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DORF EXPOSURE ROOM SURVKY 

I. Hackground 

1.1 During the period of 1961 through 1977, an Army Research Laboratory 
prcdcccssor orgaanization, Harry Diamood L&~alories, uwr~cd u d  uye~alcd a TNOA 
nuclear research reactor in a dedicated facility known as the Diamond Ordnance Radiation 
Facility (DORF). During the period of 1977 through 1970, the DORF was 
decommissioned. and released for unrestricted use. The DORF building has sincc been 
uscd as a radioactive waste storage area by the Walter Reed Army Mcdical Center 
(WRAMC). The building is now owned and operated by the Walter Reed Army Medical 
Center. 

1 .Z During 1 POG, thc Army Reactor Ofice (ARO) at the U.S. Army Nuclcar and 
Chemical Age~icy began a revicw of documenLs regarding all Army reactors, past and 
prcscnt. Of concern was whether DORF was decommissioned in a way that complies with 
today's decommissioni~rg standards. ARO's soview olbDORF final survey documentation 
indicated that although the gamma radiation levels complied with the decorn~nissioning 
criteria oP1980. they might not co~nply with today's standard. The requcst for survey at 
Encl 1 was thcrefore sent to ARC. 

1.3 AKI, thcrefore planned and conducted this survey. To minimize the cost to 
the Arniy, all survey planning, area gridding, and lncasurenlenls were conducted by Mr. 
Michael Borisky, rhc ALR Health Physicist. 'Ihe AKL Kadiation Control Committee was 
also used as a planning rcsource. A review of Rockwell's DORF Decomn~issioning 
Program Final Report (Eticl2) and nsuocintcd ~urvcys was first conducted to detcrnlinc 
what types of surveys wcrc conducted in the past, and what type was needed now. The 
rcsults ofthe review, ~ttachcd as End 7, indicated that past survey eflorc-s are suEciont to 
denionstrate co~npliance with all oftoday's rcqt~irernenfs except the criteria requiring that 
the gamma dose rate at one metcr from surfaces not exceed background by more than 5 
uremfhr. 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 
servc as a final sawey. 

1.4 AI[IIULI~I 111is survey enwinpasscs only a s~nall portion of the 
decomnlissioning and survey effort, an altempt will be made to follow the final report 
format recommended by tho Nuclew Regulatory Commission in NUREG 5849. In this 
way, it is hopcd that this report will be more complete and informative. If the reader seeks 
a greater level of detail on past information. it is requested the reader study the referenced 
and enclosed past documents and reports. 

2. Site Descriptinn 

2.1 Rcvicw uC 1I1e da~ornmissioning report and associated sulvcy indicates that the 
only area of concern is the exposure room. The expcsutc room is a concrete structure 
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surrounded by soil, with a tunnel leading into thc exposurc room from the south side. The 
tunncl had previously been equipped with a rolling concrete plug door that was inserted 
into the tunnel during reactor operation. 

2.2 Outsidc thc tunrlcl is a general area where WRAMC short half-life radioactive 
waste is now heId for decay. Also located outsidc tho tunncl is a shictding pig Lhnt ho~iscs 
a Cs-137 calibration sourcc, idcniication number 137-Cs-002. Inside the exposure room, 
Ioc~Ied nlnne ihe west side of the mposure 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, is a low-level radioactivc 
waste staging and packaging area. And at one end of the staging and packaging area is a 
hlne hood where old liquid radionuclide sources are stored awaiting disposal. 
Mcasurcmcnts ofall these sotcrces indicated that due to geometry, shielding, activity, and 
decay, none of these sources were capable of significantly interfering with the 
rneasurcmcnt of gammn lcvcls L~side the hpusuia ~morll. 

3.3 Thc interior surfaces ofthe exposure room are mostly concrete,in some 
places covered with a thin layer of phenolic imprcgnatcd paper. On certain portions of the 
walls and ceiling the concrete had been surface excavatcd during decomcnissioning 
removing 0 to  approximately 12 inches of severely neutron activated concrete. The 
portion ofthe east wall, ceiling, and floor that intersected with the reactor pool had been 
completely ren~oved and replaced with new concrete. The portion of the reactor pool 
volume behind the east wall and above the ceiling had been backfilled with concreterubhle 
fiol~l Ll~c Clc~nulitiurl o r  the reactor pool parapet. 

11.4 As mentioned earlier, a cold room was present along the west wall of tho 
exposure room. The cold room rendered thc concrete surfaces of the walls, floor, and 
ceiJing along the west side ofthe exposurc room inaccessible. Because the cold rnom waq 
coilstructed of very low density rnatcrials (aluminum sheet metal filled with styrofoam 
insulation), and because the cold room walls, ceiling, and floor were within 1 meter of the 
test cell concrete surfaccs, measurement through the cold room walls ceilings and floor 
was possible and considcrcd technical feasible. 

3. Onerating History 

3 .I As previously mentioned, the DORF building housed a TRIGA Mark F 
reactor whir.h operated h m  1961 until 1977. During that period, the reactor was used to 
gcnerate neutron environments in the exposure room wl~cn: the erects of nuclear radiation 
on clcctrical, chemical, and biological systems were studied. In the process, the neutron 
environment activated the concrete and possibly the reinforcement bar in the exposure 
room and reactor pool concrete. 

3.2 Deconlrnissioning began in 1979 and was completed in 1980. As part of the 
dccommissioning effort, highly neutron activated GUIIGIC~C in the Exposure room and 
reactor pool was eithcr removed, or su~face excavated. Core sainpies of concrete were 
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taken for isotopic analysis. There is no indication that samples of reinforcement bar wcrc 
takcn for isotopic analysis. Also as part of the decom~nissioning effort, a final survey of 
building surfaces, water, soil, and vegetation was conducted. 

3.3 In 1980, the U.S. Army Environmental Hygiene Agency conducted a close- 
out survcy o f  thc facility, and found that the facility conformed to thc rcquircrncnt of 
Nuclear Regulatory Commission Regulatory Guide 1.86 for unrestricted release of thc 
facility The liccnse for the reactor was therefore terminated. 

3.4 Shortly following the license tennination, the facility was transferred to the 
control and ownership of WRAMC. Thc WRAh4C Health Physics Group has been using 
the facility as a low level radioactive waste holding, staging, and packaging area ever 
since. 'J'hese rad wmtc 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 
ll~is sul vcy, ~ a r l  waslti opa-alions have been limited to holding animal carcasses and 
radiotherapy wastes in cold storage for radioactive dccay or shipment. Radioisotopes 
involved includcd ptimatily H-3, C-14,1-1251-13 I ,  Cr-51. Co-14 I .  and Sc 16. 
Radioactive wastcs hcld in the cold room or test cell wcrc generally contained or enclosed 
in plastic bags, or co~itaincrized in 55 galfon dmms. Weekly surveys by ,y.WRAMC Health 
Physics verifies thc abscnce of tadialagical contamination in the exposure sooln from thesc 
rad waste operations. 

4. Decomrnissinnine Activities. 

4 1 Previous decommissioning activities are described in Rockwell's DORF 
Decommifisioning Prograin Find Report (Encl2) . This cfrort is lirnitcd to a gamma 
radiation survey of thc exposure room. The objcctivc of this survey is to detcrmine 
whether the gamma radiation levels in  thc cxposnre ronln meet today's standards. 

4.2 Surveys conducted by Rockwell after deco~n~nissioning included removable 
and fixed contamination mcasurenlent on concrete both inside and outside the exposure 
room, as well as naltron activation sampling of exposure room concrete. Air monitoring 
was conductcd in the exposure rootn and high bay area during decomnlissioning activities. 
Radiation levels were found to bc within li~nits for unrestricted release. As stated in Encl 
3, the fixed and removable su~Ckc ~urlk~~riirralion tilean-op lilnirs that were applied meet 
today's limits. Thc water, soil, and vegetation were found to be contanlinaiion free. 
Interior surfaces were found to bc free ofremovable contaminalion, with any fixcd 
contamination present within limits. 

4.3 Rockwcll's pre and post clean-up contamination surveys did indicate 
significant neutron activation of the exposure morn concrete and reactor pool concrete. 
'1 he post clean-up Ievcls at 1 cm from the surfaces indicated about 100 uradihr over 
relatively large areas. Core samplcs indicated ihe presence of Co-GO, Eu-152, and Eu-154 
in thc concrete, a1 c o ~ ~ r ; e ~ ~ ~ ~ a l i u n s  of about 10-100 pCi/gln. Again, acrivarion in the 
reinforcement bar was apparently not assayed 
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4.4 The AEIIA survcy at Encl4 also included surface wipe tests, concrctc, water, 
soil, and vcgctation analysis. Thc conclusion the of survey was that the facility conformed 
to the requirement of NRC Regulatory Guide 1.86 for unrestricted ieleae. As pointed 
out by ARO in Encl 1. the AEHA survey also found radiation levels as high as 400 
mimnrnenl~ens per hn~lr in the ewposltre room. ARO further pointed out that even 
allowing for normal decay of the radioactive conta~nination, this level indicates that thc 
DORF exposure room might remain above the 5 uretnlhr (above background at one 
meter) current standard for decommissioned facilities. 

5. SIIN~V Procedure 

5.1 To address the concerns ofthe ARO, the exposul-e room was surveyed for 
co~npliar~ce  will^ Llrc new 5 urarfiu- ducornn~issioning criteria The survey was planned 
and conducted to meet the requirements ofNLJREG 5849 for a final survey, so that ifthe 
criteria was met, no fllrther surveying would be necessaly. As surveying ofthe exposure 
room began, it became evident that thc 5 urcmdhr criteria would nor: be met, and that the 
survey would therefDbe not setvc as a final survey, but rather a scoping or 
characterization survey. lit was therefore unnecessary to survey every originally planned 
location. 

5.2 Microrelnlhr measurements were made at approxi~nately 36 inches from the 
floor, ceiling, and wall surfaces in the exposure room. Given that thc activation of the 
concrete creatcd a planar source of radioactivity (as evidenced by the concrete surface 
excavations), the dillierence between 36 iochcs and onc meter was not considered a 
sigrlificant variable to gamma levels expected. The use of 36 i~lches instead of one meter 
aided in systclnatically gridding the exposure lnoln The identity ofradionuclides 
presenting the gamma radiation levels were not considered impottant for the purposes of 
this sltrvey. 

5.3 Aecauuso it was know that radionuclidos wcrc prcscnt in thc cxposurc room 
concrete as a result of reactor operation in the past, the exposure room was considered an 
"affected area", nnd sutvcycd accordingly. 

5 4 Grids welt: wvablibhud IJII ih~e walls, ceiling, and floor. Grid sizes were less 
than or equaf to 36 inches in size. Where possible, grid corners were marked pennancnlly 
on the su&ccs with paint, for future rcfcrence icneeessary. Grid locations were 
transferred to the inside of the cold room as described earlier. Reference Encl 5 for a 
scale drawing of meaqurement locations, wh~ch were actually the grid corncrs. 
Measurcincnt were taken at approxilnately 36 inches from sulfates so that in corners, a 
single measurement woold serve 8s a mncasurecnent point for morc than one surface. For 
this reason, a single measurement may be associaled with 2 or 3 ~neasurcmcnt location 
designators. 
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5.5 Two areas were chosen as reference areas to establish background gamma 
radiation levels. 

5.5.1 'I'he rolling door alcove, located outside and opposite the exposure 
room entrance tunnel, was chosen for two reasons. First, like the exposure room, it is 
subtcrrancan, with 2 and 3 planc corners. Secondly, it was n~ost probably constlucted of 
with the same building materials as the exposure roonl. The disadvantage of door alcove 
is that beiny located within the facility, and being as.wciated with present and pae  
W C  rad waste operations, it might be subject to some concern as to whether it 
would serve as a suitable reference area. See Encl6 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 lncasurcrnent in 2 
and 3 plane corners would be approxilnatcly the same as in the exposure room. 

5.5.2 An additional reference area was cl~osen outside the facility. but as 
close as possible to the facility. At the end o f  the DORF entrance road, a new parking 
garage has recently been constructed to serve as a bus stop. Likc thc cxposure room and 
door alcove, the lower level i s  subterranean. wit11 colncrcte walls and Boers backed by soil. 
This areas was also gridded, and again, ~neasurcrncnt locations were chosen so that the 
pcrccntage of measurement in 2 and 3 plane corners would be approxirnateiy the same as 
in the exposure room. See Encl7 for a scale drawing of the garage reference area, and 
measurement locations. 

5.5 A HAlRD inicrorein/hr portable survey meter was chosen to perform thc 
measure~nents. The meter procured was also equipped with a low enersy window, which 
allows measnremcnt of photons down to 17 keV in energy. The low onergy window was 
not considered necessaly for the survey, but was selected for othel- uscs at ART. in thc 
hturc. The low energy window was not cxpcctcd to detracl in any way from the validity 
of the survey. 

5.5.1 Final survey gainma measurements ate typically conducted using a 
uWhr meter cross calibrated to a pressurized ion chamber (PIC). The cross calibration is 
necessary because ofthc severe digerence in relative response between Nal and the 
pressudzcd gas with variations in gamlna ene~gy. TL i s  L ~ I C I I  assu~~~ell  Lila1 eacf~ 
microroentgens per hour mcasured with the pressurized gas in a particular location would 
fcslllt. in one rnicrorern pcr hour of dec.tive dose equivnle~lt in that location. In an area 
where much scattering is  occurring. which is ceitainly the case with the concrete exposure 
room, the enerby spectnr~n of photons could vary greatly from location to location. and 
might not match that prcsent at the location of cross calibration. For these reasons. ARL 
decided to employ a relatively new technology offered by the BARD Microrem/hr meter. 

5 5.2 The BATRD uses a tissue equivalent scintillation detector. The 
dctcctor is as sensitive as t l~c Nal uR/hr inelex, but offers the advantage that i h  lissue 
equivalent detector allows direct mcasurernent of effective dose equivalent rates, 
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regardless of the photon energy spectium present at the locatioll of measurement. It is 
also ligl~tweight and portable, and eliminates the need for cross calibration with thePIC, 
which is bulky . 

5.5.3 Upon receipt, it was found that on the lowest scale, the fluctuation 
ofiheDAIRD meler needle at background level was such that discerning a rcliable roading 
would not be possible. For example, the background reading would typically fluctuate 
betwccn 0 and 6 urcidhr. To address this problcm, those at Oakridge Associated 
Univcrsitics reportedly cover the tnetcr facc 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 Coordinaling with BAlRD design engineers, ARL proposed 
increasing the RC time constant of the lowest scale so that at background levels, the meter 
zuading woi~lcf be more stable and discernible, approxim,i~ely +/- 20%. A 0.0613 
rnicrorarad capacitor was recommended by BARD. and wired into the lowest scale RC 
circuit by ARL engineers. ARL then tested the  meter stability at background, and found it 
was discernible, wilh fluctuations of about +/- 220%. The time required to bold the 
instrument in a parlicular locatio~l was increased, but for ARTd purposes. it was considcrcd 
a worthwhile tradeoff. The instrument was thcn rcturncd to BMRD for re-certilicafion 
a ~ d  calibration, to ensure the modification did not introduce any adverse impacts. BARB 
also installed a switch so that on the lowest scale, the 0.068 microfa-ad capacitor could be 
switched in for static measurements, and out for scanning wherc fast response is needed 
BNRD empirically determined that in the slow rcsponsc position on the lowcst scale, 90 
scconds was now recluired following meter reset to reach 95 rnaxirnuln leading. 

5.5.5 To ensuteihe proper operation ofthe instrument on cach day that it 
was used, both bcforc and aker measurements were taken, it was battery checkcd, high 
voltage checked, background chccked, and response checked as described in Enci 8. The 
response check included piacir~g the meter in a 5 urcm/hr above background field using a 
Cs-137 source, and ensuring a net value of 5 uremlhr was indicated. 

5.5.6 All measurements were taken betwecn 18 and 28 Mar 1997, well 
within 6 months ofthe 16 Jan 97 calibration date. 

5.6 The standard written procedure at Enc! 8 was followed. Quality 
assuranccfquality control procedures employed included recording data on a standard 
form with ink, daily prc and post instrument checks as described, and thc use of scale 
drawings of measurement locations. 

5 7 The survey planning, layout, measurement, and reporting was conducted by 
Michael Rorisky. Michael Bon'sky has bccn an operational Health Physicist with thc Army 
Rcsearch Laboratory since 1981, during which period he provided technical oversight 
over the i~lassivt: rlccorri~r~issio~~ing at ARI,'s Materials Technology Laboratory From 1991 
t o  1996. Michael Borisky holds a M.H.S in Radiation Health from the Johl~s Hopkins 
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School of Hygiene and Public Health. Michael Borisky has attended various NRC 
worksl~ops on decommissioning, and in Nov 96, attended a 2 day NRC sponsored 
workshop on Radiological Surveys in Support of Decommissioning, conducted by ORISR. 
It was during chis workshop that Michael Borisky learned of theBAlRU tissue equivalent 
Microrern/hr meter. 

6. Survey Findin~s  

6.1 As mentioned earlier, there was radioactive waste and a calibration source 
present during the survey that were not considered a s i ~ f i c a n t  contributor to the jiamma 
radiation levels measured. In the event that the net gainma levels measured inside the 
exposure room were critically close to the 5 urcrnhr criteria, an attempt would have been 
nccessary 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 asstssing thc impact u~+lhz i.adioa~Liva wastc; alld tialibiation suutc~: 
on the survey results: 

6.1 . I  The rei'erence alcoveuutsidc the exposure room tunnel is an area 
where short halGliLe radioactive waste was being held for decay. On the day that 
reference measurements wcre made in the alcove, gamma levels on contact with the waste 
were not significantly above background when checked with the BAIRD. Nonetheless, 
thc waste was moved approxi~natcly 10-15 feet out ofthe alcove while the rcfcrcnce 
measurc~ncnt were being made. As can bc scen in Encl 10, the average level ~neasured in 
Llle I G ~ ~ I C I I G Z  alc;ow was still less than rhat nieasured in the reference parking garage, and 
cerlainly well below the average level measured in the exposure room. It is therefore 
inconceivable that t h e  low levcl 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 lunnel was a shielding pig containing a Cs- 
137 calibration sourcc, identification number 137-Cs-002. The gross gainma level 
measured with the BAIRD approximately 3 feet From the pig was approximately 4.5 
urcm/hr. As a point sourcc, geonlelry alone would I-educc any gainma levels inside thc 
exposure room many rnetcrs from the calibration sourcc to insignificant levels. 

61.3 The DATRD was used to inmule lcvels UII conlatit with the few 
contaminated carcasses and therapy waste in the cold room. No discernible increase was 
dctectd in clnse prn~itnity to the carcasses or waste. Fu~thermore, the gamma 
measuremcnts were made with the carcasses and waste in the cold room, and only location 
F4, where 41 urc~dhr was detected, appeared significantly higher t h i f ~ h e  levels generally 
incasured in the cold roonr. The remainder of the measurements inside tho cold room 
were generally lower thfln in the remainder of the cxposure room. This was perhaps 
becausc the tesL cell i s  Iocatcd along the wall farthcst from where the reactor was located, 
resulting in a decreased level of ncutroa activation in that portion of the exposurc room. 
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6.1.4 Directly above the exposure room, separated by approximately 10 
feet of cariNconcretc shielding. is a low-level radioactive waste slaging and packaging 
area. At one end ofthc staging and packaging area is a fume hood where old liquid 
radioisotope sources are stored awaiting disposal. 'Ihe HAIK'U wasused to  make 
measurement in this area. The gamma level measured in the area was generally about 10 
urcndhr, with about 20 urcm/hr on thc hlnc hood, and 70 urcm/hr on a consolidation 
drum. Given that the exposure roo111 is shicldcd from thesc levels by 10 feet of concrete 
andlor earth, and given that the fiunc hood and dnun would appear as point sources to the 
exposure room, sliiclding and geometry would reduce the contribution of these sources to 
the levels measured in tho cxposure room to insignificant levels. 

6.2 The raw field data {'or the surveys is attached as Encl 9. A re-tabulation ol'ihe 
dat.8 appcars as Encl 10. Ciamma radiation levels measurcd can be summarized as follows: 

b RSIIXG ~ L I I ~ I I I / ~ I I >  slandard -, ..- - deviation .- 

reference garage 2.6 - 4.2 3.2 0.4 

reference alcove 1.0 - 3.2 2.3 0.3 

exposure room 18 -41  28.9 5 

6.3 NUREG 5849, paragraph 8.5.3 reco~n~nends that cxposure rates be compared 
~ i i ~ e ~ . l l y  will1 iht: guideline value. The prcsenr exposure rate guideline typically applied is 5 
urc~dhr  above background at onc lnctcr Adding 5 urem/hr to the mean and upper range 
value for the reference garage yields values of 8.2 UI-cm/hr and 9 2 urcrnhr rcspcctivcly. 
Adding 5 uredhr to the mean and upper range valuc for tlre rererence alcove yields values 
of 7.3 and 8 2 respectivcly. These values are easily excceded hy hnlh the mpan level and 
lowest level measured in the cxposttre room. It therefore appears that the exposure room 
coriaele still contains rcsidual aclivation, and that the activation is relatively uniformly 
distributed throughout ttie exposure room conci etc. 

6.4 ARL will be making arrangements for a gamma spectrometry survey ofthe 
gamma radiation in the exposure room. In this way, it will be possible to determine what 
radionuclides are prcscnt in the concrete. Anel iderrtiryi~~g the radionuciides, ir will be 
possible to  deteminc how long it will take for radioactive decay to reduce the cxposure 
room icvels to the 5 urernlhr criteria. This will determine whether delay and decay can be 
used as a decomnlissioning strategy, as opposed to the large expense of removing tho 
concrete and disl~osing of it as radioactive waste. 

7.1 ARO requested a survey of gamma rdialion levels in the exposu~e room. 
ARL's revicw of decornn~issic~nit~g ~ c b u r d ~  indivaled that past survey efforts are s~tiflcient 
lo 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 uremnlhr. A survey was therefore conducted to determine whether the gamma radiation 
levels in the exposurc room inccts this criteria. 

7.2 Pre and post clean-up surveys conducted at the time of decommissioning 
il~dicalcd sig~~ifiear~l r~culrurl activaliurl of Lht: exposure ruorrl concrete and reactor pool 
concrete. Concrete core samples indicated the presence of Co-60, Eu-152, and Eu-154 in 
the concrete. Activation in the reinforcelnent bar was apparently not assaycd. 

7.3 Microredhr measurements were made at approxi~natciy 36 inches from the 
floor, ceiling, and wall sufaces in the exposure roo~n. Two arcas were chosen as rderence 
areas to establislt background gainma radiation levels. A BAlRD microremihr portable 
survey meter with a tissue eclrdvalent scintillator material was chosen for thc 
measurements. The gamma radiation lcvcls measured at 36 inches from ihe exposure 
room concrete easily exceeded background plus 5 uremihr. The exposure room concrete 
slid1 contains residual radioactivity. The activation is relatively uniformly distributed 
througlhout the exposure rooln concrete. 

7.4 AIPI, will make arrangements to conduct agatmna spectrometry survey in the 
expos~mre roam to idcntify the radionuclide(s) present in  the concrctc. It will then be 
possible to dcter~nine from the associated half life whcthcr delay and decay will offer a 
fcasible decommissioning strategy. 
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ENCLOSURE 10 

SURVEY DATA 

1. Garaee Rerefence Area 

Location Gross Readinn (~~rern/hr) Location Gross Readin? Curre& 

R1 
R3 
R5 
R7 
R9 
R l l  
R13 
R15 
R17 
R19 
m 1 
R23 
RZS 
R27 
R29 

2. Alcove Reference Are2 

Location* Gross Readinc. lurcdhr) Locationu Gross Readine (urernlhr') -- 
El, F13 
E3, C13 
S2, F18 
S6, C18 
WI, F20 
w3.. c20 
Y14, 
FG 

"nore than one location designator may be listed for a measurement as some 
mcasuremelIt locations coincide with more than one location designator. Scc scale 
drawings 
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ENCLOSURE 10 (cont) 

3. Exposure Rno~n 

Location* Gross Reading ( u a  - -.- - 

FI,NI,W7 26 
F?,WS 3 1 
F5,W3 3 1 
F7,Wl,S9 22 
't:9 25 
F11 28 
F13 3W 

F15,N3 25 
P17 23 
F19 28 
F21,S3 26 
F23 34 
F25 32 
F27 26 
1F29,N5 35 
P33 33 
F3 3 30 
F3 5 25 
F37 28 
I39 31 
F4 I 33 
F43,N7,E1 30 
F45,E3 22 
F47,E5 22 
F49,E7, S4 28 
E9 3 1 
El 1 23 
El3 28 
E15,N21,C43 33 
E17,C45 28 
E19,C47 30 
E21,C49, S16 38 
N9 28 
Nl1 31 
N13 3 4 
N17,C15 35 
NI 9,C29 3 8 
S 1 not taken 
S2 not taken 

Location* 

F2,W6 
F4.W4 
F6.W2 
FS,N2 
:lo 
F12 
Fl4,SR 
F16 
F18 
P20 
P22,N4 
F24 
F26 
F28 
F3 8 
F32 
F34 
F36,N6 
F3 8 
F4 0 

F42,S5 
F44,E9. 
F46,Fd 
F48,E6 
E8,N14 
El0 
El2 
El4,SLO 
EIG,C44 
E l  8,C46 
E20,C48 
N8,W14 
N10 
N12 
NI6.C8 
N18,C22 
N20,C36 
S7 
S3 

Gross Readinc lurcm/hr) 

26 
41 
25 
2 1 
3 0 
27 
28 
25 
20 
22 
32 
30 
28 
3 0 
31 
30 
32 
30 
32 
27 
3 3 
27 
I8 
28 
30 
25 
30 
29 
33 
26 
3 1 
20 
3 1 
32 
not taken 
36 
35 
23 
not taken 
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3. Exnosnre Room (cont) 

Location* G r o s s u r e m / h ~ )  Location* Eross Reading turemlhr) 

S l l  
S12 
S14 
S 17,C42 
S19 
W15,S21,C7 
S23 
WY 
W10 
W12 
W16,CG 
W18,C4 
W20,C2 
C3 8 
C40 
C3 0 
C3 2 
C34 
C24 
C26 
C16 
C18 
c2n 
C10 
C12 

56 28 
S13 20 
S 15,WX 27 
S t 8  35 
S20,C14 26 
S22 3 I 
S24 30 
Cj 7 36 
W11 30 
W13 25 
W17,C5 25 
WlO,C3 25 
W21,CI,NIS not taken 
C3 9 30 
e4 1 27 
G3 1 38 
G3 3 29 
CZ3 40 
CZ5 30 
C27 32 
C17 30 
C19 30 
c9 ?n 
Ci 1 30 
C13 26 

* more thail une locatio~~ dasigoaioi- 111ay ire listed Cul a itleasulclucill as sulru; 
measurement locations coincide with mote than one location designator. See scale 
drawings 
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7 Nov 1996 

MEMORANDUM FOR RECORD 

SUBJECT: DORF Contamination Review 

1. In preparation for the tasking coming fiom DA USANCA to conduct surveys of the 
decomnu'ssioned DOW facility, I have visited DOW, and rcviewed ARL's old DON? 
film Fro111 this review, I have ascertained the following in~poltant points: 

a. Applied Clean-up Limits. The clean-up was conducted applying fixed and 
removable & radialioil lcvcls (hat meet tuday's limits. Unfonunately. a new limit has 
since bccn added that specifies that the gamma radiation icvd at 1 meterfrom the surface 
can not exceed 5 u r n .  It is unclear at this time whether the decontarninstion achieves 
compliance with this new limit. This is the basis oPUSANCA's concern. 

b. Thc pre. and post dcan-up conla~~lil~a~iort burvtys d ~ n t  were ~onducted were 
relatively exlensive and thorough, and well docu~~~ented in Rockwell's DOW 
Decominissio~ing Progran Fiial Report. 

c. The pre and post clean-up contamination surveys indicate there is no need for 
concern for non-fixed (removable) contamination. All surraces. water, soil, and vegetation 
were found to be non-fixeci containination fiee, both pre and post clean-up. 

d. The pre and post elcan-up contamination survcys 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 L 
crn from the concrete surface through 7 mg/cm2 was about 0.1 mradfhr. It is unclear 
whether a beta particle field was present to contributeto the measured levels. If so, the 
gamma component may have bccn in fact v e ~ y  small. If a bda ficld was not ykese~ll, lllc 
uniform levels would indicate that the concrete is a planar source of gamma, and the 
radiation lcvel would not be expected to diminish quickly with distance. Compliance with 
 he 5 uR/hr limit would therefore have been doubliiul. 

(2) Pre and post clean-up core samples of the activated concrete were 
taken, and definitely demonstrated the presence of neutron activation in the concrete. 
The primary long-lived isotopes present were Cu-60 (5.27 yr), Eu-152 (12.2 yr), and Eu- 
154 (16 yr). The post clean-up levels present were approximn~cly 10-100 pCdgtn. These 
levels are either NRC license exempt concentrations, or in the 15 n~endyr range that tthc 
NRC has recently accepted as suitable for unrestricted area release. There has of course 
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hefin snme d e c ~ y  in the meantime, but probably not enough to drop the radiation levels 
below 5 u r n  at 1 meter if the levels measured were due solely to gamma from these 
radionuclides, without contribution from a beta ficld. 

(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 radi~tion levels measured at the surface ofthe 
conctctc. If the I adialior~ levels ar concrete surface were partially due to medium-lived 
isotopes in the rebar, such as Fc-59 (46 day), the radiation levels today may be much 
smaller due to the decay of these medium-lived isotopes. 

2. The simplest way to proceed at this time is to make uWhr measurements at 1 meter 
from the exposed concrete surfaces. Since the pool was back filled with xubble, and the11 
sealed off with concrete, the concrete surfaces in the pool are not accessible for survey. 
Measurements over the concrete surfaces in the cxposure room could be considered 
representative of concrete in the pool, especially because they were equally ncutron 
activated This measurement method would account for gamma conling fiom Co-GO, Eu- 
152, ond Eu-154. 11 would also accouril for any previously unidcnrified garnnia emitters 
present in the rebar. 

3. It may prove difficult to diqcem an additional 5 uRJhr above a background that i s  
generally about 20 u r n .  It may also be difficult due to the presence of tlie rad waste in 
storage located in the building and exposure room. If this turns out to be the case, it may 
be necessaly to use a GeLi MCA to measure selectively for Co-60, Eu-152, andEu-154, 
and then calculate the exposure rate level present due to these radioisotopes. Xn 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. If isotopes are detected in the 
rebsr, it would bc ncccssary to include ~lrcar; iri tile cdLcu1ation. 

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

MICHAEL BOMSKY 
Health Physicist 



DIAMOND ORDNANCE RADIATION FACILITY 

DECOMMISSIONING PROGRAM 

FINAL REPORT 

Prepared 

for 

Department of the Army 

Contract Number DAAK 21-79-C-0136 

Rockwell International 
Energy Systems Group 
8906besoto Avenue 
Canoga Park, Cal~fornia 91304 



DIAMOND ORDNANCE RADIATION FACILITY 

DECOMMISSIONING PROGRAM 

FINAL REPORT 

b\/ 

J. M. Harris 

Rockwell International 
Energy Systems Group 
8900 De Soto Avenue 
Canoga Park. Cal~forn~a 91304 

CONTRACT: DAAK 21-79-C-0136 
ISSUED: JULY 7, 1980 



Page 

A b s t r a c t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

I . I n t r o d u c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

. . . . . . . . . . . . . . . . . . . . . . .  I 1  . F a c i l i t y D e s c r i p t i o n  11 

111 . Summary o f  Decommissioninq A c t i v i t i e s  . . . . . . . . . . . . . .  15 

A . P h a s e 1  . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 . 

B . Phase 11 . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 

1 . S i t e  P r e p a r a t i o n  . . . . . . . . . . . . . . . . . . . . .  16 

. . . .  2 . Packag ing and Sh ipp ing  Reac to r  Components t o  HEDL 16 

3 . Exposure Room Dismant lement . . . . . . . . . . . . . . .  23 

4 . Pool Tank Removal . . . . . . . . . . . . . . . . . . . .  29 

5 . Concre te  Excava t ion  . . . . . . . . . . . . . . . . . . .  34 

6  . S i t e s u r v e y  . . . . . . . . . . . . . . . . . . . . . . .  43 

7 . Waste D i s p o s a l  . . . . . . . . . . . . . . . . . . . . . .  51 

C . C o n f i r m a t o r y  Survey . . . . . . . . . . . . . . . . . . . . .  53 

. . . . . . . . . . . . . . . . . . . . . . . . . .  . D Phase 111 5 3  

Appendix A .. Depar tment  o f  t h e  Army t l a r r y  Dianiond L a b o r a t o r i e s  . . .  A-1 

TABLES 

A c c e p t a b l e  S u r f a c e  Contaminat ion L e v e l s  From NRC 
. . . . . . . . . . . . . . . . . . . .  R e g u l a t o r y  Guide 1.86 

C o n t a m i n a t i o n  L i m i t s  f o r  Decontaminat ion and D i s o o s a l  o f  DORF 

A n a l y s i s  o f  Pool  Water . . . . . . . . . . . . . . . . . . .  
L i s t  o f  R e a c t o r  Components Shipped t o  HEDL . . . . . . . . .  
C o n t a i n e r  Pack ing  L i s t  f o r  HEDL Shipment . . . . . . . . . .  
A n a l y s i s  o f  Lead From S h i e l d  Doors . . . . . . . . . . . . .  
P r e - e x c a v a t i o n  A n a l y s i s  o f  Concrete  b y  ESG a t  DORF . . . . .  
P r e - e x c a v a t i o n  A n a l y s i s  o f  Concrete  by  Te ledyne I s o t o p e s  . . 
P o s t - e x c a v a t i o n  A n a l y s i s  f o r  F i x e d  Con tamina t ion  i n  Concrete  

R e s u l t s  o f  A i r  Sampl ing a t  DORF . . . . . . . . . . . . . . .  
R e d l i n e  Changes t o  DORF Drawings . . . . . . . . . . . . . .  



FIGURES 

Page 

. . . . . . . . . . . . . . . . . . . . . . .  1 . E x t e r i o r  View o f  DORF 10 

2  . I n t e r i o r  View o f  DORF Showing TRIGA Reactor C a r r i a g e  and 
. . . . . . . . . . . . .  C o n t r o l  D r i v e  Hous ing Loca ted  on Parapet  10 

3  . View o f  R e a c t o r  Core Hous ing and Suppor t  S t r u c t u r e  . . . . . . . .  12 

4  . T e s t  Setup i n  Exposure Room . . . . . . . . . . . . . . . . . . . .  12 

5  . V e r t i c a l  S e c t i o n  o f  DORF Reactor  . . . . . . . . . . . . . . . . .  14 

6  . Removal o f  R e a c t o r  S u p p o r t  S t r u c t u r e  f rom Pool Tank . . . . . . . .  19 

7  . Reactor  C o o l i n g  System P i p i n g  A f t e r  Disassembly 
b u t  P r i o r  t o  Packag ing . . . . . . . . . . . . . . . . . . . . . .  19 

. . .  8  . Reactor  C o o l i n g  System P i p i n g  P a r t i a l l y  Packaged (Box No . 156) 20 

9 . P a r t i a l l y  Packaged R e a c t o r  Core Suppor t  S t r u c t u r e  (Box k . 154) . . 20 

10 . Truck B e i n g  Loaded W i t h  Boxes and Drums o f  Reac to r  
Com~onents  f o r  Shipment t o  HEDL . . . . . . . . . . . . . . . . . .  22 

11 . S t a r t  o f  Wood Removal From Exposure Room by  F i r s t  Removing Load 
B e a r i n g  Beam From Over Doorway Wh i le  L i f t i n g  C e i l i n g  
Wi th  C r i b b i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 

12 . C e i l i n q  Timbers P a r t i a l l y  Removed A f t e r  Lower ing  
. . . . . . . . . . . . . . . . . . . . . .  C r i b b i n g  W i t h  Fork  L i f t  24 

13 . Us ing  Chain  Saw t o  C u t  Wood I n t o  D isposab le  P ieces  . . . . . . . .  25 

11 . Clean i.iood B e i n g  Loaded I n t o  Dumpster f o r  D i s p o s a l  . . . . . . . .  25 

15 . Clean Wood B e i n g  Dumped a t  D isposa l  S i t e  . . . . . . . . . . . . .  26 

16 . Phenol i c - C o a t e d  T a r  Paper Cover ing  Concrete  i l a l l  
o f  Exposure Room . . . . . . . . . . . . . . . . . . . . . . . . .  26 

17 . View o f  E a s t  Wal l  o f  Exposure Room Showing One Lead 
S h i e l d  L y i n g  on  F l o o r  t o  L e f t  and One Lead S h i e l d  i n  
M o t i o n  on R i g h t  . . . . . . . . . . . . . . . . . . . . . . . . . .  27 

18 . Lead S h i e l d s  i n  Exposure Room P r i o r  t o  Removal . . . . . . . . . . .  27 

19 . S h i e l d i n g  B e i n g  Removed From Exposure Room . . . . . . . . . . . .  28 

20 . Lead S h i e l d  B e i n g  Removed From Lead S h i e l d  H o i s t  . . . . . . . . .  28 

21 . E x c a v a t i n g  Sand From Around Lead S h i e l d  H o i s t  . . . . . . . . . . .  30 

22 . Removal o f  Lead S h i e l d  H o i s t  . . . . . . . . . . . . . . . . . . .  30 

23 . C u t t i n g  a n  Opening I n t o  Reac to r  Pool  Tank From Exposure Room . . .  3 1  

. . .  24 . Sampl ing Transformer  O i l  i n  Lead S h i e l d  Doors f o r  PCB A n a l y s i s  3 1  

25 . D r a i n i n g  Lead From Lead S h i e l d  Doors . . . . . . . . . . . . . . .  32 

26 . C u t t i n g  a  S e c t i o n  o f  R e a c t o r  Pool Tank . . . . . . . . . . . . . .  32 



FIGURES 

Page 

33 Hoist ing Sec t ion  of  Pool Tank From Pool Tank Cavity . . . . . . .  
Trans fe r r ing  Sec t iof i  o f  Pool Tank t o  Low Background Area 

. . . . . . . . . . . . . . . . . . . . .  f o r  Radiological  Survey 

Core Sampling of  Concrete i n  Exposure Room . . . . . .  
. . . . . . . . . . . . . . . . . .  DORF Sampling Plan 

Planned Excavation (Side  View) . . . - - . . . . . .  
. . . . . . . . . . . .  Planned Excavation (Top View) 

Excavating Concrete From Area Below Primary Reactor 
Operating Pos i t ion  . . . . . . . . . . . . . . . . . .  
Excavating Concrete From 'la11 Surrounding Secondary 

. . . . . . . . . . . . . .  Reactor Operating Pos i t ion  

Using a Rock Breaker t o  Form Cracks in Activated 
P o r t i o n o f  Roll ing D o o r .  . . . . . . . . . . . . . . . .  
Using a Pry Bar t o  Remove Fractured Concrete 

Mobile Hydraulic Ram Be? n g  Used t o  Break Nonradioactive 
P o r t i o n o f  R o l l i n g D o o r . .  . . . . . . . . . . . . . .  
Scabbling Concrete From Surface of Exposure Room Wall . 
Using Rock D r i l l  t o  Bore Holes In to  Cei l ing  of Exposure 

. . . .  Room ( p r e p a r a t i o n  f o r  i n s e r t i n g  rock s p l i t t e r ) .  

Using Rock S p l i t t e r  t o  Form Cracks i n  Concrete Cei l ing  

Spa l l ing  Concrete From Surface of Exposure Room 
. . . . . . . . . . . . . . . . . . . . . . . .  After  Crack Forming 

View o f  Concrete Excavation of  Ce i l ing ,  Floor ,  East  and North 
Walls o f  Exposure Room and Portion of  Pool Tank Cavity . . . . . .  

D O R F  Final Survey, Exposure Room . . . . . . . . - . . . . . . . .  
DORF Final Survey, Exposure Room . . . . . . . . . . . . . . . . .  
DORF Final  Survey, Exposure Room . . . - . . . . . . . - . . . . .  
P a r t i a l l y  F i l l e d  Box o f  Radioactive Waste . . . . . . . . . . . . .  
Radioact ive Waste Containers  Being Loaded Onto Truck 
f o r  Disposal by Land Burial . . . . . . . . . . . . . . . . . . . .  
View o f  B a r r i e r  Wall From Parapet . . . . . . . . . . . . . . . . .  
View o f  B a r r i e r  Wall From Exposure Room . . . . . . . . . . . . . .  
Explosive Charges Being Loaded In to  P re -d r i l l ed  Holes . . . . . . .  
Parapet  Af ter  Several Explosive Charges Se t  Off . . . . . . . . . .  
Concrete Rubble Being Pushed In to  Pool Tank Cavity. . . . . . . . .  
Parapet  Demolition Completed . . . . . . . . . .  : . . . . .  



ABSTRACT 

The Atomics  I n t e r n a t i o n a l  ( A I )  D i v i s i o n  o f  t h e  Energy Systems 

Group (ESG) o f  Rockwel l  I n t e r n a t i o n a l  was c o n t r a c t e d  by t h e  D e p a r t -  

ment o f  t h e  Army t o  d i s m a n t l e  and decontaminate  t h e  Diamond Ordnance 

R a d i a t i o n  F a c i l i t y  (DORF) l o c a t e d  a t  t h e  F o r e s t  Glen S e c t i o n  o f  

W a l t e r  Reed Army Med ica l  C e n t e r  i n  S i l v e r  Spr ing ,  Mary land.  The 

c o n t r a c t  was f o r  a  f i r m  f i x e d  p r i c e  w i t h  a  schedule  d u r a t i o n  o f  

8 months. 

A l l  t h e  c o n t r a c t e d  terms s p e c i f i e d  i n  DAAK 21-19-C-0136 were 

f u l f i l l e d  w i t h i n  t h e  r e q u i r e d  schedule  and budget. There was no 

s i g n i f i c a n t  r a d i a t i o n  exposure t o  personnel  o r  i n t e r n a l  d e p o s i t i o n  

o f  r a d i o a c t i v e  m a t e r i a l  as a  r e s u l t  o f  decommissioning t h e  Diamond 

Ordnance R a d i a t i o n  F a c i  1  i ty. 



I. INTRODUCTION 

The c b j e c t i v e  f o r  d ismant lement  and decon tamina t ion  o f  r a d i o a c t i v i t y  o f  t h e  

Diamond Ordnance R a d i a t i o n  F a c i l i t y  (DORF) was t o  make t h e  f a c i l i t y  a c c e p t a b l e  

f o r  u n r e s t r i c t e d  use by  removing r a d i o a c t i v i t y  t o  l e v e l s  below t h o s e  r e q u i r i n g  

s u r v e i l l a n c e  and l i c e n s i n g .  

D i s m a n t l i n g  t h e  r e a c t o r  and removing t h e  r a d i o a c t i v e  components was t h e  mode 

s e l e c t e d  f o r  decommissioning DORF. S p e c i f i c a l l y  i d e n t i f i e d  r e a c t o r  components 

were d i sman t led ,  packaged, and sh ipped t o  West inghouse's Hanford  E n g i n e e r i n g  

Development L a b o r a t o r i e s  (HEDL) i n  R ich land ,  Washington. The poo l  tank ,  l e a d  

s h i e l d  doors ,  l e a d  s h i e l d  h o i s t ,  exposure room wood l i n i n g ,  r o l l i n g  s h i e l d  door ,  

and a c t i v a t e d  c o n c r e t e  were d i sman t led ,  removed f r o m  t h e  f a c i l i t y ,  and d i sposed  

t o  c l e a n  s a l v a g e / d i s p o s a l  o r  t o  r a d i o a c t i v e  d i s p o s a l .  

The r e y ~ l a t o r y  agency govern ing  o p e r a t i o n s  a t  DORF was t h e  U.S. Army. The 

Army s p e c i f i e d  N u c l e a r  R e g u l a t o r y  Commission (NRC) R e g u l a t o r y  Guide 1.86 as t h e  

govern ing  document f o r  t h e  decommissioning a c t i v i t y .  T h i s  gu ide  s p e c i f i c a l l y  

r e q u i r e s  d e c o n t a m i n a t i o n  t o  l e v e l s  which a r e  as l o w  as reasonab ly  a c h i e v a b l e  

(ALARA), b u t  i n  a l l  cases t o  l e v e l s  below those l i s t e d  i n  Tab le  1. To show 

compl iance w i t h  ALARA, Rockwel l  e s t a b l i s h e d  t h e  l i m i t s  shown i n  T a b l e  2  as a  

t a r g e t .  These l i m i t s  a r e  based on exper ience  r e g a r d i n g  l e v e l s  t h a t  i n  most cases 

a r e  r e a s o n a b l y  a c h i e v a b l e  and can be e f f e c t i v e l y  mon i to red .  

R a d i o a c t i v e  m a t e r i a l s  and components which exceeded Tab le  1 l i m i t s  were 

removed f r o m  t h e  f a c i l i t y .  The l i m i t s  shown i n  T a b l e  2 were a l s o  met i n  a l l  

areas o f  t h e  f a c i l i t y  e x c e p t  i n  t h e  exposure room where, due t o  room geometry and 

t h e  a c c u m u l a t i v e  p r o p e r t i e s  o f  a c t i v a t i o n  p roduc ts ,  t h e  a c t i v i t y  ranged f r o m  0.08 

t o  0.24 mrad/h as  measured w i t h  a  Techn ica l  A s s o c i a t e s  Mark 111 C u t i e  P i e  - CP7M. 

The o v e r a l l  ave rage  was s l i g h t l y  h i g h e r  than  0 .1  mrad/h. I n d i v i d u a l  p i e c e s  o f  

c o n c r e t e  f r o m  t h e  h i g h e r  a c t i v i t y  areas, when removed f r o m  t h e  exposure room, 

i n d i c a t e d  l e v e l s  be low 0 . 1  mrad/h. These a c t i v i t y  l e v e l s  were deemed a c c e p t a b l e  

by  t h e  c o n t r a c t i n g  o f f i c e r ' s  r e p r e s e n t a t i v e  and b y  t h e  U n i t e d  S t a t e s  Army E n v i r o n -  

menta l  H e a l t h  Aqency (USAEHA) r a d i a t i o n  su rvey  team. 



TABLE 1 

ACCEPTABLE SURFACE CONTAMINATION LEVELS FROM NRC REGULATORY GUIDE 1.86 

* t 5  I 
I 

+** 
Flucl i d e  1 Average Maximum I Removable +,ti. 

unat, u ~ ~ ~ ,  u ~ ~ ~ ,  and 

a s s o c i a t e d  decay p r o d u c t s  

T ransuran ics ,  ~ a ~ ~ ~ ,  ~ a ~ ~ ~  

~ h ~ ~ ~ ,  A C ~ ~ ' ,  
125 129 
I , I  

90 223 Thmt, ~ h ~ ~ ~ ,  S r  , Ra 

m V) 

Ra 224, "232, 1126, 1131, 1133 

0, 
I 
m 
0 

Beta-gamma e m i t t e r s  ( n u c l i d e s  w i t h  
I 
N 
W 

decay modes o t h e r  than  a l p h a  emis- 

s i o n  o r  spontaneous f i s s i o n )  excep t  

Sr30 and o t h e r s  no ted  above. 

5,000 dpm a1100 cm2 

100 dpm/100 cm2 

15,000 dpm a/100 cmL 

300 darn/100 cm2 

1,000 dpm a/100 cm 2  

20 dpm/100 cm 2 

1,000 dpm By/100 cm 2  

*Where s u r f a c e  c o n t a m i n a t i o n  by b o t h  a lpha-  and beta-qarnma-emit t ing n u c l i d e s  e x i s t ,  t h e  l i m i t s  es tab -  
l i s h e d  f o r  a lpha-  and beta-gamma-emit t ing n u c l i d e s  shou ld  a p p l y  i n d e p e n d e n t l y .  

+As used i n  t h i s  t a b l e ,  dpm ( d i s i n t e g r a t i o n s  p e r  m i n u t e )  means t h e  r a t e  o f  emiss ion  by r a d i o a c t i v e  
m a t e r i a l  as de te rm ined  by c o r r e c t i n g  t h e  counts  p e r  m i n u t e  observed by  an a p p r o p r i a t e  d e t e c t o r  f o r  
background, e f f i c i e n c y ,  and geomet r i c  f a c t o r s  a s s o c i a t e d  w i t h  t h e  i n s t r u m e n t a t i o n .  

§Measurements o f  average con taminan t  s h o u l d  n o t  be averaqed o v e r  more t h a n  1 m2.  For  o b j e c t s  o f  l e s s  
s u r f a c e  area,  t h e  average s h o u l d  be d e r i v e d  f o r  each such o b j e c t .  

**The maximum c o n t a m i n a t i o n  l e v e l  a p p l i e s  t o  an area o f  n o t  more than  100 cm2. 
t t T h e  amount o f  removable r a d i o a c t i v e  m a t e r i a l  p e r  100 cm2 o f  s u r f a c e  area s h o u l d  be de te rm ined  by  

w i p i n g  t h a t  area w i t h  d r y  f i l t e r  o r  s o f t  absorbent  paper ,  a p p l y i n g  moderate p r e s s u r e ,  and assess ing  
t h e  amount o f  r a d i o a c t i v e  m a t e r i a l  on t h e  wipe w i t h  an a p p r o p r i a t e  i n s t r u m e n t  o f  known e f f i c i e n c y .  
When removable c o n t a m i n a t i o n  on o b j e c t s  of l e s s  sur face area 1s determined, t h e  p e r t i n e n t  l e v e l s  
shou ld  be reduced p r o p o r t i o n a l l y  and t h e  e n t i r e  s u r f a c e  shou id  be wioed.  



TABLE 2 

CONTAMINATION LIMITS FOR DECONTAMINATION AND DISPOSAL OF DORF 

I Total ( Removable 

A1 pha Emit ters  1 100 dpm/100 cm2 1 20 dpm/100 cm2 

Beta-Gamma Emitters 

*Measurements of  average contaminant should not  be averaged over  more 
than 1 m2. For ob jec t s  of  l e s s  su r face  a rea ,  the average should be 
der ived  f o r  each such ob jec t .  

+The maximum contamination level  app l i e s  to  an area of  not  more than 
100 cm2. 

0 .1  mrad/h average* 
and 0 .3  mrad/h maxirnumf 
a t  1 cm with 7 mg/cm2 
absorber 

100 dpm/100 cm2 



F i g u r e  1. E x t e r i o r  View o f  DORF 

F i g u r e  2 .  I n t e r i o r  V i e w  o f  DORF Showing T R I G A  R e a c t o r  C a r r i a g e a n d  
C o n t r o l  D r i v e  H o s s i n g  Loca t ed  on P a r a p e t  



1 1 .  FACILITY DESCRIPTION 

The Diamond Ordnance Radiat ion F a c i l i t y  (DORF), Figure 1, was operated by 

t h e  Department of the  Army's Harry Diamond Laboratories (HDL). The f a c i l i t y  

housed a TRIGA Mark F Reactor ,  Figure 2, as  the  principal  research  tool  i n  the  

s tudy of neutron and gamma r a d i a t i o n  e f f e c t s  on e l e c t r i c a l  and e l e c t r o n i c  compo- 

nents .  

D O R F  i s  located wi th in  t h e  metropoli tan area of Washington, D . C .  a t  t h e  

Fores t  Glen sec t ion  of t h e  Walter Reed Army Medical Center ( W R A M C ) ,  which i s  

8 miles due north of t h e  c e n t e r  of  Washington, D . C .  The bui ld ing  containing the  

r e a c t o r  i s  65 f t  by 50 f t  and 25 f t  high. I t  i s  encircled by an exclusion fence 

with a rad ius  of about 240 f t .  Access t o  the 4.2-acre s i t e  i s  c o n t r o l l e d  a t  a 

s i n g l e  entrance ga te .  

The r e a c t o r  was designed and buiT t by Gulf General Atomics, San Diego, 

C a l i f o r n i a .  I t  was designed f o r  both s teady-s ta te  and pulsed ope ra t ion  with a 

design c a p a b i l i t y  o f :  

1) Steady-s ta te  o r  square-wave operation u p  t o  250 kW f o r  a maximum 

power genera t ion  of  1 mW-h/day. 

2 )  Pulsed opera t ion  r e s u l t i n g  i n  a peak power of 2,000 MW w i t h  a 

pulse width of  9 . 5  ms a t  half  maximum. 

On September 18, 1961, t h e  DORF-TRIGA Mark F r eac to r  achieved c r i t i c a l i t y  

f o r  t h e  f i r s t  time. The f i r s t  core was aluminum c lad ,  but  i t  was replaced with a 

s t a i n l e s s  s t e e l  c lad  core i n  1964. This s t a i n l e s s  s t e e l  c l ad  co re  was operated 

from 1964 through September o f  1977, when reac tor  operat ions a t  DORF were termi- 

na ted .  An es t imate  o f  t h e  burnup on t h e  core a t  the  time of  shutdown was 0.48% 

based on 242,451 kwh of  ope ra t ion .  

In t h e  spr ing  of  1979, t h e  core  was removed from t h e  r e a c t o r .  I t  was dispo- 

s i t i o n e d  t o  several  u n i v e r s i t y  programs and t o  the  DOE-Hanford Engineering Develop- 

ment Labora tor ies  in  Richland, Washington. 



F i g u r e  4. T e s t  Setup i n  Exposure Room 



The reactor core, Figure 3, was located near the bottom of a 15,000-gal 

aluminum tank which was about 13 f t  in  diameter and 20 f t  deep. The core was 

suspended by a support s t ructure  from a motor driven carriage mounted on r a i l s  a t  

the top of the  tank. The carriage was capable of traversing the tank to enable 

the reactor t o  be positioned behind lead doors so that  entry could be made into 

the exposure room immediately a f t e r  a t e s t .  Figure 4 shows a typical t e s t  setup 

i n  the exposure room. Figure 5 i s  a diagram showing a cross-section view of the 

f a c i l i t y  and the re la t ive  position of reactor to  exposure room. With  the lead 

doors open, the reactor could traverse the tank to a position by the lead shield. 



CARRIAGE 
ASSEMBLY 

REACTOR CONSOLE 

LEAD SHIELD 

SHIELD HOIST 

Figure 5. Ver t ica l  Sec t ion  of DORF Reactor 



Ill. SUMMARY OF DECOMMISSIONING ACTIVITIES 

The a c t i v i t i e s  wh ich  compr i se  t h e  decommissioning o f  DORF were grouped i n t o  

t h r e e  phases. Phase I c o n s i s t e d  o f  t h e  p lann ing ,  procurement, and s t a f f i n g  

a c t i v i t i e s  r e q u i r e d  t o  conduc t  Phases 1 1  and 111. Phase I was conduc ted  i n  

Canoga Park ,  C a l i f o r n i a .  Phase I 1  c o n s i s t e d  o f  those a c t i v i t i e s  r e q u i r e d  t o  

remove and d i s p o s e  o f  t h e  r a d i o a c t i v e  and n o n r a d i o a c t i v e  components and m a t e r i a l s  

i d e n t i f i e d  i n  t h e  RFQ. Phase I 1 1  c o n s i s t e d  o f  t h e  d e m o l i t i o n  o f  n o n r a d i o a c t i v e  

p o r t i o n s  o f  t h e  f a c i l i t y .  Phases I 1  and 111 were conducted i n  S i l v e r  Spr ing ,  

Mary land.  

A. PHASE I 

F a c i l i t i e s  D i s m a n t l i n g  P l a n  f o r  DORF N001-FDP-960-001 was p r e p a r e d  t o  

d e l i n e a t e  t h e  a c t i v i t i e s  necessary  t o  a c h i e v e  t h e  s t a t e d  o b j e c t i v e s .  These elere 

c a t e g o r i z e d  as: p l a n n i n g ,  m o n i t o r i n g ,  and c o n t r o l ;  r a d i o l o g i c a l  su rvey ;  d i s -  

manclement and d i s p o s a l ;  and documentat ion.  Th is  d i s m a n t l i n g  p l a n  was rev iewed  

and approved by  t h e  Rockwel l  O&D Program O f f i c e ,  Heal th ,  S a f e t y  and R a d i a t i o n  

S e r v i c e s ,  and by t h e  Eng ineer ing  Department. I t  was then r e v i e w e d  and approved 

by t h e  Army Reac to r  Committee f o r  H e a l t h  and S a f e t y  (ARCHS). 

A c t i v i t i e s  c o n c u r r e n t  w i t h  p l a n n i n g  were: ( 1 )  t h e  a c q u i s i t i o n  o f  equipment, 

t o o l s ,  and m a t e r i a l ;  ( 2 )  p lacement o f  s e r v i c e  c o n t r a c t s ;  and (3) t h e  r e c r u i t m e n t  

and t r a i n i n g  o f  pe rsonne l .  Phase I a c t i v i t i e s  were i n i t i a t e d  on  September 17, 

1979, and were comple ted on November 21, when ARCHS approved t h e  d i s m a n t l i n g  

p l a n .  

B. PHASE I 1  

Phase I 1  was i n i t i a t e d  on  November 26, 1979, w i t h  t h e  movement o f  personnel  

t o  t h e  DORF s i t e  i n  S i l v e r  Spr ing ,  Mary land,  and was completed o n  February  22, 

1980, w i t h  t h e  r e t u r n  and reass ignment  o f  personnel  t o  o t h e r  p r o j e c t s .  

Phase I 1  c o n s i s t e d  o f  t h e  f o l l o w i n g  a c t i v i t i e s :  (1) s i t e  p r e p a r a t i o n ,  

( 2 )  p a c k a g i n g  and s h i p p i n g  r e a c t o r  components t o  HEOL, ( 3 )  exposure  room 



dismantlement, ( 4 )  pool tank removal, ( 5 )  concrete excavat ion,  ( 6 )  s i t e  survey, 

and (7 )  waste d isposa l .  

1. S i t e  Preparat ion 

S i t e  preparat ion included those a c t i v i t i e s  required t o  move t h e  Rockwell 

s t a f f  and t h e i r  equipment t o  t h e  DORF s i t e  and to  e s t a b l i s h  a  base of operat ions 

i n  Maryland. A rad io logica l  survey of the nonradioactive por t ions  of the  s i t e  

was conducted f o r  documentation and an analysis  of the  pool water  was performed 

t o  determine compliance with 10 CFR 20.303. 

On November 26,  1979, a  six-man team from Rockwell I n t e r n a t i o n a l ' s  Energy 

Systems Group in Canoga Park, Ca l i fo rn ia ,  arr ived i n  Maryland t o  begin the  

Phase I 1  work out l ined  i n  the  c o n t r a c t .  A base of opera t ions  was e s t ab l i shed  

within t h e  f i r s t  week including a  s i t e  radiological  survey. An  agreement was 

made with Holy Cross Hospital i n  S i l v e r  Spring wherein they would accept  f o r  

t reatment  any r ad ioac t ive ly  contaminated person from DORF.  

A rad io logica l  survey taken of one of the f l o o r  d ra ins  ad jacen t  t o  the  

parapet  near t h e  main experimental area indicated a c t i v i t y  i n  t h e  range of 

250 cpm By.  The f l o o r  gra t ing  over the drain was removed and t h e  r ad ioac t ive  

r e s idue  was vacuumed i n t o  an approved radioac t ive  waste con ta ine r .  Resurvey of 

t h i s  d ra in  and a l l  o the r  a reas  o f  t h e  f a c i l i t y  ou t s ide  t h e  exposure room indi -  

ca ted  l e v e l s  of  a c t i v i t y  well below those l i s t e d  i n  Tables 1 and 2. 

Water samples from the  pool tank were analyzed by Teledyne Iso topes ,  WRMAC, 

and Rockwell. The data  a r e  shown i n  Table 3.  These data  show t h e  water t o  be 

well within t h e  al lowable l i m i t s  given in 10 CFR 20, Appendix 8, Table 1, Column 2.  

Walter Reed Hosp i t a l ' s  Health and Safety Branch granted Rockwell permission to  

d r a i n  t h e  water  through t h e i r  s a n i t a r y  sewer system. 

2. Packaging and Shipping Reactor Components t o  HEDL 

The TRIGA reac to r  and i t s  coniponents were disassembled, packaged, and 

shipped t o  DOE-Hanford Engineering Development Laboratories  ( H E D L ) ,  Richland, 



T A B L E  3  

ANALYSIS O F  POOL WATER 

Rockwell 

<Detectable gross  6 

5 x H-3 

Teledyne Isotopes 

Note: 10 CFR 20 l i m i t s  were i n t e r p r e t e d  t o  be 
as  follows: 4 p0-7 u ~ i / m , B y ;  

-7  . -3 . 4 x 10 uC~/mld;  3 x 10 ~ C l / m l  H-3 

<1 x gross  B 
1.41 x H - 3  

Washington. The paskages and shipment conformed t o  Department of Transportat ion 

( D O T )  s p e c i f i c a t i o n ,  T i t l e  49,  Code of  Federal Regulations (49 CFR). 

The r e a c t o r  and components were disassembled t o  t h e  degree necessary t o  

permit packaging. All of  t h e  items l i s t e d  in Table 4 were removed, packed in to  

weatherproof con ta ine r s ,  and t ranspor ted  to  H E D L .  Figures 6 and 7 show r e a c t o r  

and component disassembly. Figures 8 and 9 show packaging a c t i v i t i e s .  Figure 10 

shows packages loaded i n t o  a t ruck f o r  shipment. 

Each package was monitored by the  Health P h y s i c i s t  t o  determine i t s  radio- 

a c t i v e  content .  Only one of the  containers  had s i g n i f i c a n t  de t ec t ab le  r a d i a t i o n  

a t  the  sur face .  I t  was Container No. 158, a DOT-type A-7A drum containing the 

10 Ci americium-beryllium neutron source. I t s  r a d i a t i o n  measured 120 mrad/h neu- 

tron-beta-gamma a t  t h e  su r face  an3 4 mrad/h a t  1 m .  All o f  t h e  o the r  conta iners  

were ~ 1 0  mrad/h a t  t h e  su r face  and near background a t  1 m .  Table 5 i s  a 1 i s t  o f  

conta iners ,  t h e i r  volumes, weights,  and contents .  



TABLE 4 

LIST OF REACTOR COMPONENTS SHIPPED TO H E D L  

No. Ifem I Descript ion 

Core Support S t r u c t u r e ,  Upper Sect ion 

Core Support S t r u c t u r e ,  Lower Section 

Top and Bottom Grid P la t e s  

Connecting Rods fo r  Control Rods 

Control Rods 

Carr iage  Drive Motor 

Water Pump: 1 . 5  h p  

Incore Experiment Tube 

Ion Chamber Support and Ion Chambers 

Carr iage Support Rai l s  

Lead Shie ld  Door Drives and Linkage 

Pool Cover P la tes  

Fuel Storage Racks, Underwater 

Fuel Measurement Tool with Dial Micrometer 

Aluminum Water System Pipinq 

Water Pumps 

Demineral i z e r s ,  3 f t  3 

Flowmeters, 25 gpm 

Neutron Source, 10 C i ,  Am-Be 

Neutron Source Holder 

Pool Lights 

Carr iage Pos i t ioning  Potentiometer 

Carr iage Umbilical A r m  

Fuel Element Location Diagram 
3 Water Box, 1 f t  Capacity 

3 Charcoal F i l t e r ,  1 f t  Capacity 

Unit 

Each 

Each 

Each 

S e t  

Se t  

Each 

Each 

Each 

Set  

Se t  

Se t  

Se t  

Each 

Each 

Each 

Each 

Each 

Each 

Each 

Each 

S e t  

Each 

Each 

Each 

Each 

Each 

Quanti ty 



F i g u r e  6.  Removal of  R e a c t o r  Suppor t  
S t r u c t u r e  From Pool Tank 

F i g u r e  7 .  R e a c t o r  Cool ing System P i p i n g  
A f t e r  Disassembly b u t  P r i o r  t o  

Packaging 



Figure E. Reactor Cooling System 
Piping P a r t i a l  l y  Packaged 

(Box No. 156) 

Figure 9. P a r t i a l l y  Packaged Reactor Core Support S t r u c t u r e  
(Box No. 154 )  



I TABLE 5 

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

1 Quantity 

I 

Box No. 151 (38 f t 3 ,  1100 l b )  
No. 11 Lead Shield Door Drive and Linkage 

Motor and Clutch 
Transmission Tee 
Right Angle Transmission 
Door Transmission 
Shor t  S h a f t  
Long S h a f t  

No. 16 Water Pump 
I S ea l s  
? Carriage Drive Motor (Spare) 

Box No. 152 (112 f t 3 ?  700 i b )  
No. 9 Ion Chamber Supports 
No. 4 Connecting Rods f o r  C o n t r ~ l  Rods 
No. 5 Control Rods ( 2 ) ,  2 grapt t i te  
No, 14 Fuel Measurement Tool and Did9 Micrometer 

Dip Leg (Water Diffuser  P u m p ) ,  1 long, 1 s h o r t  
Standard Control Rod FFCR 
Ton Chamber Guide 
Control Rod Guide 
Core Thimble Guide 

No. 20 Neutron Source Holder 

Box No. 154 (333 f t 3 ,  4500 l b )  
No. 1 Core Support S t r u c t u r e ,  Upper Section 
No. 2 Core Support S t r u c t u r e ,  Lower Section 
No. 12 Pool Cover P l a t e s  
No. 13 Fuel Storage Racks 

Connecting Rods and Bolts  
No. 21 Pool Lights  
No. 10 Carr iage Support Ra i l s  
No. 24 Fuel Element Location Diagrams (P ic tu re  Frames) 
No. 5 Control Rod and Connecting Rod 

2 
3 
4 boxes 
1 

4 s e t s  
7 

Box No. 155 (159 f t 3 ,  3200 l b )  
No. 6 Carr iage 
No. 7 Water Pump 
No. 22 Potentiometer 
No. 17 Demineralizer Tanks 



TABLE 5 

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

--- 
Quantity 

3 Box No. i56 (192 ft , 1700 lb) 
No. 15 Aluminum Piping - Water System 
No. 18 Flobnneter (NK 398-00150) 
No. 23 Carriage Umbilical Arm 

Post 
No. 25 Water Box 
No. 26 Charcoal Filter 

Barrel Assembly (Spare) 
Connectins Rod 

Drum No. 157 ( 1 7 H  Drum) (7.5 ft3, 200 lb) 
No. 3 Lower Core Assembly 

Top and Rottorn Grid Plates 

Drum No. 158 (17H Drum) (7.5 ft3, 550 1 h )  
No. 10 Amet-icium-Beryl1 ium Neutron Source 

igure  10. 
Boxes an 
ponents 

Truck 
d Drums 
f o r  Sh 

. Being 
of Rei 
i pmen t 

Loaded wil 
~ctor Com- 
to HEDL 



I 3. Exposure Room Dismant lement 

The exposure room was s t r i p p e d  o f  i t s  wood l i n i n g ,  l e a d  s h i e l d s ,  l e a d  

s h i e l d  h o i s t ,  and o t h e r  removable components. The m a t e r i a l  was separa ted  and 

1 d i s p o s i t i o n e d  based on r a d i o l o g i c a l  a n a l y s i s .  

The t h r e e  f l o o r  d r a i n s  were t e m p o r a r i l y  p lugged t o  p r e v e n t  t r a n s p o r t i n g  

r a d i o a c t i v e  m a t e r i a l s  i n t o  t h e  f a c i l i t i e s  ho ldup tanks.  The aluminum t r a c k s  on 

t h e  c e i l i n g  and t h e  m a s o n i t e  c o v e r i n g  t h e  wood l i n i n g  were removed f r o m  t h e  

exposure room. R a d i a t i o n  su rvey  a n a l y s i s  determined t h a t  abou t  t w o - t h i r d s  o f  t h e  

wood l i n i n g  c o u l d  be d isposed o f  as  c l e a n  wood, t h e  r e m a i n i n g  o n e - t h i r d  was 

packaged and d i sposed  o f  as r a d i o a c t i v e  waste. The c l e a n  wood was removed f rom 

t h e  exposure room, p u t  i n t o  a l a r g e  dumpster,  t r a n s p o r t e d  t o  a l o c a l  dump s i t e ,  

and b u r i e d  t o  p r e v e n t  i t s  reuse.  The wood was s t r u c t u r a l l y  damaged as a r e s u l t  

o f  n e u t r o n  i r r a d i a t i o n  and m i g h t  have been tempt ing  f o r  use as s t r u c t u r a l  m a t e r i a l  

i f  l e f t  u n b u r i e d .  F i g u r e s  11 th rough  15  show these  a c t i v i t i e s .  The c o n c r e t e  

w a l l  o f  t h e  exposure room ( F i g u r e  16)  was covered w i t h  t h e  p h e n o l i c - c o a t e d  t a r  

paper l i s t e d  i n  t h e  RFQ as b e i n g  a t t a c h e d  t o  t h e  aluminum poo l  tank .  Two l e a d  

s h i e l d s  were removed f r o m  t h e  w a l l  a d j a c e n t  t o  t h e  poo l  tank.  These were coa ted  on 

one s i d e  w i t h  t h e  p h e n o l i c - c o a t e d  paper  f r o m  t h e  w a l l  wh ich was a c t i v a t e d .  The 

c o a t i n g  was scraped f rom t h e  l e a d  and t h e  l e a d  was recovered  as c l e a n  sc rap .  

F i g u r e  17 shows t h e  l e a d  removal t a s k .  

S i x  1 - i n .  t h i c k  p i e c e s  of l e a d  were removed f rom t h e  t o p  p o r t i o n  o f  t h e  

exposed poo l  s e c t i o n  o f  t h e  t a n k  i n  t h e  exposure room. The aluminum f rame was 

removed from t h e  l e a d  and d i sposed  of as  r a d i o a c t i v e  waste. The l e a d  was ana lyzed  

and de te rm ined  t o  be a c c e p t a b l e  as c l e a n  sc rap .  F i g u r e s  18 and 19 show t h e s e  

o p e r a t i o n s .  

The l e a d  s h i e l d  was removed from t h e  l e a d  s h i e l d  h o i s t  as shown i n  F i g u r e  20. 

T h i s  s h i e l d  was a c t i v a t e d  s l i g h t l y  and was packaged as r a d i o a c t i v e  waste. The 

l e a d  s h i e l d  h o i s t  was d r a i n e d  o f  h y d r a u l i c  o i l .  The o i l  was ana lyzed  and was 

found  t o  be n o n r a d i o a c t i v e .  T h i s  o i l  was p i c k e d  up by a " r e c l a i m e d  o i l "  p r o -  

cessor  a t  no c o s t  t o  t h e  program. The l e a d  s h i e l d  h o i s t  was removed by f i r s t  



F i g u r e  I!. S t a r t  o f  !do;!(: ?2r;;ovi! ;;-gin Lxporiit-e F(ooli1 b y  F i r s t  
Remo\ii ;:c; L.cdd Ee;-;-: !~ ls $e-i:, F!-cni  boo,-. y I i h i  l e  L i f t i n g  

C?;': ;-.- . ' , 4 i i ,  ? ,  , L 2 ,  ;!.ji>b:.." 
I ,  1 / I\< 

F i g u r e  12.  Ce i  1 i !?gTin!bers  P a r t i a l l y  Removed Af te t -  L o w e r i n g  
c ~ . ; ~ ~ . ;  . ,  . .;,. I . i i t i i  FG:-k i.ift 



Figure  13. Using Chain Saw t o  C u t  Wood I n t o  D i s o o s a b l e  P i e c e s  

F i g u r e  14.  Clean Wood Being Loaded I n t o  Dumpster f o r  Disposa l  



-. - . . Figure 15. L !  :';ocd 6 s i n a  U u ~ ~ ~ p s d  a -  E ~ i s p o s a l  S i t e  - 

F i g u r e  16. Phenol  i c -Coa ted  7 3 , -  Paper  Cover ing  C o n c r e t e  Wall o f  
Expcsure  Rooni 



F i g u r e  i7. Vie1$! o f  E a s t  i , Ja l i  o f  Exposure  Room Showing One Lead 
S h i e l d  Lying  on F i o o r  t o  L e f t  a n d  One Lead S h i e i d  i n  Motion 

oil E i g h t  

F i g u r e  18. Lead S h i e l d s  i n  Exposdre  Room P r ~ o r  t o  Ren~oval 



F i g u r e  19. S h i e l d i n g  B e i n g  
Removed From E x p o s u r e  Room 

F i g u r e  20.  L e a d  S h i e l d  B e i n q  Removed 
From Lead S h i e l d  H o i s t  



excavat ing t h e  sand surrounding i t  (Figure 21) and then breaking t h e  8-in.- thick 

l a y e r  of  concre te  t h a t  surrounded i t s  base with a jackhammer. Figure 22 shows 

t h e  h o i s t  removed. The h o i s t  was a c t i v a t e d  and was the re fo re  packaged and 

disposed of a s  rad ioac t ive  waste .  

I 4 .  Pool Tank Removal 

i Transformer o i l  and lead-shot  were drained from the  lead s h i e l d  doors ,  the 

doors were removed from t h e  pool tank ,  and the  pool tank was removed from t h e  

conc re t e  c a v i t y .  

To f a c i l i t a t e  r eac to r  component disassembly, an opening was c u t  i n t o  t h e  

pool tank t o  provide access  t o  i t  from t h e  exposure room. This opening was 
2 enlarged t o  about 7 - f t  (F igure  23) when pool tank removal was s t a r t e d .  

Samples of t h e  t ransformer o i l  (F igure  24)  were removed from t h e  lead  doors 

and analyzed by Garnett-McCreath Labs i n  Harrisburg, Pennsylvania, f o r  polychle- 

r i n a t e d  biphenals  ( P C B ) .  PCB concent ra t ions  were determined t o  be .cl ppm, a f ac to r  

of  50 below t h e  e s t ab l i shed  l i m i t s  f o r  cont ro l led  disposal as  given i n  40 CFR 

Par t  761. About 180 gal of o i l  was drained from the  lead doors i n t o  fou r  55-gal 

metal drums. This  o i l  was given t o  a "reclaimed o i l "  processor a t  no c o s t  t o  the 

program. 

Lead was drained from t h e  doors i n t o  t h i r t e e n  55-gal drums. Figure 25 shows 

t h i s  ope ra t ion .  Each drum weighed about  2,150 l b  o r  a t o t a l  of 28,000 l b .  Lead 

samples from e2ch drum were analyzed t o  determine rad ioac t ive  con ten t .  All 

samples were well under t h e  a l lowable  l i m i t  f o r  r e l ease  f o r  u n r e s t r i c t e d  use. 

Table 6 p resen t s  t h e  r e s u l t s  of  t h e s e  analyses.  When s u f f i c i e n t  l ead  had been 

dra ined  from t h e  doors ,  they were l i f t e d  from the  tank with t h e  overhead crane 

and removed t o  a low-background a rea  f o r  a radiological  survey. Removable and 

f ixed  contamination l e v e l s  were well below l i m i t s  as  depicted i n  Table 2. 

The doors  and t h e  lead were disposed of  as  salvageable scrap.  

The aluminum pool tank was c u t  i n t o  several sec t ions  t o  enable  i t s  removal 

from t h e  concre te  cavi ty .  Figures 26, 27 ,  and 28 show t h i s  a c t i v i t y .  Each piece 



Fi3ui .e 21. Cxczva"Li!?g S a h d  Fi-orn Around Lead S h i e l d  Hoist 

Figure 22. Removal o f  Lead S h i e l d  
Ho i s t  



F i g u r e  2 3 ,  C u t t i n g  an O p e n i n g  I n t o  Reac to r  Pool Tank From 
Exposure P,oo;l! 

Figure 24. Samplinq Transfor~iier Oil i n  Lead S h i e l d  Uoors tor  
PC6 Ana lys i s  



F i g u r e  25. D r a i n i n g  Lead From Lead 
Doors 

F i g u r e  26. C u t t i n g  a S e c t i o n  o f  R e a c t o r  
Pool  Tank 



TABLE 6 

ANALYSIS OF L E A D  FROM SHIELD DOORS 
(Gross de tec t ab le  beta  a c t i v i t y )  

Sample Number 

Control 

4 0.25 

5 0.11 

6 LTD* 
1 

*Less than de tec table  l i m i t .  

0.17 

LTD 

0.10 

LTD 

0.16 

0.19 

0.10 

Figure 27. Hoist ing Sect ion of Pool Figure 28. Transfer r ing  Sect ion ofPo01 
Tank From Pool Tank Cavity Tank t o  Low Background Area f o r  

Radiological Survey 



was surveyed i n  a  l o w  background area t o  determine r a d i o a c t i v e  c o n t e n t .  The area 

o f  t h e  tank  t h a t  was exposed t o  t h e  exposure room and an a rea  180' f r o m  t h a t  

p o s i t i o n  and 2 f t  t o  e i t h e r  s i d e  o f  t h e  c o r e  c e n t e r l i n e  was removed and packaged 

as  r a d i o a c t i v e  waste. The r e m a i n i n g  aluminum f rom the  tank  was be low t h e  l i m i t s  

shown i n  Tab les  1 and 2. T h i s  aluminum was disposed o f  as s a l v a g e a b l e  scrap.  

The poo l  t a n k  had a  c o a t i n g  o f  epoxy-based p a i n t  i n s t e a d  o f  t h e  p h e n o l i c - c o a t e d  

t a r  paper l i n e r  d e s c r i b e d  i n  t h e  RFQ. There was v e r y  l i t t l e  adhes ion o f  t h e  tank  

t o  t h e  c o n c r e t e  as a  r e s u l t  o f  i t s  b e i n g  p a i n t e d  i n s t e a d  o f  c o a t e d  w i t h  t a r  

paper.  

5. Concrete  Excava t ion  

F o l l o w i n g  exposure room d ismant lement  and poo l  tank removal ,  a  d e t a i l e d  

r a d i a t i o n  su rvey  was conducted o f  t h e  exposed conc re te  s t r u c t u r e s  t o  e s t a b l i s h  a  

map o f  r a d i o a c t i v i t y .  Concre te  samples were cored ( F i g u r e  29) f r o m  s e l e c t e d  

a reas  t o  e s t a b l i s h  t h e  e x t e n t  and l e v e l s  o f  a c t i v a t i o n  i n  t h e  c o n c r e t e  s t r u c -  

t u r e s .  F i g u r e  30  shows t h e  DORF sampl ing p l a n  i d e n t i f y i n g  t h e  l o c a t i o n  where 

c o r e  samples were taken. T a b l e  7 shows t h e  r e s u l t s  o f  t h e  c o r e  sample a n a l y s i s  

and T a b l e  8  i s  a  compar ison o f  t h e  r e s u l t s  o f  a n a l y s i s  f rom two independen t  

l a b o r a t o r i e s .  The c o r e  samples t h a t  were p rov ided  f o r  compara t i ve  a n a l y s i s  were 

t a k e n  f rom two areas o f  t h e  exposure room. Sample Nos. 3, 3A, and 38 were taken 

f r o m  t h e  w a l l  and Sample Nos. 34, 34A, and 348 were taken f r o m  t h e  f l o o r .  Each 

group o f  san~ples  were c o r e d  as c l o s e  t o  each o t h e r  as p o s s i b l e .  

Core samples were p r e p a r e d  f o r  a n a l y s i s  a t  DORF and a t  ESG u s i n g  e x i s t i n g  

ESG procedures.  The samples were c u t  w i t h  a  tungsten c a r b i d e  saw b l a d e  a t  t h e  

a p p r o p r i a t e  d i s t a n c e  f r o m  t h e  end d e s i g n a t e d  " t h e  su r face . "  The powder generated 

by sawing was con ta ined ,  weighed, and counted on a n  NMC Model 72, a u t o m a t i c  

c o u n t i n g  system f o r  a l p h a  and beta-gamma s imu l taneous ly .  

Due t o  p r e f e r e n t i a l  c u t t i n g  t h r o u g h  s o f t e r  m a t e r i a l  i n  t h e  c o r e  sample, 

i .e. ,  b i n d e r  and s o f t  r o c k  as  opposed t o  t h e  ha rder  r o c k  m a t r i x ,  t h i s  sampl ing 

t e c h n i q u e  d i d  n o t  p e r m i t  o b t a i n i n g  a  f u l l y  r e p r e s e n t a t i v e  sample o f  t h e  t o t a l  

a c t i v i t y .  



F i g u r e  29. Core Sampl iny  o f  Concrete i n  Exposure Room 

Teledyne I s o t o p e s  p r e p a r e d  t h e i r  san~ples  by c u t t i n g  through t h e  e n t i r e  c o r e  

sample t o  segment i t  i n t o  1 - i n .  t h i c k  samples. The e n t ~ r e  sample was then  coun ted  

t o  determine a c t i v i t y .  T h i s  t e c h n i q u e  was most r e p r e s e n t a t i v e  o f  t h e  t o t a l  

a c t i v i t y  rema in ing  i n  t h e  c o n c r e t e  a t  DORF. The r e s u l t s  o f  t h e  c o n c r e t e  sample 

a n a l y s i s  formed t h e  b a s i s  f o r  t h e  c o n c r e t e  excava t ion  p l a n .  F i g u r e s  31 and 32 

show diagrams o f  t h e  p lanned  e x c a v a t i o n s .  

Concrete  e x c a v a t i o n  began i n  t h e  poo l  tank c a v i t y  w i t h  t h e  removal  o f  t h e  

pedes ta l  wh ich ex tended under  t h e  t a n k  i n t o  the  exposure room. Jackhammers were 

used t o  break t h i s  p e d e s t a l  ( F i g u r e  33)  and t h e  t h i n  w a l l  s e c t i o n  between t h e  

poo l  tank  c a v i t y  and t h e  exposure room. R e i n f o r c i n g  ba r  ( r e b a r )  was removed as  

necessary  t o  p e r m i t  f u r t h e r  c o n c r e t e  renioval o r  because o f  a c t i v a t i o n .  A c t i v a t e d  

c o n c r e t e  i n  t h e  back o f  t h e  p o o l  t a n k  c a v i t y  was then  removed. T h i s  area,  shown 

i n  F i g u r e  34, ex tended a b o u t  2 f t  t o  each s i d e  o f  t h e  c o r e  c e n t e r l i n e  and f o l l o w e d  

t h e  c u r v a t u r e  o f  t h e  w a l l .  Maximum dep th  o f  t h e  e x c a v a t i o n  was 10 i n .  a t  c o r e  

c e n t e r 1  i n e  and t a p e r e d  t o  a b o u t  2 i n .  a t  2 f t  froni t h e  c e n t e r l i n e .  R a d i o l o g i c a l  



Figure 30. DORF Sampl i n g  P lan  



TABLE 7 

PRE-EXCAVATION ANALYSIS OF CONCRETE BY ESG AT DORF 
(Gross De tec tab le  Beta A c t i v i t y )  

(Sheet 1 o f  2 )  

Exposure 
Room 

Wall s 

C e i l i n g  

Core 
Number 

Ref. 1 

Ref. 2 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1 

22 

PUG* I---- 
Background 

I Background 

Background 

25 cpm 

300 cpm 

100 cpm 

Background 

~ 2 5  cpm 

100 cpm 

Background 

25 cpm 

50 cpm 

25 cpm 

100 cpm 

50 cpm 

50 cpm 

Background 

200 cpm 

50 cpm 

100 cpm 

150 cpm 

Background 

Background 

50 cpm 

pCi /g  

Dis tance from Concrete Sur face  

0 

12.4 

28.0 

20.5 

126.8 

42.1 

12.8 

22.8 

34.0 

12.0 

21.5 

18.4 

25.3 

42.1 

50.4 

21.8 

9.9 

1 

3.2 

9.7 

37.7 

23.0 

98.0 

18.0 

1.1.4 

8.3 

27 .1  

19.5 

10.2 

16.2 

22.6 

33.6 

27.6 

15.1 

7.0 

6 

LTD 

LTD 

13.3 

10.6 

35.8 

20.1 

LTO 

7.3 

10.6 

6.2 

13.7 

3.7 

16.0 

8.7 

22.6 

0.2 

5.8 

2 

5.2 

L ID  

23.8 

11.0 

63.8 

22.0 

9 .1  

9.5 

23.4 

20.1 

17.0 

7.0 

19.1 

41.0 

43.3 

3 . 1  

LTD 

4 

LTD 

3 . 1  

19.7 

i 1 . 8  

31.4 

21.5 

10.7 

5.2 

13.1 

8 .3  

14.7 

5.6 

12.2 

14.9 

18.4 

LTD 

4.4 

( i n . )  

3 

9 . 0  

LTD 

16.6 

6 .8  

65.8 

12.0 

6 .0  

19.1 

22.8 

11.5 

17.4 

7.3 

6 .4  

17.8 

38.6 

1 5 

1.2 

5 

5.0 

LTD 

10.4 

8.5 

36.6 

18.6 

4.6 

13.1 

12.8 

11.8 

13.7 

13.3 

5.6 

21.1 

23.8 

5.8 

5.4 



TABLE 7 

PRE-EXCAVATION ANALYSIS OF CONCRETE BY ESG AT OORF 
(Gross Detectable Beta Activity) 

(Sheet 2 of 2 )  

*Count r a t e  meter with a 2-in. thin window pancake G-M detector.  

survey of the pool tank cavity indicated compliance with Regulatory Suide 1.86, 

s t ipulat ions  of which are  l i s t ed  i n  Tables 1 and 2. 

Nuclear Controls Corporation (NCC) was contracted to break the activated 

concrete from the rol l ing door and to remove the remainder of the door from the 

s i t e .  This operation, shown in Figures 35, 36, and 37, was supported by the 

Rockwell s t a f f  and took place between January 28 and February 4 ,  1980. NCC used 

a rock s p l i t t e r ,  a jackhammer, and a  nob bile hydraulic ram (hyram) to  break u p  the 

door and remove i t  from the f a c i l i t y .  The clean rubble from the door was staged 

on s i t e  for  removal during Phase 111. The activated rubble was packaged by 

Rockwell fo r  disposal as radioactive waste. 



TABLE 8 

PRE-EXCAVATION ANALYSIS OF CONCRETE BY TELEDYNE ISOTOPES 

pCi/g 

Depth Surface F 

3B 

34B 

*Gross Gy pCi/g 

ESG Data* 

6 in. 

17.8 

4.5 

0 in. 

74.5 

12.9 

2 in. 

41.3 

6.7 

1 in. 

70.2 

6.7 

3 in. 

26.2 

11.3 

4 in. 

24.4 

6.3 

5 in. 

19.0 

9.0 



Figure 31. Planned Excavation 
( S i d e  View) 

Figure 32. Planned Excavation 
(Top View) 



Figure 33. 
Area Below 

Excavating Concrete 
Primary Reactor Oper 

Posi t ion 

From 
a t i n g  

Figure 34. Excavating Concrete From Wall Surrounding Secondary 
Reactor Operating Posi t ion 



F i g u r e  35. U s i n g  a Rock Breaker  t o  Form Cracks i n  A c t i v a t e d  
P o r t i o n  o f  R o l l i n g  Door 

F i g u r e  . U s i n g  a 
F r a c t u r e d  

P r y  B a r  t o  
C o n c r e t e  

Remove 



The f i r s t  e f f o r t  i n  t h e  exposure room was t h e  removal  o f  some o f  t h e  pheno- 

l i n e  l i n e r  ( t a r  paper)  f r o m  t h e  c o n c r e t e  w a l l s  t o  de te rm ine  i t s  e f f e c t  on back- 
2 

ground r a d i a t i o n  i n  t h e  room. A  sur face area o f  about  150 ft o f  t h e  n o r t h  and 

e a s t  w a l l s  was removed b y  s c a b b l i n g  w i t h  bush ing t o o l s  i n  1 5 - l b  c h i p p i n g  hammers. 

T h i s  a c t i v i t y  i s  shown i n  F i g u r e  38. R a d i a t i o n  measurements w i t h  a  PUG 1 b e f o r e  

and a f t e r  s c a b b l i n g  i n d i c a t e d  no d i f f e r e n c e  i n  r e a d i n g  even t o  where 1 /4  i n .  o f  

c o n c r e t e  was removed. Based on t h e s e  r e s u l t s ,  removal o f  t h e  p h e n o l i n e  l i n e r  

f r o m  t h e  c o n c r e t e  was t e r m i n a t e d .  

Based on t h e  c o r e  sample a n a l y s i s  and c o n t a c t  r a d i a t i o n  r e a d i n g s ,  t h e r e  were 

f i v e  areas o f  t h e  exposure room s i g n i f i c a n t l y  above background. These areas a r e  

i d e n t i f i e d  i n  F i g u r e s  3 1  and 32. Concrete was removed f r o m  t h e s e  a reas  t o  

depths  o f  6 t o  8 i n .  u s i n g  a  combinat ion o f  h y d r a u l i c  c r a c k  f o r m i n g  and impact .  

A commercia l  r o c k  s p l i t t e r  was used t o  h y d r a u l i c a l l y  compress t h e  c o n c r e t e  t o  

f o r m  c r a c k s ,  a  jackhammer o r  c h i p p i n g  hammer was t h e n  used t o  b reak  t h e  conc re te  

f rom t h e  w a l l s  and c e i l i n g .  F i g u r e s  39 through 42 show t h i s  a c t i v i t y ,  About 

30,000 l b  o f  c o n c r e t e  was removed f rom t h e  exposure room, packaged i n  DOT-approved 

s h i p p i n g  c o n t a i n e r s ,  and d i sposed  o f  as r a d i o a c t i v e  waste. 

6 .  S i t e  Survey 

Concur ren t  w i t h  and f o l l o w i n g  t h e  removal o f  r a d i o a c t i v e  components and 

m a t e r i a l s  f rom t h e  DORF s i t e ,  r a d i o l o g i c a l  surveys were conducted t o  document t h e  

l e v e l s  o f  r a d i o a c t i v i t y  l e f t  i n  t h e  f a c i l i t y .  Tab le  9 p r e s e n t s  d a t a  genera ted  

f rom a n a l y z i n g  c o n c r e t e  f o r  f i x e d  con tamina t ion .  No f i x e d  o r  removable contami-  

n a t i o n  o r  a c t i v a t i o n  was d e t e c t a b l e  o u t s i d e  o f  t h e  exposure room above Tab les  1 

and 2 l i m i t s .  Concrete  a c t i v a t i o n  i n  t h e  exposure room was g r e a t e r  t h a n  t h e  

T a b l e  2 l i m i t s  b u t  l e s s  t h a n  t h e  l i m i t s  s p e c i f i e d  i n  t h e  NRC R e g u l a t o r y  Guide 1.86. 

F i g u r e s  43 t h r o u g h  45 show t h e  d e t e c t a b l e  a c t i v i t y  r e m a i n i n g  i n  t h e  exposure room 

as de te rm ined  d u r i n g  t h e  f i n a l  s i t e  survey. Cont inuous a i r  m o n i t o r s  were oper -  

a t e d  i n  t h e  r e a c t o r  b u i l d i n g  d u r i n g  t h e  d e m o l i t i o n .  An NMC Model was l o c a t e d  i n  

t h e  h i g h  bay and an E b e r l i n e  Model was l o c a t e d  i n  t h e  exposure room. Tab le  10 

shows t h e  a i r  sample r e s u l t s  f o r  t h o s e  areas. 



Figure 37.  Mobile Hydraulic Ran! Being Used t o  Break Nonradioactive 
Portion o f  Rolling Door 

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



igure  39. Using Rock Dr i l l  t o  Bore Holes 
In to  Cei l ing  of  Exposure Room 

(prepara t ion  f o r  i n s e r t i n g  rock s p l i t t e r )  

Figure 40. Using Rock S p l i t t e r  to  torm Cracks i n  Concrete Cei l ing 

ESG-80-23 

45 



Figure 41. Spailing Concrete FI-otli S ~ r f a c e  of Exposure Room After  
Crack Forrni ng 

Figure 42. View o f  Concrete Excava- 
t ion  of  Cei l ing ,  Floor,  East and 
North Walls of  Exposure Room and 

Portion of Pool Tank Cavity 



T A B L E  9 

POST-EXCAVATION ANALYSIS FOR F I X E D  CONTAMINATIOPI IN CONCRETE 

Sample 
No. 

