive, (2) when sufficient material has been removed to
release these areas for unrestrictad use, and (3) personnel surveillance.

The comprehensive radic-isotopic analysis appended to the Request
for Quotation (RFQ) as Appendix [Y was an estimats of the radicactiva
material remaining in the DORF structure as of the soring of 1978. This
will sarve as a guide and will be used as a qualitative indication of

the presence af radicactivity.
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V. . DISMANTLEMENT AND DISPOSAL |

}......The scope of_worklréquired to dfsmantjemQQREmié,presented; fpﬁloweﬁm”
by a description-of the principal tasks required to accomplish the

Phasé IT and 111 work defined in the RFQ. The tasks will be performed

in the order shown in Table 3 if practicable, OvérTap of the schedule
tasks will occur as required to maintain coﬁtinuity in the overall program.

A,  DISMANTLEMENT SCOPE OF WORK

. Activities required to accomplish the dismantlement of DORF include:
(i) surveyin§ and recording the radiclogical condition of the facility
and surrounding grounds to define the existing conditﬁénﬁuiz 'the analysis
and disposal of the core tank water per 10 CFR 20 limits; (3) the removing,
packaging and shipping of the reactor compenents listed in Table 4 of

this plan; {4) removing, packaging, and shipping to a licensed burial

site the radiocactive materials and components referenced in the RF§ and
those generatad during the dismantlement of CORF; (3] removing and
disposing of the nonradicactive components or materials listad in Para-
graph F.4.1 (2 through g) of the RFQ (Note that {h} is included in
Activity 3 above); {6) removing and delivering the jib-crane to the

AURCRA facility; and (7} the Health Physics supoort necessary to assure

compliance with MRC Regulatory Guide 1.88 and 1G CFR 20.

8. PHASE II

1. Site Preoaration

The site prenaration task inciudes those activities required to
move the ESG staff and their equipment to the site and to establisnh a
base of operations. A radiation survey of the nonradicactive portions
of the site will be conducted Tor documentation. An analysis of the

ncal water to determine compliance with 10 CFR 20 will be pervormed.
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TABLE 4

REACTOR COMPOMENTS FOR SHIPMENT TO
DOE-HEDL, RICHLAND. WASHINGTON

Item

NG.  Description - - Unit  Quantity
1 Core Support Structure, Upper Section Each 1
2 Core Support Structure, Lower Section Each 1
3 Top and Bottom Grid Plates _ gach 1
4 Connecting Rods for Control Rods Set 1
5 Control Rods . Set 1
& Carrizge Orive Motor Each 1
7 Water Pump: 1.5 hp ' Each 1
8 Incore Experiment Tube ' Lach it
9 Ton Chamber Supperts and lon Chambers Set 3

10 Carriage Support Rails A . Set 1
11 Lead Shield Door Drives and Linkage Set 1
12 Pool Cover Piates Set 1
13 Fuel Storacge Racks, Underwater ‘ Each 8
14 Fuel Measurement Tocl with Dial Micrometer  Each 1
15 Aluminum Watzsr System Piping Each 1
16 Water Pumps Each 3
17 Demineralizers, 3 ft© © Each 4
18 Flowmeters, 25 gpm _ Each 2
19 Neutron Source, 10 curies, am-be Each 1
20 Neutron Source Holder Each 1
21 Pool Lights Set i
22 Carriaga Positioning Potentiometar Each 1
23 Carriage Umbilical Arm Each 1
24 Fuel Element Leocation Diagram Each 1
25 Water Box, I ft3 Capacity . Fach 1
26 Charccal Filter, 1 7%° Capacity ‘tach 1
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.fhé'ﬁdof Qétéfmﬁif?“bé“dféégérged to the sanitary sewer as analysis

* permits. The appropriatae limits are those Tisted in 10 CFR 20, Appendix B,

_Table 1, Column 2, as prévided”by_lOmCFR_20,303“m.A,radiation~survey of
the reactor components that are scheduled for shipment to HEDL will be
conducted. Should the water analysis show contamination above limits, the
existing purification system will be used for tleahup.'

2. Packaging and Shipping Reactor Comoonents to HEDL

The electrical service for the reactor auxiliary systems will be
discannectad from the relay and power distribution panels and the wiring
will be removed. This will inciude power disconnects to the lead shield
doors, carriage drive, and the diffuser pump.

A11 of the 1tems Tisted in Table 4 will be removed, packed into
weatherproof containers, and staged for transportation to the 00L, hanrord
Engineering Development Laboratory (hEDL) Richland, Washington. The
Americium-Beryllium neutron source will be placed in an approved Type A

shipping container for shipment with the above items.

The water treatment system in the Filter Room will be removed after
the pool water has been discharged to the sanitary sewer and a determina-
tion has been made that it will no longer be required. Water will be
drained from the piping and filter medium and the water will he disposi-
tioned based on radiation survey analysis. Al] of the items listed
will be shipped to HEDL when they have been packaged and are available
for shipment. Components will only be disassembied te the degree neces-
sary to permit packing into reasonably sized containers |

A171 packaging will conform to the Department of Transportaticn
0T) Specification Title 49 Code of federal Regulations. £ach package
shu17 pe monitored bhy the Health Physicist to determine 1ts radicactive

contant and wili be weighad to 2stediish its shipping weight.

FLENM TIGY REY 770
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When all radioactive components have been removed from the facility,
the areas which housed tﬁose comﬁoﬁéﬁfé.will be radiologically surveyed
. and the survey documented. Those areas which are above the release
limits will be identified on a faci]ity plot -pian and scheduled for removal
during the -appropriate demolition task.

The jib crane will be ramoved from DORF and transported to tﬁe
AURORA facility when it is no longer required to support dismantling

activities.

3. Exposure Rocm

The exposur=2 room will be stripped of its wood lining, Tead shields,
lead shiald hoist, and gther rempovable components. The material will
he separated and dispositiocned either to salvage or packaged for radio-

active disposal.

Before starting activities in the exposurs room, the floor drains
will be plugged {o reducs the potential for transporting radicactive

materials into the sanitary sewer system.

The wood timber 1ining will be removed from the room.using conven-
tional techniques. Each timber will be surveyed to determine radicactivity
and will be dispositioned according to Table 2 ¢riteria. Material that is
activated to lsvels that exceed Table 2 Timits will be packed in strong,
tight shipping containers, whiie material that is not activated wil] he
set aside for salvage. The lead shields will be removed, surveyed and
set aside for disposition. The lead shield hoist will be removed in its
entirety and packsd in a strong, tight shipping container. All ather removable
components will be removed from the room and will be dispositionad accordinglv.
When all removable material has been dispositioned, the exposure room will be

vacuumed to remove remaining residue from the surtaces.

m
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A detailed radiation survey of the exposure rocm will be conducted
to establish a mapping of activity in the concrete. Selected areas wiil
_be sampled by core drilling to establish the extent of activation. The
exposura room deor and doorway will be included in the survey analyses.
An excavation plan will be developed, for implementation during concrete

excavation detailed in Section 5.

4, Care Tank Removal

Alt extranecus structures will be removed from the cors tank, the
Tead shield doors will be drained of lead, the lead and doors will be
removed from the cors tank, the core tank will be stripped'from the
concreta, and the activatad tér ;a?e? iiniﬂg will be removed from the
concrets surfaces. The materials will be surveyed when they ars
removed from the aresa and wiil be dispositioned accordingiy.

The procedure to remove the lead shield doors will consist of drilling
holes through the lower wall of each door to drain enough lead to permit
them to be 1iftad with the 3.5-ton overhead crane. A dynamometer will
ke used %o provide assurance that the weight of the load is within the
crane limit. Each door will be Tiftad from the core tank and trans-
ferred tc an area where the remaining lead can be removed. The doors

and lead will be surveyed and dispositioned accordingly.

The procedure to remove the core fank will be to section the tank
{by saw cutting) into vertical strips. Each strip will be pulled from the
concrata by conventional technigues as determined by sxperiences gained
during the first and subsequent removal attempts. Because of the uncer-
tainty associatad with the adhesion of the tank to the concrete by
virtue of tar paper, trial and error will be required. 'Leverage tcols
such as pry-bars, wedges, block and tackle, gtc., will be used initially.
If these tachnigues prove unsuccessiul, then hydraulic or pneumatic

tachniques will be applied.
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The activated tar paper lining-will be removed from the concrete
{ by scraping and/avr by chipping away portions of the concrete. Where
the concrete is also activatad, the tar paper will be left for removal
with the concrete. ' |

A1l activated and contaminated materials will be packaged for
disposal as detailed in the Waste Dispesal section. Material will be
size reduced, where practical, to reduce the volume of radicactive
waste,

A detailed radiation survey will be conducted of the exposed concrete
structurs to establish a map of radicactivity. Selecied arsas will be
sampled hy core drilling to establish the extent of the activation. An

-
§
i

excavation plan will be developed for the concrete structurss. Imple-
mentation of the plan will be dascribed in Section 5, “Concrete Excava-
tien.”

5. Concrete Excavation

Concrete will be removed from the pool cavity, exposure room, and
exposure room docor to the extent required to permit release of these
structures for unrestrictaed use. Guidanca for the amcunt of concretz to be
removed will be determined by radjatien survey and by the excavation plans
develaped aftter core fank removal and exposure room cieaning. When
the detectabie levels of radicactivity in the concrete are below the
levels shown in Table 2, they will be considerad to ve in compliancs
with NRC Guide 1.86 (Table 1).

The extent of removal wiil be governed by the extent to which the
structyres are activated. Where activation is shallow, scabbling or
chipping with oneumatic hammers will be usaed to break the concrets
at the surtacs. High volume vacuum cleaners squipped with HEPA filtra-

tion will be usad t9 remove the concrete and fo cantrol airborne
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contamination. Where penetration is several inches desp, jack hammers
will be used. This operation will be aided by depth cutting with a

_concrete saw if necessary. If depth of activation is such that these

tachniques are not applicable, a hydraulic ram hoe or other devices
will be used to break the concrete for remdval.

Dust and particulate generation will be monitored by the Radiation
and Nuclear Safety representative and control will be accomplished
by use of a vacuum cleaner or water mist depending on the operation in
progress. High volume air sampling will be conducted within the werk
area during operations which might produce airborne contamination.
Personnel will be required to wear respirators Qhenever sampling indicates
unaccaptable levels of airborne contamination. Tempo%ary structures
will be built around the work area i¥ necassary to control the spread of

contamination.

Radiaticn survey data generated during the activated concrete
excévation will be analyzed to provide a basis for compliance with
Regulatory Guide 1.86 and ALARA (Tables 1 and 2). When the data indicates
that compiiance with these criteria have Deen met, éoncurrence will
be solicitad from the U.S. Army Environmental Health Agency.

&. Site Survey

A final radiation survey will be conducted to verify the site
condition. Surface smears and material samples will be selected by the
Rockwell Sits Manager with assistance from the Radiation and Nuclear
Safety reprasentative and the DORF Contracting Ofticer. These specimens
will be sent to an independent latoratory for analysis. The specimans will
be taken from representative arsas of the buildings and excavations to
confirmm compliance with ALARA and Regulatory Guide 1.86. Tnese data
will provide indesendent analyses of the site condition and will form a
basis for demenstrating that the vacility can be releasad for unrastrictasd

use.
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7. Haste Disposal

Radioactive waste will be packaged when it is generated and will
be staged in full load lots (~40-45,000 1b) for shipment. Shipments
will be made under the exclusive use provisicn of Title 49 Code of
Federal Regulaticns which permits low specific activity {LSA) waste
to be packaged for shipment in strong, tight containers. Shipments will
be monitored by the Radiaticn and MNuclear Safety Representative for
conformance to DOT regulations. Radiocactive waste will be delivered to
a common carrier for delivery to a licensed disposal site as full load
Tots become available, or at the completion of Phase IT.

d in the RFQ

11 in

Nonceontaminated components and wasta materials 1lis

oy

te
for disposal {F.4.1) wili either be retained and used as backf

the pool cavity or hauled to a local licensed landfiil during Phase I1].
c. PRASE 111

A concrete wall will be erected between the exposure room and the
pool cavity to provide a barrier befween the twe arzas so the pool cavity
can be used to nold backfilied concrate debris. The stesl ramp structurs
and concrete parapet surrounding the peol cavity will be dismantled. The
steel structures will be ramoved for'saTvage and the concrete support
wall will be broken up and the debris will te placad into the pool cavity.
The debris shall not be filled to a level above the main floor,

The air conditioning system inlet and exhaust ducts to the exposure
room wiil be restored if necassary and made aperable. Whera practical,
all electric outlets, air, watsr, and sewer lines will be retained in

working order during the dismantiing activities.

e
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At the comnletion of Phase III, the accumulated demolition debris
not dapositad into the pool cavity will be removed from the facility
_area. The contractor's equipment will be remoyed and 2 reasonable

affort will be made to clean the interior of the facility building of .|

accumulated dirt and dust resulting from the demolition efforts.
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V1. DOCUMENTATION

Qocumentation of the Dismantiement of DORF will consist of
informal weskly progress reports, radiation survey reports, and a
final report.

The informaT weekly progress raports are primarily written to the
Rockwell home office in Canaga Park, California, to keep them informed
of the DORF sitz operatjons and toﬁa]ert them to any changes that may
impact schedule or cost. Copies of these reports will be sent to the
Contracting Officsr or nis representative,

Radiation survey reports of significant data will be entered on
a Rockwell Form 732-A, Health & Safety Analysis Revort for distribution
within the Hockwell organization. Copiss of these renorts will be

sent to the DORF Contracting Officer or his reoresentative.

At the completion of Phase 1, a final report will be written
to ddcument the dismantlement of DORF. The report will daescribe the
activities required to accomplish the work, problems encountered,
sotutions to the problems, and the current status of the facility
and structures. The report will also include data, specified in units
identical to those shown in Tabie I, to show the effort made to reduce
residual contamination to levels that are as Tow as reasonably achiev-
able. It will describe the scope of the radiation survey, the general
procadures tollcwed to obtain the data, and any other pertinent infor-
mation about the radiaticn survey data. A summary of the radisactive
waste disoosal information will be included to show the quantities of

matarial removed from DCOBF.

The final report will be apoended at -the complaetion of Phase III
to document the final status of the Tacility at the termination of this

cantract.

Fomsa T10F SEY T 03
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. VAPPENDlxué e
OPERATIONAL SAFETY PLAN
FOR DECONTAMINATION AND DISPOSAL OF DCRF
1. PURPOSE

To delineatas the radiaéion safaty, industrial hygiene, and industriai

“safety procedures fqr'the“déﬁbhtémination'and'dfspdéit{dﬁ”{D&D) of the

Ofamond Ordnance Radiation Facilities (DORF).
II. "SCope

This plan apolies to all gperations at DORF involving the deactiva-
tion, dismantling, decontamination, and disposal of that nuclear facility.

The plan meets or exceeds the requirements set forth in Rockwail/ESG
Standard Operating Policies, in apolicable regulations and standards, in
DOEM 0524, in the Williams-Steiger Occupational Safety and Health Act of
1370 (05#A), 10 CFR 19 and 290, and in Nuclear Regulatory Commission {NRC)
Regulatory Guide 1.86.

[IT. RESPONSIBILITIES
A.  HEALTH SAFETY AND RADIATION SERVICES

1. Radiation and Nuclear Safaty

Radiation and Nuclear Safety shall establish requirements Tor design
and operational procsdures; and approve disposition of source and

special nuclear material, and byproduct radiocactive material.
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Radiation and MNuclear Safety will deéignate and-identify radio-
1dgica31y oosted arsas, radiclogical safaguards requireménfs; and radio-
active matarials; and will control the use and dispesition of radicactive
materials, and implement radiological safety.standards. =

Radiation and Nuciear Safety will perform field measurements of
radiation and radicactive contamination levels, evaluate internal and
axternal personnel radiation exposures, and evaluate radioactive material
in the workplace environment.

Radiation and Nuclear Safety will maintain records as necessary to
demonstrate compliance with ESG standards and applicable regulations.
Included in these records will be a chronolegical log of informaticn
dealing with daily operations, conditions, and cccurrences relating to

radiological safaty,

Radiation and Nuclear Safety will advise the Rockwell Site Manager
and operations personnel on the safe performance of their assignéd tasks.

Radiation and Nuclear Satety will avaluate operational conditions
to determine reguirements for personnel menitoring and protective davices
such as film badges, breathing zone air samp?érs, bieassay, protactive
clothing, and respiratory protection devices.

The Radiation and Nuclear Safzty (RNS) representative assigned to
the project will conduct the radiological surveillance program and will
maintain sufficient familiarity with orogram cperaticns and facility
conditicns to be aware of those areas which may require increased sur-

veillance or corrective action.

SN TP BTy TOTY
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.2, . .Industrial Hvgiene and Safaty

Radiation and Nuclear Safety will provide the services necessary to

”CDhtTOT'perSOnneT'expdﬁuregmfd”tﬁth'Cﬁ§m1caT§'and;harmfﬁTmﬁhy§iEdT”'m'

agents and to control mechanical and electrical hazards. RNS Represen-

tative will maintain surveillance of the occupational environment to

identify, evaluate, and control conditions pertinent to health and
safety, and to assure compliance with the requirements of DOE Manual,
OSHA, 10 CFR 19 and 20, as appropriate. o S

8.  ROCKWELL SITE MANAGEMENT AT DORF

The Rockwell-Site Manager is responsible for the safety of all
nersonnel within faciiities under the Jjurisdicticn of the CORF Q&0

»

Program,

The Site Manager will ensure that aTi.persoune] employed at or
visiting the facility know and understand the rules and requlations
governing work with radicactive materials and will assure compliance
with these rules. The Site Manager will ca?ry out the responsinilities
charged to "Operating Supervision" and will provide safe conditions at
the facility, in conformance with appiicable requlations and standards,
and under the guidance of Radiation and Nuclear Safety. '

The Site Manager will establish the requirements for the packaging
of radicactive waste, collecting of packaged wastes, and will arrange for

disposal by Jand burial.

Rockwell Program Management and the Site Manager will coordinate
radiclegical and industrial hygiene and safety probiems with Radiaticn

and Nuclear Safety as appropriate,
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C.  OPSRATIONS PERSCHNEL

Operations personnel are responsible for compliance with all rules
governing work with radicactive and hazardous materials as outlined by
”'Eﬁis”p?océddfé'énd as established by Radiation and Nuclear Safety and
D&D Program Management. Operations personnel are responsible for taking
every reasonable precaution to minimize radiation exposures to themselves
and to fellow workers and to prevent the'unnecessary release of radicactive

material.
D. COMTRACTOR PERSCNNEL

Contractor personnel are responsible for compliance with all safety
rules and requirements established by Radiation and Nuclear Safety and
for responding to specific instructions from the RNS Renresentative with
regard to radiaticon safety and industrial hygiene,

IV. ADMINISTRATIVE SAFEZGUARDS
A.  PROCEDURAL CONTROL

Any changes to the radiation safety or indusirial hygiene and
safety procedures must be jointly authorized by Radiation and Nuclear
Safety and the Site Manager 7ollowing evaiuation of the preposed changes
by the RNS.Representative. Revised procedures will be distributed to
all personnel directly atfected by the change.

Operations involving potential radiological hazards or potential
industrial safety hazards will be reviewed in advance by Radiation and

Nuclear Satety.

1
[
1
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8. METdODS OF REPORTING DAY- TO SAY CCNDITIONS

Day -to- day operationa] safetj condleons w111 be observed by the 1§
ass1gned Radlatlon and ﬂuclear Safety representat1ve who will report

ail recogn1zed hazardous conditicns and each instance of noncompliance

~with regulatory directives to the Site Manager and the workers involved.

Radiological data (film badge and bioas*ay resu?ts, radiation and con-

tam1nat1on survey resuits, air samp}1ng reporta, etc. )_yﬁ}]”pe_mgintqipgﬁm_““

by fhe RNS Represenuatzve Whenaver these data 1nd1cate the need for
corrbct1ve acticn, the RNS representatives will contact the Site Manager
to arrange for such action. Industrial hygiene and-safhty conditions
observed by the KNS reﬁ%esentative will also ke cammun@cated to the S1te
Manager. A summary of incidents and data will he reported f0 the Site
Manager, tha Radiation and Nuclear Safaty OFfice, and the Rockwel]
Program Management Office on a weekly basis.

—_

V. GENERAL RADIATICN AND INDUSTRIAL HYGIENE AND SAFETY‘PROCEDURgS

Certain radiological and industrial safety controls and procedures
are independent of operations in the facilities, and are required to
provide facility surveiilance and radiological and industrial safsty
protectién commensurate with the ESG contract and regulatory agency

standards.
A, AREA DESIGHATION, RADIOLOGICAL SAFETY COMNTROL

A1l areas are designatad as either radiolegically posted or unposted.
A posted radioleogical area is an area, defined by physical barriers,
which is postad with prescribed caution signs or labels for purposes of
radiation protaction. 5igns used to designate posted radiologicazl areas
must comply with applicable regulations. There ara six postad area

classifications as defined below:
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i. Radiation Area

A Radiation Area is an area subject to radiation from encapsulated
radicactive materials and/or radiation.machines-within- the-arez,-or to-
radiation from any source outside the area; where there exists radiation
at such Tevels that an individual could recsive in any one hour 2 dose
to the whole body in excess of 5 millirem, or in any five consecutive
days a dose in excess of 100 millirem.

Each Radiation Area will be postad-with a sign mesting all regulatory
requirements including the radiation symbol and the words "CAUTION -
RADIATION AREA." Mhere appropriate, indications of the radiation level
will be included in the area posting. |

2 Radiation Area - Radigactive Cantaminaticn

Soe

A Radiation Area - Radioactive Centamination is an area in which
work with and/er storage of unencapsulated material is permitted with
the provision that the radicactive material concentration in air is not
likely to exceed 25% of the appropriate occupational exposure limit.
Each Radiation Area - Radiocactive Contamination will be pcsfed with
signs meeting all applicable regulatory requirements inciuding tha
radiation symbol and the words "CAUTION - RADIATION AREA - RADICACTIVE
CONTAMINATION." '

3. Radiation Area - Airborne Radioactivity

A Radiation Arga - Airborne Radicactivity is an area in which the
radioactive material concentration in air is likely to exceed 25% of the

applicable requlatory standard for occupational exposure.

Each Radiation Area - Airborne Radigactivity will be posted with
signs mesting all applicable raqulatory standards inciuding the radiation

symbol and the words "CAUTION - RADIATION AREA - AIRZ0BNZ RADICACTIVITY."

EOEA TR aEey 72
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4, Hiab Radiation Arsa

A High Radiation Area is an area accessible to individuals in which

.mfﬁé}é”ekists.radiatfon at such levels that an-fﬁﬁ%v{dﬁéiHESQfdmfééefve
inm any one hour a dose to the whole bedy in excess of 100 millirem,
Each High Radiation Area will be postad with signs meeting all applicabla
requlatory requirements including the_radiation:symbol and the words
"CAUTION - HIGH RADIATION AREA." -

5. Radiation Arsa -~ Radioactive Materials

A Radiation Arsa - Radicactive Materials is an area in which work
with and/or storage of encapsulated materials is permitied.

Fach Radiation Area - Radicactive Materials will be pcstad with
signs meeting all applicable requirements, including the radiation
symbol, and the words "CAUTIOM - RADIATION AREA - RADIOACTIVE MATERIALS.®
Foderal and State ragu?atibns'aTso réquire fhat'storage containers and
iocalized areas in which radicactive materials are present in certain
amounts will be posted with signs containing the radiation symboil and.
the words "CAUTION - RADICACTIVE MATERIALS."™ It should be notad that
these containers and areas may or may not be Tocated within posted
areas. Radiation and Nuclear Safety Qi11 advise aperating supervision
as to the amounts of radiocactive materials in containers or localized

areas which reguire such signs.

5. Restrictad Accsss Aresa

A Restrictad Access Areza 15 an area identified by Radiation and
Muclear Safsety as requiring special safety precautions for entry and

requiring inspection immediately pricr to entry by any person. E£ach
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- Restricted Accass Area will be posted with signs with the following
words in yellow over a red background:

YHWARNING - RESTRICTED. ACCESS -AREA ---OBTAIN PERMIT -
FRCM QPERATIONAL SAFETY PRIOR TO ENTRY®

Any area meeting more than one of the above criteria will be posted with
all of the applicable signs.

B. AREA DESIGNATION, INDUSTRIAL SAEETY CONTRCL
Operations pesing potantial hazards shall be identified by appropriate
caution or warning signs. The signs shall conform to specifications in

29 CFR 17, Section 1910.145. Examplss of posting are:

1, Hard Hat Area

A Hard Hat Area wilil be established wherevyer personnel are working
at different ejevations and ihere is a potential of being hit by Talling
objects. '

2. Eye Protaction Area

An Eye Protecticn Area will be established where a hazard due to
flying objects sxists.

3. No Smoking Ares

No Smoking Areas will be established where explosives, flammable

1iquids, or gases may be present.




i,g.ﬁ Rockwell International

NO . NOO1-FOP-960-001

Energy Systems Group PAGE . 29

4. (oen Excavations

_Open Excavations will be protected by appropriate physical barriers.

5. Obstructions

Obstructions will be made clearly visible by the use of yeﬂlow and
black striping.

C. RADIOLOGICAL SURVEY FREQUENCY

Routine radiation and csntamination surveys will be performed in
work arsas at a F%équénéy t@”bé'deterkinéd 5y7the éésigﬁed Radiation and
Nuclear Safety represantative in accordance with estabtished procedurss,
Additional surveys may be requirsd to determine the effectiveness of
contamination control procedures. The requirement for these surveys
will be established on the basis of initial experience with those tasks
which may pose sign{ficaht peréonne1'radiatioh or airborne contamination

expgosure.
0. RADICACTIVE CONTAMINATION LIMITS

Evaluation of levéls of radicactive contamination will be required

in order to determine:

-
—

The adequacy of the level of decontamination per¥ormed on

the facilities;

2} The extant of required excavation or other demolition of
activated structures; and '

3) The disposition of equipment, matarials, and scrap.

Facilities and equipment will be avaluated for removable and ftotal
(fix=d nlys ramevable) caontaminaticn by means of wipe surveys 2nd instiru-
Tent surveys. Activatad structures wiil be evaluated Tor radicactive

conczntraticns by sampling or surveying with detaction instruments.

n
Ve
i
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_Remavable contamingtion limits for radiologically postad and unposted
arsas are described in Table A-1. The upper limit of allowable contamina-
tion listed in the table is that level which, if reached, requires
immediate cessation of:operations,rimmediate decontamination must be
effectad and measurss taken to prevent recyrrence. The action limits
specified in Table A~1 are the upper limits of the amount of general

“area contamination folerable in postad and unpostad areas. General
contamination in an area in excess of the action 1imit requires prompt

decontamination.
TABLE A-1
REMOVABLE CONTAMINATION LIMITS
(dpm/ 100 em®)
Araa Activity Upper Limit  Action Limit
Unpostad Areas and Beta 1,3G00 100
Radiation Areas Alpha 200 | 20
* Contamination Areas Beta ' 50,4800 5,0@0
Airborne Radivactivity -
Areas Alpha 20,000 200
Restrictad Accsss Beta Not Defined Mot Dzfined
Areas Alpna Not Defined ot Def{ned

The levels of contaminaticen which will be considered accaptable for
unconditional release of esquipment or facilities are as follows:

Removable Contamination

20 dpm/100 cm® alpha

2
100 dpm/iC0 oo™ beta-gemma
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.- Total Contamination - -

100 dpm/100 _t:m2 alpha

0.1 mrad/hr beta-gamma measured through 7 mg/cm2 absorber at

Watar
-7 L,
3 x 10 " xCi/m? beta-gamma
=8 ER N T
3Ix 10 &C1/ml qipha

Soit (If Subject to Contamination)

100 pCi/g gross detectable beta-gamma
110 pCi/g alpha

Where practicable, items may be decontaminatad to levels lower than the

acceptable limits. .

Ouring demolition activities, all scrap generated will be evaluated
for radicactive centamination prior to releass to normal waste channels

or packaging for disposal by land burial.
E,  SURVEY REPORTS

The original copy of radiation, contamination survey, and special
radioanalysis reports will be forwarded promptly to the Site Manager and
Radiaticn and Nuclear Safety supervisicn. These reperts will indicate
contaminatieon and radiation levels at specific locations throughout the
facility. Copies of these survey reportis will be retained indefinitely

by Radiation and Nuciear Sataty.
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Radiation and Nuciear Safety will post or have pos;ed such signs as'

" are necessary for the clear identification of potential radiological o
hazards. To assure that the posting of radiolegical hazards is current,
periodic surveys will be conducted by the Site Manager and the RNS. .. .
Representative.  Signs which have been approved by Radiation and
Nuclear Safety will be used to indicate radiclogical hazards in the
facility. No such signs will be removed without the approval of Radiation
and Nuclear Safety. In addition, warning signs relative to hazardous '
conditions and/or special safety requirements may also be posted.

G.  FACILITY VENTILATION

The DORF facility ventilation systams will be used to controil air-
horne contamination. If greater control is necessary in localized areas,

a system will be constructed.

Jirection of air flow from areas of lower contamination to areas of

higher contamination will be maintained at all times.

fxhaust from areas in which airborne contamination petential is
present will be directed through prefilters and high efficiency parti-
culate air {HEPA) filters.

Filter replacement will be performed when pressure differential
across HEPA filters exceed 6 in. of water, or when indicated by reduced
air flows. Prefilters will be repnlaced when pressure differentials

across the filters exceed 1 in. of water.

Where practical, a minimum of six air changes per hour will be

provided in arsas posted as airborne radicactivity areas.

VYentilation systems will provide once-through air with no provision

for recirculation.
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H. EVALUATION OF AIRBORNE CONTAMINATION

“Arborne contamination will be evaluatéd to assure that no individual
- 1s exposed to a1rborne rad1oact1ve or toxic material in excess of regu~

1. Air Monitoring
Air monitoring for airborne radicactive material will be performed
by means of continuous air monitors in such areas as deemed necessary by

‘the RNS Representative.

2. Alr sampling

Air sampling for airborne radmactwa or toxic maber1a] could be
performed by the following methods:

a) Continuously or intermittently by Gast Yacuum Pump air
sampling units located at various points thraﬁghout a
facility. Data from thesz samples will be evaluated and
recorded weekly or daily as indicated by the potential
for airborne activity.

b)  Special, "hi-volume grab samples" at the discretion of
the Radiation and Nuclear Safety reﬁresentatiue.

d) Toxic gas detectors, such as the “"length of stain” type
will be used as indicated by the potential 7or such

~ exposure.
I. LIMITS FOR AIRBCRNE RADIOQACTIVITY LEVELS
Every reasonable effort will be made by the use of enginearing

sateguards to maintain airborne contamination levels at less than 10% of
the applicable 1imits described in DCEM 3324 and 10 CFR 20, In the

v

]
m
il
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~event-airborne contamination levels approach or-exceed the-applicable -
limits, the appropriate respiratory protective devices will be utilized
to control the exposure.

The applicable limits for airborne contamination levels in the
radiologically postad areas are the limits described in CoTumn 1, Table 1,
Appendix B, 10 CFR 20. These limits will apply to occupational exposure
for 40 hours in any seven consecutive days which translates to a time-
intagrated exposure for seven consecutive cays. In the event any employee
receives a time-integrated exposure to airborne radicactive materials in
excess of 25% of the allowable exposure in seven consecutive days, as
indicatad by lapel air sampling, appropriate respiratory protection will
be required to pravent axposures in excass of the limit. Specific

-
i
H

aratection factors will be applied ta smecific types of raspirators.
Protection factors are applied to airborne concentrations to detarmine
the concentration inhaled by the wearer, according to the following

formula:

Airborne Conceantration
nha = d ; =
1 led Protection Factor

Concentration
Applicable protection factors for air purifying respirators will se 10
(0.1% toxic gas or vapor concentration] for half-face masks and 50 (0.5%
toxic gas or vapor concentration) for full-face masks. Only limited use
of étmosphere supplying respirators is anticipated. If required, they
will be used only by persons specivically gqualified and trained in the

use of such davices.

At the discreticn of the RNS Represantative, certain specific
operations may require the use of respiratory protective devices sirictly
on the basis of the potaential for axposure to airborne contaminants.

Such operations will be identified as work nrogresses.

FOAM TI0LD 25N 273
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In the event that air sampling indicates airborne radioactive
material in concentrations greater than the occupational limits, all

- -persons entaring the facility willrbe~requ$redwte~wearmiapeluair-sampTers

and, if necessary, appropriate respiratory pfotection devices if the use
of such devices is authorized by the RNS Representative.