P- 1 

P-2 

P-3 

P-4 

P-5 

P-6 

P-7 

P-8 

P-9 

P-10 

P-  11 

P- 12 

P-13 

P-14 

P- 15 

P-16 

P- 17 

Location 

Excavated South Wall 

Nonexcavated South Wall 

Excavated P i t  Wall 

Excavated P i t  Wall 

Nonexcavated Floor 

Nonexcavated South Wall 

Excavated South Wall 

Nonexcavated West Wall 

Excavated \,lest Wall 
!Plug) 

Nonexcavated North Yall 

Excavated North Wall 

Scabbl ed East Wall 

Nonexcavated South 
Reactor Hal 1 

Excavated South Reactor 
Ma1 1 

Excavated Cei 1 ing 

Nonexcavated Ceil ing 

Nonexcavated Ceiling 

I PCi/g Dry 

Note: Five samples contained approximately 10 pCi/g K ~ ~ ,  two samples con- 
t a ined  approximately 15 pCi/g co5', and one sample contained 
96 pCi/q cs134 (P-17).  



T.A.CUTI E PIE 
mRadih THRU 
7mg/cm2@1cm 

L I 

FLOOR 

Figure 43. DORF Final Survey, Exposure Room 



W E S T W A L L  T.A. CUTIE PIE 

rnRad1h T H R U  7 rng ic rn2@lcm 

4764 5 

Figure 44. D O R F  Final Survey, Exposure Room 



Figure 45. D O R F  F i n a l  Survey, Exposure Room 



TABLE 10 

27 Nov. to  3 Dec. 

RESULTS O F  AIR SAMPLING AT DORF 

pCi/cc 

3 Dec. t o  10 Dec. 

10 Dec. t o  17 Dec. 

High Bay 

17 Dec. t o  20 Dec 

Exposure Room 

8 Jan. t o  14 Jan. 

14 Jan. t o  18 Jan. 

18 Jan. t o  22 Jan .  

22 Jan. t o  25 Jan. 

25 Jan. t o  28 Jan. 

28 Jan.  t o  31 Jan. 

31 Jan.  t o  7 Feb. 

7 Feb. t o  12 Feh. 

12 Feb. t o  16 Feb 

154 . -9  
Note: MPCforEu 1 n a i r i s 4 x I O  pCi/cc. Th i swas  

the most r e s t r i c t i v e  i so tope  present .  

7. Waste Disposal 

Radioactive ( R A )  waste was packaged i n t o  DOT-approved con ta ine r s  a s  t h e  

waste was generated.  The types of  material  removed from t h e  DORF s i t e  a s  RA 

waste included concrete ,  wood, aluminum, s t e e l ,  p l a s t i c ,  drld rubber.  Forty-seven 

s t e e l  drums and e i g h t  wooden boxes containing 1143.5 f t3 ,  weighing 60,425 1 b, and 

1.17 x Ci were removed from DORF. The waste was disposed of by land b u r i a l .  

Due t o  S t a t e  of  South Carolina r e s t r i c t i o n s  on t h e  volume of R A  waste permitted 

f o r  burial  a t  t h e  Barnwell s i t e ,  t h e  e a r l i e s t  space a l l o c a t i o n  a v a i l a b l e  t o  DORF 

waste was i n  Apri l .  In order  t o  complete t h e  DORF con t rac t  on schedule,  t h e  

waste was shipped t o  t h e  Nuclear Engineering Company (NECO) s i t e  i n  Beat ty,  



Figure 46.  P a r t i a l l y  F i l l e d  Box of  Radicactive Waste 

Figure 47. Radioactive Waste Containers Being Loaded Onto Truck 
fo r  Disposal by land Burial 



Nevada. Chem-Nuclear Systems was contacted t o  a c t  as  broker f o r  t h e  d isposa l  of 

t h e  RA waste. In t h a t  capac i ty ,  they handled t h e  arrangements f o r  t h e  t ranspor ta-  

t i o n  and d i sposa l  of  t h e  waste taking possession of  i t  a t  the  DORF s i t e  boundary. 

Figures 46 and 47 show waste being loaded f o r  shipment t o  land b u r i a l .  

C.  CONFIRMATORY SURVEY 

A survey o f  t h e  DORF s i t e  was conducted between February 25, 1980 and 

February 27 ,  1980 by a U.S. Army Environmental Health Agency r a d i a t i o n  survey 

team. This survey was co~iducted t o  confirm compliance with NRC Regulatory Guide 

1.86 p r i o r  t o  t h e  Army's acceptance of t h e  f a c i l i t y  f o r  un res t r i c t ed  use. The 

survey team's  recommendation, following ana lys i s  o f  the  da ta  from t h e  o n s i t e  

survey,  was t o  accept  t h e  f a c i l i t y  f o r  un res t r i c t ed  use. A copy of  t h i s  recommen- 

da t ion  and t h e  prel iminary r e s d t s  of t h e i r  survey a r e  appended i n  Appendix A. 

Compliance with N R C  Regulatory Guide 1.86 was a contracted p r e r e q u i s i t e  t o  con- 

duct ing Phase I16 tasks .  

0. PHASEIII 

Phase I11 cons is ted  of  dismantling the  concre te  parapet  t o  the  main f l o o r  

l e v e l ,  t h e  r e s t o r a t i o n  of any disrupted se rv ices  t o  the  bui ld ing ,  and t h e  r e p a i r  

of f a c i l i t i e s  damaged by t h e  dismantling a c t i v i t i e s .  An opt ion was given to  haul 

a l l  of t h e  d e b r i s  from t h e  s i t e  o r  t o  put  i t  i n  the  pool tank c a v i t y ,  provided a 

b a r r i e r  was e rec t ed  between t h e  exposure room and the cavi ty .  

Phase 111 began on April 21, 1980 when ESG was o f f i c i a l l y  n o t i f i e d  t h a t  DORF 

was i n  compliance with NRC Regulatory Guide 1.86, and was completed on May 9, 

1980. 

Nuclear Controls  Corporation (NCC), a subs id i a ry  of  the  Penhall Company, was 

cont rac ted  by ESG t o  perform a l l  of the  Phase I11 work. They e l ec t ed  t o  cons t ruc t  

a b a r r i e r  between t h e  exposure room and the  pool tank cavi ty  t o  permit t h e  debr is  

from the  parapet  t o  be disposed i n  the  cavi ty .  The b a r r i e r  was cons t ruc ted  with 

a s i n g l e  course o f  t h e  No. 4 re inforc ing  bar i n  the  wall and a double course i n  

t h e  roof ex tens ion  t o  t h e  exposure room c e i l i n g .  The b a r r i e r  wall was formed by 



Figure 49. View o f  Barrier Wall From Exposure Room 

riglire A8. View o f  Barriel- !.la11 From Parapet  



a s i n g l e  pour of concre te  t o  a minimum thickness of  8 in .  Figures 48 and 49 show 

the  b a r r i e r .  

NCC cont rac ted  Control led Demolition Incorporated (CDI) t o  dismantle  t h e  

concrete  parapet.  CDI s p e c i a l i z e s  i n  explosive demolition. The parapet  was 

reduced t o  rubble and placed i n t o  the  pool tank cav i ty  by the  combined use of  

explosive charges,  jackhammers, and a  "Bobcat" sk ip loader .  Figures 50, 51, 

and 52 show t h e  parapet  during dismantlement. Figure 53 shows t h e  parapet  demo- 

l i t i o n  conipleted with t h e  rubble completely below the  f l o o r  l eve l .  A r a i l i n g  was 

i n s t a l l e d  around t h e  open p i t  t o  provide a  s a f e t y  b a r r i e r .  Restorat ion of t h e  

f l o o r  was not included i n  t h i s  cont rac t .  

Rubble, remaining on s i t e  from the  demolition of t h e  r o l l i n g  door during 

Phase I I ,  was removed from the  s i t e  and, t h a t  a rea  where t h e  rubble had been 

p i l ed  was leve led  and reseeded. 

The bui lding was cleaned of  t h e  debr i s  generated by t h e  demolition work. 

Minor r e p a i r s  were made t o  r e s t o r e  the f a c i l i t y ' s  l i gh t ing  system and o t h e r  

u t i l i t i e s  were v e r i f i e d  t o  be funct ioning s a t i s f a c t o r i l y .  

DORF f a c i l i t y  drawings were redl ined t o  r e f l e c t  t h e  changes made by t h e  

performance of t h e  cont rac ted  work. These drawings were presented t o  t h e  OORF 

Contracting O f f i c e r ' s  Representat ive.  A l i s t  of t h e  drawings and a d e s c r i p t i o n  

of t h e  changes a r e  given i n  Table 11. 



Figure 51. Parapet  Af ter  Several Explosive Charges S e t  O f f  

Figure 50. E x p i o s i v e  Charges Bejng Loaded In to  
Pre-dr i l led  Holes 



Figure  52, Concrete Pbbble Ee i i i g  Pushed I n t o  Pool Tank Cavity 

Figure 53. Pi!rzoet Dennl i  t i c n  Completed 



TABLE 11 

REDLINE CHANGES TO DORF DRAWINGS 
(Sheet  1 of  2) 

DRAWING NUMBER 

A - 1  FLOOR PLANS AND SCHEDULES 

Shows parapet  removed. 

Shows lead sh ie ld ing  removed. 

Reference t o  Drawings #S-1, 2,  3, and 4 f o r  changes. 

A-2 ELEVATIONS A N D  SECTIONS 

Crosshatched Sect ion A t o  show de le t ion  of  parapet  and Exposure 
Room wood. 

Also crosshatched e l eva t ion  5-1 t o  show de le t ion  o f  d e t a i l s  f o r  
Exposure Room. 

A-3 Z O N S  A N D  DETAILS 

Crosshatched De ta i l s  5 ,  10, 11, and 12 t o  show de le t ion  of  wood 
i n  Exposure Room. 

E - 1  SINGLE LINE DIAGRAM 

Circ led  port ion o f  l i n e  diagram showing the  r e c i r c u l a t i n g  water  
pumps, lead s h i e l d  door, r o l l i n g  door,  and core dol ly  e l e c t r i c a l  
systems disconnected. 

E-2 GROUNDING PLANS AND SYMBOLS 

Circ led  parapet  and Exposure Room grounding references  t o  show 
them removed. 

E-4 POWER 

Marked up p r i n t  t o  r e f l e c t  disconnected c i r c u i t s .  

E-6 SAFETY INTERLOCK DIAGRAMS 

Noted t h a t  fuses  were removed from t h e  re lay  panel in  order  t o  
d i s a b l e  those c i r c u i t s .  

M-1 PLANS AIR CONDITIONING 

Noted t h a t  wood was removed from t h e  Exposure Room. 



TABLE 11 

REDLINE CHANGES TO DORF DRAWINGS 
(Sheet 2 of 2) 

DRAWING NUIiBER (Continued) 

M-2 EQUIPMENT ROOM DETAILS 

Showed t h a t  r e a c t o r  cooling equipment was removed and t h a t  t h e  
hydraul ic  system f o r  the lead sh ie ld  h o i s t  was drained and t h e  
hydrau l i c  cy l inde r  removed. 

M-3 PLUMBING 

Crosshatched d e t a i l s  5 ,  6 ,  and 8 ,  and Sect ion B t o  show de le t ion .  

M-5 ROLLING DOOR - EXPOSURE ROOM 

Noted t h a t  t h e  door was demolished. 

Crosshatched Detail  4 t o  show de le t ion .  

S-2 SECTIONS 

Crosshatched Detail  1, Section C and Sect ion D t o  show d e l e t i o n .  
Also crosshatched t o  show approximate a reas  a f f e c t e d  by the  
excavat ion o f  concrete .  

5-3 DETAILS 

Crosshatched r o l l i n g  door frame t o  show de le t ion .  Also c i r c l e d  
and crosshatched area of doorway a f f ec t ed  by concre te  removal. 

S-4 RAMP PLANS AND DETAILS 

Crosshatched ramp plan,  ramp re inforc ing  p l an ,  Sect ion A, and 
De ta i l s  1 and 2 t o  show de le t ion .  
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DEPARTMENT OF THE ARMY HARRY DIAMOND LABORATORIES 



DEPARTMENT OF T H E  ARMY 
HARRY DIAMOND LABORATORIES 

2800 POWDER M I L L  ROAD 

AOELPHI. MD. 20783 

DELHD-N-RBI 2 2  A p r i l  1980 

Rockwell  I n t e r n a t i o n a l  Gorp. 
Energy Systems Group 
8900 D e  So to  Avenue 
Canoga Park ,  CA 91304 

R E C E I V E D  
APR 2 5 1,980 

Reference :  C o n t r a c t  DAAK 21-79-C-0136 

The i n c l o s e d  l e t t e r  of  1 7  A p r i l  1980 from t h e  U.S.  Army M a t e r i a l  Develop- 
ment and Readiness  Command, D. T a r a s  s t a t e s  t h a t  t h e  NRC R e g u l a t o r y  Guide 
1 .86 c r i t e r i a  f o r  u n r e s t r i c t e d  u s e  h a s  been achieved a t  t h e  Diamond Ordance 
R a d i a t i o n  F a c i l i t y  (DORF) based  upon t h e  p r e l i m i n a r y  r e p o r t  f rom t h e  U.S. 
Army Environmental  Hygiene Agency, 3 A p r i l  1980. Accord ing ly ,  t h i s  l e t te r  
c o n s t i t u t e s  o f f i c i a l  n o t i f i c a t i o n  t h a t  S e c t i o n  F.5.1 of t h e  above  c o n t r a c t  
h a s  been accgmplished and you now have t h i r t y  days  from t h e  d a t e  of t h i s  
l e t t e r  t o  i n i t i a t e  t h e  phase  111 t a s k s  ( i . e ,  F-5.2 - F.10 a s  amended) as 
i n d i c a t e d  i n  S e c t i o n  11.3 of t h e  c o n t r a c t ,  

Char les  Ware 
C o n t r a c t i n g  O f f i c e r s  
R e p r e s e n t a t i v e  

i n c l .  - 2 
CF 
J. Rosado 22000 
D. S c h a l l h o r n  22900 
A. blazzone 091 
J. Harris Rockwell I n t .  



! DEPRRTh.IENT OF T t i Z  AHlrl't 
HEADQUARTERS US A R M Y  M A T E R I E L  DEVELOPMENT A N D  READINESS C O M M A N D  

5001 EL5ENHOWER AVENUE. A L E X A N D R I A .  YA. 22333 

D. Taras/seb/AUTOVON 284-9340 

DRCSF-P 17 A p r i l  1980 

SUBJECT: Decontamination of Diamond Ordnance Rad ia t ion  F a c i l i t y  

US Army ~ l e c t r o n l ~ ~ . e s e a d n d  Development Command 

TO: Commander 
Harry Diamond L a b o r a t o r i e s  
ATTN: DELHD-N-RBI 
Adelphi,  MD 20783 

I. R e f e r e n c e  i s  made t o  t h e  f o l l o i i i n g  r e p o r t :  Rad ia t ion  F r o t e c t ~ a n  S p e c i a l  S tudy  
No. 28-43-0382-80, Closc-Out Survey o f  Diamond Ordnance i l ad i s t ion  F a c i l i t y  (DORF), 
25-28 February  1980. 

2. On 1 0  A p r i l  t h e  Arny Reac to r  C o r n i t t e e  f o r  Hea l th  and S a f e t y  reviewed rhe  
r e f e r e n c e d  r e p o r t  and concluded t h a t  decontamination i s  c o n s i s t e n t  w i t h  t h e  
c r i t e r i a  i n  NRC Regula tory  Guide 1 . 8 6  and is a s  low a $  r easonab ly  a c h i e v a b l e .  I n  
PHONECON, 1 7  A p r i l  8 0 ,  I.TC Q u i l l l o ,  W W C  R a d i a t i o n  P r o t e c t i o n  O f f i c e r ,  s t a t e d  
t h e s e  ache ived  l e v e l s  a r e  a c c e p t a b l e  t o  h'RAl3C. Based on t h e  above, t h e  f a c i l i t y  
i s  s u i t a b l e  f o r  u n r e s t r i c t e d  u s e  and occupancy. ,7-p 

Member, Army Reactor  Committee 
f o r  Hea l th  and S a f e t y  

CF: 
HQDA(DASG-PSP-E) ; (DAPE-HRS) 
L.<CIS 
DRCSG 



DEPARTMENT OF THE A R M Y  Mr. Lodde/cw/AIITO!"9l: 
u s. r n ~ v  E N V I R O N M E N T A L  ~ ' ~ Z I ~ K E  A G E N C Y  

584-3525 

A R L R D C C N  ;'ROVING GROCV: h I A R Y L A N O  ZIOIO 

3 A P K  1 y i i  
HSE-Rtl/!.IP 

SUUJECT: Pre l i r i ina ry  Report ,  Rddiat ion Prot?c:ion Specia l  Study Ilo. 
28-43-0982-80, Close-Out Survey ci 2iasiond Ordnance E a d i a t i o n  
F a c i l i t y  (DO?F), 25-28 February : ? i 3  

Coi~ima nder 
US Arny I ~ l a t e r i e l  Uevelopn;.nt 2nd 

Readiness  Corn~~iand 
ATTI.:: DRCSG 
5U01 Eisenhower Avnnue 
Alexa; idr ia ,  V A  22333 

1. A U T H O R I T Y .  L e t t e r ,  DEL HD-?!-RBI : Harry E. i-2nd Labora to r ies ,  2  i:o:e;.iber 
1979, s l rb jec t :  Reqilest f o r  a  2ad io l?? ica l  : ' i z : t h  Specia l  Study,  ?!id 
indorse~nei i t  t h e r e t o .  

2. PUI!POSE. This  spec ia l  s tudy was perfc!-:-td t o  determine t h e  p rcsencr  2r.l 
e x t e n t  of r a d i o a c t i v e  co~i tani inat ion and i:h?t?er t h e  f a c i l i t y  met tile 
r a d i o a c t i v e  contaniil iation l e v e l s  s t a t e d  i ;  : . . c l e a r  ?egul htory Coml::ission, 
Regulatory Guide 1.86, Terrnin-ition of Opet.?t'n? L i c e n s ~ s  f o r  i iuc lea r  
Reac to rs ,  J u n e  1973, fo l  loriin!: deconta~:~in?:i ? I ? .  

3 .  G E N E R A L .  

a. This  r a d i a t i o n  pi-otection spec ia l  s:~:d:. was conducted by :.!r. Gordc!: 
il. Lodde, Hea l th  P h y s i c i s t ,  and 2LT Roger :.:. i!uis,  J r . ,  l l ea l th  Phys ics  
Uivis ior i ,  t h i s  A9ency. dur-ing tile pel-iod 23-13 February 1980. 

b. An e n t r a n c e  in te rv iew and an e x i t  b r i e f i n g  ilerc provided t o  ;-ir. 
C h a r l e s  !.lare, Cotrtractitig O f f i c e r ' s  ficpres-.::.~'.ive, Harry DiarnnntI 
L a b u r a t o r i e s .  

a .  The r ? s u l t s  of s~!:?<:r sarveys  a r ?  pr:;iSed i n  I n c l o s i ~ r e  1. 

b.  The r e s ~ l t s  of concre:e a n a l y s i s  r r t  zrovidcd i n  I n c l o s u r z  2. 



HSE-RIIJIIP 
SUBJECT: Prel  irninary Repor t ,  Rad ia t ion  P r o t e c t i o n  S p e c i a l  Study !lo. 

28-43-0982-80, Cl ose-Out Survey of '3i ao~oiid Ordnance E a d i z t  inti 
F a c i l i t y  (DORF), 25-28 Febr t~a ry  1980 

c .  Surveys  i>.v d i r t !c t  r a d i , ~ L i o n  ~i~ea;urci:iei>ts i n ~ l i c a t e c l  t h a t  t h e  h ighes t  
r a d i a t i o n  v a l u e s  wcre obta incd on t h e  n o r t h ,  s o u t h ,  and i l e s t  w a l l s  of  t h e  
exposure  room. The v a l u e s  ranged froin 20-400 n ic ro roen t r ; en  pe r  hoirr ()iR/h) 
on c o n t a c t  a s  rneasrlred wi th  an E b e r l i n e ,  Model ?R:.i-7, i4icr.o-R-i!eter and u:, t o  
350 pR/Hr \.illen measured with a Victoreen,  i.lodel 4110, I o n i z z t i o r  Ctrar::bei-. 
These  two inethods of r a d i a t i o n  neasiireincnts a,- i n  c l o s e  i ( ; . c e n e n t .  

5.  DISCUSSION. 

a .  ' Sanp les  i e r c  ti11:eli f t -o~ ;~  t h e  r las te i ia ler  i~o l i i ing  t.zr~:.s 2n:: t t ic  zn.iaqc 
syste:n dovln stredni f ro i i  t h e  holding t anks .  

b .  Core sainp1i.s were taken o f f  s i t e  and s o i l  and v e g e t a t i o n  sai::ples 
wcre taken both on and o f f  s i t e .  

c .  The f i n a l  r e p a r t  w i l l  be forwai-dcd i n  about 60 d a y s  follo:!irlg 
a n a l y s i s  of t h e  sainples. 

G .  COFiCLUSIOFI. A revii:;! o f  i h r  f i n d i n g ?  indicated t h a t  a f t r r .  di.cont61ni- 
n a t i o ~ ~  t h e  f a c i l i t y  conforri;?:: t o  t h e  r c l j~~ i re :ne i i t s  of Kcgrilatory Guide 1.86. 

2 Inc l  
a s  

w C O L ,  I.!SC 
D i r e c t o r .  P a l i a t i o n  an4 

Cnvi ron!;i?ntal S c i e n c e s  



Ilsc-P,ii/ul' 
SUEJCCT: P r e l  i i ; i i ! i d r y  Report, Radi a t i o n  P r o t e c t i o n  Spec ia l  Stu1l.y tlu. 
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Gross Alpha Gross Beta  
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.: 1 .4 3.2 + 2.4 
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< 1 , 4  5.0 i- 2.ft 
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. i .4  - 2 . 5  
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.1 .4  i 2.5 
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SUBJECT: Reactor F a c i l i t y  Inspec t ion  of the  Djaniond Ordnance Radiat ion 
F a c i l i t y  (RFI-5) (EY 69) 

THRU : P h y s i c i s t  i n  Charge, Diamond Ordnance Radiation F a c i l i t y ,  
Harry Diamond Labora tor ies ,  Washington, D.  C .  20438 
Co~mnanding O f f i c e r ,  Harry Diamond Labora tor ies ,  
Washington, D.  C .  20438 
Commanding General,  United S t a t e s  Army Materiel  Command 
GJashington, D .  C .  20315 

TO: Chief of S ta f f  
Department of the  Army 
AWN: The Inspec tor  General 
Washington, D.  C ,  20315 

I. GENERAL 

1. I n  accordance with AX 20-1 and AR 385-80 a  r e a c t o r  f a c i l i t y  
inspec t ion  of the  Diamond Ordnance Radiat ion F a c i l i t y  was made during 
the  period 12 - 1 4  March 1969. The f a c i l i t y  was r a t ed  SATISFACTORY. 
(Only a r a t i n g  of SATISFACTORY o r  UNSATISFACTORY was considered.) 

2. The r a t i n g  appl ied  to  the  t echn ica l ,  hea l th  physics ,  and s a f e t y  
aspec ts  of the  opera t ion  of the  f a c i l i t y ,  and t h e  admin i s t r a t ive  and 
l o g i s t i c a l  support  e s s e n t i a l  f o r  i t s  s a f e  and e f f i c i e n t  opera t ion .  

3 .  Evaluat ion was accomplished by ques t ioning  personnel;  reviewing 
procedures,  records  and r e p o r t s ;  observing r e a c t o r  opera t ions ;  inspec t ing  
the  f a c i l i t y ;  and observing the  response t o  a  simulated emergency 
s i t u a t i o n .  Deta i led  r e s u l t s  of the in spec t ion  appear i n  TAB B. 

4 .  A t  the  Diamond Ordnance Radiat ion F a c i l i t y  the team chief held 
a  c r i t i q u e  of t h e  in spec t ion  and gave t h e  Phys ic i s t  i n  Charge a  copy of 
the  in spec to r s '  informal  notes  and a  memorandum of minor i r r e g u l a r i t i e s .  
The team chief  he ld  a  c r i t i q u e  f o r  the  Commanding Off icer ,  Harry Diamond 
Laboratories .  
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I G  TID 
SUBJECT: Reactor  F a c i l i t y  Inspec t ion  of t h e  Diamond Ordnance Radia t ion  

F a c i l i t y  (RFI-5) (FY 69)  

11. SUMMARY OF SIGNIFICANT OBSERVATIONS 

5 .  There were no d e f i c i e n c i e s  noted dur ing  Lhe inspec t ion .  

6. The P h y s i c i s t  i n  Charge and h i s  s t a f f  a r e  commended f o r  t h e i r  
competence i n  dosimetry and r e a c t o r  phys ics ,  and t h e  outs tanding  ope ra t ing  
condi t ions  a t  t h e  r e a c t o r  f a c i l i t y .  

7. The Heal th  Physics  Sec t ion ,  Walter Reed Army Medical Center ,  i s  
commended f o r  provid ing  outs tanding  h e a l t h  phys ics  suppor t .  

111. RECOMMENDATIONS 

8. It is recommended t h a t  P h y s i c i s t  i n  Charge, Diamond Ordnance 
Radiat ion F a c w ,  c o r r e c t  t h e  comments i n  TM 2.  

EV. PROCESSING REPORT 

9. AX 20-1 p r e s c r i b e s  t h e  procedures f o r  process ing  t h i s  r e p o r t .  
i 

2 I n c l  
TAB A - Msn & Org 
TAB B - Observat ions 

GEORGE a. LEAR 
LTC, I G  
In spec to r  General  
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SUBJECT: Reactor F a c i l i t y  Inspect ion of the  Diamond Ordnance Radiation 

F a c i l i t y  (RFI-5) (FY 6 9 )  

Copies furnished : 
1. Phys ic i s t  i n  Charge, DORF 
2. Phys ic i s t  i n  Charge, DORF 
3 .  CO, Harry Diamond LaboraCories 
4 and 5. CG, USAMC, ATTN: AYCSA-N 
6. CRD, ATTN: CRDNCZ 
7. CofEngrs, ATTN: NFD 
8. TSG 
9. DCSLOS, HQ DA, ATTN: LOG-OM-ALZ 
10. ACSFOR, HQ DA, ATTN: FOR (31 hrll 
11. DCSPER, KQ DA, ATTN: CCSPER-SD 
12.  D i p  of Regulat ion,  AEC 
13 and 1 4 .  D i r ,  D i v  of Reactor 

Development, AEC, ATTN: A s s t  D i r  
f o r  Army Reactors  

15. OTIG, HQ DA, ATTN: TID 

Ex t rac t  furnished:  
CG, WRAMC 
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For r e t e n t i o n  
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TAB A 

MISSION AND ORGANIZATION 

1. Mission. The mission of t h e  Diamond Ordnance Radiat ion F a c i l i t y  a s  
1 ,  s t a t e d  i n  Harry Diamond Labora to r i e s  Pamphlet 70-4 was: t o  provide 

a source of r a d i a t i o n  f o r  experimental  programs conducted a t  t h e  Harry 
Diamond Labora tor ies  o r  by o t h e r  Federa l  Government Agencies and t h e i r  
cont rac tors ."  

2. O a i a t o n  See a t t ached  organiza t ion  cha r t .  
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TAB B 

OBSERVATIONS 

1. This i n c l o s u r e  contains d e t a i l e d  observat ions made dur ing  t h e  
b n ~ p e c t i o n .  These observat ions a r e  c l a s s i f i e d  as Factors  Affec t ing  
Operat ions,  Def ic ienc ies ,  or  Comments. The d e f i n i t i o n s  of these  t e r n s  
are: 

a r e  observat ions of adverse s i t u a t i o n s  
o r  condi t ions  co r rec t ah la  by a  s t a f f  agency o r  headquarters  o the r  than 
t h a t  inspec ted .  

b.  Defic ienc ies  a r e  observat ions of adverse s i t u a t i o n s  o r  condi t ions  
which a r e  wi th in  the  c a p a b i l i t y  of t h e  inspec ted  r eac to r  f a c i l i t y  t o  
c o r r e c t  and a r e  important enough t o  r e q u i r e  c o r r e c t i o n  and r epor t  of cor- 
r e c t i v e  a c t i o n .  

c. Comments a r e  observat ions of condi t ions  which r e q u i r e  c o r r e c t i o n  
and which can be cor rec ted  by t h e  inspec ted  r eac to r  f a c i l i t y .  The con- 
d i t i o n s  a r e  considered not s e r ious  enough t o  warrant c l a s s i f i c a t i o n  a s  
d e f i c i e n c i e s .  Correc t ive  a c t i o n  i s  not  repor ted  to  The Inspec tor  General 
bu t  i s  kep t  on record a t  the  r e a c t o r  f a c i l i t y .  

2 .  No f a c t o r s ,  d e f i c i e n c i e s ,  o r  comments were reported f o r  t h e  fol lowing 
a r e a s  inspec ted:  Mechanical Systems, I ieal th Physics ,  Environmental 
Monitoring, and I n d u s t r i a l  Safe ty .  

3. The appendices t o  t h i s  TAB a r e :  

APPENDIX 

1 

TITLE 

Operations 

E l e c t r i c a l  and Instrumentat ion Systems 

Simulated Emergency S i t u a t i o n  

2ROTECTIVE MARKING I S  EXCLUDED 
FROM AUTOMATIC TEXMINATION 
(PARA 18, AR 345- 15) 
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OPERATIONS 

1. Factors  Affec t ing  Operations. None. 

2. Def ic ienc ies .  None. 

3. Comments. 

a .  A t  the conclusion of the  FY 68 Reactgr F a c i l i t y  Inspect ion made by 
t h e  DAIG in spec t ion  team; a  Memorandum of Minor I r r e g u l a r i t i e s  and D e f i -  
c i enc ie s  was given t o  the Phys ic i s t  i n  Charge. Paragraph 2 of t h a t  
memorandun1 requi red  t h a t  a  memorandtun of c o r r e c t i v e  a c t i o n  taken be 
r e t a ined  on f i l e ,  Correc t ive  a c t i o n  had been taken but  no memorandum of 
co r rec t ive  a c t l o n  was a v a i l a b l e .  

b. A comment under "Operations" i n  t h e  DAIG Reactor F a c i l i t y  In- 
spec t ion  Report, 30 Apr i l  1968, was the  observa t ion  t h a t  IWL Pamphlets 
70-4 and 70-5 requi red  "review and p r i n t i n g  of new pamphlets". HDL 
Pamphlet 70-4 has been reviewed and r e p r i n t e d .  F i r s t  indorsement, 
AMXD-KBB, Harry Diamond Laboratories ,  1 4  June 1968, s t a t e d  the "DORF s t a f f  
w i l l  review, r e w r i t e ,  and re issue"  HDL Pamphlet 70-5 so t h a t  these  tasks"  
w i l l  be completed w i t h i n  180 days (1 December 1968)". The r ewr i t ing  and 
r e p r i n t i n g  of IWL Pamphlet 70-5 has not been made; however, the  review 
was i n  progress .  
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ELECTRICAL iWD INSTRUbfENTATION SYSTEHS 

1. F a c t o r  A f f e c t i n g  O p e r a t i o n s .  None. 

2. Def ic iency .  None. 

3. Comment. Records i n d i c a t e d  t h a t  scheduled maintenance on a u x i l i a r y  
Servo Chass is  and Thermocouple Sampling c i r c u i t  N r .  1-26A had no t  been 
performed s i n c e  1 4  December 1967.  Fquipment Maintenance Log (DA Form 2409) 
r e q u i r e d  a twelve  months maintenance i n t e r v a l .  
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SIMULATED EMERGENCY SITCATION 

1. F a c t o r s  A f f e c t i n g  Opera t ions .  None. 

2. D e f i c i e n c i e s .  None. 

3. Comments. 

a. During moni tor ing of pe r sonne l  l e a v i n g  t h e  r e a c t o r  ares, a h e a l t h  
p h y s i c s  t e c h n i c i a n  used h i s  f i n g e r  t o  gauge t h e  d i s t a n c e  from t h e  su rvey  
ins t rument  d e t e c t o r  t o  tile i n d i v i d u a l  being moni tored.  Th i s  procedure  
cou ld  cause  c o n t a n i n a t i o n  of t h e  h e a l t h  p h y s i c s  t e c h n i c i a n  and t h e  survey 
i n s t r u m e n t  . 

b. ProteclrLve g loves  were n o t  worn tjy a  h e a l t h  p h y s i c s  t e c h n i c i a n  
w h i l e  hand l ing  p o s s i 5 l y  contaminated re -en t ry  pe r sonne l  dos imet ry  b e l t s .  

c. A f t e r  r e t u r n  t o  s h e  h e a l t h  phys ics  c o n t r o l  p o i n t ,  i n i t i a l  r e -en t ry  
p e r s o n n e l  removed t h e i r  f a c e  masks b e f o r e  removing o t h e r  p r o t e c t i v e  c l o t h -  
i n g .  Masks should be t h e  l a s t  p r o t e c t i v e  i tem t o  be removed by t h e  i n i -  
t i a l  r e - e n t r y  team. 

d .  I n i t i a l  r e - e n t r y  pe r sonne l  removed b o o t i e s  on t h e  "hot s i d e "  of 
t h e  h e a l t h  phys ics  c o n t r o l  l i n e  and then s tood  i n  t h a t  a r e a .  (FM 3-15, 
S e c t i o n  V I I I ,  Nuclear Accident  Contamination Cont ro l ,  17 Jun 66 and NBS 
Handbook 92,  Sec t ions  3 and 5 ,  9 Mar 6 4 )  
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DEPARTMENT OF T H E  ARMY 
OFFICE OF THE INSPECTOR GENERAL 

WASHINGTON. D.C. 2031 4 

I G  T I D  . .  . -. ,~ 
. ~ : :,: 3 

SUBJECT: Reactor F a c i l i t y  Inspec t ion  of  t h e  Diamond Ordnance Radiation 
F a c i l i t y  (FY 71) 

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

TO: Chief of S ta f f  
United S t a t e s  Army 
ATTN: The Inspector  General 
Washington, D, C .  20314 

I. GENERAL 

1. In  accordance with AR 20-1 and AR 385-80 a  r eac to r  f a c i l i t y  
inspec t ion  of  t h e  Diamond Ordnance Radiation F a c i l i t y  was made during 
t h e  period 18 - 20 January 1971. The f a c i l i t y  was r a t ed  SATISFACTORY 
(Only r a t i n g s  of SATISFACTORY and mSATISFACTORY were considered.) 

2 .  The r a t i n g  applied to  t h e  t e c h n i c a l ,  h e a l t h  physics ,  and s a f e t y  
a spec t s  of t h e  opera t ion  of t h e  f a c i l i t y ,  and t o  t h e  adminis t ra t ive  and 
l o g i s t i c a l  support  e s s e n t i a l  f o r  i t s  s a f e  and e f f i c i e n t  operat ion.  

3. Evaluation tias accomplished by  quest ioning personnel;  reviewing 
procedures,  records ,  and r epor t s ;  observing r e a c t o r  opera t ions ;  and in- 
spec t ing  t h e  f a c i l i t y .  Detai led r e s u l t s  of t h e  inspec t ion  appear i n  TAB A .  

4 .  The team chief  he ld  a  c r i t i q u e  of t h e  in spec t ion  and gave t h e  
Phys ic i s t  i n  Charge a  copy of t h e  in spec to r s '  informal  notes  and a  memo- 
randum of minor i r r e g u l a r i t i e s .  The Conmanding Off icer ,  Harry Diamond 
Labora tor ies ,  was b r i e f e d  on t h e  r e s u l t s  of t h e  inspec t ion .  



IC- TID 
SUBJECT: Reactor F a c i l i t y  Inspec t ion  of the  Diamond Ordnance Radiat ion 

F a c i l i t y  (FY 71) 

11. SWIAKY OF SIGNIFICANT OBSERVATIONS 

5 .  Radia t ion  monitoring equipment was n o t  i n s t a l l e d  i n  accordance 
w i t h  approved p lans .  (TAB A,  para 2a) 

6 .  There was a need t o  improve c a l i b r a t i o n  suppor t  f o r  r a d i a t i o n  
survey instruments .  (TAB A, para 2b) 

111. RECOMMENDATIONS 

7. It is recommended t h a t :  1 
1 

l 
a .  Conunanding O f f i c e r ,  Harry Diiamond Laboratories:  

(1) Coordinate wi th  t h e  Commanding General,  Walter  Reed Army 
Xedical Center,  to c o r r e c t  t h e  f a c t o r  a f f e c t i n g  ope ra t ions  J.n TAB A ,  
paragraph 2a. 

(2) Correct  t h e  c o m e n t s  i n  TAB A,  paragraph 4 ,  

b.  Commanding General,  Walter Reed Army Medical Center :  

(1) Coordinate  w i t h  t h e  Commanding Of f i ce r ,  Harry Diamond 
Labora tor ies ,  t o  c o r r e c t  t h e  f a c t o r  a f f e c t i n g  o p e r a t i o n s  i n  TAB A,  
paragraph 2a. 

(2) Correct  t h e  f a c t o r s  a f f e c t i n g  oper? t ions  i n  TAB A ,  
paragraphs 2b and 2c, 

IV.  PROCESSING REPORT 

8. AR 20-1 p r e s c r i b e s  t h e  procedures f o r  processing t h i s  r e p o r t .  

1 I n c l  
TAB A - DORF 

Copies furn ished:  
(See next page) 

ROBERT K O  O'CONNELL 
LTC, I G  
Inspec tor  Genera1 
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SUBJECT: R e a c t o r  Fac i l i t y  I n s p e c t i o n  o f  t h e  D i a m o n d  O r d n a n c e  R a d i a t i o n  

F a c i l i t y  (FY 71) 

C o p i e s  f u r n i s h e d :  
1. CO, H a r r y  D i a m o n d  L a b o r a t o r i e s  
2 and 3.  CO, H a r r y  D i a n i o n d  L a b o r a t o r i e s  
4 a n d  5 .  CG, USAMC, KITN: AMCSA- 
6 .  DCSPIIR, DA, ATTN: DCSPER-SD 
7. DCSLOG, DA, ATTN: LOG-OM-A7,B 
8.  CKD, ATTN: CRDNCB 
9 .  C o f E n g r s ,  ATTN: ENG-SO 

10. TSG 
11. D i r  o f  R e g u l a t i o n ,  AEC 
12 a n d  13. D i r ,  D i v  of R e a c t o r  

D e v e l o p m e n t ,  AEC, ATTN: h s t  
B i r  f o r  Army R e a c t o r s  

14. T I G ,  DA, ATTN: T I D  
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TAB A 

DIAMOND ORDNANCE RADIATION FACITI'A' 
WASHINGTON, D. C .  20438 

1. Mission. The mission of  t h e  f a c i l i t y ,  a s  s t a t e d  i n  Harry Diamond 
Laboratories  Pamphlet 70-4, was: " to provide a source  of  r a d i a t i o n  f o r  
experimental programs conducted a t  t h e  Harry Diamond Labora tor ies  o r  
by o t h e r  Federal Government agencies  and t h e i r  con t r ac to r s . "  

2 ,  Factors  Affect ing Operat ions 

a ,  There was no instrument  i n s t a l l e d  t o  monitor t h e  r e a c t o r  e f f l u e n t  
a i r  for  p a r r i c i ~ l a t e s  a f t e r  i t  passed through t h e  abso lu te  a i r  f i l t e r s .  The 
Walter Reed Army Medical Center  Environmental Kadiological  Monitoring Plan, 
which was app l i cab le  t o  t h e  f a c i l i t y ,  i nd ica t ed  t h a t  such a monitor w a s  
i n s t a l l e d  and was being checked d a i l y ,  (WRAMC ENRADMON P lan ,  15 Aug 66, 
para 6a(2 j (b) ) 

b. Recently, t h e  f a c i l i t y  had not  been r ece iv ing  t imely  suppor t  i n  
t h e  c a l i b r a t i o n  of r a d i a t i o n  survey instruments .  From 19 November 1970 
t o  11 January 1971, only  one of t h e  t h i r t e e n  instruments  on hand a t  t h e  
f a c i l i t y  was i n  c a l i b r a t i o n .  The Health Physics Sec t ion ,  Walter Reed 
Army Medical Center,  was r e spons ib le  f o r  providing c a l i b r a t i o n  suppor t .  

c .  During November and December 1970, environmental monitoring 
technic ians  co l l ec t ed  fa l lout -washout  samples a t  i n t e r v a l s  ranging from 
11 t o  14 days r a t h e r  than weekly a s  prescribed.  (WRAMC ENRADKIN Plan ,  
TP 2-2-3, para 2) 

3 .  Deficiencies .  None. 

4.  Comments. 

a .  The console regula ted  AC vo l t age  was not  w i th in  to l e rance .  Since 
28 September 1970, t h e  vol tage  had exceeded continuously t h e  spec i f i ed  
Limits  (117 + 3 v o l t s ) .  This  overvol tage  de t r ac t ed  from t h e  accuracy of  
o t h e r  (Harry Diamond Laboratory (HDL) Pamphlet 70-5, 1 Dec 
69, para 2.3.3) 

b.  The voltmeter used t o  measure console regulated AC vol tage  was 
n o t  i n  c a l i b r a t i o n .  (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 F a c i l i t y  Inspect ion of t h e  Walter Reed Army Medical 
Center Research Reactor (FY 71)  

THRU : Direc to r ,  Walter Reed Army I n s t i t u t e  of Research 
Washington, D.  C .  20012 
Cormanding General, Walter Reed Amy Medical Center 
Washington, D.  C .  20012 
The Surgeon General., Department of t h e  Army 
Washington, D. C .  20314 

TO: Chief of S t a f f  
United S t a t e s  Army 
ATTN: The inspec tor  General 
Washington, D .  C.  20314 

I. GENERAL 

1. I n  accordance with AR 20-1 and AR 385-80 a  r e a c t o r  f a c i l i t y  
in spec t ion  of t h e  Walter Reed Army Medical Center (WRAMC) Research 
Reactor was made during t h e  period 21 - 22 January 1971. The f a c i l i t y  
was r a t ed  SATISFACTORY. (Only r a t i n g s  of SATISFACTOPJ and UNSATISFACTORY 
were considered.)  

2. The r a t i n g  applied to  t h e  t echn ica l ,  h e a l t h  physics ,  and s a f e t y  
a s p e c t s  of t h e  opera t ion  of the  f a c i l i t y ,  and t o  t h e  admin i s t r a t ive  and 
l o g i s t i c a l  support e s s e n t i a l  t o  i t s  s a f e  and e f f i c i e n t  opera t ion .  

3. Evaluation was accomplished by ques t ioning  personnel;  review- 
ing  procedures,  records ,  and reports ;  and inspec t ing  t h e  f a c i l i t y .  
Deta i led  r e s u l t s  of t h e  inspec t ion  appear i n  TAB A .  

Copy N 0 . L  
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I G  TID 
SUBJECT: Reactor F a c i l i t y  Inspec t ion  of the  Walter Reed Army Medical 

Center Research Reactor (FY 71) 

4 .  The team ch ie f  he ld  a  c r i t i q u e  of  t h e  in spec t ion  and gave t h e  
Deputy Direc tor ,  Div is ion  of  Biochemistry, Walter Reed Army I n s t i t u t e  of 
Research (WRAIR), a  copy of  t h e  in spec to r s '  informal no te s  and a mem- 
randum of minor i r r e g u l a r i t i e s  and d e f i c i e n c i e s .  The Executive O f f i c e r ,  
W M I R ,  was b r i e fed  on t h e  r e s u l t s  of  ' t h e  in spec t ion .  

I 
11. SIMMARY OF SIGNIFICANT OBSERVATIONS 

5. A con t rac t  had been awarded t o  d e a c t i v a t e  t h e  r e a c t o r  f a c i l i t y .  
(TAB A, para 1 )  

III . RECObWiENDATIONS 

4 .  I t  i s  recoinmended t h a t :  

a .  b i r e c t o r :  Walter Reed Amy I n s t i t u t e  of  Research, c o r r e c t  t h e  -- 
def ic iency  and COioanenbs i n  TAB A ,  paragraphs 3 and 4 .  

b .  Cornanding General,  Walter Reed Army Medical Center ,  ensu re  
expedi t ious  deac t iva t ion  of  t h e  r eac to r  and r e l e a s e  of  excess personnel.  
(TAB A, para 1 )  

I V .  PROCESSING REPORT I 
I 7. AR 20-1 p r e s c r i b e s  proceduyes f o r  processing t h i s  r e p o r t ,  

1 I n c l  
TAB A - WRAMCRR 

Copies furnished:  
(See next  page) 

ROBERT K. O'CONNELL 
LTC, I G  
Inspec tor  General 
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I G  T I D  
SUBJECT: 'actor F a c i l i t y  I n s p e c t i o n  of t h e  Walter R e e d  Army M e d i c a l  

. e n t e r  R e s e a r c h  R e a c t o r  (N 71) 

C o p i e s  f u r n i s h e d :  
1. D i r ,  WRAIR 
2.  D i r ,  W M I R  
3. CG, WRAMC 
4 .  TSG 
5 .  CG, USAMC, ATTN: AMCSA-N 
6. DCSPER, DA, AT'I'N: DCSPEK-SD 1 
7 .  DCSLOG, DA, ATTN: LOGOM-ALB 
8. CRD, ATTN: CRDNCB 
9 .  C o f E n g r s ,  ATTN: E N G S Q  

10  a n d  11. D i r ,  D i v  of R e a c t o r  
D e v e l o p m e n t ,  AEC, ATTN: A s s t  
D i r  for  Amy R e a c t o r s  

12. Dir af X e g u l a t l o n ,  iiEC 
113, TIG, DA, ATTN: T I D  

F o r  
F o r  
F o r  
F o r  

,I 
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I I  

0, 

i n d  a n d  r t n  t h r u  channels 
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action a n d  r e t e n t i o n  
i n f o  a n d  r e t e n t i o n  
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TAB A 

WALTER REJ3J ARMY MEDICAL CENTER RESEARCH REACTOR 
WASHINGTON, D.  C.  20012 

1. Mission. The mission of the Walter Reed Army Medical Center Research 
Reactor had been terminated.  A cont rac t  had been awarded f o r  d e a c t i v a t i o n  
of  t h e  r e a c t o r .  Dismantling was expected t o  begin i n  May 1971 fol lowing 
approval o f  proposed procedures by t h e  Amy Reactor S y s t e m  Health and 
Sa fe ty  Review Committee and The US Atomic Energy Commission. Pending 
deac t iva t ion ,  t h e  s t a f f  remained on duty t o  i n s u r e  t h a t  t h e  r@ac to r  w a s  
maintained i n  a s a f e  condi t ion .  

2 ,  Factors  Affect ing Operations. None. 

3. Deficiency.  Environmental monicorlng technic ians  were not  maintaining 
q u a l i t ?  confro1  c h a r t s  t o  i n su re  t h e  accuracy of  eash counting system used 
i n  r ad ioana lys i s .  ( W m C  ENRAIIMON Plan,  10 Aug 66, SOP ifl-2, para 2d) 

a .  The female plug used t o  connect t h e  h o r i z o n t a l  t h e r m o c o l m  s h i e l d  
door motor t o  a 208-volt power source was cracked and i n  need of  replacement,  

b .  The s tandby e l e c t r i c a l  power source f o r  ope ra t ion  of t h e  emergency 
communication system did  not  funct ion  during a t e s t  involv ing  l o s s  of  
e x t e r n a l  power. 
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DEPARTMENT OF T H E  ARMY 
OFFICE OF THE INSPECTOR GENERAL 

WASHJNGTON. D.C. 20314 

SUBJECT: Reac to r  F a c i l i t y  I n s p e c t i o n  o f  t h e  Diamond Ordnance R a d i a t i o n  
F a c i l i t y  (PY 72) 

Commanding O f f i c e r  
Harry  Dianiond L a b o r a t o r i e s  
Washington,  DC 20438 

1, i n  accordance w i t h  AK 20-1 and AR 385-80, a  r e a c t o r  f a c i l i t y  
i n s p e c  t i o n  of t h e  Diamond Qrdnance  R a d i a t i o n  F a c i l i t y ,  iJashington,  D C ,  
was made d u r i n g  t h e  p e r i o d  3 - 5 A p r i l  1972 by LTC Xobert R .  O 'Connel l ,  
O f f i c e  o f  The i n s p e c t o r  Genera l ,  The f a c i l i t y  was r a t e d  SATISFACTOPY. 
(Only r a t i n g s  of SATISFACTORY and UNSATISFACTORY were cons ide red . )  

2. The r a t i n g  a p p l i e d  t o  t h e  t e c h n i c a l ,  h e a l t h  p h y s i c s ,  and s a f e t y  
a s p e c t s  of  t h e  o p e r a t i o n  of t h e  f a c i l i t y ,  and t o  t h e  a d m i n i s t r a t i v e  and 
l o g i s t i c a l  s u p p o r t  e s s e n t i a l  f o r  i t s  s a f e  and e f f i c i e n t  o p e r a t i o n .  

3 .  Evalua t ion  was accomplished b y  q u e s t i o n i n g  pe r sonne l ;  r ev iewing  
p r o c e d u r e s ,  r e c o r d s ,  and r e p o r t s ;  o b s e r v i n g  r e a c t o r  o p e r a t i o n s ;  and i n -  
s p e c t i n g  t h e  f a c i l i t y .  D e t a i l e d  r e s u l t s  o f  t i le  i n s p e c t i o n  appear  i n  TAB A.  

4 .  The team c h i e f  h e l d  a  c r i t i q u e  o f  t h e  i n s p e c t i o n  and gave t h e  
P h y s i c i s t  i n  Charge a  copy o f  t h e  i n s p e c t o r s '  i n fo rmal  n o t e s  and a  memo- 
randum o f  minor i r r e g u l a r i t i e s .  The C h i e f ,  Nuclear R a d i a t i o n  E f f e c t s  
Labora to ry ,  I iar ry  Diamond L a b o r a t o r i e s ,  was b r i e f e d  on t h e  r e s u l t s  o f  t h e  
i n s p e c t i o n .  

11. SUMMARY OF SIGNIFICANT OBSERVATIOlV S  

5. There  was a  need f o r  a  more e f f e c t i v e  p r e v e n t i v e  maintenance 
program. (TAB A,  p a r a  2a) 
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DAIG-TI 
SURJECT: Reactor F a c i l i t y  Inspec t ion  of the Diamond Ordnance Radia t ion  

\ F a c i l i t y  (FY 72) 
1 

111. RECOMMENDATIONS 

6. It  is recommended t h a t :  

a .  Commanding O f f i c e r ,  Barry Diamond Laboratories ,  c o r r e c t  t h e  
f a c t o r  a f f e c t i n g  ope ra t ions ,  d e f i c i e n c i e s ,  and comments i n  TAB A, para- 
graphs 2e, 3  and 4 .  

b .  Commanding General,  Walter Reed Army Medical Center ,  c o r r e c t  
t h e  f a c t o r s  a f f e c t i n g  o p e r a t i o n s  i n  TAB A ,  paragraphs 2a, Zb, 2c and 2d. 

I V .  PROCESSING REPORT 

7 .  AR 20-1 p r e s c r i b e s  t h e  procedures f o r  processing t h i s  r e p o r t .  

FOR THE INSPECTOR GENERAL: 

1 I n c l  
TAB A - DOR5 

ROWLAND B . SHRIVER, JR. 
\ Colonel,  I G  

Chief ,  Technical Inspec t ions  O f f i c e  

Copies furnished:  
I. C O ,  Harry Diamond Labora to r i e s  
2  and 3. C O ,  Harry Diamond Labora tor ies  
4 and 5 .  CG,  USAMC, ATTN: AMCSA-N 
6. HQDA (DASG-PSC-E) 
7.  HQDA (DAPE-MPS) 
8. HQDA (DALO-OMD) 
9. HQDA (DARD-ARP) 

l o .  HQDA (DAEN-SO) 
11. D i r  of Regulation, AEC 
12 and 13.  D i r ,  Div of Reactor  

Development, AEC , ATTN: A s s t  
D i r  f o r  Army Reactors 

1 4 .  HQDA (DAIG-TI) 

For ind  and r t n  t h r u  channels 
For r e t e n t i o n  
For i n f o  and r e t e n t i o n  
For a c t i o n  and r e t e n t i o n  
For i n f o  and r e t e n t i o n  

3 1  I ,  I! 
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\ TAB A 

DIAMOND ORDNANCE RADIATION FACILITY 
WASHINGTON, DC 20438 

1. Mission. The mission of t h e  f a c i l i t y ,  a s  s t a t e d  i n  Harry Diamond 
Labora to r i e s  Pamphlet 70-4, w a s :  " t o  provide a source  o f  r a d i a t i o n  f o r  
experimental  programs conducted a t  t h e  Harry Diamond Labora to r i e s  o r  
by o t h e r  Federal Government agencies  and t h e i r  con t r ac to r s . "  

2. Fac tors  Affect ing Operat ions.  

a .  There was a need f o r  a more e f f e c t i v e  f a c i l i t y  p reven t ive  
maintenance program. 

( I )  Safe ty  r e l i e f  va lves  on t h e  a i r  compressor and e l e c t r i c  h o t  
wa te r  generator  had nor been t e s t e d  s i n c e  i n s t a l l a t i o n .  /EM 385-1-1, 
- 9 M a r  67, para 21802) 

(2)  E l e c t r i c a l  d i s t r i b u t i o n  breakers  were not  being t e s t e d  r e g u l a r l y .  
A recen t  cour tesy  t e s t  by an o u t s i d e  agency i d e n t i f i e d  s e v e r a l  i nope ra t ive  
b r e a k e r s ,  which were rep laced  dur ing  t h e  inspec t ion .  (Engineer Regulation 
1130-2-303, 1 5  Dec 67, App 1, para 1203) 

(3) There had been no r o u t i n e  preventive maintenance on t h e  d i e s e l -  
gene ra to r  s i n c e  1968. A maintenance con t rac t  was under cons ide ra t ion .  

b. Procedures fo r  r e l e a s i n g  r ad ioac t ive  l i q u i d  was te  t o  t h e  s a n i t a r y  
sewer d id  n o t  i n su re  t h a t  e f f l u e n t  a c t i v i t y  was w i t h i n  p resc r ibed  l i m i t s .  
Although da ta  on gross  gamma a c t i v i t y  of  the  e f f l u e n t  was recorded,  t he re  
w a s  no evidence of a n a l y s i s  to  i d e n t i f y  a l l  con t r ibu t ing  elements  and 
e s t a b l i s h  proper l i m i t s  accordingly .  (AR 755-15, 4 Nov 66 ,  para 22a(3)) 

c. During CY 1971, environmental samples were not  c o l l e c t e d  a t  one 
s o i l  s t a t i o n  (Number 10) and two fallout-washout s t a t i o n s  (Numbers 5 
and 10) .  (WRAMC ENRADMON Plan ,  1 5  Aug 6 6, Tab G ,  pg 1; Tab D , pg 7) 

d .  During t h e  period 18  October 1971 - 26 November 1971, t e c h n i c i a n s  
d i d  not  complete weekly a n a l y s i s  of  r e a c t o r  water  samples f o r  t h e  presence 
of Tr i t ium because of f a u l t y  counting equipment. La ter  a n a l y s i s  i nd ica t ed  
t h a t  t h e  Tritium l e v e l  had been much h igher  than normal. 
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DAIG-TI 

e .  The overhead h o i s t  used t o  l i f t  and move heavy o b j e c t s  i n  t h e  r e a c t o r  
room had not  been load- tes ted  s i n c e  1970. (A recu r r ing  observat ion.)  

3. Defic ienc ies .  

a .  Reactor opera tors  were us ing  an unca l ib ra t ed  vol tmeter  ( T r i p p l e t  630A) 
t o  check console AC r egu la t ed  vol tage .  A c a l i b r a t e d  e l e c t r o s t a t i c  vol tmeter  
wks a v a i l a b l e  f o r  cross-check, but  was considered undes i r ab le  f o r  r o u t i n e  use. 
It was indicated t h a t  suppor t  personnel  would not  c a l i b r a t e  t h e  T r i p p l e t  v o l t -  
m e t e r .  (HDL Pamphlet 70-5, 1 Dec 69 ,  para 2.3.3) 

b.  There was no assurance  t h a t  t h e  q u a n t i t y  of  neutron-act ivated 
m a t e r i a l s  on hand was w i t h i n  prescr ibed  l i m i t s ;  t h e  f a c i l i t y  had r e c e n t l y  
acquired a  l a rge  q u a n t i t y  of ac t iva red  g raph i t e  without e s t a b l i s h i n g  t h e  
t o t a l  a c t i v i t y  involved. (AEC License No. BML 08-02534006) 

c. There were no p o r t a b l e  neutron survey instr.uments a v a i l a b l e .  Be- 
ginning i n  January 1972, a l l  seven  instruments  belonging t o  :he f a c i l i t y  
had been sent  away f o r  c a l i b r a t i o n .  

4 .  Comments 

a .  During modif ica t ion  of  t h e  r e a c t o r  pool water - leve l  alarm system, 
wi re s  of  a  6-volt system were l e f t  b a r e  and exposed. A s h o r t - c i r c u i t  i n  
t h i s  system would have opened a  common fuze  and deac t iva t ed  t h e  water  
a c t i v i t y  monitor and t h e  wa te r  temperature i n d i c a t o r .  

b .  There were no records  o r  markings assoc ia ted  with C 0 2  f i r e  
ex t inguishers  t o  i n d i c a t e  o r l k i n a l  charged-welght and da tes  on which 
f u t u r e  t e s t i n g  would b e  r equ i red .  (M 385-1-1, 1 Pfar 67) 

c .  The odor of  gas fumes was d e t e c t a b l e  near  t h e  second f l o o r  b o i l e r .  

TAB A 
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DEPARTMENT OF THE ARMY 
OFFICE OF THE INSPECTOR GENERAL 

WASHINGTON, D.C. 20314 

SUBJECT: Reactor F a c i l i t y  Inspec t ion  of the  Army Pulse Radiat ion 
F a c i l i t y  (FY 72) 

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

I .  Zn accordance with AK 20-1 and AR 385-80, a  r e a c t o r  f a c i l i t y  
in spec t ion  of t h e  Army Pulse Radiation F a c i l i t y  (BPRl?), Aberdeen Proving 
GrounS, blaryland, was made during t h e  period 10 - 1 2  Apr i l  1972, by LTC 
Robert K. OrConnell, Off ice of The Inspector  General. The f a c i l i t y  was 
r a t e d  SATISFACTORY. (Only r a t i n g s  of SATISFACTORY and UNSATISFACTORY 
were considered. ) 

2 .  The r a t i n g  applied to  t h e  t echn ica l ,  hea l th  physics ,  and s a f e t y  
a spec t s  of t h e  operat ion of t h e  f a c i l i t y ,  and t o  tile admin i s t r a t ive  and 
l o g i s t i c a l  support e s s e n t i a l  f o r  i t s  s a f e  and e f f i c i e n t  opera t ion .  

3. Evaluation was accomplished by quest ioning personnel;  reviewiiig 
procedures,  records,  and repor ts ;  observing r eac to r  opera t ions ;  and in -  
spec t ing  t h e  f a c i l i t y .  Detai led r e s u l t s  of the inspec t ion  appear i n  TAB A .  

4 .  The team chief  he ld  a  c r i t i q u e  of t h e  inspec t ion  and gave t h e  
Chief ,  Reactor Support Branch, a  copy of the  in spec to r s '  informal  notes  
and a  memorandum of minor i r r e g u l a r i t i e s  and de f i c i enc ie s .  The Commanding 
Of f i ce r ,  US Army Aberdeen Research and Development Center (ARUC), at tended 
t h e  c r i t i q u e .  

11. SUMMARY OF SIGNIFICANT OBSERVATIONS 

5. There were s e v e r a l  r ecu r r ing  observat ions i n d i c a t i n g  a  need f o r  
a d d i t i o n a l  co r rec t ive  e f f o r t .  (TAB A, paras 2a, 2b, 3b, 3f ,  and 3g) 

Copy No - 11 



DAIG-TI 
SUBJECT: Reactor  F a c i l i t y  Inspec t ion  o f  t h e  Army Pulse Radiat ion 

I F a c i l i t y  (N 72) 

6. Excess s p e c i a l  source m a t e r i a l  had been on hand s i n c e  October 
1969. (TAB A,  para 2a) 

7 .  The f a c i l i t y  required more e f f e c t i v e  support  i n  e l imina t ing  
p o t e n t i a l  f i r e  and s a f e t y  hazards .  (TAB A ,  paras  Zb, 2c, and 2d) 

8. There was a  need f o r  g r e a t e r  p r e c i s i o n  i n  t h e  monitoring and 
r e l e a s e  of r ad ioac t ive  substances.  (TAB A, paras  3a, 3b, 3c,  and 3d) 

111. RECOl"MENDATI0NS 

9. It is  recommended t h a t :  1 
j 

a .  Commanding Of f i ce r ,  US Army Aberdeen Research and Development 
Center ,  c o r r e c t  the  observa t ions  i n  TAB A ,  paragraphs Za, 3, and 4 .  

b .  Commanding O f f i c e r ,  Aberdeen Proving - Ground, c o r r e c t  t h e  f a c r c r s  
a f f e c t i n g  ope ra t ions  i n  TAB A, paragraphs 2b, 2c, and 26. 

c. Commanding General, United S t a t e s  Ar-ny Yare r i e l  Command, a s s i s r  
t h e  f a c i l i t y  i n  co r rec t ing  t h e  f a c t o r  a f f e c t i n g  opera t ions  i n  TAB A, para- 
graph 2a. 

I V .  PROCESSING REPORT 

10. AR 20-1 p resc r ibes  t h e  procedures f o r  processing t h i s  r e p o r t  

FOR THE INSPECTOR GENERAL: 

1 I n c l  
TAB A - APRF ' 

Copies fu rn i shed :  
(See next  page) 

ROWLAND B .  SHRIVER, J R .  
Colonel,  IG 
Chief ,  Technical  Inspec t ions  O f f i c e  
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TAB A 
I 

ARMY PULSE RADIATION FACILITY 
ABERDEEN PROVING GROUND, MARYLAND 21005 

1. Mission. The mission of t h e  f a c i l i t y ,  a s  provided by t h e  Commander, 
Aberdeen Research and Development Center,  was: "to o p e r a t e  and main ta in  

i 
I 

a p u l s e  r e a c t o r  f a c i l i t y  t o  provide a r a d i a t i v e  environment s imula t ing  
nuc lea r  r ad ia t ion  (neutron)  produced by nuclear  weapons." :I I 

2. Fac tors  Affec t ing  Operat ions.  

a .  Excess s p e c i a l  sou rce  ma te r i a l  from a damaged r e a c t o r  core  had 
been await ing d i s p o s a l  s i n c e  October 1969. During February 1972, t h e  
f a c i l i t y  requested a d d i t i o n a l  funds t o  f inance  reprocess ing  of  t h e  
m a t e r i a l  i n  conjunct ion w i t h  re rurn ing  i t  ro t h e  Atomic Energy Commis- 
s i o n .  Informal inqu i ry  a t  Headquarters,  United S t a t e s  Army Mate r i e l  
Command, indica ted  t h a t  necessary funds would 'nave t o  be  reprograxned 
l o c a l l y .  This observa t ion  was included i n  two previous i n s p e c t i o n  
r e p o r t s  to in su re  compliance wi th  an AEC/DA Memorandum i n  which t h e  
Army agreed t o  r e tu rn  such ma te r i a l  when i t  was no longer  requi red  a t  
t h e  f a c i l i t y .  (Memorandun of  Understanding between che Atomic Energy 
Commission and t h e  Department of the  Army, s igned 1 September 1966 by 
t h e  Sec re t a ry  of t h e  Army) 

b . C i r c u i t  b reake r s ,  t ransformers ,  and r e l ays  suppor t ing  t h e  f a c i l -  
i t y  were not being t e s t e d  t o  i n s u r e  ope rab l i i t y .  (A r e c u r r i n g  observa- 
t i o n . )  (Engineer Regulation 1130-2-303, 15  Dec 67, App 1, para  1203) 

c.  Procedures f o r  t e s t i n g  f a c i l i t y  s a f e t y  va lves  f o r  pressur ized  
1 

systems were not adequate.  No e f f o r t  w a s  being made t o  demonstrate t h e  
r e l i a b i l i t y  of equipment gages used as  p a r t  of the t e s t .  (EM 385-1-1, 1 :  

1 Mar 67,  para 21A02) 
i 

$ 1  I 
i !  

d.  There were f i r e  hazards  assoc ia ted  with a  temuorarv f u e l  o i l  i /  
s t o r a g e  and d i s t r i b u t i o n  system loca ted  i n  the mechanical equipment 
room: ;I 1 1 

(1) F r a i l  f u e l  l i n e s  on t h e  f l o o r  su r face  had no p r o t e c t i o n  aga ins t  
phys ica l  damage. 

( 2 )  The mobile f u e l  t a n k  was not  adequately secured t o  prevent  move- 
ment. 
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(3) The f u e l  t a n k  was n o t  e l e c t r i c a l l y  grounded.  

3. D e f i c i e n c i e s .  

a .  Procedures  f o r  d i s p o s i n g  of  r a d i o a c t i v e  l i q u i d  w a s t e s  d i d  n o t  
i n s u r e  t h a t  t h e  a c t i v i t y  o f  s u c h  wastes  was w i t h i n  a l l o w a n c e s .  Al though  
l i q u i d  w a s t e s  were b e i n g  r e l e a s e d  w i t h i n  t h e  f a c i l i t y  grounds  r a t h e r  t h a n  
t o  a sewer ,  t h e  a c t i v i t y  a t  t h e  boundary of  t h e  r e s t r i c t e d  a r e a  had n o t  
been  e s t a b l i s h e d .  S i n c e  t h e  i d e n t i t y  of  t h e  w a s t e  r a d i o n u c l i d e s  had  no t  
been  p r e c i s e l y  de te rmined ,  t h e  a c t i v i t y  r ecorded  f o r  l i q u i d  r e l e a s e d  
w i t h i n  t h e  r e s t r i c t e d  a r e a  was o f t e n  g r e a t e r  t h a n  t h a t  a l lowed  a t  t h e  
boundary.  (AR 755-15, 4  Nov 66, p a r a  22a(2) )  

b. There  was no t  s u f f i c i e n t  a s s u r a n c e  t h a t  t h e  r a d i o a c t i v i t y  of  t h e  
f a c i l i t y  a i r  e f f l u e n t  was w i t h i n  a c c e p t a b l e  l e v e l s .  S i n c e  a i r  e f f l u e n t  
was n o t  be ing  moni tored c o n t i n u o u s l y  and a i r  f low m e t e r s  were  n o t  c a l i -  
b r a t e d ,  f a c i l i t y  d a t a  c o n c e r n i n g  maximum r e l e a s e  r a t e s  and t o t a l  a c t i v i t y  
r e l e a s e d  were based l a r g e l y  on e s t i m a t e s  w i t h o u t  any i d e n t i f i a b l e  suppor t -  
i n g  a n a l y s i s .  I n  a d d i t i o n ,  t h e r e  was no i n f o r m a t i o n  r e g a r d i n g  c o n c e n t r a -  
t i o n  of r a d i o a c t i v e  g a s e s  a t  t h e  boundary of t h e  r e s t r i c t e d  a r e a .  (A 
r e c u r r i n g  o b s e r v a t i o n . )  (AR 755-15: p a r a  2 2 a i 2 ) ;  AR 385-80,  1 6  Oct 70, 
p a r a  5 - l ( b ) ( 5 ) ;  T e c h n i c a l  S p e c i f i c a t i o n s  f o r  MRF,  12 Apr 71,  Chap V I I ,  
p a r a  3c )  

c .  L iqu id  r a d i o a c t i v e  w a s t e  was b e i n g  r e l e a s e d  i n d i r e c t l y  i n t o  a n  
u n r e s t r i c t e d  a r e a  w i t h o u t  o b t a i n i n g  t h e  a p p r o v a l  r e q u i r e d  by t h e  l o c a l  
government.  (AR 755-15, p a r a  22a(2) )  

d .  Remote a r e a  r a d i a t i o n  m o n i t o r s  and p a r t i c u l a t e  a i r  m o n i t o r s  were  
n o t  b e i n g  c a l i b r a t e d  a t  q u a r t e r l y  i n t e r v a l s .  Area m o n i t o r s  had been 
l a s t  c a l i b r a t e d  d u r i n g  J u l y  1971. P a r t i c u l a t e  a i r  m o n i t o r s  were  b e i n g  
c a l i b r a t e d  d u r i n g  March and O c t o b e r ,  excep t  f o r  t h e  a i r - f l o w  m e t e r s  which 
were  b e i n g  ignored .  ( T e c h n i c a l  S p e c i f i c a t i o n s  f o r  APRF, Chap V,  p a r a s  Q 
and K) 

e. There  was no e v i d e n c e  t h a t  q u a r t e r l y  checks  of  t h e  r e a c t o r  motion 
i n t e r l o c k  were being pe r fo rmed .  (Technical  S p e c i f i c a t i o n s  f o r  APRF, 
Chap V, p a r a  L; Chap V I I ,  p a r a  E2) 

f .  There  was no  p r e v e n t i v e  maintenance b e i n g  accomplished on t h e  
b a t t e r i e s  used t o  power r a d i o  communications and remote  a n n u n c i a t i o n  
from t h e  r e a c t o r  t o  t h e  l a b o r a t o r y  b u i l d i n g .  (A r e c u r r i n g  o b s e r v a t i o n . )  
( N a t i o n a l  E l e c t r i c  Code, p a r a  700-4) 

2 
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g. Correct ive a c t i o n  had not been taken or  recorded wi th  r e spec t  t o  
t h e  Memorandum of Minor I r r e g u l a r i t i e s  l e f t  a t  t h e  f a c i l i t y  fol lowing t h e  
previous r eac to r  f a c i l i t y  in spec t ion .  (AR 20-1, 22 Aug 68, para 2-12) 

4 .  Comment. En t r i e s  on t a g s  a t t ached  t o  f a c i l i t y  f i r e  ex t ingu i she r s  
ind ica t ed  these  items were not  being checked each month f o r  s e rv ice -  
a b i l i t y .  (AR 420-90, 27 Apr 70, pa ras  2-7a and d) 

3 
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DEPARTMENT OF THE ARMY 
OFFICE O F  THE INSPECTOR GENERAL 

WASHINGTON. D.C. 20314 

v,  - .,-- -. 
DAIG-TI $3 is8L-f !3(: 

SUBJECT: Reac to r  F a c i l i t y  I n s p e c t i o n  o f  t h e  Diamond Ordnance R a d i a t i o n  
F a c i l i t y  (FY 73) 

Commander 
Harry  Diamond L a b o r a t o r i e s  
Washington, D .  C .  20438 

I, GENERAL 

I. i n  accordance  w i t h  AR 20-1 and AR 385-80, a r e a c t o r f a c i l i t y  
i n s p e c t i o n  of t h e  Diamond Ordnance R a d i a t i o n  F a c i l i t y ,  Washington,  DC,  
was made d u r i n g  t h e  p e r i o d  1 6  - 1 8  A p r i l  1973,  by LTC Vincen t  P .  De F a t t a ,  
O f f i c e  of  The I n s p e c t o r  Genera l .  The f a c i l i t y  was r a t e d  SATISFACTORY. 
(Only r a t i n g s  o f  SATISFACTORY and UNSATISFACTORY were  c o n s i d e r e d . )  

2. The r a t i n g  a p p l i e d  t o  t h e  t e c h n i c a l ,  h e a l t h  p h y s i c s ,  and s a f e t y  
a s p e c t s  o f  t h e  o p e r a t i o n  o f  t h e  f a c i l i t y ,  and t o  t h e  a d m i n i s t r a t i v e  and 
l o g i s t i c a l  s u p p o r t  e s s e n t i a l  f o r  i t s  s a f e  and e f f i c i e n t  o p e r a t i o n .  

3. E v a l u a t i o n  was accomplished by q u e s t i o n i n g  p e r s o n n e l ;  reviewing 
p rocedures ,  r e c o r d s ,  and r e p o r t s ;  obse rv ing  r e a c t o r  o p e r a t i o n s ;  and i n -  
s p e c t i n g  t h e  f a c i l i t y .  D e t a i l e d  r e s u l t s  of  t h e  i n s p e c t i o n  appear  i n  TAB A .  

4 .  The team c h i e f  h e l d  a  c r i t i q u e  of  t h e  i n s p e c t i o n  and gave t h e  
P h y s i c i s t  i n  Charge a  copy o f  t h e  i n s p e c t o r s '  i n f o r m a l  n o t e s  and a  memoran- 
dum of  minor i r r e g u l a r i t i e s  and d e f i c i e n c i e s .  The C h i e f ,  Nuc lea r  Vulner- 
a b i l i t y  Branch,  Har ry  Diamond L a b o r a t o r i e s ,  a t t e n d e d  t h e  c r i t i q u e ,  and 
t h e  Commander, Har ry  Diamond L a b o r a t o r i e s ,  was b r i e f e d  o n  t h e  r e s u l t s  of  
t h e  i n s p e c t i o n .  

5. There  was a need f o r  a  more e f f e c t i v e  p r o v e n t i v e  maintenance 
program. (TAB A, p a r a s  2c ,  2d,  3k, 4 e ,  and 4g) 
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SUBJECT: Reactor F a c i l i t y  Inspect ion of t h e  Diamond Ordnance Radiation 

F a c i l i t y  (FY 73) 

6. There was a need f o r  review, r e v i s i o n  and updat ing o f  b a s i c  
f a c i l i t y  documentation. (TAB A ,  paras 3f ,  i, and 4:) 

7 .  Addi t ional  command emphasis was needed on t h e  f a c i l i t y ' s  
personnel r e l i a b i l i t y  program. (TAB A, paras  3a,  3b, and 3c) 

111. RECOMMENDATIONS 

8. It i s  recommended t h a t :  

a .  Commander, Harry Diamond Labora tor ies ,  c o r r e c t  and ensure non- 
recurrence of t h e  obse rva t ions  i n  TAB A, paragraphs 3 and 4c through 4g. 

b .  Comander,  Heal th Services Command, c o r r e c t  and ensure  non- 
recurrence of t h e  obse rva t ions  i n  TAB A, paragraphs 2, 4a,  and 4b. 

I V .  PROCESSING REPORT 

9 .  AR 20-1 p r e s c r i b e s  t h e  procedures f o r  process ing  t h i s  r epor t  

FOR THE INSPECTOR GENERAL: 

{;:,i;P4EQ 

1 I n c l  ROWLAND B. SHRIVER, J R .  
TAB A - DORF Colonel, I G  

Chief,  Technical  Inspec t ions  Off ice  
Copies furnished:  
1. Cdr, Harry Diamond Lab For ind  and + t n  t h r u  channels 
2 and 3. Cdr, Harry Diamond Lab For r e t e n t i o n  
4 and 5. Cdr, USAMC, ATTN: AMCSA-N For i n f o  and r e t e n t i o n  
6. HQDA (DASG-PSC-E) II 18 rr r t  

7. HQDA (DAPE-MPS) 9 s  i s  I I  i r  

8. HQDA (DAI,O-OMD) I S  ,- ,( g1 

9. HQDA (DARD-ARP) I #  I ,  $ s  s l  

l o .  HQDA (DAEN-SO) I I  9 1  I I  I I  

11. D i r  of Regulat ion,  AEC T I  S ?  t s  11 

12 and 13. D i r .  Div of Reactor s t  11 s t  11 

Development, AEC, ATTN: A s s t  
D i r  f o r  Army Reactors  . 

14. HQDA (DAIGTI) Suspense Copy 

Ext rac t  furnished:  
Cdr, Health Svcs Cmd 
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TAB A 

DIAMOND ORDNANCE RADIATION FACILITY 
WASHINGTON, DC 20438 

1. Etission.  The m i s s i o n  of t h e  Diamond Ordnance R a d i a t i o n  F a c i l i t y  i s  
c o n t a i n e d  i n  t h e  HDL Pamphlet  70-4, pa ragraph  3 .1 ,  which s t a t e s :  The 
m i s s i o n  o f  t h e  H a r r y  Diamond L a b o r a t o r i e s  is,  i n  p a r t ,  t o :  

a. I n v e s t i g a t e  and de te rmine  t h e  s u s c e p t i b i l i t y  o f  e l e c t r o n i c  
m a t e r i e l  t o  n u c l e a r  weapons r a d i a t i o n  environment ,  mechanisms o f  t h o s e  
e f f e c t s ,  and ways and means o f  deve lop ing  less s u s c e p t i b l e  m a t e r i e l .  

b ,  Conduct r e s e a r c h  and development i n  t h e  v a r i o u s  p h y s i c a l  s c i e n c e  
m d  e n g i n e e r i n g  f i e l d s  d i r e c t e d  toward meet ing t h e  m i l i t a r y  c h a r a c r e r i s c i c s  
f o r  f u z i n g  o r  o f  r e l a t e d  i t e m s .  

- 2 ,  r a c w r s m  Opera t ions .  

a .  The d o s i m e t e r s  i s s u e d  f o r  h e a l t h  and s a f e t y  p u r p o s e s  d i d  n o t  have 
v a l i d  DA l a b e l s  80 o v e r p r i n t e d  w i t h  t h e  l e t t e r s  "I & C" ( I n s p e c t i o n  and 
C e r t i f i c a t i o n )  a f f i x e d .  (TB 750-242-3, 21 Nov 69,  p a r a  3 a ( 2 ) )  

b .  F a l l o u t  - washout sample  s t a t i o n  5,  Main S e c t i o n  ( roof  o f  o u t - p a t i e n t  
b u i l d i n g )  was n o t  c o l l e c t e d  o r  counted from 22 September 1972 t o  1 0  November 
1972.  The H e a l t h  P h y s i c s  O f f i c e r  d i d  n o t  make t h i s  f a c t  known t o  t h e  Physi -  
c i s t  i n  Charge and  t h e r e f o r e  t h e  i n c i d e n t  was n o t  r e p o r t e d  i n  accordance  
w i t h  a p p l i c a b l e  r e g u l a t i o n s .  (WRAMC ENRADMON PLAN, 15 Feb 72, App C ,  
P a r a  B; T e c h n i c a l  S p e c i f i c a t i o n s  f o r  t h e  DORF R e a c t o r ,  24 Nov 71 ,  Vol 6 ,  
p a r a  8 e ;  AR 385-40, Aug 72, p a r a  2-14 (C2)) 

c .  S a f e t y  relief v a l v e s  on t h e  e l e c t r i c  h o t  w a t e r  h e a t e r  had  n o t  b e e n  
t e s t e d  s i n c e  i n s t a l l a t i o n .  (EM 385-1-1, 1 Mar 72, p a r a  21A 02)  (Recurr ing)  

d .  There  was no  r e c o r d  a v a i l a b l e  t o  i n d i c a t e  t h a t  e l e c t r i c a l  d i s t r i -  
b u t i o n  b r e a k e r s  were  b e i n g  t e s t e d  r e g u l a r l y .  (ER 1130-2-303, 1 5  Dec 67,  
App 1, p a r a  1203)  (Recur r ing)  
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3.  D e f i c i e n c i e s .  

a .  I n  a t  l e a s t  one  i n s t a n c e  an i n d i v i d u a l  a s s i g n e d  t o  a  c o n t r o l l e d  
p o s i t i o n  had n o t  i n i t i a l l e d  t h e  new j o b  d e s c r i p t i o n  on h i s  DA Form 2706. 
(AR 50-5, p a r a s  3-21a and 3-26(2))  

b. Nuc lea r  Duty P o s i t i o n  S t r e n g t h  and R e l i a b i l i t y  R e p o r t s ,  RCS 
CSFOR-161 (DA Form 3637-R) were  n o t  p r e p a r e d  and forwarded.  (AR 50-5, 
p a r a  3-29) 

c .  A n u c l e a r  d u t y  p o s i t i o n  r o s t e r  was n o t  b e i n g  main ta ined .  (AR 50-5, 
p a r a  3-3) 

d .  Dur ing t h e  n u c l e a r  a c c i d e n t / i n c i d e n t  (s i -mulated)  t h e  f o l l o w i n g  
were  obse rved :  

(1: The emergency p rocedures  i n  NDL Pamphlet 70-5 and t h e  I n t e r -  
s e r v i c e  Agreement between t h e  Cdr,  WRAMC and t h e  Cdr,  HDL were  i n  c o n f l t c r  
concern ing  P u b i i i  A f f a i r s  A c t i v i t i e s  d u r i n g  r e a c t o r  a c c i d e n t j i n c i d e n t s ,  
tHDL Tam 70-5, 1 Uer 69,  p a r a  4 .4 .10  and I n t e r s e r v i c e  Agreement between 
Cdr, WRAW and the  Cdr ,  HDL, unda ted ,  p a r a  13)  

(2) The a c c i d e n t  was no t  r e p o r t e d  t o  t h e  Chie f  o f  Eng ineers .  
CAR 385-40, Aug 72, p a r a  6-2) 

(3) N o t i f i c a t i o n  of emergency c o n d i t i o n  was n o t  i n  accordance  w i t h  
approved p r o c e d u r e s ,  i .e . ,  t h e  pe r son  d e s i g n a t e d  a s  b e i n g  i n  c h a r g e  
n o t i f i e d  t h e  f i r e  depar tment ,  t h e  m i l i t a r y  p o l i c e  and t h e  h o s p i t a l  f o r  
a n  ambulance, r a t h e r  than  n o t i f y i n g  t h e  m i l i t a r y  p o l i c e  o n l y .  (HDL Pam 
70-5, p a r a  4.4.3) , 

e. The Americium-Beryllium s t a r t - u p  s o u r c e  had  n o t  been  l e a k  t e s t e d  
at  six-month i n t e r v a l s .  (USAEC L i c e n s e  08-02534-09, 1 2  J u l  72, C o n d i t i o n  
1 3  A(1)) 

f .  S e v e r a l  b a s i c  f a c i l i t y  documents were  i n  need o f  r e v i s i o n  and up- 
d a t i n g ,  f o r  example: 

(1) The t e c h n i c a l  s p e c i f i c a t i o n s  f o r  t h e  f a c i l i t y  d i d  n o t  r e f l e c t  t h e  
changes  r e q u i r e d  by t h e  i n s t a l l a t i o n  of t h e  I n s t r u m e n t a t i o n  and C o n t r o l  
Modi f i ca t ion .  For i n s t a n c e ,  ARCHS approved t h e  SSAR which a l lowsMode I 
s t e a d y  s ta te  o p e r a t i o n  t o  a maximum o f  250KW, y e t  t h e  t e c h n i c a l  s p e c i f i c a -  
t i o n s  l i m i t  t h e  Mode iI s t e a d y  s ta te  o p e r a t i o n  t o  100KI.I. (AR 385-80, 
1 6  O c t  70, p a r a  3- lc)  

TAB A 
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(2) The f a c i l i t y  emergency p lan  c o n t a i n e d  i n  HDL Pamphlet 70-5 d o e s  
n o t  meet t h e  requ i rements  o f  Appendix B ,  AR 385-80 n o r  had i t  been  approved 
by ARCHS. (AR 385-80, p a r a  3-lf  and 3-2c; T a b l e  3-1 and App B) 

g. M o d i f i c a t i o n s  were  b e i n g  performed w i t h o u t  t h e  a p p r o v a l  o f  t h e  C h i e f ,  
N u c l e a r  V u l n e r a b i l i t y  Branch. For example,  on 1 March 1973 a 220K Ohm re- 
s i s t o r  was r e p l a c e d  i n  t h e  c o n s o l e  s y s t e m  w i t h  a lO0K Ohm r e s i s t o r  and on 
21 J u n e  1972 a  i K Ohm r e s i s t o r  i n  t h e  area m o n i t o r i n g  s y s t e m  was changed t o  
a  3  K Ohm r e s i s t o r .  (HDL Pam 70-4, 3 1  J a n  6 9 ,  w/Ch 1, p a r a  5 .85)  

h .  A m a l f u n c t i o n  which occur red  on 1 7  J u l y  1972 t o  t h e  TrAns ien t  Rod 
I n d i c a t o r ,  w a s  n o t  recorded i n  t h e  R e a c t o r  Log Book. (KDL Pam 70-5, 1 Dec 69,  
p a r t  2 ,  page 2-2) 

i. The o p e r a t i n g  p rocedures  f o r  t h e  r e c e n t l y  i n s t a l l e d  r e a c t o r  c o n s o l e  
had  n o t  been  reviewed by t h e  Reac to r  Sa feguard  Committee o r  approved by t h e  
Chief  o f  Nuclear  1'r:lnerabiLity Branch 280. (KDL Pain 70-4, p a r a s  5 .5  and 5.61 

j .  Emergency r e p o r t i n g  i n s t r u c t i o n s  were  n o t  consp icuous ly  p o s t e d  and 
some o f  t h e  emergency t e l e p h o n e  numbers l i s t e d  t h e r e o n  were  i n c o r r e c t .  

8 5 - 1 -  p a r a  1.3 G 0 3 ,  1 Mar 67) 

i k .  The ve lomete r  used t o  v e r i f y  t h e  s t a c k  f low r a t e  had  n o t  b e e n  cali- 
b r a t e d  a t  t h e  p r e s c r i b e d  i n t e r v a l s .  (TB 750-236, Feb 72, Sec  11, page  365) 

4. Comments. 

a .  I n  a t  l e a s t  two l o c a t i o n s  a l o n g  t h e  p e r i m e t e r  f e n c e  of t h e  f a c i l i t y ,  
v i n e s  had grown and e n t a n g l e d  w i t h i n  t h e  c h a i n  l i n k  t o  t h e  e x t e n t  t h a t  t h e  
view o f  t h e  a r e a  o u t s i d e  t h e  f e n c e  w a s  comple te ly  o b s t r u c t e d .  

b .  I n d i c a t i o n s  were  t h a t  t h e  s c r e e n i n g  p r o c e d u r e s  r e q u i r e d  by Chap te r  
3 ,  AR 50-5 were  n o t  b e i n g  accomplished i n  a timely manner; i .e. ,  s e v e r a l  
i n s t a n c e s  were  no ted  where DA Form 2706 's  had been execu ted  as l a t e  a s  
1 6  A p r i l  1973.  

c. The h o t  w a t e r  g e n e r a t o r s  l o c a t e d  i n  t h e  1st f l o o r  "machinery room" 
of t h e  basement "warm room" were  i n s t a l l e d  at  a h e i g h t  t h a t  p r e v e n t e d  v i s u a l  
i n s p e c t i o n  o r  o p e r a t i o n  of c o n t r o l s  from t h e  f l o o r  l e v e l .  

d .  D r i l l s  o f  F a c i l i t y  Emergency Procedures  were  n o t  conducted o n  a 
q u a r t e r l y  b a s i s .  D a t e s  o f  d r i l l s  r ecorded  were  28 March 1972,  8 August 
1972,  27 February  1973,  and 6 ~ ~ r i l  1973. (Techn ica l  S p e c i f i c a t i o n s  f o r  
t h e  DORF R e a c t o r ,  24 Nov 71, p a r a  VI-4-2d) 

3  TAB A 
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e .  There was a  need f o r  a  more e f f e c t i v e  f a c i l i t y  prevent ive  maintenance 
program. For Instance:  

(1) Maintenanct, card DA Form 2409, on osc i l loscope  316 S e r i a l  #263, was 
not up to  da te .  Las t  e n t r y  was 26 February 1969. 

(2) Micro-Microameter type 413 S e r i a l  #662515713-01 had not been c a l i -  
b ra t ed  s i n c e  20 January 1970. 

(3) Micro-Microameter type 410c S e r i a l  1119681 was pas t  c a l i b r a t i o n  due 
d a t e .  Records (DA Form 2409) ind ica t ed  l a s t  c a l i b r a t i o n  perfozmed 8-71. 
Instrument was supposed t o  b e  c a l i b r a t e d  on 3092. 

, , 
p ' f ,  The f a c i l i t y  had not developed adequate guidance t o  f a c i l i t a t e  re- 

cording of mal-functions. For in s t ance  t h e  f a c i l i t y  had not  s p e c i f i e d :  

(1) What c a n s t i t u t e s  a  malfunction, 

( 2 j  Reporting requirements to include where information i s  e n t e r e d ,  . 
i e ,  malfunction log ,  s t a t i o n  log) what information i s  requi red ,  and 
what c o r r e c t i v e  a c t i o n  was taken. 

(3) Review of malfunctions by f a c i l i t y  personnel t o  check f o r  h e a l t h  . . 
and s a f e t y  cons idera t ions .  (Para VI-5-8, page 63, Technical S p e c i f i c a t i o n s  
f o r  DORF Reactor) 

g. A w i r e  leading  t o  t h e  r e a c t o r  pool water- level  alarm system w a s  ba re  
and exposed. 
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A t T r P i r i O i i  OF: 

SUBJECT: R e a c t o r  F a c i l i t y  I n s p e c t i o n  of  t h e  3iam3nd Ordn.ince K a d i a t i o n  
F a c i l i t y  (PY 74) 

Conxiander 
Harry Diamond L a b o r ~ t o r f e s  
Wasi~ington,  U ,  C .  2 0 4 i 8  

2 .  'rile i .  . ' I - . ' - .  i r y  was r a t e d  l.P4S'i'TISF~CLCTOK! b e c a u s e  z c e  i~ ld iv idua : ,  
. - - .  -5s '_;r1z3 an6 i i . s t c ~  011 ti?<? :>CIC? e ; ? ~  du?y p o s i  :ioi: !:osi:p_r, was d? .sq~~,?I i - .  

. . f i e d  [GI zr:s+gnii~r!-.<: t o  o r  retei1tir .n il; a  i,:~,::i~::!r d r i t y  pc;lt:lon. (T~.4,;3 i ~ ,  
para la) 

3. L;!:n.ediate a c t i ~ o i ;  \,?as talcen t o  cor:recL tiie u n s a ' c i o f a c t o r y  con-. 
d i t z o n .  k r e i i i s p e c t j ~ o a  was theit m:dc c o v e r i r : ~  t i ? c  prev:;oiisiji d e f i c i e n t  
a r e a ,  m d  tile f a c i l i t y  xias r a t e d  Si;TI.SF~i,CTORV. 

4 .  The r a t i n g  a p p l i e d  t o  r h e  tfcixlico!.,  h e a l t h  physi .cs,  and s a f e t y  
. . a s p e c t s  o f  tli:? o p e r a t i o n  o f  t h e  L a . z i l i t y ,  ? o  t h e  adin~iri-.st::arive acd 

l o g i s t i c a l  s u ~ p o r t  e s s eu t l a l  f o r  i t s  s a f e .  and e f f i c i e n t  o p e r a t i o n .  

5.  E?~a?uar i .on  vas accon~pl..i.s':r-d by  q ~ r - s t j . o n i r . g  persor~~e! . ;  revi .er:~ing 
proce:i~r~?-.r : ,  r c c o r d s  and r r p c r t s ;  o',.scr.i-' \ing r e a c t o r  o p e r a t i o n s ;  and i n s p e c -  
t i n g  t h e  T a i i l i t y .  L?etailcd r e s c i t s  o f  t h e  i!ii.peciioir a p p e a r  i n  TZ\B A .  

6 .  The 1:enlii c h i e f  h e l d  a c r i . t i q i ~ e  of ti,c: inspc!c i ion .?nd gave tile 
P i lys ic j .~ :  ir :  Cha~:~;e a 'o;:j7 of  rh:: i~~;spec!:<:rs'  ji.io;ma.l ilc.tcs and a 
me,~ora:~di!:? of i:~iiioi: i r r e g u 1 a r i t i t . s  as.! i ' e f i c i c : : c i . c~ .  Tlic (:hie:, ~ ~ ~ c 1 ~ ~ r  



DAIG-Tl 
SUBJECT: R e a c t o r  F r c i l i t y  ' i n spec t ion  of  t l i e  D i a ~ i o n d  Ordnance Radiation 

F a c i l i t y  (FY 74) 

E f f e c t s  S i m u l a t i o n  Technology Branch,  at- tended t h e  c r i t i q u e ,  and t h e  
Commander, Har ry  lliamond L .ahora to r i es  was b r i e f e d  on t h e  r e s i i l t s  o f  
t h e  i n s p e c t i o n .  

7 .  Addi r io i i a l  conrnand finyliasls was needed o n  t h e  f a c i l i t y ' s  person-  
n e l  r e l i a b i i i t y  program. ( T A B  A ,  p a r a  26) 

8. A d d i t i o n a l  t r a i n i n g  i l :  emergency p r o c e d u r e s  w a s  r e q u i r e d  
(TAB 4, p a r a s  Zb, 3 r  and 3d) 

a. ,, a i  - ~. j ~ . ~  ,+..;; ,... .L, '., 0 2; .'5h5 3i. and 3d 

1.0. AB 204 p i f s c r t b e s  l.lri? j ~ r o c e d i ~ r e s  f o r  proci::;sing tliis >yeport .  

1 11lcL 
TAB ;i - 13OXF 

Copies  f u r n i s h e d :  
(See  next page! 

RO!#,T,J~XJ~ p, . ; ;I?. 
Co lone l ,  LG 
C h i c : f ,  'icciiinical inspect~j .or!s  D i v i s i o n  
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SUBJECT: Reactor  F a i i l  iLy I n s p e c t i o n  o f  t h e  l)ianond Ordnance RadlsLiou 

F a c i l i t y  (FY 7 4 )  

Copies  f u r n i s h e d :  
1. Cdr, 'larry Diamoiid Lab 
2 and 3 .  Cdr; I I a r ry  I)iarr.o~id Lah 
4 and 5.  Cdr,  USkMC, ATTN: M'lCSA-N 
6 .  HQDA (DASG-PSC-0) 
7 .  HQDA (TJAPE-Mi's) 
8 .  XQDA (~1~1~0-HGR) 
9 .  HQDA (DARD-ARP) 

10. 13QE11 (TJ!i!<:+SO) 
11.. Di r  of  Regu l~a t io i i ,  ).EC 
1 2  and 13. D i r ,  Div o f  Reactor 

* ,.,-~ Develog:~icnt, A X ,  .&I%':J: A s s :  
D i r  f c r  i l l - m y  2 t a c t c ~ ~  

3.4 , (2i3 :X--T];) 

For i n d  and rtii t h r u  c l lannels  
For  r e t e n t i o n  
For Lnfo and  r e t e n t i o n  , t, 

I ,  I *  ,, 
I ,  I ,  1, 

,, 3 ,  t r ,, 
' 1  ,, 7 ,  

,; 7 ;  3 r 

7 ,  :, 

J,;,:tract: fuxn;s;isd, : 

Cdr, Yenl th  S ~ c s  Cmd 



TAR A 

DL/IP.ICIND ORDNAXCE RADLATLO;? FACILITY 
W!.SIITKG'I'ON, D .  C .  20i.38 

1. Miss ion .  The m i s s i o n  of t h e  f a c i l - i t y  was t o :  

a .  : r iv i . s t i~a te  and detern:i.!~e t h e  s u s c e p t i b i l i t y  of e l e c t r o i ~ i c  m a t e r i e l  
t o  n u c l e a r  weapons r a d i a t i o r ,  e w i k o n m e n t ,  rfiicbanisms of t h o s e  e f f e c t s ,  and 

. . ways znc! 13eii.i~; of de;;e!.c?p:iilg le:;:; si~::cepti.l!ic i i ia rer le l . ,  

a. ciie i.;!<,jfi-;.jJ,:ij., ac;sizii:d i.0 duty ;;I~: Ji.sti::d o-, ;:hc Nuclea r  Duty 
]?osi:i,oi; Eoc!:ar, w ~ s  ,3 , l . sou~Lj . f j~ed f o r  ns.si i ;~~~iiei l t  ?:o c i  I - - t e n t i o n  i i i  a 
c l  ; i o  (hi: 5i-5, 8 X O Y  1 3 ?  p a r a  3---bat7 -.I) 

b. During t h e  si;:;~.ilnted emer;;ency d r i l l ,  no o n e  t l z s  a s s i g n e d  t o  d i r e c t  
emergency j,crsoniiel. (Inll, Pam 70--5, 1 Dee 69 ,  P z r t  4 ,  /,.iiiie>: D ,  p a r a  l b )  

. . c .  A s t a y p l e x  li:ip,!t volume a t r  sar!!pler l o c a t e s  7~n. t l i i  eniei-g,ei:i.y cache 
was n o t  ca.i.ibrat:cd a t  t h e  r e q l i i r e d  s j ~ x  rnoriili i i ? t e ~ : v a l s .  (METjfJC, SOP 
No 2.-3,  19 7JfC 7 2 ,  ~ 8 r a . )  

d .  Eleven s c l ~ f - r e a d i n g  p o c k e t  d o s i ~ e t e r s  m a i n t a i n e d  f o r  u s e  i n  emer- 
gency s i t u t ~ t i o i i s  were n g t  i n s p e c t e d  and c e r i i f i - e d  nt t h e  r e q u i r e d  s i x  
month i n t t . r v a l ~ s .  (TI! 750-142-3, :i iiov 69> p a r a  4) 

e. Two coxipressed g a s  c y l i n d e r s ,  ~.~11llic!1 ve:re riot i.n u s e ,  d i d  n o t  have 
che  r e g u l i i o r  removed a n d  t h e  c::rlinder c a p  i i ? s t a i i e d .  (M 385-1-1, 
1 Mar 67,  p a r a  21.D.I l )  

Dl:SSE!iIl?i~'rrOt.' IS I'RCIIij:F.~TED 
EXCEPT AS I:UI:i:CI:l%ED BY 
AR 20-1 



3.  Comments. 

a.  I n  a t  l e a s t  f o u r  l o c a t i o n s  d o n g  t h e  per-imeter f e n c e  o f  t h e  f a c i l i t y ,  
v i n e s  had glroi~n and en tang led  w i t l i i n  t h e  c h a i n  l i n k  t o  ';he e x t e n t  c h a t  t h e  
v i m  of t h e  a r e a  o u t s i S c  t h e  fen te  was cor?:>letel.y o b s t r u c t e d .  The s j i t u a t i o n  
w i l l  h e  coi!ipouilded when t:he sv.mxer growing season a r r i v e s .  (P,ecurriug from 
FY 73)  

h. There  were no s t i % i ~ d z r d  p r o c e d u r e s  f o r  recordi.ng t h e  r e s u l t s  o f  t h e  .K n a i n t e i ~ a n c e  performed on t h e  e l e c t r i c a l ,  i n s t r u ~ n i e n t a t i o i ~  a ~ d  mechanica l  
s y s t e m s .  

c .  DL:T~~::; t h e  sins] ::.::ed eulerG..- ,.,.,cy -..- d r i l l  i t  [.:as note;! :.hat: 

d .  The a c t i s n s  01 the r e z c t o r  f s c i l i t y  s t a i l  d i i r ing 1-he s i ~ i i ~ u l a t c d  emer- 
gency d r i l l  i n d i c a t e d  a c i e d  f o r  a ? "  ci<, . l t ional  ti:iiiiiiig. 

TAB A 
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DAIG-TI '3 . I C ~  +r-: .  
,. , ."?a ?\ #st:> 

SUBJECT: Reactor F a c i l i t y  Inspec t ion  of t h e  Diamond Ordnance Radia t ion  
F a c i l i t y  (DORF) (FY 75) . 

Commander 
Harry Dianond Labora to r i e s  
2800 Powder :+ill Road 
Adelphi, Plaryland 20783 

1, I n  accordance wi th  AR 20-1 a7d hR 385-80, a  r e a c t o r  f a c i l i t y  
inspec t ion  of t h e  Diamond Ordnance Xadiat ion F a c i l i t y ,  'Jashington, DC 
was made during t h e  per iod  2 4  - 2 8  March 1 9 i 5 ,  by Coloael  Otto C.  
Doerf l inger ,  J r . ,  C f f i c e  of  The Inspec to r  General.  The f a c i l i t y  w a s  
r a t ed  SATISFACTORY. (Only r a t i n g s  of SATISFACT0P.Y and UiTSIZTISFACTOFY 
were considered. ) 

2. The r a t i n g  appl ied  t o  t h e  t e c h n i c a l ,  h e a l t h  phys ics ,  and 
s a f e t y  a spec t s  of t h e  opera t ion  of  t h e  f a c i l i t y  and t o  t h e  adminis t ra -  
t i v e  and l o g i s t i c a l  support  e s s e n t i a l  f o r  i t s  s a f e  and e f f i c i e n t  
opera t ion .  

3. The eva lua t ion  was accomplished by ques t ion ing  personnel ;  
reviewing procedures ,  records,  and r e p o r t s ;  observ ing  r e a c t o r  ope ra t ions  
and a  s imulated emergency d r i l l ;  and i n s p e c t i n g  t h e  f a c i l i t y .  De ta i l ed  
r e s u l t s  of t h e  i n s p e c t i o n  appear i n  TAB A. 

4 .  The team ch ie f  he ld  a c r i t i q u e  o f  t h e  i n s p e c t i o n  and gave t h e  
Phys ic i s t  j n  Charge a  copy of  t h e  i n s p e c t o r s '  i n fo rma l  no te s  and a  neno- 
randum of minor i r r e g u l a r i t i e s  and d e f i c i e n c i e s .  The Chief ,  Nuclear 
Radiat ion E f f e c t s  Laboratory and t h e  Associa te  D i r e c t o r  f o r  A d ~ i n i s t r a -  
t i o n  at tended t h e  c r i t i q u e .  

Dissemination is p r o h i b i t e d  
except a s  au thor ized  by AR'20-1. Copy No. /d 
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DAIGTI 
SUBJECT: Reactor F a c i l i t y  Inspec t ion  of t h e  Diamond Ordnance Radia t ion  

F a c i l i t y  (DORF) (FP 75) 

11. SUMMARY OF OBSERVATIONS 

5. The E W M O P J  p lan  required updating. (TAB A,  p a r a  3a) 

6. The f a c i l i t y  was not  f u l l y  complying wi th  USAMC phys ica l  
s e c u r i t y  requirements.  (TaB A ,  paras  2, 3b and 3c) 

I1 I. RECOE?MENDAT IONS 

7. It  i s  recommended t h a t :  

a. Commander, Barry Diamond Labora tor ies ,  c o r r e c t  and ensure 
7 

nonrecurrence of t h e  observa t ions  ~ o t e d  i n  T A 3  A,  paragraphs 3 and 4 -  

b. Commander, United S t a t e s  Army h t e r i e l  Cornand: 

(1) A s s i s t  t h e  f a c i l i t y  i n  co r rec t ing  t h e  obse rva t ions  noted i n  
TAB A ,  paragraphs 3b and 3c. 

(2) Comment on t h e  observa t ion  noted i n  TAB A, paragraph 2 .  

I V .  PROCESSING REPORT 

8. AR 20-1 p r e s c r i b e s  t h e  procedures f o r  p rocess ing  t h i s  r e p o r t .  

FOR THE INSPECTOR GEKERAZ. AND AUDITOR GENERAL: 

1 I n c l  
TAB A - DORF 

Copies furnished:  
(See next  page) 

ROhZAVD B . SHRIVER, JI1. 
Colonel,  TG - 
Chief,  Technical  Inspec t ions  Division 
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SUBJECT: Reactor F a c i l i t y  Inspec t ion  of  t h e  Diamond Ordnance Radiat ion 

F a c i l i t y  (DORE) (FY 75) 

Copies furnished : 
1. Cdr, HDL 
2 a n d 3 .  Cdr,HDL 
4 and 5. Cdr, USAMC, ATTN: AMCSA-N 
6 .  HQDA (DAPE-MPS) 
7. HQDA (DALO-MGR) 
8. IIQDA (DARD-MRP) 
9. HQDA (DASG-HCH) 

l o .  HQDA (DAEN-SO) 
11. D i r ,  US Nuclear Regulatory 

Comiss ion ,  ATTN: Exec D i r  f o r  Opns 
1 2  and 13. D i r ,  Div of Reactor Research 

& Development, US Energy, 3esea rch  & 
Development Admin, ATTN: Asst D i p  
f o r  Army Reactors 

14.  NQDA (DAIG-TI) 

For ind  and r t n  t h r u  channels  
For r e t e n t i o n  
For a c t i o n  and r e t e n t i o n  
For i n f o  and r e t e n t i o n  

,t I E  1 ,  I ,  

I ,  I ,  I, ,, 
11 11 1 ,  $ 7  

I ,  I ,  ,, ,I 

I ,  S l  S T  8 ,  

Suspense Copy 
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TAB A 

DIAMOND ORDNANCE RADIATION FACILITY 
WASHINGTON, DC 20438 

1. Mission. The mission o f  t h e  f a c i l i t y  was to :  

a. I n v e s t i g a t e  and de termine  t h e  s u s c e p t i b i l i t y  of e l e c t r o n i c  
m a t e r i e l  t o  nuclear  weapons r a d i a t i o n  environment, mechanisms of t h o s e  
e f f e c t s ,  and ways and means o f  developing l e s s  s u s c e p t i b l e  m a t e r i e l .  

b. Conduct research  and developvent i n  t h e  va r ious  p h y s i c a l  s c i e n c e  
and engineer ing  f i e l d s  d i r e c t e d  toward meeting t h e  m i l i t a r y  c h a r a c t e r i s -  
t i c s  f o r  fuzing o r  of r e l a t e d  i tems.  

2. Fac tor  Affect ing Ooerat ions.  The lock  and key c o n t r o l  ? rocedures  
p resc r ibed  by higher  headquar t e r s  do n o t  take  i n t o  cons ide ra t ion  t h e  
p h y s i c a l  d e s i s  of  t h e  r e s e a r c h  r e a c t o r  n o r  t h e  l i m i t e d  per iods  dur ing  
which t h e  r eac to r  i s  manned. 

3. Defic ienc ies .  

a .  The ENRADMON p lan  needs  immediate updating i n  o r d e r  t o  e v a l u a t e  
t h e  impact,  i f  any, on t h e  c u r r e n t  opera t ing  procedures.  Due t o  t h e  
s i g n i f i c a n t  changes i n  man-made t e r r a i n  f ea tu res ,  p l a n t  l i f e  and popula- 
t i o n  dens i ty ,  t h i s  updat ing should  inc lude  a d e t a i l e d  r eeva lua t ion  of  
t h e  d i f f u s i o n  model f o r  gaseous e f f l u e n t s  and of  t h e  necessary  monitoring 
requirements  t o  determine t h e  impact of t h e  e f f l u e n t  r e l e a s e s .  (AR 385-80, 
20 Dec 73, para 4-3c) 

b. The c l e a r  zone was n o t  be ing  monitored t o  a e t e c t  t h e  presence  of  
i n d i v i d u a l s  o r  veh ic l e s  w i t h i n  t h e  zone s o  a s  t o  allow response by members 
of t h e  s e c u f i t y  fo rce  a t  t h e  t ime  of penet ra t ion  of t h e  a rea .  (AMCR 190-3, 
8 Nov 73, w f C 1 ,  para  9-3c) 

c .  The reac to r  bu i ld ing  which conta ins  highly r a d i o a c t i v e  s p e c i a l  
nuc lea r  ma te r i a l  was n o t  locked w i t h  two sepa ra t e  padlocks. (AMCR 190-3, 
p a r a  9-gal 

Dissemination is p roh ib i t ed  
except  a s  authorized by Af: 20-1. 
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4. Comments. 

a. The i n t e r p r e t a t i o n  of  d a t a  and t h e  conclusions contained i n  
t h e  Dra f t  Summary of Environmental Radiat ion Levels f o r  t h e  yea r  1974 
w e r e  n o t  adequately supported by t h e  information ( e . g . ,  unusual  t r e n d s  
presented  were not  d iscussed ,  ambient r ad ioac t ive  l e v e l s  were n o t  proper- 
l y  monitored and r a d i o l o g i c a l  impact on t h e  l o c a l  popula t ion  was n o t  
cons idered) .  

b .  Procedures f o r  and method o f  n o t i f i c a t i o n  of s e c u r i t y  personnel  
when a duress  s i t u a t i o n  e x i s t s  should  b e  reviewed. 

c .  Maintenance of thermocouple w i r i n g  on t h e  r e a c t o r  head needed 
a d d i t i o n a l  emphasis. 

TAB A 
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DEPARTMENT OF THE ARMY 
OFFICE OF T H E  INSPECTOR GENEil4L A N D  ALsIIiTOR GENERAL 

WASHINGTON. D.C. 20310 

REPLY TO 
ArrOiTION OF: 

DAIG-TI &G; . . ., . - . - 
~.:. 8f{!4jt !> .' ,:; 

SUEJECT: Reactor F a c i l i t y  Inspec t ion  of t h e  Dinlrnd Ordnance Radiat ion 
F a c i l i t y  (DOR?) (27' 76) 

Comander 
Harry Diamond Labora tor ies  
2800 Powder "ill Xoad 
Adelphi, >faryland 20783 

1. In  accordaz.:ce .rich A i l  2')-1 and i?R 385-03, a  r e a c t o r  facil i t7 
inspectio".  of tiie S iamnd  Or&~ance b d i z t i o n  Fac i i e ty ,  ' 1 - - '  iiasnz.ngron, ' DC 
was made dur'ing t h e  per iod  9 - 12 Yare:? 1976, b). colonel 0 t t o  C .  
h e r f l i n g e r ,  J r . ,  Off ice  of The Inspec to r  c k n e r ~ l .  f a c i l i t y  -?as 
r a t e d  SATISFACTORY. (Only r a r i n x s  of S A k T I S F A ~ O T f  IJ?~S~&'~~ISF.&(PTOXY 
"ere cn"cidnre.4 , 

2. The r a t i n g  appl ied  t o  the. t e c h n i c a l ,  hea l th  phys ic s ,  and 
s a f e t y  aspeccs of t h e  opera t ion  of t h e  f a c i l i t y  and t o  t h e  a d n i n i s t r a -  
t i v e  and l o g i s t i c a l  support e s s e n t i a l  f o r  i t s  safe  ad e f f i c i e n t  
opera t ion .  

3. The evalua t ion  was accorrplished by q w s t i o n i n g  personnel ;  re- 
vieiring proczdures,  r eco rds ,  and r epor r s  : obseminp r e a c t o r  o ~ e r a t i o n s  
and a  s imulated en.ergency d r i l l :  and in spec t ing  t h e  F a c i l i t y .  Deta i led  
r e s u l t s  of t h e  in spec t ion  appear  i n  TAU? A. 

4 .  The team chief  he16 a  c r i t i o u e  of t h e  in soec t ion  aqd pave t h e  
P h y s i c i s t  i n  C5arwe a  copy of t h e  i n s p e c t o r s '  d r a f t  no te s  and a  memo- 
randum of minor i r r e g u l a r i t i e s  and d e f i c i e n c i e s .  The Chief ,  Yuclear 
E f f e c t s  S i ~ u l a t i o n  Technology Braach, at tended t h e  c r i t i q u e .  

Copy  NO.^ 
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SUBJECT: Reactor F a c i l i t y  Inspec t ion  of  t h e  Diamond Ordnance Radiat ion 

F a c i l i t y  (DORF) (FY 76) 

5. The EfTRADMOU p lan  requi red  updating. (Recurring from FY 7 5 . )  
(TAB A ,  pa ra  22) 

6. A n  e f f e c t i v e  plan t o  apprehend armed in t r l l de r s  had n o t  been 
developed. (TAB A ,  para  2b) 

7. It is  reconmended cha t :  

a.  C o m a n d e r , , a r r y  D i a r i ~ d  i . abcra tor ies ,  c o r r e c t  and eilsure non- 
recurrence  of t h e  obs?rvarfons noted i n  TA9 A ,  parsgraphs 2 3. 

b ,  Carnnazzder9 Uniceci S t a t e s  A r x y  ?Fareriel Develooment a?d Readiness 
Command, a s s i s t  "ie f a c i l i t y  i n  co r rec t ing  t h e  cbservz t ion  na ted  i n  T J 3  A ,  
paragraph 2b. 

I V .  PROCESSING EFCPLT 

8 .  ilK LO-L prescribes t h e  procedures r o r  processing t h l s  r epor t .  

FOR THE INSPECTOR GENEMI, .4ND AUDITOP, GT3ER4L: 

1 I n c l  
TAB A - DORF 

Copies furn ished:  
(See next page) 

OTTO C. DOEELFLINGER, J R .  
Colonel,  I G  
Chief ,  Technical  Inspec t ions  C iv i s ion  
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SUBJECT: Reactor  F a c i l i t y  Inspec t ion  of t h e  Divnond Ordnance Radiat ion 

F a c i l i t y  (Taw) (FY 76) 
.> ..\ 

Copies furnished:  
1. Cdr, IIDL For ind  and r t n  t h r u  channels 
2 - 3 .  Cdr ,HDL For r e t e n t i o n  
4 - 5. Cdr, DLICO>fl ATTN: DRCSA-N For a c t i o n  and r e t e n t i o n  
6.  HQDA (DAPE-WS) For i n f o  and r e t e n t i o n  
7. HQDA (DaO-XGR) I t  I ,  1 1  T ,  

8. HQDA (Dfi,%-AOP) ,% 8 ,  11 

9. HQDA (DASG-BCH) I ,  I, I ,  ,, 
&6. HQDA (DAEN-SO) 7, I t  t 1  t ,  

.. ~. . T,aazs, 

11. D i r ,  US-=Nuclear Regulatory 
Commission, ATTIT: Exec D i r  f o r  Q n s  t, , 2  ,, 7, 

1 2  - 13. D i r ,  D i v  o f  Reactor Research 
& Development, US Energy, Xesearch & 
Development Admin, ATZN: 8 . ~ 3 ~  Dir  
f o r  A n y  Reactors i l  71  I, 1 ,  