- J.  PERSCNNEL MONITORING DeVICES

1. Film Badges

Film badges will be worn by all persons entering radiologically

posted areas. Film badges will normally be exchanged at the end of each

calendar quarter, or in the case of persons with greater expasure potential,
at the end of each month. Special film badges and dirsct reading dosimeters
may be requirad in addition to the regular personal badge for radiation
gxposure cantroi'during work in High Radiation Areas. The special

. badges will be processed as required to evaluate cumulative radiation

exposure. An exposure report sheet will be provided te supervision
Tisting the reported radiation exposure for each person assigned to the
program. Radiation exposure to perscnnel will be maintained to as-low-
as-practicable levels. During any calendar quarter the occupational
dose to the whole body of radiation workers shall not exceed 3 rems, as

modified by the lifetime accupational exposure Timit of 5 (N-18) rems,

where “N" equals the individuai’s age in years at his last birthday.
Whenever practicable, dismantling tasks will be plannad to utilize
remote tooling or shadeow shielding to reduce the personnel exposure
associated with the performance of the task. Personal film badges will
be distributed to job-site personnel by the RNS representative. Visitors
fiim badges will also be located at the job site for issuance Dy the RNS
representative. A signout sheet will be provided for use in the issuance

of the visitor badges. All visitors entering a radioleogically poste
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area will complete the signout shest and obtain & visitor’s badge prior
to entry. The badge wijT be returned following the visit, with the

- for the balance of the calendar quarter.
A1l film bédges used for the DORF program will contain beta-gamma
~sensitive film packets with the appropriate shields for radiation quality
assassment.
2. Dosimetars _ .
Dosimeters may be issued in conjunction with film badges during
cartain operations at the discreticn of the RWMS representztive fo provide

an additional control on planned radiation exposures,

3. Extremity Monitoring

Whenever operations are performed which pose a potential for signifi-
cant extremity exposure, extremity monitoring will be performed. Finger
ring film badges or thermoiuminescent dosimeters will be utilized for

extremity monitoring.

K. AREA RADIATION MONITORING SYSTEMS

1. Area Film Badges

Area film badges will be mounted at selectad locations throughout
those facilities under the jurisdiction of the D&D program. These film
badges will preovide a record of integrated radiation levels for the
exposure pericd at these locations. Area badges will be exchanged once
each quarter and records of the badge exposures will be maintained by

Radiation and MNuclear 3atety,.

excaption that visitors anticipating multiple entries may keep the badge

= 2N 7157 ARy T T3
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L. BIGASSAY

Bioassay, principally by means of urinalysis, will be utilized as a
means 07 assessing internal radiation exposure of personnel. A baseline
specimen will be obtained from each worker assigned to work in the

'”}365616Q1¢511y'pqéfédwéféééfmuﬁd¥fﬁ§"%Hé'%nfiféfmﬁé}ié&”bf”éﬁtﬁai”“ _
facility decommissioning, specimens may be collected at frequencies of
1 week to 1 month (depending on the nature of the work)}. Following the -
initial period, the collection frequency may be reduced, assuming
engineering safeguards against airborne radiocactivity are demonstrated
to be effective. Specimens will then be sutmitted at Teast ance each
calendar quarter, with the exceotion that specféens will be submitisd
‘gnce each & menths by persons not routine?y_assighed_the radib]ogica11y
pasted areas. o o

Special bicassay specimens, including urine and fecal specimens,
will be submitted at the discretion of the RNS representative or Radiation
and Nuclear Safety Management whenever ihere 15 reason fo believe that
parsonnei may have been subjected o internal exposure,

Whenever the analysis of a routine or special bicassay specimen
indicates radiocactivity present in sxcess of the minimum detection Timit
of the analysis, resampling will be performed at a freguency no

greatar than biweekly.

Invivo Tung counting or whole body counting may be ussd o provids
direct evaluation of 1nterna1'deposition of radicactivity for purpases
of contirming urinalysis data, or of providing further evaluation of

suspectad exposures.

SOCRM J10.2 38y 777
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Radiation and Nuclear Safety will notify the Site Mahager of the
names- of employess for whom bioassay specimens are due. The Site Manager

indicated and collect and return the specimen as directed on the bottle.
2.  Analysis

Bicassay specimens will be accumulated by Radiation and Nuclear .
Safety and shipped to a vendor laboratory for appropriate analysis.
Radiation and Nuclear Safety will notify the Site Marager and Rockwell
Program Managemént of any significantly positive results of bioassay
analysis., In the event urinalysis indicates excretion rates which ars
indicative of the presencs in an employes of greater than 50% of a
maximum cermissible body burden, that amployee will be restricted from
further work in radicologically posted areas unitil such time as two
consecutive urinalyses submitted at least 5 days apart each indicate

-Tess than 25% of a maximum permissible body burden.

3. Incidents and Injuries

Any injury, no matter how small, received while working in a radio-
logically postad area must be reported immediately to the Site Manager
or the RNS representative. Medical services will be cbtained as reguired.
The RNS representative will conduct wound monitoring, as necessary.

tmployees with oven cuts, abrasions, 2tc., will be restricted from
work in radioleogically posted areas unless specific approval is given by
Radiation and Nuclear Safety. A1l incidents suspected, or known to have
causad internal depositicn of radicactivity must be reported immediately

to the RNS representative.

FORM 72

-2 RrEgw. 7-73
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M. PROTECTIVE CLOTHING AND EQUIPMENT

lated radicactive material is processed will be reguired to den protective

. clothing at the change line located outside the. entrance -to these areas.
The items of protective ciothing requ1red for entrance into these areas
include, as appropriate:

1) Red-trimmed laboratory cocat or coverall
2)  Plastic or canvas show covers:
3) Respirators.

Protective glothing and equipment for protection against potential
hazards other than ionizing radiation will he DP@waibgd on a cass by

case ba31s

Respirators will cnly be fitted and issued by the RNS representative.
No employes will be allowed to work in areas in which respirators are
required unless he has been {itied and has completed the Rockwell/ESG
Respiratory Protection training course within the past 12 months,

inciuding appropriate medical evaluation.

The RNS representative will establish respirator exchange frequencies
as indicated by individual regquirements. In addition to the protective
clothing required for entry, certain additional items of clothing, such
as skull caps or red-trimmed coveralls, may be required for certain
operations posing high potential for contamination. Surgeons gloves
will be required for operations invoiving direct handling of contaminated
equipment. Persons exiting radiologically pested areas will remove
their protactive clothing at the change line and place the items of

clothing in the drums, racks, or hangers provided as appropriate.

SN 710 acy rLTa
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Respirators will be returned to the plastic bag in which they were
issued pending re-use or return to the respirator maintanance taboratory.
Immediately upon exiting thesa areas, all persons will menitor their

--hands-and- feet-with the count rate-metar provided there. They will then

proceed to the nearest washroom and wash their hands.
N.  HANDLING OF CONTAMINATED PROTECTIVE CLOTHING

A1l reusable items of'protecffve clothing will be remcved from the
facitity for decontamination and reissue!k'Disposab}e items will be
collected and dispesed of as radicactive waste. Laundry drums, lined
with 50-gallen plastic bags, will be provided at the change line for the
accumulation of contaminated laboratory coats, canvas shoe covers, and

coveralls. The contaminated Taundry will be coltected as the bags are

~filled and will be processad through e licensad vender.

Wasta drums, Tined with plastic bags, will b; provided at the
change line for the.a¢CUmuTation of disposable items such as caps,
ptastic shce covers, and surgeons glaves. This waste will be pacakged
as the bags are filled and will De processed for ultimate dispesai.

0. INSTRUCTION OF PERSONNEL

Prior to beginning work in the radiologically posted areas, all
employees will be indectrinated with regard to radiaticn and industrial

safety rulsas.

Employees whose regular assignments include for the first time work
in radiotogically posted areas, musi complete a training course covering
the general aspects of working with radicactive materials. This course
will include (2} a description of the properties and petential hazards
of radiation and radiocactive matarial; (b) the basic principles of

radiatien protaction; (<) the requirements of applicabia Standard Cperating
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posted areas.

1)
2)
3)

£)
6)
7)
8)

9)
10)
11)

4)

Policies and'applicab?e”regulations;'(d)“safE“hand1ing'practicesj and
(e) emergency procedures. ' '

BT GHPLOVEE QUALTFICATIONS

The Site Manager will furnish to Radiation and Nuclear Safety the
names of all persons who will be assigned to work in the radiclegically

Subsequently, whenever additional employees are to be

"assigned to work in these areas, Radiation and Nuclear Safety will be
notified prior'to each assignment. Radiation and Nuclear Safety will
review the gualifications of persons assigned to work in the radielegically
postad area and establish that thesa persons are fully qualified "radiation
workers" ‘and that they have sufficient familiarity with the operaiions
in the posted arsas to allaow them to woerk safely in these areas. Included
in the required gualiticatfons or preparaticns for assignment fo work in

these areas are:

Personal fi1m badge assignment

Bicassay baseline sample

Inctusion on periodic bioassay roster

Medical baseline examination

Inclusion on periodic medical examination roster,
Completion of radiatien worker training course

Cempleticn of respirator training course

Successfully fitted with an approved respiratory protective
device

Completion of facility indectrination

Completion of reguired special training

No precluding physical limitations or radiological restrice
tions
NRC Form

4 or equivalent on file with Radiation and
Nuclear Safety.

b
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Rockwell Program Management or the Site Manager will also notify Radiation
and Muclear Safety of those persons whose.assignments in posted areas
are being terminated. '

Q.  INSTRUMENTATION

- Radiation and Nuclear Safety will establish the requirements for
radiological instrumentation, provide the instruments from general
inventory if available, request calibraticn and'repairs as required and
instruct operations personnel in the use of these instruments as required.

Persaﬂné? monitors will be orovided at change Tines and in change
rooms. EZach of these menitors will consist of an aipha or beta-sensitive
{as appropriate) detscior, a count rate meter, and an audibie "poppy-
type” signal. These menitors will be inspectad by Instrument Repair at .
Jeast once each 3 months. . '

Continuous air monitors will be provided as required. These monitors
will sample air through a filter media at a rate of about 1 cfm and will
continuously monitor the particulate radicactive material collected on
the filter media. The monitors will provide a ratemeter‘display of
activity levels and an audible alarm which will actuate automatically in
the event the radioactive material collectad on the filter exceeds a
preset level, These monitors will be serviced and calibrataed at least

ance each 3 months.

Beta-gamma and alpha sensitive counting systems will be provided
for usa by the RNS representative in evaluating air samples and surfacsa
contamination samples for radicactivity. Tneses systems will be serviced

and calibrated at lzast once sach & months.

—
fu
3
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Yaricus types of Deta-gamma and alpha sensitive pertzable radi

survey instruments will be provided for use by the Radiaticn and Nuclear
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Safety representative in the day-to-day surveillance of operaticns in
radid]ogica]Ty pested areas. All portable radiation survey instruments

will be serviced and calibrated at least once each 3 months or at

~ shortar time 1ntervais if recommended by the manufacturer.

R. " DECONTAMINATION REQUIREMENTS
The requirements for decontamination in day-te-day cperat1ons w12!
‘be determined by ahe RNS representa*tve and ‘communicated to the Site

Manager who wx!T assure that the required decontamination is performed.

1. Persaonnel Decontamination

In the event radiocactive cantamimaiiah is detected or suspectied io
Be present on thea skin or hair of an employee, the RNS representative
will avaluata the degree of contamination and direct the decontamination
aiforts. In the event the contaminated empioyee'is fnjured, the Site
Manager will arrange for medical services. The RNS representative will
direct or perform decontamination of the employes to acceptable limits
using prescribed methods, unless it bscomes apparent that further decon-
tamination efforts will cause sighificant skin damage. In this'case,
the RHNS répresentative will ask that further decontamination be accom-

plished under the direct supervision of a licensed practicing physician.

2. Eauipment Decontamination

In the event that =squipment, components, materials, etc., are found
to be contaminated in excass oF the appropriate limits, the RNS represen-
tative will promptly notify the Site Manager who will effect the required

decontamination by operations persannel.
¥ op

n
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taminated in excsss o6f the appropriate Timits, the RNS""r'ep'r‘E“santE{t"iVe A

3, Area-Decontamination

In the event the fioors or walls of an area are found to he con- -

will notify the Site Manager and request decontamination. The RNS
representative will coordinate decontamination efforts with operations

. personnei as necassary. -

S.  REMOVAL OF EQUIPMENT FROM RADIOLOGICALLY POSTED AREAS

A1l equipment or materials moving into unposted areas from any
radiolegically posted area must be surveved for radiation and radicactive
cantamination levels. No itsm may be moved intso any unposted areas if
it is contaminated in excass of the limits established for such areas as
shown in Tabie A-1. The radiafion and contamination Tevels will be
assessed by the RNS representative immediately prior to the transfer of
the item. Required decontamination will be performed by the operations

personnel.

In case of packaged items, the outer surfaces of the package will
be surveyed for radiation and contamination levels, and thesa surfaces
must be free of contamination in excess of the limits Jor unposted areas
as shown in Table A-1. Packaged contaminated items will comply with the
provisions of Title 49 Code of Federal Requlations and will be tagged
with a complieted radiocactive materials tag prior to transfer into radio-

togically unposted areas.
T. RESTRICTED ACCESS AREA EMTRY PERMIT (FORM 719-L)

Varying degrees af control, consistent with the hazard involved,
are exercisad over posted areas by Radiation and Muclear Safety. The
Form 719-L is a means of resiricting access to pested areas on the basis

of personnel and potential hazards. The highest degree of hazard is
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associated with an arsa in which the active contamination and radiation
- Javels are of such significance that special rigid entry'controls and

..safety. precautions-are necessary. -

1.  Subcontractors

Subcontractor personnal who have cause to work within any radio-
Jdogicaily posted area must-have a. compieted form 7189-L which wi}1 be
submittad by the Site Hanager and approved by thé”RNS represantative
prior to the start of work. Groups representing the same contractor and
who work in the same general area need only one taguged area entry permit,

Al1 contractor personnel entering any radiologically posted area
must obtain a film badge prior to entry. Radiation and Nuclear Safety
shall determine i¥ pravigus entries intoc posted areas had besn made
-during the current calendar year and if so;~sha?l ascertain from personnel
monitoring records the dose received, and plan radiaﬁion exposures .
accordingly.

Contractor personnel performing work in g radiological posted area
will be surveyed prior to breaks, Tunch and quitting time by means of
portable hattery operated or ac survey instruments. If the instrument
survey indicates contamination, decontamination will be effected immediately.

Radiation and Nuclear Safety will attend any coperation involving
contractor perscnnel in a posted area to the extent necessary to ensure
that such personnel perform their duties in such a manner as not to
cause the releazse of radicactive material or become unduly exposed to
radiation. Should such an event occur, work will be stopped unti)
appropriate surveys have been performed and necessary corrections

effected.

SR T1ge Agse 7.0
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A1l tools and equipment used by contractor personnel in radiologically
posted éreas must be surveyed and fouhd to be free of coﬁtamination
before they may be removed. The removable contamination limit for tools
mand.equipmentméhalinbe.20 dpm/lDDmcmgua]pha"activitymand.IOO“dpmAIOO cm?_m
beta. Fixed contamination shall be undetectable with appropriata portable

survey instruments.

Contractor persoanel shall not be exposed to concentrations of
radicactive material in air and water greater than 10% of the maximum
permissible concantrations as listed in 10 CFR 20, “"Standards for Protection
Against Radiation," under Table I of Appendix 8 unless they are qualified
as radiation worksrs as described below.

whele body dose fo contractor personnel will be Timfted to 500 mram/
year., An exception to the standard 300 mrem/year will be made if an
affidavit, signed by a representative of the contractor, autharizes their
-emplayees to be considered radiation workers, in which case the employee
will be reguired to execute an NRC Form 4 or equivalent authorizing

Rockwell/ESG to obtain occupaticnal radiation exposurs historijes.

Cumulative records or radiation exposures will be maintained by
Radiation and Nuclear Safety to ensure that perscnnel are not exposed in

excess of applicable standards.

If a contractor empioyee resceives a radiation exposure in excess of
25 mrem, Rockwell/E53 will notify the contractor of the dose within

30 days following the determination of such exposure.

Contractor personnel under 18 years of age will be limited to

125 mrem/calendar guarter.

Approved visitors will be considerad in the same category as cutside

contraciors and must have complated a Form 719-L prior to pertorming
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work in radiologically posted areas, or visiting.such facilities for
extended pericds during which they are not under continuous escort.

D&0 Program

Personnel who have cause to enter the radiolegically posted areas
. for maintenance or repair purposes will complete a Form 713-L prior to
. en.t.ry_ SR

3. Restricted Access Areas

(A1l personnel who have reascn to.enter certain rigidly-controlled

' such ag radioactive exhaust system

areas, "Restrictad Accass Areas,’
fiiter plena or liguid waste holdup tanks, will compiete a Form 719-L
prior o entry into these areas. A minimum of two persons will be
assigned to perform operations in these areas, or as otherwise specified

by HSRS.

4. Praparation of Form 719-L

When a Form 719-L is required, the individual or manager of the
group requesting entry will Ti11 out his portion of the form and give it
to the RNS representative who will outline the pertinent radiologicatl

safety instructions, sign the form, and return it to the originater.

The originator will obtain the sigpature of the Site Manager and

distribute copises are reguired.

The entire working crew will initial the Form 719-L, signifying

receipt and comprehension of instructiens on the form.

EEORERT NG I I AR SV Bt
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Copies of completed Forms 719-L.will be kept on file indefinitely -
by Radiation and Nuclear Safety. '

UL EMERGENCY CONDITIGONS

1. Ventilation Loss or Airborne Radiocactivity Alarms

In the event of a radioactive exhaust system fallure, or of other
evidence of loss of airflow in ventilated areas, personnel will Teave
these areas and await evaluation of the facility conditions by Radiation-

and Nuclear Safety.

In the event of actuation of the "variable warble" and/cr bell
alarm of continucus air monitors, personnel present will evacuate the

- facility and await evaluation by Radiation and Nuclear Safety.

V.  RADIOACTIVE WASTE MANAGEMENT

A1l radiocactive waste will be collectad, evaluated, procassed, and
shipped for disposal to a licensed radiopactive waste disposal site.

1. Solid Waste

Low Tevel solid radicactive waste will be packaged into standard
containers such as steel DOE Specification 17-H 55-gallon drums or wecod
type box. 00T Specification i19-A or low specific activity, strang, tight
containers. In the case of low level waste such as concrete rubble
which is generated in large volumes, spescial containers may be designed.
Low-tevel sciid radioactive waste generated in support of decontamination
operations {i.e., plastic shoe covers, surgeons gloves, kim-wipes,
miscellaneous plastic, 2tc.) will be collected in drums lined with
plastic bags. Uhen the bags are filled, they will be final packaged for

disposal.
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High-level radicactive. waste will be packaged and shipped in containers
such as reusable lead-shielded casks, cne-way concrete shielded containers,
or DOT approved overpacks. )

2. Liquid Waste

Liguid radioactive waste will be solidified. In the event there is
other 1iquid radicactive waste such as acids or corrosives, they'wi1l be
~neutralized in drums-and then solidified for dispesal by tand burial.
Selidification will consist of cementation.

W.  INOQUSTRIAL SAFETY- REQUIREMENTS

Industrial safety recuirements are described by Rockwell/ESE Health

ﬁ

and Safety Procadures, SOP's ANSI, AEC Manmaul, and OSHA.

1. Hoisting and Rigging

Hoisting and rigging cperations shall be cenducted in compiiance
with the requirements of 29 CFR 17, Part 1910, Subpart M, and the ANST 830
Series.

Equipment usaed in material handling shall be proof-loaded and
maintained per PL Saries 8.

A1l personnel engaged in hoisting and rigging shall be qualtified by

appropriate experience and training.
2.  Explosives

Explosives use and handling shall be in accordance with Federal,
State, and local requiations including 29 CFR 17, Part 1910.109, Health
and Safety Procedure G-16, and Section XV, &M 385-1-1, "General Safaty

Requirements Marual,” of the Carp of Enginesrs with the excepticn of

Paragraph 25.8.04.

oMM Tioe zy 1-78
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3. Insuiation Removal

The removal of insu]atfon,material containing asbestos will be dane
~in compliance with 29 CFR 17, Part 1910.93a. '

Warning signs, OSHA approved, will be displayed at each location
where the ajrboerne concantration of asbestos fibers may exceed tha
~allowable exposure limits. The airborne concentration will be verified
by environmental sampiing.‘

Insulation will be removed in a manner that will minimize the
generation of airborne dust. Wet methods will be used if practical.
Appraved respirators will be worn during all asbestos insulation removal
sperations. If the presence of ashestos in a material 1s questionable,
it will be assumed to be presant.

4. Burning, Cutting, and Welding

Burning, cutting, and welding will be performed only as authorized
by the Site Manager. Additiona} requirements may be imposed by the RNS
reprasentative as necasssary to protect against toxic and/or radicactive

vapors and fumes.
5. MNoise

Personnel exposad to noise in excess cof the Timits specified in
29 CFR 17, Part 19310.95 will be required Lo wear approved'ear protection.
The noise lavel far an 8-hour exposure is 90 dbA. Personnel sxposures
to noise over 9§ dbA shall be evé]uated by the RNS rapresentative.
Personnel exposures to noise in excess of 115 dbA are prohibited without

approved ear protection.

FORM 7193 oy 7.73



L N ' . '
{,42) Rockwell International _ NO . NOO1-FDP-360-001
T Energy Systems Group . . PA.GE . 51

6.  Confined Sbace_Entry

Confined space entires will be made in compliance with Health and

of a Form 719-L, Rev. 5-70, "Restricted Access Area Eniry Permit,” which
will designate the required control measures. .

7. Contractor Safety

Contractors will conduct cperations in compliance with Federal,
tate, and local codes, standards and regulations as applicable. Contractors
are subject to compliance with Rockwell Internationla and ESG ragulations
as indicated in Form 511-C which describes Contractor Safety Requirements
at Rockweil International faciiities.

¥
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| o
. : .
F — .
— | : :
1 : !
. - i
; : h
: I ;
i ' :
i P
: f :
. i ;
; - |
: | Do . ’ .
! : i Firm Fixed Price
21, =
TOTAL AMOUNT OF CONTRACT 5 31735 *8()0 .00
CONTRACTING OFFICER WILL COMPLETE BLOCK 22 OR 26 AS APPLICABLE
22, T COMNTRACTOR'S NEGOTIATED AGREEMENT (Confracior is required to siga E'za @ AWARD ( Conteracior is nof reamrtd' to sigm this document, ) Your afer
. el =
L3S docntient und retars __ copies fo fssuing affce.)  Contractor agress : on Soficitotion Mumber DArK2]-79-B-90172 including the
to furnish and defiver ait ttems or perform all the services set forth or otherwise { odditions or chonges mada by you which odditians or chonges are set forth in full
idennfied chove grd on any confinuarion theets for the consideranon starea hetein. H abave, is heraby accacted a3 to the Hems listed gove ond on any continughon sheen.
The rights ang obligahons af the partias to this tontrac shall e subiea to and gov- : This award consummaoles the contract which consitts of the loilowing cocuments: {a}
#ned by the following documents- (al this award/contrac, (b} the solicitation, if any, ; the Goverament's solicitation and yow offer, and bt this sward/controct. Mo
and <} such proviuons, repreientotions, cerhificgtions, ang spectficarons, as gre ! further contracuai docemant 13 nacessary. -
srrached or incorporated by raference hercin. Affachments are lsied Herern. ) k N = :
- H . — = S—
. MAmE OF ComTa 27 UNITED STATES OFLAMERCH . <7 T
{ | ;- / -
L v /\k__,_a v/__ RIS
" \Signafure ot perion guthoried ' ugn! ‘Sigramre of Cor.rrucrmg Oificen
T4 MNAME AND TITLE OF SIGMER ~Tupe or prome; 125 DATE SIGNED P18 mMaME OF CONTRACTIMNG OFRICER  Tipe v prr:z_: '29 DATE SIGNED
‘ : T CREr A
oy - ShLel s
IGHN B. PETRC ] : |
|
26-103-01 T U TOVERNUENT COIMTING JFFICE 364 O—I3R-543
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- . | REF. NO. OF DOC. BEING c.ﬁur-o_ PAGE Y
PART II o= - SECTION E ; b
, DAAK2L =76 = C=0136 E.1 1
MNAME OF QFFIROR CR CONTRACTTR ] ) B -
Rockwell International Corp., Energy Systems Group _
1TEM NO. SUPPLIES/SERVICESS ' QUANTIY  {umil{  UNH PRICE I
0001 | Contractor shall dismantle and radicactively dacontaminatle
the Diamond Ordnance Radiarion Facility;
remove and ship activated material to disposal
site; . ) S R
e " iInvaccordanmce witii Section F. ] 1 | Lo} $335,800.00 §3353,800
0001AA | Data, in accordance with DD Form 1423, Attachmerdt
Nd. 5 to Section M. ) 1. 110 * NSP % NSP
* NS? = Not Separately Pricad.
B '
i
1610812
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PUN: ' PART IT -- SECTION F F.1

w7

DESCRIPTTON/SERECTTTCATTONS

DARK2L = 7 G = £~-0134

_ ;
*r.1. The contractor shall be responsible for the dismantlement and

-radicactive decontamination-of--the reactor facility.  {This ddées not |

include the removal and shipment of the reactor fuel elements from
the facility.) -

F.2. The contract will be'pétfoimed in tﬁree (3) phases:

Phase 1 Preparation of a Dismantlement Plan.

Phase II Dismantlement and radicactive decontamination. of
the facility. SREREE . _

Phase III Completion of all remaining tasks after Radiocactive
Survey by U.S. Army Environmental Health Agency.

F.3. Phase I . . : : S S
_ F.3.1 The contractor shall prepare a dismantlement plan which
shall describe the methods and implémenting procedures necessary to
accomplish the dismantlement and radicactive decontamination of the
facility. The plan shall describe the general methecds of approach
in accomplishing the tasks listed in Phase II of these
specifications. (A specific plan format is not required.)

"The general techniques of concrete removal shall be listed. In
the event that the use of controlled explosives for the reactor dis-
mantiement 1s contemplated by the contractor, the use of the
explosives shall comply with Federal, State and local regulations.
Alsc, blasting operations shall comply with Section XXV, EM 2385-1-1,
"General Safety Requirements Manual” of the Corps o©of Engineers with
the exception of paragraph 25.8.04., All explosives and explosive
waste shall be removed from the work site by the contractor®.

.

— e L

CT DEIAD FORM 1072, 15 AUG 1§71
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- CONTINUATION SHEET

[Pace:
PHN: .
l F.3

D pK21 - 7 g-¢=-0134 e ' _ Ed

F.4.2 The contracter shall be responsible for the spectral analyses
-and dose rate measurements-necessary to assure that -acceptable
surface contamination and residual activity levels are below the
limits stated in NRC Guide 1.86. The methodoloqx in decontamination
for release for unrestricted use as stated in this Guide. shallrbe
followed e e B -

F.4.3 The contractor shall provide its own health physics support
including radiation survey instruments and necessary gamma ray |
spectral analyses. Documentation of current calibration data on
these instruments shall be available to the Contracting Officer. All
health physics procedures shall be reviewed by the Contracting
Officer’s Representative for compliance, where applicable, with
current copy of Title 10 Chapter 1 Code of Federal Regulations, Part
20 (10CFR20).

F.4.4 The contractor shall be responsible for contamination control,
- includings: .

2. Dust collection and absclute filtering procedures,

b. Respirator and protective glothing requirements.

Cc. Alr sampling procedures.

d. Records cf significant radiation surveys and analyses.
Contractor shall make these records available to the Contracting
Qfficer's Representative.

F.4.5 The contractor shall be responsible for any subcontracted work
such as shipment and burial of radiocactive materials, construction/
demeclition operations, and the design, test and certification of
shipping container, if reguired.

—F.4.6 The contractor shall remove and dispose of three (3) 5000
gallon water hold-up tanks. Disconnect water dilution, air mixing
systems, and remowve the inlet and exit valving system.

F.4.7 The Contracting Officer has the authority to stop any
operation that indigates a radiological hazard to WRAMC personnel,
general public, and the environment.

-~ F.4.8 The contractor shall furnish evidence that each individual
) who will be involved in the dismantling operations has had a medical
examination by a practl¢1ng licensed physician and a complete blood
count.

F.4.9 _The Contracting Officer's Representative shall attend or be
briefed, in detail, on any informal meetings or discussions with
regqulatory agency personnel by the contractor.

e — - i —————

AMXDO FORM 1072, 15 AUG 1971
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F.Tj

Hazardous Items List (Safety)

1. Neutron activated materials.

2. Radiocactive materials and radiocactive contamination.
3. Possible radloactlve airborne materials resulting from

dlsmantllng work.
4 possible radicactive liquids~ (water) resulFing from |
~decontamination procedures.

Drawing List ~. DORF. Decommission L
. 1. Lead Curtain T35618J300
-- 2. Rolling Door Exposure Room _ M5
. 3. . Plans - Air Condltlonlng ML
4. Power o . B4~
5. Equlpment ‘Room Detalls M2
- 6. Plumbing : . M3
7. Sections : ' 52
8. Ramp Plans ‘ 54
9. Vertical Section of DORF Reactor
10, Sectional Elevation of DORF Reactor
11. Warm-liguid Waste Storage System
Backup Data

1. Radio-Isotopic Analysis of Radicactive Material in the DORF

Structure Before Decommissioning, Attachment No. 1.
- 2, AEC Regulatory Guide 1.8%6, Termination of Operating Licenses
for Nuclear Reactors, dated June 1974, Attachment No. 2. :

J;FQQ Salvablé Eguipment
£ . Contractor shall have. the right to salvage and remove for his
- own use the follow1ng items, -having a combined fair market value of
$500.00:
- - Plug bocr Drive Mechanism ' " 1 Each
-~ Detention Tank Valves ' & Each
_AMXDO FORM 1072, 15 AUuG 1971
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me. -0 3?’ PaRE II .- SZCTION G PAGE
ARK2L = 75 - . PRESERVATION/PACRAGTNG/ DACTTNG .1
“m®G.1l  The contractor shall-pack all recoverable egquipment, not ——
to be discarded, in weather proof containers.. The Contracting s
Officer or his duly authorized representative shall determine
equipment to be salvaged and its disposition. Selective reactor
cémiponents (some items-radiocactive) shall be packaged for shipment
and shipped to DOE, Hanford Engineering Development Laboratory,
Richland, Washlngton.- The items to be shipped to HEDL are listed as
follows: . )
ITEM S
NO. DESCRIPTION UNIT QUANTITY
1 Core Support Structure, Upper Section EA 1
2 Core Support Structure, Lower Section EA 1
3 Top and Bottom Grid Plates EA - 1
4 Connecting Rods for Control Rods SET 1
5 Control -Rods SET 1
& Carriage Drive Motor BA 1
7 Water Pump: 1.5 HP EA 1
1 8 " Incor Experiment Tube EA 1
g Ton Chamber Supports and Ion Chambers SET 3
-ia Carriage Support Rails SET 1
i1 Lead Shield Door Drives and L1n<age SET i
12 Pool Cover Plates SET i
13 Fuel Storage Racks, Underwater Ea 8
14 Fuel Measurement Tool with Dial Micrometer EA 1.
15 Aluminum Water System Piping EA 1
ls6 Water Pumps EA 3
7 Demineralizers, 3 Cu. FLt, EA 4
18 Flowmeters, 25 GPM EA 2
19 Neutron Source, 10 Curies, AM-BE EA 1
20 Neutron Source Holder EA 1
- 21 Pool Lights SET 1
) 22 Carriage Positioning Potentiometer BAa 1
23 Carriage Umbilical Arm EA L
24 Fuel Element Location Diagram EA 1
-} 25 Water Box, 1 Cu. .Ft. Capacity EA 1
26 Charcoal Filter, 1 Cu. Pt. Capacity EA 1
N\
€.2 The contractor wi
faci?‘igy? HDL, in QCCOI’dancel&;itgr;:igo;tatzlg jib crane from DORF to the, Am:ora
7

Revised 12 e 73
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DARK2L =79~ 6~0134 . INSPECTION AND ACCEPTANCE I.1l

I.1 Inspection and acceptancs will ba performed at the Harry Diamond Laboratoriss
DORF upon the complstion ci‘ cach phase by a reprassntative of tha Government,

, 1 7 ;
Revised 12 Jun 78 -




HSHP—OHP 4 6CT 1979

"SUBJECTS Request for Hodification of Harry Diamond Laboratories (HDL)
Contract No. DAAKZ1-79~(~0136 for the Dismantlement and Decon— .
taminaticn of the Diamond Ordnance Radiation Facilirty (DORF),
Porest Glan Section, WRATC

Commander - - o
Harry Diamond Laboratorias

ATTN? DELHD=-N-EB (W. L. Giesaler)
2800 Powder Mill Road

Adelphi, HD' 20783

1. Befarengean:
a. Letter, DELHD-H=RB, 21 Sep 73, subject: Contract Award for the

Dismantlement and Docontamination of the Diamond Ordnence Radiation Facile
ity {DORF) FOLES{ ulen Section, WRAMC. :

b. Lerter, BL'L}ED-NhRBI5 27 Sep 79, subject: Corraction to Letter
from DELHD-N-RB to HSWP-QHP, dated 21 September 1879, Subject: Contract
Award for the Dismantlement and Decontamination of the Dinmond Ordnance

Radiation Facdllity (DORF), Forest Glen, MD.
¢s HDL Ceontract Vo. DAARZI-79-C-0136, 14 Sepn 79.

2. Upon completion of the dismantlement and decontamination of the

Diamond Ordnance Radiaticn Faciiity and its transfer 2o Walter Reed Arwy
Medical Center (WRAMC), 4t i3 the plan of WRAMC to utilize tha facility as
a radicactive waste holding and procassing fscilivy., .