1 4 ,  HqDA (D.4IG-TI) Sli-cnense Copy 



DIAMOND ORD?JA$lCE R4DIATION FACILITY 
~~~~SHINGTON, 3. C. 20438 

1. Mission. The mission of  t h e  f a c i l i t y  was tc: 

a. I n v e s t i g a t e  and determtne t h e  s u s c e p t i b i l i t y  of  e l e c t r o n i c  
ma te r i e l  t o  nuc lea r  weapons r ad ia t ion  eavironment, mechanisms of those  
e f f e c t s ,  a d  ways and peas  of developing i e s s  s u s c e p t i b l e  ma te r i e l .  

b.  Conduct r e sea rch  and development i n  t h e  var ious  phys ica l  s c i ence  
and enginezring f i e l d s  d i r e c t e d  toi.~erd ~ e e t i n g  t h e  m i l i t a r y  c h a r a c t e r i s -  
t i c s  f o r  fuz ing  o r  of r e l a t e d  i t e m .  

2. Def ic i enc ie s .  

. , a .  The ZNiLlDXON plail neeaen i m ~ e d i a t e  updating i n  order  t o  i n s u r e  
t h a t  t h e  d a t a  b e k g  c o l l e c t e d  ?rere adequzce t o  de temi i le  t h e  aicount 2nd 
type of  r a d i o a c t i v e  a a t e r i a l  Seing released.  {Rzcurring from F'i 75.1 
(AR.335-SO, ?!! CZC 73; p z : ~  L - ~ c )  

b .  h e f f e c t i v e  p l u ;  t o  apprehend an organized group of  armed i n -  
t r u d e r s  had not  been developed. (CA nessage 0323502 J u l  75) 

c. V i s i t o r s  were not  i ssued  o r  requi red  t o  =ea r  i d e n t i f i c a t i o n  
badges. (&ICR 100-3, p a r a g r a ~ i  9-6 zna 2i:ysiczZ Secur i ty  ? l a n ,  alianor,d 
Ordnance Radia t ion  F a c i l i t y ,  25 Se? 1975, 2aragraph 3a (3 ) )  

3. Comments. 

a.  During t h e  conduct o f  an emergency response e x e r c i s e ,  t h e  fo1lor.r- 
i n g  were noted: 

(1) A mre respons ive  method of n o t i f y i n g  t h e  bJRAiiIC h e a l t h  physics  
personnel  was needed. 

(2) Procedures used d id  not  con t ro l  adequately a l l  personnel  e n t e r i n g  
and leaving  t h e  c o n t r o l l e d  area .  



DAIG-TI 

(3) Greater  p a r t i c i p a t i o n  by medical personnel  was needed t o  i n s u r e  
t imely  ~ d i c a l  support  i n  a l l  emergency s i t u a t i o n s .  

b .  Two compressed gas cy l inde r s  had not  been h y d r o s t a t i c a l l y  t e s t e d  
w i t h i n  f i v e  yea r s .  (Recurring from FY 75) 

c. Approximately 25% of a l l  end-of-wearing per iod  readings  f o r  pocket 
dosimeters  had not been  recorded.  

d. Action l e v e l s  had not  been defined f o r  monitoring of  pool water  
f o r  r ad ioac t ive  contaminat ion.  

TAB A 





-,r-ri"'", 'C.C f ̂ ;! f P  FOR (;- r ! s ; > i ~  Lj.12 :.;: ;.L7 
DEPARTMENT OF TEE ARMZ' 

OFFICE OF T H S  INSTECTOR GENERAL AND AUO~TOR 

' WASHINGTON. D.C. 20310 

R S L I  TO 
* n m o l i  OF: 

SUBJECT: % ? a c t o r  F a c i l i t y  I n s 2 e c t i o n  of t h e  Eiamond Ordnance Z a d i i i i c n  
F a c i l i t y  (DOXF) (RFI 3-77) 

Ccraander  
Rar ry  3 iaxand  L a b o r a t o r i e s  
2800 Powder ?1Lil Xoad 
Ade lph i ,  i f a ry land  20783  

1. I n  accor6ai:xr 5:ith !>.Ti 2.7-i ~2.1 385-):5, a r e a c r ~  fcLc-;i< 
.. -. " i n s p e c t i o n  o f  t5r Diamond Crk:znse :<;~ia t i .a r .  Z ~ c j . I i t y ,  i.iasb~i.p?tonv I:,<, 

.- . . ~ .  
was clade s i t r i n g  the - ,~r i i . t  21 -. i i  :!arch 1 9 7 7 ,  by .:z>l,ol;iz: . >z t3  2 ,  - voerfi,j:-ger, 7 .  5 f f i . c e  of Insp~c~c : r  C:-;criL, T i e  - ,  . . .? .: 

- ? .. r a t e d  SA'T1SFACTOP.Y (Si'?FOXT ij>jS.+LrijFACICIW) becaci.* 3: 1 ~ j . i ~ : ~  ti, 
- .  p r o v i d z  3 sec l i r e  eiivironme:it f a r  r b e  n t i c l e a r  reac:z.2:- a s  rAotzc  21: ;?arz- 

. .~ i z x ~ . - ~ ~ ~ ~ e  ..L .. cb - ~ .. , .: .... grap;: f, b t i c w .  ' - , e i i - -  m~.+i : - .n  t.a:rcr, io -.----..-r 
LJ , .? L. .. 1 .> ;. <Z - L , ~: 

c c n d i t i a n  and a  r e i n s p f c t i o n  r a t e d  t h e  d e i i c i e c t  z r e a  as SATISYAcT^iTi.  

2 .  T!le r a t i n g  a p p l i e d  t o  r h e  t e c h n i c a l .  h e z l t h  z h y s i c s ,  an6  
s a f e t y  a s p e c t s  of t h e  o p e r a t i o n  o f  t!ie f a c i l i t y  a-:.' t o  t i e  -'d;linis!l-G- 
t i v e  and ! . o g i s t i c a l  suppor t  esse;::iai f o r  i t s  s a f e  ;iad ~Efiritni: 
o p e r a t  i o n .  

3 The e v a l u a t i o n  w a s  acccnclishe:! by ques t io r i ing  pe r so- .n t? .  > 

review in,^ p rocedures ,  r e c o r d s ,  and re?or:s; o b s e r v i n g  reactor opera t i c -2s  
and a s:Lnu!.ated emergency irG1; and i n s p e c t i n g  r:1z! f a c i l i t y .  

4 .  The n i s s i c n  o f  t i e  f a c i l i t y  was t o :  

. . a. I n v e s t i g a t e  and d e t e r m i n e  t h e  susceptit.i:i:y r ~ i :  e r e c t r - - - ~ ' -  ui .L i  

mate:',e1 t o  n u c l e a r  veapons r a d i a t i o r .  enviro?~.en:, ?eck-?r,icrs si t k c s c  
e f f e c t s ,  and ways and means ;f d e v e l o p i n g  less  s u s : o p t i b l e  n ~ t z r i z : . .  

Copy I j -  /A- - 
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SLTBJECT: T e a c t o r  F a c i l i t y  I n s p e c t i a n  o f  t h e  Diamond Ordnance Rad ia i io r i  

F a c i l i t y  (DORF) (WI 3-77) 

b .  Conduct r e s e a r c h  and development i n  t h e  v a r i o u s  p h y s i c a l  
s c i e n c e  and e n g i n e e r i n g  f i e l d s  d i r e c t e d  toward m e e t i n g  t h e  m i l i t a r y  
c h a r a c t e r i s ~ i c s  f o r  f u z i n g  o r  o f  r e l a t e d  i t ems .  

5. The team c h i e f  h e l d  a  c r i t i q u e  o f  t h e  i n s p e c t i o n  and p r o v i i e d  
t h e  f a c i l i t y  a  co?y o f  t h e  i n s p e c t o r s '  d r a f t  n g t e s  and a meriorandum of 
minor i r r e g u l a r i t i e s  and d e f i c i e n c i e s .  The C h i e f ,  3 u c l e a r  R a a i a t i o n  
E f f e c t s  L a b o r a t o r y ,  a t t e n d e d  t h e  c r i t i q u e .  

6. F a c t o r  A i f e c t i o g  O p e r a t i o n s .  Oae h e a l t h  p h y s i c s  o p e y a t o r  was 
ass ig i ied  t o  .3 c o n t r o l l e d  n u c l s a r  d u t y  p o s i t i o n  f o r  a  p e r i o d  i n  e x c e s s  
o f  180  d a y s  i ; i t i i  a  SEC?Z:' s e c u r i t ? ~  c lea-rance  bar;sd o n  a?: S c t r i n c e  
;iat i o n a l  A ~ e n c y  Checi;. l?o a c ~ i o n  had been t a k t c  tr! u>grade t h e  i .nvesci -  
g a t i o n .  (AR 5 0 ~ 5 ,  15 ii' 76, Gar2 3--3b( l )  and 3A<i:C:'! su.>3lemsz: 1 t o  . - 
AR 50-5, 1 0  5c1; 76, j j i i t j r o n  t o  ? a r a  3-3b(3) (f)) ( i \ t t r i b - t e d  Lo v - .  . d J . t Z r  

Reed Army : Iedical  CerLrer:l 

a. A d r a i n a g e  ? i p e  undzr  t h e  ~ e r i m e t e r  f e n c e  had  a n  oper i r :g  
g r e a t e r  t h a n  96 s o i i a ~ e  i.ncl?es and was n o t  p r o i e c t e d  secul-el:? fasL-.ned 
netal .  g r i l l s  o r  b a r s .  (AMC Reg 190-3, 3  :Jov 73, w/Ch 1, p a r a  3 -9b i i j )  

b .  The energency  equipment s t o r a g e  shed wzs n o t  p o s t e d  w i t h  a  
"Kad ia t ion  P.reai' s i@ when t h e  ~ e a s ~ r e d  l e v e l  o f  r a d i a t i o n  a u t i d e  t h e  
shed  w a s  i n  e x c e s s  oi 10 m ~ / ! ~ r .  !.i;i: 335-30, 1 8  3 n v  7 1 ,  p a r 2  3-15; 

8. It  is  recom.ended t h a t :  

a .  -der, Ziarry Diamond L a h o r a t u r i e s  , o r r e s t  an6 e n s u r e  
n o n r e c u r r e n c e  o f  t h e  o h s e r v a t i o r .  no ted  i n  parz j i raph 7 .  

b .  Commander,  Uilited S t a t e s  A r m  - Zea l t i ,  S e r v i c e s  Connand, e n s u r e  
n o n r e c u r r e n c e  o f  t h e  o b s e r v a t i o n  i n  p a r a g r a p h  6 .  

I V .  PRCCESSIXG REP= 

9. AR 20-1 p r e s c r i b e s  t h e  p rocedures  f o r  p r o c 2 s s i n g  t h i s  r e p o r t  

2 
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LAlG-TI 
SUBJECT: Reac to r  F a c i l i t y  I n s p e c t i o n  of t h e  Diamond Ordnance ' l a d i a t i o n  

F a c i l i t y  (DORF) (RE1 3-77) 

V. RELEASE 

10 .  Dissemina t ion  o f  t h i s  r e p o r t  o r  e x t r a c t  t h e r e f r o m  o t h e r  t h a n  
as  shown on t h e  d i s t r i b u t i o n  l i s t  i s  p r o 5 i b i t e d  w i t h o u t  s p e c i f i c  approva l  
o f  The I n s p e c t o r  Genera l  and Audi to r  General .  

FOR THE INSPECTOR GENEW AYD AmITOR GENERAL: 

OTTO C. DOEQ2LIXGER, J R .  
Co lone l ,  I G  
C h i e f ,  T e c h n i c a l  I n s p e c t i o n s  D i v i s i o n  

Copies f u r n i s h e d :  
I. Cdr, HDL 
2 - 3 .  Cdr,HDL 
4 - 5 C d r ,  DARCOM, ATTW: DBCSA-Id 
6.  HQDA (DAPE-XPS) 
7. HQDA (DALO-XJP) 
8. HQDA (DAMA-AOP) 
9 .  HQDA (DASG-HCH) 

1 0 .  HQDA ( D ~ N - S O )  
11. D i r ,  US Nuc lea r  Regu la to ry  

Commission, 4.TTZ.I: Exec D i r  f o r  Opns 
12 .  HQDA (DAIG-TI) 

E x t r a c t  f u r n i s h e d :  
Cdr,  USAHSC 

For 
?or 
For 
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. . A .  Szfei'J 1,inli: 2r2 l i - i t s  ~ 1 2 3 ~  i:?p-.t.lr,t p rocess  ;izrizb>.es 7.jhlch ar: .PA- 

found t o  kc- ?-;.z?ssa:.y io reasonzbly 2 r o t e c t  t h e  int--r -;- i t y  of c e r t a i n  

of til? p?,ysizzL b a r r e r s  ~,.,hic>. c z,lerci a - - i n s t  -. the  un--.,;olled y ~ l e z s s  

of radioa.:ti.;ii;.r. 

3. I,init:nf; S.̂ ?:i:: Sysiz:: - S e t t i r s s  z r ?  s e t t i n ~ s  for autc:.?tic p r o t e c t i - i f  

dev ices  r f l s t s i  t o  tbcse  v a r i a b l e s  having s i g r i f i c s r t  s a f e t y  f u n c t i o n s .  

The s e t t i n g  ;i:zLl. be chosen such tkt  a u t o m a i i c p r o i r c i i v e  a c t i o n  :.!ill 

C. Liplitiilq 's?iiyio:is fgr D?s??t ion  a r e  t h e  lo'rest f , , , ~ 8 - L i  ----- - I cac.ziil',l:y - 
. . or -.-.. 7-.- ' .  37 , -  ~: l>\ .=l :  ' --. cf e c ~ L ~ ~ 2 ! : . ~ ~ i $ "  :.=qpir:c f a r  s.5fe Qf  ?>? 

f a c i l i t y .  

D, ps!~-:jejl-]?r!L2 ::=-qi-~:--=7ts ~. .. :**- .& +,LG -:~- - - - ,  .cLLlfI'E?!Z?%~ ??1?t.i7!~ t3 ??st2 

c a l i b r a t i o n  o r  i n s p e c t i o : ~  t o  a s su re  t h a t  o p e r l t l o n  !!ill be  wiYnin :he 

Technical  S_rs:liicziic:!s. 

E. Q s r z h l e  cs-:; z c-rci7-i-nt o r  s'isizn i s  capnble of  z r f o r r r i n ~  i t s  - 
. . . . - ~~ . . . . . . - - ihtencls3 f t lnc t icn  i n  5 . n s m a l  manner. - -  . . -  . . 

F. Cperat ing nea'cs a co::iponent or systzm i s  gerforming i t s  in tended -- 
func-l;on i n  its r o r z a l  zanner .  

G .  M e a s i i r i ? ~  Ciiz::el i s  a conbiriztion of s enso r s ,  c a j l e s ,  r_r.pl<fiers 2nd 

o u t ~ t  de-;ices A i c h  zr2' connected for t h e  ourpose of rrsasuring i h s  

va lue  of a  r e e c t o r  v a r i a b l e .  



. Scrai;, i s  i n t e r r ~ p t l o : ~  o_' m*~:?zi  hcl<ing c u r r - .  ' - P  '1- - L  
. . 

--- -..u "L L~ a~?.2a&rc c o n t r o l  

r o d s  o r  t h e  a i r  h o l d i l g  p ressu re  of the  t r a n s i e n t  r e<  such t h a t  t h e  cont ro l  
. . r o d s  fa l l  'sy &rz-i:-,li- :fito the  rezcior.  c e r r .  

I. S a f e t y  I z t r i o c k  S:;siz:n i s  th?.i cc~zbin?.tion of ae?.sur.j~r!; chzfln-ls and 
. . a s s o c i z k 6  c i r c : ~ ~ x r > -  :.?'riich forms the  autei-st j~c pi-otsctix;e jyster? for 

the r e a c t o r  o r  proi~i6.es infornztl .o> i:hich r -qu i res  manual p r o t e c t i v e  a c t i o n  

t o  be i n i t i a t e d .  

E;. Sten6v St- . te  i,lcj&e i s  tk.2 r e a c t o r  c ~ f i d ~ k i o n  ::he2 ?.I? ry?ctor. 535s ~ C i e z ~ o r  
J____  

sr.,<ic. is in t h e  s + ~ e 2 i y  s i l t s  31. ru+:o:!i-.tic p o s i t i . c n . .  I n  t h i s  z3i?fz the  

r e a c t o r  yo:i~r r-zy he :?e].d con%l?:-t o r  z : ? z ~ ~ e f i  e i tke r .  ~ ? r : ~ ~ z l l j i  'JT b j ~  Sr ' iC-  

a c t i o n  c f  3 c o n r r a l  rs i .  

-. .. - . . 
L. Sou l re  !;?-ic ,.:c?e i s  -d.-forz of s tez . f~y s i a t ~  ~ ~ e ; s i j G ~  - :*:en :h: _ - L O ?  

mode s e l e c t o r  srr i tch i s  i n  square 5:s-ge mode _oasi t ion.  In  t h i s  mode the  

t r a n s i e ~ t  rod i s  e;ected f r o n  ine  core and o u t  ul : t i l  s c r e m f r l  Sy 
. ~. . . - o p e r a t o r  %ction.- -:Tie r e g c t o r  ->over is5rrcfea 'sad on>er '_od<ess thsn- . : .  . 

one second and is  h e l i  a t  a ,constznt  poxe? by seryo-act ion  of t h e  T r e n s i i ~ ;  

rod as det.eru!ined by e power demar?", s e t i i n g .  

M. - P u l s e  1*!03e i s  t h e  r e e c t o r  c o n d i t i m  rrheil the  r e z c t o r  mode switch i s  i n  
. , the p u l s e  rode  g o s i t i 0 2 .  I n  tinis irocie, the trans?;ci. r ed  i s  e j e c t e d  

f r o n  t h e  core  and is  s c r e ~ m e d  autorcs t ics l ly .  W.e r e a c t o r  po;:er increases  

on  p e r i o d s l e s s  t h e n  one second. Tne por:er excursion i s  s e l f  quenchin& 
. . by t h e  p ronp t  ni.gzrzTre t axpera tu re  c o e f f i c i s n t  of  r e a c t i i - i  ty . 



- N. S'ie?<;.~.,; C!~r:,.:ni ::!- e r o c  k2-;irz s ;?c-uiru!i zissr:Jer -- ~- upper s?ciion 

and  zr? ~>&'!iir::.r; a r  l u z l  follorie1- loi;tr s e c i i o n .  It has an  e l e c t r i c  

motor g i t r  d ~ r i v e  z - :  --... - 2 -  ,L..~ ~ C r i : ?  cz.>abilT t y .  

-, . . 0.  Tr?.-iie:' '!o?:rnl. - :.-:: ~s . r3: l iz~:i~g z 3t.utrol ab;3r.>Cr Upper 'Zec t i9n  

2 3 d  Zii 2l:;::ii::.l-: c r  c.5: fnLl_n;.:ti lo::r sactior;. It ez; i  or 
'- '. L.orn m e  c3:z by e n  electromechanical  d r i v e  and h a s  scrsnl 

c a p e b i l i i y .  



t h e  Harry Di?.c~~ni;  Lsborz t3 r i e s  (531.). Tne Rrdiatioi! F a c i 1 i . t ~  u t i l i z e s  a  
. . T R I M  I.Izri; 9 S?nci3; as u r i n c i p l  . research  t o 3 1  i n  iiil s tudy of the  

e f f e c t s  of r.e.i:rsn sz? Gritas. r t l d i z - l i~ f i  on e1ectric.l  z.5 e l e c t r o n i c  cc:c~om?nts. 

Various r ~ d i a t i o n  e f f e c t s  car. be s tudied  with coap l s t e  5 5 f i l t j  u.n6e;. con t ro l l ed  

The DOiiF T5IGA ?-lark F Reactor ~.res designed and b u i l t  by Gulf General 

Atozic ,  San Dieco, C a l i f o r n i a .  1-1 i s  an i n h e r e n t l y  s a f e  r e a c t o r  desidned 

f o r  both  s teady s t a t e  arid pulse* operat ion.  It h z s  t h e  des ign  c a ~ a b i l i t y  of: 

( 2 )  Tqe GC?? i s  1323tzd !ii t ' i in the  n e t r o p o l i t s r  E??:. 0 3  :.!?shi?in!l, D.13., 

a t  t h e  ForestCl1-n S e c t i o .  o f  the 1,:slter Feed A m y  :40_5ic?L Cer~irl. ( l i 6 f i . l ~ )  , 
?rIn<ch i s  eizk:. r i i l e s  frc:i t h c  cel l ter  c f  !,!ashingtor?, 3.'3., ??i ~ppro:<i?!?.i.tsl~- . . . . . . .  . . 

. - t o o  m i l e s  so~.:t:?. 3f ~ e n s i ? i t . o n ,  ~ z r y l ? c i ; .  m.2 For-cs-t ~ l s -  s i t e  i s  in 'zrea' . ~. 

of ~qx-ax i?z teL : i  1$L! z t r i s  o f  r o l l i n ~ ,  pz r t l s l l ; ?  WZ)?~?% a r 3  c l z s r e d  i r e z s .  

on which 2 re  lozeteci b o t h  r e sea rch  1abor.ztory f a c i l i t i e s  e;ld h o s > i t a l  

P a c i i i t i e s  f o r  p s t i e c t s .  The s i t e  i s  locz ted  i n  a coKz.er.cLe1 and r e s i d e n t i n l  

area. 

(b) 'The r e a c t o r  is l o c a t e d  nezr the  southern borcler o f  t h e  Fores t  Glen 
1 

"l / r :  . 
S e c t i o n  (FGS) about  im f e e t  f ron  the  nee res t  r e sea rch  l z 3 o r t c r i e s  ecd abo-t  ' - .?.  .:' 

r~ 

500 f e e t  n o r t h ~ ~ z s t  of R r o o k v i l l  "odd, r:hich bounds t h e  ~ r z p e r t y  on the  

sou thegs t .  m.e k.2 a c r e  DOw s i t 2  i s  sl~rr@u[ided bgr ~~roods,  excegt  t o  the  

n o r t h e a s t ,  :,&ere a l c r g e  open f i e l d  seps ra t e s  it f ro% t h e  r s s e e r c h  l z b o r a t o r i s s .  



. .- .. . . .  . . , ,<J yfis r~2.,,iaar ~ ~ ~ j . ~ ~ ~ y ! 2  is er!cj,rcle& b y  ?\?]:;sio;: ? Z L ~ C C Z  :,;lz!i 5. r,>nl.~s cf 
L.. 

I d  
aoprox: [-. , +-1 ., ,;l~ri . ?-.=- . . Access t o  i l l ?  ex~.!usio". PL-tz. i s  Cor~ t ro i l~e<  ?.t t h e  
L - 

s i n g l e  enA6ra!-!ce g?.te. 

The b u i l d i s g  cori tzining t h e  DO?? Y'EIGA i s  65 r t .  by 5s fi. and 25 ft.. 

high.  It has  bsen desi_-sed t o  o.i?erate a t  a s l i g h t  n e c r t i v e  gressrrrn. The 
L/< ri+ 5. b~:;, 

0 
a~r--con.3i~~.f3r~i~1~-s'j~s.i.t.~~ e r h a u s t s  a l l  a i r  fro?? t h e  r e a c t o r  b u i l d i n g  through : 

a b s o l u t e  f i l t e r s  and o-t a s t a c k  45 f e e t  ahc:!e grs,j.nd l e v e l .  t 

i a j  ll?e col~3 2sse::~,a;j is J , - , - ~ L > ~  . L . A i7 ,.:i,e . ooti-,:l of 3 15,OCO &al!.on 

al~lzlin?.;.:! r t z c t o r  ter!: ; i l i ch  is apprc-'-qatelji 12 f e e t  ir. &ip,rnetzr ~.;!3 19.5 
! 

f e e t  d r e p ,  Z!? o r e  zs;si?blji is s,:~s_rsg&?< by 2 s2.sc,ort - - s'L,ructurz fzczl a 

motor-&riven cr;-riz,:. Tne czrr ie-e - i:; n o ? . ? t d  03 C Z ~ ~ S  .?.t th2 of y:e 
L ~ a n k  ar?d i s  c sg rb le  of  t r sve r s i c :  ti?. te-li. L p i r  of 1c-ton Leed sh121? -. 

doers  a r e  Locate2 i?. I:-.: -I%;;:: +lo allo:! access  t o  2.2 - roe:;! .i;?ile ths d 
r e a c t o r  i s  ossmrfn ;  5 ;  i b s  o p p s i t e  e;?< of 7 - , L p03l .  

( b )  The r ,ezcior  co re  <orris a cn?~pr_ct :yli~n:sr. EL?",c~~&s-IS of P l z + t i ~ e  

o f  ab0u.t 85 c y 1 i n d r i s . l  fue l -zcders tor  ?ie.i.c?~~ts ( :?ax-;c:ur,l i?7 ele;!er?t~ ), 

four  c o n i r o l  ro6.s a;?? E seutroi l  source ho lds r .  CSY corc:po~ents -?re cont?ir.e< 
. . . . . . . . :bet+r?.e-n Yfie oppi? 2rd- lat ier  3lui?i_nu~? g r i d  ~ 1 s t e S  521 ~ r ~ ~ u n d e i ?  5ii:aa . :. . ~ - ~ - 

. .. . .  . 
a l u m i n ~ ~ x  shroud, 13 i r ~ ~ c s  i n  ct~zmet?r, :.r:,c- s ~ 1 c ~ c i . t ~  - . t h e  % r i d  p k t e s .  

Holes epproximetely 1.5 inches i n  diameter i n  tne  upp?r g r i d  ple'ie spsce 

The f u e l  e l e e s n t s  en? z g n t r o l  reds  m d  e l low ue tk r  t o  flow ouf of the  core 

and through the p l a t .  Holes i n  Ynne lower g r i d  o l z t e  permi t  coolant  passsse 

throuzh t'le s l = i e  aE5 r2-eij.e the  Zuel e lene?t  10:--er en6 fi:ctures. 



- 
en?- ichei  urs.pi;i:?. f u e l .  i:z a c t i ~ ~ ; .  p z r t  of each ele^ie-.t c o r s i s t s  of 8 

cyi indr icc t l  rod of i~r?..:i3;_7:-zi.rc3iir..:~2 h y i r i d e  ccn tz in i ; ig  3 :.:eight $ of i ~ r a n i o ~ :  

enrici ied 'to 23 5 i n  235 ,.~.rzrlii).>. 'pAe hjid-ogen-zircorii;xj; r a t i o  $3 -:.out 1.7. 
. . P.0.25 i nch  rii?.r?';rr :Lr.:s?iu::? F ~ y c r i - 2  red p ~ n s  T C Y S U _ ~ ~  tile ce2.tzi. of t he  

a c t i v e  s e c t i o i ~ .  Grep!?i;s slu.gs 2 c t  a s  t o p  and bottorn ceutroi i  ref iec ' iora.  

The a c t i v e  r eg ion  and g-eohi te  s l u s s  a r e  c l a d  r i i t h  0 .02  inch  s t a i i ~ l e s s  s t e e l .  

The o v e r a l l  di.-iensio:ls 35 t he  f u e l  2lerrent a r e  33.37 iilcl-:?:: long by 1 . 1 ~ 7  
- i n c h e s  i!i di t !netcr .  iz s i d i t f o n  t o  t h e  s t e n d - r d  f ~ ~ e l  iiioiier3ior ele- ienis ,  

, . (a) ~n g e n ~ r r . ~ ; l x  .. : 3.1:15e1 t:le 509 re?rci;or - ~ r i o ~ .  C:zy b=. 2 s  8.5 

2 zil.l:srca7L,;5. T::E < l 3 - - ~ - -  va-~.,,7i . L - -  scrzm syste:: i s  t o o  s1ot.r t o  -le~.r?.in?rte 

this e ~ c u r s i o : ~ .  Tcr  s i - ~ ~ ~ : ~ t i ~ ~ : , q  :*esal*s :: , ro..! ., t.he lar,-e cr.c;z:gt n e ~ a t j j ?  te-uer-  . 

. .  . ,  aic,re  c o e f f i ~ i $ i : t  of r t . z ; l v ~ r ; r ,  17: 5:lher::lt a rcr ;z r ty  . - of 2ihs urar:i~j?~-z<rcoi>i"~? 
, .  . hyciriae f u z l .  T c i s  z c s f f i c i e n t  a r i s e s  pri!::3rilv fzor: c:ie n ~ r j e u i - g  c; t h r  

neutro!] s p e c t r u ~ !  zss3c:Zteil s i t n  i2-2 bea t ing  o f  ti?? uranium.-zirconiw:? hysri i le .  

Other contribi:t<o:?j rye  s:-;~izo.-- 5 - r ~  i's S=p_cler brr,zje!l<n; -,f tk-  u-232 

a b s o r p t i o n  reso?:?.~c-2s 51 t h e  e :cpls ion  of ~ i a t e r  from t h  core  ilur t o  t:?ermal. 

expansion of ik:e f u z l  sLz?ieni. 



mis s p e c i f i z z i i o < ~ , p p l ~ f e s  t o  t:-e i:~.a>:iis~.ri te- . :crai~~ie . 91 t:?e f ,~ .e l  

2 t t e i ~ e . l  +;x:ng zLl !:!oCes of operat ion.  

spz,<,-7~ - . r--.,-,-.,. 
u..Li l,,,.-.i~~,~. 

Tpe - - ? - ' .  3 2 " ) ~ : : ~  -. 7 
. . . LL:., ;cr :b= pg~lse an< "i'""; j:.z,':: -.'-l'z . of' 

a t u r e  r e t i o .  

advente&eous ' o e c ~ u s e  these  higher-hydride cor;lpositicr.s a r e  s i n g l e  phase. 

'beyond 1 0 5 0 " ~  an3 a r e  not sub jec t  ro  phase s e p z r a i i o r ~  on " i = r i i l ~ i  LL.--  cling. 

Lower hy-drides, vhich a r e  used i n  m-py lover  porier TXICA cores,  he-is a 

s u 5 s t z c t i ~ l  ::olyLrie c:?zr.cs - s s s o c i a t s d  ;iith oh?se trensfsrr:.z5ions a t  
. . approxizztzl?-  533 "C. Tnis. phase and vopme cb.a?g= co.cp~e.2 r:i th tenper-  - 

a t u r e  &rzd ie? t s  throuch - the   el elexent  cen e r u s s  d i s t c r t i o n  o r  bsndinz 
. L. i n  P2'1-1 zl??e-ts ii ~ n e  1o : ; s~hydr ide  i s  u s r a  e t  tez;eratures t33-ie 

- * (') G ~ A - ~ E , " ?  K ? e t i $  Behavior of  TZICA I irectcrs ,  5.3. !,;;-st, e-t e l , ( ~ ! a r c h  1%;) 



.,2pproxi:.iste1y 53~~,2. Y . - ~ - . $ A ~ ~  iij of : .65 ;a 1.7 -. ...c. .- s2.9;il.:l:dif].~3. L Z. , rd5J  c: fram - 
t h e  phese boundtry et 2pproi:imztely 1. j (61.4 i t o x  p?rcr.?t) ant! !:ere chosen 

f o r  t??e orir:<::5;l !-:i.?; :-?rfs-rzr,c- TzLCi.. -1e::?z<s tg ers;y-  i _ n c i e  oha.je 
b - .  c 

. . composit ion even u~d2 . r  e x i r ~ ~ i 5  texpi i ra t j r?  ~ l - l s l e n t .  2 r f i  l?z;:in~ r 2 t e  .?onfiiticc;. 

. . .  . .  A p o t e n t i s l  11::l=~z;101 on t h e  nixiz:'.i:i f n e l  tez.~cre.:'iie i s  i h s  p o s s i b l e  
. , d i f f u s i o n  o f  hydro;?? ? roc  t h e  f u e l  with ?I r ? s l l l t ing  ;jr-sslu-e xa rh in  r?icro- 

scopic: v o i i s  i n  t.he ?~?l b35jj and i n  the  ~ z 3  i l l  t h e  f i i= l  c t n .  30.. .:e7ier, 

i n  r e c e n t  expcl?"ri!ner.is a t  C z l T  Genera.1 &toizic ( G C ~ . ) ,  fi!ezs.;.rr.nznts hevs been 

made o f  t h e  i n i e r n t l  p r e s s ~ a r e  i n  the f u e l  zzn f o r  pulses  y i e l d i n z  a l o c e l  

peak t e n l p e r a t ~ r e  of  s~:,ra:.:iri?tely l.1CCo~ (:alcuistsci]. 3 e  r e s n l t i r ~  r i s e  

s~>ro>:::::T.~~l;/ 2!: .:5< c.::?~g3rc:d .,,iiib 575 ;si 3:-.e&ic::5.i ::.2::: *c>,j~j~ij,bri,;~::. - - - . 

st-.-&>- jt:te &t.. c~:< #-.or: (12.0crz<.37j) e:..;,:r~:.!<:::<s 2:. Tj-Z:~:; 1e.7 1";- m. .- 3 

s e c t i c c s  h~xj- .  cc::fi-.:-~t% ti-:? lo;:-r hydro;?? uressurcs  <or- tri:sieir telru5:- - 
. .  . 
L - L a u  -L>Lz L~,~o?-:-+L .---:. etures. F,--.- ' :T-lr:; ,.<: .. =.-,?-..: - - - -  . . 

-.-% . , . . s  : 12 

t k e  f t ~ e l  c i ?  %s z ?ific<ia? af ? e s z i [ ~ z  r z t e  2-26 f5t'L -,:ii>.~3.i~!>. ~ . ~ ~ < ~ ~ s  rz.;es, . - - 
. . . v  r . r e .  y :  2 - ; : .  2 , .  ups- 

c o ~ l i ~ z  of :;>Ls~ slls:, :$?:j-2y<<i+c: - >,.,+11 o:::;: 50 th:~< :-La rssi*.:2> !:7&yo-e:~L 

i s  l e f t  i n  the Piiel c l z d  geg. 

. To d e l o r s t r e t e  r;? high t :~ .~er .z tu . r j  c.-n~;ji 7 iL-. 01' :>c ,EIc-A elein~rvt --- A -- "' 
GGA he5 p ~ l l s e j  t h e  >.Tl% (~2j.iznced T Z I S i  Isrototj?;e'icl?"zc:o-) - . , A LO pe?.k Fae l  

, 7 - 1 - ..-: -.--- -"-7 -- --' ---.a?.T,- 
. . 

L L ~  ?L . -~ -L . "  L- - -  L--.-- a:- E~.-L c.;=.k< cl< 5k :-:..* S ~ Z Z . ,  z::.12T:2?. 2 >?zk 

power 02 ~?%c:,L?, 2 p l s e  v i d i h  of 5.5 msec. 2nd a peak f u e l  temcerzture 

bf 1053°C. S iace  t h e  e-ergy r e l e a s e  i n  a 2 u l s e  ,is a funct ion  of t h e  _oroc!pt I 
. - A- r e a c t i v i t y  i n s e r t i o n ,  rne G J  e?c-perin?nts i n  t'ne A E 2  have i n c r z a s 5  t h e  I 

t e s t e e  serfol-nancz cl t i s  sYs:em t o  e lac to ;  of z b u r . l . 5  o;er $L 3illsr. i 
c h e r e c i e r i s t i c s  of t h e  303P T3.164. 





po;.rer z t t a i aed  pulse operation.  

To assure ihai; zn autoza t ic  protecti.ie actior. i s  i n i t i a t e d  before 

a sa fe ty  lirlit i s  e:cceeSed. 

1. 2 < , f , d - L . x  . .  .. c , c i ? 7  F,2$; ~- 7CCY!-. / j 

2. Tne n!?:~i.!!ii~~! ~ u i s e  pesk poircr ~* . e l l  not e v c e ~ a  5,500 l.;!.!. (11~5 4 
of Fv.11 :.czl<:). 

r P S T - 7  . ~ l C ~ C  
. . 

- > > - - - 7 a .  -. ."-- -- 

I 
1." ,- -L ... ap ; iml . - :  . fcllo:;?r on k . coc t rz l  roL e T ~ ~ S U ? ? :  

tenperatare  of 700"~ corresponds to  a  cal.culaAced pa:; t e q e r a t u r e  01 
1. 

P o -  , ? A  is . - -  ; L. c,-';L~. --. - LJ l i x i t .  (1) :;;_ . . -,.. :._ . * " - 2  
- / -  . a  r i L  -i.,- I> c->c.A 2:: 

1 
a  &zxifi,i:i ze?.sureC f u e l  temperature of 600°C f o r 2  $ 4 . ~ i t i  reactix;icy ir.- j 
se r t io r .  r c p r t r ?  5y S:!Lf Ssneral  Atonic (cG'.) an5 a c:z:iir.'z..gool tz;?s?r.st.~rc 

j 

. . 
. .  . ox . . .  60". . for .  . the Q0KF r e a t t o r  (.III-2). . , . . .  .. . . :. . . . . . -  . 

n 15s ce lcu l i l rd  r2z.k ~or.rsr  fo r  a  $!&.SO 5 ' 2 ~  r~.;-c.i$;-it:; ir:,ertlc? is 
- 

9 ? For a $5.00 r e a c t i v i t : ~  inser t ion  a t  GGA the ~ e s s u r e d  peal=. >over 

,wzs 8430 &ST a d  the peak t tnpera ture  was 10j0"C.(2) n e r z f o r e ,  a  ~ L C $  of 

full sca le  i imit ing peak ~jo!.rer s e t t i s g  0 1  5,500 t.!V corresgonding t o  a  

1\21 t~;rper~;uc-e of 6gC°C is  c0r.s-r-retive an6 saF2. 

The p l s e  l i m i t i ~ g  safe ty  systems sett:ngs Ere therefore  dualized for  

both pelk file1 tempsratures and seak po!.rer. 
.GGA-- 7- --' 

33! ~ l c e z i c  3?:1a~ior 01  riiEICA Xeactors, a  1?<7). 
rj.-o . <,  - ,  (2) - 3 ,  L L ~ O L L ~ I ~  Tests  on S ta in less  ClaS T31i-A 3.ieL ZIecoents Subjectsd 

t o  h'is? Rsactivity k s e r t i o n s ,  ( Ju ly  1965). 



111-2 sTE$.y< sT.:\~,z ~ ~ ~ ~ ? , ~ ~ ~ ~ ~  

APi'l,I.:;iILZ"' - 

%is spec i f i cz i i on  appl ies  t o  th?  ri:?.xir~u~n reactor. poiisr ati2ipe.i 

dur ing  s t e rdy  s t a t e  operaii.on. 

To assure  thz t  i;he l im i t i ng  szfct,;r systera seti<:?r:s - z re  exceed55 

Cciai z:J+-o;::<ic .~.,.--G-L<-,- i , .Y;-i L,.,; 2 C ; i o 1 ?  is f n i t i a t e d  b= :'-,-.= -~.- . . d - ~ ~ - ~  Li.e safety  linft - 

2. Tae in iegrs ted  po:.;cr a t  steatiy s k t e  paver jhill r O i  e x c ~ e d  

1 me,-r:..mtt hcur p s r  dsy.  

BASIS - 

. . Selec t ion  o f  the . l i m i t i ? . &  : s f e t y  sj-stern sei r1~: :  . - fo r  j t e l 4 y  s t a t e  

opt-rak.ion i s  5zseci q 3 n  o_~e rn t ion  of 9tiier T&A t ~ i p z  rer-ctnra ~t hot;? 

GGA and o+Girr facTLit ies  whicn use the  seme t f l 2  feel elements a s  DOEF. 

Exper ier~ce n i  GC-.4 has shown t h a t  fir reactor  power le - ie l s  . ~ r ;  t o  1 .5  

megawatts t'ne m ~ x i i l a ~  f i e 1  temperature i s  510°C and i s  v e l l  belori the 

s a f e t y  l i s j t s  ( I ) .  t h r  D03F r e c t o r  Yfie caximir s tes6y st?.te p w ? r  

i s  L nega:nt t  and the  corresponding r%ei tenperzti:re i s  ebout 4 3 G 0 C .  

(1) GGA-57% 3eserrch i n  Improved TFlIGA lieactor Pzrlormence, (October, 154) 



4. l o s s  or^ con!.snt c r?~culz . t i i .~ .  (2) maCc f o r  the 'iz? badr ide  s t a i n l s s s  

s t e e l  c13? ils::e?C 5k.o:;~ iiiei tke  :>-1~2]. tec:~i::.st;;re rzz;^ss z 1.91(;mrl!!: of 

733°C: e:~d tk i n r s r n a l  s t r e s s  31 c lzdding x.muld be 537C s s i  if the  19s; 

of c o a l a c t  occurs a l t e r  an  i~finit- run a t  1 PC;!. Tfie y i e l i i  s t r e s s  of 

304 s t s i n l e s s  s t e z l  a t  783°C i s  12,393 p s i  and t k  u l t i n s t z  s t r e n g t h  i s  

24,SCO p s i .  Consnqueni;ly, i t  i s  cs?clt:ried t h r t  l o s s  of  coo len t  a f t e r  

p r o l o l ~ e d  o_seraLiOn a t  1 i . I  v i l l  n o t  r e su l t .  in t h e  ru_nt l~re  of the  f i e1  

cl?&iing., 



D,r l<~;.!~.:!j;: c t ~ : : ~ ~ ~ ~ ~ : : ~  ~ g s  r>z?r" ,. 2.~+!LL'.,!, TxTT-'7 

. . 

lJJ -1 pYZ:.:.c'I"g3 1':5?-!1';7 F > i . ~ ? ' f ~ O ~ !  
-- -- 

AFpLIC~fiZILTTI 

m i s  spec- I ~ ~ L = L L A ~ L I  - ' - -  A =  ap2lies t3 sieady state, sqc~-.rz :.rzve and pulse r?od.zs 

To speci?y the minimuin reactor instrr~m?ntation a?d associa.ted scra-!s 

wiiick. r - ~ u s t  '~e q?r.-tionel in order to mcnj.ior and cor:trol reactor core 

Poi.p:^ , 

,. - 
a. . o d e  I 0 ,  an6 11:--Ste~Cy State (oz? ,~z . l  ;.d s::tc-ls+;ic) 2.~6 

Square 1;.'z::e . 
I.leasuri?: Ci:arn?l No. Scrc.?~ - 

Pover Le~ic l  Ion Chambers 

r"ue1 Tsoi~srature Pael Ele?.'ent 

Thermocouples 

b. Mo&e 111--Transient Gysrztion 

Measurin~ Chennel No. Scrams - 

Pawer Level Ion Char.' , oer 
0-5000 PGJ 

Fuel Tempsrature Fuel Ele~ert 2 2 



DESIGN BAS? S 

Th.2 l i n e u r  po-r-3r e?: l og  go5:er r e e s i ~ r < n s  chzrnels  a r e  r equ i red  f o r  the 
. . . . estzbl~~~-~!::~~-~ of <zl~-:*~s cr:liczl d:.lrirAg 3,21se ~ r e n z r s  :I,:,? Tee " L . 

l i n e a r  and l o z  power l e ~ r e l  chsnnels a r e  used 'from s u b c r i t i c a l  soi.rcz le-:*l 

t o  t h e  o p . ; r ~ t i r , g  l e y 2 1  i n  s teady s t a t e  and square i.12ve paiier opera t ion .  

A t r a n s i e n t  ( p l s e )  o s e r a t i o n  ch-annsl rihicil use2 s s e o s r a t e  p u l s e  

d e t e c t o r  fcr monitor'rg pu l se  peak and i n t o g a t e d  power i s  r e q u i r e d .  

yLle scr5.7Lj 3r* <kLe z..rr-. -,,:cl,l~lLLC. : . . A ? ,  z_cocs , i;i7i . .  &~ - '  - -  ;","-.:- i f r . < +  iy 7-,?c <~*.. .... Y LC:* . L L i i  lile ---. -<. . 

- . , poxer end c c : - ~ s e ~ ~ e ? r l ~ ~  <re r e l c i o r  f u e l  temp,-raiu:.e. ??r s t eacy  s a x e .  

squzre  ..-z-.-e 2nd p u l s s  c:o.?es of opsi-"tion the i r i t i a t i c n .  o r  a scr.3,. vi1.l 
. -~ drop -11 c o n r r o l  r a z s  i n t o  the  core.  

Tne t i - r :mcour l r  . r.ei->o:;ss . i s  sln:.:er thsn i3e Lox :h^i5er respr . s -?  

and the c o r e  ie~r,er?. t :~re r e f l e c t s  the  i n i ? g r a l  pox.ier r a t i s r  thsn  instantene3u.s 

power. F o r  f n e s e  rzzsons    he 1\21 temperature scra:c!z a r e  not  used t o  i c i t i z t e  

s c r a n s  durir .5 pu l se  s g e r a t i o n  and the s c r ? . ~  1ii:its e r e  s e t  zbove t h e  ~z~ : t i x :~x  . . .  . . . . . .  . . .  . . . . . .  . .~ . - .  . . . .~ . . . . 
l e l s u f i s  t-z:-srzia.+ f:<;.-:tc.& f o r  k5.e Isr- .s i t  gL.is?. ' r tzr. z, g:~l;:, ths - - 
r e a c t o r  i s  sera?-ma 3y ei-,:?sr a n  auto:ret ic  tir.er =r manuuli2-. 

. One po:cer l e v e l  c?iznr,el i s  requi red  t o  provide 2 sc ran  vhich i s  s e t  

a t  1105 of ~ a c h  rang? o f  ape ra t ion  i n  s teady s t a t ? ,  o r  s q m r e  and 

p u l s e  node- I n  eack case  a l l  c o n t r o l  rods a r e  drospsd i n t o  ibe  core  upon 

i n i A  .-- bldLion of 2 poi.I+r l o - ~ e l '  scram. 



Tnis specif icnt i ; !~ aerl.ies to  the core c c n d i t i o i ? ~  e?cl ~ a r r n e t e r s  
. . during ri.actor operarlo?. 

To assure  t ha t  the reector w i l l  be o y r a t e 6  with core conditions 

an3 D6.rzr12;el-s V;'~L .._L:.L.: ' -  rie ' ,  - 3ou?5s us23 to  es tzb l i sh  s.?.?~i:: Ll!!!its. - 

1. 'I".<- I-2rc;cl. :z-.e s+.:l cors is t  of :ta;.fic:.Y K)?:.:_ :h7-k 7 reector 

= i s e l  ele:Ls:~<s a?.& z ~i:i:~:::-r of L , > , ~ ( ? )  t!,;.r-!ocou71e jzstr~.;:-:=~~ti.& T7TCA 
. . t.iarl: 7 re._ito-c luel i;-- ~-~..>. , = - . -  - qqe . f ie1  si lzi l  co!?sis; of 2.. s l l o y  02 

. - .  - . , . I  .. u-ani~?.q ;irco?ii~:n i.ya:-$2, 3 .  a urznpL!i.;r~ s[zici:,ri io :LI, :if35 
. , n.. and a Zr:E of 1.7 (no.-;i?zl). I?.e ~ u e l  e lezents  s h a l l  be cis* with O . G 2  

. ~ . . i6phrs of ~ t c " i - l e j i  :?++I z?.: ~2 ~ 1 5 c 2 ~  A 7.~1 .?. c]~ose ~ ~ . , : ! ; ~ ~ > f > l i ~ + . r i c ~ I  

erray.  

2 .  T7c'r.e core sirzll 22:teic <cr?s ( 3 )  s:l-ncllrci c o ~ t r 0 1  :3&5 z n i  
. . 

~ . .  . . .... . . . .  . . - .  . . . .  . .  ~ .:. . . . . . . .  
- .  

. - . . o"e (1). tr?.;s%2>+; cO:::z-oL ?-ad. 

3.  The reac tor  core sha l l  be loaded so t h s t  t5e  sxcess reactp<i ty  

'.above cold c r i t i c a l  d3es r a t  exceed $6.25 i n  i n f i ~ i t r  x..=ter. ' .  
,~ 

4 -  The shutdor;3 zarz in  - s".ail not be l e s s  thzn 56 cents with the 
, 

most reac t ive  r o d  stiick out of o r ? .  ',A:':'.,-i 



5 .  :ne c3;'~ j351.1. b ~  cogled b;r n z t ~ i r s i  conv5cl:ivc rzuer r'l3:i. ! ' .  
" .~ 

d 
6 .  T ~ ~ E  r2-:tor z'pzl1 r o t  he oscrst?d if the nzxi?::-~I.: ;%el -te!?pei.ziture 

as Elfasure& :-;tk 2. stz..5srd ',,herinocvL~gle inslri~~i:!?nted ?u?l e l ~ s e i l t  i n  tki; 

B r i ng  of the core,  ?;;eds 709°C. i.~., 
I 

8. \,hen the  i n i t i a l  da i ly  reactor s ta r tup  i s  accc:??iisi?ed fro:? a 
k.4 

1.. ; b' 

poxer l e v e l  l ~ z a s  thcn 0 . 1  ~ r a t t ,  neutron source lev51 n!lltipli,cation sha l l  , ~i 

be in6ic.l;-5. 0:: the l i r s s r  ciian:,el_ 02 r.iit'ndra.::zl of' .hr- f i r s t  co!:troi. rod. 

9. Trirre t t -e  f r o 3  t h e  i o i i i a t i o n  cC the scraci slz!??.l to  lull i l iuer t is?  
*~ 

s h a l l  n0-l -:?:;-;1 ore (1) second for the s;a~di;d contr . i i  rods ar.2 t?!o (2) 

s-con?; for  the t r r c s i e n t  control  red. 

The TRIG?. I-I3rk F' t~ype elements h u e  de rons - i r z td  tc 5- safe erd 

r e l i z b l e  I.221 el-!?.e-ts i n  research y e ~ c i o r j  for  r;zrg- 1rc2.r.s. 3 2  s a f e t  Y 
l i m i t s  i r e  bzaeri on 'iiis type of fue l  elem-nt. 

. . .  . . .  3xpe r i e r . c~  - _  . 1 - t  3033 &is clegonstrated :,As r e l i s b i l i t ; ~  of t h ?  stazdard. . .. . . . . .  

Ind :-*- ' ' . . .  - biuns:e:lu i 3 ? . ? ? ~ 1  r3d systz?.. i.:o c o n t ~ 0 1  r3d ha$ e::;-r szucr; i n  sny 

pos i t ion .  Iiom7?2r, il tne  ~ o s i  rezctive ccn t r c l  roc  b -xnes  szuck i n  the 

f i l l y  i~ithdrz:;r? pcsi t ior , ,  the necessary s 5 ~ t d o r ~ ~  marsic ~ i l i  be a.reilable 

iki the  o ther  o e n t r o l  ~ 0 5 s .  

Tne V.ZXLPI'~ a11o:.:=d excsss r eac t iv i ty  of $6.25 >rr,vides sufffcier-t  

r e e c t i v i t y  t o  a c c o ~ c 0 5 ~ t e  i f e l  >urn-up, :cezon and sz~?ar iw?  ~ o i s o n i ? ~ ,  

e ~ e r ~ e n t s  a,?< con t ro i  requirenezts. 141th $6.25 excess r r a c t i v i t y  the 

r e i c t o r  can be brcuzkt  - t o  c r i t i c a l  with. the t r a n s i e z t  control  r?d do.= 

end the corz s o s i t i o n s 6  z+zicst the e q o s u r e  roon terli :.,~11. 

16 



h 50 a n t  sii- t.i_-;;c i.5r;;f.l i s  2d.e~-312 Ce for  ~1^_Ut&o::n 01 -;i:r reacz;s: i;! 

-the event ttht. :!I? cost r e x i i v e  rod do?s not f z l i  beck: i n t o  the core.  
, p, . +~---  i,.! 

Holes i n  ti:? batkc::- g r id  c l e t e  pro%,ide s i i i f i c ien t  c3ola?t f lo i i  ihr3:igli 

t he  core zn6 p ~ s - i  t h e  ;?,;=I e l e r z t  t r i f l u t e  and t:?rc;u,:? the upper e r i j  g l l t c .  

The eqtecteci ?.ezs-.r.ed 1\31 tem2erzt~'res for  the o?;?:cir~.u;;l a;lolxble p l s c -  

of $5.00 i s  abotii C C C 0 C  ibove a,i?bient pool tenpezeture. Tfie f u e l  ten,?er.a-kure 

screms e r e  not noK;.al?_; use.3. t o  i n i t i z t e  scrinis &ir ing puLse operaiioii.  

Therefore, the  ter!prsl . ;rr  scr-7. liriiti ?"-.re s e t  2bo:;-t the msi:ir!!un oieasure3 

temperature expect+d icr the l%ri;esi  p . ~ l s e  r e a c t p f i t y  icser t io i l .  

E : ~ > c r i m s ~ ~ t s  z t  Gulf c e r ! e r ~ l  AtCTiC(') i n & i c l i ~  tFi?i  -3,- 3. 5 t e z - 1 ~  ~ l ; ? - < ~ f  

1;; p;.' " - 2  -,. .,.' ; = > , A  ,;=b:A CeaiDerp.:-:,-.:- , c~.; L.. - . ? o _ _ _ . ~  ?oo! .-- L -  - &--. .. of CG "C ih? mz:xi!-...~;~: 

water te!:y;li?rz;.u::e ef &--= - "  LO^ c r l d  p l ~ t e  couid not ?xctcd about ~ C I @ C .  Tteri?fo:el 

no bii.lPr b.cilL-; ::xilj :-,-;IF lJ:l&s- :he;c ccn6it;oss. Sines a:e:.:izd~lL 3tsa,yY 

;tats co.,-cr :!-i L.- 3~17 ;ez;tor i s  0~1:. 1 l r e r L - - ~ t L  . . , ;?I- =? "C pool :!zii.r - 
zempersture 2 ,- -o~:>zi - - - - - - c i i . :  . L e +:.?zparzt,d~-e l i n i t .  

Tne lifie.?r ci'::~.eL z.ez.si~rs^:ents ; r ~ ; i d e  3dC';.2+.2 ? s ~ U r 5 : 1 C 3  3f ne..ctr2ri 
. . sO7:rC? l eve l  subc l ' i i l=z l  r - .~ l t i~ l~ i cc t r . a ! l  aurl>g &<py i n t i t i e l  reactor  check- 

ou t  an3 reactor - i-rL .&; L-L.>. ., 

. . . ~ The rvd drop or  scrsm i s  nqt. .Yne primary shu+&o?;i zinchanism -for 21,e . . 
T3IG.4 +;n: ;feel bscz,xsr sf t;lz -- .L c:::pt .~r,;a-;~;e . . t e c r ? r = k r e  coenf;.zi2nt OT - 

r e a c t i v i t y .  TI12refcre, t h e  s c r a s  t i ne  i s  not c r i t i c e l  t o  the safz  operaiioi-, 

of the reactor .  T?-e scrsn tix: i.s mezsured t o  ass-re thz t  the rods drop end 

t h a t  t??ere i s  no r e s t r l c ~ i o n  ~Jl?ich nay incraese t k  e i ec t ion  time of the 

t r a n s i e n t  control  rod. 



AP2LTCABIZITY 

z c t o r  i n t e r l o c k s  ;+ic:? n G s t  be 

s a t i s f i e d  &ti-is2 reactor '  osSra t ior , s .  

?k be 
To assure  t ! ~ t t ' r s e c t c r  r i i l l "ooere te6  ui thir!  the bol-lnds of approved 

w r i t t e n  proceAu~e.: 2-5 t o  e s s u r e  a g e i n s t  the  radiat5o.r exposure of o p e r e t i c s  

perso.?nzl. 

% 
a. Control roli ?ri t'r.?z-rc,xzl :rith x NA NA 

l e s s  than 107:. P I L L  s i .3 l~  pzutron . . - . . . .  . .  . . . . ... . . . . . . .  . . . . . . . 
. ~. 

. . . . . . 
source  r,iu;tip,' ; c:> 7::e t.,;o 

most sens i t i - f s  l i n s s r  cl-.ennsl ranges.  

b. Simultaneoi;.: -.zr.uzl x.!ithdrswrl x ?TA 

of two o r  nor- s txnderd c o c t r o l  rods .  



Action Fr?.%ru?;?d 
p.pppp Steady S t e t =  S3'r'zre !..!ziie TJillses - 

c .  l n l i l e t i o ! ,  o i  a pulse  2 - c ~ !  bslc:,! ?.!.% 

1 x .~a t t  o r  z.b.bove: 1 ';y st.zed~,r s i - t e  polier 

o r  on a ::erLo& of  l e s s  Y33n LO secosds.  

d. A p p l i c a t i c ~  of e i r  t o  t r a n s i e n t  x ~.. 
( , i i r  ' .  i/ 

c o n t r o l  rod unless  drix:e cy l inder  i s  

. fu l ly  do:*i. 

e .  WLk:ldr.r,.r:i ,>? -2y sts-z:7rd X 

c o n t r o l  rod. 

2 The F:lci~Lit,: s o  s :  s j l z l l  be pro~,-i&e.3 sack tila%: 

, 
a .  the r?:?.ctor cencot  be o ~ c r ' f ~ ~ s d  -u!lless i k s  1 e . d  slnielclirg doors 

withi;: the r e? - t a r  $i?ol ?:re e i t h e r  f l r l ly  ogened or f u l l y  clos2-i. 

b. the  rxposu-re roc:! ? l u ~  door c a n c o t b $  open& un less  the l ee?  
. . .- ..- - . . .:- . . . . s h i e l d  doo-s i n  the rescrzr pool  a r e  f i l l y  c lossd  e ~ 5  z r e  bci~.,rzsn ire 

r e a c t o r  core an'5 212 e:<gosws rosn .  

. . .  ' .. . C. the r2aCt0;' core cannot be. oiovec! .frc.z .one. end-.of t h e  to 

the opposi te  e r ' i  u ! ~ l e s s  t h e  l e z d  s h i - l d  i o u r s  a r e  f u l l y  open. 

d. th?  lead  s h i e l d  doors I 2  t h e  r e a c t o r  poo l  cannot Fe opznsd 

u n l e s s  the  expcp3sIJre r3cz  p lug door i s  c losed and a xzrning horn i n  t h e  

exposure root?, h3s socnde3. 

BASTS - 
The r e a c t o r  standzr: c a n t r o l  rod d r i v e  i n t e r l o c k  system is designed 

t o  prevent  s t l r d z r d  c o z t r o l  rod novr-:ect un less  s ; lcf<cie?t  ; ~ s u t r o n  source 
. . m u l t i p l i c a t i o n  i s  eval iebie. .  



. . . . . { t hen  o n  s-ls.i:A-.rd c o r t r o l  rod r r s r r r c t s  r c e  r z t e  of rer.clivit:r i n s e r - ~ l o n  

- i n  s q i l r e  :~r_ve rr3ie of opzra t ion ,  t : ? ~  r z g u l a t i s g  s;z:;3;rd co- t ro l  rod1 

.iiili ail-lor:'lticzli:: rtr:z-o';f of ths core  z f t e r  ike t r a n s i e n t  c o n t r o l  rad. 1 
dti_ve h a s  r ece ive& t h e  i n i t i a l  d r i v e  docm s i g n a l  after being ejected T r ~ m  

I 

t h e  core. 

Tne F a c i l i t y  irrt?loclk Sjstc-1 i s  &-;-signe& to pre\ient 9- : sf' 

i n d i - ~ i d p r s  :;:13 -2;- js g-=-.2 ,-,-.l.:; r.; -- ~ m e r i . ? . e n t s  i a  tie osposure roar: o r  zdjzcent  - .  

. . r e q j i r e  --~e i?spec;:a:; 31 ;>? e:qojll-.r roc::: by '--0 i ;, cer--r ,-  3L.,a p r i o r  tc cics i i lc  3 

the pluz door. 



T h i s  s p f c i f i c s t i o g  e p p l i e s  t o  the  s ~ r a i 1 a b i l i t . y  of i o r i c i r ~  ~ a d i 2 t i o n  

moni tor ing  e q ~ 5 p i ~ s n t  i n  proper  opera i io i la l  co i l l i t i on .  

. . . . 2. 6.c a f r  2-zy-iculete n!ogitorifiz ir;z;. ,~r.sni c.snc:~?ii;llil;i' s2151ir: 3i:. - 
. - a30ve r e a c t 3 r  p o o l  5'1111 53 ooer?.tional zrld ;.+?en i n  a!? zlzi-::id siz';. eqp2nm _-_L . 

of k:;tor!atLc?ll;i c los ln ,  hu i ld ing  i s o l e t i o r ;  dsnpers .  

3.  A ges s t a c k  ~ i o ~ i t o r i ~ g  i r ; s t r u ~ s n t  c ~ i l t i n z ' l ~ s ~ ~ '  ss~i7lic:r z i r  eikzl:-;teC 
. . . . 

. from %he f 2 c i l i t . y  ;j:Lack s h a l l  be .doer&t~onzL cnZ r.?ien i n  .3? -;lzrc?sc! s<e:te' - '' 
. . capable  of  eii_cox?.zicel<f c l ? s i n z  the buildi!:c - i s o l e t i c r  d s r p e r s .  

BASIS - 

It i s  n e c e s s a r y  t h a t  a continxed eiralcatio:l of the r r d i z t i o c  l e ~ ? i s  

within t??e Fi-cili_ty E:;ilding be icads t o  2,scitre the  s r f e r y  of 7 1 - ~ 0 ; ) . ~ 2 1 .  

This i s  accomplished by  t'ne remote a r e 2  ~ o n i t o r i n g  syster! of the  t l ~ ?  d e s c r i ' a ~ d  

i n  t h e  RS3. 



Tn? a i r  p a r t i c u l a - l e  monitor (ii.~:.;) system i s  necessary  f o r  th* d e t e c t i o n  

of p o s s i b l e  re$.izciL:;% p l r t i c u l a i e s  i.:ithi11 tile f w i l i t y  b u i l d i n  znri is  

aLso u s s l  2s $52 z:i.r.r;. . instr,.:.sent f o r  th?  d e t e s t i n ;  sC f i s - : ion  ~.rc4712i 

a c t i v i t y  

Tn2 air-co:>Zit io?lng system e~:?YJ?.iusts th?  a i r  f r ~ n  t he  rsactor .  build.lng 

through abso lu t?  f i l t e r s  and ou t  t i e  s t z c k .  Sine,? a n a j o r  po r t ion  of t h e  

a i r  exkh.?us:?d frs:~ t h s  f a c i l i t y  b u i l d i n s  passes  i h r o x i l  - t he  exposure r j o n  

where it may beconle a c t i v a t e d ,  a  gas s t ack  monitor i s  necessary  t o  mzrsiure 

t h e  a c t i v i t y  re l?rs? , i  t o  t'ne a-iiqospi:.??e. Ti? e v z l u a t i o n  af t h i s  a c t i v i t y  

a s y u r s j  tii-i - y;-Lz2s2s ire i r .  2CCrjldi,?3e tli- -... stzn,~lq- 5 - 0f D r S -  

. . t e e t i o n  g iescr i , : sd  tv 13CFS.23. 

\.zqen elerr:-, +be %as an& D E ~ + < . -  b_-l..lz.te -.o?itsrs sxyr1.y s i z ? a l s  t o  c l o s e  

t h e  b u i l i i i : ; ~  i s o l ? t i a .  &YJ?.impers t o  FrzvsfiLt the  -r-c:._os of re,:iosctive s f f p L ~ e n t j  

t o  t h e  3t::!os;~~e?~?. 



APF'LICP~BILT'IY - 

im - - .  
in1.s Specii ' iclkic>2 z.;?sL;?s -. t o  ;?,e r r ~ i r e r l - n t  fgr s- j~r i ie i l iance  of 

r e a c t o r  insLlril-isntaiior.  

TO illsxrz th3.t tke re?.ctor ins:r;ir:eni;ztion which is r equ i red  f o r  

s e f e  oper l t io i :  i s  o11?r.?..2le. 

'The follci:f?z ;z:.s?-~:.Lr-: chz:ne?_s i n  t2.2 r e - c i ~ r  j-:;;riiplzzt .3.r,-J 
u 

cafetv - - 1 >>? ...>-- ->;> - - J S  i ~ . ~ i -  _.I~.-_ L.- _-._ C..~CI f o r  r:ozsr o3?rztla!i bsi3r-i Chz f i r s t  steady - - . 

s t s t e  o r  pc:.i.jo o.c?rziis: . 9: Yze de:?; 

d. Teclp?rature 1-1-51 scr-.?s 
. . . . .: . .  . . . 
e'. Safe ty .  ir,t"?loc):- 3;,St-Cz' 

EASTS - 

m e  ~ p e r a t i o r ~ e l .  - a ; c b i l i t j  of  r e z c t o r  i n s t r ~ ~ z e c t a t i o n  and safety; systems 

nust be v e r i f i e d  grLor 5 3  t h e i r  n s r  i n  r e e c t o r  o c e r z t i o n  t o  insure  prosor 

c o n t r o l  and sai'ot;; cS ,?;?rat.ion. .5. $ l i l y  i n s t r u ~ e - t  c h s c k l i s t  i s  used. to  

es tabl i sh .  t h a t  all i r s 5 r l ~ ? e n t z t i o i l  c:rznnols a r e  ogerable  and t n p o r t a n t  scrans  



L- Fa-- ana interlce!;~ :??.-;: been ';e;te$- -- .-;- tar s';er.t-... Lib,  ,TL-, L...G ,A?<,.- ---- 
- J 

ins t runent  cil?clilist i s  aub!nent*< 'ry z. I r ;*~kly  instrayent 

Tne checkl i s t s  end  prccecl~res  disc!lsss5 i n  the Operatir: Proczdures 



%is s?zcific?.tiori  ?.ppj.iC:s t o  Yfle sur-~,zill?.nce of radie t l .on  ~ o n i t c - i n &  

systems.  

To a s s v r e  - trzt  :he ninir",m? r e q u i r e d  n::~*ber of r a d i a t i o n  nxnitoi-s  di-2 

- - ciaintainod L- oncr io ic  c c p d i t i o n .  - 

2. 'l"lle 3.lr ~ r : l c ; l e ? 2  n o z i t o r  cci i l . ) rs t ion j h a l l  b: ckL-ck;.d ~ , . ? i ~ h  a  
, . r a d i o  a :  . . pL2 r.onitor s:131i 5~ c ~ = . r . ~ . ~ ~  - ~ L-.lCa :'or opst-abili::; 

da i 1.y . 

3. %.e gas  stzclr monltor ca l ib re - t ion  s h a l l  be checked r i i th  a. ratio- 

z c t i v e  scurcz weekly. Qle monitor  s h z l l  be checked' for  oper . .sbi l i ty  d d i l y .  
. > A recor.?. of 2 r e 1  ol r a d i o e c t l . : i t y  t o  ,LC? etn?sphere s h a l l  b? kq?..  

. .  . . .  . . .  . . . . . - .  . .  .~~ . . . . ~. . . . 
4. i-ne c losure  ~l u i l d i : ~ , :  i s 3 l i x i o n  d z ~ p e r s  i n  the eir c o n ~ i t i o " . F c ~  

system by e i r  p z r t i c s l a t e  znd g a s s t a c k  roni tor ing ,sys te . - , s  s h a l l  be checked 

d a i l y .  

BASIS - 
Experience e i  EO3'kas i n d r c a t e d  t k a t  a 6 month c a l i b r a t i o n  of t h e  f i : c d  

a r e a  non i to r ing  systsr? i s  s ; r f f i c i e n t  to provide r e a s o ~ r b l e  a s su rance  of the  

a-curzcy of the  s y s t ? ~ .  .h.Lthoush , t v o  f i x e d  a r e a  cionitors  a r e  t h e  n i n i ~ i x  

r e ~ u i r e n e n t ,  s i x  ? s i ? c t ~ r s  z r e  ? o ~ a t % d  ~ ? ' ~ T O : I J : ? ~ ? J ~  t h e  + a c i l i t y  bui ld l r .5 .  Tcz 

f i x e d  a r e a  r . s? i tors  .:rs S--eked us by p o r t a k l e  radiation surTey i n s t r u ~ . ? n n t  



T~~ r,~l.~icLj~lz<s .-lonitor has b;e!i i n  opera t ic ;  ;i;;c 1 S i l  c.:lC - 
. ,. exper ience  kzs  de?locstr::tsd t h a t  '.reek17 check o i  ihe  ca?.i'or.zrioci :iiTn 

a mclinzciv- source c s s u r e s  t'nat the  syste:n i s  c p e r e t i n s  end  the  systel? 

s e n s i t i v i t y  i s  oeintzl?ea. 

Tie  ges s t a c k  x o n i i o r  c a l i b r a i i o z  i s  chec1:ed vitii. a c'neclc sourcs  

a.t weekly i r . te rvzls .  T'e c a i i b r z t i o n  of tile sys ien  kcs  5;r. relst- .d i c  

a primary Pzgo? 41 c e l i b r e t i o n .  732 p-inary c a l i b r a t i o n  :-ill be 

performed 1s deened nscessary  by the  Pnysicist- in-Charge.  



This specif iczt inn ~ p p l i e s  t o  the requfre:cents f o r  sut 'veil lance of 

reac tor  r\el el-:silt;. 

P- 1. l.,e I T ~ ? ~  elt!;:.~.:;~ sk.11. 5s r.ersursd for. e1cn;:iiion and t ra ; . -e r~c  

ber.c 2f:fr t.:e~.-.' jC: r..::ses. 0:  z: le2s-I ants r?:u.ziLy., 

3.  Tne ?del follc:.::r sect ion of the cont ro l  ~ 3 d s  sl??.li ~ o t  e:tceed 

1/15 irzh irz-.rsrse L 2 5  and s:'zll 5e r.rzsz?e2 afkr every 500 1)i115es CI. 

.. a t  lees t  once. a3nually .- . . . . - . _ >  .. . .  .- . . 
. . 

. .. . . 

BASIS 

The r e s u l t s  2 & e l  s t zb i l ' t -  - J' Test _Dropx! 2% Gulf Censrsl Ptonic (1) 

i nd i ce t s  t.hz5 yfia s tz : r les j  s t e e l  U-Z,r If n I G A  fue l  elements naintair .  
I.=( . . go& d i c e n ~ f o z r l  s tz '3 i l iA ,y .;:he1 5"3j2ctei? t o  s t ep  r ezc t i ? i t y  i r s e r t i o n i  uo . 

to* $4.70. ? ? . ~ e r i e c c s  z t  DOw indicetes  no a_oprec;zSle elongation or  b ind  



. . f o r  r e a c t i v i i y  is.serr:ons up t o  $3.03 i n  o v e r  233 g u l z e s .  A 5C.3 ;u lse  

measurei:!ent c r i t e r i a  is c n l s i d e r e d  a  r e a s n n a b l e  i ? t ? r v e l  For s u r ~ ~ e i l l e r ~ c e .  
. .  . . Tne f i e 1  i'ollo:.:er ~ n n i r a l  rod  t r z v s r s e  Send c r i y e r l z  1 s  b l s e d  upon t h e  

bend l i< : i t a tLoni  ic2r th? f u c i  e lements .  



This s y c i f i s l + i - ~  ~23lis;  t,> Lhr r r r ? ~ i r r r e s t  f o r  j ; .~~rvei l lencs  31 
+ - 

a r e a  x.,=rnin;; sys i zns .  

T~ a"^ L .  .'.% L-ozi ... - L  t ?e  a r e a  :.:zrnirg system r e q u i r s d  f o r  r e a c t o r  

o p e r e t i o x  i s  o;srrbl-. 

CESIC! BASIS 

Tne svacuar ion  s i r e n  i s  used Lo evacas te  ~ e r s o n n e l  from the  f a c i l i x y  
. .  . i n  th= e..ei:r of h - l s r d  c r  =-=r;s--.r ..-., :;lich r.2~ e f f e c t  r n ~ l r  h?i i tk ,  a56 

... .... . . . . ~~. . .. . .~ . . . .. . , . : 
s-fe;;,r. '.:+e:I:.i :SZr:.:<=:.-x ::s.:;; 3: + b i j  i t e l l  .:~?;'li.~:~& % C~YS~T?.CII.? " .  

inter-7al for  xr..-ei;L=_::c2, 

The coinc iCrnt  a l e rm sys ts r !  n o t i f i e s  t h e  : . ; i l i tary P o l i c e  ai The Fores t  

Glen Sec t ion  of ;..3.X.IC of a r a < i a t i o n  r e l e a s e  a t  t h e  f a c i l i t y .  Two out  of 

t h r e e  r a d i a t i o n  :::oxxitors i n  t k e  coinciCent sj.-stem must be  I n  an al~ar:rLe5 

s f z t e  to e c t ~ % t :  t h e  -3incTds-t el?.r.;i. A ;=skly o g e r e t i o n s l  check i s  ,coi;- 

s i d e r e d  t o  be e r r z s o r z b l e  s~r . :eSl1~i ;cs  LntervzL. 



A deily oper&:io-:l e.1ar-n check of tho air yzrticulate En3 stack gzs 

monitors prcwl-e a rrzsiizble check of t k s e  items. 



This  speci f j .ca t ior  s p s l i e s  t o  the  su rve i l l ance  require-ienis l o r  t h e  

r e e c t o r  c o n t r o l  rods. 

. . m e  ob jec t ive  i s  ro z s s u r e  the  i n t e g r i t y  of the  c o n t r o l  rods .  

s-p?;c:FT~,- ' '.-7 7 - 7  
L ~ . ~ - L  .~-L~!. 

1. p,, rezcL:l::-.. L L . ,  .%, i i ? h  of' each c o n t r s l  rod s h s l l  5s de4er?;:!ei 2.11:'?l:-i -. 
with ti:? core 5 .2  i ; ?? i z i t e  -,.,xte? r e f l s c t o r  2:l:l st a posi<i.-;: z d J i ~ ? ~ ! f  10 ';,he - 
tznk ~.:;.lli zt :?.= e.7- , . =.--o ~ 3 0 ~  ezd 0 1  tne pool .  

2 ,  Ccntro l  rzd s:zz:. - .  .:,nez - sh-11 be  d~te rmi - ,=d  L.. ?. ;tog ;.-t:: ~ . ~ s t l - l ~  

3. Th- con t ro l  -;is 5 ~ 1 1  :;s l;IsuzLl;: i g s ~ e c t e d  c;;ir.t=r.-;.-i_j p.0' 

exceedin; o? y e i r .  
- -.. 

T~~~ rrac~i-v-iiy ---..-- %,L- - A  of  %ti- c o n ~ r o l  r o t s  i s  measure5 zo zssu rz  til-t 

t h e  reqluired s h u t t n r r  . z r g i n  i s  ave.ilable, t o  provtde s zesns  f o r  ?s<ermiEirz - 
t h e  s t e p  r e a c t i v i t j .  i - s l r t i o n s  i n  pu l se  nods, en$ t o  .ietermine 

t h e  r e a c t i v f t : ~  vorth 31 z z t e r i e l s  place& In t h e  r e g c i a r  2nvirorrnent. 

E - q e r i e n c e  sine? 1951 ? x s  i n d i c a t e d  t i la t  s t o p  %~atc"imes e r e  zcc?g:sble 

f o r  r o u t i n e  neasurene?f o l  c o n t r o l  rod drop times. A more s c c u r a t e  electronic 

measurement i s  pe r fo r r sd  .z?..?.ually. 



A vic.ll  -d.:. :,;-;, I . .  L C  G e C C I .  ~ 1 ~ 1 ~ 1 .  ; ,- r . 2 2 ~  a-d S C C ~ ~ ~ C ' J ~ : .  1.06 drop t j r < ? s  

are sufficient Zcr corlidence of proper operation. 



App~icGIr IT! 
-- 

This s : ~ z r i f i c z t i s n  ?.pgl.ies t o  the  certii 'ic:iion ci' per.so?lel r equ i red  

. t o  opera te  t'ce r e z c  l o r .  

To a s s u r e  t h z t  i'ne oper.itors ha-$e appropr ia t e  t r a in i i .5  2nd t h a t  a l l  

c e r t i f i e d  o p r z t o r s  n z i a t r i n  prof ic ie?cy.  

The . Q i 5 l i i i c r t i o ? s  303rd s h a l l  revieri ike q~~ill.Li Ticzrior.s of 

a l l  re2.cj,cr .q 2i.2ALt;--:- a %:.-c -3.-..??l ~! :~l l  YeC,3::Jr.?2.s ?.~;;>r:>,,?.]. G? .': =3~cpro;;?l .. . -- . 
for 2~si;;: '~:r~'; 3s 3 r s z c t o r  oser-",nr. 

\ '  

DZSIZ?.! B:iSIR 

The DO%F S s r c r o r  @ e r s t o r  Q ~ a l i f i c a t i o r s  Board :s r e j p o - s y p l e  f o r  
:. 

revie;: of  t h e  tr-.i?%?~: an4 ~ . 3 l j . f i c 3 t i 3 r L  of r e a c t o r  ~ e r . s - ; ~ r ~  a; sp-,zifi-< 

i n  AR 385-86- 



. .  . Tne fo7_Lo:.:ip.g zz-5 r z e  KEY ~ : ' . n i r i s t r - ~ t i 7 s  3cd org23isat io.-al  eieaer!ts 

" .  es tab l_ i s t i e j  f o r  'iks prots:tion or _n_ee!.th and f o r  t h e  s a f e  ope ra t ion  of the  

DOW (I? accord.znce :.:it:; A3 38j-60, i tuc l rar  Xea-tor Systs-.; IIea:th end 

s a f e t y )  . 

1. Orgznizet ion 

a. Operat ion 

Tne d i r e c t  l i n e  of r e s p o n s i b i l i t y  and a u t h o r i t y  f o r  

r e a c t g r  o_?cr?.iion 2-6 tt_e p r o t e c t i o r ~  of Che hezl-th a?:$ s l f e t y  of both the  
- .  p u b l i c  zr.d pz-5:ic. u e r s G r , f l  is 2; rgi.lo~.7s: 

-- Co;rr::zir!dilg Off icsr ,  H?.rry Dlaio:?d I . ~ b g r r : ~ o r i e s  ('a~) 
Techn<~c- . l  n i r .ec tor ,  E2rry jJi.?.:q.c?~< ~ . ~ b ~ r ~ < ~ r i s s  ($:31~) 

Cnief ,  $.rste!ns ".esezrch Lzboratory (53~) 

C h i e f ,  s ~ z & i e t i o n  F j c i l i t i z s  9rec:ll (-?;I,) 

Fhi?ysicijt-in-Ci--rge, DO?J7 

A s s i s t a n t  Physicis t- in-Charge,  DOm 

Rfac to r  Cperator  

b. Heal th  Pn;-sics 

A Host-Tecznt A g r e g ~ e n t  b.2~ been isi.e'biiskt.6 bet:.:een 
. - . . . . . . 

- - .  '* . . . . .  . .. 
t h e  C . ~ z ~ - c - , l z ~  Qfff2-r sf I - ~ L  c ~ ~ _ : ~ ~ ~ ~ ~ L ~  c ; ~ ~ ~ ~ !  of . .-- i~~- Lb. 7-e' ..--- 

r . i t  j .  in p&rt; tile ~ ~ ~ l ~ h  xili;ics activiiizj 

f o r  D0-T e r e  sup?Lied by :.EW,IC Health Physics OfZice. 

The C o ~ a z n d i n g  General ,  !'XQiC i s  respons ib le  l o r  z l l  a s p e c t s  o f  Zeel th  

Phys ics ,  b o t h  o n - s i t e  zc& o f f - s i t e ,  z t  L?e COW. 'F.e Zea l tk  Phj-sics O f f i 2 - r ,  

WRWC assiss H e s l t z  P ~ j j s i c s  Personnel  t o  provide co7:crzge z t  t he  r e a c t o r  

s i t e .  Tnesr  pe r sonne l  r r e  under d i r e c t  c o n t r o l  of t h e  !;?G::C Firslth Pnysics 

Of f i ce r .  T~eRszL th  Fh:;sics Of f i ce r  112s f;cal and a b s o l u t z  au thor ik f  wit:? 

r e g a r d  t o  c i z t t e r s  p e r t a i l i n g  t o  ;adiological  5ifet.y et DO?2?. 



- - . pXtgl. :.2fel:..r-: ~~~-~-.~i+t=$ - 
Tfie Fssc to r  S.-.feniz.:ds - Cczni t tee  (E7) i s  appointed  by  

end r e p o r t s  t o  t 5 2  Csz:?.cdi?g O l f i c e r .  Tce Co7~mittee s h 2 l l  c o n s i s t  of 
. - persqn!leL 1.6:ii ccllcci~.-eL:- pro-".:a? c broad spectrc~.? or^ -Lxpsrience i n  

a l l  m a t t e r s  y r t z i f i i ? ;  - -lo r e s c t s r  s,zi-t.j, ope ra t in3  p roced~~mes ,  r e a c t o r  

modif ica t ions  a::? pro;-?std t e s t s  and elrpiriifients. 

d. Resetor T e s l  Planning Committee 

The Fescitor T e s i  PL?.nnirs C o c ~ ~ i t t e e  (STPC) i s  appointed 

by tile Co.;~in?.ni?ic~ C:f'i-?r t o  r?;iie:: r z j i a t i o c  t e s t s  t o  be  ?erforz!fj  at Vfie 
- 

Dizrxor:$~ Or$L::>?~2 ?:~+.:z. :i F2c:lj+-y~ , , .-= ,; oy-?l itt.?? &-,<:  .-. I L1 Ll~.s resc!:::sib - i l - i ty  
. .  . . . . ir .sure the  d ? s i r . ~ j i ~ i r ~ ,  v l_ l - l ; \ i  ' - - . ' .  .:_; T ; ~ - - ; ~ -  of r.-cr-;;ofi ;ejjI 

p r o c e d ~ ~ r t - s  of' e:.:-?zi:: - -::ts. 

TrLi: ?'zysicist-i2-:::-.z;L- *.:- (PIC) of ?fir Diz:r=ncl Cr6:3:1~3- 

Radia t ion  F a c i l i t y  kss  the  d i r e c t  535 i r c e d i a t e  r e s p o n s i b i l i t y  f a r  :hi 
. . fecili:y; its oc er..:; .. . c.. . - -d  I . ~  a<- --II: L LI7. 

J 

I. ~S.ief,  5 :zd ia t io~  F ~ c i l i t i e s  Brwnch 

. . . . .. . Re Y-ief, - F a d i s i i ~ ?  F z c i l i t i e s  Srancl-,, hzs the u l i i r i t ? .  
. r e s p - j i b i l i t y  fsr I?._ ?:.re, b v ~  ..,.-.-..L ?,:3 efficiz?.t  ove rz t iqn  . 336 L I S C  of t?:? 

f a c i l i t y .  Re i s  r + s s s x s i b l o  f o r  the approval  o r  d i sepprova l  o f  propssed 

r a d i a t i o n  ex?os.;re e :~csr im?nts .  

2. Records +zi ls2.rrrts 

* a .  i,:ritten recorcls inc lu2 icy  Log books a r e  m i c t e i n e t  oz  

r e a c t o r  opera t ions ,  r t z c t o r  r : s i n t e x n c e ,  r e a c t o r  z o d i f i c a t i c n s ,  end 

r a d i a t i o n  o x ~ c s u r z s  sf ~ e r s o ? c e l .  



b . Vrit ten sp:.-:-r'es of r.i>-;ieri reca-:e:..:i?,:, ji . :-s  b y  9 s ~  

and the HTPC a r?  o!sintz.irs&. 

..-uort s ~ r ~ ? z r i z i n g  D0.Z operatisil; :;ill be i s sues  

a t  l e a s t  enr,ur:l!~y ard s;;i:itied t o  the Chief of Cr~sinez3's. 

d. Acrider!t; an2 incidenis are  repcrted 2s z e y ~ i r e d  i n  .4R 385::~o 
. . 

e.  E ~ d i a t i o n  exposures of personnel a r e  reported as  reqdired i;l 

AR 40-14 (Occul,?t.ional E i~as i l r e  t o  Ionizicg ~? .d i&t ion ) .  

%fie foL1:;f::;- - critc::. f; r;f-b:is*zj tc 2efi3.2 zc::n- i n  the e-;Enr 

t h a t  the sai"ci;! L i m i t  i r  Szcilnn 11 i s  v io la ted .  

. ,  . hP;,s:lev-r I; 1s de i t r - . i - e j  i:?zi the sa fe ty  licit has h=i -  -- .~ e:<c=-"-d LC-y= , 
the rr-zc+:or jhs',l 50 shL,t 2313 a.113 6 yepoi-t suF.-.itt-i t'.r.c2;b c"=nr-Ls to  

the  Chic? of Engirzei-s i r  -ccgrci??cs i.:ith .$R 3 8 5 - ! : 3  ?.esii::-,tion of oo?rztloiis 

require; Chief a: n ; i ~ _ ? t r ;  appro~:al. 

The follovring c r i t s r i s  a r e  established to  define zictio-, i n  the event 

t h a t  any of th;- . . l imifinz scfety.syite;;. s e t t i ngs  give: i n  Section I11 a r e  

v io la ted .  

. . Whenever T t  i s  d e t e x i n e d  t h a t  a l imi t ing  safety  --,-;-- a, a LL,,L s e t t i c g  hzs 

been exceeded, En evz>&zti3r s h a l l  be ~ a d e  by the Fhysicist-iil-Char@, :deo 

s h a l l  subnit a report  of the .r iolation em3 3ropos'ed corrsct?:e ect ion t o  the. 

Chief of Hadistion F a c i l i t i e s  Branch and the Eeactor S . f e s a r d s  Cor~qittee (RSC) 

fo r  r ev i rx .  The Chief of the 3adiation fici l i t : ,os Branch t r i l l  authorize 

correct ive r c t i o n  and regort  through chlncels to  Chief of Ezgineers e s  re -  

quired by A?, 385-a and ?2? 3 8 5 - E O .  



(2) r 7 ?  s ~ n ? ~ s t i o n s  ir.3 s h ~ t 5 o i - r  of the  coniplzt;. 

f a c i l i t y   act^ z11  53'st2:33 anti conponents i n v o l v i r ~ g  nuclear  s z l t y  of  tiire 

faeil" 1 L:'. 

(b) Actions t o  be taken t o  cope with ezerzoncy condi t ions  

in>-olvi- ro?si':le o r  ac'lu:l r e l s ~ s e  of r?.&icsctl-re ~ ? i t z r i a l s ,  i n c l u & i g  
. . Pl^O-:iS1,~.~S Zs'. ~: : '~ ; i< t io r  of <?* .- i ' z - i  2 -----. 1 i t y .  

. &.. -,.: ..=- r ~ a l : i l o . ?  .<o:. . r 2 c t i i r . s ~  co!r5!e?:on - cl a F r o ~ 3 s z l  f o r  

of t h e  e: .zsr ineni  -all?. A l l  rncliation e.mzrire?ts-  r z z u i r ~  z re;-izrr by the  
2ezckoL. .7>:: -,--..:*: , - n - m : A A - -  < -  . . - . . ,  3 )  tl- I e z z k r  C-fs;?;,srds - Cc;:.itiez 

:* (EX!), e?d ,.ir r s s c t c r  Pl-LysTcTst-is-Chsr;? ( 3 ~ )  .. .i.-nr.o;.-- A - . -- 1 f ~ r  t ? . ~  

perforr.?rce of zil e:.;rzrTrent - i s  312 r e s p a n s i b i l i t y  of tile ;hi?? of the 
. . 

. ~. . . : .... .. 5 .: .. > .  . . . . . - .  Ra-lfatl-n. ~ ~ ~ i l ~ < t i e j  2. h-anch. :. .. 

bIodif iczt iocs t o  t'ne DOE? r e e c t o r  nus; be ?e-?orxed i n  zccor-lsnce 

w i t h  approved ~ r o s e Z u r e s .  Tnese p r o c e d ~ r e s  c,ust  zs  2 m i n i w ~ x  have 

t h e  acprol.-zl of' the  3 e z c t c r  Sefez.llrds C o ~ ~ ~ . i t t e e ,  t k e  Chief,  Zacitziicc 

F a c i l i t i e s  Bra-.c?:, 2p.i t h e  Ffiysicis';-in-mzr::~, 3C!3F,  2nd ..-z;r r e ~ u i r e  

o t h e r  ap>ro-;sls 3y ti,:? zutl-orit;; de>er.dicg upan tke nz'ture of the  
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I n  accordance wi th  provis ions  of Army Regulation 385-801, t h e  Army 
Reactor Systems Health and Safety Review Committee (ARCHS) reviewed 
Technical Spec i f i ca t ions  prepared f o r  t h e  Diamond Ordnance Radiation 
F a c i l i t y  (DORF) r e a c t o r  t o  de f ine  those s i g n i f i c a n t  des ign  f e a t u r e s ,  
opera t ing  procedures,  and opera t ing  l i m i t a t i o n s  which were considered 
important t o  provide reasonable assurance t h a t  t h e  f a c i l i t y  would be 
operated without  undue hazard t o  the  publ ic  h e a l t h  and s a f e t y .  

The DORF Technical Spec i f i ca t ions  were prepared i n  accordance with 
s tandards and guidance published by the Atomic Energy Commission i n  
Pa r t  50 of T i t l e  10, Code of Federal Regulations. Also, t h e  format 
and content  of t h e  S1.l-1A Tecb~-nical Specificati .ons were compared t o  
Technical Spec i f i ca t ions  r ecen t ly  approved by t h e  Atomic Energy 
Commission f o r  t h e  TRICA r e a c t o r  a t  the  Univers i ty  of Ca l i fo rn ia  a t  
- 
l r v i n e  . 
The ARCIiS concluded t h a t  t h e  DORF Technical Spec i f i ca t ions  provided 
reasonable assurance t h a t  t h e  DORF r eac to r  would be operaced Q J ~ ~ : : o u ~  
undue hazard t o  t h e  h e a l t h  and s a f e t y  of t h e  gene ra l  publ ic  o r  
opera t ing  crew and t h a t  they were cons i s t en t  i n  format and content  
wi th  Technical S p e c i f i c a t i o n s  present ly  being approved by the  Atomic 
Energy Commission. 

It was recommended t h a t  t h e  Chief of Engineers approve t h e  DORF Tech- 
n i c a l  Spec i f i ca t ions  da ted  24  November 1971. 



SECTION I 

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 General Atomic 

Division of Ger!e.ral Dynalnics Corporation (CGA). It has operational 

characteristics consistent with the other reactors of the same class, 

Tke mission of the D O W  is (I) to investigate and derermine the 

susceptibility of electronic materiel to nuclear weapons radiation 

environment 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. 



SECTION I1 

For a  number of y e a r s ,  r eac to r s  operated by t h e  Army under  provis ion  

of Sect ion 91b of t h e  Atomic Energy Act used e i t h e r  t h e  Hazards Sumary  

Report o r  t h e  l a t e r  Sa fe ty  Analysis Report as  t h e  b a s i c  opera t ing  

document. As a  r e s u l t  of recent  changes made by t h e  U, S. Atomic 

Energy Commission i n  i t s  r u l e s  and r egu la t ions  c o n s t i t u t i n g  T i t l e  10 

of the  Code of Federal P,egula.tions ,' i t  was decided tha= Te<cni.cal 

Spec i f l ea t ions ,  as e s t ab l i shed  i n  T i t l e  10 ,  would be prepared f o r  a l l  

Arm.; nuclear  r e a c t o r  f a c i l i t i e s .  

The Harry Diamond Labora tor ies  TRIGA Mark F r e sea rch  r e a c t o r  was 

authorized under Sec t ion  91b and began opera t ions  i n  1961. Since t h a t  

time, it has  operated under the  o r i g i n a l  Hazards Summary Report3 as  

changed by an Addendum4i5 and t h r e e  Special  S a f e t y  Analysis Reports (SSAR) 

6 , 7 , 8  which were reviewed and approved by t h e  Army Reactor Systems Health 

and Safe ty  Review Committee (ARCHS) f o r  t h e  Chief of ~ n g i n e e r s . ~ ,  lo) l1 

Based upon t h e  above documentation, the  Harry Diamond Laboratories  sub- 

mit ted Technical Spec i f i ca t ions  t o  de f ine  those  s i g n i f i c a n t  design 

f e a t u r e s ,  opera t ing  procedures,  and opera t ing  l i m i t a t i o n s  which were con- 

s idered  important t o  pfovide reasonable assurance t h a t  t h e  f a c i l i t y  would 

be  operated without  undue hazard t o  t h e  publ ic  h e a l t h  and s a f e t y .  I n  

preparing t h e  DORF Technical Spec i f i ca t ions ,  t h e  Dorf s t a f f  used t h e  



guidance published by t h e  AEC i n  the  Code of Federa l  Regulations 

10 CFR 50 and t h e  format and content of r ecen t ly  approved Technical 

Spec i f i ca t ions  f o r  a s i m i l a r  TRIGA r e a c t o r  a t  t h e  Univers i ty  of 

Cal i forn ia  a t  I r v i n e .  
12 

The following paragraphs present  t h e  r e s u l t s  of t h e  review conducted 

by ARCHS t o  i n s u r e  t h a t  t h e  DORF Technical Spec i f i ca t ions  conformed 

t o  t h e  above guidance and standards.  



SECTION 111 

SAFETY EVALUATION - 

Tne Design Basis  Accident (DBA) f o r  t h e  DORF was a  de fec t  i n  t h e  

cladding of a  f u e l  element e i t h e r  p r i o r  To o r  s imultaneously wi th  

a  2.2% b k / k  t r a n s i e n t .  From opera t ing  experience wi th  TRIGA r eac to r s  

iil was concluded t h a t  t h i s  DBA caused no s i g n i f i c a n t  hazard t o  indi -  

v iduals  near t h e  r e a c t o r .  The Committee review was t h e r e f o r  orgariized. 

- ' 
LO Insure p r o t e c t i o n  of t h e  f a c i l i t y  from ar~ acc ident  inore severe  than 

t h e  DBA, Accordingly; i t  was necessary t o  in su re  f u e ~ ~  c l ad  in t eg r i ty  

and i i m i t  r e a c t i v i t y  i .nser t ion .  

Fuel  Clad I n t e g r i Q  

Fuel c lad  i n t e g r i t y  was assured by (1) def in ing  damage c r i t e r i a ,  

(2) expressing t h e  damage c r i t e r i a  i n  terms oE measurable system 

va r i ab le s  ( s a f e t y  l i m i t s )  and (3) providing admin i s t r a t ive  con t ro l s  

o r  s a f e t y  systems which ac ted  automatical ly t o  prevent  damage. 

The l i m i t i n g  damage c r i t e r i o n  f o r  t h e  f u e l  c lad  was t h e  poss ib l e  

d i f fus ion  of hydrogen from t h e  f u e l  with a r e s u l t i n g  p res su re  wi th in  

microscopic voids i n  t h e  f u e l  body and i n  t h e  gap i n  t h e  f u e l  can. 

In  recent  experiments at Gulf General Atomic (GGA), measurements were 

made of the  i n t e r n a l  p r e s s u r e  i n  the  f u e l  can f o r  pulses  y i e ld ing  a  

l o c a l  peak temperature of approximately l l O O ° C  ( c a l c u l a t e d ) .  The re-  

s u l t i n g  r i s e  was approximately 24 p s i  compared wi th  575 p s i  predic ted  

from t h e  equi l ibr ium s teady s t a t e  da ta .  Out-of-core ( labora tory)  



experiments on U-ZrH fuel sections confirmed the lower hydrogen 1.7 

pressures for transient temperatures. They further showed that the 

transient hydrogen pressure measured 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, rehydriding 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 1 0 5 0 ~ ~ .  %is temperature of 1050°C corresponded 

to the hottest point in a fuel element and was calculated from a 

measured tenperature of 750°C Tlie ATFR, fueled wiScl? elemeiits of the 

same type used in the DORF TRIGA, has been pulsed to $5.00 reactivity 

insertions where a 100 element core released an energy of 54 Mid sec,, 

achieved a peak power of 8400 MW, a pulse width of 5.5 msec. and a 

peak fuel temperature of 105O0C. 

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 aiid 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 threshhold of damage under this 



condi t ion .  Secondly, t h e r e  were no o t h e r  v a r i a b l e s  which a f f ec t ed  

DNB, (such as  flow or  pressure)  over which t h e  f a c i l i t y  maintained 

v a r i a b l e  c o n t r o l  and f o r  which l i m i t i n g  s a f e t y  system s e t t i n g s  could be 

s p e c i f i e d  wi th  automaticalLy ac t ing  scram devices .  A minimum pool 

l e v e l  was s p e c i f i e d  from other  cons idera t ions  although i t s  o v e r a l l  e f f e c t  

on DNB was n e g l i g i b l e  f o r  any reasonable submersion of the  core .  Thi rd ly ,  

spec i fy ing  only  a  temperature l i m i t  was c o n s i s t e n t  wi th  AEC p r a c t i c e  i n  

t h e  Technical Spec i f i ca t ions  f o r  t h e  TRIGA r e a c t o r  a t  t h e  Univers i ty  of 

C a l i f o r n i a  a t  I r v i g e .  

Ia r e a l i t y  DNH r a t i o s  were very l a rge  ( a t  l e a s t  7) f o r  a i l  DORF operat.ions 

a rd  bulk b o i l i n g  was prevented by subsequent l i m i t i n g  coiiditions f o r  

opera t ion .  i f  s teady s t a t e  pm~r-r i e ~ i e l s  a t  t h e  DORF were not  so low and 

s a f e t y  margins correspondingly h igh ,  t h e  Committee would want t o  recons ider  

i t s  approach i n  t h i s  mat te r .  

To assure  t h a t  an automatic p ro tec t ive  a c t i o n  was i n i t i a t e d  before  the  

s a f e t y  l i m i t  w a s  exceeded during pulse  opera t ion ,  HDL spec i f i ed  l i m i t i n g  

s a f e t y  system s e t t i n g s  as  follows: 

1. The maximum f u e l  temperature, as  measured wi th  a standard 

thermocouple instrumented f u e l  element i n  t h e  B-ring of the  core,  

s h a l l  not  exceed 50O0C. 

2. The maximum measured pulse peak power s h a l l  not  exceed 2,200 

MW (110% of f u l l  scale).. 

With an aluminum fol lower on the  A-ring con t ro l  rod,  a  measured tempera- 

t u r e  of 5000C corresponds t o  a  ca l cu la t ed  peak temperature of 650°C 

which was w e l l  below the  s a f e t y  l i m i t 1 3 .  I n  p r a c t i c e ,  r e a c t i v i t y  



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 corresponding, calculated 

peak fuel temperature of 580'~ for a pool temperature of 25OC. 

A $5.00 reactivity insertion of GGA with identical fuel elements re- 

sulted in a measured peak power of 8400 MW and the measured peak 

temperature of 750*C.13 The measured peak power for a $3.00 step 

reactivity insertion was 1860 Therefore, a limiting peak power 

settlag of 2>200 KV (110% of full scale), corresponding to a measured 

fuel Ceni~erac-ure of about 500°C, was conservative and safe, 

?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 maximum 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 

1 megawatt hour per day. 



Selection of the limiting safety system setting for steady state 

operation was based upon operation of other TRIGA-type reactors at 

both GGA and other facilities wl~ich use the same type fuel elements 

as DOW. Experience at GGA has shown that for reactor power levels 

up to 1.5 megawatts, the maximum fuel temperature was 5100C, and was 

well below the safety lirnits.14 At the DORF reactor the maximum 

steady state power was 250 kilowatts and the corresponding fuel 

temperature was about 24O0c. Rased on fuel temperature limitations, 

a steady state power of 110% of full power was conservative hg 

approximately a factor of six. 

817 analysis1:. of the pea:& heac flux, --  where there is a departcrre from 

nucleate boiling (DETD) and a transition to film boiling, has been 

performed for other TRIGA reactors similar to the configuration, fuel 

elements, and core spacing of the DORF reactor. The analysis showed 

that the maximum channel heat flux for a DNB ratio of 1 and bulk pool 

temperature of 9 0 O ~  (core inlet temperature) was 380,000 BTU/hr ft.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 factor of approxi- 

mately seven; 

The Committee concurred.with the basis and conservatism of these 

limiting safety system settings for steady state operation. 

HDL specified limiting conditions for operation which insured that 

for any mode of operation there were three automatic protective 



devices (two on f u e l  temperature and one on core power) any one of 

which could scram rhe r e a c t o r .  

React iv i ty  Limi ta t ions  

As discussed e a r l i e r  a  mechanical s top  on t h e  pulse  rod l i m i t e d  

r e a c t i v i t y  i n s e r t i o n s  a t  t h e  D O W  t o  $3.00. In  a d d i t i o n  l i m i t i n g  

condit ions f o r  ope ra t ion  r e s t r i c t e d  core excess r e a c t i v i t y  t o  l e s s  

than $5.00 i n  i n f i n i t e  water  and required a  minimum shutdown margin 

of 50 cents  with t h e  most r e a c t i v e  rod s tuck out  of t h e  core  and t h e  

pool temperature l e s s  than  6O0C. Also experiment r e a c t i v i t y  worth 

bras 1 <mite5 tc SS2 00 arid .xperime-:-s with a  reac i - iv i tv  worA.h . g r e a t e r  

than $1.00 were requi red  t o  he secure ly  fastened o r , p r o p e r l y  loca ted  

t o  prevent movements which could cause inadver ten t  r e a c t i v i t y  changes 

during r eac to r  ope ra t ion .  

Maximum rod drop tirnes were spec i f i ed  and a  r e a c t o r  and f a c i l i t y  s a f e t y  

i n t e r l o c k  system was provided t o  assure  t h a t  t h e  r e a c t o r  would be 

operated wi th in  t h e  bounds of approved w r i t t e n  procedures.  

Appropriate s u r v e i l l a n c e  requirements were spec i f i ed  t o  a s su re  adherence 

t o  these  l i m i t a t i o n s .  

The Committee concluded t h a t  p o t e n t i a l  r e a c t i v i t y  changes were adequately 

cont ro l led  and t h a t  t h e r e  was reasonable assurance t h a t  a  s t e p  r e a c t i v i t y  

g r e a t e r  than 2 . 2 %  A k / E  would not be in se r t ed  i n t o  t h e  DORF r e a c t o r  core.  



Additional SaEety Considerations 

The Committee considered the following additional areas of sufficient 

importance to warrant individual consideration: 

Emergency Power 

Ventilation 

Fuel Storage 

Enviro~~mental Monitoring 

F'aciiit:~ Radiation Level Conrrcl 

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 to assure the detection of radiation levels, and to 



provide l i g h t i n g  s o  t h a t  t h e  r e a c t o r  core ,  including t h e  c o n t r o l  rod 

p o s i t i o n s ,  could be monitored v i s u a l l y .  Normally, two a d d i t i o n a l  

sources of  power were ava i l ab le :  (1) a  100 KW, d i e s e l  dr iven  genera tor ;  

(2) a  gaso l ine  powered, 5 KW, po r t ab le  genera tor .  I n  view of  t h e  

adequacy of t h e  b a t t e r y  operated emergency system, t h e s e  u n i t s  were not r e -  

qui red  t o  be  opera t ional  t o  conduct r e a c t o r  opera t ions .  

Ven t i l a t ion :  The r e a c t o r  was not  permit ted t o  operate  unless  t h e  

f a c i l i t y  v e n t i l a t i o n  system was i n  opera t ion .  The m t i r e  f a c i l i t y  was 

air- .condit ioned.  Normal a i r  r e c i r c u l a t i o n  was used i n  t h e  'bui!.6ing, 

excep.t: iil Cihe exposure room and i n  che warm-stnrage room. A i l  exhaust 

a l r  from r-he exposure room sand warm-storage. room passed through absolu te  

f i l t e r s  and was exhausted through a  s t ack  t h a t  extended approximately 

45 f e e t  above the  ground l e v e l .  The flow of a i r  was con t ro l l ed  by main- 

t a i n i n g  a  lower pressure  wi th in  the  exposure room and t h e  warm-storage 

room than  i n  t h e  remainder of t h e  bui ld ing .  The remainder of t h e  

bu i ld ing  had, ia t u r n ,  a  s l i g h t l y  lower p res su re  than  t h a t  found ou t s ide .  

The v e n t i l a t i o n  system was requi red  t o  be equipped wi th  automatical ly 

c los ing  dampers which i s o l a t e d  t h e  a i r  i n  t h e  bu i ld ing  from t h e  ou t s ide  

environment when r a d i o a c t i v i t y  was de tec ted  wi th in  t h e  f a c i l i t y .  A i r  

p a r t i c u l a t e  and gas s t a c k  monitoring systems ac t iva t ed  alarms i f  un- 

d e s i r a b l e  q u a n t i t i e s  of r a d i o a c t i v i t y  were de tec ted  wi th in  t h e  bu i ld ing  

o r  i n  t h e  s t ack .  ConcCrrently wi th  t h e  alarms,  con t ro l  s i g n a l s  were 

provided t o  a c t u a t e  p o s i t i v e  s e a l i n g  dampers i n  t h e  v e n t i l a t i o n  ducts  

t o  i s o l a t e  t h e  bu i ld ing  from the  ou t s ide  environment. 



Fuel Storage: Arrangements were specified for fuel to be stored in 

quantities and geometrical arrays which precluded criticality and 

adequate cooling water was specified for irradiated fuel elements to 

prevent temperatures in excess of design limits. 

Environmental Monitoring: Specifications required sampling stations 

and frequency of sampling to be in accordance with the latest 

Environmental Radiation Monitoring Plan approved by the Army Reactor 

Systems Health and Safety Review Committee, 

Plant Radiation Level Control: Specificatio~?~ required: 

1, There shall be ?do fixed area mcnitwricg i'isi:.r:~inri?!:s operacing 

1, t'kle reactor buildiag during ail. periods of reactor uperation. 

2. An air parriculate monitoring instrument, conti.ntiousi)i 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 continuously 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 

operation of these monitors and the isolation dampers. 

Organization: The operational chain of command and support elements 

were established as follows: 



Commanding Officer, Harry Diamond Laboratories (Responsible Command) 

Technical Director, Harry Diamond Laboratories 

Chief, Nuclear Radiation Effects Laboratory 

Chief, Nuclear Vulnerability Branch (Reactor Commander) 

Physicist-in-Charge, DORF 

Reactor Operator 

Two levels of independent safety review were provided (Reactor Safeguards 

Committee and the A m y  Reactor Systems Healrh and Safety Review Committee) 

A reactor operator qu.alification board was established for the piirpose 

of certification and re-certification of reactor operators. The quali- 

fication hoard was convened by the. Reactor Commander. The criteria for 

reactor operator certification established in AR 335-30 were to be 

followed. 

The Reactor Test Planning Committee (RTPC was appointed by the Commanding 

Officer, 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 HDL and the Commanding General of Walter Reed Army Medical Center 

(WRAMC). Therein, it is specified that the Health Physics activities 

for DOW were to be supplied by WRAMC Health Physics Office. The 

Commanding General, WRAMC, was responsible for all aspects of Health 

Physics personnel to provide 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 
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matters pertaining to radiological safety at DORF 

Review of Reactor Operations: 

The Reactor Safeguards Committee was required to meet periodically to 

review reactor operations. The scope of the Committee reviews were 

specified and included: 

1. Review and approval of all proposed changes to the facility 

procedures and Technical Specifications. 

2. Review of abnormal performance of facility equipment and 

operating anomalies. 

3 ,  g e - - -  - . ~ ;. ,,leu1 of unusual or abnormal occurrences and r ~ c ~ d c n c s  which 

are reportable uzlder AR 385-40.  

4. Meeting anilually at the facility for the purpose of refreshing 

knowledge of operation and reviewing changes which have occurred. 

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 reacror facilities based on review criteria specified. 

Review of Experiments: 

All radiation experiments require a review by the Reactor Test Planning 

Committee (RTPC), the Reactor Safeguards Committee (RSC), and the reactor 

Physicist-in-Charge (PIC). Approval for the performance of an experiment 

was the responsibility of the Reactor Commander, 



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 that could occur with 

the reactor components. 

6. Any radiation hazard 

Operating Procedures: Writren reactor operating and administrative 

procedures were required for startup, operation, and shutdo~$n,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, 

Iiuclear Vulnerability Branch. 

Periodic emergency 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 DORF 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 



the approval of Chief, Nuclear Vulnerability Branch and require other 

approvals depending upon the nature of the modification involved. 

Records : 

The following records were required to be kept in a manner convenient 

for review by facility management and higher headquarters. 

1. An operational log which included 

a. Pertinent data regarding system operation 

b .  Operator actions 

c .  Details of any abnormalities occurring 

2, Records of mairitenance activities wh.i.ch -i~'clude:: 

a. b u t i  maintenance and component replacement 

b. Equipment failures 

c. Replacement of principal items of equipment 

3. Records 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 radioactivity 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 described in the 

safety analysis report 

10. Records of reactor tests and measurements 

11. Records of changes made in the operating procedures 

12. Records of new and spent fuel inventory 

13. Safety review of facility modifications, changes, tests, or 

experiments including recommendations by the RSC. 

Reports : 

Tiie following reports were to he prepared and submitted for revten- in 

accordai~cr with appropriate Army repiiiatios , 

1. An iinrirlal Operatirg Report, as required by 4R 385-80 

2. Accidents and incidents as required in AR 385-40 

3. Radiation exposures of personnel as required in AR 40-14 

(Records were to be kept indefinitely) 

Quality Assurance Program: 

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 

gereral inspection on health and safety by qualified representatives of 

the Department of the Army Inspector General, 



An annual t echn ica l ,  h e a l t h  physics and s a f e t y  review was a l s o  t o  be 

conducted by t h e  Safe ty  Off ice ,  AMC, as  prescribed by USAMC Supplement 1 



SECTION I V  

CONCLUSIONS 

The Committee concluded t h a t  t h e r e  was reasonable assurance t h a t  

t h e  DORF could be operated w i t h i n  t h e  l imi t a t ions  of t hese  Tech- 

n i c a l  Spec i f i ca t ions  without  endangering t h e  h e a l t h  and s a f e t y  of 

t h e  genera l  publ ic  o r  opera t ing  personnel .  S p e c i f i c a l l y ,  i t  was 

noted t h a t :  

1. Operating experience with T%IGA r eac to r s  had demonstrated 

lio s i g i - i f i c a ; ~ t  hazards t o  i ~ l d i v i d u a l s  near  t h e  r e a c t o r  ~ i h e a  the 

r e a c t o r  experienced a  2 . 2 % . & k / k  t r a c s i e n t  with a  de fec t  i n  t h e  

cladding of a  f u e l  element ( t h e  des ign  bas i s  accident  f o r  t h e  DORF). 

2 .  DORF Technical Spec i f i ca t ions  were organized t o  in su re  c l ad  

i n t e g r i t y  and l i m i t  r e a c t i v i t y  i n s e r t i o n  t o  l e s s  than 2.2% A k / k  

f o r  a l l  opera t ional  condi t ions .  

3. Fuel c lad  i n t e g r i t y  was assured by (1) def in ing  damage 

c r i t e r i a ,  (2)  expressing t h e  damage c r i t e r i a  i n  terms of measurable 

system v a r i a b l e s  ( sa fe ty  l i m i t s )  and (3) providing admin i s t r a t ive  

con t ro l s  o r  s a f e t y  systems which ac ted  automatical ly t o  prevent  damage 

4 .  The s a f e t y  l i m i t s  e s t ab l i shed  f o r  pulse and s teady s t a t e  

opera t ion  provided appropr ia te  allowance f o r  uncer ta in ty  i n  onse t  of 

damage. 

5 .  Limiting s a f e t y  system s e t t i n g s  had been e s t ab l i shed  which 

provided adequate s a f e t y  margins dur ing  s teady s t a t e  and pulse  

opera t ion .  Reactor and F a c i l i t y  i n t e r l o c k  systems and admin i s t r a t ive  
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c o n t r o l s  had been provided t o  prevent  conceivable hazardous r e a c t i v i t y  

changes i n  those ins tances  where au tomat ica l ly  operat ing s a f e t y  systems 

were not  f e a s i b l e  

6 .  I n  addi t ion  t o  providing p r o t e c t i o n  f o r  t h e  b a r r i e r  t o  t h e  

r e l e a s e  of r ad ioac t ive  f i s s i o n  products ,  t h e  Technical Spec i f i ca t ions  

provided appropr ia te  l i m i t i n g  s p e c i f i c a t i o n s  and s u r v e i l l a n c e  r equ i re -  

ments i a  t h e  following areas  which were considered t o  warrant  s p e c i a l  

cons idera t ion:  

Emergency Power 

V e n t i l a t i o c ~  

- rue;  Storage 

Environmental Monitoring 

F a c i l i t y  Radiation Level Control  

Organizat ion 

Review of Reactor Operations 

Review of Experiments 

Operating Procedures 

Modification Procedures 

Records 

Reports 

Qual i ty  Assurance 

Compliance 

7 .  The format and content  of t h e  DORF Technical Spec i f i ca t ions  

were comparable t o  Technical Spec i f i ca t ions  r ecen t ly  approved by t h e  



Atomic Energy Conmission and other Technical Specifications being 

prepared for Army nuclear reactor facilities. 



SECTION V 

It is recornended that the Chief of Engineers approve the DORF 

Technical Specifications dated 24 November 1971. 
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HEALTH PIWSICS 
WALTER REED A m  MEDICAL CElJTER 

FJashington, D. C.  20012 

HSWP-QHP 
*SOP IJumber 3-0-1 

7 March 1979 

HEALTH PHYSICS SOP FOR DWIOND ORDNANCE RADIATION FACILITY 

1. Purpose: To e s t a b l i s h  r o u t i n e  Health Physics  procedures and t o  provide  

guidance t o  t h e  DORF s t a f f  i n  t h e  implementation of t h e  Health Physics  Program 

a t  DORF. 

2. Radiat ion Control Areas. Radiat ion Control  Areas a r e  a s  described i n  

WRAMC Regulation 40-10, T!]e e n t i r e  a r e a  loca ted  within t h e  DOl i r  per imeter  -- 

fence is a r e s t r i c t e d  a rea .  

3 .  Personnel  Monitoring 

a .  Personnel assigned t o  DORF w i l l  be placed on f i l m  badge s e r v i c e  i n  

accordance wi th  LO-14. 

b. Personnel en te r ing  r a d i a t i o n  a r e a s  w i l l  be placed on f i l m  badge 

s e r v i c e  i n  accordance with AR 40-14. 

c .  V i s i t o r  personnel  not  en te r ing  r a d i a t i o n  a r e a s  and accompanied by 

DORF personnel  a t  a l l  t imes need not  be  placed on f i l m  badge s e r v i c e .  

d.  Personnel placed on f i l m  badge s e r v i c e  w i l l  wear pocket dosimeters.  

Dosimeters w i l l  be  read as r equ i red ,  a t  l e a s t  d a i l y  and r e s u l t s  monitored on 

t h e  dosimeter log. 

4.  Radiat ion P ro tec t ion  Standards 

* This  SOP supersedes HP SOP'S 3 4 - 1  th ru  3-D-8, dated March 1975 



a .  Personnel exposure t o  r a d i a t i o n ,  permiss ib le  l eve l s  o f  r a d i a t i o n  pe r -  

miss ib le  l e v e l s  of contamination w ~ l l  be  i n  accordance with WRAMC NRC License 

requiremects . .- - 

b. Radioactive waste d i sposa l  procedures w i l l  be i n  accordance with cu r ren t  

WRAMC NRC License requirements .  

c .  Release o f  l i q u i d  r ad ioac t ive  waste from de ten t ion  tanks w i l l  b e  i n  

accordance with cu r ren t  WRAMC NRC License r egu la t ions  and DORF ENRADMON Plan 

5.  Radiation Work Permits (RIiP) 

a .  Radiation work permits  w i l l  be obtained p r i o r  t o  performing any o f  t h e  

following procedures.  

I .  Sh ie ld ing ,  braz ing ,  so lde r ing ,  o r  gr inding  o r  r ad ioac t ive  o r  con- 

taminated ma te r i a l  

2 .  Work i n  r a d i a t i o n  o r  high r a d i a t i o n  a-reas 

3 .  Any procedure r equ i r ing  r e s p i r a t o r y  p r o t e c t i o n .  

4 .  Any procedure which i n  t h e  opinion of t h e  HPO WRAMC o r  P I C ,  DORF 

requi res  an RlrlP. 

5 .  The RWP w i l l  be used t o  spec i fy  working condit ions i n  o rde r  t o  

i s sue  r a d i a t i o n  s a f e t y  and w i l l  be submitted by person performing procedure and 

w i l l  be approved by HPO W W C  AND P I C ,  DORF. 

6. Environmental Monitoring 

Environmental monitoring w i l l  be i n  accordance with cu r ren t  WRAMC 

ENRADMON Plan. 

7. Surveys 

Pe r iod ic  r a d i a t i o n  & contamination surveys w i l l  be performed i n  accordance 

with cu r ren t  WRAMC License reauirements 

* This SOP supersedes  HP SOP'S 3-D-1 t h r u  3-D-8, dated March 1975 



b. Decontamination procedures will be  performed, a s  requi red ,  i n  accordance 

cur rent  NRC License. 

8. Health Physics Operat ional  Checks 

a .  Monitor checks. The a i r  pa r t i cu ;a t e  monitor, gas s tock  monitor,  aux i l -  

i a r y  rotemeters ,  water  monitor.  Coincidence monltor, and a rea  monitors w i l l  

be checked weekly f o r  proper  operat ion.  A c a I i b r a t i o n  check w i l l  be performed 

semiannually on t h e  a r e a  monitors 

b.  A weekly pool water  sample w i l l  be drawn and analyzed f o r  3-H and long 

l i v e d  a c t i v i t y .  If p o s i t i v e  r e s u l t s  a r e  encountered, f u r t h e r  ana lys is  w i l l  

be performed as  requi red .  

9 Receipt & Shipment o f  Radioactive Materials 

a .  Receipt and shipment o f  radioactive mater ia l s  w i l l  b e  i n  accordancc 

with current  WRAMC NRC License and w i l l  be coordinated wi th  t h e  Radioactive 

Materials  Control Branch, WRAMC. 

10. Spent Demineralizer Resins 

a .  Removal and d i sposa l  of spent  demineral izer  r e s i n s  w i l l  be performed 

by Health Physics as  necessary  i n  accordance with cu r ren t  W M I C  NRC Liceiise. 

b .  Resins w i l l  be analyzed p r i o r  t o  shipment t o  determine rad ioac t ive  

inventory.  

11. Air  F i l t e r  

a .  Removal and d i sposa l  o f  used a i r  f i l t e r s  w i l l  be performed by Health 

Physics as necessary.  

12. Portable Radiation Survey Instruments 

a .  Por tab le  r a d i a t i o n  survey instruments w i l l  b e  furnished,  ca l ib ra t ed  

and repa i red  by Health Physics  i n  accordance with cur rent  WRAMC NRC License. 

* This SOP supersedes HP SOP'S 3-D-1 t h r u  3-D-8, dated March 1975 



DEPARTMENT OF THE ARMY 
HARRY DIAMOND LABORATORIES 

2800 POWDER MILL ROAD 

ADELPHI. MD. 20783 

DELHD-N-RBI 

SUBJECT: DORF Dismantling Plan 

28 December 1979 

THRU: Ccmma- 
US Army Materiel DevelopmeLt 
and Readiness Command I /I? ,,' 

ATTNyDRCSF-P (Mr. D. Taras) .< ,, , .,5/' [i ' a@ 
/ ,/9'3z 

5001 Eisenhower Avenue. --s 

Alexandria, VA 22333 * 

TO: Commander 
Office of the Chief of Engineers 
ATTN: DAEN-EQZ-E/MP. J. bragoner I1 
Washington, D.C. 20314 

1. Reference: Letter dated 26 Nov 1979, DAEN-MPZ-E to DELHD-RBI, Scbj.?ct: 
DORF Dismantling Plan. 

2 .  Inclosed are six copies of the revised DORF Dismantling Plan (prepared 
by Rockwell International) incorporating the changes recomaended in paragraph b 
of the referenced letter. 

FOR THE COMMANDER: 

Incl 
as 

WALTER L. GIESELER 
DORF Physicist-in-Charge 



SUBJECT : DLSF Uisnant l  ing P l s n  