3. Consequently, the focllowing changes to the above refersnced contract
are reguested: :

2. Delete Parr I, Section F, "Description/Specifications," Paragraph
F.é‘s{)n )

¥.5.2.b, vo read as follows: 'Ramove and dfspo¢e(/ db?Oiu
) ,_.»'

2400 DVEENOD SOTSAHA HITVEH

C
.

Cn

b. Change Part II, Section F, "Beacriotfanfbpeciﬁi;atio Pa;?gﬁﬁbh

_ gz§£££>/f%,r Depuéf Director
wl 3 # Facilities Engineering
22D - . WRAY Y




¥,

——

HSWP~-(HP : :

SUBJECT: PRequest for Modification of - 1arry Dlamond Laboratories (HDL)

e o Gontraet Mo L DAAKZI=79=C=0136 for the Wismautlﬂment and Decon-
tanination of the Didmond Ordnance Radiation Faciliity (DORF),
Forest Glen Section, WHAC

F. 5.&.3. £o read as follows'
e o wnd T pedfn Fork-nesssaasetian e thdl  WSS(:

y¥]- 4342
FPisnp g8 o

§l iz marlsHacse
Aﬂta ARBrTHIN BiR
= ML prpes s
Lawass Ffag
Section ¥, De scrigticnfSgaciflcaticﬁs, Paragraph féf;-yféj
GA Tank Valves” from ghe 113t of equipment. the con-

In zddivdon to the above changes, 1t iz Tscussted that WHAMC Be fur-
vighed wich @ copy of the aporoved vendor's diSﬁdztl smend glan described
in Pary 1T, Sectilon T, Faragraph ¥.3.1. and F.3.2. and upon complation oF
the ucqh*"ct s reproducible copy of the Mas-built™ facilicy plans zs modi-
fied by this contract. ' ' '

5. In order to assure that the Health Physics Office, Walter Reed Army
Hedical Center (WRAMC) may effectively fulfill the responsibilities delini~
ated in Interservice Support Agreement No. W/AIYG=73223~101 between WRAMC
and DL, it is rogquested that Mr, James L. Stafford, Chief, Radicactive
Materfals Contrel Branch, WRAMC Pealth Physics Offlece be appointed an one of
the "Contracting Officer’s Representatives (Technicall)™ specified in Pare II,
Section J, Paragraph J.2. of sublect centracr.

FPOR THE COMMANDER:

Adiur;ng& -

HE A Tt FEAS

!




DEPARTMENT OF THE ARMY
HARRY DIAMOND LABORATORIES
| 2800 POWDER MILL ROAD
ADELPHI. MD. 20783

21 September 1879

SUBJECT: Contract Award for the Dismantlement and Decontamination of o
S ~~the Diamond Ordnanés Radiation Facility (Dore),” ™
Forest Glen Section, WRAMC

Commanding Officexr

_Walter Reed Army Medical Center .
ATTN: HFWP—QHP
Washilngton, D.C. 20012

&

i. A fixed-price

ontract for the DORF dismantlement and decontamination
was awarded on 14 i

272 to Rockwall International, Canoga Park, Ch.
2. The contract delivery or performance schedule is as follows:

2.1 PDPhase I (Preparation of a Dismantlement Plan) shall commence on the
effective date of the contract with the delivery of the Plan to the Harry
Diamond Laboratories (HDL) within thirty (30) days thereafter, i¥wd#z 77

2.2 Phase II {Dismantlement and Radiocactive Decontamination of the
Facility} shall commence six (6) weeks following the completion of Phase I,
and shall be completed three {3) months thereafter.

2.3 Phase III (Restoring the building for alternate use) shall commence
thirty (30} days following the completion of Phase II, and shall be completed
+two—{2) months thereafter. e

s 2 Gl .3 L e
TH&EZE (3/ o pptcafaet A pptettr —

2.4 BAll deliveries to and from DORF and to and from the disposed area(s)
shall be f.o.b. destination with all shipping and transpertation costs to
be borne by the contractor.

‘3. Contracting personnel and equipment will require access to and from the
DORF area for the facility performance of the contract. The facility access
gate will be closed and locked when contracting personnel leave the facility
area after the end of each work-day.

4. Requested changes, if any, to the contract specifications by WRAMC shall
be submitted, in writing, teo the HDL contracting officers representative
{(W. L. Gieseler) by 5 Octcber 1979.



DELHD-N-RBI : 21 September 1979

- SUBKECT: Contract Award for the Dlsmantlement and Decontamination of .
-the.Diamond-Ordnance Radiation- -Paeility (DORF}-
" Forest Glen Secticn, WRAMC :

FOR THE COMMANDER:

ALTER L. GIESELER
Physicist
Diamond Ordnance Radiation Facility

/ -
. Mo !’)’f‘ e / ANy o
/-11%({{/ LAY T ed e Ll

fd R .
DEIHD-PR-CA, A. Mazzone
DELHD-FA, G. Chapman
DETHD-N-RB, J. Rosado
DETHD-N-REBI, P. Caldwell ..
DELHD-N--RBC, J. McCarrlty ‘
DEIHAD=SA, D. Williams "
DELHD-SE, Y. Yeick =




. _Harry Diamond Laboratories
Diamond Ordnance Radiation Facility
Fuel Handling Procedures for Transfer of Irradiated Fuel ~~

Flements to Shipping Casks

”l{__Introduction

The decommissioning'of the Diamond Ordnaﬁce Radiatiéﬁ ?éﬁility (DORFj
rgacto;.will reqﬁire the shipment of 92 TRIGA type fuel elements from the
facility. . These procedures ara for the 89 i??ééiﬁFed <P3?Fé9??%y spent)
fﬁei elements which arve te be shipped in 2 1iceﬁsed shipping.cask to the
University of.Pennsylvaﬁnia, the University of Utah and to the Hanford
Enginee;ing Dévelépment Laboratory. An intra-agency agreement has been
prepared by DOE, Savannah River -Operatioms Office to provide.éervipes and
respensibility for supplying approvéd irradiated nuclear material shipping
casks and providing for theiz transpeort. A medified MH-1A Fuel Shipping
Cask will be used with basket inserts to accommodate 483 TRIGA elements
per shipment. Two shipments will be required. The basket design provides
spaces for the long length requirements éf the fuel fellower control rods
and the thermocouple instrumented elements.

é. Equipment

The fuel elements will be shipped in an approved shipping cask

(S cask) and will arrive at DORY on a ﬁrailer. A transfer cask (T cask)

will be used to transport the fuel from the reactor pool to the 3 cask.



The DORF 7 element.transfer cask will be used. (The DORF transfer césk
-was-designed for transferring fuel.from the reactor poel-to-the fuel storage
pits located on the main reactor floor.) The DORF fuel handling -tool will
be used to move the fuel between the pool storage racks to the T cask and
then from the T cask to-the 8 cask ~ The buildiqg 3 1/2ﬁ ton cdapacity mono-
rail hoist will be used to move the T.cask-from the pool to the § cask
which will be on the trailer in the basement level directly.below the

main floor hatch. If there is ingufficient vertical door clearamce for

the cask and trailer, the cask will be transferred te a lew-boy trailer
using a mobile crane. The procedure for handling the cask is contained

in the {perations Manual for Spent Fuel Shipping Casks, Serial No. MH-14,
Bufeau of Explosives Permit No. 2087. Minor changes to these procedures
have been made for DORF loading application.

b. Radiation Monitoring

Radiation levels will be monitored and recorded at key stages of
the operation. The DORF staff will be responsible for securing the
facility area during fuel transfer. The entrance gate will be closed
and monitored dﬁring fuel‘trénsfer operations and unauthorized persons
will be excluded. All personnel invelved with the fuel transfer will
be issued film badges and pocket dosimeters. Conventional survey
equipment wiil be used and a sufficient number of monitors.will be used
to provide a redundancy of measurements. The WRAMC Health Physicisrt

will supervise personnel radiation safeguards.

[



c. Rehearsal

- All phases of the transfer operation will be rehearsed befére
the actual transfer fDIProvide Perso““e?m???PleFemﬁamiléﬁFi?F"Wi?h.
éé;iémééém;a&:ér;;;;ures. A dummy fuel element ié available for practice
runs,

-

I1, Shipment of Fuel Elements

A. Gepneral ... e
The area involved in the fuel transfer operations is shown

in Figures 1,2 4& 3. Restricted access will be the area inside the

facility fence which includes 21l buildings within the compound.
 facility fesce wi e L :

The Physicist-in-Charge (PIC), or his designes, will have total authofity
and respousibility during the trahsfer of rhe fuel slements fromrthe,
reactor peol to the shipping égs&;{“Specifié_tas#s andrassignments will
be given by the PIC, - These assignments may be changed for subsequent
iransfers if necessary.

The vehicle transporting the empty $§ cask will be positioned
inside the truck access door so that.the cask is directly below the
overhead hatch and mono-rail or outside the building on the truck
ramp (Fig. &4 ).

b, Initial Preparation

The top of the empty S cask will be removed by the mono-rail
hoist or a mobile crame. The inside of the cask will be cheecked to
lnsure tﬁat the fuel storage liner is in place. The spacer, if present,
which prevents fuel movement during shipment will be removed, The cask
may be filled with water if radiation levels warrant (determined by -the

Health Physicist, Note: the dose-rate at 10 ft. from a single fuel element

in air after a 3 wonth cool-down was 20 mr/hr)., A trial placement of the



-empty T caSR adjacent to the S cask and the transfer of a dummy.fuel
_element from the T cask to the S cask fuel ,Storage ring may. be.done..
at-tﬁis time. After trial practice operétiohs are satisfactory the

T cask will be transferred to the reactor pool floor by tﬁe“moﬁo¥fail
hoist for the first loading. Using the standard TRIGA fuél element
handling tool.(Figure 5 ), the fuel elements will be transferred

from the pocl storage racks to the cask. The T eask will then be
moved by the mono-rzil holst to a positiom abﬁve-the open fleor

hatch and then'lowereﬁ ddjacent to the 8§ cask on the tfrailer located
in the basement area. The elements will be transferyed from the T cask
to the 8§ cask using the fuel element handling tocl from the main floer
hatch area. The procedure Will_be.repeated until assigned'ﬁumber of
elements are transferred to the S.cask for the schéduled shipment.

c. Closing the Cask

The crane will replace the top shield plug of the $ cask and plug

will be bolted in place as described in cask operaticnal manual.

g



All personnel

involved in the fuel transfer will wear fllm

wbadges and pocket d051meters as prEScrlbed by the WRAMC Health

Phy31c1st. Portable survey meters Wlll be used to measure the dose

'rates.” The gamma area monltorlng system (NMC scintillation detectors)

Will also be used.

The NMC system has a chart recorder which prints

Out the dose rate readlngs. There are six of these detectors located

in the reactor bulldlng

The radiation

(1Y T eask w

ith fuel in air { 1 ft

levels at each significant state will be:

o
[a
s
b
Fan I
h
o
St

{2} TLevel putside the § cask {3 ft)

. The antiecipat

ed radiation dose rates to personnel involved in

the fuel transfer have been determined from experiments performed with

one of the "B™ ring

decay period were a
(1) "B" ring
{(2) "B" ring
{(3) "B"” ring
The dose rate
(1Y T cask,
(2) T cask,

(3 T cask,

(4) T cask,

These distanc
to be at anvtime.

about 10 ft above ¢

elements. The dose rates in air after a 16 month

s follows:

element 10 £t from side = 6 mr/hr
element 1 £t from side = 135 mr/hkr
etement 10 ft above (along axis) = 3 mr/hr

with 7 elements in the T cask were measured to be:

10 ft from side = 0.7 ar/hr

1 ft from side = 7.0 wr/hr

1 ft above 28.0 mr/hr

il

3.0 mr/hr with cover plate
10 £t above cask: = 3.0 mr/hr

es are the minimum that personnel will be reaqguired
The slements are to be transferred from a position

he casks.



As the § cask is filled, the significant dose ra;ewmeasqre4
“ment is at tﬁé"fuéimﬁéndléf”posigion;”mThe”égétance the fuel
handler will be is about 10 feet above the cask, therefore, as
the § cask is filled with fuel elements the dose rate at this
w?ésition will increase. When the S cask is loaded with 46 fuel
elements, the dose fate afte; the last fuel element transfer
‘will be 6.6 times the dose rate above the T cask (7 elements)
.dose rate méasurement. I1f we assume that 7 elements are trans-
ferred from the T cask to the § cask in each steé, the dosge

rate 10 ft above the 8 cask would be as follows:

Dose Rate (mr/hr)

" Step Mo, No. of Flements 10 ft above 5 cask . Exposure {(mzr)
1 7 3 0.5
P 14 & 1.0
3 21 g 1.5
4 28 | 12 2.0
5 35 i5 2.5
6 42 18 3.0
7 46 20 3.3

From previous experience moving fuel with the DORF fuel element
handling tool, it is estimated that it will take less than
10 minutes to transfer 7 elements in each step. Therefora, if one
perseon performed all of the transfers from the T cask to the S cask
the accumulated exposure would be only about 14 mr. We plan,
however, to divide the fuel handling tasks smong several persons

to reduce the radiation exposureaes.
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OPERATING PROCEDURES FOR THE USE OF

" 10,

fﬁﬁiTéHiPPIXEMCASijﬁ£+1Am-Mm'mum“m

MODIFIED FOR TRIGA FUEL ELEMENTS

Toosen the tension om the four (4) turnbuckles and detach them

.frﬁm ﬁﬁe éaék.

Remove the eight bolts which attach the cask to the skid.
Lift cask from transport vehicle with crane using 1ifting yoke attached
to cask lifting trunnions. The yoke is supplied with the cask.
Place cask oﬁIEOWwboy tréiler, disconnect crané frém cask ﬁoke oY voke
from the cask, and move traliler to basement truck entrancs arsa s¢

that the cask is directly below main floor hatch.

‘Remove covers from lifting holes on cask cover and attach cable sling

to remove cover. Use 3 1/2 ton capacity mono-rail hoist.

' Check "0" ring placement and "0" ring. sealing surface on cover for

scratches, nicks, gouges, etc. 1If any defects are discovered, they

should be repaired and cask checked for leakage.

Check that the four 12 element TRIGA fuel baskets are in place.

(NOTE: the baskets may be installed at DORF)

Place the DORF seven element transfer cask (T cask) on the reactor
pool floor using the 3 1/2 ton mono-rail hoist.

Move standard fuel elements from the pool storage racks inte transfer
cask using TRIGA fuel handling tecol until seven elements are loaded.
Check each fuel element identification number, transfer cask position
and record in log book.

Move the transfer cask from the pocl, using the mono-rail hoist, to

a position adjacent to the shipping cask located at the basement

truck entrance area.



11.

12.

i7.

18.

19.

20.

21.

22.

Move the elements, one at a time, from the transfer cask to a standard

fuel element position in the MH-1A cask basket. (NOTE: the standard

number, baskét position and record in log book.

Repeat 8 through 12 until ‘all standard fuel elements are loaded for
the specific shipment: (One shipment of 44 standard elements to
Utah, and one éhipment of 38 standard elements to Penn State and

Handford, not including FFCR's or TCE's).

The following, 14 through 20, are procedures for the TCE loading.
Move the transfer cask into the reactor pool for the TCE loading.
Move TCE from the pool storage rack into the transfer cask.

Raise the transfer cask te the surface of the water so that the
swage-lek fitting located 18 inches above the top of the element

is a few inches above the water surface.

Disconnect the conduit by locsening the top swage-lok nut. Remove

the conduit sliding the thermocouple wira through the removed conduit.

Fasten TCE handling fixture provided to the swage—lck fitting guiding

the thermocouple wire through the slot in the fixture.

Tighten swage-lok nut and coil TC wire into about a 6 Inch diameter

circle.

Repeat, 8 through 12, except that the TCE are placed in a TCE basket

position identified by the color RED.
The following, 22 through 27, are for FFCR loading.

Move transfer cask into the reactor peol and load ome FFCR.



”23:m

2h.

25,
26.

27.

28.

29,

30.

31.

32,

34,

Raise cask to the pool surface so that the top fitting of

the FFCR is a few inches above the surface of the water.

Remove the shear~pin from-the threaded section 6f the FFER™

top fixture and connecting rod using a pin-punch and ballpeen
hammer .. .. L | e
Unscrew connecting rod from FFCR thréaded stud.

Thread fuel handling fixture provided on the FFCR threaded
ctmd. | . | | | o e
Repeat lC and 11 except place the FFCR in ane of the FFCR
basket positions colored YELLOW,.

Lift cask cover with mone-rall hoist using cable siing.

_Before moving rcover over cask.. rotate the crane hook until

.

the cover is correctly oriented with respect to the two
cgver guide pins attached to the topraf the cask. Place cover
in position on the loaded cask and disengage sling.

Replace nuts qn_cask'gQVerIand”tighten nﬁts to 40 ft-1bs

torque.
Perform leak test described in SAR.
Attach lifting yoke to cask lifting trunnions.

Move low-boy trailer and cask to transport trailer. Tighten
8 base nuts te 50 ft-1bs torque. Tighten turabucklies to

100 ft-1bs and turnbuckle lock-nuts to 75 ft-1bs torque.

Cask is ready for shipment. Provision for anchoring the cask
to the wvehicle floor has been provided by holes in the skid
beams and by cable anchor pins between the fins at the top

corners of the cask.



ENRADMON PLAN
for

~ DIAMOND ORDNANCE RADIATION FACILITY ' '

17 PURPOSE. " The envirommental radiclogical-surveilllance program Is-des-— =
signed to assure that all ionizing radiation and radicactivity levels

existing in unrestricted areas in the vicinity of DORF are w1thin permls-
gible-limits-and ~as low as reasonably. achievable.. . R

2. SGCOPE. The plan consists primarily of the measurement of environ--

mental levels of direct ionizing radiation and radionuclide concentrations.
The data.is. intended- to demonstrate compliance with AR 385-80. 1In addition, .
the plan incliudes the estimating of DORF stack activity releases, special
studies of environmental conditions and other activities required in sup-

pert of the plan’s objective.

"3, RESPONSIBILITY, The Health Physics Cffice, WRAME, will initiate all
environmental monLtorlng activities, review and evaluate all environmental
monitoring data. :

4. GENERAL DATA,

a. .The Diamond Ordnance Radiation Facility (DORF) is located im the
Forest Glen Section of the Walter Reed Ammy Medical Center (WRAMC),
Washington, D.C. ~The DORF-TRIGA Mark F Reactor is used ds a research tool
in the study of neutron and gamma irradiation of electrical-and electronic
components and systems. Through Host-Tenant Agreement, Health Physics,
WRAMC, provides Health Physics support to the DORF.

b. Description of facility. The DORF is a TRIGA Mark F Reactor, de-
ned and built by Gulf General Atomics, San Diego, California. It is an
n rently safe reactor designed for both steady-state and pulsed operation.
e DORY-TRIGA has the capability of steady-state or square-wave opetation

up- to 250 k¥ for a maximun power generation of 1 MW-hr per day and also
sulsed operation resulting in a peak power of 2000 MW with a pulse width of
5.5 milliseconds at half muximum. Additional data concerning this site is
contained in the original SAR.

]H
) w

(1) The DORF is located within the metropolitan area of Washington,
3,C., at the Forest Glen Section of WRAMC which is eight miles from the cen-

“ ter oI Washington, D.C. and approximately two miles south of Kemsington, MD.
} ' The Forest Glen site is an area of approximately 190 acres of rolling,
partially wooded and cleared areas, on which are located numerocus WRAMC

- related facilities. The DORF is located wear the southern border of the

‘
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I. Introduction

Ay~ Background:The Harry Didmond Laboratories (HDL) operates the
Diameond Crdnance Radiation Facility (DORF) which utilizes a research
reactor with associated experimental equipment. The .facility occupies
a 31ngle remote bu11d1ng on & 2 acres of the Forest Glen Annex of the

An 1ntraserv1ce agreement between the Commandlng folcer WRAMC and
Commanding Officer, HDL establishes the WRAMC support services for DORF.

The reactor is the familiar General Atomic Company TRIGA Mark F,
moderated by light water and mounted on a track support carriage assembly
which can be moved through a 15,000 gallon capacity pool. The teactor
core consists of 83 (maximum 8/) fuel elementsy - four-control rods,
neutron source, and miscellaneous neutron detectors. The fuel elements
are composed of zirconium hydride moderator homogeneously combined with
20% enriched uranium fuel. The control system consists of borated
graphite safety, shim, regulating and pulse control rods, having either.

solid aluminum or fuel followers. Ekperiments are conducred in a

20 x 20 x 8 foot high fast neutron exposure.room adiacent to pocl the -
pool itself, and within the core,

The facility was orginally developed in late 1959 and began
operations in September 1961, Modifications applied since then include
(1) replacement of the aluminum clad fuel elements with stainless steel
clad elements (1964), (2) automatic SCRAM timing (1969), (3) replacement
of the poison-followed transient rod with an aluminum follower (1964),
(&) replacement of aluminum follower control rods with fuel-followed
contrel rods (1971), and (5) replacement of reactor instrumentation
with up-to-date instrumentation (1973).

The reactor has the capability of the following modes of operation:
1. Steady-state operation up to 250 k¥,
2. Square-wave operation up fo 250 kW.

3. Pulse operation resulting in up to a maximum peak power of
2000 MW with a pulse width of 9.5 ms at half maximun.

B. The decision to decommission the DORF reactor is the culmination
of an Army reactor utilization study begun in mid-1973 to examine the
requirement for the three Army research veactors, This study was done
by UDL Nuclear Weapons Effects Program Office (NWEP0Q) which iavestigated
the following alternatives:



17 Oct 77 1. Feb 78
Decommissioning Plan : : v ARCHS "Approval of
to ARCH§ for Approval (3 month lead-time) Decommissioning Plan o
16 Jan 78 1 Feb 78
Fuel Handling Appendix o ARCHS Approval of Fuel
to ARCHS?for Approval - A " Handling Proceduves o
*
16 Teb 78 Apr 79 May 79*
Appendlx A & Fuel Receipt Criteria Bogin Fuel o e
to DOE, Tdaho Operations OFfice . - P Shipment g TUCT Shipment
per {5-06 month lead-time) Shipment Completead
: : 26 May .77
HDL Requests DOR to Handle the
Fuel thpmcnt ‘ { 23 Oct 78
; ;} Luchow Traﬂﬁpofution Sub=contracts
‘ 5 Preparation of Cask Special Safet
11 NOV 7_r ! y
: : ; Analysis (SAR) to Ridehaulgh & Egrers
DOE Asst: Director for Mat'ls !
Production, Advanced Systems . : _ 16 Jan 79
Requests DOL, Savahah River bpecial Safety Analysis to the
Operations Offxce to arrange Nuclear Regulatory Commission {NRC)
DORT Fuel Shipment .
I3 FFFTY
| § : A L Mar. 29
i 20 Jan 78 HRC Approves the SAR and [esuas
Int;rapcncy Agreement Signed Between Amendment to Cask License
Savannah:River Operations Office & DL
Bavannah River Operatlons Office will V Nz
provide Caskq and Transportation S a4 Mar 79
: DOE, Oak Ridge Tell Inrichment
[ 29 Sep 78 Branch Authorizes Shipment of:
: / - ” 46 Flewents to U. of Utah
Savannah River Opeyations Office Awards 18 Elements to Penn Stare U, &
Contract for Cask Medification and 25 Elements to Hanford Eng Dev Labs
Transportation to Luchow Transportation Co.
1 Feb 78 : 24 Oct 78 1 Dec 78 18 nec 78
Praparation of i — Dismant ling SPQFS . - Contract OFffce Begins Contract Package to HDL .
Dismantlement Specs o to Contract Office, i Review of Contract Paclage Legal OFffice for Roview

: : FdE AL i 15 Faiyy =
19 mARcid 74 | A—Mape—79- : REVINNG, L ooct 790
— RFQ ¥PC Contract . IiDI, Contract Office o ARCHS Approval of Dismantlement
H _ H i 2 -—--.-—-M "
: : . Mravils-Centraet Dismantling Plan Completed
3 PN .‘a‘:: e o
Fra i g : et *Tentative dates
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o A4.1.1.6 NEUTRON SDUREES/REACTDRS

UNITED STATES

1.7 Name -and Locatiom: .Diamond Ordnance Radiation Fac111ty.
{DORF). The reactor facility was first pulsed in
September 1961 and became fully operational in
January 1962. '

The facility is located in the State of Maryland at the
Forest Blenn Annex of the Walter Reed Army Medical
Centre {(WRAMC) approximately 8 miles north of the
centre of Washington, D.C.

2. ..Purpose

The reactor is designed to provide a large source of
neutron and gamma radiation in steady state cor pulse
(msec) conditions for experimental programmes to
investigate and determine susceptibility of ElE“t?Oﬂlc
material to simulated nuclear weapcns environment,
mechanisms of those effects, and ways and means of
developing less susceptible materisl.

3. Philosophy and Approsch for Use

The design of the DORF TRIGA Mark-F reactor is based on
the technology of the proven TRIGA Mark I and Mark II
reactors that maintained the inherent safety character-
istics of these reactgrs and whose performance would
more specifically match the programme requirements of -
the Harry Diamond lLaboratory experimental users. A
variety of high dose irradiation facilities are provided,
including (1) a 6.1 m square and 2.44 m high fast
neutron exposure room, (2} a re-entrant thimble pro-
ecting into the reactor core accessible from the
exposure room, and (3) the water filled tank and.

(4) positions within the TRIGA core in the regien of
highest flux. The reactor is supported from a track-
mounted movable carriage so that 1t may be operated in
any position within the water-filled tank. The extreme
end pesitions within the poel are shielded from one
another by swinging lead doors which allows experimental
programmes to be conducted at one end of the pool while
other experiments are set-up cr dismantled 1n the other
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_to 20 MW-sec per pulse (4x10
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position. ~The reactor-is-capable of long steady state
operation at power levels up to 250 kW and pulsed
operations resulting in a prompt energy release up

Ya/en”, E10 keV): .

Physical and Mechanical Characteristics

The reactor, exposure room and auxiliary facilities are
contained in a three level building constructed of
reinforced concrete, structural steel and masonry as
shown in Figures 1 and 2. The basement level contains
an exposure room which is about 6.1 m square and 2.44 m
high. This exposure room is lined with cne foot of
wood to minimize secondary radiations. Access to this
room for equipment is through a tapered and stepped
rolling plug door which provides a minimum cpening

2.44 m wide and 1.73 m high. Access to the room for
special monitoring equipment and instrumentation 1s
provided by several helical condults which penetrate
the conerets shi=ald from the reactor floor above. The
basement level alsc contains a warm storage and decon-
tamination room and a sample preparation area,

The first floor of the facility contains a counting
room, and aoffice, and an equipment room, as well as a
large area around the reactor shi=lding structure in
which imstrumentation for experiments can be set

up -

The reactor shield rises 2.13 m above floor level in
the centre of the rcom and enclaoses the upper portion
of the reactor tank. The reactor tank extends down to
the basement level and projects into the exposure room,
as shown in Figure 1. The mezzanine area over the
first floor offices contains the reactor operating ares
and reactor censole, and conference and storage areas.
The reactor operating area is arranged so that the
reactor operator has an unobstructed view of the-
reactor from the console. A second mezzanine, adjacent
to the equipment room, provides additional space for
instrumentation and. data handling.

An area for full-sized instrumentation trailers 1is
available adjacent to the building. FElectrical power
outlets are available at the trailer site. Cables can
be run from this area through penetrations 1into reactor
building wall to experimental irradiation facilities.
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The reactaor 1is operated by a staff of 8 which includes

3 Reactor and Dosimetry Engineers, 3 Nuclear Reactor
Techriicians, 1 Electrical and Mechanical Technician and
Secretary. Health Physics support is provided by the
Walter Reed Army Medical Centre (WRAMC). The DORF staff
is-available for pre-test planning and consultations to
aid in setting up experiments, perform dosimetry and to
assist 1in data acguisition. The facility is. available
for radiation effects studies approximately 20 days per

Personnel dosimetry, health physics monitoring, survey,
decontamination and related services are supplied by a
health physics staff,

5. . . Measuremenis Made and Instrumentation lsed

Reactor Dosimetryv: The eguipment avallable for neutron
dosimetry is summarized below. Neutron fluence and
flux data, together with information on the neutron
fluence (n/cm”)-to-gamma exposure dose (Roentgens)
ratio is summarized in Table 1. Routine dosimetry is
performed by facility personnel and, in general, data
can be made available within several days after the
irradiation. -

DGRF Dosimetry bguipment:

(a) Fission foil and threshold detectors together
with Boron-10 therman neutron shields.

(b) Gold, cobalt, vanadium, and tantalum thermal
and resonance detector foils with cadmium
covers.

{c¢) Lithium-6 and lithium-7 fluoride thermolumin-
escent gamma dosimeters (for doses of 7 500 3/kg).

(d} Cobalt-impregnated glass gamma dosimeters (for
doses cof 500 J/kg).

Co-60 Scurce: A pair of NBS-~calibrated cobalt 60
sources shielded by a water medium are available at
HDL. The larger of the two sources presently provides

an exposure dose rate of 258’10_3 A/kg. The smaller
source 1is exactly-1/35th of the strength dose rate of
the large source.

i o))
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~.Data Processing: Digital data processing is available

on an IBM system thrglugh the Noeclear Radiation-Effects -
Laboratory of HDL. On site (i.e., at DORF) processing
on a "Basic" type-system is avallable through a tele-

_type terminal.

Performance Data

The DORF ‘reactaor has both pulse and steady. state
operational capability. The maximum authorized pulse
has a peak power of 2,000 megawatts, and the maximum
steady state power is 250 kW. .

Typical of TRIGA reactors, characteristics of the pulse
including prompt energy release, pulse width (FWHM),
and the initial reactor period (as well as peak power)
depend primarily on the reactivity insertion and the
fuel locading of the reactor core. As a result, pulse
characteristics can be varied over a wide range within
the authorized operating limits of the facility. Table
2 tahulates the pulse characteristics averaged over the
experimental data obtained with the DORF reactor. The
pulse repetition rate is 5 per hour, providing the
experimeter does not have to enter the exposure rcom
for changes ar adjustments. Based on operating exper-
ience, the uncertainty in reproducing a given pulse
characteristic is + 10 per cent. A typical pulse 1is
shown in Figure 2.

In steady state coperatien, the reactor can be operated
from milliwatts to a maximum of 1 MW-h per day.

Comparison with the Nuclear Environment

The major poartion of the fast neutron population of the
DORF spectrum lies in the energy range of 200 keV to 2
MeV. Approximately 30 per cent of the neutron popu-
lation is thermal. The neutron spectra does not
contain 14 MeV neutrons. Therefore, the DORF radiation
environment closely approximates a moderated fission -
weapon spectrum.

Types of Tests

The irradiation exposure areas available at the OORF
provide a2 maximum flexibility for experimental arrange-
ments. The highest fluence and dose rates are avallable
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in the exposure room dimple (25.4 cmx10.16 cmx7.62 cm)
and in the in-core positions {(3.81 cm diameter). The

1.73 m sqguare access plug door opening into the rcom.

A portion of the reactor tank projects into the one
wall of the -exposure room.  The size . of.-the experiment
to be irradiated is limited by the dimensions of the
plug door opening. Access to the room for special
monitoring egquipment and instrumentation is provided by
several 12Z.7.cm..and. 7.6 cm diameter helical conduits

" which penetrate the concrete shield from the reactor

floor above. Additional irradiation positions are
available using water-tight cans within the pool
adjacent to the reactor core.

" Experimental apparatus can perturb the radiation

epvironment in any of the irresddiation exposure facil-
ities and may slsoc effect the reactor reactivity. The
type and mass of the irradiated material will determine
the magnitude of these effects. Measurements of such
effects are provided by the DORF staff on & case-by-
case basis. o '

Test Procedures

10.

A proposal for a reactor radiation experiment 1is
required for all irradiation tests. This proposal is
reviewed by the Reactor Test Planning Committee, the
Reactor Safequards Committee, and the Reactor
Superviser. The reviews consist of evaluating the
experiment proposal for the desirability, validity, the
use of proper radiation test procedures, reactoer and
personnel safety, instrumentation requirements, and
scheduling. It is recommended that the user visit the
facility beforeband. to obtain information regarding the
applicability of his experiment to the DORF reactor and
that all objectives and safety requirements will be
met . Approvals for all experiments are determined
locally within the Harry Diamond Laboratcries.

Availability to other Nations

This facility can be made available to other naticns on
a non-interference basis upon approval of the Technical
Director, HDL and subject tc and within the restrictions
set forth by security regulations. All reqguests for

by

bLH
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facility time or visits must be processed-through-the ...
normal diplomatic channels. The costs for use of the
facility will depend upon the exposure and time require-
ments. The facility is unclassified and 1is available

to oERET 'n"a"tii_'ci'i's" “under "'Qu'a'd'rip'apt'i—t-e“;"‘ TTEP e and -NATAQ
terms of reference. Requests for such use must be
submitted through appropriate chapnels.

Literature and Reports

(a) Kilminster, D.Y., Kappes, J., McNeilly, J.H.,
"Neutron Flux Measurements at the Diamand
Ordnance Facility™, Nuclear Defence Labs - TR-56
(February 19653).

{b) Gieseler, W.L., McBarry, E.D., McGarrity, J.M.,
"Technical Specificaticns far the Diamand
Ordnance Radiation Facility Reactor", Harry
Diamond lLabs Spescial Report (24th November 1971)

(¢) Berman, Philip G., “The Radiation Environment
in the Experimental Facilities of the Diamond
Urdnance Radiation Facility", Harry Diamond Labs
- TR-1307 (1st December 1965).

(d) Leonard, B.E., MeManamon, V.L., Lusk, J.A., and
Verrelli, D.N. (AFRRI), "Tissue-Eguivalent
Kerma Variatien During and After a Reactor
Excursion", Trans.Am.Nucl.Soc., 12, 2, 934 (1969).

(e) McGarrity, James M,, "Hazards Summary Report,
Addendum”, Harry Diamond Labs. Special Report
(3rd January 1967).

Future Developments

No closures, modifications, replacements or changes in
procedures are being censidered at this time.
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TABLE 1. DORF FLUENCE ANWD FLUX DATA

Greater than 10 keV fluence and fluxes as measured with boren-10 {1 com thick) and cadmium
(762 um thick) covered plutonium-239 foils. The core contains 87 fuel elements, including two

fuel<followed control rods, and is positioned next to an air»filled exposure room 6,1 m x 6,1 m
X 2.44 m high

PULSE DATA- 1) g STEADY STATE- -5) RATIO of 2
EXPERIMENTAL FLUENCE/PULSE  FLUX ) FLUENCE/MIN NEUTRON n/cm
LOCATION (n/cu?) {n/cm? /sec) 100 kW GAMMA | _§kg
1. In-core experiment dry tube 3.9 x 1014 © 3.5 x 1016 1.2 x 10t 0.89 x T012
2, In the center of the high- 2.0 x 1014 1.8 x 30%6 S 6.2 x 1013 1.86 x 1012
exposure dimple {accessed
from the exposure room)
, . 13 ! : 13 P2
3. One inch from tank wall in 3.5 x 10~ 8.6 x 10 2.0 x 10 1.86 x 10
the exposure room in front
of high exposure dimple
13 15 . 13 12
4, One inch from tank wall in 4.7 x 10 4.3 x 10 S 1.5 x 10 1.86 x 10
exposure room %0° to the )
right of the high-exposure
dimple
5. 1 N . - 13 45 | 13 12
» In pneumatic rabbit facility 2.1 x 10 2.0 x 10 6.5 x 10 " 1.67 x,10
in pool at core shroud 4.6 x 1015 4.2 x 1035 Cti4 o x 1015, 0.54 x 1012

NOTES: 1) For a nominal reactivity insertion of § 2. 65; values may be increaeed by 25 7 for the
present maximum insertion of § 3%.00. 2) Flux is derived from Iluence information by dividing by
a pulse half-width of 11 milliseconds., 3) Steady-state power up to 250 kW for 4 hours per day is

avallable. Essentially, 3.2 minutes of 100 KW steady-state irradistion ia equ1Va1ent Lo the
fluence delivered in a § 2.65 pulse.

WA FLOMLANE: Jute S, Sk B At T A




Pluence delaverea n a § 2.09H pulse.

PR T |

BRI P ISR SR A F LA

AEP-9
VOLUME: 4
TABLE 2. DORF REACTOR PULSE ?AHAMETER CHARACTERISTICS
PEAK POLSE-WIDTH INITIAL PROMPT : PﬁOMPT
REACTIVITY POWER (FWHM) REACTOR ENEQGY FISSI?yS
INSERTIONS § MW ms PERIOD, ms RELEASE, MW-s = X 10
1.50 103 40.9 12.5 4.9 3.5
. 1.60 139 35.4 | 10.8 5.7 : 5.8‘
v 1.75 215 27.7 7.9 7.0 ? %.2
2.00 394 20.0 | 5.6 9.0 ?.a
2.25 704 15.0 4o 11.0 o 5.5
2.65 1215 1.2 | 3,4 15.0 2.6
2.75 1485 10,6 5.3 16.7 - 5.2
2.85 1647 10.3 3.1 ?6}9 -5.3
2.90 1697 10,3 2.8 18.2 . ﬁ.s

3.00 1863 9.6 2.8 - 19.4 | ?.o
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SUBSECT: Preliminary Report, Radistion Protection Spscial Study Ho.

28-43-0%82-80, Close*CuE Survey of Dizmond Ordnance Redistion
Facility (BGRF,, 25-28 February 1928Q

Headquarters, US Army Materiel Deﬁelcpment and Readipess Comzand
5001 Eisenhover Avenuve, Alexandria, VA 22333 _ S Apr 80

TO0: Commander, US Armv Eleno raniék Rescarch and Development Command

Subject report hasz bean reviewed by this office and 1 3 forwarded for
information and 2ppropriate action, ™ '

SRR g |
CARL Y. JOMHNSOH

FOR Y1 COMMANDER:

iiss ”S e g.ol!.
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B DRCST.Y
S
“'Ti;

H ‘Lu"i‘ '-‘.{'h}

AT T
DECE=ES

DRELIS-A



DEPARTMENT OF THE ARMY Me. Lodde/cw/AUTOYON -
534-3526

U. 5. ARMY™ ENYIRONMENTAL HYGIENE AGEMNCY
ABERDEEN PROVING GROUND. MARYLAND 21060

L3

- ' o 3 APR 19y

RH/UP

SUBJECT: Preliminary Report, Radiation Pretection Special St&dy No.
28-43-0982-80, Close-Gut Survey of Diamond Ordnance Radiauxon
Fac111tv (DOQF) 25 28 Februany 1930 :

Commander
US Army Haterlel Development and
Readiness Command
ATTN: DRC3G '
5001 Eisenhawer Avenue ‘
Alexandria, VA 22333 =~

1. AUTHCORITY tetter, DELHD-N-RBI, Hayry tamond Laboratories, 2 Hoveaber
1979, sy bjec Re equest for a Radiological Fealth Special Study, and
1ndor ement theretlo.

2. PURPGSE. This special study was performed to determine the presence and
»tent of radicactive contamination and whether the facility met the
radicactive contamination levels stated in tuclear ﬁLJUTaLory Commission,
Regulatory Guide 1.86, Termination of Operab;ne Licenses for Huclear
Reactors, June 1974, following decontaminatio

3. GENERAL.

a. This radiation protection special study wes conducted by Mr. Gordon
M. Lodde, Health Physicist, and Z2LT Roger M. Davis, Jdr., Health Physics
Division, this Agency, during the period 25-28 February 19380,

b.  An entrance interview and an exit briefing were provided to i#r.
Charles Yare, Contracting O7ficer’s Representative, Harry [iamond
Laberatories.

4, FINDING.
A

2. The TLSU]tS of smear surveys are provided in Inclosure .

b. The results of concrete analysis are provided in Inclosure 2.



HSE~-RH /WP ' 4 ' _

SUBJECT: Preliminary Report, Radiation Proizsction Special Study Mo.
28-43-0982-80, Close-0ut Survey of viamond Ordnance Radiation
FaCI]Tty (DORF) 25-28 February l::O o _

“c. Surveys by dlrect radiation measurer2nts indicated that the highest
—radiation-values were obtained on the north, south, and west walls of the
exposure room. The values ranged from 20-4C3 aicroroentgen per hour (uR/h)

on contact as measured with an Eberline, Mocsl PRM-7, Micro-R-Meter and up to

350 pR/Hr when measured with a Victoreen, Mcdel 440, Ionization _Chamb_er--_-_
These two methods of radiation measurements are in Llose agreenment.

5. DISCUSSION

2. Samples were taken from the wastewszar holding tanks and th@ sewage

system down stream from the holding tanks

b. Core samples were taken off site ané soil and vegetation samples
weve taken both on and off site.

c. The final report will be forwarded °n about 60 days following
'l
es

n
analysis of ifhe samp

6. CONCLUSIOM. A review of the Tindings indd
nation the facility conformed to the requirsn

(.7 B ;/ JZQ

2 Incl o f&m.u E. McDERMOTT
- as . ’ COE ”S”
D1Wec_o:, Radiation and
Environmental Sciences

ok
-_:) QJ
._“

ter decontami-
tory Guide 1 86,

7. RECOMMENDATICH. DNone

FOR THE COMMAMDER:

CF:
Cdr, ERADCCH
Cdr, HSC (HSPA-P)
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HSE~RH/WP ‘

SYBJECT: Preliminary Report, Radiation Protection Special Study No.
28-43-0982-80, Close Out Survey of Dienond Ordnance Radiation
Facility (DOR 25-28 February 1982 _

'RESULTS OF ANALYZING WIPE TEST SAMPLES

~Disintegrations-per-Hinute -£2-Standard- Dematmn:/l@ﬁ cm? ;

Semple RCB Gross Alpha Gross Beta
Identification Lab Ho. Activity : Activity
1 L1244 | <14 4.4 2.5
2 L245 <1.4 < 2.5
3 L246 <1.& L < 2.5
& L247 o <1.4 < 2.5
5 . L248 .<1.2 < 2.5
6 L <1,4 < 2.5
7 1250 < 1.4 < 2.5
8 L2251 <14 2.8 2.0
9 1257 =14 < 2.5
10 L2583 < 1.4 6,0 2.7
11 L.254 <14 2.6 £ 2.0
12 L.255 < 1.4 < 2.5
i3 L2556 .<1.,4 < 2.5
14 L257 < 1.4 < 2.5
15 L2538 <14 < 2Z2.h
16 L25% <1.4 3.6 £ 1.9
17 L260 < 1.4 < 2.5
18 1251 < 1.4 < 2.5
19 1262 < 1.4 14.6 = 3.7
20 L7563 4,7 £ 2,4 14,0 2 3.6
2i L264 < 1.4 < 2.b
20 L265 <1.4 6.2 = 2.
23 L26G5 o<l.4 7.0 £ 2,
24 Loy 3.2 £1.9 < 2.5
25 1 269 1.4 5.2 & 2.4
26 L2569 C<1.4 < 2.5
27 1270 <l a 3.0+ 2.9
24 L2771 < 1.4 < Z2.5
29 L272 <1.4 < 2.5

T L e

11 ko e e

Paerein s v e

LAIALE ST 2 VRN

BT e e



I'ISE"“P\H/HP :; . . ..
-SUBJECT: ?re]iminary Report, Radiation Prste:t on Spec1a1 Study ho.

'"'Fé'é"i']'ity (DOPF) 25~ 28 Feuruar_y ng'

S L - D?SW‘tearatmns per-Minute +2 Standard Devia ucns/mi) cRiZ
Sampie RCB ' Gross Alphe Gross Beta :

Identification Llab Ho, Activity o Activity
g ;, S . L
31 CL274 B C<1.t | 9.8 + 3.2
32 k275 <18 e 3,2.2.2.3
- P T e
34 L277 <1.4 <2.5
35 R -7 TS TV 3.0 s 0.8
36 ke’ <A 2.2 2.1,
37 1280 <14 5.0 % 2.4
38 L2831 <1.2 ' .8 + 2.3
9 1282 <1.t o <zs
490 1233 <1.8 | <25
41 L284 P W | 3.8 ¢ 2,7
42 285 <1,4 , : < 2.5
43 1.286 <1.4 < 2.5
44 1287 : < 1.t  <2.5




HSE - /WP

SUBJECT:  Preliminary Raport, Radiation Protection Special Study No.
23-43-0982-80, CTose Out Survey of Diamond Ordnance Radiation
Facility (CORF), 25-28 February 1980

INTERIM RESULTS OF ANALYZING CONCRETE SAVPLES

Sample . RCH >1ﬂcrocur1e per Gram 2 Standard nev1gt10ns

Identification Lab No. . Europium-152 Activity Europium~154 Activity Coba]t 60 Act1v1ty

Fn-Y RCT 3.5 % 107 £ 0,1 x 1075 2.8 x 107% £ 0.6 x 1078 1.0 x 1Q 5+ 0.4 x 1078
EX-S RC2 o 5.9 x 1077 £ 0.7 x 1078 4.5 x 1076 £ 0.8 x 107¢ 3.4 x 1075 £ 0.1 x 1075
ES In Pool fokc 1.6 x 107% + 0.1 x 1078 1.4 % 106 + 0,4 x T07¢ 5.4 % Td'5 0.3 x 1076
ES-ly RC4 2.8 x 107% # 0.1 x 1078 2,2 % 1078 0.5 x 1078 1.4 x 1075 + 0.1 x 1075 |
EXLIFT-S RC5 L1 £ 0.261078 7.9 %7075 £ 0,9 % 1076 3,0 x 1075 & 0.1 x 1075

éE \;r'}},x ‘:?\tﬂ”}\\

/\LM[IS L’ fJO“!ES Chief .
Radl & 8487 Chem Div, (SAEHA

-.-—,-.-nr—,..,-..,-i‘wu‘—‘-_uu—mo-—f,—-‘.—;.,..-....:,_‘m"........‘---.-_..1‘-_ 2 r TP g o R ey

AT I T A 1t i b g 2 3




‘DEPARTMENT OF THE ARMY 2LT Davzsf]dr/AUTObON
_U.S. ARMY ENVRONMENTAL HYGIENE AGENCY 584-3526
ABERDEEN PROVING GROUND, MARYLAND 21010

: E.'z,sgm_ac“

HSE -RH/ WP o o - . J., 1580

—SUBJECT: Radiation Protection Spec1a1 ‘Study No. 28- 43 0982-80, C?ose—Out
‘Survey of Diamond Ordnance Radiation Facility (DORF),
25-28 February 1980 .

Commander

US Army Materiel. Deve?opme#t and-
Readiness Lommand

ATTN: DRCSG

5001 Eisenhower Avenus

Alexandria, VA 22333

1. AUTHORITY.
‘a. fR 40-5, Health and Enyirgnment, 25 September 1974,

b. letter, DELHD-N-RBI, Harry Diamond Laboratories, 2 November 1979,
subject: -Request for a-Radiological Health Special Study, and 1ndorsemenus
thereto.

2. REFERENCES.

a. Nuclear Regulatory Commission (NRC) Regulatory Guide 1.86,
Termination of Operating Licenses for Nuclear Reactors, June 1974,

b. Letter, HSE-RH/WP, this Agency, 3 April 1980, subject: Preliminary
Report, Radiation Protection Special Study No. 28-43-0982-£80, Close-Out
Survey of Diamend Ordnance Radiation Facility (DORF), 25-28 February 1980.

3. PURPOSE. This special study was performed to determine the presence and
extent of radiocactive contamination and whether the facility met the
radioactive contamination levels stated in NRC Regulatory Guide 1.86,
following decontamination.

4. GENERAL.

a. This radiation protection speciai study was conducted by
Mr. Gordon M. Lodde, DAC, Health Physicist, and ZLT Roger M. Davis, Jr., MSC,
Health Physics Division, this Agency, during the period 25-28 february 19£0.

b. An entrance interview and an exit briefing were provided to
Mr. Charles Ware, Centracting Officer's Representative, Harry Diamond
Laborateries.

—Y



HSE-RH/WP _ .o .-

SUBJECT: Radiation Protection Special Study No. 28-43-0982-80,
Close-0Out Survey of Diamond Ordnance Radiation Facility
(DORF), 25-28 February 1980

¢. This report includes af] results presented in the Pre1iminary Répori.‘
s e e e e e S

a. The results of smear surveys are provided in Inclosure 1.

b. The results of concrete anaIysi§ are provided in Inclosure 2.

c. The results of water ana]ysis”are provided in Inc1osure 3.

d. The results of soil analysis are provided in Inclosure 4.

e. The results of vegetation analysis are provided in Inc]ogureVS.r

f. Photographs of the decontaminated DORF are provided in Inclosure 6.

g Qurveyb by direct radiation measurements indicated that the highest
radiation values were obtained on the north, south, and west walls of the
exposure room. The values ranged from 20- dOO mifrO”Oﬂﬂt”EﬂS per hour {uR/h)}
on contact as measured with an Eberline, Model PRM-7, Micro-R-Meter and up to
350 pR/Hr when measured with a Victoreen, Model 440, Ionization Chamber.
These two mathods of radiation measurements are in close agreement.

6. CONCLUSION. A review of the findings indicated that after
decontamination the fac111ty conformed to the requirements of Regulatory
Guide 1.86.

7. RECCMMENDATIONS. None.

FOR THE COMMANDER:

btind, 0/77&/&:«337/

6 Incl FRANK E McDERMOTT
as ' COL, MSC
Director, Radiation and
Environmental Sciences

CF:

HQDA (DASG-PSP)

~aLdr, ERADCOM

Cdr, HSC (HSPA-P)

Supt, AHS (HSA-IPM)}

Cdr, WRAMC (PVNTMED Actv) (2 cy)
C, USAEHA-Rgn Div HNorth

Cdr, Harry Diamond Labs {2 cy)



. HSE-RH/WP '
" SUBJECT: Radiation Protection Special Study No. 28-43-0982-80,

- Close-0ut Survey of Diamond ‘Ordnance Radiation F i
{DORF}, 25-28 February 1980 : ' FacTiity

RESULTS OF ANALYZING MIPZ TEST SAMPLES

H

_ e - _Diﬁintegrationé per Minute 22 Standard Deviations/100 cm2; .
- Sample " RCB: SRS tatstar e D

o Gross Alpha = “Gross Beta
Identification Lab Mo, Activity - - Activity
Y 1244 <1.4 Y 3 S X
3 L246 <1.4 < 2.5
4 L247 <1.4 < 2,5
5 1248 <l ‘ < 2.5
6 1245 < 1.4 ' < 2.8
7 1250 1.8 ' S 2.5
8 1251 <t 2.8 + 2.0
9 L1252 1.4 L« 2.5
10° 1253 < 1.4 o 8.0 = 2.7
=i 254 <14 2,6£2.0
12 L255 : <14 < 2.5
13 1256 ' C<1.4 . < 2,5
14 L257 < 1.4 < 2.5
15 1258 : . <1.4 _< 2.5
16 L2559 <1.4 3.6 + 1.9
17 L260 , <1.4 . < 2.5
18 L261 - < 1.4 < 2.5
19 L2562 < 1.4 14.6 * 3.7
20 L263 ‘ 4.7 £ 2.2 4.0 + 3.6
21 L2664 - ' <1.4 _ < 2.5
22 L265. <1.4 6.2 + 2.3
23 L266 . <1.4 7.0 + 2.6
24 L1267 3.2+ 1.9 < 2.5
25 L268 , <1.4 5.2 + 2.4
26 L269 C<1.4 < 2.5
27 L270 <1.4 . 3.0 +2.0
28 L271 . <1.4 < 2.5 :
29 L2772 <1.4 < 2.5
Tl 1 .



~HSE-RH/UP

SUBJECT: Radiation Protection Special Study No. 28-43-0982-80,
Close-0ut Survey of Diamond Ordnance Radiation Fac1hty
{DDRF) 25-28 February 1980 - .

Disintegrztions per Minute 32 Standard Deviatwns/mﬂ om?

Sample : RCB L ' Bross Alpha . Gross Beta
Identification Lab No. - = = . Activity * - Activity
30 L273 o <1.4 S 3.2 t2.2
3 L274 . <1.4 . - 9.8+ 3.2
32 L275 <4 - - 3.2=+23
33 L2786 . <1.4 < 2.5
34 L277 <1,.4 - . €2.5
35 Le7e =14 3.2 ¢ 2.4
36 1279 CoxT1.4 - 3,2 = 2.1
.37 L280 Cel.4 5.0 & 2.4
33 L2231 <1,4 ' : £.8 2 2.3
39 282 <14 - <2.5
40 L283 <1.4 | <25
41 1.284 7 ' <1.4 : 3.4 2.1
42 L285 . <1.4 : ' < 2.5
43 - 1286 <1.4 ' < 2.5
44 L287 < 1.4 .. <2.5

LOUS L./JONES, Chief
_Radl & Biel Chem Div, USAEHA

{See Figures 1-4 for smear sampling Jocations.)

Tncl |



HSE -RH /WP
SUBJECT:

Radiation Protection Special .Study No 28-43-0982-80,

Close-0ut Survey of Diamond Qrdnance Rachatwn Facﬂﬂ:y

(DORF) 25-28 February 1980

ﬁnc/ /
3

A SMEAR SAMPLE

FIRST FLOOR PLAN

Figure 1

A2 ]
o [L::::::: 4&10__ o
R N o
= TANK 1S 24'DEEP TO ] =]
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uP : _
DRAIN
'ld,-,,\‘
I LY
. 4 k]
oo =,
7 REACTOR ™
L Tank 436
: ™ e (&18)-(AlT,
538 % g A8}
) o S
i DN joiE 101,
SsipeE
O
/f L g Sie .ij
e § O Cix W
: : e m%o “E
' 5" ABOVE FLOORLEVEL LRt b
L ABOVE RO V4
DRAIN (Al4, AIS
a7
N A 1 A43
- | L [ =
DN
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.
j ‘li 2
i
LOADING
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Ag2
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HSE-RH/WP
SUBJECT: Radiation Protectwn Special Study No. 28-43- 0982 80,

Close-Out Survey of Diamond Ordnance Radiation Fam"hty
{DORF), 25-28 February 1980 '

DN

-’
Al LADDER

by

A3 A2

DN

LEGEND
& SMEAR SAMPLE

MEZZANINE PLAN
Figure 2

Lacl /



HSE-RH/WP

SUBJECT: . Radiation Protection Special Study No. 28-33-0982-80,
Close-Out Survey of Diamond Ordnance Radiation Facility
(DORF), 25-28 February 1980 '

e EG W IRCE4)

\

Y-

_fmgs;"“.m;

=y
| S

AIR DUCT

EXPCSURE ROOM

A2T

428

AZS '

EXLIFT-S(RC5!

=—E£3 N POOL (RC3)

o g R )
%E"h""t-_
A29 [T EX-N (RC1)
r . . )
TRUCK ol T s
\ A6 A30 a3 (MEZZANINE
A7 ' ; A2 22
i A23
FUP ! A32 ,
?—4 ' *WARM" STORAGE a24
1 P\ ] ROOM
t N i ————
BASEMENT PLAN
LEGEND

rac/ /
S

Figure 3

5

A SMEAR SAMPLE
& CONCRETE SAMPLE



HSE-RH/WP o _ -

SUBJECT: Radiation Protectien Spacial Study No. 28-43-0987-80Q,
Close-0ut Survey of Diamond Ordnance Radiation Facility
(DORF), 25-28 February 1380

(A 41, SHELVES)

A4

- g i taam
1 ¥

STORAGE BUILDING

A 33 A3a

TRAILER

LEGEND
A SMEAR SAMPLE

SMEAR SAMPLING AT TRAILER AND STORAGE BUILDING

Figure 4

Lo f_/&/ | 6
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INTERIM RESULTS OF ANALYZING CONCRETE SAMPLES

Sample RCB

: ‘ Microcurie per Gram 22 Standard Deviations
Identification tab No, Europium-152 Activity: Europium-154 Activity Cobalt-60 Activity
EX-N ' SR 3.5 %1075 £ 0,1 x 1075 2.8 x 1078 & 0.6 x 1076 1.0 x 1075 + 0.4 x 1075
EX-S “RC2 5.9 w1075 £0.1 x 107 4.5 x 1076 2 0.8 x 1076 3.4 x 1075 £ 0.1 x 1075
ES InPool ~ RC3 1.6 x 1075 £0.1x 1075 1.4 x 10°5 & 0.4 x 1076 5.4 x 1076 £ 0.3 x 1076
ES-W RC4 . 2.8x%1075£0,1 x 1075 2.2 x 1675 £ 0.5 x 107¢ 1.4 x 1075 & 0.1 x 1075
EX LIFT-§ RCS L x107Y 202 x 1075 7.9 x 10765 0,8 x 1076 3.0 x°1075 £ 0,1 x 1078

102

ONES, Chief .
1 Chem Div, USAEHA

- o nius L

Radl & B9

11330805
dr/RY-3SH

0861 A1enaqes gz-sz *{Juoa)

ATLLIDR4 UOLIBLPRY S2URHPIY pucwerd F0 ASAJLNS 3hQ-25G17
TON Apn1S 1RiDsdg 4013283044 uclieipey

*Dg-¢Be0-£Y-82



HSE-RH/WP ’
SUBJECT: Radiation Protection Special Study No. 28-43-0982-80,
- Close-Out Survey of Diamond Ordnance Radiation Facility
{DORF}, 25-28 February 1980

RESULTS OF ANALYZING CONCRETE SAMPLES*

Sample RCB Microcurie per Gram +2 Standard Deviations
Identification Lab No. Cesium-134 Activity '
EX-N RC1 2.2 x 1077 £ 1.6 x 1077

EX-$ RC2 : 5.6 x 1077 + 2.4 x 1077

ES in Pool RC3 1.9 x 1077

ES-Y RC4 < 2.7 x 1077

EX Lift-$ RCS 5.8 x 1077 & 2.8 x 1077

*Other gamma activities reported earlier
in the interim report.

TATEN

ACRRUS L7 BONES

Chief, RAdiological & Biolegical
Chemistry Division

(See Figures 2-4 Triclosure 1; and Photograph 2-7, Inclasure 6, for concrete sampling
locations.)

2=

Trel 2



HSE-RH/WP
SUBJECT: Radiation Protection Spectal Study No. 28-43-0982-80,

Close-0ut Survey of Diamond Ordnance Radiation Facility

{DORF)}, 25-28 February 1980 : :

RESULTS OF ANALYZING WATER SAMPLES

Sample RCB Microcurie per Milliliter #2 Standard Deviations
Identification Lab No. Cobalt-60 Activity Tritium Activity
1 W229 <2.8x108 . <42 x 1077
2 A-3-B 230 <21 x 1078 | <4.2 x 1077
3 A~2-B W231 <2.1 x 1078 3.9x 1076 + 0.3 x 1078
4 A-1-B W232 <2.4 %1078 1.4 x 1075 + 0.3 x 1076
WA-1-AA H233 <2.1 x 1078 1.3 1076 £ 0.3 x 1075
WA=-2~AA w234 <1.6 x 108 4,5 x 1077 ¢+ 2.6 x 1077
HA-3-AA H235 <1.8 x 1078 < 4.2 x 1077

=505 W36 0 <1.8x10°8 <42 x1077

Qe i

Chief, Radiological & Biological

~Chemistry Division

(See Figures 1 and 2 for water. sampling locations.) ;
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OETENTION 1
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.,ll’ ] ° . . Q&@
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Figure 1



HSE-RH/WP
SUBJECT: Radiation Protecticn Special Study No. 28-43-0982-20,

Close-Qut Survey of Diamond Ordnance Radiation Facility
(DORF), 25-28 February 1980

2 A-2-B ( BEFORE AERATION OF TANK)
@ 2-AA (AFTER AERATION OF TANK)

GA-3-8 (BEFORE AERATION OF TANK Y
[ 3-AA (AFTER AERATION OF TANK)

DETENTION TANKS

/ @ A-1-B (BEFORE AERATION OF TANK)

@ (-AA (AFTER AERATION OF TANK)

LEGEND

~ WATER SAMPLING AT DETENTION TANKS
e d

Lhel/3 - 3



f} :7‘!:2:‘

RESULTS OF ANALYZING SOIL SAMPLES (N.N.E. of Stack Approx. 18 Ft. Outside of Fence)

Sample RCB Microcurie per Gram 2 Standard Deviations

Identification  Lab No, Lead-212 Lead-214 Potassium-40 Bismuth-214

gl gg;iﬁm. : S 1.6 x105% 0.2x10F 9.0 x107 £ 2.2 %107 1.9 %100 & 0.1 x 105 1.3% 10 £ 0.3 x 10°°

#2, 7" Depth 54 1.6 x 107% 1 0.2 x 1078 1.0 x 1076 ¢ 0.2 x 1078 3,9 x70% 0.3 x 1073 1.1 x 1078 £ 0,3 x 10°¢

}3. 6" Depth -S4 1.9 x 10762 0.2 1076 1.2 x 10754 0,2 x 1075 2.1 x 10 £ 0.3 x 207 1.2 %107 £ 0,2 ¢ 107

#4, 5% Depth s4 2.0 x 1078+ 0.2x10°%  1.5x107%+£0.3x707%  23x107%0.3x10°%  1.3x10°%t0.3x10°¢

?s. 4" Depth s4 © 18 x 10702 02107 1.3 x 1078 0.2 %1076 171070 £ 022107 1.1 x107% ¢ 0,2 x 107

?s, 3" Depth s4 1.5 01078 £ 0.2 x 1078 1.3 %1070 2 0.2 x 107 1.6 x 1077 £ 0.2 107 1,2 x 1078 £ 0.2 x 107°

}7. 2" Depth 54 1.7 %008 20,2 x10" 121079+ 0,32107%  1.8x107% 0,330 1.1 x10°%¢ 0.3 x10°¢

#gnggﬁ : 54 1.6 x1076£0.2x1076  1.2x1076%0.2x107¢  1.7x107%:0.3x107° 9.4x107 ¢ 2.5 107
: Act1n1um~2es : Ragd{um-226 Lesium-137

n Bottom, 54 1.8 % 1076+ 0.5 x 1076 4.4 x 1078 £ 1.6 x 1078 <1.0 x 1077

8" Depth ) .

1#2, 7" Depth 54 1.1 % 1076 £ 0.6 x 1075 2.6 x 1075 & 1.5 x 1076 1.5 x 1077

%ta, 6% Depth 54 1.8 %1076 £ 0,6 x10°6 6.5 x 1076+ 1.7 x1078 <1.3 x 1077

244. 5" Depth 54 2,3x 10762 0,6 ¢ 1078 4.2 x1078+2,2x107F - <1.3x 1077

45, 4 Depth s NI X106 4 0.4 x 1075 8.1 x 1075 £ 1.6 x 1076 <1.1 % 1077

{#6, 3" Depth 54 1.5:x 1076 40,4 x 1075 4.3 x1078 1.9 %1078 < 1.1 x 1077

47, 2" neptﬁ 54 1.8 x 1076+ 0.8x10°% 29x10°%22.2x10" < 1.3 x 1077

48, Tap, . 54. 1.6 x 1076 0.5 x 1076 2,9 x 1076 & 1.3 x'1076 < 1.4 x 1077

1% Depth
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HSE-RH/WP
SUBJECT: Radiation Protection Special Study No. 28-43-0982-80,
Close-0ut Survey of Diamond Ordnance Radiation Facility

{DORF), 25-28 February 1980
RESULTS OF ANALYZING VEGETATION SAMPLES

Sample ' RCB:_ ”__Microtﬁrie per Graﬁiﬂfy_Vegetationth.Standard Deviatior
“Identification - Lab No. e - . Cesium-137 Activity

S$-1-N _ Vi o o o< !2.5.x 1076

S-1-8 vz - - 2.3x 1076+ 1,1 x1076

So1-E _ V3 e L B . 10455

5-1-W ' V4 o < 1.9 x 1076

Off-Site V5 o < 1.8 %1078

ik

pIUS LLyONES @ o
©7Chief, Radiclogical & Biological
' -Chemistry Division

(See Figures 1 and 3 Inclosure 3, for’veget;tjon s§mp1jng ldpations.)
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Radiation Protection Special Study No. 28--43-0982-80,
Close-0ut Survey of Diamond Ordnance Radiation Facility
(DORF), 25-28 February 1480

Photograph 1

REACTOR TANK--FIRST FLOOR
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SUBJECT: Radiatijon Protection Speciat Study No. 28-43-0982-80,

Close-0ut Survey of Diamond Ordnance Radiation Fac111ty
(DORF}, 25-28 February 1980

Phdtograph 2. REACTOR TANK VIEWED FROM FIRST FLOOR
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Radiation Protection Special Study No. 28-43-0982-80,
Close-0ut Survey of Oiamond Ordnance Radiation facility
{DORF), 25-28 fFebruary 1980
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Photograph 3

WEST WALL OF EXPOSURE,ROOM
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SUBJECT: Radiation Protection Special Study No. 28-43-0982-80,

Close-Qut Survey of Diamond Ordnance Radiation Facility
(DORF), 25-28 February 1980
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{(DORF}, 25-28 february 1930

Photograpn 5

PORTAL VIEWED FROM EXPOSURE ROOM
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REV

SUMMARY OF CHANGE

APPROVALS AND DATE

~ment to HEDL will be conducted," has been moved

m graph to its new position of third sentence in the

Page 17 - B.5. Last paragraph, "U. S. Army Environ-

- changed to, "shall be regquired."”

Page 11 - B.1. The sentence "a radiation survey of
the reactor components that are scheduled for ship-

paragraph.

mental Health Agency” changed to "U. S. Army En-
vironmental Hygiene Agency."

Page 31 - Sentence under Total Contamination -
changed from, "0.1 mrad/hr beta-gamma measured
through 7 mg/cmé absorber at 1 cm,” to "0.1 mrad/hr
average or 0.3 prad/hr maximum beta-gamma measured
through 7 mg/cmz_absorber at 1 cm.™

Page 35 - - J.1. Third sentence, "may be required,”

Page 37 - L.1. Last sentence, first paragraph.
To was inseried between assigned and the, to read
"...assigned to the radiologically...”

Page 39 - M. Sentenée added in 4th paragraph
"Surgical gloves shall be protected with an over-
glove."