Subject p l 2 n  lias been r e v i e w o  by MCtiS. Hpprovjl is  t:erfby Sr:ntec 
s i ib j tc r  to: 

a. Sutmissfon t o  .ARCH5 p r i c r  t o  ccm?ncemt:nt of t h e  phgsic;;t 
diciiiantl:~n!cnt op;:raticcs o f  s i x  ( 6 )  copies o f  proccctui-es for  <i;.erye!?cy 
i!icdic&? t r~&tf f : i t  ~f WCI-k~rs. 

b. Incorporatior: of the  fc l  loking so$% "tits in  tiic p lcn :  

1 Page ii, 3i: paral;rapk: - skou:d rced ti:, Armv Enviroriii:~.ni;l 
H y g i e n d , ~ c n c y .  

(2 )  Pas? 33, ~ragrapfi  J.1. - Zirrrrl rezdfng ciosin:eters s h a l i  
be required dur ing  work in higii radiation 8rczs. 

( 3 )  Psge 35, las t  pzragrsph - Sorgeuns glcves may not withstand 
d i r e c t  handling operat ions and shcula be physically prc tec ted  by an over 

. . 
citove. 
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I. INTRODUCTION 

The Harry Diamond Laboratories (HDL) operates an irradiation test 

reactor with associated experimental eq~ipr~ient which is called the 

Diamond Ordnance Radiation Facility (DORF). The facility occupies a 

single remote building on the grounds of the Forest Glen Annex of the 

Walter Reed Army Medical Center (WRAMC) near Silve: Spring, Maryland. 

I t  is used to conduct experiments: (1) to investigate and determine 

suscept ibil ity of ordnance electronic materiel to nuclear weapons rddiat ton 

environment, mechanisms OF those effects and ways and means of developing 

lcss susceptible materiel ; (2) to conduct research and development in the 

various physical science and engineering fields directed toward meeting 

the mi 1 itary characteristics for fuzes or O F  related ite,ns. 

The DORF, designed and constructed by the General Atomic Division 

of General Dynamics Corp., i~icorpo;ates a reactor which is designated the 

DORF-TRIGA- General Atomic started ip the reactor which attained criti- 

cal ity or1 18 September 1961 a,~d operated the iacillty d n t l l  13 January 

1962. During this period, the reactor was checked out and fundamental 

calibration tests were completed. A full report for this perfod is found 

i;l "HDL-TRIGA Reactor Acceptance Test Report", GA-2995, General Atomic, 

March 1962. HDL accepted the facility oa 1 January 1962 and assumed 'ull 

administrative and operat tonal responsibll Ity on 1 February 1362. 

The purpose of this report is to describe, in accordance zith letter 

AMCAD-SN, subject: Reporting Requirements for Army Nuciear Reactors dated 

30 September 1366, the DORF o?erations and modiflcations. Subsequent 

reports will be submitted annually. 

I I. OPERAT I ONAL PROBLEMS 

A. Fuel Elements - Alumlnum Clad 
The ortglnal fuel elements used In the OORF reactor were aiuminum 

clad. The fuel portion of each element consisted of an alloy of uranlum- 

zirconium hydrlde containing 8 wt-% uranium enriched to 20% in u ~ ~ ~ .  Tne 



hydrogen- to-z i  rcon lum a t o m i c  r a t i o  was a p p r o x l m a t e l y  1.0. The f u e l  meat 

temperatures were I i m i t e d  t o  500 '~ .  

The problems a s s o c l a t e d  w i t h  t h e  aluminum c l a d  f u e l  e lements were 

( a )  l o n g i t u d i n a l  g r w t h  and (b )  phase t r a n s i t i o n  a t  5 3 0 ~ ~ .  The g rowth  

phenomena r e s u l t e d  f r o m  a r a t c h e t i n g  e f f e c t  between t h e  expanding f u e l  

meat and t h e  aluminum c l a d .  The r ~ a c t i v i t y  i n s e r t i o n s  were l i m i t e d  t o  

$2.65 t o  insu re  t h a t  t h e  maximum f u e l  temperature  d i d  n o t  exceed 500°C. 

The maximum a l lowa '3 le  d imens ion change &as a  l o ; \ g l t u d i n a l  g r c w t h  o C  100 m i l s  

and/or a  bend o f  1/16 inch.  T h i r t y  (30) f u e l  e lements were removed from 

r e a c t o r  s e r v i c e  because o f  g rowth  i n  a  p e r i o d  f r o m  - e a c t o r  s t a r t u p  i n  

September 1961 t o  June 1364 when t h e  alu~ninum c l a d  f u e l  e lements ~ v e r e  

d isca rded  i n  p r e p a r a t i o n  f o r  t h e  i n s t a l l a t i o n  0 3 ~  a  s t a i n l e s s  s t e e l  c l a d  

core.  Tne t o t a l  power generated was 40596 KW-HR i n c i u d i n g  power generated 

i n  2450 t r a n s i e n t  I n s e r t i o n s  (pu lses) .  

El. Fuel  Element F i s s i o n  Product Leak - Aluminum Clad, 28 October  1363 

A l e a k i n g  Fuel  e lemeot  was detected, i d e n t i f i e d ,  ! s o i a t e d  and p laced  

i n  s to rage  i n  a  non-hazardous c o n d i t i o n  and e v e n t u a l l y  sh ipped  f rom t h e  

r e a c t o r  f a c i l i t y  f o r  d i s p o s a l .  The problern was n o t i c e d  d u r i n g  a  250 Wd 

opera t  i on  a t  s teady s t a t e  r e a c t o r  o!perat ion.  The a l r   par^ i c u l a t e  m o n i t o r  

d e t e c t e d  unusual h i g h  readings approx imate ly  15 m inu tes  a f t e r  i n l t i a l  

s t a r t  o f  t h e  power run. The f a u l t y  element was d e t e c t e d  and removed f rom 

t h e  c o r e  and p l a c e d  in s t o r a g e .  Subs2quent p u l s i n g  o f  t h e  r e a c t o r  showed 

normal c o n d i t i o n s .  The f i s s  ion  p roduc t  m o n i t o r  o r  gamma a r e a  m o n i t o r s  

d i d  n o t  d e t e c t  t h e  f l s s i o n  ? roduc t  leak.  No over-exposures ozcur red  t o  

any personnel  a t  t h e  r e a c t o r  f a c i l i t y .  

C. Fue l  Elements - S t a i n l e s s  S tee l  C lad 

It was w e l l  known t h a t  some o f  t h e  problems i n  e l o n g a t i o n  were asso- 

elated w i t h  the use of  eiupninum e l ad  fuel  sl@monts in a pulse Cypc T r i p  



r e a c t o r .  I n  o r d e r  t o  c o r r e c t  and s i g n i f i c a n t l y  improve t h e  d imens iona l  

s t a b i l i t y  o C  t h e  f u e l  e lements ,  General Atomic developed a s t a i n l e s s  

s t e e l  c l a d  U-ZrH1., f u e l  e lement.  The c h i e f  advantages o f  t h i s  t y p e  o f  

f u e i  element a r e  (a)  t h e  phase s t r u c t u r e  o f  t h e  h i g h e r - h y d r i d e  i n a t e r i a l  

i s  u n a f f e c t e d  by temperattures i n  excess o f  700°C whereas t h e  f u e l  e lement 

w i t h  a  V-Zr i i l .0  exper ienced a phase t r a n s i t  ion a t  5 3 0 ~ ~  and ( b )  t h e  

s t a i n l e s s  s t e e l  c l a d d i n g  increases t h e  s t r e n g t h ,  i n t e g r i t y  and r e l i a b i l i t y  

OF t h e  f u e l  element. Tne stainless s t e e l  c l a d  f u e l  e lements p r e s e n t l y  

used a t  t h e  DORF a r e  i d e n t i c a l  t o  those  used b y  General Atomic  t o  p u l s e  

t h e i r  Mark F p r o t o t y p e  r e a c t o r  t o  6800 W peak w i t h  a  co r respond ing  peak 

tempera tu re  i n  excess o: 7 5 0 ' ~  w i t h  no p h y s i c a l  e F f e c t  on t h e  i n t e g r i t y  

o r  r e i i a b i l i t y  o f  these  f u e l  e lements.  

Tne DORF r e a c t o r  i n s t a l l e d  a new c o r e  composed a t  t h e  above improved 

fue !  e'lements and <he ;,$actor a t t a i n e d  c r i t i c a l i t y  on 15 Jane 196'1. The 

d imens iona l  s t a b i l i t y  o f  t h e  s t a i n l e s s  s t e e l  c l a d  f u e l  e lements has been 

e x t r e ; n e i y  good. No a p p r e c i a b l e  g r o d t h  has occur red  i n  o v e r  19082 t r a n s i e n t  

r e a c t i v i t y  i n s e r t i o n s .  

D. Excess R e a c t i v i t y  Loss 

3 A good i n d i c a t i o n  o f  t h e  n u c l e a r  c o n d i t i o n  and/or changes o f  r e a c t o r  

c h a r a c t e r i s t  l c s ,  i f  any, i s  t h e  excess r e a c t i v i t y  m'Easurernents. The 

excess r s a c t i v i t y  measurements o f  t h e  r e a c t o r  a r e  mad.: each day t h e  r e a c t o r  

i s  operated.  Since t h e  i n s t a l l a t i o n  o f  the s t a i n l e s s  s t e e l  h i g h  h y d r i d e  

f u e l  e lement core,  t h e r e  has been a gradual  d e c l i n e  o f  e x ~ e s s  r e a c t i v i t y .  

The l o s s  o f  excess r e a c t i v i t y  i s  n o t  n o t i c e a b l e  from day- to-day s i n c e  t h e  

measurements may v a r y  as much as i5 cen ts ,  depending on t h e  p r e v i o ~ l s  

r e a c t o r  o p e r a t i n g  h i s t o r y ,  e x p e r i m ~ n t s  near  core,  ai id t h e  p a r t i c u l a r  c o n t r o l  

rods used f o r  measurement, however, l ong  term t rends  a r e  c l e a r l y  e v i d e n t .  

The t o t a l  l o s s  o f  excezs r e a c t i v i t y  s i n c e  t h e  i n s t a l l a t i o n  o f  t h e  s t a i n l e s s  

s t e e l  c o r e  I s  approx imate ly  4 0  c e n t s  which,  a t  p resen t ,  p r e v e n t s  t h e  

r e a c t o r  f rom be ing  pu lsed  w i t h  t h e  c o r e  i n  i t s  " f u l i - i n "  p o s i t i o n  a g a i n s t  

t h e  exposure room t a n k  wa l  I. There fo re ,  t h e  r e a c t o r  c o r e  is moved about 



5 t o  7 m i l  I imeters  tcward t h e  c e n t e r  OF t h e  r e a c t o r  poo l  i n  o r d s r  t o  

go  c r i t i c a l  w i t h  t h e  t r a n s l e n t  rod  d m n .  The t r a n s i e n t  rod t n ~ s t  be f u l l y  

i n  t h e  c o r e  (dew,? p o s i t i o n )  b e f o r e  t h e  p u l s i n g  i n t e r l o c k  system i s  

s a t i s f i e d .  The p resen t  excess r e a c t i v i t y  o f  t h e  r e a c t o r  i n  i n f i n i t o  w a t e r  

r e f l e c t o r  and loaded w i t h  85 elements i s  a p p r o x i m a t e l y  $3.63. The ex- 

posure room w o r t h  i s  approx imate ly  a  n e g a t i v e  70 cents .  
-. i n e  i , l i t i a l  l o s s  o f  excess r e a c t i v i t y  was n o t i c e d  a f t e r  one hundred 

$3.00 p u l s e  p r o g r a v  when a p p r o x i m a t e l y  12 cen ts  were l o s t .  S i n c e  t h a t  

t i m e  t h e r e  has been a gradual  dt:crease i n  excess r e a c t i v i t y  t o  3 r a t h e r  

c o n s t a n t  v a l u e  o f  $3.63 f o r  t h e  p a s t  9 months. A l though  i t  i s  recogn ized  

t h a t  t h e r e  i s  no s a f e t y  hdzard,  t h e  maximum r e a c t i v i t y  i n s e r t i o n  has been 

a d m i n i s t r a t i v e l y  l i m i t e d  t o  $2.65, s i n c e  t h e  c o n c l u s i o n  o f  t h e  $3.00 

w i s e  progl-am, s o  t h a t  c e r t a i n  r e a c t o r  p i r a m e t e r s  can be  mzasured b e f o r e  

t h e  r e a c t i v i t y  i n s e r t i o n s  a r e  inc reased  t o  $3.00 pu lses.  

I t  appeard f rom an a n a l y s i s  t h a t  t h e  l o s s  o f  excess r e a c t i v i t y  

o c c l i r r z d  a f t e r  l a r g e  r e a c t i v i t y  insertions (>$2.65). T h i s  indicates t h a t  

t h e  r e a c t i v i t y  1355 i s  assoc ia ted  w i t h  d imens iona l  changes i n  t h e  f u e l .  

General Atomic  has observed t h l s  as r e a c t i v i t y  lxsse; w i t h  s teady  s t a t e  

r e a c t o r  p m e r  l e v e l  b u t  ascr lbe;  i t  t o  decreased hea t  t r a n s f e r  a f t e r  

p ~ i s i n g .  S i n c e  t h e  c e n t e r  f u e l  e lements a r e  i n  a  more severe tempera tu re  

env i ronment  than  those  i n  t h e  o u t e r  r e g i o n s  o f  t h e  core,  f u e l  e lements 

f rom :he i n n e r  r i n g s  were in terchanged w i t h  those i n  t h e  otuter r i n g .  The 

r e s u l t s  show t h a t  a l t h o u g h  t h e r e  was l e s s  u235 in  t h e  i n n e r  r i n g s  than 

p r e v i o u s l y ,  t h e  excess r e a c t i v i t y  i nc reased  a neasurab le  arnodnt ( a p p r o x i -  

m a t e l y  8 c e n t s ) .  

The l o s s  I n  r e a c t i v i t y  i s  n o t  c o n s i d e r e d  .I s a f e t y  hazard s i n c e  t h e  

r a t e  OF change I s  sma l l  and i s  n o t  a  l a r ~ e  step change. The DORF can be 

presentiy pulsed t o  $3,00. If rhe 40 cents should magically reappear as 

a  p o s i t i v e  i n s e r t i o n  d u r i n g  a  p u l s e ,  t h i s  would  mean o n i y  a $3.40 reac-  

t i v i t y  i n s e r t i o n .  W h i l e  t h i s  i n s e r t i o n  would  be s l i g h t l y  above t h e  opera- 

t i n g  l i m i t s  o f  t h e  DORF r e a c t o r ,  t h e r e  w i l l  be no s a f e t y  hazard i n v o l v e d  

s i n c e  t h e  DORF t y p e  f u e l  e lements have been pu lsed  t o  $4.73 fo r  hundreds 

o f  p ~ i l s e s  w i t h  no adverse e f f e c t s  (G.A. Repor ts  5786 and 6849). 



A  d e f i n i t i v e  p h y s i c a l  cause f o r  t h e  r e a c t i v l t y  l o s s  i s  n o t  y e t  

known. The DORF s t a f f  i s  co.>t inu lng t o  pursue,  as t h e  r e a c t o r  schedule  

pe rmi ts ,  p o s s i b l e  mechanlsms t o  i d e n t l f y  t h e  p a r t i c u l a r  cause f o r  t h e  

I >ss phenomena. General  Atomic and o t h e r  T r i g a  r e a c t o r  f a c l  l i t i e s  a r e  

be ing  adv ised  and c o n s u l t e d  concern ing t h e  r e a c t i v l t y  l o s s .  

1 I I. CHANGES 

A. Concident R a d i a t i o n  A larm System 

O n  4 Msy 1962, a  c o i n c i d e n t  r a d i a t i o n  a l a r m  system was I n s t a l l e d  t o  

n o t i f y  t h e  WRAMC MP s t a t i o n  o r  a  r a d i a t i o n  r e l e a s e  w i t h i n  t h e  DORF facility. 

A  r a d i a t i o n  a l a r m  f r o m  any two  o ?  t h e  f o l l w i n g  r a d i a t i o n  d e t e c t o r s  w i l l  

a c t u a t e  t h e  WRAMC MP r a d i a t i o n  alarm: ( 1 )  A i r  P a r t i c u l a t e  M o n i t o r ,  ( 2 )  

V i c t n r e e n  Garnina M o n i t o r  above r e a c t o r  t a n k  and (3)  mezzanine V l c t o r e e n  

Gamma M o n i t o r .  

B, Keaioval O F  K a d i a t  i o n  b'ioni t o r  

i n  Augusc 1963, t h e  remote a rea  m o n i t o r  I n  t h e  F o r e s t  Glen Annex 

Bldg,  500 a rea  was removed and t h e  a e t e t t o r  u n i t  I n s t a l l e d  d i r e c t l y  i n  

t h e  DORF s t a c k  as a  backup m o n i t o r  o f  s ~ a c k  e f f l u e n t .  

C. Console Area i n c l o s u r e  

I n  Nove:nber 1963, t h e  r e a c t o r  conso le  a rea  was i n c l o s e d  t o  reduce 

b u i l d i n g  n o i s e  l e v e l ,  p r o v i d e  an i s o l a t e d  r e a c t o r  o p s r a t i n g  a rea  f o r  the 

r e a c t o r  o p e r a t o r ,  and t o  e l  im ina te  o u t s i d e  i n t e r f e r e n c e  f rom t h e  r e s t  o f  

t h e  b u i l d i n g .  

D. Change i n  L e a d s h i e l d  Door i n t e r l o c i c  System 

I n  January  1964, t h e  I n t e r l o c k  system was m o d i f i e d  t o  a l l o w  r e a c t o r  

o p e r a t i o n  I n  P o s l t l o n  1 ( a g a i n s t  exposure room t a n k  w a l l )  w i t h  t h e  p o o l  

leaa s h l s l d  door  ope-. 

E, Removal of P l u g  Qoor Wood Timber Fac ing  

On 10 January 1964, t h e  wood t imbers  on t h e  exposure room p l u g  door  

were removed because o f  an i n d u s t r i a l  s a f e t y  hazard,  



F. M o d l f i c a t l o n  o f  i n t e r l o c k  Systea 

I n  March 196't. t h e  i n t e r l o c k  system was m o d i f i e d  t o  a!l(jr& r e a c t o r  

o p e r a t i o n  i n  any p o s i t i o n  w i t h i n  t h e  r e a c t o r  poo l  ( ~ o s i t i o n s  1 ,  2 ,  and 3 )  

p r o v i d i n g  t h e  exposure room p i u g  door i s  c losed.  

G .  Reactor C a r r i a g e  P o s i t i o n  Stops 

I n  March 1964, c a r r i a g e  s tops i n s t a l  l e d  f o r  e x p e r i m e n t a l  use  o f  a  

beam tube. 

H, Fuel  Storage P i t s  

I n  May 1764, t h e  c o n s t r u c t i o n  s f  t h e  d r y  s t o r a g e  p i t s  f o r  activated 

f u e l  elements was completed and a?prova l  was r e c e i v e d  f o r  t h e i r  use. 

i .  Adjustment o f  T r a n s i e n t  Rcd D r i v e  Up L i m i t  

14 A!igust 196r( - Nechan lca l  rod  and e l e c t r i c a l  t r a n s i e n t  rod  d r i v e  

up l i m i t  adjusr-e.3 t o  p:-event i n s e r t  i on  o f  more than  $3.00 r e a c t i v i t y .  

J Change i n  Fue l  E iemr i l t  Measureinent i n t e r v a l  

8 .lanu,3ry 1465 - Approva l  g ran ted  For change i n  f u e l  e lement measure- 

ment i n t e r v a l  F r m  ibO p u i s e s  t o  500 p ~ i s e s .  

K. i n s t a l  l a t  i o n  o f  Emergency Generator 

i n  March 1965, an ins tantaneous s t a r t  einergency g e n e r a t o r  i n s t a l l e d  

and checked o u t .  E l e c t r i c a i  d i s t r i b u t i o n  m o d i f i e d  f o r  c o n n e c t i o n s  t o  

emergency g e n e r a t o r  o u t p d t .  

L. Renoval O F  T r a n s i e n t  Rod D r i v e  Up L i m i t  Stops 

On 18 May 1965, t h e  $3.00 l l m i t  mechanical  a l d  e l e c t r i c a l  s tops  on 

t r a n s i e n t  rod d r i v e  m-.cianism were removed f o r  the purpose o f  r e a c t i v i t y  

r o d  c a l  i b r a t  ion.  Mechanic <in,: e l e c t r i c  s tops r e i n s t a l  l e d  a t  c o m p l e t i o n  

o f  c a l  i b r a t  ion.  

M. Removal o f  F l s s  ion  Produc ts  M o n i t o r  

On 4 June 9965, approva l  rece ived  f o r  t h e  d e l e t i o n  o f  t h e  requ i rement  

For  t h e  f i s s i o n  p roduc t  m o n i t o r  6s  a necessary piece o f  reac tor  instrurnettta- 

t i o n .  

N. I o n  Chamber Poder S u p p l y  

On 10 January 1766, a d d i t i o n 2 1  ion  chamber power s u p p l y  i n s t a l l e d  as 

a  p a r t  o f  r z a c t o r  i n s t r u m e n t a t i o n .  A p p r o p r i a t e  scram f e a t u r e s  OF r e a c t o r  

s a f e t y  system r e t a i n e d .  



DEPARTMENT OF THE ARMY 
HEADQUARTERS US A R M Y  MATERIEL DEVELOPMENT A N D  R E A D I N E S S  COMMAND 

5001 EISENHOWER A V E N U E .  ALEXANDRIA.  V A  22333 

D .  T a r a s / s e b f ~ ~ ~ O V ~ N  284-9340 

DRCSF-P 1 7  A p r i l  1980 

SUBJECT: Decontamination of Diamond Ordnance Radiation F a c i l i t y  

THRU : Commander 
s d - a n d  Development Command 

TO: Commander 
Harry Diamond Labora to r i e s  
ATTN: BELHD-N-FBI 
Adelphi,  $LE 20783 

1. Reference i s  made t a  t h e  fol lowing r e p o r t :  Radiat ion P r o t e c t i o n  Specia l  Study 
No. 28-43-0982-80, Close-Out Survey of Diamond Ordnance Radia t ion  F a c i l i t y  (DORF), 
25-25 February 1980. 

2 .  On 10 Apri l  t h e  A m y  Reactor  Committee f o r  Health and S a f e t y  reviewed t h e  
referenced repor t  and concluded t h a t  decontamination i s  c o n s i s t e n t  wi th  t h e  
c r i t e r i a  i n  NRC Regulatory Guide 1.86 and i s  a s  low as reasonably  achievable .  I n  
PHONECON, 17 Apr i l  80, LTC Q u i l l i n ,  W Y C  Radiation P r o t e c t i o n  Of f i ce r ,  s t a t e d  
t h e s e  acheived l e v e l s  a r e  a c c e p t a b l e  to  WRAMC. Based on t h e  above, t h e  f a c i l i t y  
is s u i t a b l e  f o r  u n r e s t r i c t e d  u s e  and occupancy, ,-- 

Member, Army Reactor Committee 
f o r  Health and Sa fe ty  

CF: 
HQDA(DASG-PSP-E); (DAPE-HRS) ' 
DRCIS 
DRCSG 



DRCSG-E (3 Apr 80) 1st I n d  
SUBJECT: Prel iminary Report,  Radia t ion  P ro tec t ion  Spec ia l  Study No. 

28-43-0982-80, Close-Out Survey of Diamond Ordnance Radia t ion  
F a c i l i t y  (DORF), 25-28 February 1980 

Headquarters,  US Army Mate r i e l  Development and Readiness Command 
5001 Eisenhower Avenue, Alexandria ,  VA 22333 9 Apr 8 0  

'TO: Commander, US Army E l e c t r o n i c s  Research and Development Command d'' A'PTN: DELILD-N-RBI, Adelphi,  MD 20783 

Sub jec t  r e p o r t  has  been reviewed by t h i s  o f f i c e  and i s  fo r ra rded  f o r  
information and a p p r o p r i a t e  a c t i o n ,  

FOR TFE C O A N D E R :  

ffi 7 

'&.P+, .Tf /'+; ,%t 5 7 -  --  7 -  i 
1 l n c i  ROBERT T, CLT?ISG3 PiaDe 
nc Colonel (P), MC 

Command Surgeon 

CF: 
DRCSF-P 
DRCSA-NS 
DRXOS-ES 
DRCIS-A 

CARL W. JGHNSON 
MAdSP. ,VSC 
hlEDiCAL EI!TO:,%C,!OGIST 
OFFICE CF TEE s i i ; C ~ r ~ ~  



DEPARTMENT OF THE A R M Y  Mr. Lodde/cw/AUTOVON 

U S ARMY ENVIRONMENTAL HYGIENE AGENCY 
584-3526 

A B E R D E E N  PROVING G R O U N D  MARYLAND 21010 

HSE-RH/WP APR 1986 

SUBJECT: Preliminary Report ,  Radiation Protect ion Special  Study No. 
28-43-0982-80, Close-Out Survey of Diamond Ordnance Radiat ion 
F a c i l i t y  (DORF)  , 25-28 February 1980 

Commander 
US Army Materiel Development and 

Readi ness Command 
ATTPI: DRCSG 

- 5001 Eisenhower Avenue 
A1 exandna ,  V F  2 3 3 3  

1% AUTHCRTTlis L e t t e r :  DELHD-N-RBI, Harry Di.?mond i.abor;torfes, 2 November 
197PP subjec t :  Request f o r  a Radiological Health Special S tudy ,  and 
i ndsrsement the re to .  

2. PbRPOSE. This s p e c i a l  s tudy was performed t o  determine t h e  presence and 
ex ten t  of r ad ioac t ive  contaminat ion and whether t h e  f a c i l i t y  met t h e  
r ad ioac t ive  contamination l e v e l s  s t a t ed  in Nuclear Regulatory Commission, 
Regulatory Guide 1.86, Termination of Operating Licenses f o r  Nuclear 
Reactors ,  June 1974, fo l lowing decontamination. 

3.  G E N E R A L .  

a. This r ad ia t ion  p r o t e c t i o n  special  study was conducted by Mr. Gordon 
M. Lodde, Health P h y s i c i s t ,  and 2LT Roger M. Davis, J r . ,  Health Physics  
Division,  t h i s  Agency, dur ing  t h e  period 25-28 February 1980. 

b. An en t rance  in t e rv iew and an e x i t  b r i e f ing  were provided t o  Mr. 
Charles Ware, Cont rac t ing  O f f i c e r ' s  Representative, Harry Diamond 
Laboratories.  

4. FINDING. 

a. The r e s u l t s  of smear surveys a r e  provided in Inc losu re  1. 

b. The r e s u l t s  of  c o n c r e t e  ana lys i s  a re  provided i n  Inc losure  2. 



HSE-RH/WP 
SUBJECT: Pre l  im inary  Report, R a d ~  a t i o n  P ro tec t i on  Special  Study No. 

28-43-0982-80, Close-Out Survey o f  Diamond Ordnance Rad ia t ion  
F a c i l i t y  (DORF), 25-28 February 1980 

c. Surveys by d i r e c t  r a d i a t i o n  measurements i nd i ca ted  t h a t  the h ighest  
r a d i a t i o n  values were obta ined on the  nor th,  south, and west w a l l s  o f  t h e  
exposure room. The values ranged from 20-400 microroentgen per  hour (pR/h) 
on contac t  as rceasured w i t h  an Eber l ine ,  Model PRM-7, Micro-R-Meter and up t o  
350 pR/Hr when measured w i t h  a Victoreen, Model 440, I o n i z a t i o n  Chamber. 
These two methods o f  r a d i a t i o n  measurements are i n  c lose agreement. 

5. DISCUSSION. 

a. Samples were taken from t h e  wastewater ho ld ing  tanks and t h e  sewage 
system down stream from t h e  h o l d i n g  tanks. 

b ,  Core samples were taken o f f  s i t e  and s o i l  and vegetat;on sariiples 
were taken both on and o f f  s i t e ,  

c ,  The f i n a l  r e p o r t  will be forwarded i n  about 60 days f o l l o w i n g  
ana lys is  o f  t h e  samples. 

6 -  CONCLUSION. A rev iew o f  t h e  f i n d i n g s  i nd i ca ted  t h a t  a f t e r  decontami- 
n a t i o n  t h e  f a c i l i t y  conformed t o  t h e  requirements o f  Regulatory Guide 1.86. 

7. RECOMMENDATION. None 

FOR THE COMMANDER: 

2 I n c l  
as 

Environmental Sciences 

CF: 
Cdr, ERADCOM . 
Cdr, HSC (HSPA-P) 



HSC-RH/WP 
SUBJECT: Prel ilninary Report, Radiation P ro tec t ion  Special  Study No. 

28-43-0982-80, Close-Out Survey of Diamond Ordnance Radiation 
Faci 1 i ty (DORF) , 25-28 February 1980 

n c ~ u i l ~  ut  HNALYLING WIPE TEST SAMPLES 

Disintegrations per Minute 22 Standard Deviations/100 c 
Sample RCB Gross Alpha Gross Beta 
Identification Lab No. Activity Activity 



HSE-RH/WP 
SUBJECT: Preliininary Report ,  Radiat ion Protection Special Study No. 

28-43-0982-80, Close-Out Survey of Diamond Orditdrice Radiat ion 
Faci 1 i ty  (DOKF), 25-28 February 1980 

Disintegrations per Minute 12 Standard Deviations/100 cm2 
Sample RCB Gross Alpha Gross Beta 
Identification Lab No. Activity Activity 
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ACT1VATTON ANALYSIS OF RADIOACTIVE MATERIAL 

I N  THE DORF STKVCTUXE BEFORE 

DECOi2lISSIOXING 



INTRODUCTION 

This r epor t  documents informat ion  of t h e  amount and t y p e  of r a d i o a c t i v e  

ma te r i a l  t h a t  w i l l  be p resen t  i n  t h e  s t r u c t u r e  and b u i l d i n g  of t h e  Diamond 

Ordnance Radiation F a c i l i t y  a f t e r  removal of t h e  r e a c t o r  f u e l  i n  t h e  sp r ing  

of 1978.  Such informat ion  i s  requi red  f o r  decormnissioning p l a n s  and must 

be supplied t o  t h e  Army Reactor  Cormnitteefor Heal th and S a f e t y  (ARCHS) 

p r i o r  t o  t h e i r  approval  of such plans.  The information is  a l s o  needed by 

t h e  waste-disposal a r e a  d i r e c t o r a t e  who must budget f o r  s p e c i f i c  volumes and 

r ad ioac t ive  l e v e l s .  F i n a l l y ,  t h e  i s o t o p i c  composition of t h e  r a d i o a c t i v e  

waste i s  necessary f o r  l a b e l i n g  conta iners  a t  the  t ime of shipment .  

The f i r s t  s e c t i o n  of t h i s  r e p o r t  i s  a  summary f o r  t h o s e  who need only 

t h e  f i n a l  r e s u l t s  on type ,  l o c a t i o n  and amount of r e s i d u a l  r a d i o a ~ : ~ # i t y .  

Sect ion two descr-ibes t h e  i n v e s t i g a t i v e  p r o c e d ~ r e s ,  d i s c u s s e s  t h e  poss ib l e  

sources of ra6 ioz :c t iv i ty  and t h e  p rope r t i e s  of t h e  r a d i o a c t i v e  i.sotopes 

found. Graphs of i s o t o p i c  ana lyses  and ca l cu la t ions ,  which conver t  d e t e c t o r  

response to  s p e c i f i c  a c t i v i t i e s ,  a r e  included i n  t h i s  s ecc ion .  The second 

sec t ion  a l s o  provides t h e  d e t a i l e d  c a l c u l a t i o n s  of volumes, weights  and t o t a l  

r a d i o a c t i v i t y  i n  t h e  v a r i o u s  s e c t i o n s  of DORF. The f i n a l  s e c t i o n  conta ins  

recoinmendations based on t h i n g s  discovered during t h i s  s tudy .  

SUl@IARY 

The r a d i o a c t i v i t y  t h a t  w i l l  remain a t  DORF a f t e r  t h e  f u e l  removal i n  t h e  

s p r i n g  of 1978 has  been c a r e f u l l y  est imated based on c r i t e r i a ,  measurements and 

necessary assumptions documented i n  t h i s  r epor t .  A conc i se  summary of tha: 

r a d i o a c t i v i t y  i s  given i n  Table I. The most predominant r a d i o a c t i v e  i so topes  

i n  t h e  concrete  a r e  cohal;-60 and europium-152 and -154. The most predominant 

m 
i so topes  i n  lead a r c  antimony-124 and si lver-110 . The wood and s t e e l  (mainly 

i n  t h e  lead-shield h o i s t )  a r e  not  very r ad ioac t ive  and easy  t o  d i spose  o f .  The 

aluminum i t s e l f  i s  alnosL non-radioact ive but  t he re  i s  .=i r a d i o a c t i v e  Phenuline 



l i n e r  which tends t o  s t i c k  t o  t h e  aluminum. Its r a d i o a c t i v i t y  comes from 

cobalt-60 and zinc-65. A l l  of these  r ead ioac t ive  i s o t o p e s  have h a l f - l i v e s  

i n  excess of 60 days. 

11 TABLE I. Summary-- of t o t a l  r a d i o a c t i v i t y  t o  be expected from m a t e r i a l s  
i n  t h e  DORF s t r u c t u r e  a f t e r  core removal. 

"This represents  a  s u m a t i o n  of the  va lues  given i n  Table X .  

H a t e r i a l  

i I I 
i I 

i 
-- 

I 
i ___ I -__l__l_- I ~ - i 

i I I .  i GRAND 
I 

- 
Mass 1 Volume 
( I b s )  (f t3) 

1 
j 
! 
i 

R a d i o a c t i v i t y  
( m i l l i c u r i e s )  ! I 

CONCZETE ' I 82,170 412 
I 

( I f  whole plug / (170,050) I ( 1 0 )  
door included).  I .  LEAD I 55,753 1 1 2  

36.24 

(36.24) 
I 
I 

13.34 
I 
I 

I TOTAL ! 
I 

i 
. I  

177,817 l h s  I 1889 f t 3  0 .126Cur ie s  

(89 tons )  ! 
! 

I I I 
i 

I--- --L --_-- 1.. -- .- 

ALUMINUM 2,258 1 5  i 75.71 I 
I 

WOOD 34,944 I 1341. i 0.33 i 
I 

I 



IDENTIFICATION OF THE RADIOACTIVITY 

Iso tope  I d e n t i f i c a t i o n ;  

The p r i n c i p a l  method of i d e n t i f i c a t i o n  was g a m a - r a d i a t i o n  spectroscopy 

wi th  a  germanium l i t h ium-dr i f t ed  d e t e c t o r ,  o r  Ge(Li) c r y s t a l .  The c r y s t a l  

i s  housed i n s i d e  a  very  low-act ivi ty- lead cave l i n e d  wi th  wood. Numerous 

background analyses  confirm t h a t  f o r  photons wi th  ene rg ie s  g r e a t e r  than  

140 keV, samples with low a c t i v i t i e s  (two t o  t h r e e  t imes background) can be 

success fu l ly  analyzed f o r  s p e c i f i c  photon ene rg ie s .  A p l o t  of a  mult ichannel  

ana lyzer  spectrum of t h e  background is  given i n  Fig.  1. The p r i n c i p a l  higher  

energy peaks i n  t h e  background spectrum a r e  t h e  511-keV gammas a s s o c i a t e d  

40 with a n n i h i l a t i o n  r a d i a t i o n  and t h e  1461-keV peak from K, a  r a d i o a c t i v e  

i s o t o p e  which i s  found n a t u r a l l y  i n  almost a11 "non-radloacrP?e!' .materials.  

The method of ana lyses  p rov ides  f o r  very good r e s o l u t i o n  of t h e  photon 

energ ies  i n  t h e  range 140 keV t o  2500 keV a t  approximately 9 . 7  keV per  

channel of 256 t o t a l  channels .  The e l e c t r o n i c  equipmenr i s  s u f f i c i e n t l y  

s t a b l e  over counting pe r iods  of 50,000 seconds t o  permit energy assignment 

wi th in  two percent .  Graphs of t h e  gamma spec t r a  of t h e  v a r i o u s  m a t e r i a l s  

i nves t iga t ed  a r e  shown. (See Fig .  2  through 5 ) .  - 

The method does not  provide  f o r  t h e  u l t i m a t e  i n  accuracy f o r  determining 

s p e c i f i c  a c t i v i t y .  The c r y s t a l  e f f i c i e n c y  ( d i s i n t e g r a t i o n s  per  count  a s  a  

funct ion  of energy) can only  be a c c u r a t e l y  assigned f o r  a  well-defined 

geometry. The samples i n  t h e  p resen t  s i t u a t i o n  v a r i e d  i n  s i z e  and shape, 

Therefore,  they were suspended above t h e  c r y s t a l  s o  t h a t  t h e i r  c e n t e r s  of 

mass were approximately t h r e e  cen t ime te r s  from t h e  a c t i v e  volume of t h e  



de tec to r  and e f f i c i e n c i e s  were determined wi th  c a l i b r a t e d  po in t  sources .  

The e r r o r  a s soc ia t ed  wi th  t h i s  procedure is es t imated  t o  6 e  no g r e a t e r  than 

SO%, based on a  volume i n t e g r a t i o n  of point-source response  a t  p o i n t s  i n  

space r e p r e s e n t a t i v e  of t h e  sample s i z e .  For t h e  t a s k  a t  hand such accuracy 

is s u f f i c i e n t  . 

Rat ional  of Sample S e l e c t i o n  

The job was t o  i d e n t i f y  t h e  r a d i o a c t i v e  content  and q u a n t i t y  of m a t e r i a l s  

t h a t  w i l l  have t o  be removed from t h e  DORP s i t e  s o  t h a t  i t  can be c e r t i f i e d ,  

by post-decommissioning r a d i o a c t i v e  survey, a s  an u n r e s t r i c t e d  a r e a  f o r  

poss ib l e  publ ic  use.  Th i s  survey,  t o  be conducted by t h e  Army Environmental 

Beal th Agency (AEHA), must be  accomplished p r i o r  t o  any f i l l i n g ,  s e a l i n g  o r  

burying a c t i v i t i e s .  This  presented two proSlems. How can we i d e n t i f y  t h e  

r a d i o a c t i v i t y  i n  p r e s e n t l y  inaccess ib l e  a r e a s ,  such a s  below rhe  r e a c t o r  

pool ,  before t h e  r e a c t o r  f u e l  and higher- level  r a d i o a c t i v e  s t r u c t u r e s  have 

been removed? h'hat amount o: m a t e r i a l  w i l l  have t o  be removed from w a l l s  

and f l o o r s  to  reach an accep tab le  AEHA l e v e l ?  

The f i r s t  problem was a t tacked a s  fol lows.  ~ e p r e s e n t a t i v e  samples of 

a l l  the ma te r i a l  types  a r e  a c c e s s i b l e  i n  t h e  exposure-room a r e a .  Because 

of t h e  s i g n i f i c a n t l y  l a r g e r  thermal-neutron c r o s s  s e c t i o n s  of m a t e r i a l s  

and t h e  f a c t  t h a t  t h e  DORF-TRIGA r e a c t o r  is zirconium-hydride moderated and 

water-cooled r e a c t o r ,  t h e  thermal component of t h e  spectrum i s  t h e  dominate 

source of induced r a d i o a c t i v i t y .  A s  w i l l  be d iscussed  l a t e r ,  t h e  predominance 

of r ad ioac t ive  europium c o n f i r n s  t h i s .  Therefore,  i s o t o p i c  ana lyzes  of 

exposure room samples a r f  r e p r e s e n t a t i v e  of those  i n  p r e s e n t l y  i n a c c e s s i b l e  



a reas .  Furthermore, with f a c i l i t y  dosimetry da ta  f o r  t h e  va r ious  l o c a t i o n s ,  

we can e s t ima te  the  r e s i d u a l  r a d i o a c t i v i t y  i n  remote l o c a t i o n s  w i t h  s i g n i f i -  

c a n t l y  d i f f e r e n t  f l u x  exposure l e v e l s .  

The second problem of  how much m a t e r i a l  t o  remove i s  more complex 

because we do not have good guidance on the.amount of  r a d i o a c t i v i t y  i n  

volume t h a t  can remain. NKG Regula t ion  1.86, the c u r r e n t  guide,  c l e a r l y  

s p e c i f i e s  l e v e l s  f o r  removal s u r f a c e  contamination but  i s ,  a t  b e s t ,  vague 

on volume a c t i v i t y  and how t o  d e t e c t  i t .  The c r i t e r i a  s e t  f o r  t h e  a n a l y s i s  

i.n t h i s  r e p o r t  a r e  a s  fol lows:  

(1) Once the  reacEor suppor t  s t r u c t u r e  has been removed t h e r e  w i l l  be 

no h igh- leve l  r a d i o a c t i v e  waste  remaining i n  the DORF s t r u c t u r e .  Our 

ana lyses  confirm t h i s .  

(2 )  Based on e x i s t i n g  a l lowable  concentr : i t ions of r a d i o a c t i v e  ma te r i a l s  

i n  water  and a  s p e c i f i c  a c t i v i t y  propor t ional  ;o ma te r i a l  d e n s i t y ,  we can s e t  

-5 . an a l lowable  s p e c i f i c  a c t i v i t y  of 2 x  10 m ~ c r o c u r i e s  per  gram a s  t h e  maximum 

permiss ib le  concent ra t ion  of r ad ionuc l ides  i n  water when i t  i s  known t h a t  

S r  90, 1129 ,  ( I  124, I 126, I 131, Table I1 only) ,  Pb 210, Ra 226, Ra 228, ... - 

Cm 248, and Cf 254 a r e  not  present .  S ince  the  dens i ty  of  water  i s  one g/cm 3 

3 3 -5 . 3 - 
and t h e r e  a r e  28317 cm / f t  , 2  x 10  wc?/g corresponds t o  0.57 i - r ~ i / f t  o r  water.  

(3) It i s  assumed t h a t  t h e  r a d i o a c t i v i t y  i s  d i s t r i b u t e d  i n  t h e  ma te r i a l  

to be  removed i n  propor t ion  t o  t h e  i n c i d e n t  thermal f luence  ( f lux - t ime  product) 

and a t t enua ted  exponent ia l ly  according to  thermal-neutron r e l a x a t i o n  l eng ths ,  

( i . e . ,  the  inve r se  of microscopic removal c ross  s e c t i o n s  f o r  broad beams). 

H a l f - l i f e  decay is taken hnto cons ide ra t ion  f o r  the  period u n c i l  s p r i n g  1978. There- 

f o r e ,  t h e  depth of m a t e r i a l  t o  be removed, D i n  cent imeters ,  i s  determined 

?< 

10 CFRZO, note to  Appendix B 



by r e l a t i v e  f luence  l e v e l  a t  t h e  sur face ,  $ /+0,  and 

3  
where h i s  t h e  a c t i v i t y  i n  v C i / f t  estimated from t h i s  s tudy .  The va lues  

of r e l a x a t i o n  l e n g t h  a r e  g iven  i n  Table 11. 

I 

I TABLE 11. M a t e r i a l  d e n s i t i e s  and r e l a x a t i o n  l e n g t h s ,  L 
I - .  ~ -____-- - -. . -- .- - --- ..- ~~ 1- 

Mater ia l  I 

i I Density 7- Relaxa t ion  Length 

Concrete I 2.35 g/cm 
3 _t_--- 

i I 1 . 6  cm 

Lead 11 .0  g/cm3 4 . 2  ere 

! 
I 
I Wood I 0,42  g/cm3 I 2.9 cm 
I i 

I 
i 

i I - -  - -  ~ - ___ I 

Neasured R a d i o a c t i . 9  

Samples taken from t h e  DORF exposure room were conc re t e ,  wood, aluminum, 

l ead  and a  tar-paper- l ike l i n e r  i n s t a l l e d  between t h e  alumi.num pool  tank and 

t h e  concre te  pool base. Although t h e  aluminum i t s e l f  has  v e r y  l i t t l e  r e s i d c a l  

-6 . r a d i o a c t i v i t y  ( l e s s  than 8 x 10 ~ ~ l / g m  f o r  t h e  s e c t i o n s  coun ted ) ,  t h e  

Phenoline paper ( i . e . ,  t h e  tar-paper  l i n e r )  has t h e  h i g h e s t  s p e c i f i c  a c t i v i t y  

of a l l  the  m a t e r i a l s  examined. Since t h i s  l i n e r  tends t o  s t i c k  t o  t h e  aluminum, 

f o r  a l l  p r a c t i c a l  purposes t h e  aluminum tank e x h i b i t s  t h i s  a c t i v i t y .  

Tables I V  through I X  g i v e  a  breakdown of t h e  i s o t o p i c  composition of t h e  

r a d i o a c t i v i t y  i n  t h e  v a r i o u s  samples. Tables I V  and V a r e  con.posed of s e v e r a l  

a d d i t i o n a l  pages t h a t  s e r v e  a s  d e t a i l e d  examples of t h e  methods of ana lyses  

and a t e  s e l f  explanatory when r e fe rence  i s  made t o  t h e  graphs of  t h e  multichannel- 

analyzer  output .  Figs.  1 . through 5 a r e  t h e  mult ichannel-analyzer  garnxa spec t r a  

f o r  the  var ious  types of samples. The energy of t h e  photopeaks i s  r e l a t e d  t o  
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s p e c t r a  f o r  the  va r ious  types of samples. The energy of t h e  photopeaks 

i s  r e l a t e d  to  s t a r t  the  channel number (abc issa)  by t h e  fo l lowing equat ion:  

E(keV) = (channel t 2 . 5 )  x 9.69 2 2 %  (2)  

For  c l a r i f i c a t i o n ,  t h e  gamma-ray peaks a r e  i n d e n t i f i e d  by i s o t o p e  and t h e i r  

energ ies  i n  keV (and i n  pa ren ths i s )  a r e  given f o r  most of  the  peaks. 

The s p e c i f i c  a c t i v i t y  ( d / s + g )  f o r  each measured sample i s  compared 

i n  Table 111. This t a b l e  a l s o  provides the  number of microcur ies  per  

u n i t  most p r a c t i c a l  f o r  t h a t  type of mater ia l .  This l a t t e r  information i s  

used i n  Table X t o  determine the t o t a l  radioacir iviry i n  t h e  volumes of 

r a d l c a c t i v e  m a t e r l a i s  a t  DO=, 
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C H R N N E L  OF 2 S b  



CONCLUSIONS & RECOWENDATICINS 

The p r i n c i p a l  conclus ion  from t h i s  s tudy i s  t h a t  once t h e  r e a c t o r - g r i d  

support s t r u c t u r e  has been removed the re  is ve ry  l i t t l e  r a d i o a c t i v i t y  r e -  

d i s t r i b u t e d  throughout  concre te  wa l l s  and f l o o r s .  Deep excavat ions w i l l  

not  be necessary. Iiorgever, t h i s  i s  of l i t t l e  consequence i f  one s t i l l  has t o  

remove seve ra l  i 

i n  the  exposure room. I n  f a c t ,  the  exposure-room decontaminat ion i s  by 

f a r  the  major problem and s e v e r a l  p o s s i b l e  methods of a t t a c k  cow2 t o  mind, 

(1) Excavate and remcve che t h r e e  3000-gallon wasre-water holding t m k s  

c o t  o f f  p a r t  of t h e  tc2s  aqd use them as shipping con ta ine r s  f o r  t h e  r ad io -  

a c t i v e  debr i s  from DOwe For example, the  wood has  s u f f e r e d  r a d i a t i o n  

damage and d ry  r o t  so t h a t  i t  crumbles r a t h e r  e a s i l y ,  It i s  a  b ig  volume 

3 (1200 f t  ) but r e l a t i v e l y  l i g h t  i n  weight so i t  can e a s i l y  be tossed o r  

shoveled i n t o  the  tanks and they could then be c l o s u r e  welded f o r  shipment. 

There w i l l  a l s o  be much d u s t ,  d i r t ,  paper and smal l  concre te  ch ips  of 

r ad ioac t ive  waste,  a l l  of  which could be put  i n t o  t h e  tanks.  

(2)  Mechanically c u t ,  DO NOT CUT I.7ITH A TORCH, the  aluminum because of 

the  r ad ioac t ive  " ta r -paper"  l i n e r  which could e a s i l y  c a t c h  on f i r e  and 

produce contaminated smoke, However by reference  t o  the  excavat ion-cf-  

concre te  d e t a i l s  i n  t h i s  r e p o r t ,  the  p laces  where the  a lminum l i n e r  w i l l  

be radioaci-ive a r e  e a s i l y  i d e n t i f i e d .  I t  does not  appear t h a t  the  l i n e r  

w i l l  produce a  problem i n  o the r  than these  a reas .  



(3)  Thought should be g iven  t o  the  p o s s i b i l i t y  of t r a n s f e r r i n g  some 

of the  lead t o  AFRRI o r  APRF because i t s  r a d i o a c t i v i t y  i s  r e a l l y  not  a  

s e r ious  hazard and t h e s e  f a c i l i t i e s  need i t  f o r  s h i e l d i n g  i n  neutron f i e l d s .  

This could save a few d o l l a r s  on t r anspor t a t ion  and d i s p o s a l  c o s t s .  

( 4 )  Survey a c t i v i t i e s  a r e  going t o  be a  problem because t h e r e  j u s t  

i s n ' t  much a c t i v i t y  Co survey r i g h t  now. For example, depending on what i s  

going t o  be done wi th  t h e  exposure room, i t  may not  be necessary  t o  excavats  

concre te  from t h e  r e a r  wa l l  of t h e  room. I n  any even t ,  thought  should be 

given t o  how nilch t h e  survey rzading "from the  r e a r  wa l l  only", before  

excavation, must be decreased by mater ia l  removal t o  provide  an "acceptable" 

survey l e v e l .  i n  view of t h e  expense t o  breakzp and s h i ?  c ~ n c r e r e ,  i t  i s  

prudent to  be p r a c t i c a l  about s e a l i n g . u p  o r  burying very  sma l l ,  bu t  d e t e c t a b l e ,  

amounts of r a d i o a c t i v i t y .  

(5) Almosr a l l  of t h e  m a t e r i a l s  e x h i b i t  one o r  two predominant and 

c h a r a c r e r i s t i c  photopeaks. Therefore,  survey a c t i v i t i e s  could be determined 

by a  sodium-iodide s c i n t i l l a t i o n  de tec to r .  I t  i s  sugges ted  t h a t  a  po r t ab le  

d e t e c t o r  with a  3 /4 - inch- th i ck  c y l i n d r i c a l  l e a d  s h i e l d  around t h e  s i d e s  

would be p r a c t i c a l .  C a l i b r a t i o n  could be accomplished i n  a  crude,  but  

adequate,  manner by measuring t h e  response of a  v a r i e t y  of  sources  simul- 

taneously pos i t ioned  over  a square-meter plane a r e a  behind about  1/4-inch 

th i ck  aluminum. This  approximates the  follo1.1ing s i t u a t i o n .  The dose r a t e  

t o  t i s s u e  i n  r ads  pe r  hour i n  an i n f i n i t e  medium, o f  d e n s i t y  p, un i fo r~n ly  

contaminated by a  gamma e m i t t e r ,  of energy F (MeV), i s  



3 where C i s  i n  mic rocur i e s  per cm . A t  t h e  s u r f a c e ,  t h e  dose r a t e  i s  

about one h a l f  of t h i s  and f o r  a i r  a one-centimeter-from-the-surface . 

survey i s  a n  adequate  r ep resen ta t ion  of the  s u r f a c e  r a t e .  By then surveyins  

7 
the  " c a l i b r a t i o n  s e t u p  a t  one meter" and c o r r e c t i n g  f o r  1 / ~ '  t o  one 

cent imeter ,  one can  e s t i m a t e  the  r ads  per hcur e f f i c i e n c y  of t h e  

s c i n t i l l a t i o n  d e t e c t o r .  A v a r i e t y  of sources,  r e s p o s i t i o n e d  should be 

used and t h e  r e s u l t s  averaged. 
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I.  OBJECTIVE 

The objective for  dismantlement and radioactive decontamination of 

the  D i  amnd Ordnance Radiation Faci l i ty  (DORF) i s  t o  place i t  i n  a 

condition acceptable f o r  release for  unrestr ic ted use. Reactor components 

will be packaged and shipped to the Geoarment of Energy (DOE) a t  Hanford, 

Washington. All radioactive materials and components will be removed 

and decontaminated f o r  release for  unrestr ic ted use, o r  packaged f o r  

disposal as  radioactive waste and delivered to  a licensed burial s i t e .  

Areas o f  the f a c i l i t y  and materals released f o r  unrestricted use will be 

decontami neted to levels w h i s h  are  as law as reasenabl y achievable 

[ALAW), b o t  i n  a l l  eases to leve!s belaw thase described i n  Nuclear 

Regul atsr-:.r Cornissfon ( I i R C )  Reguiaeory Guide I .a6, TabPe I. The methsdolc~y 

in decantamination for  release f s ~  ianrestiiicted ass as  s t a t x i  i n  th i s  

suide wi 17 be followed. As uart of the F\LAiW program, Rockwell has 

established the 1 imits shown in Table 2 as t h e i r  target  for  compliance 

with t h i s  contract .  The l imits are based on experience rogarding levels that  

in most cases a r e  reasonable achievable and can be effectively monitored. 
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1 TABLE 2 

ROCKYELL INTERNATIONAL/ENERGY SYSTEMS GROUP 
CONTAMINATION LIMITS FOR DECONTAYINATION & DISTOSAL OF DORF 

Beta-Gama Emit ters  

49nha Enitters 

TOTAL 1 R5YGVABLE 

0.1 mrad/hr average a 
and 0.3 mrad/hr maximum 
a t  1 en  w i t h  7 mg/cm2 
absorber  

a~easu romen t s  of average contaminanr should not  be averaged over  more than 
1 square  meter. For o b j e c t s  of l e s s  su r face  a rea ,  t h e  average should  be 
derived f o r  each such o b j e c t .  
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I I .  SCOPE OF PLAN 

The scope of t h i s  Dismantling Plan i s . t o  delineate the ac t iv i t i e s  

necessary t o  r ea l i ze  the objectives s ta ted i n  Section I .  The ac t iv i t i e s  
are  c a t ~ g o r i z e d  6s: planning, monitoring, and control ; radiological 
survey; dismantlenent and d i sposa l ;  and documentation. 
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111. PUNNING, MCNITORING, AND CONTROL 

OORF. The s i t e  manager lwill also have the overall technical responsi- 

b i l i t y  for  the dismantling ac t iv i t i e s  and will  be the ons i te  interface 

f o r  a11 conxacrs w j t n  the Army's S i t e  Contracring Officer o r  his repre- . 
sentative. The DORF D&O organization s t ructure  is  shown i n  Figure 1. 

The Rockdell Radiation and kiuclear Safety representative will be responsible 

f o r  radielegical surveys and survey data analyses. Records of significant 

r a d i a ~ i o n  surveys and snalyses will be made available to  the Contracting 

Officer or h i s  rearesentative. 

X schedule l is tdng the s p e c i f i c  tasks an2 the proposed sequence for 
-. per-formane? i ' s  przsentsd in Table 3. I ne estimated level s f  manpower 

and milestones for  these ac t iv i t i e s  are included for  information. The 

milestone schedule will serve as  the c r i t e r i a  to measure progress in 

di;mantling SGRF. 

The Operational Safety PI a n  o n  Decontamination and Disposal a t  DORF 

i s  attached as Appendix A .  I t  contains the radiarion sa fe ty ,  industrial 

hygiene, and industrial  safety procedures i n  support of the ac t iv i t i es  

described in th i s  Dismantling Plan. 
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I I MOIOLOGICAL SURVEY i 

A radiological survey will be made to  assess the extent of radio- 

a t  the s i t e  before beginning the dismantling ac t i v i t i e s .  

Radiological surveys will be conducted before and during the Phase I! 

work only t o  provide information for  guidance in dexermining (1) what 

areas a re  radioactive,  ( 2 )  when suf f ic ien t  material has been removed t o  
re lease  these areas  f o r  unrest r ic ted use, and ( 3 )  personnel surveii lance.  

The comprehensive radio-isotopic analysis appended t o  the Request 

f e ~  Quotation (RFQ) as Appendix IV was a n  estimate of  %he radioactive 1 
matevia? remaining in the DORF s t ~ u ~ t u r e  as of the s p r i n g  o f  1978. This 

will serve a s  a g u i d e  and will be us& as a qua l i t a t ive  indication of  

the  presence of radioact ivi ty .  
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V . OISMAEIiLElE?IT .A?ID DISPOSAL 

cope o f  work requi red  t o  dismantle DORF i s  p re sen ted ,  followed 

by a  desc r ip t ion  of  t h e  p r inc ipa l  t a sks  required t o  accomplish t h e  

Phase I1 and I11 work def ined  i n  t h e  RFQ. The t a s k s  w i l l  be performed 

i n  t h e  order  shoivn i n  Table 3 i f  prac t icable .  Overlap of  t h e  schedule 

casks w i l l  occur  a s  requi red  t o  maintain con t inu i ty  i n  t h e  o v e r a l l  program. 

A .  DISMAEiTbEMENT SCOPE OF MORK 

A c t i v i t i e s  requi red  t o  aceempl i sh  the dismantlement o f  BORF include:  

(I) surveying 2nd recording  the radio!cgical condi t ion  of  t h e  f a c i i l t y  

1 and surrounding g m u n d s  to def ine  the exi~cbfng cond i t ion ;  (Sj xhe analys is  

and  dfsposai  o f  :ne core  tank water per 10 CF? 20 l i m i t s ;  (3) t h e  rzmoving, 

packaging and shipping of t h e  r e a c t o r  components l i s t e d  i n  f a b l e  4 of 

t h i s  plan;  (4) removing, packaging, and shipping t o  a  l i censed  burial  

s i t e  t h e  r ad ioac t ive  ma te r i a l s  and components re ferenced  i n  t h e  RFQ and 

those  senerated durfng t h e  dismantleqent of O O R F ;  ( 3 )  removing and 

d ispos ing  of t h e  nonradioac t ive  components o r  ma te r i a l s  l i s t e d  i n  Para- 

graph F .4 .1  (a through g )  of. t h e  RFQ (Note t h a t  (h) i s  included i n  

A c t i v i t y  3 above); ( 5 )  removing and de l iver ing  the j i b -c rane  t o  the  

AURORA f a c i l i t y ;  and ( 7 1  t h e  Health Physics support necessary t o  assure 

coii;pliance with NRC Regulatory Guide 1.36 and 10 CFR 20. 

2 1. S i t e  ? rega ra t ion  

The s i t e  p reaa ra t ion  task  includes those a c t i v i t i e s  requi red  to 

move the ESG s t a f ?  and t h e i r  equipment t o  L+e s i t e  and t o  e s t a b l i s h  a 

base of opera t ions .  A r a d i a t i o n  sur.Jey of the  nonradioact is ie  port ions 

of the s i t ?  w i l l  be conducted f o r  doc!J;ne.iat<on. An s n a l y i i s  of che 

pcol water to  d e i s n i  ne conpl ianc? :qi;h iO CF2 70 wil l  be perforxeci. 
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TABLE 4 

REACTOR CGI4PCPIE)ITS FOR S'rli?YEXT TO 
DOE-HEDL, RICHLAND, UASHIXGTON 

Item 
No. Descript ion U n i t  Q u a n t i t y  

1 Core Support S t ruc tu re ,  Upper Sec t ion  Each 1 

2 Core Support S t r u c t u r e ,  Lower Sec t ion  Each 1 

3 Top and Bottom Grid P l a t e s  Each 1 

4 Connecting Rods f o r  Control Rods Set  1 
5 Control Rods Set  b 

6 Carr iage Drive Motor Each b 

7 Water Pump:  1,s hp Each 1 

8 Incor? Experiment Tube Each A I 

9 Ion Chamber Supports and  %on Chambers Se t  3 

bO Carr iage Support Ra i l s  Se t  1 

11 Lead Shie ld  Door Drives and i inkage  Set  1 

12 Pool Cover P l a t e s  S e t  1 

13 Fuel S torage  Racks, Underwater Each 8 

14 Fuel Measurement Tool with Dial Micrometer Each 1 

15 Aluminum Water System ? ip ing  Each 1 

16 Kater  Pumps Each 3 

17 Demineralizers,  3 i t  
3 Each 4 

18 Flowmeters, 25 gpm Each 2 

19 Neutron Source, 10 c u r i e s ,  am-be Each 1 

20 Neutron Source Holder Each 1 

21 Pool Lights  Se t  1 

22 Carr iage Pos i t ioning  F'otentiometer Each 1 

23 Carr iage Umbilical Arm Each 1 

24 Fuel Element Location niagram Each 1 

25 Water Box, 1 f t 3  Capacity Each 1 

26 Charccal i i l ~ e r ,  1 it3 Capacity Each 1 
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permics. The appropr i a t e  l i m i t s  a r e  those l i s t e d  i n  10 CFR 20,  Appendix B ,  

i e  I ,  Column 2 ,  a s  provided by 10 CFR 20.303.. A r a d i a t i o n  survey of  

t h e  r e a c t o r  components t h a t  a r e  scheduled f o r  shipment t o  HEDL will be 

conducted. Should t h e  wa t s r  a n a l y s i s  show contamination above limits, t h e  

e x i s t i n g  p u r i f i c a t i o n  system will be used f o r  cleanup. 

I Z -  Packaging and Shipping Reactor Comoonents t o  HEDL 

The e l e c t r i c a l  s e r v i c e  f o r  ehe r e a c t o r  a u x i l i a r y  systems w i l l  be 

discannee:ed ?-am t h e  r e l a y  and power d i s t r i b u t i o n  panels and tne wir ing 

w i l l  be removed. This w i l l  inc lude  power discannects  r o  the  lead s h i e l d  

deors ,  c a r r i a g e  d r i v e ,  and t h e  d i f i u s z r  pumo. 

,A1 1 of  the  it-ms 1  isxed 1.n Table 3 wi l l  be rmoved,  packed i n t o  

weatherproof con ta ine r s ,  and s taged  f o r  t r anspor t a t ion  t o  t h e  DOE, ii<nford 

Engineering Development Laboratory (HEDL), Richland, Washington. The 

Americium-Beryllium neutron source wi l l  be placed in an approved Type A 

shipping con ta ine r  f o r  shipment w i r h  t h e  abovk items. 

The water t r e a t x e n t  system i n  the  F i l t e r  Room ,will be removed a f t e r  

t h e  pool x a t e r  has bee!? discharged t o  t h e  s a n i t a r y  sewer and a determina- 

t i o n  has been made t h a t  i t . w i l 1  no longer  be required.  Water w i l l  be 

drained from t h e  piping and f i l t e r  medium and t h e  u a t z r  w i l l  be d i spos i -  

t ioned  based on r ad ia t ion  survey a n a l y s i s .  All of the  items l i s t e d  

w i l l  be shipped t o  HEDL ,when they have been packaged and a r e  a v a i l a b l e  

f o r  shipment. Components ,;rill only be disassembled t o  t h e  degree neces- 

s a r y  t o  p e n i t  packing i n t ~  reasonably s ized  conta iners .  

All packaging wi l l  conform t o  the Oepartaent of Transpor ta t ion  

(COT) Spec i f i ca t ion  T i  t i e  39 Code of Federal 2eguiat;ons. Each pac!ka~e 

s h a i i  be .?onitored by t5e Hezlth Phys ic i s t  t o  d e ~ z r i i i n e  i r s  radioac:ixie 

c o n w n t  and v i l i  be ,,+e?ahed t o  e s t z b l i s h  i ts  shipping , w i g h t .  
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'Ahen a l l  r ad ioac t ive  components have been removed from the  f a c i l i t y ,  

t h e  a r e a s  vhich  houszd those components w i l l  be r a d i o l o g i c a l l y  surveyed 

and the survey doc~mented.  Those a reas  which a r e  above t h e  r e l e a s e  

1 imi ts will be i d e n t i f i e d  on a  f a c i l i t y  p l o t  ~p:an and scheduled f o r  removal 

during t h e  appropr i a t e  demolition task .  

T'ne j i b  c rane  w i l l  be removed from DORF and t ransgor ted  t o  t h e  

AU2ORA f a c i l i t y  when i t  i s  no longer  requi red  t o  support  dismantling 

a c t i v i t i e s .  

3. Exposure Zoom 

Yke exposure room wi l l  be s t r i p p e d  o f  i ts wood l i n i n g ,  lead s h i e l d s ,  

lead s h i e l d  h o i c L  and o t h e r  removable components. The material  wi?; 

be separa ted  and d isposr t ioned  e i t h e r  to .  salvage sr gackaged f o r  radio-  - 
a c t i v e  d i sposa l .  

Before s t a r t i n g  a c t i v i t i e s  i n  the  exposure room, t h e  f loo r  d ra ins  

w i l l  be plugged t o  reduce t h e  potent ia l  f o r  t r anspor t ing  rad ioac t ive  

ma te r i a l s  in-co t h e  s a n i t a r y  sewer system. 

The wood t imber l i n i n g  w i l l  be renoved from t h e  room.using conven- 

t i ona l  techniques.  Each timber wi l l  be surveyed t o  determine r a d i o a c t i v i t y  

and w i l l  be d i spos i t i oned  according t o  Table 2 c r i t e r i a .  Material t h a t  i s  

a c t i v a t e d  t o  l e v e l s  t h a t  exceed Table 2 l i m i t s  w i l l  be packed in s t rong ,  

t i g h t  shipping c o n t a i n e r s ,  while mater ia l  t h a t  i s  not  ac t iva t ed  will be 

s e t  a s i d e  f o r  salvage.  The lead s h i e l d s  w i l l  be removed, surveyed and 

s e t  a s i d e  f o r  d i s ? o s i t i o n .  Tne lead sh ie ld  h o i s t  ,trill be removed in i t s  

e n t i r e t y  and packed i n  a  s t rong ,  t i g h t  shipping c o n t a i c e r .  A11 o the r  removable 

components w i l l  be rmoved frcm :he room and 'will be d ispos i t ioned  accordingl :~.  

When a l l  removzble mater ia l  has been d l s p o s i t i o n e d ,  the exposureroom ex ill be 

vacgu,xed t o  r?ro,Je r%ai  ning res idue  from the  sl;rfacc?s. 
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A d e t a i l e d  r -d i a t ion  survey of t h e  exposure room wi l l  be conducted 

An excavat ion plan x i1  1 be developed, f o r  implementation during concre te  

excavat ion d e t a i l e d  i n  Sec t ion  5 .  

4. Core Tank Removal 

A11 extraneous s t r u c t u r e s  wi l l  be removed from the core tank,  the 

lead  s h i e l d  doors will be drained of l ead ,  t h e  lead and doors wi l l  be 

removed from t h e  core tank ,  t h e  core tank  wi l l  be s t r ipped  from the 

c o n c r e t s ,  and t h e  a c t i v a t ~ d  t a r  paper l i n i n g  wi l i  be removed Pram t h e  

concre te  su r faces ,  The ma te r i a l s  wil: be surveyed %hen they a r e  

removed Prom t h e  area and wi l l  be d i spos i t i oned  accordingly.  

The procedure t o  remove t h e  lead sh ie ld  doors wil l  c o n s i s t  of d r i l l i n g  

holes  rhrough rhe  lower wall of  each door t o  drz in  enough lead t o  oermit  

them t o  be 1 i f t e d  w i t h  t h e  3.5-ton overhead- crane.  A dynamometer w i l l  

ke used 10 provide assurance t h a t  the  weight o f  the  load i s  w i t h i n  the 

crane l i m i t .  Each door wi l l  be l i f t e d  from t h e  core tank and t rans-  

f e r r e d  t o  an area  where t h e  remaining lead can be removed. The doors 

and lead  w i l l  be surveyed and d i spos i t i oned  accordingly. 

The procedure t o  remove the core tank wi l l  be t o  sec t ion  the  tank 

(by saw c u t t i n g )  i n t o  v e r t i c a l  s t r i p s .  Each s t r i p  wil l  be pul led from the 

concre te  by conventional techniques a s  determined by experience gained 

during the  f i r s t  and subsequent removal a t t2mpt i .  Because of the uncer- 

t a i n t y  a s soc ia t sd  with t h e  adhesion of  the  tank to  the concrete  by 

v i r t u e  of t a r  paper,  t r i a l  and e r r o r  w i l l - b e  required. ieverzge t c o l s  

such 6s pry-bars ,  wedges, block and t a c k l e ,  e t c . ,  :vill be used i n i t i a l l y .  

If  ~ h e s e  techniques ?rove unsuccessful ,  then hydraulic o r  c n e u ~ a t i c  

techniques ,wi 11 Se appl ied .  
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The ac-civated Tar paper l i n i n g - w i l l  be removed f r o m  t h e  concre te  

by scraping  and/or  by chi:oing away por t ions  of t h e  concre ts .  Where 

:ne concre-ce i s  a l s o  a c t i v a t l d ,  the t a r  paper will be l e f t  f o r  removal 

with the  concre te .  

A11 a c t i v a t e d  and contaminated m a t e r i a l s  w i l l  be packaged f o r  

disposal  a s  d e ~ a i l e d  i n  t h e  i ias te  %sposa l  s e c t i o n .  S a t z r i a l  w i l l  be 

s i z e  reduced, where prac-cical ,  t o  reduce t h e  volume o f  r ad ioac t ive  

!waste. 

A d e t a i l e d  r a d i a t i o n  su r rey  wi l l  be conducted of  the  exposed concre te  

s t r u c t u r e  t o  e s t a b l i s h  a map o f  r a d i o a c t i v i t y .  Se lec ted  a reas  will be 

smpled  by core d r i l l i n g  t a  e s t a b l i s h  the  ex ten t  of' the  a sz iva t ion .  An 
excavation p l a n  wjll he developed the concre ta  s t r u c t u r e s .  Impla- 

mentation of "ie plan  ;.ii'l be dnscribed i n  Sec t ion  5 ,  "Concrete Excava- 

t i o n . "  
, 

5. Concrete Excavation 

Concrete w i l l  be rmoved from the pool c a v i t y ,  exposure mom, and 

exposure room dcor  t o  t h e  e x t e n t  required t o  p e m i t  r e l e a s e o f  these  

s t r u c t u r e s  f o r  u n r e s t r i c t e d  use. Guidancz f o r  t h e  amount of concret? t o  be 

removed w i l l  be determined by r ad ia t ion  survey and by the  excavation plans 

developed after c o r e  tank removal and exposure rocm c leaning .  When 

the  d e t e c t a b l e  l e v e l s  of  r a d i o a c t i v i t y  in  t h e  concre te  a r e  below the 

l e v e l s  shown i n  Table 2 ,  they will be considered t o  be in compliance 

'with i iRC Guide 1.36 (Table 1 ) .  

v  he e x t e n t  of  removal ,will be governed by t h e  ex tent  to )which the  

s t ruc t l i res  a r e  a c t i v a t e d .  Where ac t iva t ion  i s  shal low, scabbling o r  

chi?ping , w i t h  :pneumatic ha.mers ivill be used to break 'he concrete  

a t  the su r face .  High volume vacgum c ieaners  equip& 'with HEPA f i l t r a -  

:!on ,..iiii i . ~  u s 4  t o  rs-ilove the  csncreie  and t3 c sn t rg i  a i rborne  
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w i l l  be used. This  operatron wi l l  be aided by depth cu t t ing  with a 

conc rz t s  saw i f  necessary.  If depth of  activ.ation i s  such t h a t  these  

techniques a r e  not  appl icable ,  a hydraul ic  ran hoe o r  o the r  devices 

will be used t o  break t h e  concrete  f o r  removal. 

Dust and p a r ~ i c u l a t o  generat ion will be monitored by the Radiation 

and Nuclear S a f e t y  representative and con t ro l  will be accomplished 

by use o f  a vacuum c leaner  o r  water mis t  depending on the  operat ion i n  

progress .  High volume a i r  sampling will be conducted within the <wsrk 

area  dur ing  ope ra t ions  ahich migni produce a i r5o rne  ccntamiaation. 

Personnel wi I? be requi red  t o  wear r e s p i r a t g r z  ,whenever sampling ind iez t e s  

unaccuptabl e 1 evel s o f  a i rborne  contamination. Tmporary strue-tzres 
1 will be b u i l t  around t h e  + a r k  a rea  i f  necassary t o  contpol the spread of 

contaminat ion.  

Radiat ion survey data generated during t h e  ac t iva t ed  concrece 

excavat ion w i l l  be analyzed co provide a b a s i s  f o r  compliance with 

Regularory Guide 1.86 and ALPRA (Tables 1 and 2 ) .  When the  data  ind ica t e s  

t h a ~  compliance with rhese c r i t e r i a  have oeon n o t ,  concurrence wil l  

be s o l i c i t e d  frcm t h e  U.S. Army Environmental Health Agency. 

I 6 .  

S i  t 2  Survey 

A f i n a l  r a d i a t i o n  survey wi l l  be conducted t o  ve r i fy  the s i t e  

condi t ion .  Surface smears and material  samples wi l l  be se lec ted  by the 

Rockwell S i t e  Manager 'with a s s i s t ance  from t h e  Radiation and Nuclear 

Safety r e p r e s e n t a t i v e  and :h@ GORF Contract ing O f f i c e r .  These specimens 

wil l  be s e n t  t o  an inde?endent l a t o r a t o r y  f o r  a n a l y s i s .  The specimens wi l l  

be taken from representative areas  of t h e  bui ldif igs  and excavations to -. c o n f i m  campliance , ; i i th  %L+% 2nd  2e:ulatory 'Guide 1.86. inese data 

:qill pr3vide indegendent anajyszs of '.he s i t e  canait:on 3nd  ,,.iill :om a 

, bas is  f o r  d e c o n s t r a ~ i n g  i h a I  the f a c i l i t y  can be released fo r  unres?ric:?d 

use. 
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7 .  Haste Gi sposa l  

Radioactive waste  w i l l  be packaged when i t  i s  generated and wi l l  

be staged i n  f u l l  load  l o t s  (-40-45,000 l b )  f o r  shipient. Shipments 

w i l l  be made under t h e  exc lus ive  use provision o i  T i t l e  49 Code of 

Federal Regulat ions which penni t s  loir s p e c i f i c  z c t i v i t y  [LSA) waste 

t o  be packaged f o r  shipment i n  s t rong ,  t ighr: con ta ine r s .  Shipments wi l l  

Se monitored by t h e  Radiazion and Nuclear Sa fe ty  Representa t ive  f o r  

confonance  t o  DOT r e g u l a t i o n s .  Radioactive waste w i l l  be de l fvered  t o  

a common c a r r i e r  f o r  d e l i v e r y  t o  a l icensed  d isposa l  s i t e  a s  f u l l  load 

l o t s  become a v a i l a b l e ,  o r  a t  the  completion of Phase I f .  

~ o n e e n t a m i ~ a t t d  cornponefits and waste ; r a t e r i a l s  l i s t g d  i n  the  RFQ 

f o r  disposal (F.4.1) will e i t h e r  be re ta ined  and used a s  backiil? i n  

t h e  goo? cav i ty  s r  kzuled to o I m a ?  lieenged l a n d f i l l  during Phase 111. 

PPASE I I I  1 
! 

A conc re t e  wall w i l l  be erected bet:,!een t h e  exposure room and t h e  

pool cavi ty  t o  provide a b a r r i e r  between the two a r e a s  so t h e  pool cav i ty  

can be used t o  hold b a c k f i l l e d  concrete  deb r i s .  The s t e e l  ramp s t r u c t u r e  

and concrete parapet  surrounding the  pool c a v i t y  wi l l  be dismantled. The 

s t e e l  s t r u c t u r e s  w i l l  be rznoved f o r  salvage and t h e  concre te  support 

'01al1 wil l  be broken up and t h e  debr i s  wi l l  be placed i n t o  the pool c a v i t y .  

The debris  sha l l  n o t  be f i l l e d  t o  a leve l  above t h e  main f l o o r .  

The a i r  cond i t ion ing  s y s t e s  i n l e t  and exhaust  duc t s  t o  the exposure 

room u i l l  be r e s t s r e d  i f  necessary and made operable.  :$here p r a c t i c a l ,  

a l l  e l e c t r i c  o u t l e t s ,  a i r ,  wa t s r ,  and sewer l i n e s  wi l l  be retained i n  

working order  dur ing  t h e  disxancl ing a c t i v i t i e s .  

I 
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Gocumentation of the Disnant le rent  of  OORF w i l l  c o n s i s t  o f  . 

informal w e ~ k l y  progress  r e p o r t s ,  r a d i a t i o n  survey r e p o r t s ,  and a 

f i n a l  repor t .  

I 
1  he informal weekly progress  r epor t s  a r e  p r imar i ly  wr i t t en  t o  t h e  

Rockdell home o f f i c e  i n  Canoga Park, C a l i f o r n i a ,  t o  keep them informed 1 ' .  

of the  DORF s i t 2  ope ra t ions  and t o  a l e r t  them t o  any changes t h a t  may 
-. 

impact schedule o r  c o s t .  Copies of these  r e p o r t s  will be s e n t  t o  t h e  

Contract ing O f f i c e r  o r  h i s  r ep resen ta t ive .  

Radiat ien survey r epor t s  of s f g n i f i c a n t  da ta  wi l l  be entered cn 

a Rockwell Fern 732-A, Health & Safety dna lys i s  Report f o r  d i s t r i b u t i o n  
I 

within the  Rockwe?! o rqan izz t i an .  Capies of these reFor t s  will be 

sent  t o  the  DCRXont rac t ing  Off icer  o r  h is  r ep resen ta t ive .  

. A t  t h e  completion of Phase 11, a f i n a l  r e p o r t  w i l l  be wr i t t en  

to  document t h e  dismanclement of  DORF, The r e p o r t  w i l l  descr ibe  the  

a c t i v i t i e s  requi red  t 3  accomplish the work, problems encouncered, 

so lu t ions  co  t h e  problems, and the  cu r ren t  s f a t u s  of the f a c i l i t y  

and s t r u c t u r e s .  The r epor t  w i l l  a l s o  include a a t a ,  spec i f i ed  i n  u n i t s  

i den t i ca l  t o  those  sho!~n in Table 1, t o  show the  e f f o r t  made t o  reduce 

residual  contamination t o  l e v e l s  t h a t  a r e  as  low a s  reasonably achiev- 

able .  I t  w i l l  desc r ibe  t h e  scope of t h e  r a d i a t i o n  survey, :he general 

procedures ioilc'qed t o  obta in  t h e  da ta ,  and zny o t h e r  pe r t inen t  i n fo r -  

mation about t h e  r a d i a t i o n  survey da ta .  A s u m a r y  of  the rad ioac t ive  

waste disposal  i n f o m a t i o n  wi l l  be included t o  show the  q u a n t i t i e s  of 

material renoved from DOXF. 

The f in s1  r e p o r t  wi l l  be appended ac  the  cnnplzt ion of  Phase I11 I 
t o  documznt t h e  f j n a l  s t s t u s  of rhe f a c i l i t y  a t  t h e  terminaiion of t h i s  1 
con t rac t .  i 
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FOR DECONTE4IEIATI 

I .  PURPOSE 

To d e l i n e a t e  the  r a d i a t i o n  s a f e t y ,  i n d u s t r i a l  hygiene, and i n d u s t r i a l  

Diamond Ordnance Radiation F a c i l i t i e s  (BOX). 

1%. SCOPE 

The plan meets o r  exceeds the  requirements s e t  f o r t h  i n  Rockwe;l/ESG 

Standard Operating Po l i c i e s ,  i n  a p p l i c ~ b l e  regula t ions  and s tandards ,  in  

DOEi4 0524, i n  t h e  Williams-Steiger Occupational Safe ty  and Health Act of 

1370 (OSZA), 10 CFR 19 and 20, and in Nuclear Regulatory Coriisission (NRC) 

Regulatory Guide 1.56. 

111. RESPONSIBILITIES 

A.  HEALTH SAFETY A N D  RADIATION SERVICES 

1. Radiat ion and :4uclear SaTzty 

Radiation and Xuclsar Safe ty  sha l l  e s t a b l i s h  r?quir%ments f o r  design 

and opera t ional  proczdures; and approve d iSp0S~t ion  of source and 

spec ia l  nuclear  m a t e r i a l ,  and byproduct r ad ioac t ive  n a t e r i a l .  
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Radiat ion and Nuclear Safe ty  w i l l  des igna te  and i d e n t i f y  raa io-  

adiological  safeguards requirements ,  and radio-  1 
1 a c t i v e  m a t e r i a l s ;  and will .  control  the US? and d i s p o s i t i o n  of  r ad ioac t ive  I 
I m a t e r i a l s ,  and implement rad io logica l  s a f e t y - s t a n d a r d s .  I 

Radiat ion and Nuclear Safe ty  wi l l  perform f i e l d  measurments o f  

r a d i a t i o n  and r a d i o a c t i v e  contamination l e v e l s ,  eva lua te  in t e rna l  and 

ex te rna l  personnel r a d i a t i o n  exposures,  a ~ d  eva lua te  r ad ioac t ive  material  

i n  t h e  workplace environment. 

Radiat ion and Nuclear Safety wi l l  main ta in  records as  necessary t o  

demonstrate compliance w i t h  ES6 s tandards  and app l i cab le  regula t ions .  

Included i n  thes-2 records  xi71 be a  chronological  log of information 

dea l ing  3 w i i i  t h  d a i l y  o p e r a t i e n s ,  cand i t ions ,  and occurrences re la t ing t o  

r ad io log ie s1  s a f e t y .  

- 
Radiat ion and Xuclear Safe ty  wi l l  advis? t h e  Rockwell S i t e  Manager 

and ope ra t ions  personnel on rhe s a f e  performance of t h e i r  assignPd t a s k s .  

Radiat ion and Nuclear S a f e ~ y  wi l l  eva iua te  operarional  condit ions 

t o  determine requirements  f o r  ~ e r s o n n e l  monitoring and pro tec t ive  dex/ ices  

such a s  f i  im badges, breathing zone a i r  s a m ~ l  e r s ,  bioassay,  pro tec t ive  

c l o t h i n g ,  and r n s p i r a t o r y  p r o ~ e c t i o n  devices .  

The Radia t ion  and Nuclear Sa fe ty  (RNS) r ep resen t - t i ve  assigned t o  

t h e  p ro jec t  w i l l  conduct the  rad io logica l  s u r v e i l l a n c e  program and wi l l  

maintain s u f f i c i e n t  f a m i l i a r i t y  with progrzm opera t ions  and f a c i l i t y  

condi t ions  t o  be aware of  those areas  which may requ i re  increased su r -  

v e i l l a n c e  o r  c o r r e c t i v e  ac t ion .  
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2 .  Indus r r i a l  Hygiene and Sa f s ty  

Radiation and Nuclear Safety wi l l  provide the  s e r v i c e s  necessary t o  

con t ro l  personnel exposures t o  t o x i c  chemicali  and harmful physical 

agen t s  and t o  cont ro l  mechanical and e l e c t r i c a l  hazards. RNS Represen- 

t a t i v e  wi l l  mzintain su rve i l l ance  of the occupational environment t o  

i d e n t i f y ,  eva lua te ,  2nd conxrol condit ions p e r t i n e n t  t o  hea l th  and 

s a f e t y ,  and t o  a s su re  compliance with the  requirevents  o f  DOE Manual, 

OSHA, 10 CFR 19 and 20, a s  appropri 

. XOCKNELL SITE YANAGEMEJ'IT AT Clot?? 

The Rockwell S i t 2  Hanager i s  r@seansiDie f ~ r  the  sa'ezy o i  a l l  

persannel within Facilizies under the  j u r i s d i c t i o n  c f  t h e  COQF C&E 

Program. 

The S i t e  Manager wi l l  ensure t h a t  a11 personnel employed a r  o r  

v i s i t i n g  t h e  f a c i l i t y  know and understand the  r u l e s  and regula t ions  

governing work with r ad ioac t ive  ma te r i a l s  and wi l l  assure  comoliance 

with these  ru l e s .  The S i t e  I-lanager wi l l  car ry  out  the  respons ib i l  i r i e s  

charged t o  "Operating Supervision" and wi l l  provide s a f e  c o n d i ~ j o n s  a t  

t h e  f a c i l i t y ,  in  conformance with appi icable  regula t ions  and s tandards ,  

and under the guidance of  Radiation and Nuclear Safety.  

The S i t e  Manager wi l l  e s t a b l i s h  the  requirements f o r  the  packaging 

of  r ad ioac t ive  waste,  c o l l e c t i n g  of packaged waste, and w i l l  arrange f o r  

d isposa l  by land bur i a l .  

Rockwell Program i4anagenent and the S i t e  Manager wi 11 coordinate  

r ad io log ica l  and i n d u s t r i a l  hygiene and sa fe ty  problems w i t h  2adiat ion 

and Nuclear S d f e t j  3s appropriate .  
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Operat ions personnel a r e  respons ib le  f o r  compliance with a l l  r u l e s  

Y 

D&D Program Nanagement. Operations personnel a r e  respons ib le  f o r  taking 

every reasonable  precaut ion t o  minimize r a d i a t i o n  exposures t o  themselves 

and t o  f e l low workers and t o  prevent t h e  unnecessary r e l e a s e  o f  r ad ioac t ive  

maxeri a1 . 

8. CONTPACTOU PERSONNEL 

Con t rac to r  personnei are respons ib le  f o r  compliance with a l l  s a f e t y  

r u l e s  and r e q u i ~ m e n t s  e s t zb l l shed  by Radiation and Muclear Safety and 

f o r  responding tc  s p e c i f i c  instruc:ians from t h e  RNS Representat ive with 

I regard t o  r a d i a t i o n  s a f e t y  and i n d u i t ~ i a i  hygiene. 

IV. AL'NINIST2ATI'IE SAFEGUARDS 

A .  PROCEDURAL CONTROL I 
Any changes t o  the  r a d i a t i o n  s a f e t y  o r  i n d u s t r i a l  hygiene and 

s a f e t y  procedures must be j o i n t l y  authorized by Radiation and Nuclear 

Sa fe ty  and t h e  Sic: Manager following evalua t ion  of the proposed changes 

by t h e  REIS Representat ive.  Revised procedures wi l l  be d i s t r i b u t e d  t o  

a l l  personnel d i r e c t l y  a f f ec t ed  by t h e  change. 

Operat ions involving porent ia l  rad io logica l  hazards o r  potent ia l  

i n d u s t r i a l  s a f e t y  hazards wi l l  be reviewed in advance by Radiation and 

Piuclear Sa fe ty .  



NO . N O O ~ - F O P - ~ E O - O O ~  
PAGE . 25 

13. PlETHODS OF RE?ORTING DAY-TO-SAY CONDITIONS 

a l l  recognized hazardous condi t ions  and o f  noncompliance 

with regula tory  d i r e c t i v e s  to  the S i t e  M kers  involved. I 
Radiological data  ( f i l m  badge and bioassay r e s u l t s ,  r a d i a t i o n  and con- I 
tamination s 

c o r r e c t i v e  a c t i o n ,  t h e  RNS rep resen ta t ives  wi l l  contac t  t h e  S i t e  Manager 1 
"L arrange f o r  such aceion.  Indi is t r ia l  hygiene and sa-;city condi t ions  

observed by the  ?.?IS r e p r e s e n t a t i v e  wil l  a l so  be cornmunicaeed t o  t h e  S i t e  

;4anager. A summary of  d t o  t h e  5 i c e  i 
Xanager, %he Radiat ion and Nue?ear Safety Off ice ,  and the  Rockwell I 
?rogrzv Yanag?me?i C f f i c e  on a 'veekly bas is ,  - 

V.  GENEXAL RA3IAT1CN A N D  INDUSTRIAL HYGIENE A N D  SAFTY PROCEDURES 

Certain r ad io log ica l  and i n d u s t r i a l  s a f z t y  con t ro l s  and procedures 

a r e  independent of ope ra t ions  i n  the  f a c i l i t i e s ,  and a r e  requi red  t o  

provide f a c i l i t y  s u r v e i l l a n c e  and radio logica l  and i n d u s t r i a l  s a f e t y  

pro tec t ion  commensurate with the  ESG cont rac t  and regula tory  agency 

I s tandards .  

1 A .  AREA LliSIG:iAiIOi, R.ADlClLOG!CAL SAFETY CO?iTRCL I 
All a reas  a r e  des ignatsd  a s  e i t h e r  r ad io log ica l ly  posted o r  unposted. 

A posted r.zdiologica1 a rea  i s  an a rea ,  defined by physical b a r r i e r s ,  

which i s  pas:-d :with  prescr ibed  caut ion signs o r  l abe l s  f o r  purposes o i  

r ad ia t ion  o r o t ~ c t i o n .  Signs used t o  designate posted r?d io logica l  a reas  

must c m p l y  : < i t h  app l i cab le  r e g u l a ~ i o n s .  There a re  s i x  postsd 3re2 

c 1 a s s i f i c a ~ ; o n s  as def ined  below: 
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I. Radiat ion Are3 

A Radiation Area i s  an area s u b j e c t  t o  r ad ia t ion  from encapsulated 

r a d i o a c t i v e  ma te r i a l s  and/or  r a d i a t i o n  machines within the  a r e a ,  o r  t o  

r a d i a t i o n  from any source ou t s ide  the  a rea ;  where t h e r e  e x i s t s  r ad ia t ion  

a t  such leve l ;  t h a t  an indiv idual  could recz ive  i n  any one hour a  dose 

t o  t h e  \mole body i n  exczss o i  5 n i l l i r e m ,  o r  in  any f i v e  consecutive 

days a  dose in excess of 100 millirem. 

Each Radiation Area ,will be pos ted-wi th  a  s ign meeting a71 regula tory  

requirements including t h e  r a d i a t i o n  symbol and t h e  words "CAUTION - 
RADIATION AREA."  Where appropr ja te ,  i nd ica t ions  of t h e  r ad ia t ion  level  

w i l l  be included in the  a rea  post ing.  

2.  Radiation -- Aye3 - Radieact ive Contarninatien - 
. . 

A Radiation Area - Radioact ive Contamination i s  an area i n  which 

work w i t h  and/or s to raqe  of  unencapsulated material  i s  pe rn i t t ed  with 

t h e  provision t h a t  t h e  r ad ioac t ive  mater ia l  concentration i n  a i r  i s  not  

l i k e l y  to  exceed 25% of  the  appropr i a t e  occupational exposure l i m i t .  

Each Radiation Area - Radioactive Contamination :./ill be postsd with 

s igns  meeting a l l  app l i cab le  regula tory  requirements including the 

r a d i a t i o n  symbol and the  ' t~ords "CAUTICJN - MDIATION AREA - RADIOACTIVE 

CONTAI~IINATION. " 

3.  Radiation Area - Airborne Radioac t iv i ty  I 
A Radiation Area - Airborne Radioac t iv i ty  i s  an area in which the 

r ad ioac t ive  material  concent ra t ion  i n  ? i r  i s  l i k e l y  to  exceed 2 5 %  of the  

a p p l i c a b l e  r e s u l a t o r y  s tandard f o r  occvpational exposure. 

Each Radiation Area - Airborne Radioac t iv i ty  wil l  be oosted 'with 

s igns  meeting a l l  app i i c?b le  r?gu!atcr:~ si?.ndards including the r aa i a r ion  

synbol  and rhe .ior.'s C I  - ?AC!,ATIOII A2E.4 - A!;I?O?:IE ?,ACIICfiCTiYlTY." 
I 



1. t h e r e  e x i s t s  r a d i a t i o n  a t  such l e v e l s  t h a t  an individual  could receive I 
i n  any one hour a  dose t o  t h e  whole body i n  excess o f  100 millirern. 

Each High Radiation Area  ill be posted with s igns  meeting a11 appl icable  

regula tory  requirements including the r ad ia t ion  symbol and t h e  words 

"CAUTION - HIGX RADIATION AREA."  

A Radiation Area - Radioactive %.rerials i s  an area i n  which work 1 
wit2 and/s r  s to rage  s f  encapsulated rnaterGals i s  aermicted. I 

I 
Each Radiation Area - Radioactive Materizls will be pcstsd with 

s igns  meeting a11 a p p l i c a b l e  requirements, including the  r ad ia t ion  

symbol, and the  words "CAUTIOEI - RADIATiON AREA - RADIOACTIVE IWTERIALS." 

Federal and S t a t e  r egu la t ions  a l s o  require  t h a t  s to rage  conta iners  and 

loca l i zed  areas  i n  which r ad ioac t ive  mater ia l s  a r e  present  i n  c e r t a i n  

amounts wi l l  be posted with s iqns  containing the r a d i a t i o n  symbol and 

the words "CAUTION - RADIOACTIVE MATERIALS." I t  should be noted t h a t  

these  conta iners  and a r e a s  may o r  may not be located w i t h i n  posted 

areas .  Radiation and Nuclear Safety r i l l  advise opera t ing  supervision 

a s  t o  the  amounts of r zd ioac t ive  materials  i n , c o n t a i n e r s  o r  loca l ized  

areas  which r equ i re  such signs.  

I 6.  Res t r ic ted  Access ,Area 

A Res t r ic ted  Access Area i s  an area i d e n t i f i e d  by Radiation and 

Nuclear Safety as  r e q u i r i n ~  special  s a fe ty  precaut ions f o r  e n t r : ~  and 

requi r ing  insqect ion immediately p r io r  to  en t ry  by any person. Each 
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be posted w i t h  signs with the following 
-7 

ackground: 

I "XARNING - RESTRICTED ACCESS ARL4 - OBTAIN PERMIT I 
FRCM OPERATIONAL SAFETY PRIOR TO ENTRY" 

Any area meeting more than one of the above c r i t e r i a  will be posted with 

a l l  o f  the applicable signs. - 

8. AREA DESIGNATION, INDUSTRIAL SAFETY CONTROL 

Operations posing potential  hzzards shall  be ident i f ied by appropriate 

caution o r  warning sjgns.  The signs shall  conform t o  specifications i n  

29 CFR 18, Ssctinn 1910.145. Examples of pos t i ng  are:  

I . .  

1. Hard HatArea 

A Hard Hat Area will  be established wherever personnel are  working 

a t  d i f fe ren t  eievations and there i s  a potential of being h i t  by f a l l i n g  

objects. 

An Eye Protection Area ,dil l  be established where a hazard due to 

f lying objects  ex is t s .  

I 3. No Smokino Area I 
Plo Smoking Areas will be established ,where explosives, f lamabie  

l iquids ,  or  gas?s may be prssent. 
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4. Ooen Excavations 

I 5 .  Obstruct ions 

I Obstruct ions '  w i l l  be made c l e a r l y  v i s i b l e  by t h e  use of  yellow and 

black s t r i p i n g .  

Routine r a d i a t i o n  2nd contaml'nation surveys w i l l  be perfomed in 

work a r s a s  a t  a f-equ by the assigned Radiation and 

Nuclear Safeey r e p r e s e n t a t i v e  in zccardance with e s t ab l i shed  proceaures. 

Additional surveys may be required t o  determine t h e  e f f ec t iveness  of 

contamination con t ro l  procedures. The requirement f o r  these  surveys 

w i l l  be e s t ab l i shed  on t h e  bas is  of i n i t i a l  experience with those t a sks  

which may pose s i g n i f i c a n t  personnel r ad ia t ion  o r  a i rbo rne  conramina~ion 

exposure 

O. RADIOACTIVE CONTAMINATION LIMITS 

Evaluation of l e v e l s  of rad ioac t ive  contamination wi l l  be required 

i n  order  t o  determine: 

1) The adequacy of t h e  level  of decontamination performed on 

t h e  f a c i l  i t i e s ;  

2 )  The e x t z n t  of required excavztion o r  o t h e r  demolition o f  

a c t i v a t e d  s t r u c t u r e s ;  and 

3 )  The d i s p o s i t i o n  o f  eauipment, m a ~ e r i a l s ,  and scrap 

i a c i l i t i s s  and equipment wi l l  be zvziuated f o r  removabie and tot21 

( f ixed  pius remcvable) c~n tamin2 t i cn  by ne3ns of ,wipe surveys 2nd insrru-  

Fent sut-'~eys. i lc t ivz ted  s t r u c t u r e s  : . ~ i i l  be evaluated f a r  radiozct i , ie  

concsnt ra t icns  b y  j a rn l inq  s r  i i ~ r ' i e y i ~ q  ~ ! i t n  de t zc t i cn  iostr>i?e'i;s. 
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Removable contaminat ion limits f o r  r a d i o l o g i c a l l y  posted and unposted 

a r e a s  a r e  described in Table A-I. The upper l i m i t  of  a l lowable  contamina- 

t i o n  l i s t e d  in t h e  t a b l e  i s  t h a t  leve l  which, i f  reached, r e q u i r e s  

immediate ces sa t ion  of  o p e r a t i o n s ,  immediate decontamination must be 

e f f e c t e d  and measures taken t o  prevent  recurrence.  The a c t i o n  limits 
s p e c i f i e d  i n  Table A - 1  a r e  t h e  upper l i m i t s  of t h e  amount o f  general 

a r ea  coniamination t o l e r a b l e  i n  posted and unposted a reas .  General 

contamination i n  an a rea  i n  excess of the  ac t ion  l i m i t  r e q u i r e s  prompt 

decontamination. 

TABLE A-2 

Area ,Activi ty Uuper L i m i t  Action L i m i t  
-- 

Unposred A r e s  and Beta 1,900 100 

Radiation Areas Alpha 200 20 

Contamination Areas Beta 50,000 5,000 
Airborne Radioacr iv i ty  
Areas Alpha 20,000 200 

Res t r ic ted  Access Beta Not Defined Not Defined 

Areas A1 pha Not Defined Eiot Defined 

The l -vels  of contamination which wi l l  be considered acceptzble  f o r  

unconditional r e l e z s e  o f  equipmsnt o r  f a c i l i t i e s  a r e  as  fo l l cws :  

20 dpm/ lGO cm2 alpha 
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I Total Contamination 

2 0.1 mrad/hr beta-gamma measured through 7 mg/cm absorber at 

1 cm 

Water - 

3 x %~-'~~i/ml beta-gamma 

3 x g C j / m 4  alpha 

Sail ( I f  Subject to Contamination) 
--" 

'dhere practicable, items may be decontaminated to levels lower than the 

acceptable limits. 

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 REPCRTS 

The original copy of radiation, contamination survey, and special 

radioanalysis reports will be forwarded promptly to the S i t e  Manager and 

Rsdiation and Nucle~r Safsty superlvision. These reports will indicate 

contamination and rzdiation levels at specific locations throughout tbe 

f2cility. Cspies of these survey reporrs will be retained indefinit~ly 

by Radiation and N u c ~ E ~ ~  Saiety. 



.$i> ~ockwell  International 

Energy Systems G ~ U D  

~10 . N O O ~ - F D P - ~ ~ O - O O ~  

PAGE . 32 

Radiation and Nuclear Safetv will oost o r  have posted such sians as - 
a re  necessary f o r  the  c l ea r  ident i f icat ion of potential  radiological 

hazards. To assure t h a t  the  posting of radiological hazards is current,  

periodic surveys wil l  be conducted by the S i t e  Wanager and the RN 

Representative. Signs which have been approved by Radiation and 

Nuclear Safety will  be used t o  indicate radiological hazards in  the 

f ac i l i t y .  No such signs will  be removed without the approval of Radiation 

and Nuclear Safety. In addit ion,  warning signs r e l a t i v e  to  hazardous 

conditions and/or special sa fe ty  requirements may a l so  be posted. 

G .  FAClbITY \IENT!!APION 

The RBRF f a c i l i t y  vent i la t ion sys%2ms will be used to control a i r -  

borne con'Lam",aab~cn. If si-eater cantroi i s  nec2ssary i n  Iccalimed areas ,  

a system wi l l  he conseructed. 

Direction of a i r  flow from areas of lower contamination to  areas of I 
higher contamination will  be maintained a t  a l l  times. 

Exhaust from areas in which airborne contamination potential i s  

present will be directed through pref i l t e r8  and high efficiency par t i -  

culate  a i r  (HEPA) f i l t e r s .  

F i l t e r  repiacment  will  be perfomed when pressure d i f fe ren t ia l  

across HEPA f i l t e r s  exceed 6 in .  of water, or when indicated by reduc-d 

a i r  floris. Pre i i l  t e r s  will be replaced when pressure d i f fe ren t ia l s  

across the f i l t e r s  exceed I in.  of water. 

!$here prac t ica i ,  a minimum of s ix  a i r  changes per hour will be 

provided in areas posted as  airborne radioactivity areas.  

Veqtilation sysrevs 'will provide once-through a i r  w i t h  no prcvision 

for  reci rculatron. 
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H. E'IALUATION OF AIREORNE CONTAMINATION 

is  exposed t o  airborne radioactive o r  tox ic  material i n  excess o f  regu- 

1 atory 1 imits. 

( 1. Air Monitoring 

Air monitoring f o r  airborne radioactive material will be performed 

by means o f  continuous a i r  monitors in such areas a s  deemed necessary by 

the RNS Represenzatjve. 

i I 

I 
i Air sampling f o r  airnorne radioactive or  toxic material could be 

performed by the following methods: 

a )  Continuously o r  in termit tent ly  by Gast '/acuum Pump a i r  

sampling units  located a t  various points throughout a 

f a c i l i t y .  Data from these samples will be evaluated and 

recorded weekly o r  dai ly  as indicated by the potential 

f o r  airborne ac t i v i t y .  

5 )  Special ,  "hi-volume grab samples" a t  the  discretion of 

t he  Radiation and Nuclear Saiery representative.  

d )  Toxic gas d e t e c ~ o r s ,  such as the "length 07 s ta in"  type 
wil l  be used as indicated by the potential for such 

exposure. 

1 I .  LIMITS FOR dIRBCi7NE RADIOACTIVIT? LEVELS 

Every reasonable e f for t  !gill be made by the us2 of engineering 

safeguards t o  rnainzain airborne cantmination levels  a t  l ess  i h a n  10: o f  

the applicabie l im i t s  describsd in DOEtyl 3524 and 10 CF? 2 9 .  I n  the 
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event  a i rbo rne  contamination l e v e l s  approach o r  exceed t h e  appl icable  

limits, t h e  appropr i a t e  r e s p i r a t o r y  p r o t e c t i v e  devices  w i l l  be u t i l i z e d  

t o  cont ro l  t h e  exposu 

The a p p l i c a b l e  limits f o r  a i rbo rne  contamination l e v e l s  i n  t h e  

r a d i o l o g i c a l l y  posted a reas  a r e  t h e  l i m i t s  descr ibed  i n  ~o iumn 1, Table I ,  

Appendix 6, LO CFR 20. These l i m i t s  will apply t o  occupational exposure 

f o r  40 hours i n  any seven consecutive days which t r a n s l a t e s  t o  a time- 
in t eg ra t ed  exposure f o r  seven consecutive days. In t h e  event any employee 

r ece ives  a t ime- in tegra ted  exposure t o  a i rbo rne  r ad ioac t ive  mater ia l s  i n  

excess of  25% o f  t h e  al?owable exposure i n  seven consecutive days, a s  

i nd ica t ed  by l a p e l  a i r  sampling, a ~ p r o p r i a t e  r e s p i r a t s r y  protect ion wi l l  

he required t o  grevent  zxposures 4n excess of  the l i m i t .  Spec i f i c  

p ro tec t ion  f a c t a r s  w i l ?  be applied t o  spe%i?ic  types s f  r z s p i r a t a r s ,  

Pro tec t ion  f a c t o r s  a r e  applied YI af rborne  cencent ra t? : sns  to  de tern ine  
i t h e  concent ra t ion  inhaled by t h e  wearer,  according t o  the  following ; - i 

formula: 

Airborne Concentration Concentrat ion Inhaled = Proxectlon Factor 

Applicable p r o t e c t i o n  f a c t o r s  f o r  a i r  pur i fy ing  r e sp i r axor s  wil l  be 10 

(0.1% t o x i c  gas o r  vapor concentrar ion)  f o r  ha l f - face  masks and 50 (0.5;; 

t o x i c  gas o r  vailor concentr- t ion)  f o r  f u l l - f a c e  masks. Only l i n i t e d  use 

o f  atmosphere supplying r e s p i r a ~ o r s  i s  a n t i c i p a t e d .  If  required,  they 

w i l l  be used only  by persons s p e c i f i c a l l y  q u a l i f i e d  and t ra ined  i n  the  

use  of such devices.  

A t  t h e  d i s c r e t i o n  of the RNS Representa t ive ,  c e r t a i n  spec i f i c  