Page 47 - 7.3 Last sentence "...or as othérwise
specified by HSRS." changed to, "or as otherwise
specified.” '
Page 50 - W.3 - 29 CFR 17, Part 1910.93 a changed

to 29 CFR, Part 1910.1001.

Page 50 - W.5 29 CFR 17, Part 1910.95 changed to
29 CFR, Part 1910.95.

EJ

12 fr777

Ret.Dede 124932 oy

J)R L 2|
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1. OBJECTIVE

“The objective for disiantlement and radicactive decontamination of
the Diamond Ordnance Radiation Facility (DORF)'is to place it in a
condition acceptable for release for unrestricted use. Reactor components
will be packaged and shipped to the Department of Energy (DOE) at Hanford,
Washington. All radioactive materials and components will be removed'

and decontaminated for release for unrestricted use, or packaged. for

disposal as radioactive waste and delivered to a licensed burial site.

Areas of the faci?ity and materals released for unrestricted use will be
decontaminated to levels which are as low as reasonably achievable

(ALARA), but in all cases to levels below those described in Nuclear
Regulatory Commission {NRC) Regulatory Guide 1.86, Table 1. The methodology
in decontamination for release for unrestricted use as stated in this

guide will be followed. As part of the ALARA program, Rockwell has
established the 1imits shown in Table 2 as their target for compliiance

with this contract. The limits are based on experience regarding levels that
in most cases are reasonable achievable and can be effectively monitored.

FORM 718-F REV, 7.78
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TABLE 1

NRC REGULATORY GUIDE 1.86
ACCEPTABLE SURFACE CONTAMINATION LEVELS

Nuch‘dea

Average be

Maximumb d

Removaﬁleb ¢

J-nat, U-235, U-238 and
associated decay products

Transuranics, Ra-226, Ra-228,
Th-230, Th-228, Pa-231,

Ac-227, 1-125, 1-129

Th'nat, Th‘232, SY‘-QO, Ra""223,
Ra-224, U-232, I-126, 1-131,

1-133

Beta-gamma emitters (nuclides with
decay modes other than alpha emis-
sion or spontaneous fission) except
Sr-90 and others noted above,

5000 dpm @/100 emé

100 dpm/100 cm2

100 dpm/100 cm?

5000 dpm BY/100 cm

13000 dpm/100 cm

15,000 dpm ©/100 cm®

300 dpm/100 cm?

2

15,000 87/100 cm®

1000 dpm @/100 cm

20 dpm/1003cm2

200 dpm/100 cm®

.

"1000 dpm B7/100 cm®

here surface contamination by both alpha- and beta-gamma-emitting nuclides exists, the 11m1ts

established for alpha- and beta-gamma-emitting nuciides should apply independently.

bAs used in this table, dpm (disintegrations per minute) means the rate of emission by rad1oact1ve
material as determined by correcting the colnts per minute observed by an appropriate detector
for background, effwcaency, and geometric factors associated with the instrumentation.

“Measurements of average contaminant should not be averaged over more than 1 square meter. For

objects of less surface area, the average should be derived for each such object.
dThe maximum contamination level applies to an area of not more than 100 cm2
®The amount of removable radicactive material per 100 cn? of surface area should be determined by
wiping that area with dry filter or soft absorbent paper, applying moderate pressure, and assessing
the amount of radioactive material on the wipe with an appropr1qte instrument of known efficiency.
When removable contamination on objectives of less surface area is determined, the pertinent

levels should be reduced proportionally and the entire surface should be wiped]
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TABLE 2

. - ROCKWELL--INTERNATTONAL/ENERGY SYSTEMS GROUP
CGNTAMINATION LIMITS FOR DECONTAMINATION & DISPOSAL OF DORF

TOTAL ' REMOVABLE

Beta-Gamma Emitters 0.1 mrad/hr average @ b 100 dpm/100 cm?
) and 0.3 mrad/hr maximum
at 1 cm with 7 mg/cm
absorber

Alpha Emitters 100 dpm/100 cm? 20 dpm/100 ol

3Measurements of average contaminant should not be averaged over more than
1 square meter. For objects of less surface area, the average should be
derived for each such obhject.

bThe maximum contamination level applies to an area of not wore than 100 cme.

FORM 719-P REN, 3-75.
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IT. SCOPE OF PLAN

Wriéééséary' to realize the dbjectives stated in Section I. The activities
are categorized as: planning, monitoring, and control; radiological
‘survey; dismantlement and disposal; and documentation.

The scope of this Dismantling Plan is to delineate the activities |

FORM ?18-F HEV. 7-78
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11T, PLARNING, MONITORING, AND CONTROL

The activities which comprise the dismantlement of DORF will be

“'initiated, monitored and controlled by the Rockwell Site Manager at
DORF. The site managéer will also have the overall technical responsi-
bility for the dismantling activities and will be the onsite interface
for all contacts with the Army's Site Contracting Officer or his repre-
sentative. The DORF D&D organization structure is shown in Figure 1.
The Rockwell Radiation and Nuclear Safety'representative will be responsible
for radiological éurveys and survey data analyses. Records of significant
radiation surveys and anaiyses will be made available to the Contracting
Officer or his representative. | | |

A scheduie listing the specific tasks and the proposed sequence for
performanée is presented in Table 3. The estimated 1evé1 of manpower
and milestones for these activities are included for information. The
milestone schedule will serve as the criteria to measure progress in
dismantiing DORF,

The Operational Safety Plan on Decontamination and Disposal at DORF
is attached as Appendix A. It contains the radiation safety, industrial
hygiene, and industrial safety procedures in support of the activities
described in this Dismantling Plan.

FORM 718-FP REV. 7.78
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DORF CONTRACTING
OFFICER

ROCKWELL SITE

ROCKWELL~CANOGA PARK

DECONTAMINATION AND:
DECOMMISSIONING
PROGRAM OFFICE

MANAGER AT DORF

ENGINEERING
DEPARTHENT

RABIATION AND
NUCLEAR SAFETY

PACKAGING RNS .
SUBCONTRACTORS OPERATIONS ENGINEERING REPRESENTATIVE
FIGURE 1. DORF D&D ORGANIZATION CHART
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TABLE 3
DORF D&D PROJECT SCHEDULE

Week Ending g
Project » - N 1O B : lolela
’ RN RN EEEEE N R RN R E R R RN R N BB S R B B R
Task Title glaists|aisi=alalaiaisais ez sz sisiEisisizisisisisls FislsInia|sls
Oo-v—lv—lr—!-—ir—lﬂﬂv—‘rﬁrﬂl—lMM(‘DﬂlDOOOQ:@DOODOOODOLO‘ODO
\\\\\\\\\\\\\\\\\ et I S N S S S S S S S S SN S \\\
iemimitin|vlrlolo]|lolaluioie loin wionjolmicd]mig |l vwiclololo|«fu|mlalnle
L ] R 2 e R e S e e e fee e e Jed & j e (63 [m e [m A S
PIASE 1 ‘ 3
Dismantliing Plan
Tonling
Plan Review & Approval (DORF) N I U T O
PiASE 1t & y Y u
1. Site Preparation
2. Pkg. Mt'l - Ship to Hanford ] _
3. Exposure Rogom L L
4. Core Tank Removal
5. Concrete Excavation
6. Tank Removal i
7. Site Survey .
8. Waste Dlsposal
Confirmatory Survey {DORF} - S U IR R A
PUASE 111 :
Reconstruction (Penhall) : 1 Y
Milestona 1 - Complete Phase 1, 10/14/79
M{lestone 2 - Start Phase 11, 11/26/79
Milestone 3 - Reactor Components Shipped to HEDL 12721779
Milestone 4 . Complete Phase 11, 2/26/80
Milestone 5 - Start Phase I1l Within 30 Days of Survey Acceptance
Milestone 6 - Complete Phase 11§

716-K.1/add : . .
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IV. RADIOLOGICAL SURVEY
A radiological survey will be made to assess the extent of radio-

grounds which surround the facility to establish and record conditions
at the site before beginnjng_the_dismant1ing activities.

Radiological surveys will be conducted before and during the Phase 11
work only to provide information for guidance in determining (1)'what
“areas are radiocactive, (2) when sufficient material has been removed to
release these areas for unrestricted use, and (3) personnel surveﬁllance.

_ The comprehensive radio~isotopic analysis appended to the Reguest
for Quotation {RFQ) as Appendix IV was an estimate of the radioactive
material remaining in the DORF structure as of the spring of 1978. This
will serve as a guide and will be used as a qualitative indication of
the presence of radioactivity.

activity present in the facility. This assessment will include the . F

FORM 719-F REV. 7-78
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V. DISMANTLEMENT "AND DISPOSAL

The scope of work required to dismantle DORF is presented, followed
by a description of the principal tasks required to accomplish the
Phase 11 and III work defined in the RFQ. The tasks will be performed
- in the order shown inTable 3 if practicable. Overlap of the schedule
tasks will occur as required to maintain cbntinuity in the overall program.

A.  DISMANTLEMENT SCOPE OF WORK

Activities regquired to accomplish the dismantlement of DORF include:
(1) surveying and recording the radiological condition of the faciiity
and surrocnding grounds to define the existing condition; {2) the analysis
and disposal of the core tank water per 10 CFR 20 Timits; (3) the removing,
packaging and shipping of the reactor components Tisted in Table 4 of
this plan; (4) removing, packaging, and shipping to a licensed burial
site the radiocactive materials and components referenced in the RFQ and
those generated during the dismantiement of DORF; {5) removing and
disposing of the nonradioactive components or materials listed in Para-
graph F.4.1 {a through g) of the RFQ (Note that (h) is included in
Activity 3 above); (6) removing and delivering the jib—crane-to the
AURCRA facility; and (7) the Health Physics support necessary to assure
compliance with NRC Regulatory Guide 1.86 and 10 CFR 20.

B.  PHASE II

1. Site Preparation

The site preparation task includes those activities reguired to
move the ESG staff and their equipment to the site and to establish a
base of operations. A radiation survey of the nonradicactive portions
of the site will be conducted for documentation. A radiation survey of
the rezctor components that are scheduled for shipment to HEDL will be
conducted. An analysis of the pool water to determine compliance with

FORM 710.F REV. 7-78
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. TABLE 4
REACTOR COMPONENTS FOR SHIPMENT TO - )
* DOE-HEDL, RICHLAND, WASHINGTON ,
Item ] i 7
No. . Description . Unit  Quantity
1 Core Support Structure, Upper Section Each 1
2 Core Support Structure, Lower Section Each 1
3 Top and Bottom Grid Plates Each 1
4 Connecting Rods for Control Rods Set 1
5 Control Rods Set 1
) Carriage Drive Motor Each 1
7 Water Pump: 1.5 hp : Each 1
8 Incore Experiment Tube _ Each 1
8 Ton Chamber Supports and Ion Chambers Set 3
10 Carriage Support Rails Set 1
11 Lead Shield Door Drives and Linkage Set iy
12 Pool Cover Plates Set 1
13 Fuel Storage Racks, Underwater Each 8
14 Fuel Measurement Tool with Dial Micrometer  Each 1
15 Aluminum Water System Piping' Fach 1
16 Water Pumps -Fach 3
17 Demineralizers, 3 ft3 Each 4
18 Flowmeters, 25 gpm Each 2
19 Neutron Source, 10 curies, am-be ‘ tach 1
20 Neutron Source Holder Fach 1
21 Pool Lights Set 1
22 Carriage Positioning Potentiometer Each 1
23 Carriage Umbilical Arm Each 1
24 Fuel Eiement Location Diagram Each’ 1
25 Water Box, 1 ft3 Capacity Each 1
26 Cha?coaT Filter, 1 ft3 Capacity Each 1

FOH_M'?‘IQJ“ REV. 7.78
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~

sanitary sewer as analysis permits. The appropriate limits are those
listed in 10 CFR 20, Appendix B, Table 1, Column 2, as provided by

- 10-CFR-20:303. ~Shoutd the water analysis shoWw contamindtion above
1imits, the existing purification system will be used for .cleanup.

2. Packaging and Shipbing Reactor Components to HEDL

The electrical service for the reactor auxiliary systems will be
disconnected from the relay and power distribution panels and the wfring
will be removed. This will include power disconnects to the lead shield
doors, carriage drive, and the diffuser pump. ’

A1l of the items Tisted in Table 4 will be removed, packed into
weatherproof containers, and staged for fransportation to the DOE, Hanford
Engineering Development lLaboratory (HEDL), Richland, Washington. The
americium-beryliium neutron source will be placed in an approved Type A
shipping container for shipment with the above items. ‘

The water treatment system in the Filter Room will be removed after
the pool water has been discharged to the sanitary sewer and a determina-
tion has been made that it will no 1ongef.be required. Water will be
drained from the piping and filter medium and the water will be disposi-
‘tioned based on radiation survey analysis. A1l of the items Tisted
will be shipped to HEDL when they have been packaged and are available
for shipment. = Components will only be disassembled to the degree neces-
sary to permit packing into reasonably sized containers.

A1l packaging will conform to the Department of Transportation
(DOT) Specification Title 49 Code of Federal Regu]ationé. Fach package
shall be monitored by'the Health Physicist to determine its radicactive
content and will be weighed to estabiish its. shipping weight.

FORM 719-P AEV, 7-78
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~When-all radiocactive components—have been vemoved from the faéiiity;" -
-the areas which housed those components will be radidiogicaTTy surveyed
and the survey documented. Those areas which are above the release 3
k- 1imits witl beidentified on'a facility plot p]an and scheduled for remova]
during the appropriate demolition task.

The jib crane will be removed from DORF and transported to the
AURORA facility when it is no Tonger required to support dismantling

activities.

3. Exposure Room

The exposure room will be stripped of its wood lining, Tead shields,
lead shield hoist, and other removable components. The material will
be separated and dispositioned either to salvage or ﬁackaged for radio-
active disposal.

Before starting activities in the exposure room, the floor drains
‘will be plugged to reduce the potential for transporting radicactive
materials into the sanitary sewer system.

The wood timber 19ning will be removed from the room using conven-
tional techniques. Each timber will be surveyed to determine radioactivity
and will be dispositioned according to Table 2 criteria. Material that is
activated to levels that exceed Table 2 limits will be packed in strong,
tight shipping_containers; while material that is not activated will be
set aside for salvage. The lead shields will be removed, surveyed and
set aside for disposition. The lead shield hoist will be removed in its _
entirety and packed in a strong, tight shipping container. All other removable
components will be removed from the room and will be dispositioned accordingly.
Khen all removabie material has been dispositioned, the exposure room will be

vacuumad to remove remaining residue from the surfaces,

FORM JT19.P REV_7-78
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A detailed radiation survey of the exposure room will be conducted
to establish a méppinngf activity in the concrete. Selected areas will
- be sampled by core drilling to establish the extent of activation. The
exposure room door and dobrway will be inciuded in the survey analyses.
An excavation plan will be developed, for implementation during concrete
excavation detailed in Section 5. _ |

4, Core Tank Removal

A1l extraneous structures will be removed from the core tank, the
Tead shield doors will be drained of lead, the lead and doors will be
removed from the core tank, the core tenk will be stripped from the
concrete, and the activated tar papef Tihihg will be removed frém the
concrete surfaces. The materials will be surveyed when they are
removed from the area and will be dispositioned accordingly.

‘The procedure to remove the Tead shield doors will consist of drilling
holes through the lower wall of each door to drain enough Tead to permit
them to be 1ifted with the 3.5-ton overhead crane, A dynamometer will
be used to provide assurance that the weight of the load is within the
crane 1imit. FEach door will be 1ifted from the core tank and trans-
ferred to an area where the remaining iead can be removed. The doors
and lead will be surveyed and dispositioned accordingly.

The procedure to remove the core tank will be to section the tank
{by saw cutting) into vertical strips. Each strip will be pulled from the
concrete by conventional techniques as determined by experience gained
during the first and subsequent removal attempts. Because of the uncer-
tainty associated with the adhesion of the ténk to the concrete by
virtue of tar paper, trial and error will be required. Leverage tools
such as pry-bars, wedges, block and tackle, etc., will be used initially.
If these techniques prove unsuccessful, then hydraulic or pneumatic
technigues will be applied.
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, ,_mthg”attivated tar. paper lining will be rem0vedmfrom,the concrete
by scraping and/or by chipping away portions of the concrete. Where
the concrete is also activated, the tar paper will be left for removal

--with-the concrete. - ' g

A1l activated and contaminated materials will be packaged for
disposal as detailed in the Waste Disposal section. Material will be
size reduced, where practical, to reduce the volume of radioactive

waste.

A detailed radiation survey will be conducted of the exposed concrete
structure to esiablish a map of vradioactivity. Selected areas will be
sampled by core drilling to establish the extent of the activation. An
excavation plan will be developad for the concrete structures. Imple~
mentation of the plan will be described in Section 5, "Concrete Excava-
tion."

5. Concrete Excavation

Concrete will be removed from the pool cavity, exposure room, and
exposure room door to the extent required to permit release of these
structures for unrestricted use. Guidance for the amount of concrete to be
removed will be determined by radiation survey and by the excavation plans

_developed after core tank removal and exposure room cleaning. When
the detectablie levels of radiocactivity in the concrete are below the
Tevels shoﬁn in Table 2, they will be considered to be in compliance
with NRC Guide 1.86 (Table 1).

The extent of removal will be governed by the extent to which the
structures are activated. Where activation is shallow, scabbling or
chipping with pneumatic hammers will be used to break the concrete
at the surface. High volume vacuum cleaners equipped with HEPA filtra-
tion will be used to remove the concrete and to control airborne
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contamination. Where penetration is several inches deep, jack hammers
will be used. This oparation will be aided by depth cufting with a
concrete saw if necessary. If depth of activation is such that these’

uﬂtéchniQQégvére not applicable, a hydraulic ram hoe or other devices
will be used to break the concrete for removal. .

Dust and particulate generation will be manitored by the Radiation
and Nuclear Safety representative and control will be accomplished
by use of a vacuum cleaner or water mist_dependihg on the operation in
progress. High volume air sampling will be conducted within the work
area during operations which might produce airborne contamination.

unacceptable levels of airborne contamination. Temporary structures
will be built around the work area if necessary to control the spread of

contamination.

Radiation survey data generated during the activated concrete
excavation will be analyzed to provide a basis for compliance with

that compliance with these criteria have been met, concurrence will
be solicited from the U.S. Army Environmental Hygiene- Agency.

b, Site Survey

A& final radiation survey will be conducted to verify the site
condition. Surface smears énd material samples will be seiected by the
Rockwell Site Manager with assistance from the Radiation and Nuclear
Safety representative and the DORF Contracting Officer., These specimens

be taken from representative areas of the buildings and excavations to
confirm compliance with ALARA and Regulatory Guide 1.86. These data

will provide independent analyses of the site condition and will form a

use.

personnel will be required to wear respirators whenever sampling indicates

Regulatory Guide 1.86 and ALARA (Tables 1 and 2). . When the data indicates

will be sent to an independent laboratory for analysis. The specimens will

basts for demonstrating that the facility can be released for unrestricted
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7. HNaste Disposal

Radioactive waste will be packaged when it is generated and will
"Bé”éfégéa”?ﬁ”?ﬁ1?”1666“be§"C¥¢0¥55;550NTB)'¥6¥”shiphéht;””Sﬁﬁbééhtsh'm”
will be made under the exciusive use provision of Title 49 Code of

- Federal Regulations which permits Tow specific activity (LSA)'wasté _
to be packaged for shipment in strong, tight containers. Shipments will
be monitored by the Radiation and Nuclear Safety Representative for
conformance to DOT regulations. Radicactive waste will be delivered to
a common carrier for delivery to a licensed disposal site as fuTT'lpad

Yots become available, or at the completion of Phase II.

Noncontaminated components and waste materials Tisted in the RFQ
for disposal (F.4.1) will either be retained and used as backfill in
the pool cavity or haulec to a Tocal licensed landfiil during Phase III.

C.  PHASE III

A concrete wall will be erected between the exposure room and the
pool 6avity to provide a barrier between the twc areas so the pool cavity
can be used to hold backfilled concrete debris. The steel ramp structure
and concrete parapet surrounding the pool cavity will be dismantled. The
steel structures will be removed for salvage and the concrete support
wall will be broken up and the debris will be placed into the pool cavity.
The debris shall not be filled to a level above the main floor.

The air conditioning system inlet and exhaust ducts to the exposure
room will be restored if necessary and made operable. Where practical,
all electric outlets, air, water, and sewer Tines will be retained in
working order during the dismantling activities: '
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At the completion of Phase III, the accumulated demolition debris
not deposited into the pool cavity will be removed from the facility
~area.. The cqntracﬁqr‘s equipment will be removed and a reasonable . .
effort will bé made to clean the interior of the facility building of

accumutated dirt and dust resu1tiﬁg from the demolition efforts.
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VI.” DOCUMENTATION .

Documentation of the Dismantiement of DORF will consist of
final report.

‘The informal weekly progress reports are primarily written to the
Rockwell home office in Canoga Park, California, to keep them informed
of the DORF site operations and to alert them to any changes that may
impact schedule or cost.' Copies of these reports will be sent to the
Contracting Officer or his representative,

Radiation survey reports of significant data will be entered on
8 Rockwell Formn 732-A, Health & Safety Analysis Report for distribution
within the Rockwell organization. Copies of these reports will be
sent to the DORF Contracting Officer or his representative.

At the completion of Phase 1I, a final report will be written
to document the dismantlement of DORF. The report will describe the
activities required to accomplish the work, problems encountered,
solutions to the problems, and the current status of the facflity
and structures. The report will also include data, specified in units
identical to those shown in Table 1, to show the effort made to reduce
residual contamination to levels that are as iow as reasonably achiev-
able. It will describe the scope of the radiation survey, the general
procedures followed to oObtain the data, and any other pertinent infor-
mation about the radiation survey data. A summary of the radiocactive
waste disposal “information will be included to show the quantities of
material removed from DORF. ‘

The final report will be appended at the completion of Phase III
to document the final status of the facility at the termination of this

contract.

_informal weekly progress reports, radiation survey reports, anda = | =
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Cwemom A
OPERATIONAL SAFETY PLAN
FOR DECONTAMINATION AND DISPOSAL OF DORF

1. PURPOSE
To delineate the radiation safety, industrial hygiene, and industrial
safety procedures for the decontamination and disposition (D&D) of the
Diamond Ordnance Radiation Facilities (DORF).

11. SCOPE

This plan applies to all operations at DORF involving the deactiva-
tion, dismantling, decontamination, and disposal of that nuclear facility.

The plan meets or exceeds the requirements set forth in Rockwell/ESG
Standard Operating Policies, in applicable regulations and standards, in
DOEM 0524, in the wiiliams-Stéiger Occupational Safety and Health Act of
1670 {0SHA), 10 CFR 19 and 20, and in Nuclear Regulatory Commission (NRC)
Regulatory Guide 1.86. .

II1. RESPONSIBILITIES

A.  HEALTH SAFETY AND RADIATION SERVICES

1. Radiation and Nuclear Safety

Radiation and Nuclear Safety shall establish requirements for design
and operational procedures; and approve disposition of source and
special nuclear material, and byproduct radioactive material,
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Radiation and.Nuclear Safety will designate and identify radio-
togically posted areas, radiological safeguards requirements, and radio-
active materials; and will control the use and disposition of radioactive
material s, a'nd""impﬂ ement 'r“a'd'i"o“l'ogi cal safet_y standards. e

Radiation and Nuclear Safety will perform field measurements of
radiation and radioactive contamination levels, evaluate internal and
external personnel radiation exposures, and evaluaie radioactive material
in the workplace environment,

Radiation and Nuclear Safety will maintain records as necessary to
demonstrate compliance with ESG standards and applicable regulations.
Included in these records will be a chronological log of information
dealing with daily operations, conditions, and occurrences relating to
radiological safety.

Radiation and Nuclear Safety will advise the Rockwell Site Manager
and operations personnel on the safe performance of their assigned tasks.

Radiation and Nuclear Safety will evaluate operational conditions
to determine reqguirements for personnel monitoring and protective devices.
such as film badges, breathing zone air samp]érs, bjoassay, protective
clothing, and respiratory protection devices. | '

- The Radiation and Nuclear Safety (RNS) representative assigned to
the project will conduct the radiological surveillance program and will
maintain sufficient familiarity with program operations and facility
conditions to be aware of those areas which may require increased sur-
veillance or corrective action.
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~..2... .Industrial Hygiene and Safety

Radiation and Nuclear Safety will provide the services necessary to
control personnel exposures to toxic chiemicals” and harmful physical ™
agents and to control mechanical and electrical hazards, RNS Represen-
tative.wi11'ﬁainiain'surveiilanCe of the occupational environment to .
jdentify, evaluate, and control conditjons pertinent to health and
safety, and to assure compliance with the requirements of DOE Manual,
OSHA, 10 CFR 19 and 20, as appropriate.

B. ROCKWELL SITE MANAGEMENT AT DORF

The Rockwell Site Manager is responsible for the safety of all
personnel within facitities under the jurisdiction of the DORF D&D
Program,

The Site Manager will ensure that all personnel empioyed at or
visiting the facility know and understand the rules and regulations
governing work with radicactive materiais and will assure compliance
with these rules. The Site Manager will carry out the responsibilities
charged to "Operating Supervision” and will provide safe conditions at
the facility, in conformance with applicable regulations and standards,
and under the guidance of Radiation and Nuclear Safety.

The Site Manager will establish the requirements for the packaging
of radioactive waste, collecting of packaged waste, and will arrange for
disposal by land burial.

Rockwell Program Management and the Site Manager will coordinate
radiological and industrial hygiene and safety problems with Radiation
and Nuclear Safety as appropriate.
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C.  OPERATIONS PERSONNEL

Operations personnel are responsible for cbmp]iance with-all ruies
- governing “work with radicactive and hazardous materials as outlined by
this procedure and as established by Radiation and Nuc]ear Safety and
D&D- Program Management.  Operations personnel are'responsib1e for taking
every reasonable precaution to minimize radiation exposures to themselves
and to fellow workers and to prevent the unnecessary release of radiocactive

material.
D. CONTRACTOR PERSONMNEL

Contractor personnel are responsible for compliance with all safety
rules and requirements established by Radiation and Nuclear Safety and
for responding to specific instructions from the RNS Representative with
regard to radiation safety and industrial hygiene.

IV. ADMINISTRATIVE SAFEGUARDS
A. ~ PROCEDURAL CONTROL

Any changes to the radiation safety or industrial hygiene and
saféty procedures must be jointly authorized by Radiation and Nuclear
Safety and the Site Manager following evaluation of the proposed changes
by the RNS Representative. Revised procedures will be distributed to
all personnel directly affected by the change.

Operations involving potential radiolegical hazards or potential
industrial safety hazards will be reviewed in advance by Radiation and
Nuclear Safety.
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B.  METHODS OF REPORTING DAY-TO-DAY CONDITIONS

......bay-to-day operational safety-conditions will be-observed by the
assigned Radiation and Nuclear Safety representative, who will report
all recognized hazardous conditicns and each instance of noncompliance
with regulatory directives to the Site Manager and the workers involved.
Radiological data {film badge and biocassay results, radiation and con-
tamination survey results, air sampling reports, etc.) will be maintained
by the RNS Representative, Whenever these data indicate the need for
corrective action, the RNS representatives will contact the Site Manager
to arrange for such action. Industrial hygiene and safety conditions
observed by the RNS representaﬁive will also be communicated to the Site
Manager. A summary of incideﬁts and data will be reported to the Site
Manager, the Radiation and Nuclear Safety Office, and the Rockwell
Program Manégement Office on a weakly basis.

V. GENERAL RADIATION AND INDUSTRIAL HYGIENE AND SAFETY PROCEDURES

Certain radiological and industrial safety controls and procedures
are independent of operations in the facilities, and are required to
provide facility surveillance and radiological and industrial safety
protection commensurate with the ESG contract and regulatory agency
standards,

A. AREA.DESIGNATION,'RADIOLOGICAL SAFETY CONTROL

A1l areas are designated as either radiologically posted or unposted.
A posted radio?pgica] area is an area, defined by physical barriers,
which is posted with prescribed caution signs or labels for purposes of
radiation protection. Signs used to designate posted radiological areas
must comply with applicable regulations. There are six posted area
classifications as defined below:
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1. RadiationArea

A Radiation Area is an area subject to radiation from encapsulated
radiocactive m&té?%é%éménd/orm%5&%5fﬁdh”machines within the area, or to
radiation from any source outside the area; where there exists radiation
at such Tevels that an individual could receive in any one hour a dose
to the whole body in excess of 5 millirem, or in any five consecutive

days a dose in excess of 100 millirem.

Fach Radiation Area will be posted with a sign meeting all regulatory
requirements inciuding the radiation symbol and the words "CAUTION -
RADIATION AREA." Where appropriate, indications of the radiation level
will be dincluded in the area posting.

2. Radiation Area - Radioactive Contamination

A Radiation Area - Radioactive Contamination is an area in which
work with and/or storagé of unencapsulated material is permitted with
the provision that the radioactive material concentration in air is not
1ikely to exceed 25% of the appropriate occupational exposure Timit,
Each Radiation Area - Radiocactive Contamination will be posted with
signs meeting all applicable regulatory requirements including the
radiation symbol and the words "CAUTION - RADIATION AREA - RADIOACTIVE
CONTAMINATIOR."

3. Radiation Area - Airborne Radioactivity

A Radiation Area - Airborne Radicactivity is an area in which the
radicactive material concentration in air is 1ikely to exceed 25% of the
applicable regulatory standard for occupational exposure.

Each Radiation Area - Airborne Radioactivity will be posted with
signs meeting all applicable regulatory standards including the radiation
symbol and the words "CAUTION - RADIATION AREA - AIRBORNE RADIQACTIVITY."
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4. High Radiation Area

A High Radiation Area is an area accessible to individuals in which
"mtﬂéféméﬁigﬁé"Féd%ﬁf%&ﬁméiméﬁéﬁnﬁéﬁéig'fﬁéfméﬁ'{haiifdﬁéinééﬁﬂamfééé{Qé"”"“
in any one hour a dose to the whole body in excess.of 100 millirem.
Each High Radiation Area will be posted with signs meeting all applicable
regulatory requirements including the radiation symbol and the words
“CAUTION - HIGH RADIATION AREA."

5. Radiation Area - Radioactive Materials

A Radiation Area - Radicactive Materials is an area in which work
with and/or storage of encapsulated materials is permitted.

Each Radiation Area - Radioactive Materials will be posted with
signs meeting all applicable requirements, including the radiation
symbol, and the words "CAUTION - RADIATION AREA - RADIQACTIVE MATERIALS.®
Federal and State regulations also require that storage containers and
localized areas in which radioactive materials are present in certain
amounts will be posted with signs containing the radiation symbol and
the words "CAUTION - RADIOACTIVE MATERIALS." It should be noted that
these containers and areas may or may not be located within posted
areas. Radiation and Nuclear Safety will advise operating supervision
as to the amounts of radiocactive materials in containers or localized
aréas which require such signs. '

6. Restricted Access Aréa

A Restricted Access Area is an area identified by Radiation and
Nuclear Safety as reguiring special safety precautions for entry and
requiring inspection immediately prior to entry by any person. Each
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Restricted Access Area wi}lmbe~posted“w?th'signs'with“the folTowing
words in yellow over a red background:

WHARNING = RESTRICTED ACCESS AREA - QBTAIN PERMIT
- FROM OPERATIONAL SAFETY PRIOR TO ENTRY"

Any area meeting more than one of the above criteria will be posted with
all of the applicable signs.

B.  AREA DESIGNATION, INDUSTRIAL SAFETY CONTROL
Operations posing potential hazards shall be identified b&'appropriate
caution or warning signs. The signs shall conform to specifications in

29 CFR 17, Section 1910.145. Examples of posting are:

1. Hard Hat Area

A Hard Hat Area will be establishad wherever personnel are working
at different elevations and there is a potential of being hit by falling
objects. ’

2. Eye Protection Area

An Eye Protection Area will be established where a hazard due to
flying objects exists.

3. No Smoking Area

No Smoking Areas will be established where explosives, flammable
Tiquids, or gases may be present.
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4. Open Excavations

‘Open Excavations will be protected by appropriate physical barriers.
5. Obstructions.

Obstructions will be made clearly visible by the use of yellow and
black striping.

€. RADICLOGICAL SURVEY FREQUENCY

Routine radiation and contamination surveys will be performed in
work areas at a freguency to be determined by the assigned Radiation and
Nuclear Safety representative in accordance with established procedures.
Additional surveys may be reguired to determine the effectiveness of
contamination control procedures. The reguirement for these surveys
will be established on the basis of initial experience with those tasks
which may pose significant personnel radiation or airborne contamination

exposure,
D. RADIOACTIVE CONTAMINATION LIMITS

Evaluation of levels of radiocactive contamination will be required
in order to determine:

1}  The adequacy of the level of decontamination performed on

th
2) The extent of required excavation or other demolition of

w

facilitiess

activated structures; and
3} The disposition of equipment, materials, and scrap.

facilities and equipment will be evaluated for removable and total
{fixed plus removabie) contaminaticn by means of wipe surveys and instru-
ment surveys. Activated structures will be evaluated for radioactive

concentrations by sampling or surveying with detection instruments.
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. Removable contamination Timits for radiologically posted and unposted
areas are described in Table A-1. The Upber Timit of allowable contamina-~
tion 11sted in the table is that level wh1ch, if reached, requ1res o
~immediate cessataon of operations, immediate decontam1nat1on must be
effected and measures taken to prevent recurrence. The action 1imits
specified in Table A-1 are the upper 1imits of the amount of general
area contamination tolerable in posted and unposted areas. General
contamination in an area in excess of the action 1imit requires prompt

decontamination.
TABLE A-1
REMOVABLE CONTAMINATION LIMITS
(dpm/100 en®)

Area - Activity  Upper Limit  Action Limit
Unposted Areas and Beta 1,000 100
Radiation Areas : Alpha 200 20
Contamination Areas Beta 50, 000 5,000
Airborne Radioactivity
Areas Alpha 20,000 200
Restricted Access Beta Not Defined Not Defined
Areas Alpha Not Defined Not Defined

The levels of contamination wnich will be considered acceptable for
unconditional release of equipment or facilities are as follows:

Removable Contamination

20 dpm/100 cm2 atpha

100 dpm/100 cm? beta-gamma
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Total Contamination

0.1 mrad/hr average or 0.3 mrad/hr maximum beta-gamma measured
through 7 mg/cm2 absorber at 1 cm

Water
-7 ..

3 x 10" pCi/ml beta-gamma
-8 ..

3 x 10 7 pCi/ml alpha

$011 (If Subject to Contamination)

100 pCi/g gross detectable besta-gamma
10 pCi/g alpha

Where practicable, items may be decontaminated to levels lower than the
acceptable 1imits. '

During demolition activities, all scrap generated will be evaluated
for radioactive contamination prior to release to normal waste channels
or packaging for disposal by land burial.

E.  SURVEY REPORTS

The original copy of radiation, contamination survey, and special
radioanalysis reports will be forwarded promptly to the Site Manager and
- Radiation and Nuclear Safety supervision. These reports will indicate
contamination and radiation levels at specific locations throughout the
facility. Copies of thecze survey reports will be retained indefinitely
by Radiation and Nuclear Safety.
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Radiation and Huclear Safety will post or have ﬁosted'such signs as
are necessary for the clear identification of potential radioiogical -
hazards. To assure that the posting of radiological hazards is current,

Representative. Signs which have been approved by Radiation and

Nuclear Safety will be used to-indicate radiological hazards in-the
facility. No such signs will be removed without the approval of Radiation
and Nuclear Safety. 1In addition, warning signs relative to hazardous
conditions and/or special safety requirements may also be posted.

G.  FACILITY VENTILATION

The BORF facility ventilation systems will be used to control air-
borne contamination., If greater control is necessary in localized areas,
a system wiil be constructed.

Direction of air flow from areas of lower contamination to areas of
higher contamination will be maintained at all times.

Exhaust from areas in which airborne contamination potential is
present will be directed through prefilters and high efficiency parti-
culate air (HEPA) filters,

Filter replacement wf1] be performed when pressure differential
across HEPA filters exceed 6 in. of water, or when indicated by reduced
air flows. Prefilters will be replaced when pressure differentials
across the filters exceed 1 in. of water.

Where practical, a minimum of six.air changes per hour will be
provided in areas posted as airborne radioactivity areas.

Ventilation systems will provide once-through air with no provision

for recirculation.
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H.  EVALUATION OF AIRBORNE CCNTAMINATION

is exposed to airborne radicactive or toxic material in excess of requ-
latory Timits. ' '

1. Air Monitoring

Air monitoring for airborme radiocactive material will be performed
by means of continuous air monitors in such areas as deemed necessary by
the RNS Representative.

2. Air Sampling

Air sampling for airborne radicactive or toxic material could be
performed by the following methods:

a) Continuously or intermittently by Gast Yacuum Pump air
sampling units located at various points throughout a
facility. Data from these samples will be evaluated and
recorded weekly or daily as indicated by the potential
for airborne activity.

b) Special, “hi-volume grab samples" at the discretion of
the Radiation and Nuclear Saféty representative,

d} Toxic gas detectors, such as the “length of stain" type
will be used as indicated by the potential for such
exposure.

I. LIMITS FOR AIRBORKE RADICACTIVITY LEVELS
Every reasonable effort will be made by the use of-engineering

safeguards to maintain airborne contamination levels at less than 10% of
the applicable Timits described in DGEM 0524 and 10 CFR 20. In the
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event airborne contamination levels approach or exceed the applicable
Timits, the appropriate respiratory protective devices will be utilized
.to.control the exposure.... ...

The applicable Timits for airborne contamination 1eve]$:in the__'
fadidiogicaT]y pdétéd"éféag.afe the Timits described in Column 1, Table I,
Appendix B, 16 CFR 20. These limits will apply to occupational exposure
for 40 hours in any seven consecutive days which translates to a time-
integrated exposure for seven consecutive days. In the event any empioyee
receives a time-integrated exposure to airborne radiocactive meterials in
excess of 25% of the allowable exposure in seven consecutive days, as
indicated by lapel air sampiing, appropriate respiratory protection will
be requirad to preveni exposures in excess of the limitj Specific
protection factors will be applied to specific types of respirators.
Protection factors are applied to airborne concentrations to determiné
the concentration inhaled by the wearer, according to the following

formula:

Airborne Concentration
Protection Factor

Concentration Inhaled =

Applicable protection factors for air purifying respirators will be 10
{0.1% toxic gas or vapor concentration} for half-face masks and 50 {0.5%
toxic gas or vapor concentration) for full-face masks. Only limited use
of atmosphere supplying respirators is anticipéted. If required, they
will be used only by persons specifically qualified and trained in the
use of such devices.

At the discretion of the RNS Representative, certain specific
operations may require the use of respiratory protective devices strictly
on the basis of the potential for exposure to airborne contaminants.

Such operations will be identified as work progresses.
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In the event that air sampling indicates airborne tadidéétive
material in concentrations greater than the occupational limits, all

and, if necessary, appropriate respiratory protection devices if the use
of such devices is authorized by the RNS Representative.

J.  PERSONNEL MONITORING DEVICES

1. Film Badges

Film badges will be worn by all persons entering radiologically
posted areas. Fiim badges will normally be exchanged at the end of each
calendar quarter, or in the case of persons with g¢reater exposure potential,
at the end of sach month. Special film badges and direct reading dosimeters
shall be required in addition to the regular personal badge for radiation
exposure control during work in High Radiation Areas. The special
badges will be processed as required to evaluate cumulative radiation
exposure. An exposure report sheet will be provided to supervision
listing the repérted radiation exposure for each person assigned to the
program. Radiation exposure to personnel will be maintained to as-Tow-
as-practicable levels. During any calendar quarter the occupational
dose to the whole body of radiation worker< shall not exceed 3 rems, as
modified by the Tifetime occupational exposure limit of 5 (N-18) rems,
where "N" equals the individual's age in years at his last birthday.
Whenever practicable, dismantling tasks will be planned to utilize
remote tooling or shadow shielding to reduce the personnel exposure
associated with the performancelof the task. Personal film badges will
be distrituted to job-site personnel by the RNS representative. Visitors
film badges will also be located at the job site for issuance by the RNS
representative. A signout sheet will be provided for use in the issuance
of the visitor badges. A1l visitors entering a radiologically posted

__persons_entering the facility will be required to wear lapel air samplers._. . . 1.
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area will complete the signout sheet and obtajh a visitor's badge prior
‘to entry. The badge will be returned following the visit, with the

for the balance of the calendar quarter.

Al1 film badges used for the DORF program will contain beta-gamma
sensitive film packets with the appropriate shields for radiation quality
assessment.

Z2. Dosimeters

Dosimeters may be issued in conjunction with film badges during

certain operations at the discretion of the RNS representative to provide

an additional control on planned radiation exposures.

3. Extremity Monitoring

Whenever operations are performed which pose a potential for signifi-
cant extremity exposure, extremity monitoring will be performed. Finger
ring Tilm badges or thermoiuminesceht dosimeters will be utilized for
extremity monitoring.

K. AREA RADIATION MONITORING SYSTEMS

1. Area Film Badges

Area film badges will be mounted at selected locations throughout
those facilities under the jurisdiction of the D& program. These film -
badges will provide a record of integrafed radiation levels for the
exposure period at these locations. Area badges will be exchanged once
each quarter and records of the badge exposures will be maintained by
Radiation and Nuclear Safety.
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L. BIOASSAY

1. Requirement

Bioassay, principally by means of urinalysis, will be utilized as a
rieans of assessing internal radiation exposure of personnel. A baseline
specimen will be obtained from each worker assigned to work in the
radiologically posted areas. During the initial period of actual N
facility decommissioning, speciméns may be collected at frequencies of
1 week to 1 month (depending on the nature of the work). Following the
initial period, the collection frequency may be reduced, assuming
engineering safeguards against airborne radioactivity are demonstrated
to be effective. Specimens will then be submitted at least once each
calendar quarter, with the exception that specimens will be submitted
once each 6 months by persons not routinely éssﬁgned to the radiologically

posted -areas.

Special bioassay specimens, including urine and fecal specimens,
will be submitted at the discretion of the RNS representative or Radiation
ard Nuclear Safety Management whenever there is reason to believe that
personnel may have been subjected to internai exposure.

Whenever the analysis of a routine or special bioassay specimen
indicates radioactivity present in excess of the minimum detection limit
of the analysis, resampling will be performed at a freguency no

greater than biweekly.

Invivo. lung counting or whele body counting may be used to provide
direct evaluation of internal deposition of radioactivity for purposes
of confirming urinalysis data, or of providing further evaluation of

suspected exposures.
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Radiation and Nuclear Safety will notify the Site Manager of the

will assure that those employees pick up a specimen bottle on the date
indicated and coliect and return the specimen as directed on the bottie.

2. Analysis

Bioassay specimens will be accumulated by Radiatidn and Nuclear
Safety and shipped to a vendor laboratory for appropriate analysis.
Radiation and Nuclear Safety will notify the Site Manager and Rockwel]
Program Management.of any sfgnificant1y positiﬁe results of bioassay
analysis. In the event urinaiysis indicates excretién rates which are
indicative of the presence in an employee of greater than 50% of a
maximum pérmissib?e body burden, that employee will be restricted from
further work in radiologically posted areas until such time as two
consecutive urinalyses submitted at Jeast 5 days apart each indicate
less than 25% of a maximum permissible body burden.

3. Incidents and Injuries

Any injury, no matter how small, received while working in a radio-
lTogically posted area must be reported“immediateiy to the Site Manager
or the RNS representative. Medical services will be obtained as required.
The RNS representative will conduct woundrmonitoring, as necessary.

Empioyees with open cuts, abrasions, etc., will be restricted from
work in radiclogically posted areas unless specific approval is given by
Radiation and Nuclear Safety. A1l incidents suspected, or known to have
caused internal deposition of radicactivity must be reported immediately
to the RNS representative.
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M.  PROTECTIVE CLOTHING AND EQUIPMENT

lated radiocactive material is processed will be required to don protecti&é
ciothing at the change line Tocated outside the entrance to these areas..
The items of protective clothing reguired for entrance into these areas
include, as appropriate: '

1)  Red-trimmed laboratory coat or coverall
2) Plastic or canvas show covers
3) Respirators,

Protective clothing and equipment for protection against potential
hazards other than fonizing radiation will be prescribed on a case by
case basis.

Respirators will only be fitted and issued by the RNS representative.
No employee will be allowed to work in areas in which respirators are
required unless he has been fitted and has completed the Rockwell/ESG
Respiratory Protection training course within thé past 12 months, |
including appropriate medical evaluation. -

The RNS representative will establish respirater exchange frequencies
as indicated by individual requirements, In addition to the protective
t1othing required for entry, certain additional items of clothing, such
as skull caps or red-trimmed coveralls, may be required for certain
operations posing high potential for contamination. -Surgeons gloves
will be required for operations involving direct handling of contaminated
equipment. Surgical gloves shall be protected with an overglove: Persons
exiting radiologically posted areas will remove their protective ciothing
at the change 1ine and place the items of clothing in the drums, racks,

A1l persons-entering-a-radiotogically posted-area—in-which unencapsu="—"1""
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" or hangers provided as appropriate. Respirators will be returned to the
plastic bag in which they were issued pending re-use or return to the
respiratormmajntenap;emjaborgtotyi Immediately upen exiting. these ...
areas, aTiupersons will monitor their hands and feet with the count rate
meter provided there. They will then proceed to the rearest washroom
and ‘wash their hands. ' “

N.  HANDLING OF CONTAMINATED PROTECTIVE CLOTHING

A1l reusable items of protective clothing wi?i be removed from the
faciiity for decontamination and reissue. Disposable items will be
collected and disposed of as radioactive waste. Laundry drums, Tined
with 50-gallon plastic bags, will be provided at the change line for the
accumulation of contaminated laboratory coats, canvas shoe covers, and
coveralls. The contaminated Taundry will be collected as the bags are
filled and will be processed through a licensed vendor.

Waste drums, 1ined with plastic bags, will be provided at the
change line for the accumulation of disposable items such as caps,
plastic shoe covers, and surgeons gloves. This waste will be packaged
as the bags are filled and will be processed for ultimate disposal.

0.  INSTRUCTION OF PERSONNEL

Prior to beginning work in the radiologically posted areas, all
empioyees will be indoctrinated with regard to radiation and industrial
safety rules.

Employees whose regular assignments include for the first time work
in radiclogically posied areas, must complete a training course covering
the general aspects of working with radioactive materials. This course
will include (a) a description of the properties and potential hazards
of radiation and radicactive material; (b) the basic principles of
‘radiation protection; {c) the requirements of applicable Standard Operating
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Policies and applicable regulations; (d) éaféﬂﬁéﬁaTing ﬁrabtf&ééi.éﬁdm

{e) emergency procedures.
P.  EMPLOYEE QUALIFICATIONS

The Site Manager will furnish to Radiation and Nuclear Safety the
names of all persons who will be assigned to work in the radiologically
posted areas. Subsequently, whenever additional employees are to be
assigned to work in these areas, Radiation and Nuclear Safety will be
notified prior to each assignment. Radiation and Nuclear Safety will
review the gualifications of persons assigned to work in the radiologicailly
posted area and establish that these persons are Tully qualified "radiation
workers” and that they have sufficient familiarity with the operations
in the posted areas to allow them to work safely in these areas. Included
in the required quaiifications or preparations for assignment to work in
these areas are: '

1) Perscnal film badge assignmeni
2) Bioassay baseline sample
3) Incliusion on periodic bioassay roster
4) Medical baseline examination
5} Inclusion on periodic medical examination roster
6) Complietion of radiation worker training course
7) CLompletion of respirator training course
8) Successfully fitted with an approved respiratory protective
device _
9) Completion of facility indoctrination
10) Completion of required special training
11} No precluding physical limitations or radiological restric-
tions
12} KNRC Form 4 or equivalent on file with Radiation and
Nuclear Safety.
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Rockwell Program Management or the Site Manager will also notify Radiation
and NucTear Safety of ‘those persons whose assignments in posted areas |
are being terminated. '

Q.  INSTRUMENTATION

Radiation and Nuclear Safety will establish the requirements for
radiological instrumentation, provide the instruments from general
inventory if available, request calibration and repairs as required and
fhstruct operations perscnnel in the use of these instruments as required.

Personnel monitors will be provided at change Tines and in change
rooms. FEach of these monitors will consist of an alpha or beta-sensitive
{as appropriate) detector, a count rate meter, and an audible “poppy-
fype“ signal. These monitors will be inspected by Instrument Repair at
lTeast once each 3 months.

Continuous air monitors will be provided as required. These monitors
will sample air through a filter media at a rate of about 1 cfm and will
continuously monitor the particulate radiocactive material collected on
the filter media. The monitors will provide a ratemeter display of
activity Tevels and an audible alarm which will actuate automatically in
the event the radiocactive material collected on the filter exceeds a
presef Tevel.  These monitors will be serviced and calibrated at least
once each 3 months.

Beta-gamma and alpha sensitive counting systems will be provided
for use by the RNS representative in evaluating air samples and surface
contamination samples for radicactivity. These systems will be serviced
and calibrated at least once each 6 months. '

Various types of beta-gamma and alpha sensitive portable radiation
survey instruments will be provided for use by the Radiation and Nuclear
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‘safety representative in the day-to-day surveillance of operations in
radiologically posted areas. All portable radiation survey instruments

will be serviced and calibrated at least once each 3 months, or at
shorter time intervals 1T recommended by the manufacturer.

R.  DECONTAMINATION REQUIREMENTS
The requirements for decontamination in day-to-day operations will
be determined by the RNS representative and communicated to the Site

Manager who will assure that the required decontamination is performed.

1. Personnel Decontamination

In the event radioactive contamination is detected or suspected to
be present on the skin or hair of an employee, the RNS representalive
will evaluate the degree of contamination and direct the decontamination
efforts. In the event the contaminated employse is injured, the Site
Manager will arrange for medical services. The RNS.representative will
direct or perform decontamination of the empioyee to acceptable Timits
using prescribed methods, unless it becomes apparent that further decon-
tamination efforts will cause significant skin damage. In this case,
the RNS representative will ask that further decontamination be accom-
plished under the direct supervision of a licensed praéticing physician.

2. Equipment Decontamination

In the event that equipment, components, materials, etc., are found

to be contaminated in excess of the appropriate limits, the RNS represen-

tative will promptly notify the Site Manager who will effect the required
decontamination by operations personnel.
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‘3. Area Decontamination

In the event the floors or walls of an area are found to be con~
taminated iﬁméﬁééss of the apphopriate limits, the RNS representative
will notify the Site Manager and request decontamination. The RNS
representative will coordinate decontamination efforts with operations

personnel as necessary.
S.  REMOVAL OF EQUIPMENT FROM RADIOLOGICALLY POSTED-AREAS

A1l equipment or materials moving into unposted areas from any
radiologically posted area must be surveyed for radiation and radiocactive
contamination Jevels. No item may be moved into any unposted areas if
it is contaminated in excess of the T1imits established for such areas as
shown in Table A-1. The radiation and contamination Jevels will be
assessed by the RNS representative immediately prior to the transfer of
the item. Required decontamination will be performed by the operations
personnel.

In case of packaged items, the outer surfaces of the package will
be surveyed for radiation and contamination levels, and these surfaces
must be free of contamination in excess of the limits for unposted areas
as shown in Table A-1. Packaged contaminated items will comply with the
provisions of Title 49 Code of Federal Regulations and will be tagged
with a compieted radioactive materials tag prior to transfer into radio-
logically unposted areas.

T.  RESTRICTED ACCESS AREA ENTRY PERMIT (FORM 719-L)

Varying degrees of control, consistent with the hazard involved,
are exercised over posted areas by Radiation and Nuclear Safety. The
Form 719-L is a means of restricting access to posted areas on the basis
of personnel and potential hazards. The highest degree of hazard is
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associated with an area in which the active contamination and radiation
levels are of such significance that special rigid entry controls and
safety Precautions Are NECESSAIY - - o f

1. Subcontractors

Subcontractor personnel who have cause to work within any radio-
logically posted area must have a completed Form 719-L which will be
submitted by the Site Manager and approved by the RNS representative
priof to the start of work. Groups representing the same contractor and
who work in the same general areaz need only one tagged area entry permit.

“Al1 contractor personnel entering any radiologically posted area
must obtain a fiim badge prior to entfyg Radiation and Nuclear Safety
shall determine if previous entries into posted areas had been made
during the current calendar year and if so, shall ascertain from personnel
monitoring records the dose received, and plan radiation exposures

accordingly.

Contractor personnel performing work in a radiological posted area
will be surveyed prior to breaks, Tunch and quitting time by means of
portable battery operated or ac survey instruments. If the instrument
survey indicates contamination, decontamination will be effected immediately.

Radiation and Nuclear Safety will attend any operation involving
contractor personnel in a posted area to the extent necessary to ensure
that such personnet perform their duties in such a manner as not to
cause the release of radicactive material or become unduly exposed to
radiation. Should such an event occur, work will be stopped until
appropriate surveys have been performed and necessary corrections
effected. |
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7 'A1T tools and equipment used by contractor personnel in'rad§bidgica]1y
posted areas must be surveyed and found to be free of contamination

and equipment shail be 20 dpm/100 cm alpha activity-and 100 dpm/100 cn?
‘beta. Fixed contam1nat1on sha11 be undetectable with approprlate portab]e
survey instruments. '

Contractor personnel shall not be exposed to concentrations of
radioactive material in air and water greater than 10% of the maximum
permissible concentrations as listed in 10 CFR 20, “Standards for Protection
Against Radiation,” under Table I of Appendix B unless they are qualified
as radiat10n workers as described below. '

Whole body dose to contractor personnel will be Timited to 500 mrem/
year. An exception to the standard 500 mrem/year will be made if an
affidavit, signed by a representative of the contractor, authorizes their
employees to be considered radiation workers, in which case the employee
will be required to execute an NRC Form 4 or equivalent authorizing
Rockwell/ESG to obtain occupational radiation exposure histories.

Cumulative records or radiation exposures will be maintained by
Radiation and Nuclear Safety to ensure that personnel are not exposed in
excess of applicable standards.

If a contractor employee receives a rddiation exposure in excess of
25 mrem, Rockwell/ESG will notify the contractor of the dose within
30 days following the determination of such exposure.

Contractor personnel under 18 years of age will be limited to

125 mrem/calendar quarter.

Approved visitors will be considered in the same category as outside
contractors and must have completed a Form 7139-L prior to performing

FORM 719-FP REV. 7-78
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work in radioTogically posted areas, or visiting such facilities for
extended periods during which they are not under continuous.escort. ... .

2. Rockwell Employees - Other Than Personnel Assigned to the BORF

D&D”Pfoéram
Personnel who have cause to enter the radiologically posted areas
for maintenance or repair purposes will complete a Form 719-L prior to

entry.

3. Restricted Abcéss Areas

A1t personnel who have reason te enter certain rigidily controlied

areas, "Restricted Access Areas,” such as radicactive exhaust system
filter plenz or 1iquid waste holdup tanks, will complete a Form 719-L
prior to entry into these areas. ‘A minimum of two persons will be

assigned to perform operations in these areas, or as otherwise specified.

4.  Preparation of Form 719-L

When a Form 719-L is required, the individual or manager of the
group reguesting entry will fi11 out his portion of the form and give it
to the RNS representative who will outline the pertinent radiological
safety instructions, sign the form, and return it to the originator.

The originator will obtain the signature of the Site Manager and
distribute copies as required. '

The entire working crew will initial the Form 719-L, signifying
receipt and comprehension of instructions on the form,
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by Radiation and Nuciear Safety.
U.  EMERGENCY CONDITIONS

1. Ventilation Loss or Airborne Radioactivity Alarms

In the event of a radioactive exhaust system failure, or of other
evidence of loss of airfliow in ventilated areas, personnel will leave -
these areas and await evaluation of the facility conditions by Radiation

and Nuclear Safety.

In the event of actuation of the "variable warble®” and/or bell
alarm of continuous air monitors, personnel present will evacuate the
facility and await evaluation by Radiation and Nuclear Safety.

V.  RADIODACTIVE WASTE MANAGEMENT

A1l radiocactive waste will be co]Tected, evaluated, processed, and
shipped for disposal to a licensed radiocactive waste disposal site.

1. Solid Waste

- Low level solid radioactive waste will be packaged into standard
containers such as steel DOL Specification 17-H 55-gallon drums or wood
type box DOT Specification,IQ—A or low specific activity, strong, tight
containers. In the case of low level waste such as concrete rubble
which is generated in large volumes, special containers may be designed.
Low-level solid radioactive waste generated in support of decontamination
operations (i.e., plastic shoe covers, surgeons gloves, kim-wipes,
miscellanecus plastic, etc.) will be collected in drums lined with
plastic bags. When the bags are filled, they will be final packaged for

disposal.

Copies of completed Forms 719-L will be kept on file indefinitely . |
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High-Tevel radicactive waste will bé'béékégéa-énd'shibpedTéﬁ”taﬁ£ainer§ '
such as reusab]e‘1ead-sh1e]ded casks, one-way concrete shielded containers,
_or BOT approved overpacks.

2. Liguid Waste

Liguid radioactive waste will be solidified. 1In the event there is
other 1iquid radioactive waste such as .acids or corrosives, they will be’
neutralized in drums and then solidified for disposal by land burial.
Solidification will censist of cementation.

W.  INDUSTRIAL SAFETY REQUIREMENTS

Industrial safety reguirements are described by Rockweli/ESG Health
and Safety Procedures, SOP's ANSI, AEC Manaul, and OSHA.

1. Hoisting and Rigging

Hoisting and rigging operations shall be conducted in compliance
with the reguirements of 29 CFR 17, Part 1910, Subpart N, and the ANSI B30

Serijes.

Equipment used in material handling shall be proof-ioaded and
maintained per PL Series 8.

A1l personnel engaged in hoisting and rigging shall be qualified by
appropriate experience and training.

2. Explosives

Explosives use and handling shall be in accordance with Federal,
State, and local regutations including 29 CFR 17, Part 1910.109, Health
and Safety Procedure G-16, and Section XXV, EM 385-1-1, "General Safety
Requirements Manual," of the Corp of Engineers with the exception of
Paragraph 25.B.04.
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3. insulation Removai

The removal of insulation material containing asbestos will be done
in compliance with 29 CFR, Part 1910,1001.

Warning signs, OSHA approved, will be displayed at each location
where the airborne concentration of asbestos fibers may exceed the
allowable exposure 1imits. The airborne concentration will be verified
by envircormental sampling.

Insulation will be removed in a manner that will minimize the
generation of airborne dust. Wet methods will be used if practical.
Approved respirators will be worn during all asbestos insulation removal
operations. If the presence of asbestos in a material is questionable,
it will be assumed to be present.

4. Burning, Cutting, and Welding

-Burning, cutting, and welding will be performed only as authorized
by the Site Manager. Additional requirements may be imposed by the RNS
representative as necessary to protect against toxic and/or radioactive
vapors and fumes., '

5. Noise

Personnel exposed to noise in excess of the 1imits specified in
29 CFR, Part 1910.95 will be required to wear approved ear protection.
The noise level for an 8-hour exposure is 90 dbA. Personnel exposures
to noise over 90 dbA shall be evaluated by the RNS representative.
Personnel exposures to noise in excess of 115 dbA are prohibited without
approved ear protection. '
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6. Confined Space Entry

Confined space entiras
Safety Procedure 6-19. A1l
of'a'Fbrml719—L, Rev. 5¥fﬁ;”
will designate the required

7. Contractor Safety

Contractors will conduc
State, and local codes, stan
are suybject to compliance wi

at Rockwell International fa

as indicated in Form 511-C which describes Contractor Safety Reguirements

will be made in compliance with Health and
Class 2 entires will reguire the preparation
“Reétribted Aécess Areé.Enfry Permit," which
control measures.

t operations in compliance with Federal,
dards and regulations as applicable. Contractors
th Rockwell International and ESG regulations

cilities,
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"SUBJECT: Review of Plan for the ﬁecommissioniag of DORF, dated 30 Jun 77

HMr. James McGarricy

Chairman, Reactor Safeguards Committee
Harry Diamend Laboratory

2360 Powder Mill Road

Adelpnii, MD 207383

The Plan for the Decommissicning of the Diamond Ordunance Radiacion Faciiity,.
datead 30 Jun 77, has been reviewed per your vequest, and the followlag
changes are yvecommendad:

Section I1 &, add:

G. Walter Reed Army Medical Center Health Physics Officer (WRAMC HPO).
The WBAMC PO within his dutles as WRAMC Radiation Protectioun O0fficer has
the authority to monitor all operations during decommissioning to assure the
safety of WRAMC personnel aml the general public.

Section II B, add:

5. HRAMC

WRAMC will provide support services during decommissioning as
described in the Intraservice Agreement between Commander, WRAMC and Com—
mander, HDL. This support does not include Health Physics amnt dosimetry
support of contraect operations apd personnel.

Section III A.4: Change te vead "The reactor pool water will be discharged

to the sanitary sewer provided the radiocactivity in addition to that re—
leased by WRAMC is within the standards set by 10CFR20."

Section VI A.2.a(3}: Change to read "Contractors will provide persomnel

monitoring for their own personnel."

Section VI A.2.b., add:

{4) HWhole body badge: NWeutron.




HSWP=-0OHP 23 September 1977
SUBJECT: Review of Plan for the Decommissloning of DORF, dated 30 Jun 77

Section VI A.3a: Change line 1 to read "WRAMC Health Physics will supply .
the £11lm badges except for contractor personnel.”

Section VI A.3c: Change all to read "Contractors will maintain their own

_records of radiation exposure,”

Section VI B: Liquid Waste Processing. Add to end of paragraph: "All

discharges to the sanitary sewer will be coordinated with WRAMC HPO,

Section VI C.l: Plant Surveys. Add in iine 9 after "Additioval Surveys

and activation analysis:" "These additional surveys amd activation analysis
will have to be performed by contract or personnel other than WRAMC Hdealth
Physics.” SRR :

Section VI €.2: Contamipation Control Plan. Add: "(For DORF Personnel

and Equipment Only) contracter will be resncnsible for the Contamination
Control Plan 4in his job area.®™

;ﬁ% ﬁi?€§wffd?’fﬁgﬁ
7 BOBBY R. ADCOCK
LTE, MSC
Health Physics Officer
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I. Introduction

A. Background. The Harry Diamond Laboratories (HDL) operates the

--Diamond--Ordnance-Radiation Facility. (DORE)..which vtilizes a research..

reactor with associated experimental equipment. The facility occupies
a single remote building on 4.2 acres aof the Forest Glen Annex of the
Walter Reed Army Medical Center (WRAMC) near Silver Spring, Maryland.

An intraservice agreement between the Commanding Officer, WRAMC and -
Commanding Officer, HDL establishes the WRAMC support services for DORF,

The reactor is the familiar General Atomic Company TRIGA Mark F,
moderatad by light water and mounted on a track support carriage assembly
which can be mowved through a 15,000 gallon capacity pool. The reactor
core consists of 85 (waximum 87) fuel elements, four control rods,
neutron source, and miscellanecus neutron detectors. The fuel elements
are composed of zirconium hydride moderator homogeneously combined with
20% enriched uranium fuel, The control system consists of borated
graphite safety, shim, reguldting and pulse control rods, having either
solid aluminum or fuel followers, FExperiments are conducted in a
20 x 20 x 8 foot high fasi neutron exposure room adjacent to peool, the
pool itself, and within the core,

The facility was orginally developed in late 1959 and began
cperations in September 1961. Modifications applied since then include
(1) replacement of the aluminum clad fuel elemeants with stainless steel
clad elements (1964), (2) automatic SCRAM timing (1969), (3) replacement
of the poison-followed transient rod with an aluminum follower (1964},
(4) replacement of aluminum follower control rods with fuel-followed
control rods (1971), and (5) replacement of reactor instrumentation
with up-to-date instrumentation (1973).

The reactor has the capability of the following modes of operation:
1. Steady-state operation up to 250 kW,
2. S8guare-wave operation up to 250 kW,

3. Pulse operaticn resulting in up to a maximum peak power of
2000 MW with a pulse width of 9.5 ms at half maximum,. -

Tk

B. The decision to decommission the DORF reactor is the culmination
of an Army reactor utilization study begun in mid-1975 to examine the
requirement for the three Army research reactors. This study was done
by HDIL Nuclear Weapons Effects Program Office (NWEPQ) which investigated
the following alternatives:
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1. Operation of the three reactors in their present locations.
2. The shutting down of one pulse reactor,

3. -The consclidation of the Aberdeen Pulse Reactor with the
Diamond Ordnance Radiation Fac111ty (DORF) at e1ther Forest Glen Md.
or Aberdeen Proving Ground, Md. o

4. The consolidation of the DORF with the White Sands Missile
Range (WSMR) pulse reactor with the closing of the Aberdeen Pulse
Reactor.

5. Closing down of all Army effects research reactors with
experiments conducted at either ERDA or other service veactor sites.

6. The closing of one pulse reactor and the DORF fécility;

In addition, an Army Scieuntific Advisory Panel Ad Hoc Group on
Pulse Reactors was asked to review the technical capabilities of the
Army's two pulsed reactor facilities at WSMR and APRF and to review
documentation including the Study for Requirements for Nuclear Weapons
Effects Research Reactors prepared by NWEPO, HDL. The Ad Hoc Group
also visited DORF and although they were not asked to address the
DORF facility, their conclusion was that if any of the three reactors
should be closed, DORF would be the logical candidate. This con-
clusion is based on the availability of TRIGA type reactors at the
Armed Forces Radiological Research Institute and other facilities
nationally, In January 1977 the HDL were directed by Headquarters, US
Army Materiel Development and Readiness Command to decommission DORT
with an initial closure date of 1 July 1977, The closure date was
subsequently changed to 1 October 1977 so that planned experiments could
be completed,

C. The primary objective of the decommissioning of the DORF is:
(1) to remove the Special Nuclear Marerial (SNM), i.e., reactor fuel
elements, and to return it to US Energy Research and Development
Administration (ERDA)} for disposal; (2) to remove all radioactive
material from the facility and ship to a Nuclear Regulatory Commission
(WRC) licensed burial site; and (3) to decontaminate and prepare the
facility building for alternate use. Upon completion of decommissioning
the facility building will be given to Walter Reed Army Medical Center
(WRAMC) for their use. The purpose of this Decommissicuing. Plan is to
outline the method of accomplishing this objective in 2 safe manner which
will allow least exposure to personnel or contamination to the environment.