opera t ions  nay r e q u i r e  the  use of  r e s p i r a t o r y  p r o t e c t i v e  devices s t r i c t l y  

on the bas i s  o f  :he potontia! f o r  Zxposure t g  a i rborne  contaminantj. 

Such opera t ions  w i l l  be i d e n t i f i e d  as work progresses .  
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In t h e  event  t h a t  a i r  samoling i n d i c a t e s  a i rborne  r ad ioac t ive  

I materi  a1 i n  concent ra t ions  g r e a t e r  than t h e  occupational l i m i t s  , a1 1 

e r sons  en te r ing  t h e  f a c i l i t y  w i l l  be requi.red t o  wear l ape l  a i r  samplers 

and, i f  necessary, appropr ia te  r e s p i r a t o r y  pro tec t ion  devices if t h e  use 
o f  such devices i s  authorized by t h e  RNS Representat ive.  

I J .  PERSONNEL MONITORING DEVICES 

Film badges wi l l  be worn by a41 persons en ter tng  r a d i a l o g i c a l l y  

posted areas .  i i l n  badges will n o m a l ? y  be exchanged a t  ths. end o f  e ~ h  

i c a l e n c z r  s u a r t e r ,  o r  i n  t h e  case o f  perser,s with grea",r expssur? potent ia:  

a t  t h e  end ~i each month. Special f i l m  badges and  d i r e c t  reading dosimeter 

may be required in add i t ion  t o  t h e  r e g c l a r  pzrsonai badge f o r  r ad ia t ion  

exposure control  during work i n  High Radiation Areas. The spec ia l  

badges w i l l  be processed a s  required t o  eva lua te  cumulative r a d i a t i o n  

exposure. P.n exposure r e p o r t  s h e e t  w i l l  be provided t o  supervis ion  

l i s t i n g  the reported r a d i a t i o n  exposure f o r  each person assigned t o  t h e  

program. Radiation exposure t o  personnel w i l l  be maintained t o  as-low- 

a s -p rac t i cab le  l e v e l s .  Curing any calendar  qua r t e r  the occupational 

dose t o  t h e  whole body of  r ad ia t ion  workers sha l l  not  exceed 3 rems, a s  

modified by t h e  l i f e t i m e  occupational exposure l i m i t  of 5 (N-18) rms,  

where "N" equals  t h e  i n d i v i d u a l ' s  age i n  years  a t  h is  l a s t  b i r thday .  

Whenever p rac t i cab le ,  dismantling t a s k s  wi l l  be planned to  u t i l i z e  

remots t co l ing  o r  shaao:.~ sh ie ld ing  t o  reduce t h e  personnel exposure 

a s soc ia t ed  $ w i t h  the  p e r i o n a n c e  of t h e  t a sk .  Personal filin badges wi l l  

be distributed t o  job - s i t e  personnel by the  REIS r ep resen ta t ive .  ' l i s i t o r s  

f i l m  badges :./ill a l so  be ioca ted  a t  t h e  job s i t e  f c r  issuance by t h e  Rt iS 

r ep resen ta t fve .  A i igilout shee t  w i l l  be provided fo r  us? i n  the issuance 

of t h e  v i s i t a r  badges. All v i s i t o r s  en ter ing  a radioiogical!y posted 
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I a r e a  w i l l  complete t h e  s ignout  shee t  and o b t a i n  a  v i s i t o r l i  badge p r i o r  

I t o  e n t r y .  The badge wilT be returned fo l lowing t h e  vis i t ,  with the I 
I 

A l l  film badges used f o r  t h e  DORF program w i l l  conta in  beta-gamma 

s e n s i t i v e  f i l m  packets  with t h e  appropr i a t e  s h i e l d s  f o r  r a d i a t i o n  q u a l i t y  

assessment. 

2. Dosimeters 

Dosimeters may be fssued in conjunct ion with f i l m  badges during 

c e r t a i n  ope ra t ions  a t  tke  d i sc re t ion  of  the RNS r e p r e s e n t a t i v e  t o  provide 

an addf t iona?  con t ro i  on planned r a d i a t i o n  exposures.  

I 3.  Extremity Monitorinp 

Whenever opera t ions  a r e  performed which pose a po ten t i a l  f o r  s i g n i f i -  

c a n t  ex t remi ty  exposure, extremity monitoring wi 11 be performed. Finger 

r i n g  f i l m  badges o r  themoluminescent dos imeters  w i l l  be u t i l i z e d  f o r  

ex t remi ty  rrioni t o r ing .  

I K .  AREA U D I A T I D N  M?NITORI>IG SYSTE?,IS 

I 1. Area F i l n  Badges 

Area f i l m  badges wi l l  be mounted a t  s e l e c t e d  loca t ions  throughout 

those  f a c i l i t i e s  under t h e  j u r i s d i c t i o n  of  t h e  D&D program. These f i lm  

badgzs wi l l  provide a  record of i n t eg rz t ed  r a d i a t i o n  l e v e l s  f o r  the 

exposure period a t  these  locations. Area badges w i l l  be exchanged once 

ezch q u a r t e r  and records of the  badge exposures ' ,< i l l  be mzintained by 

Radiarion a n d  Nuclear Safety.  
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I Bioassay, principally by means o f  ur inalysis ,  wi l l  be u t i l i zed  as a 

means of assessing internal radiation exposure of personnel. A baseline I 
specimen w i  1 

radiological 

f a c i l i t y  decommissioning, specimens may be collected a t  frequencies of 

1 week to I month (depending on rhe nature of the work). Fo1 l.owing the 

i n i t i a l  period, the ceiSertion frequency may be reduced, assuming 

engineerins safeguards against airbat-ne rzdioarcdvir.y are  dernonstrared 
* io  be ei";ecri.~e. Specimens will the4 be s u h i  teed ae l e a s t  once each 

calendar quarter, wieh the exceprion tha t  speciwens ,gill be subrnitee.d 

once each 6 months by persons not routinely assigned the radiblogically 

posted areas. 

Special bioassay specimens, including urine and fecal specimeis, 

will be subrnicted a t  the discretion of the RNS representative or  Radiation 

and Nucle3r Safety Wanage~ent whenever there i s  reason to  believe that  

personnel may have been subjected to internal exposure. 

Whenever the analysis of a routine or  special bioassay specimen 

indicates r ad ioac~ iv i ty  present i n  excess of the minimum detection l imi t  

of the analysis,  resampling wili  be performed a t  a frequency no 

greater  than biweekly. 

Invivo lung counting o r  ahole body counting may be used t o  provide 

d i r ec t  evaluation cf internal deposition of radioactivity for  purposes 

of confirming urinalysis data,  or  of providing further evaluation of 

s u s ~ e c t e d  exposures. 
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Radiation and Nuclear Safety will  not i fy  the S i t e  Manager of the 

names of employees f o r  whom bioassay specimens are due. The S i t e  Manager 

will  assure t ha t  those employees pick up a specimen bot t le  on the date 

indicated and co l l ec t  and return the specimen as directed on the bo t t le .  

?. Analysis 

Bioassay specimens 'will be accumulated by Radiation and Nuclear 

Safety and shipped t o  a  vendor laboratory f o r  appropriate analysis. 

Radiation and Nuclear 5afety wwi91 notify the S i t e  Manager and Rockwell 

Program Manasevent of any s ignif icant ly  posit ive resu l t s  of bioassay 

analysis,  I n  the event urinalysis indicates excretion ra tes  which are 
fndicat-ive o f  the presecse i n  an emuloyee o f  grsater than 50% of a 

maximum permissible body burden, tha t  emoioyee will be res t r ic ted  from 

f u r t h e r  work in radiologically posted areas un t i l  such time as t.40 

consecutive urinalyses s u h i t t e d  a t  l ea s t  5 days apart  each indicate  

- l e s s  than 25% of a  maximum permissible body burden. 

3.  Incidenxs and Injuries 

Any injury,  no matter how small, received while working in a  radio- 

logical ly  ~ o s t e d  area must be reported immediately t o  the S i te  Manager 

o r  the RNS representative.  Medical services will be obtained as required. 

The RNS representative will conduct hound monitoring, as necessary. 

Employees with open cuts ,  abrasions, e t c . ,  will be res t r ic ted from 

work i n  radiologically posted areas unless specif ic  approval i s  given by 

Xadiation and ?!uclear Safety. All incidents suspected, or known to havs 

caused internal aepositicn of rzdioactivity must be r e ~ o r t e d  immediately 

t o  the RNS reprossntative. 
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r sons  en te r ing  a  r ad io log ica l ly  posted a r e a  i n  which unencapsu- 

l a t e d  r ad ioac t ive  mater ia l  is processed wi l l  be requi red  t o  don p ro tec t ive  

c l o t h i n g  a t  t h e  change l i n e  located outs ide  t h e  en t r ance  t o  these  a reas .  

The itsxis of  p r o t e c t i v e  c lo th ing  requi red  f o r  en t rance  i n t o  these a reas  

inc lude ,  a s  appropr ia te :  

1) Red-trimmed labora tory  coa t  o r  cove ra l l  

2)  P l a s t ~ c  o r  canvas show covers 

3 )  Respi ra tors .  

P?o"hcc"Lnve =Tothing and equ i~men t  f o r  pmtec? ion  sg24ns"i poten"Lial 

nazsrds o t h e r  " iha ~ion<aincj r a d i a ~ i o n  r i i l l  be e resc r ibed  en a case by 

c a s e  bas is .  

Respi ra tors  w i l l  only be f i t t e d  and issued by the  RNS rep resen ta t ive .  

No employee wi l l  be allowed t o  work in a reas  i n  which r e s p i r a t o r s  a r e  

required unless  he has been f i t t e d  and has completed the  Rockviell/ESG 

Resoiratory Pro tec t ion  t r a i n i n g  course wichin t h e  pas t  12 months, 

including appropr ia te  medical eva lua t ion .  

The RNS r e p r e s e n t a t i v e  wil l  e s t a b l i s h  r e s p i r a t o r  exchange frequencies  

a s  indicated by indiv idual  requirements. In add i t ion  t o  t h e  pro tec t ive  

c lo th ing  required f o r  e n t r y ,  c e r t a i n  addi t ional  i  t ens  of c lo th ing ,  such 

a s  skul l  caps o r  red-trimmed c o v e r a l l s ,  may be required f o r  c e r t a i n  

opera t ions  posing high potent ia l  f o r  contamination. Surgeons gloves 

wi 11 be required f o r  opera t ions  i  nvolving d i r e c t  hand1 ing of  contaminated 

equipment. Persons e x i t i n g  r ad io log ica l ly  posted areas  wi l l  r e ~ o v e  

t h e i r  p r o t x t i v e  cloching a t  the change l i n e  and place the  items of 

c lo th ing  in the  drums, racks ,  o r  hzngers provided a s  appropr ia te .  
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Respi ra tors  w i l l  be re turned  t o  t h e  p l a s t i c  bag i n  which they were 

issued pending re-use o r  r e tu rn  t o  t h e  r e s p i r a t o r  maintenance labora tory .  

Imnediately upon e x i t i n g  t h e s e  a r e a s ,  a l l  persons w i l l  monitor t h e i r  

rids and f e e t  with t h e  count r a t e  meter provided the re .  They w i l l  t h  

proceed t o  t h e  nea res t  v~shroom and wash t h e i r  hands. 

N.  H A N D L I N G  OF CONTAMINATED PROTECTIVE CLOTHING 

All reusable  items of  p r o t e c t i v e  c lo th ing  w i l l  be removed from t h e  

f a c i l i t y  f o r  decontamination and r e i s sue .  Disposable items w i l l  be 

co l l ec t ed  and disposed of as r ad ioac t ive  waste. Laundry drums, l ined  

with 50-gallon p l a s t i c  bags, w i l l  be provided a t  the change l i n e  f o r  t h e  

I accumui a t i o n  of eontamnateci labora tory  c o a t s ,  canvas shoe cov!??~, and 

cove ra l l s .  The contaminated laundry wi l l  be co l l ec t ed  as  the  bags a r e  

f i l l e d  and w i l l  be processed through a  l icens?d  ~ e n d b ? .  

= 

Waste drums, l i n e d  with p l a s t i c  bags, w i l l  be provided a t  t h e  . 

change l i n e  f o r  t h e  accumulation of d isposable  items such as  caps ,  

p l a s t i c  shoe covers ,  and surgeons gloves. This waste wi l l  be pacakged 

as  t h e  bags a r e  f i l l e d  and wi l l  be processed f o r  u l t imate  d isposa l .  

0. INSTRUCTION OF PERSONNEL 

P r i o r  t o  beginning work i n  t h e  r a d i o l o g i c a l l y  posted a reas ,  a l l  

employees w i l l  be indoc t r ina t ed  with regard t o  r ad ia t ion  and i n d u s t r i a l  

s a f e t y  r u l e s .  

Employees whose r egu la r  assignments include f o r  t h e  f i r s t  time vork 

in r ad io iog ica l ly  posted a r e a s ,  must complete a  t r a i n i n g  course covering 

the  general aspec ts  of working ,xi th r ad ioac t ive  n a t e r i a l s .  This course 

wi l l  include ( a )  a desc r ip t ion  o f  t h e  p r c p e r t i ? ~  and po ten t i a l  hazards 

of r ad ia t ion  and r a a i o z c t i v e  m a t e r i a l ;  ( b )  the basic  p r inc ip l e s  of 

r ad ia t ion  ? r o t e c t i o n ;  ( c )  t h e  rnquirernents o i  esp l icab;?  Standard Oper3ting 
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P o l i c i e s  and app l i cab le  r e g u l a t i o n s ;  (d) s a fe  handling p r a c t i c e s ;  and 

( e )  emergency procedures.  

The S i t e  Manager w i l l  fu rn i sh  t o  Radiation and Nuclear Sa fe ty  the  

names of a l l  persons who w i l l  be assigned t o  work i n  t h e  r a d i o l o g i c a l l y  

posted areas.  Subsequently,  wheneve e  

be 

n o t i f i e d  p r i o r  t o  each assignment. Radiation and Nuclear Sa fe ty  w i l l  

review the  q u a l i f i c a t i o n s  of  persons assigned t o  work i n  t h e  r ad io log ica l ly  

posted area and e s t a b l i s h  that.  these  pepsons a r e  f u l l y  q u a l i f i e d  " rad ia t ion  

.rorkersL' and t h a t  they have s u f f i c i e n t  fmi l i a - i - , v  with t h e  operat ions 

i n  t h e  posted areas  t o  ailow them t o  work s a f e l y  i n  these a r e a s .  Included 

i n  t h e  required q u a l i f i c a t i o n s  a r  pi-epzrations f o r  assignment t o  work i n  

these  a reas  are:  

1) Personal f i l m  badge assignment 

2 )  Bioassay base l ine  sample 

3 )  Inc ius ion  on pe r iod ic  bioassay r o s t e r  

4) Medical b a s e l i n e  examination 

5) Inc lus ion  on pe r iod ic  medical examination r o s t e r  

6 )  Completion of  r ad ia t ion  worker t r a i n i n g  course 

7 )  Ccmpletion o f  r e s p i r a t o r  t r a i n i n g  course 

8) Successfu l ly  f i t t e d  with an approved r e s p i r a t o r y  p ro tec t ive  

device 

9 )  Completion of f a c i l i t y  indoct r ina t ion  

1 0 )  Completion of required special  t r a i n i n g  

11) No prec luding  physic31 l imi t a t ions  o r  r ad io log ica l  r e s t r i c -  

t i o n s  

12) N R C  Form 4 o r  equivalent  on f i l e  with Radiat ion and 

Nuclear Sa fe ty .  
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Rockwell Program Managwent o r  t h e  S i t e  Manager will a l s o  n o t i f y  Radiation 

and Nuclear Sa fe ty  o f  t hose  persons whose.assignments i n  posted a r e a s  

a r e  being terminated. 

Q . 1NSTRUMENTPiTIOi.l 

Radiation and Nuclear Sa fe ty  w i l l  e s t a b l i s h  the  requirements f o r  

r ad io log ica l  ins t rumenta t ion ,  provide the instruments  from general 

inventory if  a v a i l a b l e ,  r eques t  c a l i b r a t i o n  and r e p a i r s  a s  required and 

i n s t r u c t  opera t jons  personnel i n  t h e  use of these  instraments  as  required. 

Personnel monitors wil: be provided at.  change l i n e s  and in change 

rooms. Each of these  menitoi-s will cons i s t  o f  an alpha a ?  Sera-sens i t ive  

( a s  appropr i a t e )  d e t e c t o r ,  a count r a t e  meter ,  and an audib le  "poppy- 

type" s i g n a l .  These monitors w i l l  be inspected by Instrument Repair a t  

l e a s t  once each 3 months. 

I 
Continuous a i r  monitors  'd i l l  be prdvided a s  requi red .  These monitors 

1will sample i i r  tnrough a f i l t e r  media a t  a  r a t e  of about 1 cfm and wil l  

cont inuously mjni t o r  t h e  p a r t i c u l a t e  r ad ioac t ive  material  col! ected on 

t h e  f i l t e r  media. The monitors w i l l  provide a  ratemeter  d isp lay  of  

a c t i v i t y  l e v e l s  and an a u d i b l e  alarm which wi l l  a c t u a t e  au tomzt ica l ly  in  

t h e  event t h e  r ad ioac t ive  material  co l l ec t ed  on the f i l t e r  exceeds a  

p r e s e t  l e v e l .  These monitors w i l l  be serviced and c a l i b r a t e d  a t  l e a s t  

once each 3 ponths. 

Eeta-gmma an3 alpha s e n s i t i v e  counting systems 'will he provided I 
f o r  use by the  RNS r e p r e s e n ~ a ~ i v e  i n  evaluat ing a i r  samoles and s u r i a c s  I 
contamination samples f o r  r a d i o a c t i v i t y .  These s y s t e m  wi i l  be serviced 

and c a l i b r a t e d  a t  lea" once each 6 n o n ~ h s .  

l iar ious types of  beta-g?%rna 2nd  alpna s e n s i i i v e  s c r t s b l e  r zd i? t<cn  : 

sur,ley insi.r!~ments :vi:l ? sm':ide< r u s  by the ? - d i j t i c n  and : luclfar  
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I Safety representative in the day-to-day surveillance of operations in 

] radiologically posted areas. All portable radiation survey instruments 

I R. DECONTAMINATION REQUIREMENTS 

The requi 

be determined 

Manager who will assure that the required decontamination i s  performed. 

In the event radiaz%%ive cantamination i s  detected or suspected to 

be present on the skin or hair o f  an employee, the RNS repr@senta%ivr 
wilL evaluate the degree of contamination and direct the decontamination 

efforts. In the event the contaminated employee is injured, the Site 

Manager will arrange for medical services. The RNS representative will 

direct or perform decontamination of the employee to acceptable limits 

using prescribed methods, unless it becomes apoarent 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 practicing physician. 

I 2. Eouipment Decontamination 

In the event that equipnent, components, materials, etc. , are found 

to be contaminated Tn excess oithe zppropriate 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 in excess of the appropriate limits, the RNS representative 

will notify the Site Manager and request decontamination. The RNS 

representative will coordinate decontamination efforts with operations 

personnei as necessary. 

I S. REMOVAL OF EQUIPI*lENT FROM RADIOLCGICALLY POSTED AREAS 

814 equipment or materials moving into unposted areas from any 

radiologically posted area must be surveyed for radiation and radioactive 
contamination levess. No ;tern may be moved into any vnposted areas if 

it is contaninated in excess of the limits established for such areas as 
shown in Table A-I. The radiation and contamination levels will be 

assessed by the RNS re?resentative 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 tor unposted areas 

as snown in Table A-1.  Packaged contaminated items will comply with the 

provisions of Title a9 Code of Federal Regulations and will be tagged 

with a comoieted radioactive materials tag prior to transfer into radio- 

logically unposted areas. 

T. RESTRICT50 ACCESS AR5.4 EPITR'! PECkIIT (FORI.4 719-1) 

Varying degrees of ccntro!, consiste~t with the hazard involved, 

are exercised over post?d zreas b y  Radiat'on and Nuclear Safety. The 

Form 719-1 i s  a m a n s  of restricting access to posted are35 on the basis 

of personnel and potential hzzards. The highest degree of hazard i s  
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I assoc ia t ed  with an a r e a  i n  which t h e  a c t i v e  contamination and r ad ia t ion  

l e v e l s  a r e  of  such s i g n i f i c a n c e  t h a t  spec ia l  r i g i d  e n t r y  con t ro l s  and 

a f e t y  precaut ions a r e  necess  

I 1. 
Subcontractors  

Subcontractor  personne'l who have cause t o  work wi th in  any radio- 

l o g i c a l l y  posted a r e a  musz have a  completed Form 7 1 9 4  which wi l l  be 

submitted by the S i ~ e  Manager and aporoved by t h e  RNS represenxat ive  

p r i o r  t o  t h e  s t a r t  of work. Groups r ep resen t ing  t h e  same conrrac tor  and 

who work i n  t h e  same general  area need only  one tagged a rea  en t ry  pe rn i t .  

,411 con t rac to r  personnel en ter ing  any r a d i o l o g i c a l l y  posted area 

must obtain a  f i l m  badoe p r i o r  t o  entry.;/. Radiation and Nuclear Safety 

s h a l l  determine i f  previous e n t r i e s  i n t s  posted a r e a s  had been nade 

during the  c u r r e n t  ca l enda r  yea r  and i f  s o ,  s h a l l  a s c e r t a i n  from personnel 

monitoring records t h e  dose  received,  and'plan r a d i a t i o n  exposures . 
accordingly.  

I Contractor  personnel performing work i n  a  rad io logica l  posted area 

w i l l  be surveyed p r i o r  t o  breaks, lunch and q u i t t i n g  time by means of 

po r t ab le  b a t t e r y  o p e r a i e d o r  ac survey instruments .  I f  t h e  instrument 

survey ind ica t z s  contaminat ion,  decontamination w i l l  be e f f ec t ed  i m e d i a t e l y .  

Radiation and Aucl e a r  Safety wi 11 a t tend  any opera t ion  involving 

con t rac to r  personnel i n  a posted area to  the  ex ten t  necessary t o  ensure 

t h a t  such personnel perform t h e i r  du t i e s  i n  such a  manner a s  not to  

cause t h e  ro l ease  of  r ad ioac t ive  material  o r  become unduly exposed to 

r ad ia t ion .  Should such an event occur ,  work wi l l  be stopped un t i l  

3ppropr ia te  surveys have been performed and.necessary co r rec t ions  

e f f ec t ed .  
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r a c t o r  perso 

posted areas  must be surveyed and found to 'be  f r e e  o f  contaminat ion 

before  they may be rmoved.  The rmovab le  contamination l i m i t  f o r  t o o l s  
7 

and equipment s h a l l  be 20 dpm/l00 un- alpha a c t i v i t y  and 100 dpm/100 cm 2 

be ta .  Fixed contamination s h a l l  be undetectable with a p p r o p r i a t e  portable 

survey instruments.  

Contractor  personnel s h a l l  no t  be exposed t o  concen t ra t ions  of 

r ad ioac t ive  marerial  i n  a i r  and water g rea t e r  than 1 0 h f  t h e  maximum 

permissible  concent ra t ions  a s  l i s t e d  i n  10 CFR 20, "Standards f o r  Protection 

Agas'nst Radiation," under Table I of  Appendix 8 unless  they a r e  q u a l i f i e d  

as radias ion  workors a s  descr ibed  below. 

Whcie body dose t o  c o n t r a c t o r  personnel wi l l  be l i n i t e d  t o  500 mrom/ 

y e a r ,  A n  exception t o  t h e  s tandard 500 arern/year will be made i f  an 

a f f i d a v i t ,  signed b y  a r e p r e s e n t a t i v e  of the  c o n t r a c t o r ,  au tho r i zes  theii- 

employees t o  be considered r a d i a t i o n  workers, in  which case  t h e  employee 

w i l l  be required t o  execute an NRC Form 4 o r  equiva lent  au thor i z ing  

Rockwell/ESG t o  o b t a i n  occupat ional  r ad ia t ion  exposure h i s t o r i e s .  

Cumulative records o r  r a d i a t i o n  exposures wi l l  be m i n r a i n e d  by 

Radiation and Nuclezr S a f e t y  t o  ensure t h a t  personne? a r e  not  exposed in 

excess of app l i cab le  s tandards .  

I f  a con t r ac to r  employee rece ives  a r ad ia t ion  exposure i n  excess of 

25 mrev, Rock~we?l/ESG :gill  n o t i f y  the  cont rac tor  of  t h e  dose wi th in  

30 days following t h e  determinat ion of such exposure. 

Contractor  personne? under 18 years  of age w i l l  be l imi t ed  t o  

125 mrem/calendar q u a r t e r .  

Approved v i s i t o r s  ,will be considered in the same c ~ t e g o r y  as outside .,, ,ming  con t rac to r s  a c d  r u s t  ha<)? c o ~ p l z t e d  3 Fa171 7194 p r i o r  ts -"-'" 

' I  
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work in radioioqically posted areas, or v i s i t i ng  such f a c i l i t i e s  fa  

extended periods during which they are not under continuous escort .  

Personnel who have cause to enter the r a d ~ o l o g i c a i l y  posted areas 

3. Restricted Pccess Areas 

491 personnel who have rezson t o  e ~ t e r  cer ta in  r ig id ly  centro7led 

areas, "Restricted Access Areas," sncn as radioaeeive exhansr system 

f i l t e r  plena or l iquid wastz h o l d u g  tanks, wili  eomolete a Forn 719-L 

prior t o  entry into  tnese areas. A minimum of two persons will be 

assigned t o  perform operations in these areas,  or  as a therdise  specified 

4.  Preparation of Form 719-1 

When a Forq 719-L i s  required, the individual o r  manager of the 

group requestiag entry will f i l l  o u t  his portion of the  form and give i t  

to the RNS representative b h o  will outline the per t inent  radiological 

safety inst ruct ions ,  sign the form, and return i t  to  the originator.  

The originztor will  obtain the signature of the S i t e  Manager and 

d is t r ibu ts  copies are  required. 

The en t i re  working crew will i n i t i a l  the Form 719-L, signifying 

receipt and cofiprenensicn o f  instructions o n  -the form. 



,: 7 -, 
j Rock~ell International 

Energy Systems Group 

NO . N001-FOP-960-001 
PAGE . - 48 

Copies of  completed Forms 719-L will be kept on f i l e  i n d e f i n i t e l y  

by Radiation and Nuclear Sa fe ty .  

U. GYERGEXCY CONDITIONS I 
I .  Vent i la t ion  Loss o r  Airborne Radioac t iv i ty  Alarms 

I n  t h e  evenz of a  r a d i o a c t i v e  exhaust  system f a i l u r e ,  o r  of o t h e r  

evidence of  l o s s  of  a i r f l o w  i n  v e n t i l a t e d  a reas ,  personnel w i l l  l eave  I 
t h e s e  a reas  and await  eva lua t ion  o f  t h e  f a c i l i t y  condi t ions  by Radia t ion-  I 
and Nuclear Sa ie ty .  1 

In t h e  event o f  ac tua t ion  o f  the "va r i ab le  warble" and/or bell I 
a7a ra  o i  continuous a i r  monitors ,  personnel present  will evacuate the i 
f a c i l i t y  and awaft  eva lua t ion  by Radiaeion and Nuclear Sa fe ty .  

V . RADIOACTIVE 'MASTE MANAGfi?ENT 

All r ad ioac t ive  waste w i l l  be c o l l e c t e d ,  evaluated,  processed, and 

shipped f o r  disposal t o  a  l icensed  r ad ioac t ive  waste disposal  site. I 
I .  Sol id  Waste 

Low leve l  s o l i d  r a d i o a c t i v e  waste wi l l  be packaged i n t o  s tandard 

con ta ine r s  such a s  s t e e l  DOE S p e c i f i c a t i o n  17-H 55-gallon drums o r  *wood 

type  box DOT Spec i f i ca t ion  19-A o r  lo:+ s p e c i f i c  a c t i v i t y ,  s t r 9 n g ,  t i g h t  

con ta ine r s .  I n  the case  of low l eve l  waste such a s  concre te  ruoble 

which i s  generated i n  l a r g e  volurnzs, spec ia l  c o n ~ a i n e r s  may be designed. 

Low-level s o l i d  r zd ioac t ive  waste generatsd in support of decontamination 

opera t ions  ( i  .  , p l a s t i c  shoe cove r s ,  surgeons gloves,  im-kvipes, 

miscel laneous p l a s t i c ,  e t c . )  w i l l  be co l l ec t ed  in drums l ined  with 

p l a s t i c  baas. :;hen t h e  bacs a r e  f i l l e d ,  they 'will be f i n a l  pack.?ged f o r  

d i s p o s a l .  
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High-level radioactive waste will be packaged and shipped in containers 

such as reusable lead-shielded casks, one-way concrete shielded containers, 

or DOT approved overpacks. 

2. Liquid Waste 

Liquid radiozctive waste will be solidified. In the event there is 
other liquid radioactive waste such as acids or corrosives, they will be 

neutralized in drums and then solidified for disposal by land burial. 

Solidification will consist of cementation. 

4 .  INBUSTRIAL SAFETY KEQUIRE~iENTS 

lndustriai safety recuirernents are describes by Rockwell/ESG H@alth 

and Safety Procedures, SSP'S ANSI, AEC Hanaul, and CSHA. 

1. Hoisting and Rigqinq 

Hoisting and rigging operations shall be conducted in compliance 

with the requirement; of 29 CFR 17, Part 1910, Subpart N, and the ANSI 830 

Series. 

Equipment used in material handling shall be proof-loaded and 

maintained per PL Series 8. 

All personnel engaged in hoisting and rigging shall be qualified by 

appropriate experience and training. 

Explosives use and handling shall be in accordant? ,with Federal, 

State, and local regulations including 29 CFR 17, Part 1910.109, Health 

and Safety ?roc@dur~ S-16, and Section : ( X V ,  €3 385-1-1, "General Saizty 

4equirenent; Ilanual," o f  the Carp o f  Eggiserrs aith the sxceptign of 

Paraqrzph 25.3.04. 
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3. Insu la t ion  Removal 

The removal of i n su la t ion  material  containing asbes tos  w i l l  be done 

i n  compliance with 29 CFR 17 ,  P a r t  1910.93a. . 

Warning s i g n s ,  OSHA approved, w i l l  be displayed a t  each l o c a t i o n  

where t h e  a i rborne  concent ra t ion  of asbes tos  f i b e r s  may exceed t h e  

allowable exposure l i m i t s .  The a i rborne  concent ra t ion  w i l l  be v e r i f i e d  

by environmental sampi ing. 

In su la t ion  wi l l  be removed i n  a  manner t h a t  w i l l  minimize t h e  

generat ion of a i rborne  d u s t ,  Wet methods w i l l  be used i f  p r a c t i c a l .  

Approved r e s p i r a t a r s  w i l l  be korn auring a l l  asbestos i n s u l a t i o n  removal 
I opera t ions .  I f  t h e  eresenee of  asbestos i n  a  mareri%l i s  quest ;onaa?e,  i 

i t  w i l l  be 2ssumed t o  be present .  

4.  8urni  nq , Cutting , and Weldi na 

Burning, c u t t i n g ,  and welding wi l l  be performed only as  authorized 

by t h e  S l t e  Manager. Addirional reouirements may be imposed by t h e  RNS 

rep resen ta t ive  as necessary t o  p r o t e c t  aga ins t  t o x i c  and/or r ad ioac t ive  

vapors and fumes. 

I 5. Eloise 

Personnel exposed t o  noise in excess of the  l i m i t s  s p e c i f i e d  i n  

29 C F R  1 7 ,  Par t  1910.95 ,will be required t o  wear approved e a r  pro tec t ion .  

The noise leve l  f o r  an  8-hour exposure i s  90 dbA. Personnel exposures 

t o  noise over 90 dbA s h a l l  be evaluated by the  RNS r ep resen ta t ive .  

Personnel exposures t o  noise i n  excess c i  115 dbA a r e  prohib i ted  w i t h o u t  
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6. Confined Soace Entry 

Confined space en t i r e s  will be made i n  compliance with Health and 

Safety Procedure G-19. A 1  1 Class 2 ent i res  will .require the preparation 

of a Form 719-L, Rev. 5-70, "Restricted Access Area Entry Permit," which 

will designate the required control measures. 

7. Contractor Safety 

Contractors will conduct operations in compliance w i t h  Federal, 

S ta te ,  and local codes, standards and regulations as applicable. Contractors 

are subject t o  csmpiianee with Rockriel1 Internationla and ESG regulations 

as indicated i n  Farm 511-C which deserfbes Contractor Safety Requirements 

a t  Rackve7l International Paci l i  t i e s .  
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AWARD/CONTRACI 

DAAKZ1-79-B-9012 RA~NG.  
-. >.. 'sum BY CODE WiIBFJ s.. m w t m a e ,  SY CODE ( 7. OEWB~ 

: epar tment  of  t h e  Amy 
d a r r y  Diamond L a b o r a t o r i e s  
2800 Powder M i l l  Road 
Ade lph i ,  MD 20783 

- 1  See S e c t i o n  8 ,  Faragrapn  R.4  

I I. SHIP TO/MPIRK FOR CODE i I - 
; E a r r v  Diamond L a b o r a t o r i e s  
1 2800 Dowdder Xi11  Road 

( I f  o h  k blmh 5 )  

12. PAYMENT WILL aE MADE BY C O D E \  PnlBFJ 

j Adel?h i ,  !Cl 20783 "(See Block 16) - ( 
3. ?its ~ O C U R F ~ ~ E N ~  WAS AIWELITISED. 2 NEGOTIAPB. OUPSUAM TO: a 4 1  U.S.C 252 :cK ! 

P 

a. ACCOUWTlNG AND APPRQWlAiloN DATA Z ~ $ ? ~ ! A C  68-4062 F6i2'2fi-2572 S18129 Praj  : TO?aOC 
512120R250050 Al8ROO5201iih9 I 

6 ~ .? - K&D Tf78 IL!hZl1OAH29 h o u r t  0bli:acea: 5335,SOC.OO 
7 

I 
. . 

15. : 6 .  i 17 i 18. I 19. 20. 
l?FM NO. ! SUPPLIESISERV;CES 1 0UI INTITY I UNIT ; UNn 721CE A*tOUNT 

: ,  

I 

'El EER 
EZjfse 

- 
a. CONTUACIOR CODE FACLUrY CODE I 

NAME A N D  ADDRESS 

I F i n a n c e  and Account ine  O f f i c e r  I 

* ADDRESS TO I ~ ? i m E  PAl?lE?!T SHOULD BE W I L D :  

9. DISCOUM FOR PROMPl PAYMEM 

; ?.ock;iell I r t e r n a t i o n a l  Corpora t ion  
i Atomics In te rna t iona!  D i v i s i o n  
i P o s t  O f f i c e  Box 350876N 
i P i t t s b u r g h ,  PA 15251 

t :  
>ic 2 

2 1 .  TOTAL AMOUNT OF CONTRA0  5 33 j 800 ,  
I 

COS7~R.4CTI.VG OFFICER WILL CO.!IPLETE BLOCK 22 O R  26 AS . d P P U C A B L E  

2 2 .  - CONI%CIDI'S NEGOTIATED AGREEMENT (Conlr~cior ii r r ~ v ; r ~ d  to 747 / 2 6  @ AWARD (Conrraiior h no, rrqumrd to i;.?n 6hlr rlaru,mml.) Your Q ~ I C ~  - 
ior7,rm,ni ,,,,d - ;op2n to ;,,=rug n f i i r . ,  conrioooi ogrcr. ' on io~;cifo,,on Numbs. G G K 7  ! -7s -5-'90 ! 2 . ~niiudmng h 

lo iurni.h dc;lrc. O I ~  .tern, or perform ai l  the rcrvmii3 re, i o r h  or o,herr,se / ~ d d i , ; ~ ~ ,  or rhonper mada b y  ~ h , < h  oddi910nl inong., se, Lonh ,n lvii 
,Om, , r rd  tic.. -,. on on, ronlin"a.an mcct. ior the c"n.ldr..llon 58olr. hc..;" : 0ba.c. ,, hereby orr.mcd a. to ,he i3.m. !;.,.a e i o r e  on* an on" ron,mu.nan .h.." 
Ihr nyhr, the ponies la lh lx  cantrrr. lhail ac r u b l e  la cad g o "  : i h , ,  o r o r d  ionlurnrnolr~ ,'ia con9i.d - h c n  ;on%i%r% of %he laila-.np roium.nl% !a1 

br the i o t $ ~ , n g  documtm, la! this ~ - ~ ~ d i c o a r a n ' ,  !bi fhc s a i ~ c z ~ o n o n  6 on". , shr ~ ~ ~ ~ ~ ~ . ~ t ,  rnfiiihtlan and b i  ch15 7rord;jPntril~ ~g 

and < :  such r c p i e ~ r n ~ o ~ x o n ~ ,  r e r ' , L c r i ~ ~ n s .  onc incr tRcof -ons,  os at- ! iunhcr con;iomoi dae,mant nsrc lsav .  

=n..<llri' or n<ama,arrd ", .ricrcnr. h . , ~ , "  . +rri , ,h#8,earl  i r r  hied  hrrrrn ,  ' ~, - 
. - - /___ 

N m i  OF CON~UCTDP : 2 7  i:NITED STLiES O i j l ~ t ? $ C ~  . ,/-c- - ~ . ~  -. 
/ ;.\ -Y+L--+'-5 .. >> 

.- -~ I BY <, 
5gnah,r, of perla" ""rnoril.6 .2 91qni 'Signaruie or crs.romnq Olfrrr 

I 
-- 

i A  N A V E  AND :,RE OF I I G N F ~  T r p e  7r prlni, 2 5  O*iE SIGNEC ! lS VaMC S F  CCNTilACilNG CFFICE? TIPI -i Prsnz 2 1  3rTE SiGNED , 





"F.1. The contractor shall be responsible for the dismantlement and 
radioactive decontamination of the reactor 6acility. (This does not 
include the removal and shipment of the reactor fuel elements from 
the facility. ) 

COWTlNUATIQN SHEET 

I F.2. The contract will be performed in three (3) phases: 

PIIN:  PART II -- SECTION F 

Phase I Preparation of a Dismantlement Plan. 
Phase I1 Dismantlement and radioactive decontamination of 

the facility. 
Phase 111 Completion of all remaining tasks after Radioactive 

Survey by U.S. Army Environmental Health Agency. 

PAGE: 

Pea. Phase I 
F.3.L The contractss shall prepare a dismantlement p l a n  which 

shall deseriSe the methods and implementing procedures necessary co 

~21-79- C TFTITlN/SPECTFTCA77fTJS F. 1 

I aeeompEish the dismant%ement and radioactive jecontamination of-the 
facility, The plan skalb describe the generzl methods 0% approach 

/ in accomplishinq the tasks listed in Phase II of these 

I 
. - 

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- 
mantlement is contemplated by the contractor, the use of the 
explosives shall comply with Federal, State and local regulations. 
Also, blasting operations shall comply with Section XXV, EM 385-1-1, 
"General Safety Requirements Manual" of the Corps of Engineers with 
the exception of paragraph 2 5 . B . 0 4 .  All explosives and explosive 
waste shall be removed from the work site by the contractor". 

&LU1 F O R M  1 0 7 2 ,  1 5  A U G  1 9 7 :  
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P1IN: PAGE: . 

~ l - 7 9 '  C - 0 1 1 4  -- . F.3 

F.4.2 The contractor shall be responsible for the spectral analyses 

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 (10CFRZO) .' 
P . 4 . 4  The contractor shall be responsible for contamination control, 
including: 

a. Dust coEleetian and absolute filtering procedures. 
b. Respirator and protective clothing requirernenes. 
e.  Air s a m p l i n g  procedures. 
d.  Records of significant radiarion surveys and a n a l y s e s .  

Contractor shall wake these records available to the Contracting 
Officer's Representative. 

F.4.5 The contractor shall be responsible for any subcontracted work 
such as shipment and burial of radioactive materials, construction/ 
demolition operations, and the design, test and certification of 
shipping container, if required. 

\ 

examination by a practicing licensed physician and a complete blood 
count. I 

-- 

F.4.9 -The Contracting Officer's Representative shdll attend or be 
briefed, in detail, on any informal meetings or discussions with 
regulatory agency personnel by the contractor. 

-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 remove the inlet and exit valving system. 

F.4.7 The Contracting Officer has the authority to stop any 
operation that indicates 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 dismantlins operations has had a medical 

. - _ -. . - _ _  .. - - - -- - . J 

A M X D O  F O R M  1012,  I S  f U G  1 9 1 1  

,e. 

-- 



F . 6  Hazardous Items List (Safety) 
- 1. Neutron activated materials. . .  . .  . 

2. Radioactive materials and radioactive contamination. 
ossible radioactive airborne materials resulting from 
g work. 
ossible radioactive liquids (water) resulting from 

-decontamination - -  . procedures. 

F.7 -Drawing List - DORF Decommission 
- - . 1.. Lead Curtain T35618J300 

M5 I - ~. - 2. Rolling Door Exposure -Room 
. . 3. : Plans - Air Conditioning . . ~. M1 

4.. Power E4 
5. Equip s M2 
6.. Plumbing M3 

s 2 3. Sections 
8. Ramp Plans S4 
9, Vertical Seetian of EORF Reactor 

10, Sectional Elevation of DORF Reactor 
l Warm-liquid Waste Storage System 

. . 

- -- . -. - . .. C~NTINUATION SHEET 

P.8 Backup Data 
1, Radio-:sotopie P.nalysis of Radioactive Material i r i  the DORP 

Structure Before Beconmissioninq, Attachment No. 1. 
2. AEC Regulatory Guide 1.86, Termination of Operating Licenses 

1 for Nuclear Reactors, dated June 1974, Attachment No. 2. 

PIIN: - 
x i ! - 7 9 -  c ~ O : ~ I (  

- F.9 Salvable Equipment I - Contractor shall have the riaht to salvaqe and remove for his 

PAGE: 

. . . . -. . . . F.5 

- own use the following items, having a combined fair market value of 1 $100.30:  

Plug Door Drive Mechanism 1 Each - Detention Tank Valves 6 Each 

A M X D O  c O R I . 4  1072, I 5  A U G  1 9 7 1  



"G.1 The contractor shall pack all recoverable equipment, not 
to be discarded, in weather proof containers. The Contracting 
Officer or his duly authorized representative shall determine 
equipment to be salvaged and its disposition. Selective reactor 1 components (some items radioactive) shall be packaged for shipment 
and shipped to DOE, Hanford Engineering Development Laboratory, 
Richlsnd, Washington. The items to be shipped to HEDL are listed as 
follows: 

T mmw 

b PI IN.  k ?.;-i= -- 

i 1 1 u.1 - 
NO. - DESCRIPTION UNIT - QUANTITY 

1 1 Core Support Structure, Upper Section E A 1 
2 Core Support Structure, Lower Section E A 1 
3 Top and Bottom Grid Plates E A 1 
4 Connecting Rods for Control Rods SET 1 
5 ContseL Rods SET 1 

----- ",, 
~ Z L L I L . .  G 

. ~ S ~ ~ T ~ ~ ~ ? ~ C ~ 7 / ? A C ~ C ; \ G P T G ~ ? . ; \ ~ I G  

Carriage Drive Motor E A 
Water Pump: 1 .5  H P  EW 
Incar Experiment Tube EB 
I o n  Chamber Supports and Ton Chambers SET 
Carriage Support Rails SET 
Lead Shield Doer Drives and L i n k a g e  SET 
Pool Cover Plates SET 
Fuel Storage Racks, Underwater E A 
Fuel Measurement Tool with ~ i a l  Micrometer EA 
Aluminum Water system Piping EA 
Water Pumps E A 
Demineralizers, 3 Cu. Ft. E A 
Flowmeters, 25 GPM E A 
Neutron Source, 10 Curies, ALL-BE EA 
Neutron Source Bolder E A 
Pool. Lights SET 
Carriage Positioning Potentiometer E A 
Carriage Umbilical Arm E A 
Fuel Element Location Diagram E A 
Water Box, 1 Cu. Ft. Capacity EA 
Charcoal Filter, 1 Cu. Ft. Capacity EA 

\ 

PAGE: 
G.l 

f G12 The contractor r a i l 1  transport the jib crane from DORF to the Aurora 

i 
facility, HDL, in accordance with Para F.4.13. 

I - 
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Laboratories  @DL) 
Contract  No. 3&%21-79-C-0136 f o r  the  Dismnntlenent and Crcon- 
t u n h ~ a t f c n  of the DbnonC Ordnance Radiation F a c i l i t y  (Wfip), 
Boreat Glen Sect ion,  W l C  

x 
'd 

ATTN: DELI!b-N-HS (W, L. Giese le r )  5 
2800 Powder bid11 Rocld 

G1 
I- 
n 
Cn 

n rn 

a, Letter. Yi.LlD-;I-*?S, 21 5ep 79,  subjec t :  Contract Award for t h e  
Dismantlement and Decontamination of rhu 3iamnd 3rdnance PJLdiation Facil- 

5 i 
i t y  (DORY), Poies t  Glen Sect ion,  WRrTrEC. 

.- I 
I -  , I 

b. L e t t e r ,  i)EL:ZD-?J-RB'T, 2 7  Sep 79, subjec t :  Correction t o  L e t t e r  /,/'L\] 1 
from DELIID-!i-IZB To IIShT-QtS, dated 2 1  Septanber 1979, Subject: Contract  
Award f o r  the Disi-sntlement and Ifecmtaniinatim. of the Dicmond Ordnance 

I 
Ilarlfation F a c i l i t y  (rlOP?), Fores t  Glen, MD. 

I 
I 

2. Upon c m p l e t i o n  of t h e  d i s x a n t l e a m e  and decaltamination of  the  
1)iamond Ordnance Radiat ion F a c i l i t y  and i t s  t r a n s f e r  t o  %alter Reed Amy 
Mectica1 Center (URUMC), it f s  the plan of b . W i C  t o  u t i l i z e  the  f a c i l f t y  as 

I 
a r s d i o n c t i v e  waste holding and processing f a c i l i t y .  I 

3 .  Conscq~en t ly ,  the f ~ ~ l l o u h &  changes r o  t!te abave r ~ f e r a l c e d  con t rac t  
are requested:  I / 

a .  Deleta Pare 11, Sec t ion  P, "Descr ipf r iun /~pec i f ica t fons , "  Paragraph 
F.4.5. i i I 

5. Change P a r t  11, S e  
I 

F.5.L-b. r o  rend an fo l low I 
1 
I 



IiSIjP-QHP 
i f  % c a t i o n  of  .;. 

~Zl-7?--U-O1 
tani,nntio;i of the Diamond Oninonce , h i l t  F a c i l i t y  (DORF), 
F o r e s t  Glen S e c t i o n ,  IZWtC 

c.  Change Part 11, q e c t i o n  F, Description/Spe~ifJcations, Pnr  
P.5.2.c. eo rend  as folloa~as:  

i d  & , # S L  >-.?11 ! 
d, kbdi fy  Part IZ, :iectir- P, Deser ip t lon/Sprc i f lca t fona ,  Paragraph .:,i, i 

3,9 60 ~E::ICVF. "De^aaatPio;a %I& f a . l v ~ o "  f rm l i %  of equipmeet the eon- 
t r n c e w  szL-gsze, 

- - .  L, ~ r .  z d d i L d a ~  t~ the aLc,v,.;e c:mnScs, it is requ~sted t h a t  l*I(iL'.fC be Eur- 
rdsheJ w i t h  a copy of  rhe B ; ) P C B V P ~  v c d c r ' a  Jls;n;rz~tlexent p 9 m  desc~lbed \ ':s Part IS, Sect ion  T', Far'ngrsph H.3.1. end F,?.2. and upon c o z p l ~ t l o i l  of ! 

:he contrmcc a rcpro3uc"ibee cop). of t h e  'bas-built" f a c i l t t y  p l a n s  as m d l -  i 
f i c d  by this c o n t r a c t ,  1 

1 
i 

5 .  I:] o r d e r  to a s s u r e  :k t  the I ieal th  Physics Off i c e ,  Vnlter Reed A m y  
i . f e i i cn l  Ccnrer $.l?A?Cf m y  e f f f c t h e l y  f u l f i . l l  t h e  r e s p o n s i b i l i ' i i e o  d e l i n i -  j 

a t e d  i n  I n t z r s e r s r i c e  Suppor t  A,veenent Xo. H74iNG-7822 3-101 Ixtr3cen T W c  ! 
and :DL, i t  is r e q u e s t e d  t h a t  Xr.  Jam23 f. S t a f f o r d ,  Chfef,  R a d i o a c t i v e  
Naterials CuntroS Branch, Wi31.1C t icol th  Physlcfi Offlce he appo lncsd  BR OQC of I 
t h e  "Cantractin,", O f f i c e r ' s  Papresmtatfves f f e c l a l c a l ) "  s p e c i f i e r !  i n  Fare, 11, 1 
Section J, P a r a g r ~ ~ p ? ~  J.E. o f  s u b j e c t  r n n e r a s t .  I 

FOR TIE C E t l A N 3 L X :  



DEPARTMENT OF THE ARMY 
HARRY DIAMOND UBOR.%TDF?IES 

2800 POWDER MILL ROAD 

ADELPHI. MD. 20783 

21 September 1979 

SUBJECT: Con t rac t  Award f o r  t h e  Dismantlement and Decontamination of 
e Diamond Ordnance Radiat ion 

F o r e s t  Glen Sect ion,  WRAMC 

Commanding O f f i c e r  
Walter  Reed Army Medical Center - ATTN : HEW-QHP 
Washington, D.C. 20012 

l. A f ixed-p r i ce  c o n t r a c t  f o r  t h e  EDw dismantlement a r ~ d  deconram~nation 
w a s  awarded on 14  Sep 1379 t o  Rockwelb I n t e r n a t i o n a l  Canoga Park, CA. 

2 .  The s o z t r a c t  de l ive ry  o r  performance schedule i s  a s  follows: 

2.1 Phase I (Preparat ion of a Dismantlement Plan) s h a l l  commence on t h e  
e f f e c t i v e  d a t e  o f  t h e  con t rac t  with t h e  d e l i v e r y  of t h e  Plan t o  the  Harry 
Diamond Labora to r i e s  (HDL) withln t h i r t y  (30) days t h e r e a f t e r .  l i  / 7 'Z 

2.2 Phase I1 (Dismantlement and Radioact ive Decontamination of t h e  
F a c i l i t y )  s h a l l  commence Six ( 6 )  weeks fol lowing t h e  completion of Phase I, 
and s h a l l  b e  completed t h r e e  ( 3 )  months t h e r e a f t e r .  

2.3 Phase 111 (Restoring t h e  b u i l d i n g  f o r  a l t e r n a t e  use) s h a l l  commence 
t h i r t y  (30) days fol lowing the  completion of Phase 11, and s h a l l  be completed 
---&a months t h e r e a f t e r .  ., ,.. #.J a-'L",.L~.L. 
T M  8 E ? (3,) - +<&i~;?( A.- +"A 

2.4 A l l  d e l i v e r i e s  t o  and from DORF and t o  and from the  disposed a r e a ( s )  
s h a l l  be f .0.b.  d e s t i n a t i o n  with a l l  shipping and t r anspor t a t ion  c o s t s  t o  
be borne by t h e  con t rac to r .  

3 .  Contrac t ing  personnel  and equipment w i l l  r e q u i r e  access  t o  and from t h e  
DORF a r e a  f o r  t h e  f a c i l i t y  performance of t h e  con t rac t .  The f a c i l i t y  access  
ga te  w i l l  be  c losed  and locked when con t rac t ing  personnel leave t h e  f a c i l i t y  
a r e a  a f t e r  the end of each work-day. 

4. -%quested changes, i f  any, t o  t h e  con t rac t  s p e c i f i c a t i o n s  by WRAMC s h a l l  - 
be submit ted,  i n  w r i t i n g ,  t o  t h e  HDL con t rac t ing  o f f i c e r s  representa t ive  
(W. L. G iese le r )  by 5 October 1979. 
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D i a m o n d  O r d n a n c e  Iiadiation Fac i l i t y  
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Diamond Ordnance Rad ia t ion  F a c i l i t y  

Elements t o  Shipping Casks 

1. I n t r o d u c t i o n  

The decommissioning of t h e  Diamond Ordnance Radiat ion F a c i l i t y  (DORF) 

r e a c t o r  w i l l  r e q u i r e  t h e  shipment of 92 TRLGA type  f u e l  elements from t h e  

f a c i l i t y ,  These 

f a e l  e lements  which a r e  to be  shipped 4.n a, l i censed  shippi-ng cask  t a  t h e  

U n i v e r s i t y  of  Pennsylvanxia, t h e  U r i v e r s i t : ~  of Utah and t o  t h e  Fanford 

Engineering Development Laboratory. An intra-agency agreement has  been 

prepared by DOE, Savannah River Operat ions Of f i ce  t o  provide  s e r v i c e s  and 

r e s p o n s i b i l i t y  f o r  supplying approved i r r a d i a t e d  nuclear  m a t e r i a l  sh ipping  

casks  and provid ing  f o r  t h e i ~  t r a n s p o r t .  A modified XI-1.4 Fuel  Shipping 

Cask w i l l  be  used wi th  basket  i n s e r t s  t o  accommodate 48 TRIC-A elements 

per  shipment.  Two shipments w i l l  be r equ i red .  T'ne basket  des ign  p rov ides  

spaces  f o r  t h e  long l e n g t h  requirements  of t h e  f u e l  fol lor ier  c o n t r o l  r o d s  

and t h e  thermocouple instrumented elements.  

a .  Equipment 

The f u e l  elements w i l l  be ship2ed i n  a n  approved sh ippiag  cask  

(S  cask)  and w i l l  a r r i v e  a t  DORF on a  t r a i l e r .  t r a n s f e r  cask (T ca sk )  

w i l l  be  u s e d  t o  t r a n s p o r t  the f u e l  from t h e  r e a c t o r  pool t o  t h e  S c ~ s k .  



The DORF 7 element  t r a n s f e r  c a s k  w i l l  be  used. (The DORF t r a n s f e r  cask  

was designed f o r  t r a n s f e r r i n g  f u e l  from t h e  r e a c t o r  pool  t o  t h e  f u e l  s t o r a g e  

p i t s  l o c a t e d  on t h e  main r e a c t o r  f l o o r . )  The DORF f u e l  handling t o o l  w i l l  

be used t o  move t h e  f u e l  between t h e  pool s t o r a g e  r a c k s  t o  t h e  T cask  and 

then from t h e  T c a s k  t o  t h e  S cask  The bu i ld ing  3 1 / 2  ton c a p a c i t y  nono- /. 
r a i l  h o i s t  w i l l  b e  used t o  move t h e  T cask  from t h e  pool  t o  t h e  S cask  

which w i l l  be on t h e  t ra i le r  i n  the,basement  l e v e l  d i r e c t l y  below t h e  

= in  f l o o r  ha tch .  I f  the-re is i n s u f f i c i e n t  v e r t i c a l  door c l ea rance  f o r  

t h e  cask  and t r a i l e r ,  t h e  cask  -will be  t r a n s f e r r e d  t o  a  low-boy t r a i l e r  

using a  mobi le  c r a n e .  The p r ~ c e d u s e  f o r  handling che cask  is  conta ined  

i n  t h e  Opera t ions  Manual f o r  Spent Fuel  Shipping Casks, S e r i a l  No. MH-1A, 

Bureau of Explos ives  Permi t  No. 2087. Minor changes t o  these  procedures 

have been made f o r  DORF loading  a p p l i c a t i o n .  

b. R a d i a t i o n  Monitoring 

Rad ia t ion  l e v e l s  w i l l  be  monitored and recorded a t  key s t a g e s  of 

t h e  ope ra t ion .  The DORF s t a f f  w i l l  be r e s p o n s i b l e  f o r  secur ing  t h e  

f a c i l i t y  a r e a  d u r i n g  f u e l  t r a n s f e r .  The en t r ance  g a t e  w i l l  be closed 

and monitored du r ing  f u e l  t r a n s f e r  ope ra t ions  and unauthorized persons 

w i l l  be excluded. A l l  personnel  involved wi th  t h e  f u e l  t r a n s f e r  w i l l  

be i ssued  f i l m  badges and pocket dosimeters .  Conventional survey 

equipment w i l l  be  used and a s u f f i c i e n t  number o f  monitors  w i l l  be used 

t o  provide a  redundancy of measurements. The FmX\lf S e a l t h  P h y s i c i s t  

w i l l  supe rv i se  pe r sonne l  r a d i a t i o n  safeguards.  



c. Rehearsa l  

A l l  phases of  t h e  t r a n s f e r  ope ra t ion  w i l l  be r ehea r sed  before  

equipment and procedures.  A dummy f u e l  element is a v a i l a b l e  f o r  p r a c t i c e  

runs. - 
11. Shipment of  Fuel  Elements 

The a r e a  involved i n  t h e  f u e l  t r a n s f e r  o p e r a t i o n s  i s  shown 

i n  F i g u r e s  l , 2 &  3 ,  R e s t r i c t e d  access  w i l l  be t h e  a r e a  i n s i d e  rhe 

f e e i l i t y  feree which inc ludes  all bu i ld ings  wi th in  t h e  compound, 

The PhysFcist- in-Charge \P IC> ,  o r  h i s  5esignee,  w i l l  have t o t a b  m e h o r i z y  

and r e s ; ? o e s i b i l i t y  duzing th@ t r a n s f e r  of t h e  f u e l  elements from t h e  

r e a c t o r  poo l  t o  t h e  shipping cask. Spec i f i c  t a sks  and assignments  w i l l  

be g iven  by t h e  PIC. These assignments may be changed f o r  subsequent  

t r a n s f e r s  i f  necessary. 

The v e h i c l e  t r anspor t ing  t h e  empty S cask w i l l  be pos i t ioned  

i n s i d e  t h e  t r u c k  access  door so t h a t  the  cask  i s  d i r e c t l y  below t h e  

overhead h a t c h  and mono-rail o r  o u t s i d e  t h e  bu i ld ing  on t h e  t r u c k  

ramp (Fig. 4 ). 

b. I n i t i a l  Prepara t ion  

The top  of t h e  empty S cask  w i l l  be removed by t h e  mono-rail  

h o i s t  o r  a  mobile crane.  The i n s i d e  of t h e  cask  w i l l  be checked t o  

< 
i n s u r e  t h a t  t h e  f u e l  s to rage  l i n e r  i s  i n  p lace .  The space r ,  i f  p re sen t ,  

which p reven t s  f u e l  movement during shipment w i l l  be removed, The cask 

may be f i l l e d  wi th  water  i f  r a d i a t i o n  l e v e l s  warrant (determined by the  

Heal th P h y s i c i s t ,  Note: the  dose- ra te  a t  10 f t .  from a s i n g l e  f u e l  element 

i n  a i r  a f t e r  a  3 month cool-down was 20 mr/hr).  A t r i a l  placement of  t h e  



empty T cask adjacent to  the  S cask and the t ransfer  of a dummy f u e l  

l e m ~ t  from the  T cask t o  the  S cask f u e l  s torage r ing may be don 

a t  t h i s  time. After t r i a l  p rac t ice  operations a r e  sa t i s fac tory  the  

T cask w i l l  be  t ransferred to  t he  reactor  pool f l oo r  by the mono-rail 

ho i s t  fo r  t h e  f i r s t  loading. Using the standard TRIGA f u e l  element 

handling t o o l  (Figure 5 ), the  f u e l  elements w i l l  be transferred 

from she pool s torage racks t o  rrhe cask. The T cask w i l l  then be 

moved by the  ~ o n o - r a i l  ho i s t  to  a posi t ion above the open f ioo r  

hatch 2nd then lowered adjacent to the  S cask an the t ra i l e r  located 

ia t he  basement area, The elenents w i i i  be t ransferred f rom the 4 cask 

to  t h e  S cask using the f u e l  elemenn handling too l  from the main f ioo r  

hatch area. The procedure w i l l  be repeated u n t i l  assigned number of 

elements a r e  t ransferred to the  S cask for  the  scheduled shipment. 

c. Closing t h e  Cask 

The crane w i l l  replace the top shield  plug of the S cask and plug 

w i l l  be bolted i n  place a s  described i n  cask operational manual. 



R a d i a t i o n  M o n i t o r i n g  

P h y s i c i s t .  P o r t a b l e  s u r v e y  m e t e r s  w i l l  b e  u s e d  t o  measure t h e  d o s e  

r a t e s .  T h e  gamma a r e a  m o n i t o r i n g  s y s t e m  (NMC s c i n t i l l a t i o n  d e t e c t o r s )  

w i l l  a l s o  b e  u s e d .  T h e  NMC s y s t e m  h a s  a  c h a r t  r e c o r d e r  w h i c h  p r i n t s  

o u t  t h e  d o s e  r a t e  r e a d i n g s .  T h e r e  a r e  s i x  o f  t h e s e  d e t e c t o r s  l o c a t e d  

i n  t h e  r e a c t o r  b u i l d i n g .  

T h e  r a d i a t i o n  b e v e l s  a t  e a c h  s i g n i f i c a n t  s t a t e  w i l l  b e :  

(1) T c a s k  wEth  f u e l  Fn a i r  ( 1 f t  a n d  10 f t )  

( 2 )  L e v e l  c u t s i d e  t h e  S c a s k  (3  f c )  

T h e  a n t i c i p a e e d  r a d i a t i o n  d o s e  r a t e s  t o  p e r s o n n e l  i n v o l v e d  i n  

t h e  f u e l  t r a n s f e r  h a v e  b e e n  d e t e r m i n e d  f r o m  e x p e r i m e n t s  p e r f o r m e d  w i t h  

o n e  o f  t h e  "B"  r i n g  e l e m e n t s .  The  d o s e  r a t e s  i n  a i r  a f t e r  a  1 6  mon th  

d e c a y  p e r i o d  w e r e  a s  f o l l o w s :  

( 1 )  "B"  r i n g  e l e m e n t  1 0  f t  f r o m  s i d e  = 6 m r / h ~  

( 2 )  "B"  r i n g  e l e m e n t  1 f t  f r o m  s i d e  = 1 3 5  m r l h r  

(3)  "B"  r i n g  e l e m e n t  1 0  f t  a b o v e  ( a l o n g  a x i s )  = 3 m r / h r  

The  d o s e  r a t e  w i t h  7 e l e m e n t s  i n  t h e  T c a s k  w e r e  m e a s u r e d  t o  b e :  

(1) T  c a s k ,  1 0  f t  f r o m  s i d e  = 0 . 7  m r / h r  

( 2 )  T c a s k ,  1 f t  f r o m  s i d e  = 7 . 0  m r / h r  

(3 )  T c a s k ,  1 f t  a : ~ o v e  = 2 8 . 0  m r l h r  

= 3 . 0  m r / h r  w i t h  c o v e r  p l a t e  

( 4 )  T c a s k ,  1 0  f t  a b o v e  c a s k :  = 3 . 0  m r / h r  

T h e s e  d i s t a n c e s  a r e  t h e  minlmum t h a t  p e r s o n n e l  will b e  r e q u i r e d  

t o  b e  a t  a n y t i m e .  The  e l e m e n t s  a r e  t o  b e  t r a n s f e r r e d  f r o m  a  p o s i t i o n  

a b o u t  1 0  f t  a b o v e  t h e  c a s k s .  



A s  t h e  

m e n t  i s  a t  t h e  f u e l  h a n d l e r  p o s i t i o n .  T h e  d i s t a n c e  t h e  f u e l  

h a n d l e r  w i l l  b e  i s  a b o u t  1 0  f e e t  a b o v e  t h e  c a s k ,  t h e r e f o r e ,  as  

e n t s  t h e  d o s e  r a t e  a t  t h i s  

p o s i t i o n  w i l l  i n c r e a s e .  When t h e  S c a s k  i s  l o a d e d  w i t h  4 6  f u e l  

e l e m e n t s ,  t h e  d o s e  r a t e  a f t e r  t h e  l a s t  f u e l  e l e m e n t  t r a n s f e r  

w i l l  b e  6 . 6  t i m e s  t h e  d o s e  r a t e  a b o v e  t h e  T  c a s k  (7 e l e m e n t s )  

d o s e  r a t e  m e a s u r e m e n t .  I f  we a s s u m e  t h a t  7 e l e m e n t s  a r e  r r a n s -  

f e r r e d  f r o m  t h e  T c a s k  t o  t h e  S c a s k  i n  e a c h  s t e p ,  t h e  d o s e  

r a t e  1 0  f t  a b o v e  t h e  S c a s k  w o u l d  b e  a s  f o l l o w s :  

Dose  Rate ( m r / h r )  

'% p~ No; N o . o f  E i e m e n t s  ~- 1 0  f t  a b o v e  S c a s k  . E 2 0 s u r e  (m-r) 
~ ~~ ~ ~ 

1 - ? a -7 0 - 5  

2 14 6 1 . 0  

3 2 1 9 1 .5  

4 2  8  1 2  2 . 0  

5 3 5 15 2 . 5  

6 4 2 1 8  3 . 0  

7 4 6 2 0  3 . 3  

t o t a l  1 3 . 8  

From p r e v i o u s  e x p e r i e n c e  m o v i n g  f u e l  w i t h  t h e  D O X F  f u e l  e l e m e n t  

h a n d l i n g  t o o l ,  i t  i s  e s t i m a t e d  t h a t  i t  w i l l  t a k e  l e s s  t h a n  

1 0  m i n u t e s  t o  t r a n s f e r  7 e l e m e n t s  i n  e a c h  s t e p .  T h e r e f o r e ,  i f  o n e  

p e r s o n  p e r f o r m e d  a l l  o f  t h e  t r a n s f e r s  f r o m  t h e  T c a s k  t o  t h e  S c a s k  

t h e  a c c u m u l a t e d  e x p o s u r e  wou ld  b e  o n l y  a b o u t  1 4  m r .  We p l a n ,  

h o w e v e r ,  t o  d i v i d e  t h e  f u e l  h a n d l i n g  t a s k s  among s e v e r a l  p e r s o n s  

t o  r e d u c e  t h e  r a d i a t i o n  e x p o s u r e s .  
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OPERATING PROCEDURES FOR THE USE OF 

FUEL SHIPPING CASK &-IA 

2 .  Remove t h e  e i g h t  b o l t s  which a t t a c h  t h e  cask  t o  t h e  sk id .  

3. Lift cask  from t r a n s p o r t  v e h i c l e  wi th  c rane  us ing  l i f t i n g  yoke aztached 

t o  cask  l i f t i n g  t runn ions .  The yoke is suppl ied  v i t h  she  cask.  

from t h e  cask ,  and move t r a i l e r  t o  basemens t r u c k  en t r ance  a r e a  so 

t h a t  t h e  c a s k  i s  d i r e c t l y  below main f l o o r  ha tch .  

5. Remove covers  from l i f t i n g  ho le s  on cask  cover and a t t a c h  c a b l e  s l i n g  

t o  remove cover .  Use 3 112 ton capac i ry  mono-rail h o i s t .  

6 .  Check "0" r i n g  placement and "0" r i n g  s e a l i n g  s u r f a c e  on cover f o r  

s c r a t c h e s ,  n i c k s ,  gouges, e t c .  I f  any d e f e c t s  a r e  d iscovered ,  they 

should be  r e p a i r e d  and cask  checked f o r  leakage.  

7.  Check t h a t  t h e  f o u r  1 2  elemenr TRIGA f u e l  baske t s  a r e  i n  p lace .  

(NOTE: t h e  b a s k e t s  may be i n s t a l l e d  a t  DORF) 

8. P lace  t h e  DORF seven element t r a n s f e r  cask  (T cask)  on t h e  r e a c t o r  

pool f l o o r  us ing  t h e  3 1 /2  ton mono-rail h o i s t .  

9. Move s tandard  f u e l  elements from t h e  pool  s t o r a g e  r acks  i n t o  t r z n s f e r  

cask us ing  TRIGA f u e l  handling t o o l  u n t i l  seven elements a r e  loaded. 

Check each f u e l  element i d e n t i f i c a t i o n  number, t r a n s f e r  cask  p o s i t i o n  

and record i n  l o g  book. 

10. 140ve t h e  t r a n s f e r  c a s k  from t h e  pool ,  using t h e  mono-rail h o i s t ,  t o  

a  p o s i t i o n  a d j a c e n t  t o  t h e  shipping cask l o c a t e d  a t  t h e  basement 

t ruck  en t r ance  a r e a .  



11. Move t h e  elements ,  one a t  a time, from t h e  t r a n s f e r  c a s k  t o  a s tandard 

f u e l  element p o s i t i o n  i n  t h e  MH-1A cask basket .  (NOTE: t h e  s tandard 

number, basket  p o s i t i o n  and record i n  log  book. 

12. Repeat 8 through 12  u n t i l  a l l  standard f u e l  elements are loaded f o r  

t h e  s p e c i f i c  shipment. (One shipment of 44 s t andard  elements  t o  

Utah, and one shipment of 38 standard elements t o  Penn S t a t e  and 

Handford, n o t  inc luding FFCR's o r  TCE's). 

13- The fol lowing,  14  through 20, a r e  procedures f o r  t h e  TCE loading.  

1 4 .  Move t h e  t r a n s f e r  cask  i n t o  t h e  r eac to r  pool f o r  t h e  TCE loading.  

15. Hove TCE from t h e  pool  srrorage rack i n t o  t h e  t r a n s f e r  cask .  

15. Ra i se  t h e  t r a n s f e r  cask t o  the  sur face  of t h e  waxer so  t h a t  t h e  

swage-lok f i t t i n g  loca ted  18 inches above t h e  top of t h e  element 

i s  a few inches  above t h e  water sur face .  

1 7 .  Disconnect t h e  condui t  by loosening t h e  top swage-lok nu t .  Remove 

t h e  condui t  s l i d i n g  t h e  thermocouple wire through t h e  removed conduit 

18. Fas ten  TCE handl ing  f i x t u r e  provided t o  the  swage-lok f i t t i n g  guiding 

t h e  thermocouple wi re  through the  s l o t  i n  the  f i x t u r e .  

19.  Tighten swage-lok nu t  and c o i l  TC wire i n t o  about a 6 inch  diameter 

c i r c l e .  

20. Repeat, 8 through 12 ,  except t h a t  the  TCE a r e  placed i n  a TCE basket 

p o s i t i o n  i d e n t i f i e d  by t h e  color  RED. 

21. The fol lowing,  22 through 27, a r e  f o r  FFCR load ing .  

22 .  Hove t r a n s f e r  c a s k  i n t o  the  r eac to r  pool and load  one FFCR. 



t h e  FFCR i s  a  f e w  i n c h e s  a b o v e  t h e  s u r f a c e  o f  t h e  w a t e r .  

e  t h e  s h e a r - p i n  f r o m  t h e  t h r e a d e d  s e c t i o n  o f  t h e  FFC 

t o p  f i x t u r e  a n d  c o n n e c t i n g  r o d  u s i n g  a p i n - p u n c h  a n d  b a l l p e e n  

hammer.  

2 5 .  U n s c r e w  c o n n e c t i n g  r o d  f r o m  FFCR t h r e a d e d  s t u d .  

2 6 .  T h r e a d  f u e l  h a n d l i n g  f i x t u r e  p r o v i d e d  o n  t h e  FFCR t h r e a d e d  

t u d  

27 .  R e p e a t  1 0  a n d  11 e x c e p t  p l a c e  t h e  FFCR i n  o n e  o f  t h e  FFCR 

b a s k e t  p o s i t i o n s  c o l o r e d  YELLOW. 

2 8 .  L i f t  c a s k  c o v e r  w i t h  m o n o - r a i l  h o i s t  u s i n g  c a b l e  s i i n g .  

- B e f o r e  m o v i n g  c o v e r  o v e r  c a s k .  r o t a t e  t h e  c r a n e  h o o k  u n t i l  

t h e  c o v e r  5 s  c o r r e c r l y  o r i e n e e d  w i t h  r e s p e c t  t o  t h e  two 

c o v e r  g u i d e  p i a s  a t r a c h e d  t o  t h e  t o p  o f  the c a s k .  P l a c e  c o v e r  

i n  p o s i t i o n  o n  t h e  l o a d e d  c a s k  a n d  d i s e n g a g e  s l i n g .  

2 9 .  R e p l a c e  n u t s  o n  c a s k  c o v e r  a n d  t i g h t e n  n u t s  t o  4 0  f t - l b s  

t o r q u e .  

3 0 .  P e r f o r m  l e a k  t e s t  d e s c r i b e d  i n  SAR 

3 1 .  A t t a c h  l i f t i n g  y o k e  t o  c a s k  l i f t i n g  t r u n n i o n s  

3 2 .  Move low-boy  t r a i l e r  and  c a s k  t o  t r a n s p o r t  t r a i l e r .  T i g h t e n  

8 b a s e  n u t s  t o  50 f t - l b s  t o r q u e .  T i g h t e n  t u r n b u c k l e s  t o  

1 0 0  f t - l b s  a n d  t u r n b u c k l e  l o c k - n u t s  t o  7 5  f t - l b s  t o r q u e .  

3 4 .  Cask  i s  r e a d y  f o r  s h i p m e n t .  P r o v i s i o n  f o r  a n c h o r i n g  t h e  c a s k  

t o  t h e  v e h i c l e  f l o o r  h a s  been  p r o v i d e d  b y  h o l e s  i n  t h e  s k i d  

beams a n d  b y  c a b l e  a n c h o r  p i n s  b e t w e e n  t h e  f i n s  a t  t h e  t o p  

c o r n e r s  o f  t h e  c a s k .  



ENMDMON PLh' 

f o r  

b 

- , 
e x i s t i n g  i n  u n r e s t r i c t e d  a reas  i n  t h e  v i c i n i t y  of DORF a r e  w i t h i n  permis- - 
s i b l e  l i m i t s  and a s  low a s  reasonably achievable.  

SCOPE. The p l a n  c o n s i s t s  p r imar i ly  of t h e  measurement of environ- 2 .  - 
mental l e v e l s  of d i r e c t  ioniz ing  r a d i a t i o n  and r ad ionuc l ide  concent ra t ions .  
The d a t a  i s  in tended t o  demonstrate compliance w i t h  AR 385-80. I n  a d d i t i o n ,  
t h e  p l a n  i n c l u d e s  t h e  est tmating of DORF s t a c k  a c t i v i t y  r e l e a s e s ,  s p e c i a l  
s t u d i e s  of environmental  condit ions and o t h e r  a c t i v i t i e s  requi red  i n  sup- 
po r t  of t h e  p l a n ' s  ob jec t ive .  

3 ,  RESPONSIBILITY. The %eal th  Physics  Of f i ce ,  WRAMC, w i l l  i n i t i a t e  a l l  
environmental mcndtering a c t i v i t i e s ,  review and e v a l u a t e  a l l  environmental 
monitoring d a t a ,  

4, GEXZFiliL DATA. 

a. The Diamond Ordnance Radiat ion F a c i l i t y  (DORF) is locaced i n  t h e  
Fores t  Glen S e c t i o n  of  t h e  Walter Reed Amy Xedical  Center (LTRAMC), 
Washington, D.C. The DOW-TRIGA Mark F  Reactor i s  used a s  a  r e sea rch  t o o l  
i n  t h e  s tudy of neut ron  and gamma irradiation of e l e c t r i c a l  and e l e c t r o n i c  
components and systems. Through Host-Tenant Agreement, Health Physics ,  
W C ,  p rovides  Hea l th  Physics  support  t o  t h e  DORF. 

b. Desc r ip t ion  of f a c i l i t y .  The DOXF i s  a  TRIGA Mark F  Reactor,  de- 
signed and b u i l t  by Gulf General Atomics, San Diego, Ca l i fo rn ia .  It is a n  
ia l ie rent ly  s a f e  r e a c t o r  designed f o r  both s t eady- s t a t e  and pulsed operat ion.  
T;, ,,, - DORF-TRIGA h a s  t h e  capab i l i t y  of s t eady- s t a t e  o r  square-wave opera t ion  

U? t o  250 kI.7 f o r  a  maximum power genera t ion  of 1 HW-hr per  day and a l s o  
7ulsed ope ra t ion  r e s u l t i n g  i n  a  peak power of 2000 FiLd with a  pu l se  width of 
9 .5  mi l l i s econds  a t  ha l f  rr..:ximum. Addi t ioaa l  d a t a  concerning t h i s  s i t e  i s  
contained i n  t h e  o r i g i n a l  SAR. 

(1) The DORF is located wi th in  the ~ e t r o p o l i t a n  area  of Washington, 
3 . .  a t  t h e  F o r e s t  Glen Sect ion of WRnYC which i s  e i g h t  mi ies  from the  ten- 

:er of Washington, D.C. and approximately two m i l e s  south  of Kensington, 13. 
v -  ,ae Fores t  Glen s i t e  i s  an area of approxina te ly  190 a c r e s  of r o l l i n g ,  
p r t i a l l y  wooded and cleared a reas ,  on which a r e  loca ted  numerous i * W C  
r e l a t e d  f a c i l i t i e s .  The DORF is loca ted  ; . t  :r the  southern  border of the  



I. I n t r o d u c t i o n  

cksround. The Harry Diamond -- - 
Diamond Ordnance R a d i a t i o n  F a c i l i t y  (DOW) which u t i l i z e s  a  r e sea rch  
r e a c t o r  w i t h  a s s o c i a t e d  experimental equipment. The f a c i l i t y  occupies 
a  s i n g l e  remote b u i l d i n g  on 4.2 ac res  of t h  
Walter Reed Army Medical Center ( 
An i n t r a s e r v i c e  agreement between t h e  Commandina Of f i ce r .  WIulYC and 

The r e a c t o r  i s  t h e  f a m i l i a r  General Atomic Company TRIGA Mark F, 
moderated by l i g h t  wa te r  and mounted on a  t r a c k  suppor t  c a r r i a g e  assembly 
which can be moved through a  15,000 ga l lon  c a p a c i t y  pool .  The r e a c t o r  
core  c o n s i s t s  o f  85 (maximum 87) f u e l  elements, fou r  c o n t r  
neutron source ,  and miscel laneous neutron d e t e c t o r s .  The f u e l  elements 
a r e  composed of z i rconium hydride moderator homogeneously combined with 
20% enr iched  uranium f u e l .  The con t ro l  system c o n s i s t s  of  borated 
g r a g h i t e  s a f e t y ,  s h i m ,  r e g u l a t i n g  and pulse  c o n r r o l  sods ,  having e i t h e r  
s o l i d  aluminum o r  f u e l  fo l lowers .  Experiments a r e  conducted i n  a 
20 x 20 x 8 f o o t  h i g h  f a s t  neutron exposure room a d j a c e n t  t o  pool,  t h e  
pool i t s e l f ,  and w i t h i n  t h e  core,  

The f a c i l i c y  w a s  o r g i n a l l y  developed i n  l a t e  1959 and began 
ope ra t ions  ba  September 1961. Modif icat ions a p p l i e d  s i n c e  then incl i -de 
(1) replacement  of t h e  aluminum clad f u e l  e lements  w i t h  s t a i n l e s s  s t e e l  
c l ad  elements (1964), (2) automatic SC&Y t iming (1969), ( 3 )  replacement 
of the  poison-fol lowed t r a n s i e n t  rod with an aluminum fo l lower  (1964), 
(4) replacement o f  aluminum fol lower con t ro l  rods  w i t h  fuel-fol lowed 
con t ro l  rods  (1971),  and (5) replacement of r e a c t o r  i n s t rumen ta t ion  
with up- to-da te  in s t rumen ta t ion  (1973). 

The r e a c t o r  has  t h e  c a p a b i l i t y  of the fo l lowing modes of opera t ion:  

1. S t e a d y - s t a t e  opera t ion  up t o  250 kt?. 

2. Square-wave operar ion  up to  250 kt?. 

3. Pulse  o p e r a t i o n  r e s u l t i n g  i n  up t o  a maximum peak power of 
2000 MW w i t h  a p u l s e  width of 9.5 m s  a t  h a l f  maximm. 

B. The d e c i s i o n  t o  decommission the DORF r e a c t o r  i s  t h e  culinination 
of an Army r e a c t o r  u t i l i z a t i o n  s tudy begun i n  mid-1975 t o  examine the 
requirement f o r  t h e  t h r e e  Army research  r e a c t o r s .  This s tudy was done 
b y  HDL Nuclear Veapons Ef fec t s  Program Off ice  (?&lEPO) which i aves t iga t ed  
the fol lowing a l t e r n a t i v e s :  



1 7  Oct  77 -- --  1 Fcb 7 8  

Decomntissioning p l a n  
- 

t o  ARCllS f o r  Approval  
- ARCtiS Approval  o f  . 

( 3  month l e a d - t i m t ]  Dero?imissioning Pian 1 
1 6  J a n  78 I Feb 78 

F u e l  ~ a n d l i n g A p p e n d i x  
t o  ARCIIS f o r  Approval  1 2. - ARCIIS Approval of F u e l  1 

, u 3 - , I : " - ? ,  

1 6  Feb 78 A * 
n p r  7 9  Hay  7 9  

-. roe1 sl,,pme,lL 
6%- Lu lnp le  ~ r d  

26 May 77 
tllll, ReqliesLs DOC t o  Handle t h e  
Fuel  Shrpmcnt 1 

4 

I DOE A s s t  D i r e c t o r  f a r  M a t ' l s  
P r o d u c t i o n .  Advanced Svstems 1 
R e q u e s t s  DOC Savanail R i v e r  
O p e r a t i o n s  o t f i c e  t o  a r r a n g e  
l)OP,r F u e l  Shipment 

I i Nuclear  Rcgulz tory  Commission (NRC) 

I 20 J a n  711 
I n t a r a ~ c n c y  Agrecnent  Signed Between 
Savannah Iliver O p e r a t i o n s  OfFice  & 1ir)L 
Savannah R i v e r  O p e r a t i o n s  O f f i c e  w i l l  

I L L  
p r o v i d e  Casks and T r a n s p o r t a t i o n  h 3 binr 7 9  

t , I )Oi l ,  Oali l?.Lrlge Tol l .  Cnriciiiuent 
29 Srp 7 8  lir;iit<:l~ A ~ r t ! l o r i z e s  Sl,ipl~i i .nt o f :  1 

46 1llt.mcnts t o  U . ,  o f  Utah 
Sava~i!lah R i v e r  O p e r o t i o n s  O f J ~ i c e  Aw;irds 1.8 BLemel~ts t o  i'enn S t a t e  U ,  
C o n t r a c t '  f o r  Casl: E iod iEica t ion  and 
T r a n s p o r t a t i o n  t o  Luchow T r a i ~ s p o r t a t i o n  Co. 

I F E ~  78 24  act 713 i ~)L?C 73 18 nt>c 7 8  
l~i.sinnnili ,n(: Specs - 

I):iSlnilntl ement Specs  - t o  Conll-nct OEl ico  Xevi<!w o f  C o n t r a c t  1'acl:;ige Lega l  OfEice f o r  R e v i e w  

J J ~ P C  
* T e n t a t i v e  d a t e s  



UNITED STATES 

1. Name a n d  L o c a t i o n :  D i a m o n d  O r d n a n c e  Ra 
TDORF) .  The  r e a c t o r  f a c i l i t y  w a s  f i r s t  
S e p t e m b e r  1 9 6 1  a n d  b e c a m e  f u l l y  o p e r a t i o n a l  i n  
J a n u a r y  1 9 6 2 .  

l o c a t e d  i n  t h e  S t a t e  o f  M a r y l a n d  a t  t h e  
F o r e s t  G l e n n  A n n e x .  o f  t h e  W a l t e r  R e e d  Army M e d i c a l  
C e n t r e  (WRAMC) a p p r o x i m a t e l y  8 m i l e s  n o r t h  o f  t h e  
c e n t r e  o f  W a s h i n g t o n ,  D . C .  

2 .  P u r p o s e  
P 

The  r e a c t o r  i s  d e s i g n e d  t o  p r o v i d e  a l a r g e  s o u r c e  D C  
n e u t r o n  a n d  gamma r a d i a t i o n  i n  s t e a d y  s t a t e  o r  p u l s e  
( m s e c )  c o n d i t i o n s  f o r  e x p e r i m e n t a l  p r o g r a m m e s  t o  
i n v e s t i g a t e  a n d  d e t e r m i n e  s u s c e p t i b i l i t y  o f  e l e c t r o n i c  
m a t e r i a l  t o  s i m u l a t e d  n u c l e a r  w e a p o n s  e n v i r o n m e n t ,  
m e c h a n i s m s  o f  t h o s e  e f f e c t s ,  a n d  w a y s  a n d  m e a n s  o f  
d e v e l o p i n g  l e s s  s u s c e p t i b l e  m a t e r i a l .  

3 .  P h i l o s o p h y  a n d  A p p r o a c h  f o r  U s e  

The  d e s i g n  o f  t h e  DORF T R I G A  Mark-F r e a c t o r  i s  b a s e d  o n  
t h e  t e c h n o l o g y  o f  t h e  p r o v e n  T R I G A  Mark I a n d  Mark  I I  
r e a c t o r s  t h a t  m a i n t a i n e d  t h e  i n h e r e n t  s a f e t y  c h a r a c t e r -  
i s t i c s  o f  t h e s e  r e a c t o r s  a n d  w h o s e  p e r f o r m a n c e  w o u l d  
m o r e  s p e c i f i c a l l y m a t c h  t h e  p r o g r a m m e  r e q u i r e m e n t s  o f  
t h e  H a r r y  D i a m o n d  L a b o r a t o r y  e x p e r i m e n t a l  u s e r s .  A 
v a r i e t y  o f  h i g h  d o s e  i r r a d i a t i o n  f a c i l i t i e s  a r e  p r o v i d e d ,  
i n c l u d i n g  ( 1 )  a  6 . 1  m s q u a r e  a n d  2 . 4 4  m h i g h  f a s t  
n e u t r o n  e x p o s u r e  r o o m ,  ( 2 )  a  r e - e n t r a n t  t h i m b l e  p r o -  
e c t i n g  i n t o  t h e  r e a c t o r  c o r e  a c c e s s i b l e  f r o m  t h e  
e x p o s u r e  r o o m ,  a n d  (3) t h e  w a t e r  f i l l e d  t a n k  a n d .  
( 4 )  p o s i t i o n s  w i t h i n  t h e  T R I G A  c o r e  i n  t h e  r e g i o n  o f  
h i g h e s t  f l u x .  T h e  r e a c t o r  i s  s u p p o r t e d  f r o m  a  t r a c k -  
m o u n t e d  m o v a b l e  c a r r i a g e  s o  t h a t  i t  may b e  o p e r a t e d  i n  
a n y  p o s i t i o n  w i t h i n  t h e  w a t e r - f i l l e d  t a n k .  The e x t r e m e  
e n d  p o s i t i o n s  w i t h i n  t h e  p o o l  a r e  s h i e l d e d  f r o m  o n e  
a n o t h e r  b y  s w i n g i n g  l e a d  d o o r s  w h i c h  a l l o w s  e x p e r i m e n t a l  
p r o g r a m m e s  t o  b e  c o n d u c t e d  a t  o n e  e n d  o f  t h e  p o o l  w h i l e  
o t h e r  e x p e r i m e n t s  a r e  s e t - u p  o r  d i s m a n t l e d  i n  t h e  o t h e r  
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position. The  r e a c t o r  i s  c a p a b l e  o f  l o n g  s t e a d y  s t a t e  
operation a t  p o w e r  l e v e l s  u p  t o  2 5 0  kW a n d  p u l s e d '  
operations resulting i n  a p r o m p t  e n e r g y  r e l e a s e  u p  

I 
i 4 .  P h y s i c a l  a n d  M e c h a n i c a l  C h a r a c t e r i s t i c s  

The  r e a c t o r ,  e x p o s u r e  r o o m  a n d  a u x i l i a r y  f a c i l i t i e s  a r e  
c o n t a i n e d  i n  a  t h r e e  l e v e l  b u i l d i n g  c o n s t r u c t e d  o f  
r e i n f o r c e d  c o n c r e t e ,  s t r u c t u r a l  s t e e l  a n d  m a s o n r y  a s  
s h o w n  i n  F i g u r e s  1 a n d  2 .  The  b a s e m e n t  l e v e l  c o n t a i n s  
a n  e x p o s u r e  r o o m  w h i c h  is  a b o u t  6 . 1  m s q u a r e  a n d  2 . 4 4  m 
h i g h .  T h i s  e x p o s u r e  r o o m  i s  l i n e d  w i t h  o n e  f o o t  o f  
wood t o  m i n i m i z e  s e c o n d a r y  r a d i a t i o n s .  A c c e s s  t o  t h i s  
r o o m  f o r  e q u i p m e n t  i s  t h r o u g h  a  t a p e r e d  a n d  s t e p p e d  
r a l l i n g  p l u g  d o o r  w h i c h  p r o v i d e s  a  min imum o p e n i n g  
2 . & b  m w i d e  a n d  1 . 7 3  m h i g h .  A c c e s s  t a  f h e  room f o r  
s p e c i a l  m o n i t o r i n g  e q u i p m e n t  a n d  i n s t r u m e n t a t i o n  i s  
p r o v i d e d  b y  s e v e r a l  h e i i c a i  c o n d u i t s  w h i c h  p e n e t r a t e  
t h e  c o n c r e t a  s h i e l d  From t h e  r e a c t o r  f l o o r  a h o v - .  The  
b a s e m e n t  l e v e l  a l s o  c o n t a i n s  a warm s t o r a g e  a n d  d e c o n -  
t a m i n a t i o n  r o o m  a n d  a  s a m p l e  p r e p a r a t i o n  a r e a .  

The  f i r s t  f l o o r  o f  t h e  f a c i l i t y  c o n t a i n s  a  c o u n t i n g  
r o o m ,  a n d  o f f i c e ,  a n d  a n  e q u i p m e n t  r o o m ,  a s  w e l l  a s  a  
l a r g e  a r e a  a r o u n d  t h e  r e a c t o r  s h i z l d i n g  s t r u c t u r e  i n  
w h i c h  i n s t r u m e n t a t i o n  f o r  e x p e r i m e n t s  c a n  b e  s e t  
UP - 
The r e a c t o r  s h i e l d  r i s e s  2 . 1 3  m a b o v e  f l o o r  l e v e l  i n  
t h e  c e n t r e  o f  t h e  room a n d  e n c l o s e s  t h e  u p p e r  p o r t i o n  
o f  t h e  r e a c t o r  t a n k .  The r e a c t o r  t a n k  e x t e n d s  down t o  
t h e  b a s e m e n t  l e v e l  a n d  p r o j e c t s  i n t o  t h e  e x p o s u r e  r o o m ,  
a s  s h o w n  i n  F i g u r e  1. The m e z z a n i n e  a r e a  o v e r  t h e  
f i r s t  f l o o r  o f f i c e s  c o n t a i n s  t h e  r e a c t o r  o p e r a t i n g  a r e a  
a n d  r e a c t o r  c o n s o l e ,  a n d  c o n f e r e n c e  a n d  s t o r a - g e  a r e a s .  
The r e a c t o r  o p e r a t i n g  a r e a  i s  a r r a n g e d  s o  t h a t  t h e  
r e a c t o r  o p e r a t o r  h a s  a n  u n o b s t r u c t e d  v i e w  o f  t h e  
r e a c t o r  f r o m  t h e  c o n s o l e .  A s e c o n d  m e z z a n i n e ,  a d j a c e n t  
t o  t h e  e q u i p m e n t  r o o m ,  p r o v i d e s  a d d i t i o n a l  s p a c e  f o r  
i n s t r u m e n t a t i o n  a n d  d a t a  h a n d l i n g .  

An a r e a  f o r  f u l l - s i z e d  i n s t r u m e n t a t i o n  t r a i l e r s  i s  
a v a i l a b l e  a d j a c e n t  t o  t h e  b u i l d i n g .  E l e c t r i c a l  p o w e r  
o u t l e t s  a r e  a v a i l a b l e  a t  t h e  t r a i l e r  s i t e .  C a b l e s  c a n  
b e  r u n  From t h i s  a r e a  t h r o u g h  p e n e t r a t i o n s  l n t o  r e a c t o r  
b u i l d i n q  w a l l  t o  e x p e r i m e n t a l  irradiation f a c i l i t i e s .  
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The r e a c t o r  i s  
3 R e a c t o r  a n d  D 
T e c h n i c i a n s ,  1 
S e c r e t a r y .  H e a l t h  P h y s i c s " s u p p o r t  i s  p r o v i d e d  b y  t h e  
W a l t e r  R e e d  Army M e d i c a l  C e n t r e  (WRAMC). The  DORF s t a f f  
is  a v a i l a b l e  f o r  p r e - t e s t  p l a n n i n g  a n d  c o n s u l t a t i o n s  t o  
a i d  i n  s e t t i n g  u p  e x p e r i m e n t s ,  p e r f o r m  d o s i m e t r y  a n d  t o  1 

j 
a s s i s t  i n  d a t a  a c q u i s i t i o n .  The f a c i l i t y  i s  a v a i l a b l e  
f o r  r a d i a t i o n  e f f e c t s  s t u d i e s  a p p r o x i m a  

I 
P e r s o n n e l  d o s i m e t r y ,  h e a l t h  p h y s i c s  m o n i t o r i n g ,  s u r v e y ,  
d e c o n t a m i n a t i o n  an.d r e l a t e d  s e r v i c e s  a r e  s u ~ o l i e d  bv  a  1 

, . 
h e a l t h  p h y s i c s  s t a f f .  

5 .  M e a s u r e m e n t s  Made a n d  I n s t r u m e n t a ~ i a n  U s e a  
P -- 

R e a c t o r  D o s i m e t r y :  The e q u i p m e n t  a v a i l a b l e  f o r  n e u t r o n  
d o s i m e t r y  i s  s u m m a r i z e d  b e l o w .  N e u t r o n  f l u e n c e  a n d  
P i u x  d a t a ,  2 t o g e t h e r  w i t h  i n f o r m a t i o n  o n  t h e  n e u t r o n  
f l u e n c e  ( n / c m  ) - t o - g a m m a  e x p o s u r e  d o s e  ( R o e n t g e n s )  
r a t i o  i s  s u m m a r i z e d  i n  T a b l e  1 .  R o u t i n e  d o s i m e t r y  i s  
p e r f o r m e d  b y  f a c i l i t y  p e r s o n n e l  a n d ,  i n  g e n e r a l ,  d a t a  
c a n  b e  m a d e  a v a i l a b l e  w i t h i n  s e v e r a l  d a y s  a f t e r  t h e  
i r r a d i a t i o n .  

DORF D o s i m e t r y  E q u i p m e n t :  

( a )  F i s s i o n  f o i l  a n d  t h r e s h o l d  d e t e c t o r s  t o g e t h e r  
w i t h  B o r o n - 1 0  t h e r m a n  n e u t r o n  s h i e l d s .  

( b )  G o l d ,  c o b a l t ,  v a n a d i u m ,  a n d  t a n t a l u m  t h e r m a l  
a n d  r e s o n a n c e  d e t e c t o r  f o i l s  w i t h  c a d m i u m  
c o v e r s .  

( c )  L i t h i u m - 6  a n d  l i t h i u m - 7  f l u o r i d e  t h e r m o l u m i n -  
e s c e n t  gamma d o s i m e t e r s  ( f o r  d o s e s  o f >  5 0 0  3 / k g ) .  I 

( d )  C o b a l t - i m p r e g n a t e d  g l a s s  gamma d o s i m e t e r s  ( f o r  
d o s e s  o f  5 0 0  J / k g ) .  

Co-60 S o u r c e :  A p a i r  o f  N B S - c a l ~ b r a t e d  c o b a l t  6 0  
s o u r c e s  s h l e l d e d  by a  w a t e r  m e d l u m  a r e  available a t  
H D L .  The l a r g e r  o f  t h e  t w o  s o u r c e s  p r e s e n t l y  p r o v l d e s  

- 

an e x p o s u r e  d o s e  r a t e  o f  258.10-' A / k g .  The s m a l l e r  
s o u r c e  i s  e x a c t l y  ? / 3 5 t h  o f  t h e  s t r e n g t h  d o s e  r a t e  o f  
t h e  l a r g e  s o u r c e .  
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. D a t a  P r o c e s s i n g :  D l g i t a l  d a t a  p r o c e s s i n g  i s  a v a i l a b l e  
o n  a n  I B M  s v s t e m  t h r o u g h  t h e  N u c l e a r  R a d i a t i o n  E f f e c t s  < 

L a b o r a t o r y  o f  H D L .  On s i t e  ( i - e . ,  a t  DORF) p r 0 c e s s i n . g .  
o n  a " B a s l c "  t y p e -  s y s t e m  i s  a v a i l a b l e  t h r o u g h  a  t e l e -  

6 .  P e r f o r m a n c e  D a t a  

The DORF r e a c t o r  h a s  b o t h  p u l s e  a n d  s t e a d y  s t a t e  
o p e r a t i o n a l  c a p a b i l i t y .  The  maximum a u t h o r i z e d  p u l s e  
h a s  a  p e a k  p o w e r  o f  2 , 0 0 0  m e g a w a t t s ,  a n d  t h e  maximum 
s t e a d y  s t a t e  p o w e r  i s  250 kW. 

T y p i c a l  o f  T R I G A  r e a c t o r s ,  c h a r a c t e r i s t i c s  o f  t h e  p u l s e  
i n c l u d i n g  p r o m p t  e n e r g y  r e l e a s e ,  p u l s e  w i d t h  (FWHM), 
a n d  t h e  i n i t i a l  r e a c t o r  p e r i o d  ( a s  w e l l  a s  p e a k  p o w e r )  
d e p e n d  p r i m a r i l y  o n  t h e  r e a c t i v i t y  i n s e r t i o n  a n d  t h e  
f u e l  l o a d i n g  o f  t h e  r e a c t o r  c o r e .  A s  a  r e s u l t ,  p u l s e  
c h a r a c t e r i s t i c s  c s n  be  v a r i e d  o v e r  a  w i d e  r a n g e  w i t h i n  
t h e  a u t h o r i z e d  o p e r a t i n g  l imi t s  o f  t h e  f a c i l i t y .  T a b l e  
2 t a b u l a t e s  t h e  p u l s e  c h a r a c t e r i s t i c s  a v e r a g e d  o v e r  t h e  - 
e x p e r i m e n t a l  d a t a  o b t a i n e d  w i t h  t h e  DORF r e a c t o r .  l h e  
p u l s e  r e p e t i t i o n  r a t e  i s  5 p e r  h o u r ,  p r o v i d i n g  t h e  
e x p e r i m e t e r  d o e s  n o t  h a v e  t o  e n t e r  t h e  e x p o s u r e  r o o m  
f o r  c h a n g e s  o r  a d j u s t m e n t s .  B a s e d  o n  o p e r a t i n g  e x p e r -  
i e n c e ,  t h e  u n c e r t a i n t y  i n  r e p r o d u c i n g  a  g i v e n  p u l s e  
c h a r a c t e r i s t i c  i s  - + 1 0  p e r  c e n t .  A t y p i c a l  p u l s e  i s  
s h o w n  i n  F i g u r e  3 .  

I n  s t e a d y  s t a t e  o p e r a t i o n ,  t h e  r e a c t o r  c a n  b e  o p e r a t e d  
f r o m  m i l l i w a t t s  t o  a  maximum o f  1 MW-h p e r  d a y .  

7 .  C o m p a r i s o n  w i t h  t h e  N u c l e a r  E n v i r o n m e n t  

The  m a j o r  p o r t i o n  o f  t h e  f a s t  n e u t r o n  p o p u l a t i o n  o f  t h e  
DORF s p e c t r u m , l i e s  i n  t h e  e n e r g y  r a n g e  o f  2 0 0  keV t o  2  
MeV. A p p r o x i m a t e l y  3 0  p e r  c e n t  o f  t h e  n e u t r o n  p o p u -  
l a t i o n  i s  t h e r m a l .  The n e u t r 0 . n  s p e c t r a  d o e s  n o t  
c o n t a i n  1 4  MeV n e u t r o n s .  T h e r e f o r e ,  t h e  DORF r a d i a t i o n  
e n v i r o n m e n t  c l o s e l y  a p p r o x i m a t e s  a  m o d e r a t e d  F i s s i o n  
w e a p o n  s p e c t r u m .  

8 .  T y p e s  o f  T e s t s  

The i r r a d i a t i o n  e x p o s u r e  a r e a s  a v a i l a b l e  a t  t h e  DORF 
p r o v i d e  a  maximum f l e x i b i l i t y  f o r  e x p e r i m e n t a l  a r r a n g e -  
m e n t s .  The h i g h e s t  f l u e n c e  a n d  d o s e  r a t e s  a r e  a v a i l a b l e  
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i n  t h e  e x p o s u r e  r o o m  d i m p l e  ( 2 5 . 4  c m x l 0 . 1 6  c m x 7 . 6 2  c m )  
o s i t i o n s  ( 3 . 8 1  cm d i a m e t e r ) .  The 

1 m s q u a r e  a n d  2  . ~ 4 4  m h i g h ,  w i t h  
1 . 7 3  m s q u a r e  a c c e s s  p l u g  d o o r  o p e n i n g  i n t o  t h e  r o o m .  
A p o r t i o n  o f  t h e  r e a c t o r  t a n k  p r o j e c t s  i n t o  t h e  o n e  
w a l l  o f  t h e  e x p o s u r e  r o o m .  The s i z e  o f  t h e  e x p e r i m e n t  
t o  b e  i r r a d i a t e d  i s  l i m i t e d  b y  t h e  d i m e n s i o n s  o f  t h e  i 
p l u g  d o o r  o p e n i n g .  A c c e s s  t o  t h e  r o o m  f o r  s p e c i a l  
m o n i t o r i n g  e q u i p m e n t  a n d  i n s t r u m e n t a t i o n  i s  p r o v i  
s e v e r a l  1 2 . 7  cm a n d  7 . 6  cm d i a m e t e r  h e l i c a l  c o n d u i  
w h i c h  p e n e t r a t e  t h e  c o n c r e t e  s h i e l d  f r o m  t h e  r s a c t o  
f l o o r  a b o v e .  A d d i t i o n a l  i r r a d i a t i o n  p o s i t i o n s  a r e  
a v a i l a b l e  u s i n g  w a t e r - t i g h t  c a n s  w i t h i n  t h e  p o o l  I 
a d j a c e n t  t o  t h e  r e a c t o r  c o r e .  ! 

I 
i 

E x p e r i m e n t a l  a p p a r a t u s  c a n  p e r t u r b  t h e  r a d i a t i o n  t 
e n v i r o n m e n t  i n  a n y  o f  t h e  i r r a d d i a t i o n  e x p o s u r e  f a c i l -  
i t i e s  a n d  may a l s o  e f f e c t  t h e  r e a c t o r  r e a c t i v i t y .  The 1 -  
t y p e  a n d  m a s s  o f  t h e  i r r a d i a t e d  m a t e r i a l  'will d e t e r m i n e  I 
t h e  m a g n i t c l d e  o f  t h e s e  e f f e c t s .  M e a s u r e m e n t s  o f  s u c h  1 
e f f e c t s  a r e  p r o v i d e d  b y  t h e  DORF s t a f f  o n  a  c a s e - b y -  i .. 

c a s e  b a s i s .  1 r, 
. .. t ::< 

9 .  T e s t  P r o c e d u r e s  

A p r o p o s a l  f o r  a  r e d c t o r  r a d i a t i o n  e x p e r i m e n t  i s  
r e q u i r e d  f o r  a l l  i r r a d i a t i o n  t e s t s .  T h i s  p r o p o s a l  i s  
r e v i e w e d  b y  t h e  R e a c t o r  T e s t  P l a n n i n g  C o m m i t t e e ,  t h e  
R e a c t o r  S a f e g u a r d s  C o m m i t t e e ,  a n d  t h e  R e a c t o r  
S u p e r v i s o r .  T h e  r e v i e w s  c o n s i s t  o f  e v a l u a t i n g  t h e  
e x p e r i m e n t  p r o p o s a l  f o r  t h e  d e s i r a b i l i t y ,  v a l i d i t y ,  t h e  
u s e  o f  p r o p e r  r a d i a t i o n  t e s t  p r o c e d u r e s ,  r e a c t o r  a n d  
p e r s o n n e l  s a f e t y ,  i n s t r u m e n t a t i o n  r e q u i r e m e n t s ,  a n d  
s c h e d u l i n g .  I t  i s  r e c o m m e n d e d  t h a t  t h e  u s e r  v i s i t  t h e  
f a c i l i t y  b e f o r e h a n d  t o  o b t a i n  i n f o r m a t i o n  r e g a r d i n g  t h e  
a p p l i c a b i l i t y  o f  h i s  e x p e r i m e n t  t o  t h e  DORF r e a c t o r  a n d  
t h a t  a l l  o b j e c t i v e s  a n d  s a f e t y  r e q u i r e m e n t s  w i l l  b e  
m e t .  A p p r o v a l s  f o r  a l l  e x p e r i m e n t s  a r e  d e t e r m i n e d  
l o c a l l y  w i t h i n  t h e  H a r r y  D i a m o n d  L a b o r a t o r i e s .  

1 0 .  A v a i l a b i l i t y  t o  o t h e r  N a t i o n s  

T h i s  f a c i l i t y  c a n  b e  made a v a i l a b l e  t o  o t h e r  n a t i o n s  o n  
a  n o n - i n t e r f e r e n c e  b a s i s  u p o n  a p p r o v a l  o f  t h e  T e c h n i c a l  
D i r e c t o r ,  H D L  a n d  s . u b j e c t  t o  a n d  w i t h i n  t h e  r e s t r i c t i o n s  
s e t  f o r t h  b y  s e c u r i t y  r e a u l a t i o n s .  A l l  r e q u e s t s  f o r  
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f a c i l i t y  t i m e  o r  v i s i t s  m u s t  b e  p r o c e s s e d  t h r o u g h  t h e  
n o r m a l  d i p l o m a t i c  c h a n n e l s .  The  c o s t s  f o r  u s e  o f  t h e  
f a c i l i t y  w i l l  d e p e n d  u p o n  t h e  e x p o s u r e  a n d  t i m e  r e q u i r e -  
m e n t s .  T h e  f a c i l l t y  i s  u n c l a s s i f i e d  a n d  i s  a v a i l a b l e  
t o  o t h e r  n a t l o n s  u n d e r  Q u a d r i p a r t i t e ,  TTCP, a n d  N 
t e r m s  o f  r e f e r e n c e .  R e q u e s t s  f o r  s u c h  u s e  m u s t  b e  
s u b m i t t e d  t h r o u g h  a p p r o p r i a t e  c h a n n e l s .  

1 1 .  L i t e r a t u r e  a n d  R e p o r t s  

( a )  K l l m i n s t e r ,  D . T . ,  K a p p e s ,  J . ,  M c N e i l l y ,  J .H.,  
" N e u t r o n  F l u x  M e a s u r e m e n t s  a t  t h e  D i a m o n d  
O r d n a n c e  Facility", N u c l e a r  D e f e n c e  L a b s  - TR-56 
( F e b r u a r y  1 9 6 5 ) .  

( b )  G i e s e l e r ,  W.L., M c G a r r y ,  E.B., M c G a s s i t y ,  J.M., 
" T e c h n i c a l  S p e c i f i c a t i c n s  f a r  t h e  D i a m o n d  
O r d n a n c e  R a d i a t i o n  F a c i l i t y  R e a c t o r " ,  H a r r y  
D i a m o n d  L a b s  S p e c i a l  R e p o r t  ( 2 4 t h  N o v e m b e r  1 9 7 9 )  

( c )  B e r m a n ,  P h i l i p  G . ,  "Tne R a d i a t i o n  E n v i r o n m e n t  
i n  t h e  E x p e r i m e n t a l  F a c i l i t i e s  o f  t h e  D i a m o n d  
O r d n a n c e  R a d i a t i o n  F a c i l i t y " ,  H a r r y  D i a m o n d  L a b s  
- TR-1307  ( 1 s t  D e c e m b e r  1 9 6 5 ) .  

( d )  L e o n a r d ,  B . E . ,  McManamon, V . L . ,  L u s k ,  J .A . ,  a n d  
V e r r e l l l ,  D . N .  ( A F R R I ) ,  " T i s s u e - E q u i v a l e n t  , 
K e r m a  V a r i a t i o n  D u r i n g  a n d  A f t e r  a  R e a c t o r  
E x c u r s i o n " ,  T r a n s . A m . N u c l . S o c . ,  1 2 ,  2 ,  9 3 4  ( 1 9 6 9 ) .  

( e )  M c G a r r i t y ,  J a m e s  M . ,  " H a z a r d s  S u m m a r y  R e p o r t ,  
A d d e n d u m " ,  H a r r y  D i a m o n d  L a b s .  S p e c i a l  R e p o r t  
( 3 r d  J a n u a r y  1 9 6 7 ) .  

F u t u r e  D e v e l o p m e n t s  

No c l o s u r e s ,  m o d i f i c a t i o n s ,  r e p l a c e m e n t s  o r  c h a n g e s  i n  
p r o c e d u r e s  a r e  b e i n g  c o n s i d e r e d  a t  t h i s  t i m e .  