S-S S-S . =)
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D, In decommissioning the DOR¥, the removal and shipment of the fuel
elements is relativelystraight forward but time consuming, There are

"ipptoved TRIGA fuel shipping casks available, however they may not be

available until early 1978 or later, Because of the Army's difficulty
in obtaining indemnification, the shipment of the fuel will be performed
by ERDA. The precise details of all the decommissioning and dismantling
operatiods cannot be specified 5ince tasks to be accomplished at a latrer
period are dependent upon results and judgement of earlier operations,
For example, after the removal of the wood lining in the exposure room,
the amount- of concrete to be removed will depend upon its radiocactivity.
Therefore, this Plan will not give detailed procedures which may change
at a latter date, but will give firm objectives which must be accomplished
to complete the decommissioning operations. The detailed procadures aund
hazard analvsis will be atrached to the plan as appendices.

I1 ORGANIZATTON AND RESPONSIBILITIES

A, The health and safety aspects of the Department of the Army nuclear
reactor systems is 2 command responsibility, The specific command re- :
gponsibilities are stated in AR 3853-80, Chapter 2. Tha organization chart
for the DORF Decommissioning is shown in Fig. 1.

1. Responsible Commander. The Commanding Officer, Harry Diamond
Laboratories is the responsible commander. He has ultimate responsibilicy
for the operation of the reactor. He shall comply with the requirements
of AR 385-80 and insure that all operations of the DORF reactor systems
are conducted in a safe manner.

2. Reactor Safeguards Committee. The Reactor Safeguards Committee
(RSC} is appointed by and reports to the Commanding Officer, HDL. The
committee consists of persconnel who collectively provide a broad spectrum
of experience ia reactor technology., The RSC will review the plans and
procedures of decommissioning.

3. Chief, Nuclear Radiation Effects Laboratory (Lab 200). The Chief,
Lab 200 is the direct line of authority from the reactor commander to the
HDL commanding officer,

4, Reactor Commander. The Chief, Nuclear Effects Simulation
Technology Branch (Br. 290}, is the reactor commander as defined in AR 385-80,
He has the direct responsibility for the safe, competent and efficient

‘operation and use of the facility, These responsibilities will continue

through DORF decommissioning.

5. Physicist-in-Charge. The Physicist-in-Charge (PIC) is the
Facility Supervisor. He has the divect and immediate responsibility
for the facility. He is responsible for assuring that all operations are
conducted in a safe manner and within the limits prescribed by the DORF
Technical Specifications. These responsibilities will continue until the
DORF decommissioning is concluded.

Y4
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B. Support from Other Commands and Ageﬁcies

1. Army Reactors Systems Health and Safety Review Committee (&R”HS)

The Safety Dlrector, Offlce of Chief of Engineers, has been
delegated the responsibility of surveillance and general guidance in all
health and safety matters relating to Army puclear reactor systems, which
includes the decommissioning of DORF. The Army Nuclear Reactor Systems
Health and Safety Review Committee (ARCHS) was established to assist in
discharging this responsibility. The ARCHS will review and approve this
decommissioning plan, safety analy81s and other applicable documentation.

%2, IS Armv Environmental Health Agency (USAEHA)

Following decommissioning and in-house radiclogical surveys, the
USAFEA will be requested to conduct an independent radiclogical survey of
the DORF site.

3. US Energy Research Development Administration (USERDA)

ERDA will be requested to supply the fuel transfer casks and the
transportation of the fuel elements to the disposal site.

4, Civilian Contractor

A contract will be negotiated for the dismantlement and
decontamination of the facility, the packing and shipment for disposal
of radiocactive waste, and the preparation of the building for alternate use,

ITTI OBJECTIVES

A, Summary of Tasks

The facility decommissioning will begin immediately after the
approval of this Decommissioning Plan., The decommissioning operation will
be completed when all accessible areas of the facility are radiologically
safe and unrestricted for personnel occupancy. The Energy Research and
Development Administration ERDA has been asked to negotiate the fuel
cask and shipment contract. This approach is used becauss ERDA is
indemnified and the Army is not. The fuel elements will be sent to the
chemical reprocessing plant in Idaho or to other TRIGA reactor fTacilities
specified by the University Relation Division, ERDA. The dismantling,
removal of radicactive equipment, and building decontamination will be done
by contract. The Decommissioning Plan will be prepared by DL personnel and

approved by the Army Reactor Systems Health and Safety Review Committee (ARCHS)

before implementation. The overzll layout of the reactor is shown in
Figures 2 through 5. Generally, the decommissioning operaticon will proceed
as follows:
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B 1. The reator fuel will be transferred from the reactor core to the

E in-pool storage racks. (Note: This will be done immediately after operations
cease on 1 Cet 1977. These are approved standard pcol storage for the fuel
elements and storage will assure reactor non-operability).

. 2. The fuel elements and fuel-followed contrel rods will be packaged
s in-approved fuel shipping casks aid shipped to the US ERetgy Research and
Development Administration (ERDA), Idaho Reprocessing Plant. There is

a possibility that some of the irradiated fuel elements will be shipped

to other TRIGA reactor facilities. The loading will be performed by DORF
personniel, The fuel shipment will be performed by ERDA on a cost re- -
coverable basis. Unirradiated fuel elements will be.transferred to the
Armed Forces Radiological Research Iastitute (AFRRI).

3. Standard control rods and other radicactive reactor structures
will be shipped from the facility for disposal at NRC licensed burial
site. Selected reactor structures will be shipped to intevested TRIGA
reacior OWNers.

? 4. The reactor pool water will be discharged to the sanitary sewer
: provided the radioactivity is within the standards set by 1OCFR20.

5. The reactor carriage, core support structure, and pool shield
doors will be removed and activated sections will be shipped for disposal
at a NRC licensed burial site.

6. The aluminum pool tank will be removed, Radioactive sections
will be shipped from the facility site to an approved burial sirte.

7. Sufficient activated concrete beneath the aluminum liner will be
removed to comply with acceptable surface contamination levels in NRC
regulatory Guide 1,86, Termination of Operating Licenses for Nuclear
reactors. (See Table 1)

8. Wood liner in the exposure room will be removed and shipped
for dispesal at a NRC licensed burial site.

9. Activated concrete in exposure room and exposure room plug
door will be removed and shipped for disposal at a NRC licensed burial site.
Sufficient concrete will be removed to comply with contamination levels in Table

10. Exposure room lead shield and heist and lead curtain will be removed
and activated sections shipped for disposal at a NRC licensed burial site,.

11. All activated structures will be decontaminated or removed for disposal

(
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TABLE]

ACCEPTABLE SURFACE CONTAMINATION LEVELS

with decay modes other than alpha
#rnission or spontaneous fission)

gxcept Sr-90 and others noted above.

NUCLIDEY AVERAGED ¢ _ MAXIMUMY 4 _ REMOVABLED®

Unat, U235, U-238, and 5,000 dpm a/100 cm? | 15,000 dpma/100cm? | 1,000 dpm /100 cm?
associated decay products

" Transuranics, Ra-226, Ra-228, 100 dpm/100 cm2 | 300 dpm}100-cm? - 20 dpm/100 em?..
Th-230, Th-228, Pa-231,
Ac-227,1-125,1-129
Thrat, Th-232, 5.9, 1000 dpm/100 am? | 3000dpm/100cm? | 200 dpm/100 e
Ra-223, Ra-224, U-232, : _
1126, 1131, 1133
Beta-gamma emitters (nuclides - 5000 dpm S/100 cm? | 15,000 dpm fy/100 cm? | 1000 dpm 8-v/100 cm?

®yhere surface contamingtion by both aiphe- and beta-ymmaw‘:.itimg ruchdes exista the Hmits enmmm for alphe and
bats-garnme-einiiting nuclhdes thould dpply independently.

- Baz ured in this tabls, dpm (dﬂ.ﬁnmﬂomwmma)m&sm&ﬁmwwmmMNd@me&bymm

the counts per minut observed by an appropriats detector for beckyround, efficlency, and geomettic factors smociated with the

nstrunientation

“Meaturements of average contaminant zhould not be averaged over more than | square mater. For objects of less surface area, the
avenage should ba derived for each sach object.

9The maximum contzmination level appiies 10 an area of not more than 100 cm?.

2

°The amount of removeble radicective materisl per 100 cm? of surface area should bo determined by . wiping that ares with dry filter or
soft sbsorbent peper, applying modemate pressute, and asessing the amount of radicective material on the wipe with an appropriate
instrument of known ¢ffickency. When removable contamination on objects of jem mdaoe area is determined, the pertineat levely
should be reduced pmportionaﬁy and the entire mrfsce should be wiped.



12. Reactor console and associated equipment will be removed by
HDL pevrsounel and shipped to AFRRI,

1307 Building will be prepared for alternate use by removing
parapet and restoring floor to bay level.

14. Remove three 5000 gallsn waste water hold-up tanks and
reconnect sewer system. Tanks to be shipped for disposal as non-
radicactive waste.

15. A final site survey will be made by an independent agency to
insure that none of the areas will exceed NRC guidelines for un-
restricted use.

IV TRAINING

A. DORF. Personnel. Fuel element handling will be done by DORF
personnel who have the experience and rraining in this operation, Special
training and briefings will be conducted prior to transfer of the fuel
elements to shipping casks. Other special training will be conducted,
as appropriate, for those tasks not performed during normal reactor
operations. Removal of large items requiring rigging techaiques will
require personnel (contractor) who are familiar with these operations.
Training will be on-site and will be the respounsibility of the Physicist-
in-Charge.

B. NON-DORF Personnel. All non-DORF personnel associated with the
decommissioning will receive a briefing which will include reactor facility
entrance and exit procedures, radiation areas and exclusion areas, the
identification and meaning of various radiation signs, controlled areas,
and use of radiation monitoring devices. '

C. SUPPORT UNITS, Periodic training of support units such as the
fire department personnel and WRAMC military police is their own
responsibility. These units have participated in DORF quarterly emergency
drills and will be apprised, and briefed when necessary, of decommissioning
operations.

V. QUALTTY ASSURANCE

A. The DARCOM requirements for quality assurance at reactor facilities
is contained in DARCOM Supplement 1 to AR 385-80. The surveillance
requirements and management procedures in the DORF Technical Specifications,
and ENRADMON and Health Physics Plans are designed to assure that adequate
control over activities affecting all aspects of the reactor system operations
are maintained. Additional quality assurance during decommissicning will



'be implemented,.as necessary, in accordance with the above DARCOM Supplement

and present DORF procedures and plams.

-

VI. RADIATION PROTECTION

A. DPersonnel Monitoring

17 "Basic Radiation Protectiona Sraridards

a. The basic radiation protection standards are prescribed in Army
Regulation 40-14, and Walter Reed Army Medical Center Regulation 40-10.
Every effort will be made to maintain the radiation dose equivalent as far
below the following Radiation Protection Standards as practicable. Positive
efforts will be carried out to fulfill this objective; aund, determination of
necessity will be weighed against the benefits to be expected.

b. Basic Radiation Protection standards adopted for the control of
occupational exposures to ionizing radiatiocn include:

.

{1y The accumulated dose eguivalent of radiation to the whole-
body; head and truck; active blood-forming organs; gonads; or lens of
the eve will not exceed:

{(a) 1.25 rem in any calendar quarter, nor
(b} 5 rem in any 1 calendar year

{2} The accumulated dose equivalent of radiation to the skin
of the whole-body (other than hands and forearms); cornea of the eye; and
bone will not exceed:

(a) 7.50 rem in any calendar quarter, nor
(b) 30 rem in any 1 calendar year

(3) The accumulated dose of radiation to the hands and
wrists or the feet and ankles will not exceed:

(a) 18.75 rem in any calendar quarter, nor
(b) 75 rem in any 1 calendar year

(4) The accumulated dose of radiation to the forearms will not
exceed:

(a) 10 rem in any calendar quarter, nor
¥ q

(b} 30 rem in any 1 caleddar vear



' '(5) The accumulated dose equivalent or radiation to the thyroid;
other orgdans; tissues; and organ systems will not exceed:

...(a) 5 rem in any calerdar guarter, por .

(b} 15 rem in any 1 calendar year
CU(6) Individual(s) under 18 years of age, females Kanown to be
pregnant, and occassionally exposed individual({s) will not be exposed to a
whole-body dose equivalent of more than:

(a) 2millirém in any 1 hour, nér
{b} 100 millivem in any 7 consecutive days, nor
{c} 500 millirem

. (d) more than 10 percent of the values in (2), (3), (&)
and (3) above, for other areas of the body

(7 Individuals over 18 years of age but who have not yet
reached their 19th birthday may be occupationally exposed to icniziag
radiation provided that they do not exceed 1.5 rem dose equivalent to the
whole-body in any calendar quarter, nor 3 rem in the 12 consecutive months
prior to their 19th birthday.

2. Monitoring Devices

a. A film badge is the primary dosimeter device for monitoring
personnel exposure, Personnel selectad for personnel meonitoring will
include:

(1) Individuals who are likely to be exposed to sufficient
radiation from all cceupational expesures to receive an accumulated dose
in excess of ten (l0) percent of the applicable basic Radiation Protection
-Standard,

(2} Those other individuals selected by the Health Physicist
on duty,

Lt T T B ST
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(3) Contractors will provide dosimeters for their own personnel.

\ . e ST ”
“Sb.....The following types of Personnel monitoring devices will be

available: '

e

B =

(1) Whole Body badge: Sensitive to beta, x-ray and gamma
radiation and worn to measure the exposure received by the whole body



{2) Wrist badge: Samé as the whole body except that it is.
. D - -provided-with a wrist band so that it can be used tg measure the dose to
3 the hands

(3) Pocket icnizaticn chambers will be used to provide a means.
-of-obtaining rapid indication of accumulated dose over short periods of time.
This chamber enables individuals to monitor their own accumulated dose.

3. Documentatiom. - - - e : T -

a, WRAMC Health Physics will supply the film badges Records
aze kept on WRAMC Form 119 (Film Badge Application and Record of Occupational
External Radiation Exposure),. Health Physics will exchange film badgas
and transmit the film packets, along with photodosimetry rTeports, to
Lexington-Bluegrass Army Depot for monthly development and exposure
avaluation. Records of exposure will be maintained as follows:

(1) ~ The Lexington-Bluegrass Army Depot maintains permanent
records of all exposures and returns the Photodosimetry Report (DA 3484)
to the WRAMC Health Physics Officer,

(2) The WRAMC Health Physics Officer maintains DD Form 1141
; for all military and civilian personnel assigned or attached to WRAMC.

b. Cumulative daily Pocket iounization chamber dose readings will
be recorded on WRAMC  -Form 705 "Pocket Desimeter Log'.

e M e = - )
,/’”f ¢i~In general, contractors will maintain their owgﬂ;;:;;;;—;E\\\

F{lm badge exposures. However, they will be supplied pocket dosimeters )
fxﬂat the direction of the Health Phy31c1st and exposure rscords will be

. e
SR e maintained on Form 7054
e 4. Hse—of Momitoring Devices ’J”F]C;i;/’

Use of personnel monitoring devices is contained in WRAMC
Reoulatlon 40-19, Annex E (PERSONNEL MONITORING). During the DORF
decommissioning the following general guidelines will be followed:

o a. Film badges: Each person who cccupies a controlled area will
s wear a film badge, (beta, gamma) unless specifically exempted by the Health
i Physicist. These badges will be worn at all times within the ¢ontrolled
area and left at the facility when leaving. Neutron and wrist badges will
be worn at the direction of the Health Physicist.

b. Pocket dosimeters; Each person who occupies a controlled area
will wear a self-reading pocket dosimeter to provide an lmmedlate indication
of accumulated dose over short periods of time.

[ A S P



¢. Contract specifications will- require;as a mitimu,
that the contractor will supply the above (a and b) monitoring dev1ces
for their personnel.

5. Administrative Control . ... .

8. Staff Personnel: The fuel elements will be removed from
the reactor pool to the shipping casks by DORF staff personnel.who have had-

experience in Handling TRICA Fuel elements. All personnel will be briefed

on tasks and hazards that exist. Rehearsals and "dry runs' will be made to
reduce radiation exposure and to reduce hazards where applicable.

b. Comtracters and Visitors:

(1) Contractor work will begin after the fuel elements have
been removed and shipped from the facility. Therefore, the major source of
radiation hazard will be gone when they begin the facility dismantling
and decontamination, However, the contractors will be throughly briefed
on the location of the remaining radicactive material and hazards involved,
also use and control of monitoving devices and safety precautions to be
utilized.

(2) Visitors will be accompained at all times when within
the controlled area. The existing entrance sign-in- log and personnel

dosimeter monitoring procedures will be foliowed e
B. Liquid Waste Processing T T e Rt

All liquid waste at the facility, except comode and urinals, drain
into 15,000 gallon hold-up tanks. Before discharge to the sanitary sewer,
the tank affluent is sampled and analyzed for radiocactivity to insure that
the maximum permissible concentration (MPC) listed in 10CFR2C is not exceeded

-

C. Radioclogical Surveys

1. Plant surveys. The procedures for radiological surveys are contained
in the DORF Health Physics Plan. These procedures insure that the facility
is provided with adequate routine radiological daily, weekly and moonthly

" checks, Particular attention will be made of radiocactive dose rates during

fuel transfer to shipping casks and during dlsmantlement of radicactive
structures to insure minimum exposure to personnel. Addltlonal surveys-——
and activation analysis.will be done during concrete removal to determin
when suffxc1ent material is removed so .that the area can be made_an un- .
restrlcted area.? ‘The Health Physicist will inform and advise persons of
anticipated or~Bxisting radiation hazards and these hazards will be posted
when required.

N



2.7 Contamination Countrol Plan. Control points will be established
at the point of entry of any contaminated area. The procedures established
in the Health Physics Plan will be followed. Materials and tools removed
from the contaminated area will be surveyed It is the goal of the

“decommissioning to remove sufficient activated materials so that the residual
radiation levels do not excesd the values in Table 1. -

3. - Effluent Monitoring, ~ Air borne effluents will continue to ‘be
monitored by the existing stack monitor as required by the DORF Technical
Specifications. Local air borne activities will be monitored using a
Staplex Air Sampler as directed by the HP. All building air is exhausted
rhrough the abseolute filters and out the stack.

VIT DOCUMENTATION AND RECORDS

Ao hogs

1. Decommissioning log. A log will be kept of all events, as they

g oceur, during decommissioning. The purpose of the log is to present as a

: record of all the events, drawings, sketches and cther information that
are required to perform decommissioning tasks. As a minimum, fhe following
will be recorded:

a., Daily job status

b. Imitiation and completion of each task
¢c. Personnel injuries

d. Accidents

e, Schedule delays

f. Facts bearing on any problem areas

g. Major shipments (incoming and outgoing)

h. Weekly summary: Work progress should be summarized in the
log on a weekly basis. '

2. Health Physics Log. A health physics log will be maintained
recording the chronological decommissioning events. The health physicist
on duty will be responsible for maintaining the log. As a minimum the
following will be recorded:

a, Remarks pertaining to daily monitoring of decommissioning
tasks to include any special monitoring performed,

1
1
i
1
4
i
1
i
1
i
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v B The number -and -weight-of radivactive waste containsers filled
c. Status of radicactive waste in storage awaiting shipment

d. .Amount-{gallons and activity) ef liquid waste discharge (to

inélude hold-up tanks)

e. Amount and average concentration. of airborne activity discharged.

f. Movement of all highly radicactive equipment, components of
skEructures.

g. All incidents pertaining jals] radiolbgical safety
h. Facts bearing on any problem areas
i. Issuance and termination of all radiation work permits (RWP)

j. Shipment of radicactive samples (guantity and description)

and analysis results when received from Health Phvaics or a contractor.

3. Quality Conktrol and Assurance., Quality control and quality
assurance inspections and tests, where applicable, will be the responsibility
of the Physcisit-in-Charge. Results of inspections, quality control and
quality assurance observations will be kept in the decommissioning log.

4. Disposition. After completion of the decommissioning task, all
logs will be forwarded to the HDL Technical & Administration Support Qffice
for disposition.

BE. Reports

1. Final Inspection Report. The veactor Commander (Chief Branch 290)
shall be responsible for preparing a report gn the final inspection of the
decommissioned DORF. '

2, Final Decommissioning Report. The Reactor Commander (Chief Branch 290)
will be responsible for the preparation of the final decommissicning report.
This report will contain all the aspects of the decommissioning tasks and
contain the safety analysis of the facility in its ultimate status. The
report will be forwarded .through Commander, DARCOM (ATTN: DRCSF-P) to
Chief of Engineers (ATTN: DAEN-SON). :

3. Monthly Decommissioning Propress Report. A monthly decommissioning
progress report will be prepared by the Physicist-in-Charge and forwarded
to the Commander DARCOM (ATIN: CRCSF-P) by the 15th day of the month immediately
following the reporting period.
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L. Records

1. TFuel Accountability. The DORF fuel elements (Special Nuclear
Material) accountability will be transferred from the US Army, Harry

~ Diamond Laboratories to FERDA. The fuel elements will-be sent-to-the Tdaho

Reprocessing Plant or to ather TRIGA reactor plants as determined by the
University Relations Division, ERDA.

2, Files and-Records; After completion of decommissioning, all
DORF operations logs and records will be transferred to HDL Technical and
Administration Support Office for retention or final disposition in
accordance with AMC Supplement to AR 385-80. '

VIl EMERGENCY PLANS

A. DORF Emerszency Flan

Thé Emergency Plan tequired by the Technical Specifications will
be in effect through the Decommissioning operations. The purpose of
the DORF Emergency Plan is to establish the procedures to be followed in
the event of an accident or emergency at the reactor facility. Accordingly,
these procedures are to insure the protection of the health and safety of
personnel under accident or emergency conditions, The objective of the
Emergency Plan is to provide complete and cohereanr procedures for dealing
with emergency and accident situations. The potential emergency conditions
which may arise at the DORF are classified into two categories:

(1) The Design Basis Accident and, (2) varying degrees of lesser
accidents, After the SMM fuel has left the facility site, rhe Design Basis

Accident considerations would no longer be in effect,

B, OTHER PLANS AND S0OPS

The following plans and standard operating procedures will be in
effect during decommissioning where applicable:

1. Technical Specifications for the DORF, 13 Aug 1973

2. HealthrPhysics Plan for the DORF Reactor, lSTﬁarcb 1975
3. DORF ENRADMON PLAN,’I‘Eeb 1977 - |

4, Operations Procedures for DORF, HDL Pamphlet 70-5

5. DORF Emergency Plan 1973

6. Physical Security Plan, DORF, 25 Sept 1975
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7. SOP No. 4 Area Radlatlon Monitoring System )
8. SOP No. 6 Procedures for Measuring Fuel Elements and Fuel
Following Control Rods

o B SOP-Noi- 8 Criteria for Replacemeut of Pre and Absolute

Fllters in Exhaust Systewm

16. s0Pp No, 12 Procedures for Special Wuclear Material (SNM)
Inventory

11. 80P No. 13 Personnel Accesé Contrel
12, WRAMC Health Physics Regulations, 40-10
IX CONTRACTING

A, Nuclear Fuel Shipment

The shipment of the DORF Special Nuclear Material (SNM) is
governed by AR 55-5, Department of Transportation Regulation and
Nuclear Regularory Commission Regulatien 10CFR71. U.S. Energy Research
atud Development Administration has been asked to contract for the
shipping cask and for the shipment of the fuel elements to the reprocess-
ing plant in Idaho., A licensed Battelle, Columbus BM-1 shipping cask for
the standard TRIGA fuel elements is available in November 1977, or if this
date cannot be met early 1978, A different cask will be used for the
fuel followed control rods and instrimented fuel elements becatise bpf their
“I8hger 1ength Some-of the fuel elements may be shipped to other TRICGA
reactor faCllltleS.

B. Solid Radioactive Waste ggigments

'y'fﬁ?*

1. Control Rods, Thé control rods will be shipped with the solid
radicactive waste., ., The contact dose rates from these rods i3 not expected
to exceed 100 mr/hr.

2. Solid Radioactive Waste. The shipment of solid radicactive waste
will be contracted to a commercial carrier, Disposal will be in accordance
with AR 755-15 at an NRC licensed burial site, It is expected that solid
radicactive waste will be low level, )

Z. DECOMMISSTIONING TASKS

A listing of the decommissioning rasks is tabulated in Appendix 2.
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REGULATORY GUIDE 1.86

TERMINATION OF OPERATING LICENSES

FOR NUCLEAR REACTORS

A. INTRODUCTION

Section 50.51, “Duration of license, renewal,” of 10
CFR Part 50, “Licensing of Production and Utilization
Facilities,” requires that esach lcense to operate a
production and utilization facility be issued for a

specified - duration. Upon -expiration of the specified’

period, the license may be either renewed or terminated
by the Commission. Section 5082, “Applications for
termination of licenses,” specifies the requirements that
must be satisfled to terminate an operating lcense,
including the requirement that the dismantlement of the
facility and disposal -of the component parts not be
inimical to the common defense and security or to the
health and safety of the public. This guide describes
methods and procedures considered acceptable by the
Regulatory staff for the termination of operating
licenses for nuclear reactors. The Advisory Committee
on Reactor Safeguards has been consulted concerning
this guide and has concurred in the regulatory position.

B. DISCUSSION

When a licensee decides to terminate his nuclear
reactor operating license, he may, as a first step in the
process, request that his operating llicense be amended to
testrict him to possess but not operate the facility. The
advantage to the licensee of converting to such a
possession-only license is reduced surveillance require-
ments in that periodic surveillance of equipment im-
portant {0 the sefety of reactor operation is no longer.

-required. Once this possesson-only license is issued,

reactor operation is not permitted. Other activities
related 1o cessation of operations such as unloading fuel
from the reactor and placing it in storage {either onsite
of offsite) may be continued. '

A licensee having a possession-only license must
retain, with the Part 50 license, authorization for special
nuclear material (10 CFR Part 70, “Special Nuclear
Material™), bypreduct material (10 CFR Part 30, “Rules
of General Applicability to Licensing of Byproduct
Material”), and source materdal (10 CFR Pant 40,
“Licensing of Source Material™), until the fuel, radio-
active components, and sources are removed from the
facility. Appropriate administrative controls and facility
requirements are imposed by the Part 50 license and the
technical specifications to assure that proper surveillance
is performed and that the reactor facility is maintained
in & safe condition and not operated.

A possession-only license permits various options and
procedures for decommissioning, such as mothbazlling,
entombment, or dismantling. The requirements imposed
depend on the option selected.

Section 50:.82 provides that the licensze may dis-
mantle and dispose of the component parts of a nuclear
reactor in accordance with existing regulations. For
research reactors and critical facilities, this has usually
meant the disassembly of a resctor and its shipment
offsite, sometimes to another approprateiy licensed
organization for further use, The site from which a-
reactor has been removed must be decontaminated, as
necessary, rnd inspected by the Commission to deter-
mine whether unrestricted access can be approved. In
the case of nuclear power reactors, dismantling has
usually been accompiished by shipping fuel offsite,
making the reactor inoperable, and disposing of some of
the radioactive components,

Radioactive components may be either shipped off.
site for bural at an authorized burial ground or secured
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andfor shielding material. Means such as a remote-
readout intrusion alanm system should be provided to
Indicate to designated personnel when a physical barrier

- i3 penetrated.--Seeurlty - personnel-that-provide—access-

control to the facility may be used instead of the
physical barriers and the intrusion alarm systems.

(1) Eavironmental surveys,
(2) Facllity radistion surveys,
(3) Inspections of the physical barriers, and

(4} Abnormal occurrences.

h. The physical barriers to unauthorized entrance |

into the facHlity, e.g.. fences, buildings, welded doors,

and access openings, should be inspected at least
quarterly to assure that these barriers have not deterior-
ated and that locks and locking apparatus are intact.

c. A facility radiation survey should be performed at
least quarterly to verify that no radiozctive matenal is
escaping or being transported through the containment
barriers in the facility. Sampling should be done along
the most probable path by which radicactive material
such as that stored in the inner containment regions
could be transported to the outer regions of the facility
and ultimately to the environs.

d. An environmental radiation survey should be
performed at least semiannually to verfy that no
signficant amounts of radiation have been released to the
snvironment from the facility. Samples such m sof,
vegetation, and water should be taken at locations for
which statistical data has been established during reactor
operations.

e, A site representative should be designated to be
responsible for controlling authorized access into and
movement within the facility.

f. Administrative procedures should be established -

for the notification and reporting of abnormal accur-
rences such as {1) the entrance of an unauthorized
person or persons into the facility and (2) a significant
change in the radiation or contarhination levels in the
facility or the offsite environment.

g. The following reports should be made:

{1} An annual report to the Director of Licensing,
U1.S. Atomic Energy Commission, Washington, D.C.
20545, describing the results of the environmental and
facility radiation surveys, the status of the facility, and
an evaluation of the performance of security and
surveillanice measures.

{2) An abnormal occurrence report to the Regula-
tory Operations Regional Office by telephone within 24
hours of discovery of an abnormal occurrence. The
abnormal occurrence will also be reported in the annual
repurt described in the preceding item.

h. Records or logs relative to the following items
should be kept and retained until the license is termi-
nated, after which they may be stored with other plant
records:

[.86-3

4. DECONTAMINATION FOR RELEASE FOR UN.
RESTRICTED USE

If it is desired io terminate alicense and to eliminate
any further surveillance requirements, the facility should
be sufficiently decontaminated to prevent risk to the
public health and safety. After the decontamination is
satisfactorily accomplished and the site inspected by
the Commission, the Commission may authorize the
license to be terminated and the fzcility 2bandoned or
released for unrestricted use. The licensee should per-
form the decontamination using the following guide-
lineg:

a. The licensee should make 2 reasonable effori to
eliminate residual contamination.

b. No covering should be applied to radicactive

~ surfaces of equipment or structures by paint, plating. or

other covering material until it is known that contamina-
tion levels (determined by a survey and documented}) are
below the limits specified in Table I. ln addition. a2
reasonable effort should be made (and documented) to
further minimize contamination prior 0 any such
covering. ’

c. The radioactivity of the interior surfaces of pipes, -
drain lines, or ductwork should be determined by
making measurements at all traps and other appropriate
access points, provided contamination at these locations
is likely to be representative of contamination on the
interior of the pipes, drain lines, or ductwork. Surfaces
of premises, equipment, or scrap which are likely to be
contaminated but are of such size, construction, eor
location as to make the surface inaccessible for purposes
of measurement should be assumed to be contaminared
in excess of the permissabie radiation limnits.

d. Upon request, the Commission may authorize a
licensee to relinquish possession or control of premises.
equipment, or scrap having surfaces contaminated in
excess of the limits specified. This may include, bur =
not Hmited to, special circumstances such as the transfer
of premises to another licensed orpanization that will
continue to work with radioactive materials. Requests
for such authorization should provide:

{1} Detailed, specific information describing the
premises, equipment, scrap, and radicactive contami-
nants and the nature, extent, and degree of residual
surface contamination.
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TABLE
_ ACCEPTABLE SURFACE CONTAMINATIONLEVELS ..

NUCLIDEA - AVERAGED ¢ MAXIMUM? d REMOVABLED ¢

U-nat, U-235, U-238, and 5,000 dpm a/100 cm? | 15,000 dpm a/100 cm? 1,000 dpm a/100 cr’
__associated decay products. ... | ISR I JRSTPR S S

Transuranics, Ra-226, Ra-228, 100 dpm/100 cm? 300.dpm/100 cm? 20 dpm/100 cm?2

Th-230, Th-228, Pa-231, . S

Ac-227,1-125,1.129 -

Th-nat, Th-232, 5:-90, 1000 dpm/100 cr2 3000 dpm/100 cm? 200 dpm/100 cm?2

Ra-223, Ra-224, U-232, ' :

1126, 1131, 1-133

Beta-gamma emitters (nuclides 5000 dpm fv/100 cm? | 15,000 dpm f-y/100 cm? | 1000 dpm f-/100 cm
with decay modes other than alpha .

emission or spontaneous fission)
except 5¢-90 and others noted above,

*Where surface contaminstion by both alphs and bamvgammmtting nuchides existy, the Hinitr established for alphs- and
beta-grrums-emitting nuclides should apply independently. ’

B A used In this tabls, dpm (didntegrations per ninute) mesns the rats of smi:don by radioactive materisl a2 determined by correcting
the eounts per minuw obssrved by an approprietes detsctor for background, efficiancy, snd geometric fsctorm amociated writh the
instrumentation,

CMeasurements of average contaminant should not be averaged over more than 1 square meter. For objects of less murface arez, the
average thould be derived for each such objact, :

d1he maximum contamination level spplies to an areg of not more than 100 em?.

®The amount of removable radicactive z:naturial per 160 em? of surface area should be determined by wiping that area with dry filter or
soft absorbent paper, applying moderate presyure, and amessing the amount of madiosctive material on the wipe with an approprizte
instrument of known efficiency. When removable contamination on objects of less surface area is determined, the pertinent levels
should be reduced proportionally and the entire surface should be wiped.

1.86-5
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The DORF decommissioning tasks are divided into three phases:
(1). Reactor fuel removal and shipment, (2} Facility decommissioning, and

Appendix 2~

Decommissioning Tasks‘

(3) Preparation of building for alternate use and Pogst-decommissicuning

tasks,

Phase I Tasks: Reacror Fuel Removzl and Shipment

1.
2.
3.
&,
5.
6,

79
8.

Phase TI

Prepare decommissioning Plan.

Obtain ERDA agreement to ship and dispose reactor fuel.

Prepare fuel handling Safety Analysis Report (FHSAR),

Obtain ARCHS approval of FHSAR. :
Negotiate rental of licensed shipping casks (either HDL or ERDA).
Prepare Appendix A data, "Description of Specification Material
and Desigmnation of Processing Batch Size” and "Idaho Chemical
Processing Plant Fuel Receipt Criteria', and send to ERDA, Idaho,
Remove fuel elements, prepare for shipment.

Transportation of fuel elements to ERDA, Idaho or to TRIGA
reactor facilities,

Tasks: Facility Decommissioning

Prepare dismantlement plan,

Otitain ARCHS approval of dismantlement plan.

Establish acceptable surface contamination levels for release of
premises for unrestricted use,

Prepare specifications for dismantlement contract,

Award dismantlement conktract.

Radioactive equipment and structure removal:

a, Removal of core support structure

b. Removal of pool lead shield doors

c. Pool water discharge to sanitary sewer. (water analysis
to assure within 10CFR20 limits).

d, Removal of aluminum tank liner and activated concrete under
the liner

e, Removal of wood tlmber lining and concrete in exposure room
and plug-door

f. Removal of lead shield hoist and curtain in exposure room

g. Activation analysis/dose rate measurements at bottom of pool
and in the exposure room to assure acceptable re31dua1 con-
tamination levels.

h. Packaging of radiocactive material for shipment to disposal site

i. Removal of water treatment system and activated sections of
exposure room air-conditicning ducts.
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Transfer reactor console instrumentation and other ancillary

equipment to the Armed Forces Radiological Research Iastitute (AFRRI).

3.

9.

(to be surplused or transferred to other users)

‘10.

Remove jib crane hoist,

ey

Prepare procedures or discriptions of method for accomplishing

the dismantling tasks where applicable.

1.

Description of the biological shield and estimates of the

content and extent of induced radicactivity.

12.

13,

Phase IIT Preparation of Bulldlng for Alternate Use L

1.

2.

3.

4.
report.

Contamination control:

(1) Dust collection and absolute filtering procedures.
(2).. Respirator and protective clothing requirements.’
{(3) Air Sampling Procedures,

(4) Other Health Physics requlremente or procedureea ~

. e
T e

Removal of three 5000 gallon water hold up ranks.

Post decommissioning radicactivity survey prior to cevering/

resurfacing former activated areas. .

Preparation of building for alternate use:

a, Dismantle concrete parapet to floor 1eve1fL‘-ﬂﬁ

b, Fill-in pool hole and resurface to bay floor level.

c. Fill-in lead-shield hoist hole in exposure room and -
restore floor to 1eve1 of entrance.

d. Remodel and reactlvete air-conditioning system,

e. Remodel electrical distribution and sewer system where
applicable, .

f. Remove office and laboratory trailer,

g. Remeve all other HDL equipment and furniture.

h. Reconnection of sewer lines at hold-up tank area, fill
hole and relaandscape.

Post decomm1351on1ng inspection by Independent AOency.

Post decommissioniag I_G. Tospection and final decommissioning
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Appendix Ii1

TRIGA Fuel Shipping Cask Analysis

The shipping casks to be used to ship the DORF fuel are the Battelle

 Memorial Institute BMI-1 cask and another cask not yet determined. The

BMI-1 cask will bé ugsed to ship the standard length DORF fuel elements.
Another cask must be used for the fuel followér control rods (FFCR)Vand the
thermoeouple instrumented fuel elements (TCEEj because of the longer overall
leggthc

This appendiz contains the BMI-1 certificate of compliance and the
cask safety analysis as follows:

1. Certificate of Compliance No. 5957, Revision 1, of the BMI-1
shipping package.

2. Safety Analysis Report for shipment of the TRIGA fuel by the
Umiversit§ of Arizona.

3. Supplement No. 1 to request for 1icense_to transport irradiated
TRIGA fuel in BMI-1 Shipping Cask, June 1972.

4, University of Arizora TRIGA loading-to-critical experiment.

5. Summary of initial Criticality Experiment for Torrey Pines TRIGA
Mark IIT Reactor Startup.

6. Supplement No.,l to request for license to transport irradiated
TRIGA fuel in BMI-1 Shipping Cask, June 1973 (replacement pages 12 through 20
to item 3),

7. Analysis of Shells of Revolution Subjected to Symmetrical and
Nonsymmetrical Loads.

8. DORF reactor start-up.



APPENDIX IV

RADIO-ISOTOPIC ANALYSTS OF RADTOACTIVE MATERTAL
IN THE DORF STRUCTURE BEFORE

DECOMMISSIONING



INTRODUCTION

This report documents information of the amount and type of radicactive

material that will be present in the structure and building of the Diamond

Ordnance Radiation Facility after removal of the reactor fuel in the spring
_of 1978. Such information is required for decommissioning plans and must

be supplied to the Army Reactor Committee for Health and Safety (ARCHS)
~prior to their approval of such plans. The information is also needed by
the waste-disposal area directorate who must‘Budget for épecific volumes and
radioactive levels. Finally; the isotopic composition of the radioactive
waste 1is necesséry for labeling containers at the time of shipment.

The first.sgqtion.oﬁ this report is a summary for those who need only
the final results on type, location and amount of residual radiocactivity.
Section two describes the investigative procedures, discusses the possible
sources of radioactivity and the properties of the radiocactive isotopes
found. = Graphs of isotopic analyses and calculétions, which convert detector
response to specific activities, are included in_this section. The second
section also provides the detailed calculations of volumes, weights and total

radicactivity in the various sections of DORF. The final section contains

recommendations based on things discovered during this study.

SUMMARY

The radicactivity that will remain at DORF after the fuel removal in the

spring of 1978 has been carefully estimated based on criteria, measurements and

necessary assumptions documented in this report. A concise summary of that
radioactivity is given in.Table I. The most predominant radioactive isctopes

in the concrete are cobalt-60 and europium-152 and -154. The most predominant

isotopes in lead are antimony-124 and silver-110° . The wood and steel (mainly

in the lead-shield hoist) are not very radiocactive and are easy fo dispose of.

aluminum itself is almost non-radicactive but there is a radicactive Phenoline

The



liner which tends to stick to thée aluminum. Its radioactivity comes from
cobalt-60 and ziﬁc—65. All of these radioactive isotopes have half-lives

in eresss QfGOdays e

1/

~ TABLE I. Summary—~ of total radioactivity to be expected from materials
in the DORF structure after core removal.

Mass Volume Radioactivity
Material 1 {ibs) i (Ft3) (millicuries)
CONCRETE 82,170 ' 412 36.24
(If whole plug (170,050) (850) (36.24)
door included). '
LEAD 55,753 112 13.34
- ALUMINUM 2,288 15 i 75.71
WOOD 34,944 1344 0.33
STEEL 2,662 X 5.5 0.03
GRAND
TOTAL 177,817 1bs 1889 ft3 0.126 Curies
(89 tons)

i'/This represents a summation of the values given in Table X.



IDENTIFICATION OF THE RADTOACTIVITY

_Isotope TIdentificationi.. ...

The principal method of identification was gamma-radiation spectroscopy

with a germanium lithium-drifted detector, or Ge(Li) crystal, The crystal

is hoqsed insidg a very lowaac?ivity—lead cave lined with wood. Numerous.

~ background analyses confirm that for photons with energies éreater than

140 keV, samples with low activities (two to three times background) Can_be
suééésgf;lly_analyzed for specific photon energies. A plot of a.multichannel
analyzer spectrum of the background is given in Fig. 1. .The principal higher
:energy peaks in the backgfoﬁﬁd spectfﬁm éfe the SiiQReV gammas aséoci&ted
-with annihilation radiaiién and the 1461=§ev peak from 40K, a radioactive
isotope which is found naturally in almost all "non-radioactive™ materials.

The method of analyses provides for very good resolution of the photon
energiés in the range 140 keV to 2500 keV at approximately-é,? keV per
channel of 256 total channels. -The eleétronic equipment is sufficiently
stable over counting periods.of 50,000 seconds to permit energy assignment
within two percent. Graphs of the gamma spectra of the various materials
investigated are shown. (See Fig. 2 through 35).

The mgthod does not provide for.the.ultimate in accuracy for determining
specific aétivity. The crystal efficiency (disintegrations per count as a
function of energy) can only be accurately assigned for a well-defined
geometry. The samples in the present situation varied in size and.shape.
Therefore, they were suspénded above the crystal so that their centers of

mass were approximately three centimeters from the active volume of the



detector and efficiencies were determined witﬁ_céliﬁrated point sources,

The error éssociated with this procedure is estimated to Be no greater than
50%, based on a volume integration of point-source respomse at points in
space representative of the sample size, For the task at hand such.accﬁracy

isisufflcient.

Rational of Sample Selection

The_job was to identify the radiqgctive content and quantity of materials
that will have to be removed from the DORF site so that it caun be certified,
by post-decommissioning ra&ioactive survey, as an unrestricted area for
possible ﬁubiic.ﬁéé. This survey, to be conducted By t&e.Afﬁy Environmental
Health Agency (AEHA), must be accomplished prior to any filling, sealing or
burying activities, This presented two problems. How éan we identify the
radiocactivity in presently inaccessible aréas,'such,as below ﬁhe reactor
-pool, before the reactor fuel and higher-level radiocactive structures Eave
been removed? What amount of material will have to be removed from walls
and floors to reach an acceptable AEHA level?

The first problem was attacked as follows. Representative samples of
all the material types are accessible in the exposure-room area. Because
of the significantly larger thermal-neutron cross sections of materials
and the fact that the DORF=TRIGA reactor is zirconium-hydride moderated and
water—cooled reactor, the thermal component of the spectrum is the dominate
source of induced radiocactivity. As will be discussed later, the predominance
of radiocactive europium confirms this. Therefore, isotopic analyzes of

exposure room samples are representative of those in presently inaccessible



areas. TFurthermore, with facility dosimetry data for thelvariéus locations,
‘we can estimate the residual radioactivity in remote locations with signifi- ...
cantly different flux expdsure levels;
_ The second problem of how much material to remove is more complex. . . . .
because we do not have good gnidance on the amount of radioactivity in
volume that can remain. NRC Regulatieon '1.86, the current guida, glearly
specifies levels for removal surface contamination but is, at best, vague
on volume activify and how to detect it. The criteria set for the analysis
in fhis report are as foilaws:

(1) Once the reactor. support structure has been removed . there will be
ﬁo high-level radioactive waste remaining in the DORF structure. Our
analyses confirm this.

(2} BRased on existing allowable concentrations of radicactive materials
in water and a specific accivity proportional to material density, we can éet
an allowable specific activity of 2 x 10-5 microcuries per gram as the maximum
permissible concentration of radionuclides in water when it is known that
Sr 90, 1129, (I 125, I 126, I 131, Table II only), Pb 210, Ra 226, Ra 228,

Cm 248, and Cf 254 are not presentj Since the-density of water is one g/mnB
and there are 28317 cmB/ft3, 2 x 10-5uCi/g corresponds to 0.57 uCi/ft3 of water.

{3) It is assumed that the radiocactivity is distributed in the material
to be removed in proportion to the incident thermal fluenée (flux~-time product)
and attenuated exponentially according to thérmal—neutron relaxation lengths,
(i.e., the inverse of microscopic removal cross sections for broad beams).
Half-1ife decay is taken iﬁto consi&eration for the period until ;pring 1978, There-

fore:,. the depth of material to be removed, D in centimeters, is determined

*
10 CFR20, note to Appendix B



by relative fluence level at the surface, ¢/¢0, and

$/0, x A

D=LIiIn ———Fx .
o ©0.57uci/Ee” | @

where A is the activity in uCi/ft3 estimated from this study. The values

Gf TelaFation Tength are given fn Table TT,

TABLE II. Material densities and relaxation lengths, L

Material ' : Density Relaxation Length
Concrete 2.35 g/cm3 1.6 cm

Lead 11.0 g/em3 - 4.2 em me |
Wood 0.42 g/cm3 2.9 cm

Measured Radioactivity

Samples taken from the DORF exposure room were concrete, wood, aluminum,
lead and a tar-paper-iike liner installed-between the aluminum pool tank and
the concrete pool base. Although the aluminum itself has very little residual
radicactivity (less than 8 x 10—6uCi/gm for the sections counted), the
Phenoline paper (i.e., the tar-paper liner) has the highest specific activity
of all the materiéls examined. Since this liner tends to stick to the aluminum,
for all practical purposes the aluminum tank exhibits this activity.

Tables IV through IX give a breakdown of the isotopic composition of the
radioactivity in thervarious samples. Tables IV and V are composed of several
additional pagés that serve as detailed examples of the methods of analyses
and are self explanatory when reference is made to the graphs of the multichammel-
analyzer output. Figs. 1 through 5 are the multichannel-znalyzer gamma spectra

for the various types of samples. The energy of the photopeaks is related to
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GAMMA SPECIFIC ACTIVITY AND THE NUMBER OF MICROCURIES PER UNIT OF

MATHERTAL FOR VARIOUS RADIOACTIVE MATHERIALS FROM THE DORF EXPOSURE ROOM

Type of
Material

Location in Exposure Room

Specific Aétiviﬁy
(d/s-g)

Activity pér unit
Lof material

PHENOLINE PAPEg
CONCRETE
CONCRETE

LEAD

LEAD.

WOOD

On aluminum tank near exposure room
end of pool

From front part of room about
4 feet from reactor

Very near reactor al exposure room
end of tank

From curtain above the movable lead
shield

From brick in wmiddle of the movable
lead shield '

From very near reactor and concrete
sample #3, above.

636
78
141
72
205

1.3

3$6 uci/sq £t
| 3
140 pot/ft
3
252 WCL/ft
0.62 Woi/ip
1.30 uci/ib

0.40 uci/fe>

*

approximately 1.8,

From gross beta plus gamma analyses, the beta-to-gamma activity of all

these different materialé‘is



Nt b b iy

“spectra for the various types of samples. The energy of the photopeaks

is related to start the channel number (abcissa) by the following equation:

E(keV) = (channel +2.5) x 9.69  +2% ®

For clarification, the gamma-ray peaks are indentified by isotope and their
energies in keV (and in parenthsis) are given for most of fhe peaks.
The specific activity {(d/s-g) for each measured sample is compared

in Table III. This table also provides the number of microcuries per

‘unit most practical for that type of material. This latter information is

used in Table X to determine the total radiocactivity in the volumes of

radivactive materials at DORF.
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" CONCLUSTONS & RECOMMENDATIONS

._m?h?,P?1F9%E§¥”¢°°C1U5i99_fFQmwﬁhismﬁtudy,ismtha:,once the reactor-grid
suppért structure has been removed there is very little radicactivity re-
maining at DORF. Unfortunately the leévels are definitely above background,
but only by factors of several hundred, and the radioactiﬁity is mainly
distribgted throughout concrete walls and floors. Deep excavations will
not be necessary. However, this is of little consequence if one stili-has to
Temove several inch-thick layers from large areas. This is the situation -
in the exposure room. In fact, the exposure-room decontamination is by
far the major problem and several possible methods of attack come to mind.

(1) Excavate and remove the three SOOO-gallgn waste-water holding tanks,
cut off part of the tops and use them as shipping containers for the radio-
actiﬁe debris from DORF; For example, the wood has suffered radiation
damage and dry rot s¢ that it crumbles rather easily. It is a big volume
(1200 ft3) but relatively light in weight so it can easily be tossed or
shoveled into the tanks and they could then be closure welded for shipment.
There will also be much dust, dirt, paper and small concrete chips of
radicactive waste, all of which could be put into the tanks.

(2) Mechanically cut, DO NOT CUT WITH A TORCH, the aluminum because of
the radicactive "tar-paperﬁ liner which could easily catech on fire and
produce countaminated smoke, However by reference to the excavation-of-
concrete details in this report, the places where the aluminum liner will
be radicactive are easily identified. It does not appear that the liner

will produce a problem in other than these areas.
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(3) Thought should be given to the possibility of transferring some

..of. the lead to AFRRI or APRF-because-its radiocactivity is really not-a

serious hazard and these facilities need it fér shielding in neutron fields,
This could save a few dolléréléﬁ tfahsport#tioﬁ.éh&.disposal cséfs..”

f&j- Survey activities arérgoing to be a problem because there just
isn't much activity to survey right now. For example, depending on what is
going to be done with the exposure room, it ﬁay not be necessary to excavate
concrete from the rear wall of the rpom.  1In any eveat; thought should be
given to how much the survey reading 'from the rear wall only", before
excavation, must be decreased by material removal to provide an "acceptable
surve; level. In Viéwrof the expense to breakup and ship concrete, it is
prudent to be practical about sealing up or burying very smgll, but detectable,
amoﬁnts of radiocactivity.

{5) Almost all of the materials exhibit one or two predominant and
characteristic photopeaks. Therefore, survey activities could be determined
by a sodium-iodide scintillation detector, It is suggested that a portable
detector with a 3/4-inch-thick cylindrical lead shield around the sides
would be practical. Calibrétion could be accomplished in a crude, but
adequate, manner By measuring  the response of a variety of sources simul-
taneously positioned over a square-meter plame area behind about 1/4-inch
thick alumipum, This approximates thg following situaticon. The dose rate
to tissue in rads per hour in aﬁ infinite medium, of density p, uniformly

contaminated by a gamma emitter, of energy E (MeV), is

2.12 EC/ o (3)



where C is in microcuries per cm3. At the surface, the dose rate is

_about ome half of this and for air a one-centimeter-from-the-surface

survey ié an adequate representation of the surface rate, By then sufvéying
the "calibration setup at one meter" and correcting fbt’l/Rz'to one
centimeter; one can estimate the rads per houf efficiency of the
scintillation detector, A variety of sources, reppsitibne&‘shbuiﬂ be

used and the resulis averaged.

30
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MEDEC~RS 12 December 1967.

MEMORANDUM FOR RECORD
SUBJECT: Authorized Uses of DORF Reactor

1, Ref telecon between undersigned and Mr. Dube, Div, Materials
Licensing, USAEC, Code 119-7491, this date.

2. 1In response to guestions from Harry Diamond Laboratory concerning
the proposed use of DORF to produce radioisotopes for medical purposes,'
the -undevsdgned, after-a thorough -search of the Code of Federal Regul-
ations and other available documents, initiated a call to the office of
Mr. Cecil Buchanan of the Atomic Energy Commission., Mr, Buchanan was
not available, however Mr. Dube of that office discussed the question. Al-
though Mr. Dube did not initially have a full answer to the question as to

_ the authority to produce radicactive material, he obtained the needed

{nformation from Mzr. Edward R. Fleury, Division of Reactor Licensing, AEC.

3. In the opinion of the Atomic Energy Conmission as expressed by
Mr. Fleury and Mr. Dube, the authority to produce radicactive material
for such purposes at the Walter Reed Research Reactor is contained in
the provision of use of the Reactor for research and development. ' It
is considered that a statement of that nature is broad enough to encom—.

pass any operations which are currently being conducted utilizing that
Reactor.

4. Since DORF ig an unlicensed reactor and comes under the provisions
of Section 91b of the Atomlc Energy Act, the regulation of the Atomic
Energy Commission is quite indirect. In the Initial planning stages it is
necessary that the military show a military need for the reactor and there-

by qualify it under Section 91b. Once this military need has been establish-

ed, and so long as the reactor continues to be used for military purposes, the contsr

rol of the reactor and the uses to which Lt will be put are strictly the
purview of the military, in this case the Army.

5. 1If the reactor ceases to be used for military purposes or is sold
or relinquished to some other source, then the faecility must be licensed
and it is necessary for the Army to make proper natification to the Atomic

Energy Commission so that this may be done. The proposed project of activa- _

ting gold 1s obviously a military related project. As such the control
of DORF is strictly within the military so far as the AEC is concerned.-
This,of course,does not hold for the production of fissionable material.

6. Along with the discussion it was pointed out that certainly the in-

ternal safeguards which are established such as the Reactor Safeguards Com-
mittee, the Authorization Procedure, etc. must. remain in effect for any

project whether it is of military need or otherwise.

A
WILLIAM F. KENDALL
MAJ, MSC
Copy Furn: . Asst Health Physics Officer
F.N. Wimenitz
Br 230, HDL
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~ UNITED STATES
ATOMIC ENERGY COMMISSION
WASHINGTOM, D.C. 20545

'”“gﬂﬁ?fé1 iner

Ye, W, B, Murphy

Chief, Safety Office

- Office of the Chief of Engineers

Dapariment of the Army

- Washingtony D¢-C, 20315 -

- Dear Mr, HMurphy: 7

We have reviewed the proposed revislon of Army Regulatdon 385-80,

Nuclear Reactor Systems Health and Safety, transmitted with your

letter dated March 29, 1967, and have found that it is in accord
with the AEC-DOD Memorandum of Understanding on the health sad
gafety respensibilities for Section 91b reactors. We have alse

.noted the statement in the proposed vegulatien that it does pot
-abrogate the Army's responsibility to conform with the applicable
 AEC license requirements with respect to Ammy facilitles that are

 licensed by the Commilsslon,

- It appears that the proposed regulaticon adequately defines the

policies, responsibilities and procedures for the Department of
the Ammy nuclear reactor health and safety program. We have noted
that AZC's current concepts relating to the development of Safety
tnalysis Reports and Technical Specifications, as deseribed in
AXC'a proposad emendment to 10 CFR Part 50, have been factorad into
the propozed Army regulation. In this comnectlon, we suggest that,
aven for existing facilitdles which have submltted Final Safeguavds
Reports under paragraph 0.d of your proposed regulation, youxr
plens include formation of Technical Specifications and thelr bases
in geccordonecs with current ARC concepts. :

Sincerely yours,

M Q ; )/VL;'-_;W;&J

Peter A, Morris, Director
Division of Reactor Licensing



Chapter 1
v SITE.

————

LOCATION

The Diamond Ordnance Radiation Facility Research Reactor will be
located within the metropolitan area of Wa._s_-h_ingtoﬁ-, D.C., .a.t-.t‘he Forest
Glen Annex of the Walter Reed Medical Center, which is five miles fro.rn'
the center of Washington, D.C., and approximately two miles south of
Ken'_singtdn,- Maryland {see Fig. 1). The Forest Glen site is'an area of
-approximately five acres of rolling ,. partially wooded and cleared areas,
on which are located both research-laboratory facilities and hospital facili- .
ties for patients {see Fig. 2). The site is located in a commercial and
residential area.

The location of the reactor will be near the southern border of the
Forest Glen area {see Fig. 2) about 800 ft from the nearest research labo-
ratories an& about 500 ft north of Brookville Road,which bounds the property
on the southeast. The site is surrounded by woods, except to the north,
where a large open field separates it from the research laboratories. The
reactor buiiding will be encircled by an ekclusiori fence with a radius of
approximately 200 ft {see Fig. 3). Access to the exclusion area will be

controlled at the single entrance gate.

HYDROLOGY

Surface drainage at the reactor site is to the south and west into
Rock Creek, which drains south through Rock Creek Park and into the
Potomac River. The discharge of Rock Creek at Sherrill Drive in the Dis-

trict of Columbia, 7-1/2 miles upstream from its mouth, is as follows:
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Fig. 2--Map of Forest Glen site for the DORF
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‘28-yraverage ... ..........558 #/sec
3
19291957 maximum . . « .+ . . . . 7220 ft /sec, July 21, 1956
_Calendar year 1956 average. .. .48.4 ft3/ sec. .

Water year October, 1956,
through September, 1957:

. Maximum . . . .. SUU 1210 £t7/sec, April 5, 1957

' 3
Minimum .. ... - e vno.. 2 ft'/sec, August 17, 18,
19, 23, and 25, 1960

The ground water at the proposed reactor site is locally recharged
Ey precipitation and infiltration. The average yearly precipitation in the -
Montgomery County area is about 41 in., evenly.distributed throughout
the year. July is the wettest month {about 4.5 in. of rain), and October
is the driest {about 2. 8 in.). Most of the precipitation is lost to the atmos-
phere by evapotranspiration, and only a small fraction enters the zone of
saturation. The zone of saturation, the zone below the water table, was
not encountered in test borings at the reactor site, the deepest of which was
45 ft. |

The sand, silt, and clay of the weathered rock, saprolite. has a low
permeability, probably less than 1. Since the water table was not reached
by the test borings, which were made during the peak of the average annual
10-ft variation in the water table. found in the Washington vicinity, it is
reasonable to assume that the depth of the water table will seldom be iess
than 45 ft.

It was not possible to determine the rate of ground-water movement.
In general, however, the velocity of ground water through fine-grained
sedimentary materials, ‘such as fine sand, silt, and clay, is very low (on

the order of a few feet per year).

WATER WELLS

No wells are known to exist in the immediate vicinity of the proposed
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reactor site. The nearest known supply well is 1-1/2 miles east of the
site, and another is located about 2 miles north of the site. Both wells
_are considerably higher on the regional hydraulic gradient which rises to. -
- the northeast of the reactor.site.

Rock Creek flows south past the reactor site, traverses the entire -
length of the District of Columbia through Rock Creek Park, a recreational
area, and discharges into the Potomac River below the intakes for municif’pal

wé.ter suﬁplie 8.

EARTHQUAKES

The Maryland Piedmont, on which the site is located, is a region of
comparative crustal stability. During the past 156 yr no severe guakes
~ have occurred, though there have been a few quakes of low intensity. The
probability of a destructive earthquake in the Montgomery County area is
very slight. The probability of hazards arising from extra- sité soufces,

such as explosions or floods, is greater than from seismic activity.

POPULATION

The DORF site will normally be occupied by 15 male personnel on a
normal 8-hr day basis. The Forest Glen Annex of Walter Reed Army

Medical Center has a total estimated population of 1041, located as follows:

Research and Development Area
(Nearest to reactor site)

138
Convalescent Area
Civilian employees . . . . . ... .. <. .. 229
Military « ¢ - v o v i i i i s e e e e e 374
Patients . ¢« & v & v i v et et e e e e et 250
Resident civilians. . . . . « . .« .+« . .. 50
Total . . .. ... . ... e e e e e e 903
1041

Total estimated population. . .. .. .. ..
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"7 The area outside the medical center towards metropolitan Washington
is densely populated. Metropolitan Washington has an estimated 1.4 million

_.people. . . ..

GEOLOGY.

Topography

The Army Medical Center in Forest Glen is on the well-dissected
hills bordering the east side of Rock Creek. The reactor site is on a small
bench at an altitude of about 280 ft above mean sea level. Surface drainage
flows from the site 'directly into Rock Creek and to the north and sou.th..ir.xté_
small unnamed tributaries of Rock Creek, and from these to the Potomac

River near Georgetown and Theodore Roosevelt Island (see Fig. 1).

Subsurface Geology

The siteisonanarrowbeltaf the Kensington-granite gneiss, which is
a highly foliated, coarse granite intrusive in the Wissahickon schist complex
and basic rocks. Petrographic mineral determinations are contained in
Reports TDS-A526 and IDM-A526 of the United States Department of the
Interior, Geological Survey, Geochemistry and Petrology Branch.

The relic structures of the bedrock just described extend into the
weathered rock mantel, saprolite, which ranges in thickness at the site up
to about 45 ft. Locally, boulders or veins of quartzite, essentially unaltered
by weathering, remain in the saprolite. The saprolite is composed of mica-
ceous silt, clay. and fine-to-medium grained quartz sand. The attitude of
the planes of foliation orient the average permeability, so that ground water
and other fluids that mig'ht be released to move through the ground travel
more readily along the planes of foliation than across them. At the pro-
posed reactor site, ground-water movemengin the bedrock and in the sapro-
lite, where it has retained relic structures of the bedrock, will be more
rapid north and south‘, parallel to the foliation, than east and west across

the planes of foliation. Fluids which may seep into the ground at the reactor
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gite will most likely discharge at the surface in the mé{illies or hillsides

to the north and south of the reactor site, in line with the direction of fo.li‘-f
ation, rather than directly down.the ,,su,rrfaee------slope. toward Rock Creek: Thus,"
the west-northwest dip of the rocks at the site will retard any fluids released
to the ground at the reactor site, provided that they do seep into the ground
and do not run off on the surface directly into Rock Creek or into the smé.ll
tributaries to the north and south. The ion-exchange capacity of the _
weathered metamdfﬁh_ic rocks in the viciriitir o.f Waéhingféﬁ, D.C., isusu-
ally less than 25 milliequivalents per 100 g (<25 meq/100 g), v;rhich is low
in comparison to purer clay formaﬁons, such as those of marine origin.
Analyses of 12 rock samples from this site show exchange capacities of

less than 10 ﬁwq/lOO g.- These analyses were made by the Geochemistry .

and Petrology Laboratory of the U.S. Geological Survey.-

Test Drilling_

Five bore holes and one auger hole were made to obtain samples for
construction-engineering information and for the evaluation of environ-
mental hazards. The deepest hole was bored to a depth of 45 ft. It was
located exactly at the point where the reactor will operate, adjacent to the
exposure room, and samples from this hole are representative of the earth
materials that may be irradiated by reactor flux.

‘A second hole was bored outside the north wall of the exposure room,
and a third was bored outside the south wall of the building, adjacent to
the reactor pool. At the southwest corner of the building, a hole was bored
to check the variation in the soil that might exist in the vicinity of the building.
A bore hole and an auger boring were made at the proposed location of the _

waste-storage tanks and the line of waste discharge from the reactor building.



Chapter 2

GENERAL

The éurpose of the facility is to study the effects of large, mixed
doses of neutron and gamma radiation on electronic systems and related
devices. To carry out these experiments, ‘both a main exposure room and

pool irradiation space are provided.

BUILDING

The bﬁilding is designed to accommodate the reactor, reactor com-
ponents, reactor shield structure, technical areas, personnel, and the
equipment and instrumentation required to perform radiation-exposure
testing of electrical and electronic components or systems and also metal-
lurgical testing.

The floor plans and elevations of the three levels in the facility are
shown in Figs. 4 and 5, respectively. The building, which is designed for
a 25-yr life, is constructed of reinforced concrete, structural steel, and
masonr.y. The building will accommodate an average of 15 male personnel
on the basis of an 8-hr/day occupancy. Space within the building is divided

into the following areas:

Exposure room . 400 ft
Warm storage room ... ... 300 f's2
Truck-access and sample-
preparation area . ... .. .. 300 ft2
Mechanical-equipment room . 300 ftz
Toilet and shower room . ... 100 ft2
Nuclear counting room . . . . . 160 .ftz
Office . ... ... . ... .. ... 120 ft2
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Reactor operator station .. .110 ft
Conference room .. ... ... 170 £t
- Storage Toom T T TR T

The foundation and the exterior walls below the operating floor are
construc':te.c.l of '“J..'éiﬁ.fdrced concre.‘.{:e, Wlth a; .Waterproof .nul.ém’t.ar.aﬁe to pre-
vent ground-water penet_zra.ti.on into the building. The exterior walls ébove
the lével of the operating floor are constructed of 4-in. brick facing and
an 8-in. cement-block backup. The cement blocks are sealedr with an epoxy
resin on the inner surface to reduce porosity. _

' The roof and ceiling are of perlite cast over metal aecking with

five layers of felt roofing on top.

AIR-CONFINEMENT CAPABILITIES

The building for the DORF -TRIGA reactor has been designed to
operate at normal atmospheric pressure. The design also takes into
consideration the intended uses of each area and provides good air
confinement under adverse atmospheric conditions. Even under the un-
likely possibility that a fuel-element cladding failure might occur con-
current with a sudden large drop in barometric pressure, the airborne
radicactive fission products outside the building would not exceed the
maximum permissible concentration. An analysis shows; that the
ma.ximﬁm dose which a person might reéeive in the area of maximum
concentration outside the building would be 2 orders of magnitude below
the maximum permissible dose for nonoccupational personnel established
by 10 CFR 20.

The doorways and roof hatches in the building represent the only
escape path for air except for the slight possibility thaf air might diffuse
through several inches of concrete. All exterior doors and roof hatches
will be well fitted and gasketed with rubber. As a result, the building

W’ill have no communication with the outside air when the doors and
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ventilation dampers are closed, A pressure-release system, described

below, will control the differential pressure.

Buildi‘ng Ventilation Under Normal Conditions

Ther air-conditioning system exhausts all air from the reactor
building through absolute filters and out the stack.‘ This precaution is
tdken, even though no radioactive particulate matter will be in the air
during normal dperation.. |

The only possibility which might create airborne radioactive
par_ticula_f.é matter would ._be _a_fuel—element_c_ladding failure. Should such
a._féi._lu_re occur, it is possible that small amounts of radioactive noble. |
gases would be dispersed from the reactor pool into the reactor-room

air, and these would decay into particulate matter.

Controlled Confinement of Air

Althoﬁéh the release of fission-product gases.from a fuel-element
cladding failure should in no way endanger the operating personnel or
the public, the design of the building makes it possible to isolate and
confiné the air within the building. The system has been designed so
that when the con