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TABLE 1.  DORF FLUENCE AWD FLUX DATA 

G r e a t e r  t han  1 0  keV f l u e n o e  and f l u x e s  a s  measured  w i t h  b o r e r n - ~ 0  ('i om t h i c k )  and  cadmium 
(762,bm t h l c k )  c o v e r e d  p lu tonium-239 f o i l s .  The c o r e  c o n t a i n s  87 f u e l  e l e m e n t s ,  i n c l u d i n g  two 
f u e l - f o l l o w e d  c o n t r o l  r o d s ,  and  i s  p o s i t i o n e d  n e x t  t o  an  a i r - f i l l e d  e x p o s u r e  room 6 , l  m x 6 , l  m 
x 2 . 4 4  m h i g h  

EXPERIMENTAL 
LOCATION 

PULSE DATA- ' )  STEADY STATE- 3 ,  R A T I O  o f  
FLUENCE/PULSE FLUX 2~ I ~ L ~ , N C E / M I N  

(n/cm2) in / c rn2 / se r . l  a 0 0  k~ 

1. In -co re  e x p e r i m e n t  d r y  t u b e  3.9 x I 0  14 15.5 x l 0  I 6  1 , 2 x 1 0  14 0.89 x 1 o i 2  

2. I n  t h e  c e n t e r  o f  t h e  h i g h -  2 .0  x  10  I 4 1 . 0  x 80 6.2 x  10  1 3  1 .86  x  10  
12 

e x p o s u r e  d i m p l e  ( a c c e s s e d  
from t h e  e x p o s u r e  room) 

j. One i n c h  from t a n k  wal l  i n  9 . 5  x 1 0  13  8.6 x ?0 j5 j , O  x 10  13  1 .86  x 1 0  12 
t h e  e x p o s u r e  room i n  f r o n l  
of h i g h  e x p o s u r e  d i m p l e  

4 .  One i n c h  f rom t a n k  wall  i n  11.7 x  10 13  4 . 5  x 1 0  j 5  1 .5  x 10 1 3  
12 

c  1 . 8 6  x 1'0 e x p o s u r e  room 30 t o  t h e  
r i g h t  o f  t h e  h i g h - e x p o s u r e  
d lmple  

5 .  I n  pneumat i c  r a b b i t  f a c i l i t y  2.1 x 1 0  I 3  
6. I n  p o o l  a t  c o r e  s h r o u d  4.6 x 1 0  13 

-.-- 
NOTESI I )  For  a  nominal  r e a c t i v i t y  insertion o f  $ 2 .65 ;  v a l u e s  
p l a s e n t  maxin~um i n s e r t i o n  of $ 3.00. 2 )  F l u x  i s  d e r i v e d  from f l u e n c e  i n f o r m a t i o n  by d i v i d i n g  by 
a  p u l s e  h a l f - w i d t h  of  11 m i l l i s e c o n d o .  5 )  S t e a d y - s t a t e  power u p  t o  250 kW f o r  4 h o u r s  p e r  d a y  i s  
a v a i l a b l e .  E s s e n t i a l l y ,  5 .2  m i n u t e s  o r  1 0 0  KW s t e a d y - s l a d e  i r r a d i a t i o n  i s  e q u i v a l e n t  t o  t h e  
f l u e n c e  d e l i v e r e d  i n  a  $ 2.65 p u l n e .  





RCSG-\: (3 Apr 85) 1st I 
I SUEJZCT: PreLiu;innry E-eport, Bedi~tion Pzcitection Sgeciai Study No, 
j 28-1+3-0';62-8d, Close-Cut Sur-vsy oE Gizzond Ordnance Pa$:&tLon 

! I-:ezidqusrrers, CS Army >Lateriel Devef opmentr and Readiness Cccmand I 
i 50Of. Elsctlhouer L?.:er,ue, A l ~ x a n d r i n ,  VA 22333 3 A p r  80 
I 

TO: Commander, US A m y  Electronics Research ond DeveToyr~nC C c - a r d  
' A :  DEL3D-E-FSl, A d e l p h i ,  ED 23733 



DEPARTMENT OF THE 4RMY blr. LodtIe/cv~/.i\UTO~J~l~~ 

U. S. A R M Y  ENYIRONYENTAL H i G I E N E  AGENCY 58-2-3526 

AEJERDEEN PROVIFiG G R O l J N D  bIARYLAND 21010 

25-43-0982-80, Close-Gut Survey of Diamond Ordnance Rad ia t ing  
F a c i l i t y  (DORF), 25-28 February 1930 

Coarna nclcl- 
US A m y  Materiel Development and 

~ e a d ?  ness Command 
ATTII: DRCSC; 
5301 Ei senhovi?r Avlnue 
Alexandri 5 ,  VA 22333 

I .  AUTHCRITY. L e t t e r :  DiLiiD-?i-R"o I, Harry Ci amnd Labgraterii.:, 2 !!oveinhe!- 
1979, s u b j e c t :  Request for,  a  ?ad io log ica l  K??lth Special Study, and 
indorieoiel!t the;-?to. 

2 .  PUFPOSE. This s p e c i a l  s tudy was per for red  t o  determine t h e  presence atid 
e x t e n t  of r ad iozc t ive  conta~i i ina t ion  a n  i:het$er t h e  faci!it:i r i~t  t ! ~ ?  
r a d i o a c t i v e  contamination e v e  s t a t e d  -in i i '>clesr Zegu1aior.y Cooiil;nissio:1, 
Regi~latoily Guide 1.86, Te rn ina t ion  of Operat inc Licenses foi- i!uclea~- 
Reactors ,  June 1974, fo l lowing  decontar i i in~t ion .  

3. G E N E R A L .  

a .  This  r a d i a t i o n  p r o k x t i o n  spec ia l  s t -dy wzs conducted by ?.ir. G o r d ~ n  
M. Lodde, Health P h y s i c i s t ,  ar:d 2LT Roger M. Davis, JI- . ,  Health Phys ics  
Divis ion ,  t h i s  Age;;cy, dur ing  t h e  period 25-25 February 1933. 

b. An en t rance  intervie:%/ and an e x i t  b r i e f i n g  were provided t o  i k .  
Char1 e s  blare, Cont rac t ing  O f f i c e r '  s  Represer?:a;ive, Harry riial;lon;! 
Labora to r i e s .  

a. The r e s u l t s  of smear surveys  a r e  provided in 1nclosu:-e 1 .  

b. The r e s u l t s  o f  conc re t e  a n a l y s i s  a r c  provided i n  Inc losu r?  2. 



HSC-RII/I~fP 
SUBJECT: p re l imina ry  Report ,  Radiation Prc:?ctiori Specia l  Study No. 

-9982180, Close-Out Sut vey or 2iarl3nd Ordnance ~ a d i a t i o n  
F a c i l i t y  (UORF), 25-28 February 1233 

c. Surveys by d i r e c t  r ad ia t ion  meastit-?-?!its i n d i c a t e d  t h a t  t h e  h ighes t  
r a d i a t i o n  va lues  were obtd ined  on t h e  north,  south ,  and west  r i a l l s  of t h  
exposure room. The va lues  ranged from 20-4C3 n icroroentgen  pe r  hour O i R  

on con tac t  a s  ~ e a s u r e d  with an Eberl i ne ,  ,:.'3521 ?RI.I-7, iv!icro-2-isleter- 
350 pR/tir when measured with 3 Victoreeii, :lz<el 4110, Ion iza t io r?  Chai 
These two inethods of r a d i a t i o n  mea8uremsn:s ? r e  i n  c l o s e  agreenent .  

dii:g t ank  
system dorm stream from t h e  holding tanks.  

b, Core sa:;i,oles i.iere taken  off  s i t e  ?n.< s o i l  a~;d v e g c t a t i n n  s a s p l e s  
. ~ 

were taken both on and o f f  s i t e .  

i e  Tile -fii lai  r epor t  w-i 11 be f~;-a:a?-:!f? '1 a b z s c  60 d z y ~  f~! jg : : i ; ;~  
a n a l y s i s  of t h e  sampies. 

5. CO:.ICCUSIOi\!. A revie!/ of t h e  f indings  i - d i c z t e d  t h a t  a f t e r  decoiitain?- 
n a t i o n  t h e  f a c i l i t y  confnr;il?iJ t o  t h e  requi ?;:?fits of Regiil a t c r y  Guide 1.86. 

7. RECOiIi~ltNDATIO?I. b!one 

FOR THE COPIMAKDER: 

2 Inc l  
a s  

L/ c o i ,  '.'SC 
Dir?c:or, Radiat ion and 

E ? v i  ronnental Sc iences  

CF: 
Cdr, E2ADCObl 
Cdt-, iiSC (IlS?A-?) 



. 
. ~ ~ S C - R I ? / H P  

SUEJCCT: Prel i:;:i nirry Re i~or t ,  Radi a t i o r ~  I 'rotection ~ p e c i a l  Stvtiy :lo. 
'28-.43-0952-80, Close-Out Surv?y of Diz:.:ond Ordnancc Ratfiation 
F a c i l i t y  (DORF), 25-28 Fe!)riiary 1983 1 

- i , t 
t 

k 
I 
5 

Sampl e RCB 
I d e n t i f i c a t i o n  -- Lab No, 

Di s in teg ra t ions  per  ' l ini te  ?2 Standard Devia t ions / l03  cm2 t. 
Gross Alpi~a Gross Enta 
A c t i v i t y  A c t i v i t y  

< 1.4 4.4 ? 2.5 
I L 
; 

~ 1 . 4  < 2.5 I 
< 1.e- -. < 2.5 

< 1 * L ?  < 2.5 

1 < I * C  < 2.5 1 I 
1 1 . 4  < 2-5 [ 

i 
< 1-4 < 2.5 ? 

! 
< 1.6 2,s 5 2.6 

i 
C P . 4  < 2-5  I 



llSE-kif/>!l' 
SUBJECT: P r e l i ~ . ~ i n a r y  Rcport ,  Radiat ion Pi-ot izt ion Sgecia? Study Nci. 

28-43-OSeZ-GO, Close-Out Survey of )i?.:oni: O r d r ~ ~ n c e  Rad ia t ion  
Faci 1  i  t y  ( D O E F ) ,  25-28 February 19E? 

ns per 1-lihute 52 Standard  De i i a t ions / l03  cn2 
Sample RCE Gross Beta 
I d e n t i f i c a t i o n  Lab [lo. Activi  t:! 

30 L273 
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DEPARTMENT OF THE ARMY 2LT Davis/ldr/AUTOVON 
U. 5. A R M Y  'ENWRONMENTAL HYGIENE AGENCY 584-3526 

ABERDEEN PROVING GROUND, M A R Y L A N D  21010 

Commander 
US Arny bMaterie1 Development a 

Readiness Command 
ATTN: DRCSG 

- 5001 Eisenhower Avenue 
Alexandria,  VA 22333 

I .  AUTHORITY, 

a. F1R 40-5, Heal th  and E n y ~  rgnmeni, 25 September 1974. 

b. L e t t e r ,  DELHD-N-RBI, Harry Diamond Labor2tories .  2 November 1979,  
sub jec t :  Request f o r  a Radiological Health Special  Study, and indorsements 
the re to .  

2. REFERENCES. 

a. Nuclear Regulatory Commission (NRC) Regulatory Guide 1.86, 
Termination of Opera t ing  Licenses f o r  Nuclear Reactors ,  June 1974. 

b. Let t e r ,  HSE-P,H/WP, t h i s  Agency, 3 April 1980, sub jec t :  Preliminary 
Report, Radiat ion P r o t e c t i o n  Special  Study No. 28-43-0982-80. Close-Out 
Survey of Diamond Oranance Radiat ion i a c i l i t y  (DORF), 25-28 February i980. 

3. PURPOSE. This  s p e c i a l  study was performed t o  determine t h e  presence and 
ex ten t  of r a d i o a c t i v e  co~ t t imina t ion  and whether the  f a c i l i t y  mst t h e  
r ad ioac t ive  contaminat ion l e v e l s  s t a t e d  in.NRC Regulatory Guide 1.86, 
following decontznina t ion .  

4 .  GENERAL.  

a. This r z d i a t i o n  p ro tec t ion  speciai  study was conducted by 
Mr. Gordon >*!. Lodde, CAC, Health Phys ic i s t ,  and 2LT Roger M. Dsvis,  J r . ,  MSC, 
Health Physics Div i s ion ,  t h i s  Agency, during t h e  period 25-28 February 19C3. 

b. An en t r ance  in t e rv iew and an e x i t  b r i e f i n g  were provided to  
Mr. Char! es Ware, C c n t r a c t i n s  O i i ~ c e r ' s  R??resenrat-ive, Harry Diamond 
Laboratories .  



HSE-RHIWP 
SUBJECT: Radiat ion P ro tec t ion  s p e c i a l  Study No. 28-43-0982-80, 

Close-Out Survey o f '  Diamond- 0kdnance Radiat ion F a c i l i t y  
(OORF), 25-28 February 1980 

c. This r epor t  i nc ludes  a l l  r e s u l t s  presented i n  t h e  Prel iminary ~ e p o r t .  

5. FINDINGS. 

a. The r e s u l t s ' o f  smear surveys i r e  provided in ~ n c l o s u r e  I. 

b. The re su l t ;  of conc re t e  a n a l y s i s  a re  provided i n  Inc losu re  2. 

c. The r e s u l t s  of water  a n a l y s i s  a r e  provided i n  Inc losu re  3. 

d. The r e s u l t s  of s o i l  a n a l y s i s  a r e  provided i n  Inc losu re  4. 

e .  The r e s u l t s  of vegeta t ion  a n a l y s i s  a r e  provided i n  Inc losure  5. 

P. Photographs of t h e  decontaminated E0RF a r e  provided i n  Inc losu re  6. 

g. Surveys by d i r e c t  r a d i a t i o n  mezsurements indica ted  "iha t h e  highest  
r ad ia t ion  values were obtained on the north,  south,  and west wal i s  of t h e  
exposure room. The values ranged from 20-400 microraentgens per hour (pR:h) 
on contac t  as  msasured w i t h  an Eber l ine ,  Kodel PRM-7, Micro-2-Meter and up t o  
350 pR/Hr when measured with a Vic ts reen ,  Model 440, Ion iza t ion  Chamber. 
These two methods of r a d i a t i o n  measurements a re  i n  c l o s e  agreement. 

6. CONCLUSION. A review of  t h e  f ind ings  indica ted  t h a t  a f t e r  
decontamination t h e  f a c i l i t y  conformed t o  t h e  requi renents  of Regulatory 
Guide 1.86. 

7. RECOMMENDATIONS. None. 

FOR THE COMMANDER: 

6 Incl  
as  COL, MSC 

Direc tor ,  Radiat ion and 
Envi ronmental Sciences 

CF: 
HQDA (DASG-PSP) 
LCdr; ERALICON 

Cdr, HSC (HSPA-P) 
Supt , AH8 (HS,A- I PM) 
Cdr, \ W V l C  IPVNTFIED Actv) ( 2  cy) 
C ,  USAEHA-Rgn D i v  North 
Cdr, Harry Diamond Labs ( 2  c y )  



HSE-RH/WP 
' SUBJECT: Radiation Protection Special Study No. 28-43-0982-80, 

Close-Out Survey of DiamondAOrdnance Radiation Facility 
.(DORF), 25-20 February 1980 

RESULTS OF ANALYZING I.II?i TEST SAMPLES 

Disintegrations per Rinute 22 Standard Deviation 
Sample RCB Gross Alphz ' 6ross Beta 
Identification Lab No. Activity Activity 

1 L244 < 1.4 4.4 + 2.5 

4 L247 <1.4 G 2.5 

5 b248 c l . 4  * 2.5 
6 b249 1.4 2.5 

<%,4 2- 

8 b251 .i 1.4 2.8 2.0 

9 b252 <I,% 2*5 

10 L253 < 1.4 6.0 t 2.7 

11 L254 1.4 2.6 r 2.0 

12 L255 < 1.4 2.5 

13 LZ56 <1.4 < 2.5 

14 L257 < 1.4 < 2.5 

15 L258 . <1.4 < 2.5 

16 L259 <1.4 3.6 c 1.9 

17 L260 < 1.4 < 2.5 

18 L261 < 1.4 < 2.5 

19 L262 < 1.4 14.6 t 3.7 

20 ~263 4.7 t 2.c 16.0 t 3.6 

21 L264 <1.4 < 2.5 

22 LZ65 < 1.4 6.2 4 2.3 

23 L266 < 1.4 7.0 t 2.6 

24 L267 3.2 ? 1.9 < 2.5 
25 L268 < 1.4 5.2 _t 2.4 

26 L269 <1.4 < 2.5 
27 L270 <1.4 3.0 k 2.0 

4 
28 L271 1.4 < 2.5 

29 L272 < 1.4 e 2.5 



cHSE-Rb!/WP 
SUBJECT: Radiation Protect ion Special Study No. 28-43-0982-80, 

Close-Out Survey of Diamond Ordnance Radiation Fac i l i t y  
(DORF); 25-28 February 1980 

Dis in tegrz t ions  per  Minute r2 Standard Devlations/100 cm2 
Sample RCB Gross Alpha Gross Beta 
I d e n t i f i c a t i o n  Lab No. Ac t iv i ty  Ac t iv i ty  

(See Figures 1-4 f o r  smear sampling locat ions.)  



HSE-RH/WP 
SUBJECT: Radiation Protection Special Study No 26-43-0982-80, 

Close-Out Survey of Diamond Ordnance Radiation Faci l i ty  
(OORF) . 25-28 February 1980 

FIRST FLOOR PLAN 

Figure 1 



HSE-RH/WP 
SUBJECT: Radiation Protect ion Special Study No. 28-43-0982-80, 

Close-Out Survey of Diamond Ordnance Radiation Fac i l i t y  
(DORF). 25-28 February 1980 

LEGEND 

A SMEAR SAMPLE 

MEZZANINE PLAN 

Figure 2 



HSE-RH/WP 
SUBJECT:. Radiation Protection Special Study No. 28-43-0982-80, 

Close-Out Survey of Diamond Ordnance Radiation Facil i ty 

BASEMENT PLAN 

LEGEND 
A SMEAR SAMPLE 

B CONCRETE SAMPLE 

F i g u r e  3 

5 



HSE-RH/WP 
SUBJECT: Radiation Protection Special Study No. 28-43-0982-80. 

Close-Out Survey of Diamond Ordnance Radiation Facillty 
(DORF) . 25-28 February 1980 

STOWAGE BIIICBIMG 

TRAILER 

LEGEND 

A SMEAR SAMPLE 

SMEAR SAMPLING AT TRAILER AND STORAGE BUILDING 

Figure 4 
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9-01 X 8'1 9EZM 

8-Ob X 8'b > 5EZM 

emOi X 9.6 > bEZE 

sp0L X i"Z" EEZR 

8-OL x t'Z> ZEZE 

s-0L X 2'b ' 8-01 X 1.1' OEZM 8-E-W 2 
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, 6- IH WATER L I N E  2 
CB W A T E R  S A U P L E  W M 5  
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81 3-AA (AFTER AERATION OF TANK 

/ g A-1-8 ( BEFORE AERATION OF TANK) 
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Figure 2 
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Close-Out Survey of Diamond Ordnance Radiation F a c i l ~ t y  
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RESULTS OF ANALYZING VEGETATION SAMPLES 

Sample Gran Dry Vegetation +2 Standard Deviatior 
Ident i f ica t ion  Cesium-137 Activi ty 

5-1-W 

Off-Sf t e  

Chemistry ~ i i i s i o n  
4 













IISE-R
H

/W
P 

SU
BJEC

T: 
R

a
d

ia
tio

n
 P

ro
te

c
tio

n
 S

p
e

cia
l 

S
tu

d
y N

o. 
28-43-0982-80 

C
lo

se
-O

u
t 

S
u

rve
y o

f D
iam

ond O
rdnance 

R
a

d
ia

tio
n

 F
a

c
ility

 
(D

O
R

F
), 25-28 

F
e

b
ru

a
ry 1980 





S U P P O R T I N G  DDCLIMEMT 
PROGRAM TITLE 

.Diamond Ordnance Rad ia t ion  Fac i l  

P,. J. T u t t l e  
W .  R.  blcCurn 

FORM 734-C HCV. 2-74 

. ~ 



Eitergy Systems Group NO. N001- FDP-960-001 
PAGE 1.1 

SUMMARY OF CHANGE 

Page 11 - B.1. The sentence "a radiat ion survey of 
t h e  r eac to r  components t h a t  a re  scheduled f o r  ship-  
ment t o  HEDL w i l l  be conducted," has been moved 
from i t s  pos i t i on  as seventh sentence i n  the  para- 
graph t o  i t s  new posi t ion of  t h i r d  sentence i n  t h e  
paragraph. 

Page 17 - 8.5. Last paragraph, "U. S. Army Environ 
mental Health Agency" changed t o  "U. S. Army En- 
vi ronmental Hygiene Agency. " 

Page 31 - Sentence under Total Contamination 
changed from, "0.1 mrad/hr beta-gamma measured 
through 7 mg/cm2 absorber a t  1 cm," t o  "0 .1  mrad/hr 
average o r  0.3 mrad/hr maximum beta-gamma measured 
through 3 mg/cm2 absorber a t  1 cm." 

Page 35 - J .  1. Third sentence, "may be requi red ,"  
changed t o ,  " s h a l l  be required." 

Page 37 - L . 1 .  Last senrence, f i r s t  paragraph. 
To was in se r t ed  between assigned and the ,  t o  read 
"...assigned t o  the  radiological  ly . .  ." 

Page 39 - M. Sentence added i n  4th paragraph 
"Surgical gloves s h a l l  be protected with an over- 
glove." 

Page 47 - T.3 Last sentence " . . . o r  a s  otherwise 
spec i f i ed  by HSRS." changed t o ,  "or  as otherwise 
spec i f i ed . "  

Page 50 - U.3 29 CFR 17, Par t  1910.93 a changed 
t o  29 CFR, Pa r t  1910.1001. 

Page 50 - W.5 29 CFR 17, Part  1910.95 changed t o  
29 CFR, Part  1910.95. 

' APPROVALS AND DATE 
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I. OBJECTIVE 

The objective for  dismantlement and radioactive decontamination of 

the  Diamond Ordnance Radiation Faci l i ty  (DORF) i s  t o  place i t  in  a 
condition acceptable for  release f o r  unrestricted use. Reactor components 

will be packaged and shipped to  the Department of Energy (DOE) a t  Hanford, 

Washington. A1 1 radioactive materials and components will be removed 

and decontaminated for  release f o r  unrestricted use, or packaged f o r  

disposal as radioactive waste and delivered to  a licensed burial s i t e .  

Areas of the f a c i l i t y  and materals released for  unrestricted use will be 

decontatni nated to 1 evels wirich are as low as  reasonably achievable 

(ALAM), b u t  i n  a l l  cases to  levels below those described i n  Nuclear 

Regulatory Conmission (NRC) Regulatory Guide 1.86, Table 1. The methodology 

i n  decontaminztion for  release fov unrestricted use as stated i n  t h i s  

guide will  be foilowed. As part  of the ALARA program, Rockwell has 

established the l imits  shown in  Table 2 as t he i r  target for  compliance 

w i t h  t h i s  contract. The l imits are based on experience regarding levels tha t  

i n  most cases are reasonable achievable and can be effectively monitored. 



7 
0 
n 
b 
-4 .. TABLE 1 
0 

n NRC REGULATORY GUIDE 1.86 
n 
"! ACCEPTABLE SURFACE CONTAMINATION LEVELS 
< 
s 

2 

U-nat ,  U-235, U-238 and 
a s s o c i a t e d  decay p r o d u c t s  

T ransu ran ics ,  Ra-226, Ra-228, 
Th-230, Th-228, Pa-231, 
Ac-227, 1-125, 1-129 

Th-nat ,  Th-232, Sr-90, Ra-223, 
Ra-224, U-232, 1-126, 1-131, 

C~,leasuren~ents o f  average contaminant  shou ld  n o t  be averaged ove r  more t h a n  1 square meter .  F o r  
o b j e c t s  o f  l e s s  s u r f a c e  area, t h e  average shou ld  be d e r i v e d  f o r  each such o b j e c t .  

d ~ h e  maximum con tamina t ion  l e v e l  a p p l i e s  t o  an area o f  n o t  more t h a n  100 cm . 
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PAGE 5 

TABLE 2 

ROCKWELL INTERNATIONAL/ENERGY SY3TEMS GROUP 
CONTAMINATION LIMITS FOR DECONTAMINATION & DISPOSAL OF DORF 

Beta-Gama Emitters 

Alpha Emitters 

TOTAL 

0.1 mrad/hr average a 
and 0.3 mradfhr maximum 
a t  I cm w i t h  7 mg/em2 
absorber 

REMOVABLE I 

a~easurements of average contaminant should not be averaged over more than 
1 square meter. For objects of l e s s  surface area, the average should be 
derived for  each such object. 

b ~ h e  maximum contamination level applies t o  an area of not more than 100 cd. 

FORM 71% P  RE^ 3 i5 
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are  categorized as: planning, monitoring, and control ; radiological 

survey; dismantlement and disposal; and documentation. 

F O R M  7 1 Q ~ P  REV.  7-78 
. . I 
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DORF. The s i t e  manager w i l l  a l s o  have t h e  ove ra l l  techn ica l  responsi-  

b i l i t y  f o r  the d ismant l ing a c t i v i t i e s  and w i l l  be the  o n s i t e  i n t e r f a c e  

f o r  a l l  contacts w i t h  the  Army's S i t e  Contract ing O f f i c e r  o r  h i s  repre- 

sentat ive.  The DORF D&D organ iza t ion  s t ruc tu re  i s  shown i n  Figure 1. 

The Rockwell Radiat ion and Nuclear Safety representat ive w i l l  be responsible 

f o r  rad io log i ca l  surveys and survey data analyses. Records o f  s i g n i f i c a n t  

r a d i a t i o n  surveys and analyses w i l l  be made ava i l ab le  t o  t h e  Contract ing 

O f f i c e r  o r  h i s  representat ive,  

A schedule l i s t i n g  the s p e c i f i c  tasks and the  proposed sequence f o r  

performance i s  presented i n  Table 3. The estimated l e v e l  o f  manpower 

and milestones f o r  these a c t i v i t i e s  are inc luded f o r  in fo rmat ion .  The 

milestone schedule w i  11 serve as t h e  c r i t e r i a  t o  measure progress i n  

dismantl ing DORF. 

The Operational Safety Plan on Decontamination and Disposal a t  DORF 

i s  attached as Appendix A. It contains t h e  r a d i a t i o n  safety, i n d u s t r i a l  

hygiene, and i n d u s t r i a l  sa fe ty  procedures i n  support o f  t h e  a c t i v i t i e s  

F O R M  7111-P R E V  7-78 
.. 
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A rad io logica l  survey will  be made t o  a s ses s  the  extent  of radio- 

a c t i v i t y  present  i n  t h e  f a c i l i t y .  This assessment wi l l  include t 

grounds which surround the  f a c i l i t y  t o  e s t a b l i s h  and record conditions 

a t  t h e  s i t e  before beginning the dismantling a c t i v i t i e s .  

Radiological surveys will  be conducted before and during the  Phase I1 

work only t o  provide information f o r  guidance i n  determining (1) what 

a reas  a r e  r ad ioac t ive ,  ( 2 )  when s u f f i c i e n t  mater ial  has been removed t o  

r e l e a s e  these  a reas  f o r  unres t r ic ted  use, and ( 3 )  personnel surve i l lance .  

The comprehensive radio-isotopic ana lys i s  appended t o  the Request 

f o r  Quotat ion (RFQj as Appendix I V  was an es t imate  o f  t h e  radioact ive 

material  remaining i n  the  DORF s t r u c t u r e  a s  of the  spring of 1978. This 

w i l l  serve a s  a guide and will  be used as a q u a l i t a t i v e  indicat ion of 

the  presence of  r ad ioac t iv i ty .  

F O R M  719 P R E V  7 18 
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V .  DISMANTLEMENT AND DISPOSAL 

Phase I 1  and I11 work defined i n  the  RFQ. The t a s k s  wi l l  be performed 

i n  t h e  order  shown i n  Table 3 if p rac t i cab le .  Overlap of the schedule 

tasks  w i l l  occur  as  required t o  maintain con t inu i ty  i n  the  overal l  program. 

A.  DISMANTLEMENT SCOPE OF WORK 

A c t i v i t i e s  required t o  accomplish t h e  dismantlement of DORF include: 

(1) surveying and recording the  rad io logica l  condit ion of the  f a c i l i t y  

and surrocnding grounds t o  define t h e  e x i s t i n g  condit ion;  ( 2 )  the ana lys i s  

and disposaT of t h e  core tank water per 10 CFR 20 l i m i t s ;  (3) t h e  removing, 

packaging and shipping of the reac tor  compsnents l i s t e d  i n  Table 4 of 

t h i s  plan; ( 4 )  removing, packaging, and shipping t o  a l icensed burial  

s i t e  t h e  r ad ioac t ive  mater ia l s  and components referenced in the  RFQ and 

those generated during t h e  dismantlement of DORF; (5 )  removing and 

disposing o f  t h e  nonradioactive components o r  ma te r i a l s  l i s t e d  in Para- 

graph F.4.1 ( a  through g )  o f  the RFQ (Rote t h a t  (h )  i s  included i n  

Ac t iv i ty  3 above); (6)  removing and de l ive r ivg  t h e  jib-crane t o  t h e  

AURORA f a c i l i t y ;  and ( 7 )  the  Health Physics support  necessary t o  assure  

compliance with NRC Regulatory Guide 1.86 and 10 CFR 20. 

8. PHASE I 1  

1. S i t e  Preparat ion 

The s i t e  prepara t ion  task  includes those  a c t i v i t i e s  required t o  

move t h e  ESG s t a f f  and t h e i r  equipment t o  t h e  s i t e  and t o  e s t ab l i sh  a 

base of opera t ions .  A rad ia t ion  survey of  the  nonradioactive portions 

of t h e  s i t e  w i l l  be conducted fo r  documentation. A rad ia t ion  survey of 

the  r e z c t o r  components t h a t  a re  scheduled f o r  shipment t o  H E D L  wi l l  be 

conducted. A n  ana lys i s  of t h e  pool water t o  determine compliance w i t h  

FORM 7 1 B  P REV 1-78 
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REACTOR COMPONENTS FOR SHIPMENT TO 

U n i t  Quant i ty  

1 Core Support Structure,  Upper Sect ion 

2 Core Support Structure,  Lower Sect ion 

3 Top and Bottom Grid Pla tes  

4 Connecting Rods f o r  Control Rods 

5 Control Rods 

' 6 Carr iage Drive Motor 

I Water Pump: 1.5 hp 

8 Incore Experiment Tube 

9 Ion Chamber Supports and Ion Chambers 

10 Carr iage Support Rails 

11 Lead Shield Door Drives and Linkage 

12 Pool Cover P la tes  

13 Fuel Storage Racks, Underwater 

14 Fuel Measurement Tool w i t h  Dial Micrometer Each 

15 Aluminum Water System Piping 

16 Water Pumps 

17 Demineralizers, 3 f t  

18 Flowmeters, 25 gpm 

19 Neutron Source, 10 cur ies ,  am-be 

20 Neutron Source Holder 

21 Pool Lights 

22 Carr iage Positioning Potentiometer 

23 Carriage Umbilical Arm 

24 Fuel Element Location Diagram 

FORM 719-P R E V .  7-78 
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10  CFR 20 wi l l  be performed. The pool water wi l l  be discharged t o  t h e  

s a n i t a r y  sewer as  ana lys i s  permits.  The appropriate  l i m i t s  a r e  those 

l i s t e d  i n  10  CFR 20, Appendix B ,  Table 1, Column 2 ,  a s  provided by 

10  CFR 20.303. Should t h e  water ana lys i s  shok contamination above 

l i m i t s ,  t h e  e x i s t i n g  pu r i f i ca t ion  system wi l l  be used f o r  cleanup. 

2. Packaging and Shippinq Reactor Components t o  HEDL 

The e l e c t r i c a l  serv ice  f o r  t h e  r e a c t o r  a u x i l i a r y  systems 1 be 

disconnected from t h e  r e l ay  and power d i s t r i b u t i o n  panels and the  wiring 

will be removed, This wi l l  include power disconnects t o  t h e  lead sh ie ld  

doors,  ca r r i age  d r ive ,  and the  d i f f u s e r  pump. 

All of t h e  items l i s t e d  i n  Table 4 w i g 7  be removed, packed i n t o  I 
weatherproof conta iners ,  and staged f o r  t ranspor ta t ion  t o  t h e  D O E ,  Hanford 

Engineering Development Laboratory ( H E D L )  , Richland, Washington. The I 
americium-berylijum neutron source wi l l  be placed in an approved Type A 

shipping contziner  f o r  shipment w i t h  t h e  above items. 

The water t reatment  system i n  t h e  F i l t e r  Room wi l l  be removed a f t e r  

t h e  pool water has been discharged t o  the  s a n i t a r y  sewer and a determina- 

t i o n  has been made t h a t  i t  will no longer be required. Water w i l l  be 

drained from t h e  piping and f i l t e r  medium and t h e  water w i l l  he d ispos i -  

t ioned based on r ad ia t ion  survey ana lys i s .  All of the  items l i s t e d  

wi l l  be shipped t o  HEDL when they have been packaged and a r e  ava i l ab le  

f o r  shipment. Components wil l  only be disassembled t o  t h e  degree neces- 

sary  t o  permit packing i n t o  reasonably s ized  conta iners .  

All packaging wi l l  conform t o  the  Department of Transportat ion 

(DOT) Speci f ica t ion  T i t l e  49 Code of Federal Regulations. Each package 

sha l l  be monitored by t h e  Health Phys ic is t  t o  determine i t s  r ad ioac t ive  

content  and wi l l  be weighed t o  e s t a b l i s h  i t s  shipping weight. 

I 

FORM 719 P REV 7 78 
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When a l l  rad ioac t ive  components have been removed from t h e  f a c i l i t y ,  

t h e  a reas  which housed those components wi l l  be r ad io log ica l ly  surveyed 

and t h e  survey documented. Those a 

l i m i t s  w i l l  be iden t i f i ed  on a f a c i  

during the  appropriate  demolition task .  

The j i b  crane will be removed from DORF and t ranspor ted  t o  the  

AURORA f a c i l i t y  when i t  is  no longer  required t o  support dismantling 

a c t i v i t i e s .  

3 .  Exposure Room - 

The exposure room will be s t r ipped  of i t s  wood l i n i n g ,  lead  s h i e l d s ,  

lead sh ie ld  hois t ,  and o the r  removable components She material  will 

be separated and disposi t ioned e i t h e r  t o  salvage o r  packaged f o r  radio- 

a c t i v e  disposal.  

Before s t a r t i n g  a c t i v i t i e s  i n  the exposure room, t h e  f l o o r  dra ins  

w i l l  be plugged t o  reduce the  potent ial  f o r  t ranspor t ing  r ad ioac t ive  

mater ia l s  i n t o  t h e  s a n i t a r y  sewer system. 

The wood timber l i n i n g  w i l l  be removed from t h e  room using conven- 

t i ona l  techniques. Each timber w i l l  be surveyed t o  determine r a d i o a c t i v i t y  

and wi l l  be disposi t ioned according t o  Table 2 c r i t e r i a .  Material t h a t  i s  

ac t iva t ed  t o  l eve l s  t h a t  exceed Table 2 limits will be packed i n  s t rong,  

t i g h t  shipping containers ,  while material  t h a t  is not  ac t iva t ed  w i l l  be 

s e t  as ide  f o r  salvage. The lead  s h i e l d s  wi l l  be removed, surveyed and 

s e t  as ide  f o r  d ispos i t ion .  The lead  sh ie ld  ho i s t  will be removed i n  i t s  

e n t i r e t y  and packed i n  a s t rong,  t i g h t  shipping conta iner .  All o the r  removable 

components wi l l  be removed from t h e  room and wi l l  be d ispos i t ioned  accordingly. 

When a l l  removabie material  has been d ispos i t ioned ,  t h e  exposure room wi l l  be 

vacuumed t o  remove remaining res idue  from the  sur faces .  
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t o  establish a. mapping of ac t iv i ty  in the concrete. Selected areas w i l i  1 
be sampled by core d r i l l i ng  t o  establish the extent of activation.  The 

exposure room door and doorway will be included in the  survey analyses. I 
An excavation plan w i  11 be developed, fo r  implementation during concrete 

excavation detailed i n  Section 5. 

4. Core Tank Removal 

All extraneous structures will be removed from the core tank, the 

lead shield doors will be drained of lead, the lead and doors w i l l  be 

removed from the core tank, the core tank will be stripped from the 

concrete, and the  activated t a r  oaper lining wiX be removed from the 

concrere surfaces. The materials w i l P  be surveyed when they a re  

removed from the area and will be dispositioned accordingly. 

1 The procedure t o  remove the lead shield doors will consist  of d r i l l ing  
I 

holes through the  lower wall of each door to drain enough lead t o  permit 

1 I 
them to  be l i f t e d  with the 3.5-ton overhead crane. A dynamometer will 

be used to provide assurance tha t  the weight of the load is within the 

crane l imit .  Each door will be l i f t e d  from the core tank and trans- 

ferred t o  an area where the  remaining lead can be removed. The doors 

and lead will be surveyed and dispositioned accordingly. 

The procedure t o  remove the core tank will be t o  section the tank 

(by saw cutt ing) into vertical s t r i p s .  Each s t r i p  will be pulled from the 

concrete by conventional techniques as determined by experience gained 

during the f i r s t  and subsequent removal attempts. Because of the uncer- 

ta inty  associated w i t h  the adhesion of the tank t o  the concrete by 

virtue of t a r  paper, t r i a l  and e r ror  will be required. Leverage tools 

such as pry-bars, wedges, block and tackle, e tc . ,  will be used i n i t i a l l y .  

I f  these techniques prove unsuccessful, then hydraulic or pneumatic 

techniques will be applied. 

I 

I 
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t a r  paper l i n i n g  will be removed from the concret 

w i t h  the concret 

All activated and contaminated materials will be packaged fo r  

disposal a s  detailed i n  the  Waste Disposal section. Material will be 

s ize  reduced, where pract ical ,  t o  reduce the volume of radioactive 

waste. 

A detailed radiation survey will be conducted of the exposed concrete 

s t ructure  t o  es tabl ish  a map of radioactivity.  Selected areas will be 

sampled by core d r i l l i n g  t o  establish the extent of the  activation.  An 
excavation plan will be developed for the concrete s t ructures .  Imple- 

mentation of the plan will be described i n  Section 5, "Concrete Excava- 

tion." 

5. Concrete Excavation 

Concrete will  be removed from the pool cavity,  exposure room, and 

exposure room door t o  the  extent required t o  permit release of these 

s t ructures  f o r  unrestricted use. Guidance fo r  the  amount of concrete t o  be 

removed will be determined by radiation survey and by the excavation plans 

developed a f t e r  core tank removal and exposure room cleaning. When 

the  detectable levels  of radioactivity i n  the concrete are below the 

levels shown in Table 2,  they w i l l  be considered t o  be i n  compliance 

w i t i n  NRC Guide 1.86 (Table 1). 

The extent of removal will be governed by the  extent to which the 

structures are activated.  Where activation i s  shallow, scabbling or 

chipping w i t h  pneumatic harmers will be used to  break the  concrete 

a t  the surface. High volume vacuum cleaners equipped with HEPA f i l t r a -  

t ion will be used t o  remove the concrete and to  control airborne 

- 
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v e r a l  i nches  deep, j a c k  hammers 

w i l l  be used. T h i s  o p e r a t i o n  w i l l  be a ided  by d e p t h  c u t t i n g  w i t h  a 

w i l l  be used t o  break t h e  concre te  f o r  removal. 

Dust and p a r t i c u l a t e  genera t ion  w i l l  be m o n i t o r e d  by t h e  R a d i a t i o n  

and Nuc lear  S a f e t y  r e p r e s e n t a t i v e  and c o n t r o l  w i l l  be accompl ished 

b y  use o f  a vacuum c l e a n e r  o r  water m i s t  depending on t h e  o p e r a t i o n  i n  

progress.  H i g h  volume a i r  sampling w i l l  be conducted w i t h i n  t h e  work 

area d u r i n g  o p e r a t i o n s  wh ich  m igh t  produce a i r b o r n e  contaminat ion.  

Personnel w i l l  be r e q u i r e d  t o  wear r e s p i r a t o r s  whenever sampl inq i n d i c a t e s  

u n a c c e p ~ a b i t  l e v e l s  of a i r b o r n e  contaminat ion.  Temporary s t r u c t u r e s  

w i l l  be b u i l t  around t h e  work area i f  necessary TO c o n t r o l  t h e  spread o f  

contan i ina t ion.  

R a d i a t i o n  su rvey  d a t a  generated d u r i n g  t h e  a c t i v a t e d  conc re te  

excava t ion  w i l l  be ana lyzed t o  p rov ide  a b a s i s  f o r  compl iance w i t h  

Regu la to ry  Guide 1.86 and ALARA (Tab les  1 and 2).  When t h e  d a t a  i n d i c a t e s  

t h a t  compl iance w i t h  these  c r i t e r i a  have been met, concur rence w i l l  

be s o l i c i t e d  f r o m  t h e  U.S. Army Environmental  Hyg iene Agency. 

6. S i t e  Survey 

A f i n a l  r a d i a t i o n  survey w i l l  be conducted t o  v e r i f y  t h e  s i t e  

c o n d i t i o n .  S u r f a c e  smears and m a t e r i a l  samples w i l l  be s e l e c t e d  by t h e  

Rockwell  S i t e  Manager w i t h  ass is tance f rom t h e  R a d i a t i o n  and Nuc lear  

Safety r e p r e s e n t a t i v e  and t h e  DORF C o n t r a c t i n g  O f f i c e r .  These specimens 

w i l l  be sen t  t o  an independent l a b o r a t o r y  f o r  a n a l y s i s .  The specimens w i l l  

be taken f rom r e p r e s e n t a t ~ v e  areas o f  t h e  b u i l d i n g s  and excava t ions  t o  

c o n f i r m  compl iance w i t h  ALARA and Regu la to ry  Guide 1.86. These data  

w i l l  p r o v i d e  independent analyses o f  t h e  s i t e  c o n d i t i o n  and w i l l  fo rm a 

b a s i s  f o r  dernonst ra t inq  t h a t  the  f a c i l i t y  can be r e l e a s e d  f o r  u n r e s t r i c t e d  

use. 
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7 .  Waste Di,sposal 

Radioactive waste will be packaged when i t  i s  generated and will 

will be made under the exclusive use provision of T i t l e  49 Code of 

Federal Regulations which permits low spec i f ic  ac t i v i t y  (LSA) waste 

t o  be packaged fo r  shipment i n  strong, t i g h t  containers. Shipments will 

be monitored by the  Radiation and Nuclear Safety Representative f o r  

conformance t o  DOT regulations. Radioactive waste will be delivered t o  

a common ca r r i e r  fo r  delivery t o  a licensed disposal s i t e  as f u l l  load 

l e t s  become available,  o r  a% the completion of Phase 11. 

Noncontami nated components and waste materia9 s 1 i sted i n  the RFQ 
fo r  disposal (F.4.1) will e i ther  be retained and used as backfill  i n  

the pool cavity o r  hauled t o  a iocal licensed landf i l l  d u r i n g  Phase I I I  

C .  PHASE 111 

A concrete wall will be erected between the exposure room and the  

pool cavity t o  provide a barrier  between the two areas so the pool cavity 

I can be used t o  hold backfilled concrete debris. The s teel  ramp s t ructure  

and concrete parapet surrounding the pool cavity will be dismantled. The 

s tee l  s t ructures  will be removed fo r  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 f i l l ed  t o  a level above the main floor.  
. 

The a i r  conditioning system i n l e t  and exhaust ducts t o  the exposure 

room will be restored i f  necessary and made operable. Where pract ical ,  

a l l  e l ec t r i c  ou t le t s ,  a i r ,  water, and sewer l ines  will be retained i n  

working order during the dismantling a c t i v i t i e s .  

L FORhrt 7 1 9 P  R E V  778 



619 ~ockwe,, ,nt.rnationa, 

Energy Systems Group 

accumulated d i r t  and d u s t  r e s u l t i n g  from t h e  demo1 i t i o n  e f f o r t s .  
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1 DOCUMENTATION 

Documentation of the Dismantlement of DORF will consist of 

f inal  report. 

The informal weekly progress reports a re  primarily written t o  the 

Rockwell home off ice  i n  Canoga Park, California, t o  keep them informed 

of the  DORF s i t e  operations and to  a l e r t  them t o  any changes t h a t  may 

impact schedule o r  cost .  Copies of these reports will be sent t o  the 

Contracting Officer or  his representative. 

Radiation survey reports of s ignif icant  data wi79 be entered on 

a Rockwell Form 7324 ,  Health & Safety Analysis Report for dis t r ibut ion 

within the Rockwell organization. Copies of these reports w i l l  be 

sent t o  the DORF Contracting Bfficer or  his representative. 

A t  the completion of Phase 11, a f ina l  report will be written 

to document the dismantlement of DORF. The report will describe the 

ac t i v i t i e s  required t o  accomplish the work, problems encountered, 

solutions t o  the problems, and the current s ta tus  of the f a c i l i t y  

and structures.  The report will a lso  include data, specified i n  units  

identical t o  those shown i n  Table 1, t o  show the e f fo r t  made t o  reduce 

residual contamination t o  levels t ha t  a re  as low a s  reasonably achiev- 

able. I t  will describe the scope of the  radiation survey, the general 

procedures followed t o  obtain the data, and any other pertinent infor- 

mation about the  radiation survey data. A summary of the radioactive 

waste disposal information will be included t o  show the quanti t ies of 

material removed from DORF. 

The f inal  report will be appended a t  the completion of Phase 111 

t o  document the final  status of the f a c i l i t y  a t  the termination of t h i s  

contract. 
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OPERATIONAL SAFETY PLAN 

I. PURPOSE 

To delineate the radiation safety ,  industrial  hygiene, and industrial  

safety  procedures for  the decontamination and disposition (D&D) of the 

Diamond Ordnance Radiation Fac i l i t i es  (DORF). 

11. SCOPE 

This plan applies t o  a l l  operations a t  DORF involving the deactiva- 

t ion ,  dismantling, decontamination, and disposal of that  nuclear f a c i l i t y .  

The plan meets o r  exceeds the requirements s e t  forth in Rockwell/ESG 

Standard Operating Policies, in  applicable regulations and standards, i n  

DOEM 0524, i n  the l4illiams-Steiger Occupational Safety and Health Act of 

1970 (OSHA), 10 CFR 19 and 20, and i n  Nuclear Regulatory Commission (NRC) 

Regulatory Guide 1.86. 

I 11. 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- 

logical ly  posted areas, radiological safeguards requirements, and radio- 

ac t ive  materials; and will control the use and disposition of radioactive 

materials, and imp1 ement radiological safety '  standards. 

Radiation and Nuclear Safety will perform f i e l d  measurements of 

radiation and radioactive contamination levels,  evaluate internal and 

external personnel radiation exposures, and evaluate radioactive material 

i n  the workplace environment. 

Radiation and Nuclear Safety will maintain records as necessary to  

demonstrate compliance with i 3 6  standards and applicable regulations. 

Included i n  these records will be a chronological log of information 

dealing w i t h  dai ly  operations, conditions, and occurrences reiating to  

radiological safety. 

Radiation and Nuclear Safety will advise the Rockwell S i t e  Manager 

and operations personnel on the safe  performance of their  assigned tasks. 

Radiation and Nuclear Safety will evaluate operational conditions 

t o  determine requirements for  personnel monitoring and protective devices 

such as film badges, breathing zone a i r  samplers, bioassay, 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 suf f ic ien t  familiari ty w i t h  program operations and f a c i l i t y  

conditions to  be aware of those areas w h i c h  may require increased sur- 

veillance o r  corrective action. 
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2. Industrial  Hygiene and Safety 

Radiation and Nuclear Safety will provide the services necessary t o  

control personnel exposures t o  toxic chemicals'and harmful physical 

agents and t o  control mechanical and e lec t r ica l  hazards. RNS Represen- 

t a t i  ve will maintain surveil1 ance of the occupational environment t o  

ident i fy ,  evaluate, and control conditions pertinent t o  health and 

safety ,  and t o  assure compliance with the requirements of DOE Manual, 

OSHA, 10 CFR 19 and 20, as appropriate. 

B. ROCKWELL SITE MANAGEMENT AT DORF 

The Rockwell S i t e  Manager i s  responsible fo r  the safety of a l l  

personnel within f a c i l i t i e s  under the jur isdic t ion of the DORF B&B 

Program. 

The S i t e  Manager will ensure t ha t  a l l  personnel employed a t  o r  

v i s i t ing  the f a c i l i t y  know and understand the rules and regulations 

governing work w i t h  radioactive materials and will assure compliance 

w i t h  these rules. The S i t e  Manager will carry out the responsibi l i t ies  

charged to  "Operating Supervision" and will provide safe conditions a t  

the  f a c i l i t y ,  in conformance with applicable regulations and standards, 

and under the  guidance of Radiation and Nuclear Safety. 

The S i t e  Manager will establish the requirements fo r  the packaging 

of radioactive waste, collecting of packaged waste, and will arrange f o r  

disposal by land burial. 

Rockwell Program Management and the S i t e  Manager will coordinate 

radiological and industrial hygiene and safety problems with Radiation 

and Nuclear Safety as appropriate. 
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I C. OPERATIONS PERSONNEL 

t h i s  procedure and as established by Radiation and Nuclear Safety and 

D&D Program Management. Operations personnel are  responsible f o r  taking 

every reasonable precaution t o  minimize radiation exposures t o  themselves 

and t o  fellow workers and to  prevent the unnecessary release of radioactive 

materi a1 . 

B. CONTRACTOR PERSONNEL 

Contractor personnel are responsible for  compl iaace w i t h  a1 7 safety 

rules  and requirements established by Radiation and Nuclear Safety and 

f o r  responding to  specific instructions from the RNS Representative w i t h  

regard t o  radiation safety and industrial  hygiene. 

I IV. AMINISTRATIVE SAFEGUARDS 

A. PROCEDURAL CONTROL 

Any changes t o  the radiation safety or  industrial hygiene and 

safe ty  procedures must be jointly authorized by Radiation and Nuclear 

Safety and the S i t e  Manager following evaluation of the proposed changes 

by the RNS Representative. Revised procedures will be distributed to  

a l l  personnel direct ly  affected by the change. 

Operations involving potential radiological hazards or potential 

industrial  safety hazards will be reviewed i n  advance by Radiation and 

Nuclear Safety. 
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8. METHODS OF REPORTING DAY-TO-DAY CONDITIONS 

Day-to-day operational safety conditions will be observed by the 

assigned Radiation and Nuclear Safety representative, who will report 

a l l  recognized hazardous conditions and each instance of noncompliance 

w i t h  regulatory directives t o  the S i t e  Manager and the workers involved. 

Radiological data (film badge and bioassay resul ts ,  radiation and con- 

tamination survey resul ts ,  a i r  szmpling reports, e t c . )  will be maintained 

by the  RNS Representative. Whenever these data indicate the need for  

corrective action, the RNS representatives will contact the S i t e  Manager 

t o  arrange for  such action. Industrial hygiene and safety conditions 

observed by .the RNS representative vi i l l  also be communicated t o  the S i t e  

Manager. A summary of incidents and d a t a  will be reporsed t o  the  S i t e  

Manager, the Radiation and Nuclear Safety Office, and the Rock\rrell 

Program Management Office on a weekly basis. 

V .  GENERAL RADIATION AND INDUSTRIAL HYGIENE AND SAFETY PROCEDURES 

Certain radiological and industr ia l  safety controls and procedures 

a re  independent of operations i n  the f a c i l i t i e s ,  and are required t o  

provide f a c i l i t y  surveillance and radiological and industrial  safety 

protection commensurate w i t h  the ESG contract and regulatory agency 

standards. 

A .  AREA DESIGNATION, RADIOLOGICAL SAFETY CONTROL 

A l l  areas are designated as e i t he r  radiologically posted or unposted. 

A posted radiological area is  an area, defined by physical barr iers ,  

which i s  posted with prescribed caution signs or labels fo r  purposes of 

radiation protection. Signs used t o  designate posted radiological areas 

m u s t  comply w i t h  applicable regulations. There are s ix  posted area 

c lass i f ica t ions  as defined below: 
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I 1. Radiation Area 

A Radiation Area i s  an area subjec t  t o  rad ia t ion  from encapsulated 

r ad ia t ion  from any source outs ide  the area;  where the re  e x i s t s  r ad ia t ion  

a t  such l eve l s  t h a t  an individual could receive in any one hour a dose 

t o  t h e  whole body i n  excess of 5 millirem, o r  i n  any f i v e  consecutive 

days a dose in excess of 100 millirem. 

Each Radiation Area w i l l  be posted with a sign meeting a l l  regulatory 

requirements including t h e  rad ia t ion  symbol and the words "CAUTION - 
RADIATION AREA." Where appropriate ,  ind ica t ions  of t h e  r ad ia t ion  leve l  

wi l l  be included in the  area posting. 

2. Radiation Area - Radioactive Contamination 

A Radiation Area - Radioactive Contamination i s  an area i n  which 

work with and/or s torage of  unencapsulated material is  permitted w i t h  

t h e  provision t h a t  the  rad ioac t ive  material concentration in a i r  i s  not 

1 i kely t o  exceed 25% of t h e  appropriate  occupational exposure l i m i t .  

Each Radiation Area - Radioactive Contamination will be posted with 

s igns  meeting a1 1 appl icable  regulatory requirements including t h e  

r ad ia t ion  symbol and the  words "CAUTION - RADIATION AREA - RADIOACTIVE - 
CONTAMINATION." 

3. Radiation Area - Airborne Radioact ivi ty 

A Radiation Area - Airborne Radioact ivi ty i s  an area i n  which t h e  

rad ioac t ive  material concentration i n  a i r  is  l i k e l y  t o  exceed 25% of  the  

appl icable  regulatory s tandard f o r  occupational exposure. 

Each Radiation Area - Airborne Radioact ivi ty wi l l  be posted with 

s igns  meeting a l l  appl icable regulatory standards including the  r ad ia t ion  
symbol and the words "CAUTION - RADIATION AREA - AIRBORNE RADIOACTIVITY." 

I 
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4. High Radiat ion Area 

A High Radiat ion Area i s  an area accessible t o  i n d i v i d u a l s  i n  which 

there  e x i s t s  r a d i a t i o n  a t  such l e v e l s  t h a t  an i nd i v idua l  could receive 

i n  any one hour a  dose t o  the  whole body i n  excess o f  100 m i l  1  irem. 

Each High Radiat ion Area w i l l  be posted w i t h  signs meeting a l l  app l icab le  

regu la to ry  requirements i nc lud ing  the  r a d i a t i o n  symbol and the  words 

"CAUTION - HIGH RADIATION AREA." 

5. Radiat ion Area - Radioact ive Mater ia ls  

A Radiat ion Area - Radioact ive Mater ia ls  is  an area i n  which work 

w i t h  and/or storage o f  encapsulated mater ia ls  i s  parmit ted, 

Each Radiat ion Area - Radioact ive Mater ia ls  w i l l  be posted w i t h  

s igns meeting a l l  app l icab le  requirements, i nc lud ing  the r a d i a t i o n  

symbol, and the words "CAUTION - RADIATION AREA - RADIOACTIVE MATERIALS." 

Federal and State regu la t ions  a l so  requ i re  t h a t  storage conta iners and 

l o c a l i z e d  areas i n  which rad ioac t i ve  mater ia ls  are present i n  c e r t a i n  

amounts w i l l  be posted w i t h  signs conta in ing the r a d i a t i o n  symbol and 

t h e  words "CAUTION - RADIOACTIVE MATERIALS." It should be noted t h a t  

these containers and areas may o r  may no t  be located w i t h i n  posted 

areas. Radiat ion and Nuclear Safety w i l l  advise operat ing superv is ion 

as t o  t h e  amounts o f  rad ioac t i ve  mater ia ls  i n  containers o r  l o c a l i z e d  

areas which requ i re  such signs. 

6. Rest r ic ted  Access Area 

A Rest r ic ted  Access Area i s  an area i d e n t i f i e d  by Radiat ion and 

Fluclear Safety as r e q u i r i n g  special  safety precautions f o r  e n t r y  and 

r e q u i r i n g  inspect ion immediately p r i o r  t o  en t ry  by any person. Each 
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s t r ic ted Access Area will be posted with signs with the following 

words in yellow over a red background: 

"WARNING - RESTRICTED ACCESS AREA - OBTAIN PERMI 

FROM OPERATIONAL SAFETY PRIOR TO ENTRY" 

Any area meeting more t h a n  one of the above c r i t e r i a  will be posted w i t h  

a l l  of the applicable signs. 

I 8. AREA DESIGNATION, INDUSTRIAL SAFETY CONTROL 

Operations posing potential hazards shall be identified by appropriate 

caution or warning signs, The signs shall conform t o  specifications in 

29 CFR 17, %&tion 1910.145. Examples of posting are: 

I .  1. Hard Hat Area 

A Hard Hat Area will be establish2d wherever personnel are working 

a t  different elevations and there i s  a potential of being h i t  by fa l l ing 

objects. 

I 2. Eye Protection Area 

An Eye Protection Area will be established where a hazard due t o  

flying objects exis ts .  
. 

3.  No Smoking Area 

No Smoking Areas will be established where explosives, flananable 

l iquids,  or gases may be present. 
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4. Open Excavations 

Open Excavations w i l l  be protected by appropriate  physical b a r r i e r s .  

5. Obstructions 

Obstructions wi-11 be made c l e a r l y  v i s i b l e  by t h e  use of yellow and 

black s t r ip ing .  

C.  RADIOLOGICAL SURVEY FREQUENCY 

Routine radiat ion and contamination surveys wi l l  be performed i n  

work areas  a t  a frequency t o  be determined by t h e  assigned Radiation and 

Nuclear Safety representaative in accordance with es tab l i shed  procedures. 

Additional surveys may be required t o  determine the  e f f ec t iveness  of 

contamination control procedures. The requirement f o r  these  surveys 

will be establ ished on t h e  bas i s  of  i n i t i a l  experience with those  t a sks  

which may pose s i g n i f i c a n t  personnel r ad ia t ion  o r  airborne contamination 

exposure. 

I D .  RADIOACTIVE CONTAMINATION LIMITS 

Evaluation of l e v e l s  of  rad ioac t ive  contamination wi l l  be required 

i n  order  t o  determine: 

1) The adequacy of t h e  level  of decontamination performed on 

t h e  f a c i l i t i e s ;  

2) The extent  of required excavation o r  o the r  demolition of 

ac t iva ted  s t r u c t u r e s ;  and 

3) The d ispos i t ion  of equipment, mater ia l s ,  and scrap.  

F a c i l i t i e s  and equipment wi l l  be evaluated f o r  removable and t o t a l  

( f ixed  plus removable) contamination by means of wipe surveys and ins t ru -  

ment surveys. Activated s t ruc tu res  wi l l  be evaluated f o r  rad ioac t ive  

concentrat ions by sampling o r  surveying w i t h  de tec t ion  instruments.  
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Removable contamination l imits  fo r  radiological 

areas are described in Table A-1.  The upper limit of allowable contamina- 

effected and measures taken to prevent recurrence. The action l imi t s  
specified i n  Table A-1 a re  the upper l imi t s  of the amount of general 

area contamination tolerable in  posted and unposted areas. General 

contamination i n  an area i n  excess of the  action l imi t  requires prompt 

decontamination. 

TABLE A - l  

REMOVABLE CONTAMINATION LIMITS 
2 [dpm/%OQ cm ) 

Area Activity Upper l i m i t  Action L i m i t  
- - -- - - - - - 

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 which will be considered acceptable fo r  

unconditional release of equipment or  f a c i l i t i e s  are as follows: 

Removable Contamination 

2 20 dpm/100 cm alpha 

2 100 dpm/100 cm beta-gamma 
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Total Contamination 

100 dpm/100 cm2 alpha 

0.1 mrad/hr average o r  0.3 mrad/hr maximum beta-gamma measured 
2 through 7 mg/cm absorber a t  1 cm 

Water 

3 x 1 ~ - ?  pCilml beta-gamma 

3 x pCi/ml alpha 

Soi l  ( I f  Subject  t o  Contamination) - 

100 pCi/g gross  de t ec t ab le  beta-gamma 

10 pCi/g alpha 

Where p rac t i cab le ,  items may be decontaminated t o  l e v e l s  lower than the  

acceptable 1 imits .  

During demolition a c t i v i t i e s ,  a l l  scrap generated wi l l  be evaluated 

f o r  rad ioac t ive  contamination p r io r  t o  r e l ease  t o  normal waste channels 

o r  packaging f o r  disposal by land bur ia l .  

E .  SURVEY REPORTS 

The o r ig ina l  copy of r ad ia t ion ,  contamination survey, and spec ia l  

rad ioanalys is  repor ts  w i l l  be forwarded promptly t o  the  S i t e  Manager and 

Radiation and Nuclear Safety supervision. These repor ts  wi l l  i n d i c a t e  

contamination and r ad ia t ion  l eve l s  a t  spec i f i c  locat ions throughout the 

f a c i l i t y .  Copies of the:e survey r epor t s  wi l l  be retained i n d e f i n i t e l y  

by Radiation and Nuclear Safety.  
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Radiation and Nuclear Safety will post or  have posted such signs as 

a r e  necessary for  the clear identification of potential radiological - 

Representative. Signs which have been approved by Radiation and 

Nuclear Safety will be used t o  indicate radiological hazards i n  the 

f ac i l i t y .  No such signs will be removed without the approval of Radiation 

and Nuclear Safety. In addition, warning signs re la t ive to  hazardous 

conditions andlor special safety  requirements may also be posted. 

ti. FACILITY VENTILATION 

The DORF f a c i l i t y  ventilation systems will be used t o  control a i r -  

borne contamination. If greater control i s  necessary i n  localized areas,  

a system will be constructed. 

Direction of a i r  flow from areas of lower contamination to  areas of 

higher contamination will be maintained a t  a l l  times. 

Exhaust from areas in which airborne contamination potential i s  

present will be directed through pref i l t e r s  and high efficiency par t i -  

culate  a i r  (HEPA)  f i l t e r s .  

F i  1 t e r  replacement will be performed when pressure dif ferent ia l  

across HEPA f i l t e r s  exceed 6 i n .  of water, or  when indicated by reduced 

a i r  flows. Pref i l t e r s  will be replaced when pressure d i f fe ren t ia l s  

across the f i l t e r s  exceed 1 i n .  of water. 

Where practical ,  a m i n i m u m  of s ix  a i r  changes per hour will be 

provided in areas posted as airborne radioactivity areas. 

Ventilation systems will provide once-through a i r  with no provision 

fo r  recirculation. 
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H . EVALUATION OF AIRBORNE CONTAMINATION 

luated to  assure tha t  no individual 

I is exposed t o  airborne radioactive o r  toxic material i n  excess of regu- i 
1 atory limits. 

1. Air Monitorinq 

Air monitoring for  airborne radioactive material will be performed 

by means of continuous air monitors i n  such areas as deemed necessary by 

the RNS Representative. 

2. Air Samplinq 

Air sampling for  airborne radioactive or toxic material could be 

performed by the following methods: 

a )  Continuously o r  intermittently by Gast Vacuum Pump a i r  

sampling units located a t  various points throughout a 

f a c i l i t y .  Data from these samples will be evaluated and 

recorded weekly o r  dai ly  as indicated by the potential 

f o r  airborne act ivi ty .  

b) Special, "hi-volume grab samples" a t  the discretion of 

the Radiation and Nuclear Safety representative. 

d) Toxic gas detectors, such as the "length of s ta in"  type 

krill be used as indicated by the potential fo r  such 

exposure. 

I. LIMITS FOR AIRBORNE RADIOACTIVITY LEVELS 

Every reasonable e f for t  will be made by the use of engineering 

safeguards t o  maintain airborne contamination levels a t  l ess  than 10% of 

the applicable l imits  described in  DOEM 0524 and 10 CFR 20. I n  the 
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limits, the  appropriate respiratory protective devices will be u t i l i zed  

t o  control the expos 

The applicable limits for  airborne contamination levels i n  the  

radiologically posted areas a re  the  l imi t s  described i n  Column 1, Table I ,  

Appendix B, 1G CFR 20. These 1 imits w i l l  apply t o  occupational exposure 

f o r  40 hours i n  any seven consecutive days which  t ransla tes  t o  a tirne- 
integrated exposure for  seven consecutive days. In the event any empioyee 

receives a time-integrated exposure t o  airborne radioactive materials i n  

excess of 25% of the allowable exposure i n  seven consecutive days, as 

indicated by 1 ape7 a i r  sarnpl ing, appropriate respiratory protection will 

be required t o  prevent exposures i n  excess of the  l imit .  Specific 

protection factors w i 9 7  be 6pplied t u  specif ic  types of respirators.  

Protection factors are applied t o  airborne concentrations t o  determine 

the  concentration inhaled by the  wearer, according to  the following 

formu1 a: 

Airborne Concentration Concentration Inhaled = Protection Factor 

Applicable protection factors f o r  a i r  purifying respirators w i l l  be 10 

(0.1% toxic  gas or  vapor concentration) fo r  half-face masks and 50 (0.5% 

toxic  gas or  vapor concentration) f o r  ful l - face  masks. Only limited use 

of atmosphere supplying respirators is  anticipated. If  required, they 

will be used only by persons specif ical ly  qualif ied and trained i n  the 

use of such devices. 

A t  the discretion of the  RNS Representative, certain specif ic  

operations may require the use of respiratory protective devices s t r i c t l y  

on the basis of the potential f o r  exposure to airborne contaminants. 

Such operations will be ident i f ied as work progresses. 
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material  in  concentrat ions grea ter  than t h e  occupational l i m i t s ,  a l l  

persons en te r ing  t h e  f a c i l i t y  will be required to. wear lapel  a i r  samplers 

and, if  necessary,  appropriate  resp i ra tory  pro tec t ion  devices i f  the  use 

of  such devices i s  authorized by t h e  RNS Representat ive.  

J .  PERSONNEL MONITORING DEVICES 

1. Film Badqes 

Film badges wi l l  be worn by a l l  persons en ter ing  radio logica l ly  

posted areas .  Film badges wili  normally be exchanged a t  the end of each 

calendar q u a r t z r ,  o r  i n  t h e  case of persons with c r e a t e r  exposure p o t e n ~ i a l ,  

a t  the  end of each month. Special f i lm badges and d i r e c t  reading dosimeters 

sha l l  be required i n  addi t ion  t o  the regular  personal badge f o r  rad ia t ion  

exposure cont ro l  during work in High Radiation Areas. The special  

badges wi l l  be processed a s  required t o  eva lua te  cumulative rad ia t ion  

exposure. An  exposure repor t  sheet w i l l  be provided t o  sup'ervision 

l i s t i n g  t h e  reported rad ia t ion  exposure f o r  each person assigned t o  the  

program. Radiation exposure t o  personnel w i l l  be maintained t o  as-low- 

as-prac t icable  l e v e l s .  During any calendar q u a r t e r  t h e  occupational 

dose t o  t h e  whole body of rad ia t ion  workers s h a l l  not  exceed 3 rems, as 

modified by t h e  l i f e t i m e  occupational exposure l i m i t  of 5 (N-18) rems, 

where "N" equals  the  ind iv idua l ' s  age in yea r s  a t  h i s  l a s t  birthday. 

Whenever p r a c t i c a b l e ,  dismantling t a sks  w i l l  be planned t o  u t i l i z e  

remote too l ing  o r  shadow shielding t o  reduce t h e  personnel exposure 

associated w i t h  t h e  performance of the task .  Personal f i lm  badges wi l l  

be d i s t r i b u t e d  t o  job - s i t e  personnel by t h e  RNS representa t ive .  V i s i to r s  

f i lm badges wi l l  a l s o  be located a t  the job s i t e  f o r  issuance by t h e  RNS 

representa t ive .  A s ignout  sheet wi l l  be provided f o r  use in the  issuance 

of the  v i s i t o r  badges. All v i s i t o r s  en ter ing  a rad io logica l ly  posted 

i 
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area will complete the signout sheet and obtain a v i s i t o r ' s  badge pr ior  

fo r  the  balance of the  calendar quarter. 

All film badges used fo r  the DORF program will contain beta-gama 

sensi t ive  fi lm packets with the  appropriate shie lds  fo r  radiation quali ty 

I assessment. I 

cer ta in  operations a t  the discretion of the  RNS representative to provide 

an additional contrc! on planned radiation exposures. 

3 .  Extremi t y  Floni t o r i  ng 

Whenever operations are performed which pose a potential f o r  s ign i f i -  

cant extremity exposure, extremity monitoring will be performed. Finger 

r i n g  film badges o r  thenoluminescent dosimeters will be uti l ized fo r  

extremity monitoring. 

I K. AREA RADIATION MONITORING SYSTMS I 
I 
I 
I 

1. Area Film Badges 

Area fi lm badges will be mounted a t  selected locations throughout 

those f a c i l i t i e s  under the jurisdiction of the  O&D program. These film - 
badges will provide a record of integrated radiation levels  fo r  the 

exposure period a t  these locations. Area badges will be exchanged once 

each quarter  and records of the badge exposures will be maintained by 

Radiation and Nuclear Safety. 

L 
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L .  BIOASSAY 

Bioassay, p r inc ipa l ly  by means of  u r ina lys i s ,  w i l l  be u t i l i z e d  as  a 

means of assessing i n t e r n a l  r ad ia t ion  exposure of personnel. P base l ine  

specimen wi l l  be obtained from each worker assigned t o  work in t h e  

rad io logica l ly  posted areas .  During the  i n i t i a l  period of actual  

f a c i l i t y  decommissioning, specimens may be col lec ted  a t  f requencies  of 

1 week t o  1 month (depending on t h e  nature of t h e  work). Following t h e  

i n i t i a l  period,  t h e  c o l l e c t i o n  frequency may be reduced, assuming 

engineering safeguards aga ins t  airborne r a d i o a c t i v i t y  a r e  demonstrated 

t o  be e f f ec t ive .  Specimens wi l l  then be submitted a t  l e a s t  once ezch 

calendar  qua r t e r ,  with t h e  exception t h a t  specimens w i l l  be submitted 

once each 6 months by persons not rout ine ly  assigned t o  the  rad io loqica l ly  

posted areas .  

Special bioassay specimens, including ur ine  and f eca l  specimens, 

w i l l  be submitted a t  t h e  d i sc re t ion  of the  RNS representa t ive  o r  Radiation 

and Nuclear Safety Manaqement whenever the re  i s  reason t o  bel ieve t h a t  

personnel may have been subjected t o  in terna l  exposure. 

Whenever the ana lys i s  of a rout ine  o r  spec ia l  bioassay specimen 

indica tes  r a d i o a c t i v i t y  present  i n  excess of  t h e  minimum detec t ion  l i m i t  

of t h e  ana lys i s ,  resampling wi l l  be performed a t  a frequency no 

g rea t e r  than biweekly. 

Invivo lung counting o r  whole body counting may be used t o  provide 

d i r e c t  evaluation of i n t e rna l  deposition of r a d i o a c t i v i t y  f o r  purposes 

of  confirming u r ina lys i s  d a t a ,  or  of  providing f u r t h e r  evaluat ion of 
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Radiation and Nuclear Safety will notify the S i t e  Manager of the 

names of employees f o r  whom bioassay specirpens are  due. The S i t e  Manager 

will assure that  those employees pick u p  a specimen bot t le  on the date 

indicated and co l lec t  and return the specimen as  directed on the bott le.  

2. Analysis 

Bioassay specimens will be accbmulated by Radiation and Nuclear 

Safety and shipped t o  a vendor laboratory for  appropriate analysis. 

Radiation and Nuclear Safety will notify the S i te  Manager and Rockwell 

Program Management of any significantly positive resul ts  of bioassay 

analysis. In the event urinalysis indicates excretion rates whish are 

indicative of the presence i n  an einployee of  greater than 502 of a 
maximum permissible body bdrden, that  employee will be res t r ic ted from 

fur ther  work i n  radiologically posted areas unti l  such time as  two 

consecutive urinalyses s u h i t t e d  a t  l eas t  5 days apart  each indicate 

l e s s  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 posted area must be reported immediately to  the S i t e  Manager 

o r  the RNS representative. Medical services will be obtained as required. 

The RNS representative will conduct wound monitoring, as  necessary. 

Employees with open cuts ,  abrasions, e tc .  , will be res t r ic ted from 

work i n  radiologically posted areas unless specific approval i s  given by 

Radiation and Nuclear Safety. All incidents suspected, or known to  have 

caused internal deposition of radioactivity must be reported inmediately 

t o  the RNS representative. 
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. PROTECTIVE CLOTHING A N D  EQUIPMENT 

A l l  persons en ter ing  a  r ad io log ica l ly  posted- area in which unencapsu- 

l a t e d  rad ioac t ive  material  i s  processed wi l l  be required t o  don p ro tec t ive  

c lo th ing  a t  the  change l i n e  located outs ide  the  entrance t o  these  a reas .  

The items of  pro tec t ive  clothing required f o r  entrance i n t o  these  a reas  

include,  a s  appropriate:  

1 )  Red-trimmed laboratory coat  o r  coverall  

2 )  P l a s t i c  o r  canvas show covers 

3 )  Respirators .  

P ro tec t ive  clothing and equipment f o r  protect ion aga ins t  po ten t i a l  

hazards o the r  than ionizing r ad ia t ion  wi i l  be prescribed c,n a  case by 

case bas is .  

Respirators  wi l l  only be f i t t e d  and issued by the  RNS rep resen ta t ive .  

No employee wi l l  be allowed t o  work i n  a reas  in which r e s p i r a t o r s  a r e  

required unless  he has been f i t t e d  and has completed the  Rockwell/ESG 

Respiratory Protect ion t r a i n i n g  course within the  past  1 2  months, 

including appropriate  medical evaluat ion.  

The RNS representa t ive  wil l  e s t a b l i s h  r e s p i r a t o r  exchange frequencies  

a s  indica ted  by individual requirements. In addit ion t o  t h e  p ro tec t ive  

c lo th ing  required f o r  e n t r y ,  c e r t a i n  addit ional  items of c lo th inq ,  such 

a s  sku l l  caps o r  red-trimmed cove ra l l s ,  may be required f o r  c e r t a i n  

operat ions posing high potent ia l  for contamination. Surgeons gloves 

wi l l  be required f o r  operat ions involving d i r e c t  handling of contaminated 

equipment. Surgical gloves sha l l  be protected with an overglove. Persons 

e x i t i n g  rad io logica l ly  posted areas  wi l l  remove t h e i r  pro tec t ive  c lo th ing  

a t  the  change l i n e  and place the items of clothing in the  drums, racks ,  
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t o r s  w i l l  be returned t o  t h e  

p l a s t i c  bag i n  which they were issued pending re-use or  re turn  t o  t h e  

persons wi l l  monitor t h e i r  hands and f e e t  with t h e  count r a t e  

meter provided there .  They wi l l  then proceed t o  t h e  r e a r e s t  washroom 

and wash t h e i r  hands. 

N.  HANDLING OF CONTAMINATED PROTECTIVE CLOTHING 

All reusable items of pro tec t ive  c lo th ing  wi l l  be removed from t h e  

f a c i l i t y  f o r  decontamination and r e i s sue .  Disposable items wi l l  be 

co l lec ted  and disposed of as  rad ioac t ive  waste. Laundry drums, l i ned  

with 50-gallon p l a s t i c  bags, wil l  be provided a t  t h e  change l i n e  f o r  the  

accumulation of contaminated Taboratory c o a t s ,  canvas shoe covers, and 

covera l i s .  The contaminated laundry wi l l  be co l lec ted  as  the  bags a re  

f i l l e d  and wi l l  be processed through a l icensed vendor. 

Waste drums, l ined with p l a s t i c  bags, wil l  be provided a t  t h e  

change l i n e  f o r  t h e  accumulation of disposable items such as caps,  

p l a s t i c  shoe covers,  and surgeons gloves. This waste wi l l  be packaged 

a s  t h e  bags a r e  f i l l e d  and wil l  be processed f o r  ul t imate disposal .  

I 0. INSTRUCTION OF PERSONNEL 

P r i o r  t o  beginning work in t h e  r ad io log ica l ly  posted areas ,  a l l  

employees w i l l  be indoctr inated with regard t o  r ad ia t ion  and i n d u s t r i a l  

s a f e t y  ru l e s .  

Employees whose regular  assignments include f o r  the f i r s t  time work 

in r ad io log ica l ly  pas-ed areas ,  must complete a t r a i n i n g  course covering 

the  general aspec ts  of working w i t h  r ad ioac t ive  mater ia l s .  This course 

wi l l  include ( a )  a descr ip t ion  of the  proper t ies  and potent ial  hazards 

of r ad ia t ion  and radioact ive mater ia l ;  ( b )  the  basic  pr inc ip les  of 

r ad ia t ion  pro tec t ion;  ( c )  t h e  requirements of appl icable Standard Operatinq 
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I (e)  emergency procedures. 

P. EMPLOYEE QUALIFICATIONS 

The S i t e  Manager wi l l  furn ish  t o  Radiation and Nuclear Safety t h e  

names of a l l  persons who will be assigned t o  work i n  t h e  rad io logica l ly  

posted areas .  Subsequently, whenever addi t ional  employees a re  t o  be 

assigned t o  work i n  these  a reas ,  Radiation and Nuclear Safety wi l l  be 

no t i f i ed  p r i o r  t o  each assignment. Radiation and Nuclear Safety w i l l  

review t h e  q u a l i f i c a t i o n s  of persons assigned t o  work i n  the  rad io logica l ly  

posted area  and e s t a b l i s h  t h a t  these persons a r e  f u l l y  qua l i f i ed  " radia t ion  

workers" and t h a t  they have s u f f i c i e n t  Pami 1 i a r i t y  with t h e  operations 

in the  posted a reas  t o  allow them t o  work s a f e l y  i n  t hese  areas.  Included 

i n  t h e  required qua l i f i ca t ion ;  or  preparat ions f o r  assignment t o  work in 

these a reas  are:  

1 )  Personal f i lm  badge assignment 

2) Bioassay basel ine sample 

3) Inc lus ion  on periodic bioassay r o s t e r  

4)  Medical base l ine  examination 

5) Inc lus ion  on periodic medical examination r o s t e r  

6 )  Completion of rad ia t ion  worker t r a i n i n g  course 

7) Completion of r e sp i r a to r  t r a i n i n g  course 

8) Successful ly f i t t e d  with an approved r e sp i r a to ry  pro tec t ive  

device 

9) Completion of f a c i l i t y  indoct r ina t ion  

10) Completion of required special  t r a i n i n g  

11) No precluding physical l imi t a t ions  o r  radiological  r e s t r i c -  

t i o n s  

12) NRC Form 4 o r  equivalent  on f i l e  w i t h  Radiation and 

Nuclear Safety. 
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Rockwell Program Managfment o r  the S i t e  Manager will a lso  notify Radiation 

and Nuclear Safety of those persons whose assignments i n  posted areas 

a r e  being terminated. 

Q. INSTRUMENTATION 

Radiation and Nuclear Safety w i l l  establish the requirements for 

radiological instrumentation, provide the instruments from general 

inventory i f  available,  request calibration and repairs as required and 

ins t ruct  operations personnel i n  the use of these instruments as required. 

Personnel monitors will be provided a t  change l ines  and i n  change 

rooms. Each of these monitors will consist of an alpha o r  beta-sensitive 

(as appropriate) detector,  a count ra te  meter, and an audible "poppy- 

type" signal. These monitors w i l l  be inspected by Instrumenr: Repair a t  

l e a s t  once each 3 months. 

Continuous a i r  monitors will be provided as required. These monitors 

will sample a i r  through a f i l t e r  media a t  a ra te  of about 1 cfm and will 

continuously monitor the  par t icula te  radioactive material collected on 

the  f i l t e r  media. The monitors w i l l  provide a ratemeter display of 

ac t iv i ty  levels  and an audible alarm which will actuate automatically i n  

the event the radioactive material collected on the f i l t e r  exceeds a 

preset level .  These monitors will be serviced and calibrated a t  l eas t  

once each 3 months. 

Beta-gamma and alpha sensi t ive  counting systems will be provided 

fo r  use by the RNS representative in  evaluating a i r  samples and surface 

contamination samples for radioactivity.  These systems will be serviced 

and calibrated a t  l e a s t  once each 6 months. 

Various types of beta-gamma and alpha sensi t ive  portable radiation 

survey instruments will be provided for use by the Radiation and Nuclear 
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radiologically posted areas. All portable radiation survey instruments 

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 t o  
be present on the skin or hair of an employee, the RNS representative 
will evaluate the degree of contamination and direct the decontamination 
efforts. In the event the contaminated employee is injured, the Site 

Manager will arrange for medical services. The RNS representative will 
direct or perform decontamination of the employee to acceptable limits 

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 practicing 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. 

, 
! 
I 
I 
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I 3 .  Area Decontamination 

wi l l  no t i fy  t h e  S i t e  Manager and request  decontamination. The RNS 

representa t ive  w i l l  coordinate decontamination e f f o r t s  with operat ions 

personnel as  necessary. 

S .  REMOVAL OF EQUIPMENT FROM RADIOLOGICALLY POSTED AREAS 

All equipment o r  mater ia l s  moving i n t o  unposted areas Prom any 

r ad io log ica l ly  posted area must be suvveyed f o r  r ad ia t ion  and r ad ioac t ive  

contamination l eve l s .  No item may be moved i n t o  any unposted areas  i f  

i t  i s  contaminated i n  excess of the  l i m i t s  es tab l i sned  f o r  such a reas  as  

shown i n  Table A - 1 .  The rad ia t ion  and contamination l eve l s  w i l l  be 

assessed by the  RNS representat ive immediately p r i o r  t o  the  t r a n s f e r  of 

t h e  i  tem. Required decontamination w i  11 be performed by t h e  operat ions 

personnel. 

In  case of packaged items, t h e  ou te r  sur faces  of t h e  package wi l l  

be surveyed f o r  rad ia t ion  and contamination l e v e l s ,  and these  sur f  aces 

must be f r e e  of contamination in excess of t h e  l i m i t s  f o r  unposted areas  

as  shown i n  Table A-1 .  Packaged contaminated items wi l l  comply with t h e  

provisions of T i t l e  49 Code of Federal Regulations and will be tagged 

with a completed radioact ive mater ia l s  t a g  p r i o r  t o  t r a n s f e r  i n t o  radio- 

logica l  1y unposted areas.  

I T. RESTRICTED ACCESS AREA ENTRY PERMIT (FORM 719-L) 

Varying degrees of con t ro l ,  cons i s t en t  with t h e  hazard involved, 

a re  exercised over posted areas  by Radiation and Nuclear Safety. The 

Form 719-1 i s  a means of r e s t r i c t i n g  access t o  posted areas  on the  bas is  

of personnel and potent ia l  hazards. The h ighes t  degree of hazard i s  
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levels  a re  of such significance tha t  special r ig id  entry controls and 

precautions are necessa 

1. Subcontractors 

Subcontractor personnel trho have cause t o  work within any radio- 

logical ly  posted area must have a completed Form 7194 which will be 

submitted by the S i t e  Eianager and approved by the RNS representative 

pr ior  t o  the  s t a r t  of work, Groups representing the same contractor and 

who work i n  the same general area need only one tagged area entry pemi t .  

A1 9 eontraetcr personnel entering any radiologically posted area 

must obtain a film badge prior to entry. Radiation and Nuclear Safety 

shall  deterinlline i f  previous entr ies  in to  posted areas had been made 

during the  current calendar year and i f  so ,  shall  ascertain from personnel 

monitoring records the dose received, and plan radiation exposures 

accordingly. 

Contractor personnel performing work i n  a radiological posted area 

will be surveyed prior t o  breaks, lunch and quit t ing time by means of 

portable battery operated o r  ac survey instruments. I f  the instrument 

survey indicates contamination, decontamination will be effected immediately. 

Radiation and Nuclear Safety will attend any operation involving 

contractor personnel i n  a posted area t o  the  extent necessary t o  ensure 

that  such personnel perform the i r  duties in  such a manner as not t o  

cause the release of radioactive material o r  become unduly exposed to  

radiation. Should such an event occur, work will be stopped unti l  

appropriate surveys have been performed and necessary corrections 

effected. 
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posted areas  must be surveyed and found t o  be f r e e  of  contamination - I 
before they may be removed. The removable contamination l i m i t  f o r  t o o l s  

2 and equipment s h a l l  be 20 dpmj100 cm alpha a c t i v i t y  and 100 dprn/100 cm 2 I 
beta.  Fixed contamination sha l l  be undetectable with appropr ia te  portable 

survey i nstruments. 

Contractor personnel shal l  not be exposed t o  concentrat ions of 

rad ioac t ive  material  i n  a i r  and water g rea t e r  than 10% of the  maximum 

permissible concentrat ions a s  l i s t e d  i n  10 CFR 20, "Standards f o r  Protect ion 

Against Radiation," under Table I of Appendix B unless  they a re  q u a l i f i e d  

a s  rad ia t ion  workers a s  described below. 

Whole body dose t o  contractor  personnel will be l imi ted  t o  500 rnrem/ 

year .  An exception t o  t h e  standard 500 mrernjyear wi l l  be made if  an 

a f f i d a v i t ,  signed by a representa t ive  of the  con t rac to r ,  authorizes t h e i r  

employees t o  be considered radia t ion  workers, i n  which case the  employee 

wi l l  be required t o  execute an NRC Form 4 o r  equivalent  authorizing 

Rockwe'll/ESG t o  obta in  occupational r ad ia t ion  exposure h i s t o r i e s .  

Cumulative records o r  radiat ion exposures will be maintained by 

Radiation and Nuclear Safety t o  ensure t h a t  personnel a r e  not exposed i n  

excess of appl icable  standards. 

I f  a con t r ac to r  employee receives a r ad ia t ion  exposure i n  excess of  

25 mrem, Rockwell/ESG will not ify t h e  cont rac tor  of t h e  dose within 

30 days following t h e  determination of such exposure. 

I Contractor personnel under 18 yea r s  of age w i l l  be l imi ted  t o  

125 mrem/calendar quar te r .  

Approved v i s i t o r s  wi l l  be considered i n  t h e  same category a s  outs ide  

cont rac tors  and must have contpleted a Form 719-L p r i o r  t o  performing 
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work i n  r ad io log ica l ly  posted a reas ,  o r  v i s i t i n g  zuch f a c i l i t i e s  f o r  

extended periods during which they a re  not under.continuous escor t .  

2. Rockwell Emoloyees - Other Than Personnel Assigned t o  t h e  DORF 

D&D Program 

Personnel who have cause t o  en te r  the  r ad io log ica l ly  posted areas  

f o r  maintenance o r  r e p a i r  purposes wil l  complete a Form 719-L p r i o r  t o  

en t ry .  

4. Restr icted Access Areas 

All personnel who have reason t o  en te r  c e r t a i n  r i g i d l y  cont ro l led  

a reas ,  "Restr icted Access Areas," such as  rad ioac t ive  exhaust system 

f i l t e r  plent or ' l iqu id  waste holdup tanks,  wi l l  complete a Form 719-1 

p r i o r  t o  en t ry  i n t o  these  a reas .  A minimum of two persons wi l l  be 

assigned t o  perform operat ions in these a reas ,  o r  a s  otherwise spec i f ied .  

4. Preparation of Form 719-L 

When a Form 719-L i s  required,  the  individual o r  manager of the 

group requesting en t ry  wi l l  f i l l  out  h is  portion of the  form and give i t  

t o  the  RNS representa t ive  who wi l l  ou t l ine  the  pe r t inen t  radiological  

s a fe ty  in s t ruc t ions ,  s ign  the form, and r e tu rn  i t  t o  t h e  o r ig ina to r .  

The o r ig ina to r  w i l l  obtain t h e  s ignature  of the  S i t e  Manager and 

d i s t r i b u t e  copies a s  required.  

The e n t i r e  working crew wi l l  i n i t i a l  t h e  Form 719-L, s igni fy ing  

r ece ip t  and comprehension of ins t ruc t ions  on the  form. 
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by Radiation and Nuclear Safety. 

U. EMERGENCY CONDITIONS 

1. Ventilation Loss or  Airborne Radioactivity Alarms 

In the event of a radioactive exhaust system fa i lu re ,  or of other 

evidence of loss of airflow i n  venti lated areas, personnel will leave 

these areas and await evaluation of the f a c i l i t y  conditions by Radiation 

and Nuclear Safety. 

In the evenr o f  actuation of the "variable warble" and/or bell 

alarm of continuous a i r  monitors, personnel present wil l  evacuate the 

f a c i l i t y  and await eval~ration by Radiation and Nuclear Safety. 

V . RADIOACTIVE 5IASTE MANAGEMENT 

All radioactive waste will be collected, evaluated, processed, and 

shipped for  disposal to  a licensed radioactive waste disposal s i t e .  

1. Solid Waste 

Low level solid radioactive waste will be packaged into standard 

containers such as steel  DOE Specification 17-H 55-gallon drums o r  wood 

type box DOT Specification 19-A or  low specific ac t iv i ty ,  strong, t i gh t  

containers. In the case of low level waste such as concrete rubble 

which i s  generated i n  large volumes, special containers may be designed. 

Low-level solid radioactive waste generated i n  support of decontamination 

operations ( i  .e., p las t ic  shoe covers, surgeons gloves, k i m - w i  pes , 
miscellaneous plastic,  e tc . )  will be collected i n  drums lined with 

p las t ic  bays. When the bags are f i l l e d ,  they will be final  packaged for  

disposal. 

! 
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I Liquid rad ioac t ive  waste w i l l  be s o l i d i f i e d .  In  t h e  event t h e r e  i s  

other  l i q u i d  rad ioac t ive  vas t e  such a s  ac ids  o r  corrosives,  they w i l l  be 

neut ra l ized  i n  drums and then s o l i d i f i e d  f o r  disposal by land bur i a l .  

S o l i d i f i c a t i o n  will cons i s t  of cementation. 

W. INDUSTRIAL SAFETY REQUIREMENTS 

dndustr ial  s a fe ty  renuirements a r e  described by Rackwell/ESCi Health 

and Safety Procedures, SOP'S ANSI, AEC Manaul , and OSHA. 

1. Hoisting and Rigging 

Hoist ing and r igging operations s h a l l  be conducted i n  compliance 

with t h e  requirements of 29 CFR 17,  Par t  1910, Subpart N ,  and t h e  ANSI 830 

Ser ies .  

Equipment used i n  material handling s h a l l  be proof-loaded and 

maintained per  PL Ser ies  8. 

All personnel engaged i n  hois t ing  and r igging sha l l  be qua l i f i ed  by 

appropr ia te  experience and t ra in ing .  

I 2. Explosives 

Explosives use and handling sha l l  be i n  accordance with Federal,  

S t a t e ,  and loca l  regulat ions including 29 CFR 17 ,  Par t  1910.109, Health 

and Safety Procedure G-16, and Section X X V ,  E'l 385-1-1, "General Safety 

Requirements Manual," of the  Corp of Engineers w i t h  the  exception of 

Paragraph 25.6.04. 
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3 .  Insula t ion  Removal 

The removal of i n su la t ion  material containing asbestos wi l l  be done 

in compliance w i t h  29 CFR, Part  1910.1001. 

Warning s i g n s ,  OSHA approved, wi l l  be displayed a t  each loca t ion  

where t h e  a i rborne  concentrat ion of asbestos f i b e r s  may exceed the  

allowable exposure l i m i t s .  The airborne concentrat ion wi l l  be v e r i f i e d  

by envirorimental sampling. 

Insula t ion  w i l l  be removed i n  a manner t h a t  \ ? i l l  minimize the  

generation sf a i rborne  dus t .  Wet methods wi l l  be used i f  p rac t i ca l .  

Approved r e s ~ i r a t o r s  w i l l  be worn during a l l  asbestos insula t ion  removal 

operations. I f  t h e  presence of asbestos i n  a mater ial  i s  questionable, 

i t  wi l l  be assumed t o  be present.  

4. Burning, Cut t ing ,  and Welding 

Burning, c u t t i n g ,  and welding wi l l  be performed only as  authorized 

by the  S i t e  Manager. Additional requirements may be imposed by the  RNS 

representa t ive  a s  necessary t o  pro tec t  aga ins t  t ox ic  and/or radioact ive 

vapors and fumes. 

5. Noise 

Personnel exposed t o  noise in excess of  t h e  l i m i t s  spec i f ied  in 

29 CFR, Par t  1910.95 wi l l  be required t o  wear approved ea r  protect ion.  

The noise leve l  f o r  an 8-hour exposure i s  90 dbA. Personnel exposures 

t o  noise over 90 dbA s h a l l  be evaluated by t h e  RNS representa t ive .  

Personnel exposures t o  noise in excess of 115 dbA a r e  prohibi ted without 

approved e a r  pro tec t ion .  

h 
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6. Confined Space Entry 

Confined space entire wil l  be made i n  compliance w i t h  Health and 

Safety Procedure G-19. All Class 2 e n t i r e s  wi l l  r equ i r e  the  preparation 

of  a  Form 719-L, Rev. 5-70, "Restr icted Access Area Entry Permit," which 

wi l l  designate t h e  required control measures. 

7 .  Contractor Sa fe ty  

Contractors wi l l  conduct operat ions in compliance w i t h  Federal,  

S t a t e ,  and loca l  codes, s tandards and regulat ions as  appl icable .  Contractors 

a r e  subject  t o  compliance w i t h  Rockweil Internat ional  and ESG regula t ions  

a s  indicated in Form 511-C which describes Contractor Safe ty  Requirements 

a t  Rockwell i n t e rna t iona l  f a c i l i t i e s .  



. James KcGarrity 
Chairman, Beactor Safeguards Committee 
W r y  Diamond Laboratory 
2500 Powder >Ell Roar! 
M e l p h i ,  XLl 223733 

The Plan f o r  t h e  Deeo~aiss ioui r ig  of The Dianonii Ordnance Eladistioil E'aciLiry, 
d a t d  30 Jun 7 4 ,  has beez reviewed p e r  your request ,  azci t h e  f o l l m i i i g  
changes arr r e c o m e d ~ 4 :  

Sec t ion  11 A, add: 

6. :Jal ter  Reed Amy Nedicai Center tieaith P 5 ~ s i c s  ? f f i c e r  ('SWC ::PO). 
Tile S I W f C  :LPO wichirL h i s  d u t i e s  a s  WRP2-fC Radiation P ro tec t ion  Officer  has 
the  a u t h o r i t y  t o  monitor aL1 opera t ions  during decomiss ion ing  t o  a s su re  the  
s a f e t y  of wmfC personnei  a d  t h e  genera l  public .  

Sec t ion  LI 3, add: 

i$RPJ+C 5. - 
WRAiYC s t i l l  proviilc support  s e rv ices  during Llecommissioning a s  

described i n  che I n t r a s e r v i c z  Agreezent between Commander, W 4 C  and Com- 
mander, nDL. This sucpor t  does n o t  inc lude  Yealth Physics  a d  dosimetry 
support  of f o n r r a c t  ope ra t ions  and personnel. 

Sec t ion  111 A.4: Change t o  read "The reac tor  pool water w i l l  be discharged 
t o  t i le  s a n i t a r y  sewer provided t h e  r a d i o a c t i v i t y  i n  a d d i t i o n  t o  t h a t  re- 
leased  3y  IgRAEIC is wi th in  t h e  s tandards  s e t  by lOCFR20." 

Sec t ion  V I  A.2.a(3L: Cliange t o  read "Contractors w i l l  provide personuei 
monitoring f o r  t h e i r  own personnel." 

Sec t ion  VI A.2.b.. add: 

(4) n i o l e  body badge: Xeutron. 



BsW-QW 23 Septenber 1977 
SUBJECT: Reviex of P lan  f o r  t h e  Deconmissioning of WRF, dated 30 Jun 77 

Sec t ion  VI A.3a: change l i n e  1 t o  read "WUi1C i ieal th Pkysics  w i l l  a p p l y  
the  f i l m  Sadges except f o r  con t rac to r  personnel," 

Sec t ion  VI A.3c: Change a l l  t o  read "Contzactors w i l l  maintain t h e i r  

Sec t ion  V I  B: Liquid Waste Processin%. Add :o end of paragraph: " A l l  
d i scha rges  t o  t h e  s a n i t a r y  sewer w i l l  be c o o r d i n ~ ~ e d  wi th  '%WI<C HPO. 

Sec t ion  V I  C.1: P lan t  Surveys. Add i n  i i n e  9 a f t e r  "Additional Surveys 
and a c t i v a t i o n  analysis:" "These a d d i t i o n a l  surveys anxi a c t i v a t i o n  a n a l y s i s  
w i l l  Save to  be performed by c o n t r a c t  o r  pereonnei o the r  than IwC d e a l t h  
Physics." 

Sec t ion  VI C.2: Conramination Control Plan. Add: "(For ECMW Personnel 
a d  Equipme~t  Only) con t rac to r  w i l l  be respilnsibLr fo r  the  Contaninncion 
Conrbel P lan  i n  his job area." 

LTC, i4SC 
H e a l t h  Physics Off icer  
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I. I n t r o d u c t i o n  

Backsround. The Harry Diamond L a b o r a t o r i e s  (EIDL) o p e r a t e s  t h e  A. -- - 
Diamond Ordnance R a d i a t i o n  F a c i l i t y  (DORE') which u t i l i z e s  a r e s e a r c  
r e a c t o r  w i t h  a s s o c i a t e d  exper imenta l  equipment. The f a c i l i t y  occup l e s  
a s i n g l e  remote  b u i l d i n g  on 4.2 a c r e s  o f  t h e  F o r e s t  Glen Annex of t h e  
Walter Reed Army Medica l  Cente r  (WRAMC) n e a r  S i l v e r  Spr ing ,  Maryland. 
An i n t r a s e r v i c e  agreement  between t h e  Commanding O f f i c e r ,  WhQYC and 
Commanding O f f i c e r ,  HDL e s t a b l i s h e s  t h e  WRAMC s u p p o r t  s e r v i c e s  f o r  DORF.  

The r e a c t o r  i s  t h e  f a m i l i a r  General  Atomic Company TRIGA Mark F,  
moderated by l i g h t  w a t e r  and mounted on a  t r a c k  suppo r t  c a r r i a g e  assembly 
which can  be moved th rough  a 15 ,000  g a l l o n  c a p a c i t y  pool .  The r e a c t o r  
c o r e  c o n s i s t s  o f  85 (maximum 87) f u e l  e lements ,  f o u r  c o n t r o l  r o d s ,  
neutron s o u r c e ,  and mi sce l l aneous  neu t ron  d e t e c t o r s .  The f u e l  e lements  
a r e  composed o f  z i r con ium hyd r ide  moderator  homogeneously combined wi th  
20% en r i ched  uranium f u e l .  The c o n t r o l  system c o n s i s t s  of bo ra t ed  
g r a p h i t e  s a f e t y ,  shim,  r e g u l a t i n g  and p u l s e  c o n t r o l  r o d s ,  hav ing  e i t h e r  
s o l i d  aluminum o r  f u e l  f o l l o w e r s .  Experiments a r e  conducted i n  a  
20 x 20 x  8 f o o t  h i g h  f a s t  neu t ron  exposure  room a d j a c e n t  t o  poo l ,  t h e  
pool  i t s e l f ,  and w i t h i n  t he  c o r e ,  

The f a c i l i t y  was o r g i n a l l y  developed i n  l a t e  1959 and began 
o p e r a t i o n s  i n  September  1961. Mod i f i c a t i ons  a p p l i e d  s i n c e  t hen  i n c l u d e  
(1 )  rep lacement  o f  t h e  aluminum c l a d  f u e l  e lements  w i t h  s t a i n l e s s  s t e e l  
c l a d  e lements  (1964) ,  ( 2 )  au tomat ic  SCRAM t iming  (1969) ,  (3) rep lacement  
of t h e  po ison- fo l lowed  t r a n s i e n t  rod  w i t h  a n  aluminum f o l l o w e r  (1964) ,  
(4) rep lacement  o f  aluminum fo l l ower  c o n t r o l  r ods  w i t h  fue l - fo l lowed  
c o n t r o l  r ods  (1971) ,  and  ( 5 )  replacement  o f  r e a c t o r  i n s t r u m e n t a t i o n  
w i th  u p - t o - d a t e  i n s t r u m e n t a t i o n  (1973).  

The r e a c t o r  h a s  t h e  c a p a b i l i t y  o f  t h e  fo l l owing  modes of o p e r a t i o n :  

1. S t e a d y - s t a t e  o p e r a t i o n  up t o  250 kg. 

2. Square-wave o p e r a t i o n  up t o  250 kW. 

3.  P u l s e  o p e r a t i o n  r e s u l t i n g  i n  up t o  a maximum peak power o f  
2000 MW w i t h  a p u l s e  w id th  o f  9.5 ms a t  h a l f  maximum. 

B. The d e c i s i o n  t o  decommission t h e  DORF r e a c t o r  i s  t h e  cu lmina t i on  
of  a n  Army r e a c t o r  u t i l i z a t i o n  s t udy  begun i n  mid-1975 t o  examine t h e  
requirement  f o r  t h e  t h r e e  Army r e s e a r c h  r e a c t o r s .  This  s t udy  was done 
by HDL Nuclear  Weapons E f f e c t s  Program O f f i c e  (SJEPO) which i i l v e s t i g a t e d  
t h e  fo l l owing  a l t e r n a t i v e s :  



1. Operat ion of the t h r e e  r e a c t o r s  i n  t h e i r  p r e s e n t  l o c a t i o n s .  

3. The c o n s o l i d a t i o n  of t h e  Aberdeea Pu l se  Reactor  wi th  t h e  
Diamond Ordnance Radia t ion  F a c i l i t y  (DORF) a t  e i t h e r  F o r e s t  Glen, Md. 
o r  Aberdeen Proving Ground, Md. 

4 .  The c o n s o l i d a t i o n  of t h e  DORF wi th  the  White Sands N i s s i l e  
Range (WSMR) p u l s e  r e a c t o r  w i th  the  c l o s i n g  of t h e  Aberdeen Pulse 
Reactor. 

5. Closing down of a l l  Amy e f f e c t s  r e sea rch  r e a c t o r s  with 
experiments conducted a t  e i t h e r  ERDA o r  o t h e r  s e r v i c e  r e a c t o r  s i t e s .  

6 .  The c l o s i n g  of one pulse  r e a c t o r  and t h e  DORF f a c i l i t y *  

I n  a d d i t i o n ,  an Army S c i e n t i f i c  A d v ~ s o r y  Panel Ad Roc Group on 
Pulse Reactors  was asked to review the  t echn ica l  c a p a b i l i t i e s  of t h e  
Army's two pulsed  r e a c t o r  f a c i l i t i e s  a t  WSMR and APRF and t o  review 
documentation i n c l u d i n g  the Study f o r  Requirements f o r  Nuclear \.Jeapons 
E f f e c t s  Research Reac to r s  prepared by NWEPO, HDL. The Ad Hoc Group 
a l s o  v i s i t e d  DORF and al though they  were not  asked t o  address  the  
DORF f a c i l i t y ,  t h e i r  conclusion was t h a t  i f  any of t h e  t h r e e  r e a c t o r s  
should be c losed ,  DORF would be t h e  l o g i c a l  candida te .  This  coa- 
c lus ion  i s  based on t h e  a v a i l a b i l i t y  of TRIGA type  r e a c t o r s  a t  the  
Armed Forces Rad io log ica l  Research I n s t i t u t e  and o t h e r  f a c i l i t i e s  
na t iona l ly .  I n  January  1977 the  HDL were d i r e c t e d  by Headquarters,  US 
Army Mate r i e l  Development and Readiness Command to  decommission DORF 
wi th  a n  i n i t i a l  c l o s u r e  da te  of 1 J u l y  1977. The c l o s u r e  d a t e  was 
subsequently changed t o  1 October 1977 so t h a t  planned experiments could 
be completed. 

C. The primary o b j e c t i v e  of t h e  decommissioning of the  DOw i s :  
( I )  t o  remove t h e  S p e c i a l  Nuclear ? l a t e r i a l  (SNM), i . e . ,  r e a c t o r  f u e l  
elements,  and t o  r e t u r n  i t  t o  US Energy Research and Development 
Administrat ion (ERDA) f o r  d i sposa l ;  ( 2 )  to  remove a l l  r a d i o a c t i v e  
ma te r i a l  from t h e  f a c i l i t y  and s h i p  to a  Nuclear Regulatory Commission 
(MIC) l i c e n s e d  b u r i a l  s i t e ;  and ( 3 )  t o  decontaminate and prepare the  
f a c i l i t y  b u i l d i n g  f o r  a l t e r n a t e  use. Upon completion of decommissioning 
t h e  f a c i l i t y  b u i l d i n g  w i l l  be given t o  Walter Reed Army M- - d i c a l  Center 
(WRAMC) f o r  t h e i r  use. The purpose o f  t h i s  Decommissioning Plan i s  t o  
o u t l i n e  the  method of  accomplishing t h i s  o b j e c t i v e  i n  a  s a f e  manner which 
w i l l  a l low l e a s t  exposure to personnel  o r  contaminat ion t o  the environment. 



D. I n  decommissioning t h e  DOW, the  removal and shipment of the f u e l  
elements i s  r e 1  
approved TRIGA 
a v a i l a b l e  u n t i l  e a r l y  1978 o r  later. Because of  t h e  A m y ' s  d i f f i c u l t y  
i n  ob ta in ing  indemnif ica t ion ,  the  shipment of t h e  f u e l  w i l l  be performed 
by ERDA. The p r e c i s e  d e t a i l s  of a l l  tile ciecommissioning and d ismant l ing  
ope ra t ions  cannot  be s p e c i f i e d  s i n c e  t a sks  t b  be  accomplished a t  a  l a t t e r  
period a r e  dependent upon r e s u l t s  and judgement of e a r l i e r  opera t ions .  
For example, a f t e r  t h e  removal of t h e  wood l i n i n g  i n  t h e  exposure room, 
the  amount of c o n c r e t e  t o  be removed w i l l  depend upon i t s  r a d i o a c t i v i t y .  
Therefore,  t h i s  P lan  w i l l  not g ive  d e t a i l e d  procedures which may change 
a t  a  l a t t e r  d a t e ,  b u t  w i l l  g ive  f i rm o b j e c t i v e s  which must be accomplished 
t o  complete t h e  decommissioning opera t ions .  The d e t a i l e d  procedures and 
hazard a n a l y s i s  w i l l  be a t t ached  t o  t h e  p lan  as appendices.  

I1 ORGANIZATION AM) RESPONSIBILITIES 

A, The h e a l t h  and s a f e t y  a spec t s  of  t h e  Department of  the  Army nuclear  
r e a c t o r  systems i s  a command r e s p o n s i b i l i t y .  The s p e c i f i c  command re -  
s p o n s i b i l i t i e s  a r e  s t a t e d  i n  AR 385-80, Chapcer 2. The organizac icn  c h a r t  
f o r  the  DOW Decommission~ng i s  shown i n  F i g .  1, 

1. Respons ib le  Commander. The Commanding O f f i c e r ,  Rarry Diamond 
Labora tor ies  i s  t h e  r e spons ib le  commander. He has u l t i m a t e  r e s p o n s i b i l i t y  
f o r  t h e  o p e r a t i o n  of  t h e  reac tor .  He s h a l l  comply w i t h  t h e  requirements 
of iiR 385-80 azd i n s u r e  t h a t  a l l  ope ra t ions  of t h e  DORF r e a c t o r  systems 
a r e  conducted i n  a  s a f e  manner. 

2. -e. The Reactor  Safeguards Committee 
(RSC) i s  appoin ted  by and r e p o r t s  t o  the  Commanding Of f i ce r ,  HDL. The 
committee c o n s i s t s  of  personnel who c o l l e c t i v e l y  provide  a  broad spectrum 
of exper ience  i n  r e a c t o r  technology. The RSC w i l l  review the  plans and 
procedures of  decommissioning. 

3. Chief ,  Nuclear  Radiat ion E f f e c t s  Laboratory (Lab 200). The Chief ,  
Lab 200 i s  t h e  d i r e c t  l i n e  of a u t h o r i t y  from the  r e a c t o r  commander t o  t h e  
HDL commanding o f f i c e r .  

4. Reactor  Commander. The Chief ,  Nuclear E f f e c t s  Simulation 
Technology Branch (Br. 290), i s  the  r e a c t o r  commander a s  def ined  i n  AR 385-80. 
He has t h e  d i r e c t  r e s p o n s i b i l i t y  f o r  the  s a f e ,  competent and e f f i c i e n t  
ope ra t ion  and u s e  of t h e  f a c i l i t y .  These r e s p o n s i b i l i t i e s  w i l l  cont inue  
through DOW decommissioning. 

5 .  Physic is t - in-Charge .  The Phys ic is t - in-Charge  (PIC) i s  the  
F a c i l i t y  Supervisor .  He has the  d i r e c t  and immediate r e s p o n s i b i l i t y  
f o r  the  f a c i l i t y .  He i s  respons ib le  f o r  a s su r ing  t h a t  a l l  opera t ions  a r e  
conducted i n  a  s a f e  manner and wi th in  the  l i m i t s  p rescr ibed  by the  DORF 
Technical S p e c i f i c a t i o n s .  These r e s p o n s i b i l i t i e s  w i l l  cont inue u n t i l  t h e  
DORF decommissioning i s  concluded. 
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The S a f e t y  D i r e c t o r ,  Of f i ce  of  Chief o f  Engineers ,  has  been 
d e l e g a t e d  t h e  r e s p o n s i b i l i t y  of s u r v e i l l a n c e  and g e n e r a l  guidance i n  a l l  
h e a l t h  and s a f e t y  m a t t e r s  r e l a t i n g  t o  Army nuc l ea r  r e a c t o r  systems,  which 
i nc ludes  t h e  decommissioning of DORF. The Army Nuclear  Reac to r  Systems 
Hea l th  and S a f e t y  Review Committee (ARCHS) was e s t a b l i s h e d  t o  a s s i s t  i n  
d i s cha rg ing  t h i s  r e s p o n s i b i l i t y .  The ARCHS w i l l  r ev iew and approve t h i s  
decommissioning p l a n ,  s a f e t y  a n a l y s i s  and o t h e r  a p p l i c a b l e  documentation. 

- 
2. US Army Environmental  Heal th  Agency (USAEHA) 

Fol lowing  decommissioning and in-house r a d i o l o g i c a l  su rveys ,  t h e  
USAEM w i l l  b e  r eques t ed .  t o  conduct a n  independent  r a d i o l o g i c a l  survey  o f  
t h e  DORF s i t e .  

3 ,  US EnerBearch DeveIopment Admin i s t r a t i on  (USERDA) 

EKDA w i l l  be reques ted  t o  supply  t h e  f u e l  t r a n s f e r  casks  and t h e  
t r a n s p o r t a t i o n  of  t h e  f u e l  elements t o  t he  d i s p o s a l  s i t e .  

4. C i v i l i a n  Con t r ac to r  

A c o n t r a c t  w i l l  be nego t i a t ed  f o r  t h e  dismant lement  and 
decontamina t ion  o f  t h e  f a c i l i t y ,  t h e  packing and shipment f o r  d i s p o s a l  
of r a d i o a c t i v e  was t e ,  and t h e  p r e p a r a t i o n  of  t h e  b u i l d i n g  f o r  a l t e r n a t e  use. 

I11 OBJECTIVES 

A, Summary of  Tasks 

The f a c i l i t y  decommissioning w i l l  beg in  immediately  a f t e r  t h e  
approval  o f  t h i s  Decommissioning Plan. The decommissioning o p e r a t i o n  w i l l  
be completed when a l l  a c c e s s i b l e  a r e a s  of t h e  f a c i l i t y  a r e  r a d i o l o g i c a l l y  
s a f e  and u n r e s t r i c t e d  f o r  personnel  occupancy. The Energy Research and 
Development A d m i n i s t r a t i o n  ERDA has  been asked t o  n e g o t i a t e  t h e  f u e l  
cask  and shipment  c o n t r a c t .  This  approach i s  used because ERDA i s  
indemnif ied and t h e  Army i s  not.  The f u e l  e lements  w i l l  be s e n t  t o  t h e  
chemical r e p r o c e s s i n g  p l a n t  i n  Idaho o r  t o  o t h e r  TRIGA r e a c t o r  f a c i l i t i e s  
s p e c i f i e d  by t h e  U n i v e r s i t y  Re l a t i on  D iv i s ion ,  ERDA. The d i sman t l i ng ,  
removal o f  r a d i o a c t i v e  equipment, and b u i l d i n g  decontamina t ion  w i l l  be done 
by c o n t r a c t .  The Decommissioning P lan  w i l l  be p r epa red  by HDL personne l  and 
approved by t h e  Army Reactor  Systems Hea l th  and S a f e t y  Review Committee (ARCHS) 
be fo re  implementat ion.  The o v e r a l l  l a y o u t  of t h e  r e a c t o r  i s  shown i n  
F igures  2 th rough  5. Genera l ly ,  t he  decommissioning o p e r a t i o n  w i l l  proceed 
a s  fo l lows:  





Fig ;5 -1  - -  Perspec t ive  view of DORF reactor  
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Eig.-5-3 - -  Sectional elevation of DORF reactor 



- . - 
Fig.  -2 - -  Plan view of D O R F  exposure room 



1. The r e a t o r  f u e l  w i l l  be  t r a n s f e r r e d  from the  r e a c t o r  c o r e  t o  the 
in-pool  s t o r a g e  racks .  (Note: This w i l l  be done immediatelv a f t e r  oDerations 

2. The f u e l  elements and fuel-fol lowed c o n t r o l  rods  w i l l  be packaged 
i n  approved f u e l  sh ipp ing  casks  and shipped t o  the  US Energy Research and 
Development Adminis t ra t ion  (EilIIA), Idaho Reprocessing P lan t .  There i s  
a  p o s s i b i l i t y  t h a t  some of t h e  i r r a d i a t e d  f u e l  elements w i l l  be shipped 
t o  o t h e r  TRIGA r e a c t o r  f a c i l i t i e s .  The loading w i l l  be performed by DOW 
personnel.  The f u e l  shipment w i l l  be performed by ERDA on a  c o s t  r e -  
coverable  b a s i s .  Un i r r ad ia t ed  f u e l  elements w i l l  b e - t r a n s f e r r e d  t o  the  
Amed Forces Rad io log ica l  Research I n s t i t u t e  (AFRRI). 

3. Standard c o n t r o l  rods and o the r  r ad ioac t ive  r e a c t o r  s t r u c t u r e s  
w i l l  be shipped from t h e  f a c i l i t y  f o r  d isposa l  a t l W C  l i c e n s e d  b u r i a l  
s i r e .  Se lec ted  r e a c t o r  structures wil? be shipped t o  interested TRIG!, 
r e a c t o r  owners, 

4. The r e a c t o r  pool water  w i l l  be discharged t o  t h e  s a n i t a r y  sewer 
provided che r a d i o a c t i v i t y  i s  w i th in  the s tandards  s e t  by 10CFR2O. 

5.  The r e a c t o r  c a r r i a s e ,  co re  support s t r u c t u r e ,  and pool s h i e l d  
doors  w i l l  be removed and a c t i v a t e d  sec t ions  w i l l  be shipped f o r  disposal  
a t  a  NRC l i c e n s e d  b u r i a l  s i t e .  

6. The aluminum pool tank w i l l  be removed. Radioac t ive  s e c t i o n s  
w i l l  be shipped from t h e  f a c i l i t y  s i t e  to  an approved b u r i a l  s i t e .  

7 .  S u f f i c i e n t  a c t i v a t e d  conc re t e  beneath the  aluminum l i n e r  w i l l  be 
removed t o  comply w i t h  accep tab le  su r face  contamination l e v e l s  i n  NRC 
r egu la to ry  Guide 1 .86,  Termination of Operacing Licenses f o r  Nuclear 
r e a c t o r s .  (See Table 1 )  

8. Wood l i n e r  i n  the  exposure room w i l l  be removed and shipped 
f o r  d i sposa l  a t  a  NRC l i censed  b u r i a l  site. 

9. Act iva ted  conc re t e  i n  exposure room and exposure room plug 
door w i l l  be  removed and shipped f o r  d i sposa l  a t  a  NRC l i c e n s e d  b u r i a l  s i t e .  
S u f f i c i e n t  conc re t e  w i l l  be removed t o  comply with contaminat ion l e v e l s i n  'Pablc 

10. Exposure room lead  s h i e l d  and h o i s t  and lead  c u r t a i n  w i l l  be removed 
and a c t i v a t e d  s e c t i o n s  shipped f o r  d isposa l  a t  a  NRC l i censed  b u r i a l  s i t e .  

11. A 1 1  a c t i v a t e d  s t r u c t u r e s  w i l l  be decontaminated o r  reaoved f o r d i s p o s a l  
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ACCEPTABLE SURFACE CONTAMINATION LEVELS 
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12. R e a c t o r  c o n s o l e  and a s s o c i a t e d  equipment w i l l  be removed by 
KDL p e r s o n n e l  and sh ipped  t o  AFRRI. 

p a r a p e t  and r e s t o r i n g  f l o o r  t o  bay l e v e l .  

1 4 .  Remove t h r e c  5 0 0 0 g a l l o n  w a s t e  water hold-up t anks  and 
r e c o n n e c t  sewer  system. Tanks t o  be  s h i p p e d  f o r  d i s p o s a l  as non- 
r a d i o a c t i v e  waste .  

15.  A f i n a l  s i t e  s u r v e y  w i l l  b e  made by a n  independent  agency  t o  
i n s u r e  t h a t  none of t h e  a r e a s  w i l l  exceed NRC g u i d e l i n e s  f o r  un- 
r e s t r i c t e d  use .  

I V  TRAINING- 
- 

A ,  DORF Personne l .  F u e l  e lement  h a n d l i n g  w i l l  be done by DORF 
p e r s o n n e l  who have t h e  e x p e r i e n c e  and t r a i n i n g  i n  t h i s  o p e r a t i o n ,  S p e c i a l  
t r a i n i n g  and  b r i e f i n g s  w i l l  be  conducred p r i o r  t o  t r a n s f e r  o f  t h e  f u e l  
e l e m e n t s  t o  s h i p p i n g  casks .  O t h e r  s p e c i a l  t r a i n i n g  w i l l  b e  conduc ted ,  
as a p p r o p r i a t e ,  f o r  chose  t a s k s  n o t  performed d u r i n g  normal r e a c t o r  
o p e r a t i o n s .  Removal of l a r g e  i t e m s  r e q u i r i n g  r i g g i n g  t echn iques  w i l l  
r e q u i r e  p e r s o n n e l  ( c o n t r a c t o r )  who a r e  f a m i l i a r  w i t h  t h e s e  o p e r a t i o n s .  
T r a i n i n g  w i l l  be  o n - s i t e  and w i l l  b e  t h e  r e s p o n s i b i l i t y  of t h e  P h y s i c i s t -  
in -Charge .  

B. NON-DORF Personnel .  A l l  non-DOW p e r s o n n e l  a s s o c i a t e d  w i t h  t h e  
decommissioning w i l l  r e c e i v e  a b r i e f i n g  which w i l l  i n c l u d e  r e a c t o r  f a c i l i t y  
e n t r a n c e  and  ex i t  p rocedures ,  r a d i a t i o n  a r e a s  and e x c l u s i o n  areas, t h e  
i d e n t i f i c a t i o n  and meaning of v a r i o u s  r a d i a t i o n  s i g n s ,  c o n t r o l l e d  a r e a s ,  
and  u s e  o f  r a d i a t i o n  m o n i t o r i n g  d e v i c e s .  

C. SUPPORT UNITS. P e r i o d i c  t r a i n i n g  o f  s u p p o r t  u n i t s  s u c h  a s  t h e  
f i r e  d e p a r t m e n t  p e r s o n n e l  and WRAMC m i l i t a r y  p o l i c e  i s  t h e i r  own 
r e s p o n s i b i l i t y .  These u n i t s  have p a r t i c i p a t e d  i n  DORF q u a r t e r l y  emergency 
d r i l l s  and  w i l l  be a p p r i s e d ,  and b r i e f e d  when necessa ry ,  o f  decommissioning 
o p e r a t i o n s  . 
V. QUALITY ASSURANCE 

A. The DARCOM requ i rements  f o r  q u a l i t y  a s s u r a n c e  a t  r e a c t o r  f a c i l i t i e s  
i s  c o n t a i n e d  i n  DARCOM Supplement 1 t o  AR 385-80. The s u r v e i l l a n c e  
r e q u i r e m e n t s  and management p r o c e d u r e s  i n  t h e  DORF Technica l  S p e c i f i c a t i o n s ,  
and  ENRADMON and Hea l th  Phys ics  P l a n s  a r e  des igned  t o  a s s u r e  t h a t  a d e q u a t e  
c o n t r o l  o v e r  a c t i v i t i e s  a f f e c t i n g  a l l  a s p e c t s  o f  t h e  r e a c t o r  s y s t e m  o p e r a t i o n s  
a r e  m a i n t a i n e d .  A d d i t i o n a l  q u a l i t y  a s s u r a n c e  d u r i n g  decommissioning w i l l  



and p r e s e n t  DORE procedures and p lans .  
I 

V I .  RtU)IATION PXOYECTION 

I A. Personnel  Monitoring 

i 
I 1. Bas ic  Radia t ion  P ro tec t ion  Standards 

a .  The b a s i c  r a d i a t i o n  p r o t e c t i o n  s tandards  a r e  p resc r ibed  i n  Army 
1 
! Regu la t ion  40-14, and Walter Reed Army Medical Center Regulat ion 40-10. 
i Every e f f o r t  w i l l  be made t o  main ta in  t h e  r z d i a t i o n  dose equiva lent  a s  f a r  
i below t h e  fo l lowing  Radiat ion P ro tec t ion  Standards a s  p rac t i cab le .  P o s i t i v e  

I 
e f f o r t s  w i l l  be c a r r i e d  out  t o  f u l f i l l  t h i s  o b j e c t i v e ;  and, de terminat ion  of 
n e c e s s i t y  w i l l  be weighed a g a i n s t  t h e  b e n e f i t s  to  be expected. 

b .  3 a s i s  Radiat ion P ro tec t ion  s t anda rds  adapted f o r  the  c o n t r o l  of 
ocsupas iona l  exposures t o  i o n i z i n g  r a d i a t i o n  inc lude :  

(1) The accumulated dose equ iva len t  of r a d i a t i o n  t o  t h e  whole- 
body; head and t ruck;  a c t i v e  blood-forming organs ;  gonads; o r  l e n s  of 
t h e  eye  w i l l  nor exceed: 

( a )  1.25 rem i n  any ca l enda r  q u a r t e r ,  nor 

(b )  5  rem i n  any 1 ca lenda r  year  

(2)  The accumulated dose equ iva len t  of r a d i a t i o n  t o  t h e  s k i n  
of t h e  whole-body (o the r  than hands and forearms) ;  cornea of t h e  eye; and 
bone w i l l  n o t  exceed: 

( a )  7.50 rem i n  any ca l enda r  q u a r t e r ,  nor 

(b)  30 rem i n  any 1 ca lenda r  year  

(3)  The accumulated dose of r a d i a t i o n  t o  the hands and 
w r i s t s  o r  t h e  f e e t  and ankles w i l l  not  exceed: 

( a )  18.75 rem i n  any ca lendar  q u a r t e r ,  nor 

(b)  75 rem i n  any 1 ca lenda r  year  

(4)  The accumulated dose of r a d i a t i o n  to  the forearms w i l l  no t  
exceed: 

( a )  10 rem i n  any ca lendar  q u a r t e r ,  nor 

( b )  30 rem i n  any 1 ca lendar  year  



The accumulated d o s e  e q u i v a l e n t  o r  r a d i a t i o n  t o  t h e  t h y r o i d ;  
o t h e r  o r g a n s ;  t i s s u e s ;  and o rgan  systems w i l l  n o t  exceed:  

( a )  5 rem i n  any c a l e r d z r  ~ q , l a r t e r ,  @ o r  

( b )  15 rem i n  any 1 c a l e n d a r  y e a r  

(6 )  I n d i v i d u a l ( s )  under  1 8  y e a r s  o f  a g e ,  f emales  known t o  be  
p r e g n a n t ,  and  o c c a s s i o n a l l y  exposed i n d i v i d u a l ( s )  w i l l  n o t  be  exposed t o  a  
whole-body d o s e  e q u i v a l e n t  of more than:  

( a )  2 m i l l i r e m  i n  any 1 h o u r ,  n o r  

( b )  100 m i l l i r e m  i n  any 7 c o n s e c u r i v e  d a y s ,  nor 

(c) 500 m i l l i r e m  

( d )  more t h a n  1 0  p e r c e n t  o f  t h e  v a l u e s  in (2), ( 3 ) ,  ( 4 )  
and (59 above ,  f o r  o t h e r  a r e e s  of  t h e  body 

( 7 )  I n d i v i d u a l s  o v e r  18 y e a r s  o f  a g e  bur  who have nor y e t  
r eached  t h e i r  1 9 t h  b i r t h d a y  may be o c c u p a t i o n a l l y  exposed t o  i o n i z i n g  
r a d i a t i o n  p r o v i d e d  t h a t  they do n o t  exceed 1 . 5  rem d o s e  e q u i v a l e n t  t o  t h e  
whole-body i n  a n y  c a l e n d a r  q u a r t e r ,  nor 3 r e m  i n  t h e  12  c o n s e c u t i v e  months 
p r i o r  t o  t h e i r  1 9 t h  b i r t h d a y .  

2. M o n i t o r i n g  Devices 

a. A f i l m  badge i s  t h e  p r imary  d o s i m e t e r  d e v i c e  f o r  m o n i t o r i n g  
p e r s o n n e l  e x p o s u r e .  pe r sonne l  s e l e c t e d  f o r  p e r s o n n e l  m o n i t o r i n g  w i l l  
i n c l u d e :  

(1 )  I n d i v i d u a l s  who are l i k e l y  t o  b e  exposed t o  s u f f i c i e n t  
r a d i a t i o n  from a l l  o c c u p a t i o n a l  exposures  t o  r e c e i v e  a n  accumulated d o s e  
i n  e x c e s s  o f  t e n  (10)  p e r c e n t  o f  t h e  a p p l i c a b l e  b a s i c  R a d i a t i o n  P r o t e c t i o n  
S tandard .  

( 2 )  Those o t h e r  i n d i v i d u a l s  s e l e c t e d  by t h e  H e a l t h  P h y s i c i s t  
on d u t y .  

.~.A- - -  -- . ~ ~ ,  .~ , _ ,,--_--I_._ _ . - - \. 
., 

.,*' 

( 3 )  C o n t r a c t o r s  w i l l  p r o v i d e  ' d o s i m e t e r s  f o r  t h e i r  own personne l .  
---------------. ---_X_l_-i ', 

''+&he f o l l o w i n g  types  of p e r s o n n e l  m o n i t o r i n g  d e v i c e s  w i l l  be  
a v a i l a b l e :  

(1 )  Whole Body badge: S e n s i t i v e  t o  b e t a ,  x - r a y  and gamma 
r a d i a t i o n  and worn t o  measure t h e  exposure  r e c e i v e d  by t h e  whole body 



(2)  Wrist badge: Same a s  the whole body except  t h a t  i t  i s  
provided wi th  a w r i s t  band so t h a t  i t  can be used t o  measure t h e  dose t o  
the  hands 

(3)  Docket i o n i z a t i o n  chambzrs w < l l  be used t o  provide a means 
of ob ta in ing  r a p i d  i n d i c a t i o n  of accumulated dose over  s h o r t  per iods  of time. 
This chamber e n a b l e s  i n d i v i d u a l s  t o  monitor t h e i r  own accumulated dose. 

3. Documentation - - 
a. W C  Hea l th  Physics  w i l l  supply t h e  f i l m  badges. Records 

aze  kep t  on WRAMC Form 119 (Film Badge Appl ica t ion  and ~ e c o r a '  of Occupational 
Externa l  Radia t ion  Exposure). Health Physics w i l l  exchange f i l m  badges 
and t r ansmi t  t h e  f i l m  packe t s ,  a long with photodosimetry r e p o r t s ,  t o  
Lexington-Bluegrass Army Depot f o r  monthly development and exposure 
eva lua t ion ,  Records of exposure w i l l  be maintained as fo l lows:  

(1) The Lexington-Bluegrass Army Depot main ta ins  permanent 
records  of a l l  exposures  and r e t u r n s  the  Photodosinietry Report (DA 3484) 
t o  the b T U C  Heal th  Physics  Off icer ,  

( 2 )  The WR:WC Health Physics Of f i ce r  main ta ins  DD Form 1141 
f o r  a l l  m i l i t a r y  and c i v i l i a n  personnel assigned o r  a t t a c h e d  t o  I W c .  

b. Cumulative d a i l y  Pocket i o n i z a t i o n  chamber dose readings w i l l  
be recorded on WRAMC Form 705, "Pocket Dosimeter Log". - -_- -- / 

,' c . - T n i i n t r a c t o r s  w i l l  maintain t h e i r  own records  o h  
f i l m  badge exposures.  Rowever, they w i l l  be suppl ied  pocket dosimeters  

/ a t  t h e  d i r e c t i o n  of -the Heal th Phys ic i s t  and exposure r eco rds  w i l l  be 
maintained on Form 7051 /' 

---1 -_ 
t o r i n g  Devices 

Use of  pe r sonne l  monitoring devices i s  contained i n  WRAMC 
Regulat ion 40-10, Annex E (PERSONNEL MONITORING). During the  DORF 
decommissioning t h e  fo l lowing genera l  guide l ines  w i l l  be  followed:' 

a. Fi lm badges: Each person who occupies  a  c o n t r o l l e d  a r e a  w i l l  
wear a  f i l m  badge, ( b e t a ,  gamma) unless  s p e c i f i c a l l y  exempted by the Heal th 
Phys ic i s t .  These badges w i l l  be worn a t  a l l  times w i t h i n  t h e  con t ro l l ed  
a rea  and l e f t  a t  t h e  f a c i l i t y  when leaving.  Neutron and w r i s t  badges w i l l  
be worn a t  the  d i r e c t i o n  of t h e  Health Physicis t ,  

b. Pocket dos imeters ;  Each person who occupies  a  c o n t r o l l e d  a r e a  
w i l l  wear a  s e l f - r e a d i n g  pocket dosimeter t o  provide an immediate i n d i c a t i o n  
of accumulated dose o v e r  s h o r t  periods of time. 



r a c t  s p e c i f i c a t i o n s  w i l l  r e q u i r e ,  a s  a minimum, 
w i l l  s u p p l y  t h e  above (a  and b)  moni tor ing  dev i ce s  

5. A d m i n i s t r a t i v e  Con t ro l  
- 

a. S t a f f  Personne l :  The f u e l  e lements  w i l l  b e  removed from 
t h e  r e a c t o r  pool  t o  t h e  s h i p p i n g  ca sks  by DORF s t a f f  pe r sonne l  who have had 
expe r i ence  i n  h a n d l i n g  TRIM F u e l  elements.  A l l  pe rsonne l  w i l l  be b r i e f e d  
on t a s k s  and haza rds  t h a t  e x i s t .  Rehearsa l s  and "dry runs"  w i l l  be  made t o  
reduce  r a d i a t i o n  exposure  and t o  reduce hazards  where a p p l i c a b l e .  

b. C o n t r a c t o r s  and V i s i t o r s :  

( 1 )  C o n t r a c t o r  work w i l l  begin a f t e r  t h e  f u e l  e lements  have 
been removed and sh ipped  from t h e  f a c i l i t y .  Therefore ,  t h e  major  sou rce  of 
r a d i a t i o n  hazard w i l l  be  gone when they  beg in  t h e  f a c i l i t y  d i sman t l i ng  
and decontaminat ion.  However, t h e  c o n t r a c t o r s  w i l l  be rh roughly  b r i e f e d  
on t h e  l o c a t i o n  of t h e  remain ing  r a d i o a c t i v e  m a t e r i a l  and hazards  involved,  
a l s o  use  and c o n t r o l  o f  moni tor ing  dev i ce s  and s a f e t y  p r e c a u t i o n s  t o  be 
u t i l i z e d .  

( 2 )  V i s i t o ~ s  w i l l  be accompained a t  a l l  t imes when w i t h i n  
t h e  c o n t r o l l e d  a r e a .  The e x i s t i n g  e n t r a n c e  s i gn - in - log  and personne l  
dos imeter  moni tor ing  procedures  w i l l  be fol lowed,  - --- . . - 

. ~~. . .~ =, ~ . - .  . 
L~ B. L iqu id  Waste P r o c e s s i n g  - : r-.... . 

A l l  l i q u i d  was t e  a t  t h e  f a c i l i t y ,  excep t  comode and u r i n a l s ,  d r a i n  
i n t o  15,000 g a l l o n  hold-up t eaks .  Before  d i s cha rge  t o  t h e  s a n i t a r y  sewer, 
t h e  tank  a f f l u e n t  i s  s a ~ p l e d  and ana lyzed  f o r  r a d i o a c t i v i t y  t o  i n s u r e  t h a t  
che maximum p e r m i s s i b l e  c o n c e n t r a t i o n  (WC) l i s t e d  i n  10CFR20 i s  n o t  exceeded. 

i C. R a d i o l o g i c a l  Surveys 

1. P l a n t  surveys.  The procedures  f o r  r a d i o l o g i c a l  surveys  are conta ined  
i n  t h e  DORF Hea l th  Phys i c s  Plan.  These procedures  i n s u r e  t h a t  t h e  f a c i l i t y  
i s  provided w i t h  adequa t e  r o u t i n e  r a d i o l o g i c a l  d a i l y ,  weekly and monthly 
checks.  P a r t i c u l a r  a t t e n t i o n  w i l l  be made of r a d i o a c t i v e  dose  r a t e s  du r ing  
f u e l  t r a n s f e r  t o  s h i p p i n g  c a s k s  and d u r i n g  dismantlement o f  r a d i o a c t i v e  
s t r u c t u r e s  t o  i n s u r e  minimum exposure  t o  personnel .  'Kdd i t i oaa l  surveys  - 

~~ ~ ..~ 
and a c t i v a t i o n  a n a l y s i s , w i l l  be done du r ing  c o n c r e t e  removal t o  de te rmine  . ..- .- .. . . . .~ . . 
when s u f f i c i e n t  ~~- ~.~... m a t & i a & ~ i s  .removed s o  .thatfhe.~.aLea can  b&$ade:~~ag._un.- . - -- - . - . - 
r e s t r i c t e d  afea. ' ~ h e ~ e a l t h  P h y s i c i s t  w i l l  inform and a d v i s e  persons  of 

~. ~ 

a n t i c i p a t e d  ollL'i?xisting r a d i a t i o n  hazards  and t he se  hazards  w i l l  be  posted 
when r equ i r ed .  



01 Plan .  C o n t r o l  p o i n t s  w i l l  be  e s t a b l i s h e d  
a t  t h e  o o i n t  o f  e n t r v  o f  a n v  con tamina ted  a r e a .  The ~ r o c e d u r e s  e s t a b l i s h e d  
i n  t h e  H e a l t h  P h y s i c s  P l a n  w i l l  b e  fo l lowed .  M a t e r i a l s  and t o o l s  removed 

- 
3 .  E f f l u e n t  Moni tor ing.  A i r  b o r n e  e f f l u e n t s  w i l l  c o n t i n u e  t o  be 

m o n i t o r e d  by t h e  e x i s t i n g  s t a c k  m o n i t o r  a s  r e q u i r e d  b y  t h e  DORF T e c h n i c a l  
S p e c i f i c a t i o n s .  Loca l  air b o r n e  a c t i v i t i e s  w i l l  b e  moni to red  u s i n g  a  
S t a p l e x  A i r  Sampler as d i r e c t e d  by t h e  HP. A l l  b u i l d i n g  a i r  i s  exhaus ted  
t h r o u g h  t h e  a b s o l u t e  f i l t e r s  and  o u t  t h e  s t a c k .  

V I I  DOCUMENTATION AND RECORDS 

I 
1, A bog w i l l  be k e p t  of a l l  e v e n t s ,  as t h e y  

o c c u r ,  d u r i n g  decommissioning.  The purpose  o f  t h e  l o g  i s  t o  p r e s e n t  a s  a  
r e s o r d  o f  a l l  t h e  e v e n t s ,  d rawings ,  s k e t c h e s  and o t h e r  i n f o r m a t i o n  t h a t  

I are r e q u i r e d  t o  perform decommissioning t a s k s .  As a  minimum, t h e  f o l l o w i n g  
w i l l  be  r e c o r d e d :  

a .  D a i l y  job s t a t u s  

b. I n i t i a t i o n  and c o m p l e t i o n  o f  each  t a s k  

c. P e r s o n n e l  i n j u r i e s  

d. A c c i d e n t s  

e. Schedule  d e l a y s  

f .  F a c t s  b e a r i n g  on a n y  problem a r e a s  

g. Major sh ipments  ( incoming and ou tgo ing)  

j 
. i h. Weekly summary: Work p r o g r e s s  shou ld  be  summarized i n  t h e  
. : j 

, l o g  on a weekly b a s i s .  
3 

I 2. -- H e a l t h  - P k s i c s  Log. A h e a l t h  p h y s i c s  l o g  w i l l  b e  m a i n t a i n e d  

I r e c o r d i n g  t h e  c h r o n o l o g i c a l  decommissioning even t s .  The h e a l t h  p h y s i c i s t  
on d u t y  w i l l  be  r e s p o n s i b l e  f o r  m a i n t a i n i n g  t h e  log .  A s  a  minimum t h e  

1 f o l l o w i n g  w i l l  be  recorded :  
1 

a .  Remarks p e r t a i n i n g  t o  da-i-Ly. moni to r ing  o f  decommissioning 

1 t a s k s  t o  i n c l u d e  any s p e c i a l  m o n i t o r i n g  performed. 



b. The number and weight  o f  r a d i o a c t i v e  waste c o n t a i n e r s  f i l l e d  

c .  S t a t u s  of r a d i o a c t i v e  was t e  i n  s t o r a g e  a w a i t i n g  shipment 

ount  ( ga l l ons  and a c t i v i t y )  of l i q u i d  was te  d i s c h a r g e  ( t o  
i n c I u d e  hold-up t anks )  

e. Amount and average  c o n c e n t r a t i o n  of a i r b o r n e  a c t i v i t y  d i scharged .  

f .  Movement of  a l l  h i g h l y  r a d i o a c t i v e  equipment, components of  
s t r u c t u r e s .  

g. A l l  i n c i d e n t s  p e r t a i n i n g  t o  r a d i o l o g i c a l  s a f e t y  

h. F a c t s  bea r ing  on any problem a r e a s  

i. I s suance  and t e r m i n a t i o n  o f  a l l  r a d i a t i o n  work p e r m i t s  (RIJP) 

j. Shipment of  r a d i o a c t i v e  samples ( q u a n t i t y  and d e s c r i p t i o n )  
and a n a l y s i s  r e s u l t s  when r ece ived  from Heal th  Physics  o r  a c o n t r a c t o r .  

3, g u a l i r y  Cont ro l  and Assurance.  Q u a l i t y  c o n t r o l  and q u a l i t y  
a s s u r a n c e  i n s p e c t i o n s  and t e s t s ,  where a p p l i c a b l e ,  w i l l  be t h e  r e s p o n s i b i l i t y  
o f  t h e  Physc i s i t - i n -Cha rge ,  R e s u l t s  o f  i n s p e c t i o n s ,  q u a l i t y  c o n t r o l  and 
q u a l i t y  a s s u r a n c e  obse rva t i ons  w i l l  be k e p t  i n  t h e  decommissioning log .  

4. D i s p o s i t i o n .  A f t e r  complet ion of  t h e  decommissioning t a s k ,  a11 
l o g s  w i l l  be  forwarded t o  t h e  HDL Technica l  & A d m i n i s t r a t i o n  Support  O f f i c e  
f o r  d i s p o s i t i o n .  

B. Repo r t s  

1. F i n a l  I n s p e c t i o n  Report .  The r e a c t o r  Commander (Chief Branch 290) 
s h a l l  be  r e s p o n s i b l e  f o r  p r epa r ing  a  r e p o r t  on t h e  f i n a l  i n s p e c t i o n  o f  t h e  
decommissioned DORF, 

2. F i n a l  Decommissioning Report .  The Reac tor  Commander (Chief  Branch 290) 
wi l l  be  r e s p o n s i b l e  f o r  t he  p r e p a r a t i o n  of t h e  f i n a l  decommissioning r e p o r t .  
Th i s  r e p o r t  w i l l  c o n t a i n  a l l  t h e  a s p e c t s  o f  t h e  decommissioning t a s k s  and 
c o n t a i n  t h e  s a f e t y  a n a l y s i s  o f  t h e  f a c i l i t y  i n  i t s  u l t i m a t e  s t a t u s .  The 
r e p o r t  w i l l  be forwarded through Commander, DARCOM (ATTN: DRCSF-P) t o  
Chief  of Engineers  (ATTN: DAEN-SON). 

3. Monthly Decommissioning Progress  Report .  A monthly decommissioning 
p r o g r e s s  r e p o r t  w i l l  be prepared by t h e  Phys ic i s t - in -Charge  and forwarded 
t o  t h e  Commander DARCOM (ATTN: CRCSF-P) by t h e  1 5 t h  day of t h e  month immediatelq 
f o l l o w i n g  t h e  r e p o r t i n g  period. 



1 
1 

1. F u e l  Accountabi l i ty .  The DORF f u e l  elements (Specia l  Nuclear 
11 be t r a n s f e r r e d  from t h e  US Army, Harry 
A. The f u e l  elements w i l l  be s e n t  t o  the  Idaho 

g P l a n t  o r  t o  o t h e r  TRIGA r e a c t o r  p l a n t s  a s  determined by t h e  
U n i v e r s i t y  R e l a t i o n s  Division,  EXDA. 

I 
1 2. F i l e s  and Records. A f t e r  completion o f  decommissioning, a l l  
j DORF o p e r a t i o n s  l o g s  and records  w i l l  be t r a n s f e r r e d  t o  HDL Technical  and 
1 Admin i s t r a t ion  Support Office f o r  r e t e n t i o n  o r  f i n a l  d i s p o s i t i o n  i n  
1 accordance w i t h  AMC Supplement t o  AR 385-80. 

V I I I  EMERGEXCY W S  

A. DORF Emergency Plan 

The Emergency Plan r equ i red  by t h e  Technical  Speci fkca t ions  w i l l  
be i n  e f f e c t  through t h e  Decomiss ioning  ope ra t ions ,  The purpose of 
the DORF Emergency Plan i s  t o  e s t a b l i s h  t h e  procedures t o  be fol lowed i n  
t h e  even t  o f  a n  acc iden t  o r  emergency a c  t h e  r e a c t o r  f a c i l i t y .  Accordingly,  
t hese  procedures  a r e  co in su re  t h e  p r o t e c t i o n  of t h e  h e a l t h  and s a f e t y  of 
personnel  under acc iden t  o r  emergency cond i t ions .  The o b j e c t i v e  of  t h e  
Emergency P l a n  is  t o  provide complete and coherent  procedures f o r  d e a l i n g  
wi th  emergency and acc ident  s i t u a t i o n s .  The p o t e n t i a l  emergency cond i t ions  
which may a r i s e  a t  t h e  DORF a r e  c l a s s i f i e d  i n t o  two ca t egor i e s :  

(1) The Design Basis  Accident and, ( 2 )  vary ing  degrees of l e s s e r  
acc iden t s .  A f t e r  t h e  SNM f u e l  has l e f t  t h e  f a c i l i t y  s i t e ,  t h e  Design Bas is  
Accident c o n s i d e r a t i o n s  would no longer  be i n  e f f e c t .  

B. OTRER PLANS AND SOPS 

The fo l lowing plans and s t anda rd  ope ra t ing  procedures w i l l  be i n  
e f f e c t  d u r i n g  decomiss ion ing  where app l i cab le :  

1. Technical  Spec i f i ca t ions  f o r  t h e  DORF, 13  Aug 1973 
- 

2. Hea l th  Physics Plan f o r  the DORF Reactor ,  18 March 1975 

3 .  DORF ENRADMON PLAN, 1 Feb 1977 

4. Operat ions Procedures f o r  DOW, HDL Pamphlet 70-5 

5. DOW Emergency Plan 1973 

6. phys ica l  Secur i ty  Plan, DORF, 25 Sept 1975 



7. SOP No. 4 Area Rad ia t i  

8. SOP No. 6 Procedures f o r  Measuring Fuel  Elements and Fuel  
Following Con t ro l  Rods 

OP No. 8  C r i t e r i a  f o r  
F i l t e r s  i n  Exhaust System 

10. SOP No. 12 Procedures f o r  Spec ia l  Nuclear M a t e r i a l  (SNM) 
Inventory 

11. SOP No. 13  Personnel Access Control  

12. WRAI'C Health Physics Regulat ions,  40-10 

f X  CONTRACTING 

A. Nuclear  Fue l  Shipmene 

The shipment of she DOW Specia l  Xuclear Mate r i a l  (SNM) i s  
governed by 55-5, Department of Transpor ta t ion  Regulat ion and 
Nuclear Regula tory  Commission Regulation 10CFR71. U.S. Energy Research 
and Development Adminis t ra t ion  has been asked t o  c o n t r a c t  f o r  the  
shipping cask  and f o r  t h e  shipment of the  f u e l  elements t o  t h e  reprocess-  
i ng  p l a n t  i n  Idaho. A l i censed  B a t t e l l e ,  Columbus BM-1 sh ipping  cask  f o r  
the s tandard TRZGA f u e l  elements i s  a v a i l a b l e  i n  November 1977, o r  i f  t h i s  
d a t e  cannot be met e a r l y  1978. A d i f f e r e n t  ~ . ~-~ cask  w i l l  be used f o r  the  
fue l  f o l l o w e d ~ . c o ~ ~ t ~ o _ I  rods  and ins t rGiented  f u e l  elements because a f  t h e i r  

m r - l e n g t h .  ~~ ~.~~ Some-o?~ thedEuel elements may be shipped to  o t h e r  TRIGA 
r e a c t o r  f a c i l i t i e s .  

B. S o l i d  Rad ioac t ive  Waste Shipments -- 
? ? - ~  - 2 -  __ . - 

1. - Contro l  Rods. The con t ro l  rods w i l l  be shipped w i t h  t h e  s o l i d  
r ad ioac t ive  waste. ~ The con tac t  dose r a t e s  from t h e s e  rods  i s  not  expected 
t o  exceed 100 mr/hr.  

2. = l id  Rad ioac t ive  Waste. The shipment of  s o l i d  r a d i o a c t i v e  waste 
w i l l  be c o n t r a c t e d  to a commercial c a r r i e r .  Disposal  w i l l  be i n  accordance 
with AR 755-15 a t  a n  NRC l i censed  b u r i a l  s i t e .  I t  i s  expected t h a t  s o l i d  
r a d i o a c t i v e  was te  w i l l  be low l e v e l .  

X. ~OMMISSIObIIi'IG TASKS 

A l i s t i n g  of  the decommissioning tasks  i s  t abu la t ed  i n  Appendix 2. 
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TERMINATION OF OPERATING LICENSES 
FOR NUCLEAR REACTORS 

A. INTRODUCTION 

Section 50.51, "Duration of l i eme ,  renewal," of 10 
CFR Part 50, "Licensing of Production and Utilization 
Facilities," requires that tach license 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 50.82, "Applications for 
termination of licenren," specifies the requirements that 
must be satisfied lo  terminate an operating license, 
including the requirement that the dismantlement o i the  
facility and disposal of the component p r t o  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 
lianses for nuclear reactors. The Advisory Committee 
on Reactor Safeguards h been consulted concerning 
this guide and har concurred in the regulatory position. 

5. DISCUSSION 

When a licensee decides to terminate Xu nuclear 
reactor operating Ucens, he may, as a first step in the 
proccs~, request that his operating llcense be amended to 
restrict him to possess but not operate the  fncillty. 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 to the safety of reactor operation is no  longer 
required. Once this possession-only license b isstied. 
reactor operation is not permitted. Other activities 
related to cessation of operations such as unloading fuel 
from the reactor and piacing it In storage (either onsite 
of offsite) may be continued. 

A license having a possession-only license mun 
retain, with the Part 50 license, authorization for special 
nuclear material (10 CFR Part 70, "Special Nuclear 
Material"), byproduct material (10 CFRPart 30, "Rules 
of Genera! Applicability to Licensing of Byproduct 
Material"), and source material (10 CFR Pan 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 Ban 50 license and the 
technical speciiicatiom to assure that proper surveillance 
is performed and that the reactor facility is maintained 
in a safe condition and not operated. 

A possesion-only license permits various optxons and 
procedures for decommissioning, such as mothbxiling. 
entombment, or  dismantling. The requirements imposed 
depend on the option selected. 

Section 50.82 provides that the licensee 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 dioaawmbly of a reactor and its shipment 
offsite, sometimes to another appropriately licensed 
organization for further use. The rite from which a 
reactor has been removed must be decontaminated, as 
necesary, and inspected by the Commission to deter- 
mine whether unrestricted access can be approved. In 
the case of nuclear power reactors, disrmntling has 
usually been accomplished by shipping fuel offsite, 
making the reactor inoperable, and disposing of some of 
the radioactive components. 

Radioactive components may be either shpped off. 
site for burial at an authorized burial ground or secured 

-- ~ ~ ~ ~ - ~ ~ - p  ~ ~ -- 
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and/or shield~ng matenal. Means such a a remote- 
readout intruuon alarm system should be pronded to I {J - indicate lo d n l p a t e d  personnel when a physical barrier 
ir penetrated. Security personnel that pronde access 

I 
control to the facllity may be used instead of the 
physlcal barrters and the lntruuon a l m  system. 

i 
b The physcal barriers t o  u n a u t h o b d  entrance 

into the facility, e.g., fences, bu~ldtngs, welded doors, 
and acccss openmgs, should be inspected at least 
quarterly t o  m u r e  that these barriers have not deterior- 

j ated and that locks and locking apparatus are intact. 

c. A facility radiation survey should be performed at 
least quarterly to verify that no radioactive material is 
escaping or being transported through the containment 
barriers in the facility. Sampling should be done along 
the most probable path by which radioactive material 
such as that stored in the inner containment regjons 
could be transported to the outer regions of the facility 
and ultimately to the environs. 

1 

1 d. An environmental radiation survey should be 
I performed a t  least semiannually to verify that no  -! signficanr amounts of radiationhave been relewd to (he 

i environmnt from the facility, Sample8 such es soil, 

j xgztatien, and water should be taken at locations for 

3 which statistisal data has been established during reactor 
operations. 

1 e. A site representative should be designated to be ' ' responsible for controlling authorized access into and i movement within the facility. 
1 

i f. Administrative procedures should be established 
for the notification and reporting of abnormal occur- 
rences such as (1) the entrance of an unauthorized 
person or penons into the facility and (2) a ugnificant 
change in the radiation or contamination lcnis in the 
facility or the offsite environment. 

i 
i g. The following reports should be made: 

(I) An annual report to the Director of Licensing, 
U.S. Atomic Energy Commission, Washington, D.C. 
20545, describing the results of the environmental and 
facility radiation surveys, the status of the facifity, and 
an evaluation of the performance of security and 
surveillance measures. 

(2) An abnormal occurrence repori 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 
repxt 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: 

(I) Environmental surveys, 

(2) Facility radiation surveys, 

(3) Inspections of the physical barnen, and 

(4) Abnormal occurrences. 

4. DECONTAMINATION FOR RELEASE FOR UK- 
RESTRICTED USE 

If it is desired to terminate a license and to e h i n a t e  
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 facility abandoned or 
released for unrestricted use. The licensee should per- 
form the decontamination using the following guide- 
lines: 

a. The licensee should make a reasonable effort to 
eliminate residual contamination. 

b. No covering should be applied to radioactive 
surfaces of equipment or structures by paint. plating. or 
other covering material until it is known that conramina. 
tion levels (determined by a survey and documented) are 
below the limits specified in Table I. In addition. a 
reasonable effort should be made (and documented! to 
further minimize contamination prior to 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, or 
location as to make the surface inaccessible for purposes 
of measurement should be asurned to be contaminared 
in excess of the permissable radiation limits. 

d. Upon request, the Commission may authorize 3 

licensee to relinquish possession or  control of premises. 
equipment, or scrap having surfaces contaminated in 
excess of the limits specified. This may include. but :, 
not limited to, special circumstances such as the transfer 
of premises to another licensed orpnizadon that will 
continue to work with radioactive materials. Requests 
for such authorization should provide: 

(I)  Detaded, specific information describing the 
premises, equipment, scrap, and radioactive contami- 
nants and the nature, extent, and degree of residual 
surface contamination. 



TABLE I 

U-nat, U-235, U-238, an 
w c t a t e d  decay produc 

-- ~ - -  

m e r e  arriace ecnruniM&n by both d p b  and be18-8Pmrndniq nuclides ex&& the limits s 
bern-~ i th  nuclider should apply independently. 

b ~ #  ueDd ia thh irbh, dpm Wsintsgrstiom pz &nuts) maan8 the rats ofernlrdon by ndionctvs marid as dstmxdnsd by -rhrp 
+3ie counts pa mfnure obvansd by m rppmprimte detector Tot backgmund, oafdsncy, %rd pmFtric f M o n  d i a l  srith ibr 
Imt~mentatian 

CMcaswements of averpgc contlmirunt should not ba n v W  over more than 1 ququus mlu. For objccb of tern &la ue+. the 
average should be derived for uch atch object 

mvrimurn contaminntion 1-1 applies tom plss of not mom thnn 1M) rm2. 
OIhc amount of removable radimetivc matarkt per 100 cm2 of surf.0 rru &odd bc determined by *ping that - with dry f3kr oor 
mft absrbent p.per, appl~ing modcratc prasrwc, md aPMdng the mount of ndiclctive makrkt m the aipe with m approprizte 
iruvurnmt of known eEciency. When movable contamination on objects of isn aufaa - h &tem%xd, the perfincat lcreh 
shauld be m i d  pmportiomb and the entire arrfoca should bc ariped 

Beta-gamma enutters (nuclides 
wth decay modes other than alpha 
ermsson or tpnbncous  fission) 
exept  SP-90 and others noted above. 

scoo dpm&/1CO cm2 15,000 dpm&/100 cm2 1MM dpm &7/100 cm 



Appendix 2  

I 

Decommissioning Tasks 
- 

. The DORF d e c o m i s s i o n i n g  t a s k s  a r e  d iv ided  i n t o  t h r e e  phases: 
(1)  lact tor f u e l  removal and shipment, (2)  F a c i l i t y  decommissioning, and 

i (3) P repa ra t ion  o f  bu i ld ing  f o r  a l t e r n a t e  use and Post-decommissioning 

t t asks .  

1 Phase I Tasks: Reactor  Fuel  Removal and Shipment 

Prepare  decommissioning Plan. 
Obta in  ERDA agreement t o  s h i p  and d i spose  r e a c t o r  f 4 .  
Prepare  f u e l  handling Safe ty  Analys is  Report (FHSAR). 
Obta in  ARCHS approval  of FHSAR. 
Nego t i a t e  r e n t a l  o f  Licensed sh ipping  casks ( e i t h e r  HDL o r  WDA). 
Prepare  Appendix A d a t a ,  "Descript ion of S p e c i f i c a t i o n  H a t e r i a l  
and Des ignat ion  of  Processing Batch S izev  and "Idaho Chemical 
P rocess ing  F i a n t  Fuel  Receipt  Cr i ee r i a " ,  and send to  ERDA, Idaho. 
Remove fueL elements ,  p repa re  f o r  shipment, 
T r a n s p o r t a t i o n  of f u e l  elements t o  ERDA, Idaho o r  to  TRIGA 
r e a c t o r  f a c i l i t i e s .  

Phase I1 Tasks: F a c i l i t y  Decommissioning 

1. Prepa re  dismantlement plan. 
2. Obtain ARCHS approval  of dismantlement p lan ,  
3 .  E s t a b l i s h  accep tab le  su r face  contamination l e v e l s  f o r  r e l e a s e  of 

premises f o r  u n r e s t r i c t e d  use. 
4.  Prepare  s p e c i f i c a t i o n s  f o r  dismantlement c o n t r a c t .  
5 .  Award dismantlement con t rac t .  
6. Rad ioac t ive  equipment and s t r u c t u r e  removal: 

i a.  Removal of co re  support  s t r u c t u r e  
b .  Removal of  pool lead  s h i e l d  doors  
c .  Pool water  d i scha rge  t o  s a n i t a r y  sewer. (water a n a l y s i s  

. . 
t o  a s s u r e  wi th in  10CFR20 l i m i t s 5 ~  

d .  Removal of aluminum tank l i n e r  and a c t i v a t e d  concre te  under 

i t h e  l i n e r  
e .  Removal of wood timber l i n i n g  and concre te  i n  exposure room 

and plug-door 
. . f .  Removal of  l ead  s h i e l d  h o i s t  and c u r t a i n  i n  exposure room 

g. A c t i v a t i o n  ana lys i s /dose  r a t e  measurements a t  bottom of pool 

i and i n  t h e  exposure room t o  a s s u r e  acceptable  r e s i d u a l  con- 
t amina t ion  l e v e l s .  ! h. Packaging of r a d i o a c t i v e  m a t e r i a l  f o r  shipment t o  d i sposa l  s i t e  

i i. Removal of water t reatment  system and a c t i v a t e d  s e c t i o n s  of 
exposure room a i r - c o n d i t i o n i n g  ducts .  



equipment t o  t h e  Armed Forces  Radio logica l  Research I n s t i t u t e  (AFRRI). 

9. Remove machine shop equipment and 100 kW emergency g e n e r a t 9 g .  
( t o  be su rp lused  o r  t r a n s f e r r e d  t o  o t h e r  users)- - 

10. Prepare procedures o r  d i s c r i p t i o n s  of method f o r  accomplishing 
t h e  d ismant l ing  t a s k s  where app l i cab le .  

11. Desc r ip t ion  of  t h e  b i o l o g i c a l  s h i e l d  and e s t ima tes  of t h e  
con ten t  and e x t e n t  of  induced r a d i o a c t i v i t y .  

12. Contamination c o n t r o l :  

(1)  Dust c o l l e c r i o n  and abso lu te  filtering procedures.  
(2) R e s p i r a t o r  and protective c lo th ing  requirements ,  
( 3 )  A i r  Sampling Procedures,  
(4) Other  Heal th Physics  requirements o r  procedures.  -. 

~ ~~ .~ -. -~ -. -~ .... .. . 
I. ___-/ 

13. Removal of  t h r e e  5000 g a l l o n  water  hold-up tanks. 
-~ - ~ - .  . .. 

Phase I11 Prepa ra t ion  of  Bui ld ing  f o r  A l t e r n a t e  Use &-- t: 
,- 

1. Post  decommissioning r a d i o a c t i v i t y  survey p r i o r  t o  covering/  
r e s u r f a c i n g  former a c t i v a t e d  areas .  

2. P repa ra t ion  of  bu i ld ing  f o r  a l t e r n a t e  use: 

i--- 
a.  Dismantle conc re t e  parapet  t o  f l o o r  l eve l ;  
b. F i l l - i n  pool  hole-and r e su r face '  t o  bay  f l o o r  l e v e l .  
c .  F i l l - i n  l ead - sh ie ld  h o i s t  ho le  i n  e%@Zsure %b%-~;ii l  

/ 
r e s t o r e  f l o o r  t o  l e v e l  of entrance.  

d. Remodel and r e a c t i v a t e  a i r - cond i t ion ing  system. 
e. Remodel e l e c t r i c a l  d i s t r i b u t i o n  and sewer system where 

app l i cab le .  
f .  Remove o f f i c e  and l abora to ry  t r a i l e r .  
g. Remove a l l  o t h e r  HDL equipment and f u r n i t u r e .  
h. Reconnection of sewer l i n e s  a t  hold-up tank a r e a ,  f i l l  

ho le  and relandscape.  

3. Post decommissioning inspec t ion  by Independent Agency. - 

4. Post decommissioning I . G .  Inspec t ion  and f i n a l  decommissioning 
r epor t .  



Appendix 111 

TRIGA Fue l  Shipping Cask Analys i s  

~ h c  s h i p p i n g c a s k s  t o  be used t o  s h i p  t he  DORF f u e l  are t h e  B a t t e l l e  

1 Nemorial  I n s t i t u t e  BNI-1 cask  and ano the r  cask  not y e t  determined.  The 

I B M I - 1  c a s k  w i l l  be used t o  s h i p  t h e  s t anda rd  l e n g t h  DORF f u e l  e lements .  

I 
i Another  c a s k  must be used  f o r  t h e  f u e l  f o l l ower  c o n t r o l  r o d s  (FFCR) and t h e  
I 

thermocouple  ins t rumented  f u e l  e lements  (TCFE) because o f  t h e  l onge r  o v e r a l l  

l e n g t h .  

1 Th is  appendix c o n t a i n s  the B M I - E  c e r t i f i c a t e  of compliance and t h e  

ca sk  s a f e t y  a n a l y s i s  as fo l lows:  

1. C e r t i f i c a t e  of  Compliance Noio. 5957, Revis ion  1, of t h e  BMI-I 

s h i p p i n g  package. 

i 2 .  S a f e t y  Ana lys i s  Report  f o r  shipment o f  t h e  TRIGA f u e l  by t h e  

i U n i v e r s i t y  of Arizona. 

~:~ 1 
3. Supplement No. 1 t o  r e q u e s t  f o r  l i c e n s e  t o  t r a n s p o r t  i r r a d i a t e d  

i 
I TRIG%. f u e l  i n  BMI-1  Shipping Cask, June 1972. 

4 .  U n i v e r s i t y  of Arizona TRIGA l o a d i n g - t o - c r i t i c a l  experiment.  

5. Summary of i n i t i a l  C r i t i c a l i t y  Experiment f o r  Tor rey  P i n e s  TRIm 

Mark 111 Reac to r  S t a r t u p .  

6. Supplement No.1 t o  r e q u e s t  f o r  l i c e n s e  t o  t r a n s p o r t  i r r a d i a t e d  

TRIGA f u e l  i n  BMI-1 Shipping Cask, June 1973 (replacement  pages 12  through 20 

t o  i t em  3) .  

7. Ana lys i s  of  S h e l l s  of Revolu t ion  Subjec ted  t o  Symmetrical  and 

Wonsymmetrical Loads. 

8. DORF r e a c t o r  s t a r t - u p .  



RADIO-ISOTOPIC ANALYSIS OF RADIOACTIVE MATERIAL 

I N  THE DORF STRUCTURE BEFORE 

DECOMMISSIONING 



INTRODUCTION 

This report  documents information of the amount and type of radioact ive 

Ordnance Radiation Fac i l i ty  a f t e r  removal of the reactor f u e l  i n  t he  spring 

be supplied t o  the Army Reactor Committee for  Health and Safety (ARCHS) 

pr ior  t o  t h e i r  approval of such plans. The information is a l so  needed by 

the waste-disposal area d i rec tora te  who must budget f o r  spec i f ic  volumes and 

radioactive levels .  Final ly ,  t he  isotopic  composition of the  radioact ive 

waste is necessary for  label ing containers a t  the time of shipment. 

The f i r s t  section of t h i s  report  i s  a  summary for  those who need only 

the f i n a l  r e s u l t s  on type, locat ion and amount of res idual  rad ioac t iv i ty .  

Section two describes the invest igat ive procedures, discusses the  possible 

sources of rad ioac t iv i ty  and the properties of the  radioactive isotopes 

found. Graphs of isotopic analyses and calculations,  whlch convert detector 

response to  spec i f ic  a c t i v i t i e s ,  a r e  included i n  t h i s  section.  The second 

section also provides the de ta i led  calculat ions  of volumes, weights and t o t a l  

rad ioac t iv i ty  i n  the various sections of DORF. The f i n a l  sect ion contains 

recommendations based on things discovered during t h i s  study. 

SmMARY 

The radioact ivi ty  t ha t  w i l l  remain a t  DORF a f t e r  the fue l  removal i n  the 

spring of 1978 has been carefu l ly  estimated based on c r i t e r i a ,  measurements and 

necessary assumptions documented in  t h i s  report .  A concise summary of t h a t  

rad ioac t iv i ty  i s  given i n  Table I. The most predominant radioactive isotopes 

i n  t he  concrete a r e  cobalt-60 and europium-152 and -154. The most predominant 

isotopes in lead are  antimony-124 and silver-110' . The wood and s t e e l  (mainly 

in the lead-shield ho is t )  a r e  not very radioactive and a r e  easy to  dispose of. The 

aluminum i t s e l f  i s  almost non-radioactive but there is a  radioactive Phenoline 



l i n e r  which tends t o  s t i c k  t o  t he  aluminum. Its rad ioac t iv i ty  comes from 

cobalt-60 and zinc-65. A l l  of these radioactive isotopes have half- l ives  

i n  excess of 60 days. 

11 TABLE I. Summary- of t o t a l  rad ioac t iv i ty  t o  be expected from mater ia ls  
i n  the  DORF s t ruc tu re  a f t e r  core removal. 

LEAD 

(If  whole plug 1 (170,050) 
door included). I 

I 

ALUMIiiuM 

WOOD 

STEEL 

Material  

(850) 

GRAND 

TOTAL 

I 

Mass 
(lbs) 

Volume 
(f t3) 

177,817 l b s  

(89 tons) 

Radioactivity 
(mil l icur ies)  I 

L'This represents a summation of the values given i n  Table X. 



IDENTIFICATION OF TRE RADIOACTIVITY 

The pr incipal  method of ident i f icat ion was gammarradiation spectroscopy 

is housed ins ide  a very low-activity-lead cave l ined with wood. Numerous 

background analyses confirm tha t  for  photons with energies grea te r  than 

140 keV, samples with low a c t i v i t i e s  Ctwc t o  three times background) can be 

successfully analyzed f o r  spec i f ic  photon energies. A plo t  of a multichannel 

analyzer spectrum of t he  background is given i n  Fig. 1. The pr incipal  higher 

energy peaks i n  the  background spectrum a re  the 511-keV gammas associated 

40 with annihi la t ion rad ia t ion  and the 1461-keV peak from K ,  a radioactive 

isotope which is found na tura l ly  in  almost a l l  "nonrradioactive" materials.  

The method of analyses provides f o r  very good resolut ion of the  photon 

energies i n  the range 140 keV t o  2500 keV a t  approximately 9.7 keV per 

channel of 256 t o t a l  cfiannels. The electronic equipment i s  su f f i c i en t ly  

s tab le  over counting periods of 50,000 seconds t o  permit energy assignment 

within two percent. Graphs of the gamma spectra of t he  var ious  mater ia ls  

investigated a re  shown. (See Fig. 2 through 5 ) .  

The method does not provide for  the ult imate i n  accuracy f o r  determining 

spec i f ic  ac t iv i ty .  The c r y s t a l  efficiency (disintegrations per count as  a 

function of energy) can only be accurately assigned f o r  a well-defined 

geometry. The samples i n  the  present s i tua t ion  varied i n  s i z e  and shape. 

Therefore, they were suspended above the c rys ta l  so t ha t  t h e i r  centers of 

mass were approximately th ree  centimeters from the ac t ive  volume of the 



detector and e f f i c i enc i e s  w e r e  determined w i t h  cal ibrated point sources. 

The error  associated with t h i s  procedure is estimated t o  6 e  no greater  than 

50%, based on a volume integrat ion of point-source response a t  points  i n  

space representative of t h e  sample s ize .  For the  task a t  hand such accuracy 

i s  suf f ic ien t  . 

Rational of Sample Select ion 

The job was t o  i den t i fy  the  radioactive content and quant i ty  of materials 

t h a t  w i l l  have t o  be removed from the  DORF s i t e  so tha t  it can be ce r t i f i ed ,  

by post-decommissioning radioactive survey, a s  an unrestr ic ted area f o r  

possible public use. This survey, to  be conducted by the Army Environmental 

Health Agency (AEHA), must be accomplished pr ior  t o  any f i l l i n g ,  sealing or  

burying a c t i v i t i e s .  This presented two problems. How can we ident i fy  the 

radioact ivi ty  i n  present ly  inaccessible areas,  such as  below the reactor  

pool, before the  reac tor  f u e l  and higher-level radioact ive s t ruc tures  have 

been removed? What amount of material  w i l l  have t o  be removed from walls 

and f loors  t o  reach an acceptable AEHA level?  

The f i r s t  problem was attacked as follows. Representative samples of 

a l l  the  material  types a r e  accessible i n  the exposure-room area.  Because 

of the s ign i f ican t ly  l a rge r  thermal-neutron cross sect ions  of mater ia ls  

and the f ac t  tha t  t h e  DORF-TRIGA reactor is zirconium-hydride moderated and 

water-cooled reactor ,  t he  thermal component of the spectrum is the dominate 

source of induced rad ioac t iv i ty .  A s  w i l l  be discussed l a t e r ,  t he  predominance 

of radioactiye europium confirms this. Therefore, isotopic  analyzes of 

exposure room samples a r e  representative of those i n  present ly  inaccessible 



a reas .  Furthermore, w i t h  f a c i l i t y  dosimetry d a t a  f o r  t h e  va r ious  l o c a t i o n s ,  

s i g n i f i -  

c a n t l y  d i f f e r e n t  f l u x  exposure levels .  

because we do not  have good guidance on the  amount o f  r a d i o a c t i v i t y  i n  

volume t h a t  can remain. NRC Regulation 1.86, t h e  c u r r e n t  guide,  c l e a r l y  

s p e c i f i e s  l e v e l s  f o r  removal su r face  contamination bu t  is ,  a t  b e s t ,  vague 
I 

on volume a c t i v i t y  and how t o  d e t e c t  it .  The c r i t e r i a  s e t  f o r  t h e  a n a l y s i s  

i n  t h i s  r e p o r t  a r e  a s  fo l lows:  

(1) Once the  r e a c t o r  suppor t  s t r u c t u r e  has been removed t h e r e  w i l l  be 

no high-level  r a d i o a c t i v e  was te  remaining i n  the  DORF s t r u c t u r e .  Our 

analyses  confirm t h i s .  

(2) Based on e x i s t i n g  al lowable concent ra t ions  of r a d i o a c t i v e  ma te r i a l s  

i n  water  and a s p e c i f i c  a c c i v i t y  proportional, t o  m a t e r i a l  d e n s i t y ,  we can s e t  

-5 . an al lowable s p e c i f i c  a c t i v i t y  of 2 x 10 mlcrocuries  per  gram as t h e  maximum 

permiss ib le  concent ra t ion  o f  radionucl ides  i n  water  when i t  i s  known t h a t  

S r  90, 1129,  ( I  125, I 126, 1 131, Table 11 only) ,  Pb 210, R a  226, Ra 228, 
i 

Cm 248, and C f  254 a r e  not  present .  Since the d e n s i t y  o f  water i s  one g/cm 3 

3 -5 . 3 
and the re  a r e  28317 cm / f t 3 ,  2 x 10 l l C ~ / ~  corresponds t o  0.57 l iCi/f t  of water. 

(3)  It i s  assumed t h a t  t h e  r a d i o a c t i v i t y  i s  d i s t r i b u t e d  i n  t h e  m a t e r i a l  

t o  be removed i n  proporeion t o  the  inc ident  thermal f luence  ( f lux- t ime product) 

and a t t enua ted  exponen t i a l ly  according t o  thermal-neutron r e I a x a t i o n  lengths ,  

( 5 . .  t he  inve r se  of microscopic removal c ross  sec t ions  f o r  broad beams). 

H a l f - l i f e  decay is taken i n t o  cons idera t ion  f o r  the  period u n t i l  sp r ing  1978. %ere- 

fore, t h e  depth of material t o  be  removed, D i n  cent imeters ,  i s  determined 

* 
10 CFR20, note t o  Appendix B 



by r e l a t i ve  fluence l e v e l  a t  the  surface, 4/40, and 

3 
where A is the a c t i v i t y  i n  vCi/ft  estimated from t h i s  study. The values 

Measured Radioactivity 

Samples taken from the DORF exposure room were concrete, wood, aluminum, 

lead and a tar-paper-like l i n e r  ins ta l led  between the  aluminum pool tank and 

TABLE 11. Material densi t ies  and re laxat ion lengths,  L 

the concrete pool base. Although the aluminum i t s e l f  has very l i t t l e  res idual  

-6 . radioact ivi ty  ( l e s s  than 8 x 10 iiCr/gm f o r  the  sect ions  counted), the 

Phenoline paper i . .  the tar-paper l i n e r )  has the highest spec i f i c  a c t i v i t y  

Material 

Concrete 

Lead I 
1 Wood 

of a l l  the mater ia ls  examined. Since t h i s  l i n e r  tends t o  s t i c k  to  the aluminum, 

for  a l l  p rac t ica l  purposes the  aluminum tank exhib i t s  t h i s  ac t iv i ty .  

Tables I V  through I X  give a breakdown of the isotopic  composition of the  

radioact ivi ty  i n  the  various samples. Tables I V  and V a r e  composed of several  

Density 

2.35 g/cm 
3 

11.0 g/cm3 

additional pages t h a t  serve as  detailed examples of the  methods of analyses 

Relaxation Length 

1.6 cm 
I 

4.2 cm I 2-> A 

and a re  sel f  explanatory when reference is made to  the graphs of the  multichannel- 

0.42 g/cm3 I 2.9 cm i 

analyzer output. Figs. 1 through 5 are  the multichannel-analyzer gamma spec t ra  

f o r  the  various types of samples. The energy of the  photopeaks i s  re la ted t o  



* 
TABLE 111. GAMMA SPECIFIC ACTIVITY AND THE NUMBER OF MICROCURIES PER UNIT OF 

MATERIAL FOR VARIOUS RADIOACTIVE MATERIALS FROM THE DORF EXPOSURE ROOM 

Type of 
Mate r i a l  Location i n  Exposure Room 

S p e c i f i c  A c t i v i t y  A c t i v i t y  per  u n i t  
(d1s.g) of m a t e r i a l  

1. PHENOLINE PAPER On aluminum tank near exposure room 636 3.6 @/sq f t  
end of pool 

2. CONCRETE 

3 .  CONCRETE 

V 

4. LEAD 

5. LEAD 

6. WOOD 

From f r o n t  p a r t  of room about 
4 f e e t  from r e a c t o r  

3 
Very near  r e a c t o r  a t  exposure room 141 252 W i / f t  
end of tank  

From c u r t a i n  above t h e  movable lead  
s h i e l d  

From br i ck  i n  middle of t h e  movable 2 05 1.30 pCi/lb 
l ead  s h i e l d  

From very  near r e a c t o r  and concre te  1.3 0.40 pCi / f t  3 

sample 8 3 ,  above. 

k 
From gross  be ta  p lus  gamma analyses ,  the  beta-to-gamma a c t i v i t y  of a11 these  d i f f e r e n t  m a t e r i a l s  i s  
approximately 1.8. 



of samples. The energy of the photopeaks 

is related to start the channel number (abcissa) by the followi 

! 

E(keV) = (channel C2.5)  x 9.69 +2% - (2)  

i 
For clarification, the gamma-ray peaks are indentified by isotope and their 

energies in keV (and in parenthsis) are given for most of the peaks, 

The specific activity (d/s-g) for each measured sample is compared 

in Table 111. 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 radioactivity in the volumes of 

radioactive materials at DORF. 
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CONCLUSIONS & RECOMMENDATIONS 

ac to r -g r id  

i 
support s t r u c t u r e  has been removed the re  is very  l i t t l e  r a d i o a c t i v i t y  r e -  

maining a t  DORF. Unfortunately t h e  l e v e l s  a r e  d e f i n i t e l y  above background, 

but  only by f a c t o r s  o f  seve ra l  hundred, and the  r a d i o a c t i v i t y  i s  mainly 

d i s t r i b u t e d  throughout concre te  wal ls  and f l o o r s .  Deep excavations w i l l  

no t  be necessary. However, t h i s  i s  of l i t t l e  consequence i f  one s t i l l  has t o  

remove s e v e r a l  i nch- th ick  l aye r s  from l a r g e  areas .  This i s  t h e  s i t u a t i o n  

i n  the  exposure room. I n  f a c t ,  the  exposure-room decontamination is  by 

f a r  the  major problem and severa l  poss ib le  methods of a t t a c k  come t o  mind. 

(1) Excavate and remove the  th ree  5000-gallon waste-water hold ing  tanks,  

cur  o f f  p a r t  of t h e  tops and use them a s  shipping con ta ine r s  f o r  t h e  radio-  

a c t i v e  d e b r i s  from D O G .  For example, the  wood has su f fe red  r a d i a t i o n  

damage and dry  r o t  so  t h a t  i t  crumbles r a t h e r  e a s i l y .  It i s  a b i g  volume 

3 (1200 f t  ) bu t  r e l a t i v e l y  l i g h t  i n  weight so  i t  can e a s i l y  be tossed  o r  

shoveled i n t o  t h e  tanks and they could then be c l o s u r e  welded f o r  shipment. 

There w i l l  a l s o  be much d u s t ,  d i r t ,  paper and small concre te  chips of 

r ad ioac t ive  waste, a l l  of which could be put  i n t o  the  tanks. 

(2) Mechanically c u t ,  DO NOT CUT WITH A TORCH, t h e  aluminum because of 

the  r ad ioac t ive  "tar-paper" l i n e r  which could e a s i l y  c a t c h  on f i r e  and 

produce contaminated smoke. However by r e fe rence  t o  t h e  excavation-of- 

concre te  d e t a i l s  i n  t h i s  r epor t ,  t he  places where the  aluminum l i n e r  w i l l  

be r ad ioac t ive  a r e  e a s i l y  iden t i f i ed .  I t  does not  appear t h a t  the  l i n e r  

w i l l  produce a problem i n  o ther  than these areas .  



(3) Thought should be given t o  the poss ib i l i ty  of t ransfer r ing  some 

of the lead to AFRRI o r  APRF because i t s  radioact ivi ty  i s  r e a l l y  n 

serious hazard and these f a c i l i t i e s  need i t  for  shielding i n  neutron f ie lds .  

This could save a few do l l a r s  on transportation and disposal costs.  

(4 )  Survey a c t i v i t i e s  a r e  going to  be a problem because there  j u s t  

i s n ' t  much a c t i v i t y  t o  survey r i g h t  now. For example, depending on what i s  

going to  be done with the exposure room, it may not be necessary to  excavate 

concrete from the rear  wall  of the room. In any event, thought should be 

given to  how much the survey reading "from the rear  w a l l  only", before 

excavation, must be decreased by material  removal t o  provide an "acceptable" 

survey level.  In view of the  expense to breakup and ship concrete, i t  i s  

prudent to be prac t ica l  about seal ing up or  burying very small, but detectable,  

amounts of radioactivity.  

(5) Almost a l l  of the  materials exhibit  one o r  two predominant and 

charac te r i s t ic  photopeaks. Therefore, survey a c t i v i t i e s  could be determined 

by a sodium-iodide s c i n t i l l a t i o n  detector.  It is suggested tha t  a portable 

detector with a 3/4-inch-thick cyl indr ical  lead shield  around t h e  s ides  

would be pract ical .  Calibration could be accomplished i n  a crude, but 

adequate, manner by measuring the response of a var ie ty  of sources simul- 

taneously positioned over a square-meter plane area behind about 1/4-inch 

thick aluminum. This approximates the following s i tuat ion.  The dose r a t e  

to  t i s sue  i n  rads per hour i n  an i n f i n i t e  medium, of density p, uniformly 

contaminated by a gamma emit ter ,  of energy E (MeV), is 



. 

3 where C is i n  microcuries per cm . A t  the surface, the dose r a t e  is 

2 the "calibration setup a t  one meter" and correcting fo r  1/R to  one 

centimeter, one can estimate the rads per hour efficiency of the 

s c i n t i l l a t i o n  detector. A var ie ty  of sources, repositioned should be 

used and the r e su l t s  averaged. 



MEDEC-RS 
MEMORANDUM FOR RECORD 
SUBJECT: Authorized Uses of DORF Reactor 

12 December 1967 

1. Ref t e l e con  between undersigned and Mr. Dube, Div, Ma te r i a l s  
L icens ing ,  USAEC. Code 119-7491, t h i s  da te .  

2. I n  response t o  ques t ions  from Harry Diamond Laboratory concerning 
t h e  proposed use of DORF t o  produce r ad io i so topes  f o r  medical purposes , '  
t h e  undersigned, a f t e r  a thorough search  of t h e  Code of  Federal  Regul- 
a t i o n s  and o the r  ava i l ab l e  documents, i n i t i a t e d  a c a l l  t o  t he  o f f i c e  of 
M r .  C e c i l  Buchanan of t he  Atomic Energy Commission. M r .  Buchanan was 
n o t  a v a i l a b l e ,  however Mr. Dube of t h a t  o f f i c e  d i scussed  t h e  ques t ion .  A l -  
though Mr. Dube d id  no t  i n i t i a l l y  have a f u l l  answer t o  t he  ques t ion  a s  t o  
t h e  a u t h o r i t y  t o  produce r ad ioac t i ve  m a t e r i a l ,  he  obtained t he  needed 
in format ion  from M r .  Edward R. F l eu ry ,  D iv i s i on  of Reactor Licensing,  AEC. 

3.  I n  t h e  opinion of t he  Atomic Energy Commission, a s  expressed by 
Mr. F l eu ry  and M r .  Dube, t he  a u t h o r i t y  t o  produce r ad ioac t i ve  m a t e r i a l  
f o r  such purposes a t  t h e  Walter Reed Research Reactor i s  contained i n  
t h e  p r o v i s i o n  of use of t he  Reactor f o r  r e s ea r ch  and development. I t  
i s  cons idered  t h a t  a s ta tement  of  t h a t  n a t u r e  i s  broad enough t o  encom- 
pa s s  any ope ra t i ons  which a r e  c u r r e n t l y  being conducted u t i l i z i n g  t h a t  
Reactor.  

4. Since  DORF is an unl icensed r e a c t o r  and comes under t he  p rov i s i ons  
of Sec t i on  91b of t h e  Atomic Energy Act ,  t h e  r egu l a t i on  of t he  Atomic 
Energy Commission is q u i t e  i n d i r e c t .  I n  t h e  i n i t i a l  planning s t a g e s  i t  is  
necessary  t h a t  t h e  m i l i t a r y  show a m i l i t a r y  need f o r  t h e  r e ac to r  and there -  
by q u a l i f y ' i t  under Sect ion 91b. Once t h i s  m i l i t a r y  need has been e s t a b l i s h -  
ed,  and s o  long a s  t he  r e a c t o r  cont inues t o  be used f o r  m i l i t a r y  purposes ,  t h e  c o n t w  
r o l  of t h e  r e a c t o r  and t h e  uses  t o  which i t  w i l l  be pu t  a r e  s t r i c t l y  t h e  
purview of  t h e  m i l i t a r y ,  i n  t h i s  case  t he  Army. 

.. 

5 .  I f  t h e  r e a c t o r  ceases  t o  be used f o r  m i l i t a r y  purposes o r  is s o l d  " 

o r  r e l i nqu i shed  t o  some o the r  source,  then t h e  f a c i l i t y  must be l i c ensed  
and i t  is necessary f o r  t he  Army t o  make proper  n o t i f i c a t i o n  t o  t h e  Atomic 
Energy Commission so  t h a t  t h i s  may be done. The proposed p r o j e c t  of a c t i va -  
t i n g  go ld  is  obviously a m i l i t a r y  r e l a t e d  p r o j e c t .  A s  such t he  c o n t r o l  
of DORF is  s t r i c t l y  wi th in  t h e  m i l i t a r y  so  f a r  a s  t h e  AEC is concerned. 
This , .of  course,does no t  hold f o r  t h e  product ion of f i s s i o n a b l e  ma t e r i a l .  

6. Along with t he  d i scuss ion  i t  was po in ted  ou t  t h a t  c e r t a i n l y  t h e  in -  
t e r n a l  sa feguards  which a r e  e s t ab l i shed  such a s  t h e  Reactor Safeguards Com- 
mittee, t h e  Authorizat ion Procedure, e t c .  must remain i n  e f f e c t  f o r  any 
p r o j e c t  whether i t  is of  m i l i t a r y  need o r  otherwise.  

I 

Copy Furn: 
F.N. Wimenitz 
B r  230, HDL 

MAJ, MSC 
Asst Heal th  Physics  Of f i c e r  



W r ,  W. B, Murphy 
Chief,  S a f c t y  Off ice  

, Off ice  of t h e  Chief of Engineers 
D ~ a ~ t ~ m t  nf the  Amy 
I.;ar;hington, D, C,  20315 

. . . . . . 
! : Dear Mr. Hnrphy: 

, We h a y  reviewed the proposed r ev i s ion  of Amy Regul,?tion 335-90, 
j Nuclear Reactor  S y s t e m  Tiealth ai;d Safe ty ,  t rmamit tcrd w i t h  your 

l e t t e r  dated Harch 29,  1967, znd have £om?, t h a t  it is i n  accord 
wi th  t h e  AEC-DO9 Menormdum of Uzderstanding 03 t h e  h e a l t h  ~ n d  

. . / s a f e t y  r e s p c n s i b i l i t l e s  fc;r Sec t i cx  91b r e a c t o r s ,  We have a l so  
noted the  s t a t e n e a t  i n  t h e  proposed r egu la t ion  t h a t  i t  does n o t  
abrogate t h e  AI-my's r e s p o n s i b i l i t y  t o  conforn k-ith t h e  app l i cab le  
AEC 1:icense requirements wi th  respec t  t o  Amy f a c i l i t i e s  t h a t  a r e  
l i censed  by t h e  C m i s s i o n .  

. . I'c appears t h a t  t h e  proposed regula t ion  adequately de f ines  t h e  
) p o i i c l e s ,  r e s p o n s i b i 1 i t l . e ~  ~ n d  procedures f o r  t h e  DZpartr!ent c f  i 

t h e  A n y  c u c l e a r  r e a c t o r  hea l th  and s a f e t y  prozrun. W e  have c o i e d  
t h a t  UC's c u r r e n t  concepts  r e l a t i n g  t o  the development of Safe ty  

. Analysis Reports ad Tfchnisa l  S p s c i f i c a t i o n s ,  a s  descr ibed  i n  
AEC'o proposed m a & % e n t  t o  10  CFR P a r t  50, have been f ac to red  i n t o  
t h e  ~ ~ r o p o s e d  Amy regu la t ion .  I n  t h i s  coxzect ion,  we ouggast t h a t ,  
even f o r  ~{isting f a c i l i t i e s  vh i rk  have aubni t tcd  F i a d  S a f c g u ~ r d e  

. Keports under pnrngmph 6.d of your proposed r e z u l a t i o n ,  your 
, . . . plans  inc lude  f o r c a t i o ~  of T e c h l ~ ~ c a l  S p c c l f l s a t i a s  and t h e i r  basen 

i n  ecco rdnno  wi th  cu rcen t  PAC concr~pts.  

s i ~ ~ . : + ~ a ~  yours,  

P e t e r  A. Morris ,  D i r e c t o r  
Divisio:> of Reactor  Licensing 



LOCATION 

The Diamond Ordnance Radiation Facili ty Resea rch  Reactor  will be 

r ea  of Washington, D. C. , at the  F o r e s t  

edical Center ,  which is five mi l e s  f r o m  

the center of Washington, D C .  and approximately two mi le s  south of 

Kensington, Maryland ( s e e  Fig.  1). The Fores t  Glen s i te  i s  an  a r e a  of 

approximately five a c r e s  of rolling, partially wooded and c leared  a r e a s ,  

on which a r e  located both research-laboratory faci l i t ies  and hospital facili- 

t i e s  for  patients ( s e e  Fig.  2 ) .  The site i s  located in  a commerc ia l  and 

residential  a rea .  

The location of the reac tor  will be near the southern border  of the 

F o r e s t  Glen a r e a  ( s e e  Fig.  2) about 800 ft f r o m  the nea res t  r e s e a r c h  labo- 

ra tor ies  and about 500 f t  north of Brookville Road,which bounds the property 

on the southeast. The s i te  i s  surrounded by woods, except to the north,  

where a la rge  open field separates  i t  f r o m  the r e s e a r c h  laborator ies .  The 

reac tor  building will be encircled by an exclusion fence with a radius  of 

approximately 200 ft ( s e e  Fig.  3 ) .  Access to the exclusion a r e a  will be  

controlled a t  the single entrance gate. 

HYDROLOGY 

Surface drainage at the reactor  site i s  to the south and west into 

Rock Creek, which dra ins  south through Rock Creek  P a r k  and  into the 

Potomac River.  The discharge of Rock Creek a t  Sherr i l l  Drive in  the Dis- 

t r i c t  of Columbia, 7-1 /2 mi l e s  ups t ream f rom i t s  mouth, is a s  follows: 



Fig. 2--Map of Forest Glen site for the DORF 





3 
28-yr average  . . . . . . . . . . . . .  55.8 ft / s ec  

3 
1929-1957 m a x i m u m .  . . . . . . . .  7220 ft I sec ,  July 21,  1956 

Calendar year  1956 ave ra  

Water y e a r  October ,  1956, 
through September.  1957: 

3 
M a x i m u m .  . . . . . . . . . . . . .  1210 f t  / s e c ,  Apr i l  5 ,  1957 

3 
Minimum . . . . . . . . . . . . . .  2 ft / s ec ,  August 17,  18, 

19, 23, and 25, 1960 

The ground water  at the proposed reac tor  s i te  is  local ly  recharged 

by precipitation and infil tration. The average year ly  precipitation i n  the 

Montgomery County a r e a  i s  about 41 i n . ,  evenly dis t r ibuted throughout 

the year.  Ju ly  i s  the wettest  month (about 4.5 in. of ra in) ,  and October 

is the dr iest  (about 2.8 in. ). Most of the precipitation i s  l o s t  to the atmos- 

phere by evapotranspiration, and only a small  f rac t ion  e n t e r s  the zone of 

saturation. The zone of saturation, the zone below the water  table ,  was 

not encountered i n  t e s t  borings at the reactor  s i te ,  t he  deepest of which was 

45 ft. 

The sand,  s i l t ,  and  clay of the weathered rock ,  saprol i te ,  has  a low 

permeabili ty,  probably l e s s  than 1 .  Since the water table was not reached 

by the test  bor ings ,  which were  made during the peak of the average  annual 

10-ft variation in  the  water  table found in the Washington vicinity, it i s  

reasonable to a s sume  that  the depth of the water table will seldom be l e s s  

than 45 f t  . 
It was not possible to  determine the rate  of ground-water movement. 

In general,  however,  the  velocity of ground water through fine-grained 

sedimentary m a t e r i a l s ,  such a s  fine sand, s i l t ,  and clay,  i s  very  low (on  

the order  of a few feet p e r  year ) .  

WATERWELLS 

No wells a r e  known to exist in the immediate vicinity of the proposed 



reactor site. 

site,  and another i s  located about 2 miles north of the site. Both wells 

a r e  considerably higher on the regional hydraulic gradient which r ises  to 

the northeast of the reactor site. 

Rock Creek flows south past the reactor si te ,  t raverses  the entire 

length of the District of Columbia through Rock Creek Pa rk ,  a recreational 

a r ea ,  and discharges into the Potomac River below the intakes for municipal 

water supplies. 

EARTHQUAKES 

The Maryland Piedmont, on which the site i s  located, i s  a region of 

comparative crustal stability. During the past 156 yr  no severe quakes 

have occurred, though there have been a few quakes of low intensity. The 

probability of a destructive earthquake in the Montgomery County a rea  i s  

very slight. The probability of hazards arising from extra-site sources, 

such a s  explosions or floods, i s  greater than f rom seismic activity. 

POPULA TION 

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 a s  follows: 

Research and Development Area 
(Nearest  to reactor site) 

Civilian employees. . . . . . . . . . . . . .  99 
Military . . . . . . . . . . . . . . . . . . . . .  39 - 

Total . . . . . . . . . . . . . . . . . . . . . .  138 

Convalescent Area 
Civilian employees . . . . . . . . . . . . . .  229 

. . . . . . . . . . . . . . . . . . . . .  Military 374 
Patients . . . . . . . . . . . . . . . . . . . .  : 250 

. . . . . . . . . . . . . .  Resident civilians. 50 - 
Total . . . . . . . . . . . . . . . . . . . . . .  903 

Total estimated population . . . . . . . . . .  1041 - - 



edical center towards metropolitan Washington 

is densely populated. Metropolitan Washington has  an  est imated 1 .4  million 

GEOLOGY 

Topography 

The Army Medical Center in  F o r e s t  Glen i s  on the well-dissected 

hil ls  bordering the e a s t  side of Rock Creek. The r eac to r  si te i s  on a smal l  

bench a t  an alt i tude of about 280 f t  above mean s e a  level.  Surface drainage 

flows f r o m  the site direct ly  into Rock Creek and to the north and south into 

small  unnamed t r ibutar ies  of Rock Creek, and f r o m  these  to the Potomac 

River near  Georgetown and Theodore Roosevelt Island ( s e e  Fig.  1) .  

Subsurface Geology 

The site i s  on a n a r r o w b e l t  of the Kensington-granite gneiss ,  which is 

a highly foliated, coa r se  granite intrusive in  the Wissahickon schist  complex 

and basic rocks.  Petrographic mineral determinations a r e  contained i n  

Reports TDS-A526 and IDM-A526 of the United States Department of the 

Inter ior ,  Geological Survey, Geochemistry and Petrology Branch. 

The re l ic  s t ruc tu res  of the bedrock just descr ibed extend into the 

weathered rock mantel ,  saprolite,  which ranges in thickness a t  the site up 

to about 45 f t .  Local ly,  boulders o r  veins of quartzi te ,  essentially unaltered 

by weathering, r ema in  in  the saprolite.  The saprol i te  is composed of mica-  

ceous s i l t ,  c lay,  and fine-to-medium grained quartz  sand. The attitude of 

the planes of foliation or ien t  the  average permeabil i ty ,  s o  that ground water 

and other fluids that might be  released to move through the ground t ravel  

m o r e  readily along the planes of foliation than a c r o s s  them. At the pro-  

posed reactor  s i t e ,  ground-water movement in the bedrock and in the sapro-  
-r 

l i t e ,  where i t  has  retained re l ic  s t ructures  of the bedrock, will be more  

rapid north and south, paral le l  to the foliation, than eas t  and west ac ross  

the planes of foliation. Fluids which may seep into the ground a t  the reactor  



rge at the surface in the gullies o r  hillsides 

to the north and south of the reactor site,  in line with the direction of foli- 

ation, rather than directly down the surface slope toward Rock Creek. Thus, 

the west-northwest dip of the rocks at the site will re tard  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 small 

tributaries to the north and south. The ion-exchange capacity of the 

weathered metamorphic rocks in the vicinity of Washington, D. C . ,  i s  usu- 

ally less  than 25 milliequivalents per 100 g ( < 2 5  meq/lOO g) ,  which i s  low 

in comparison to purer clay formations, such a s  those of marine origin. 

Analyses of 12 rock samples from this site show exchange capacities of 

less  than 10 meq/100 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 

FACILITY 

GENERAL 

The purpose of the  facility i s  to study the  effects of la rge ,  mixed 

doses of neutron and gamma radiation on electronic sys t ems  and related 

devices. To c a r r y  out these experiments, both a main exposure room and 

pool i r radiat ion space  a r e  provided. 

BUILDING 

The building is designed to accommodate the reac tor ,  reac tor  com- 

ponents, reac tor  shield s t ructure,  technical a r e a s ,  personnel,  and the 

equipment and instrumentation required to per form radiation-exposure 

testing of e lec t r ica l  and  electronic components o r  sys tems and also metal-  

lurgical testing. 

The floor plans and elevations of the th ree  levels in  the facility a r e  

shown in  F igs .  4 and 5, respectively. The building, which i s  designed for  

a 25-yr life, i s  constructed of reinforced concrete,  s t ruc tura l  s teel ,  and 

masonry. The building will accommodate an average of 15 ma le  personnel 

on the basis  of an  8 - h r / d a y  occupancy. Space within the  building i s  divided 

into the following areas :  

Exposure room 400 ft 
2 . . . . . . . . .  

Warm storage room 300 ft 
2 . . . . . .  

Truck-access  and sample- 
preparat ion area  300 ft 

2 . . . . . . . .  - 
L 

Mechanical-equipment room . 300 ft 
2 

Toilet  and shower room . . . .  100 ft 

Nuclear counting room . . . . .  100 ftL 

off ice . . . . . . . . . . .  120 ftL 







Conference room 170 ft 
2 . . . . . . . .  

Storage room 120 ft 
2 . . . . . . . . . . .  

The foundation and the exterior walls below the operating floor a r e  

constructed of reinforced concrete, with a waterproof membrane to pre- 

vent ground-water penetration into the building. The exterior walls above 

the level of the operating floor are  constructed of 4-in. brick facing and 

an 8-in. cement-block backup. The cement blocks a r e  sealed with an epoxy 

resin on the inner surface to reduce porosity. 

The roof and ceiling are  of perlite cast  over metal decking 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 

radioactive fission products outside the building would not exceed the 

maximum permissible concentration. An analysis shows that the 

maximum dose which a person might receive in the a rea  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 a i r  except for the slight possibility that a i r  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 

will have no communication with the outside a i r  when the doors and 



ventilation dampers a r e  closed, A pressure-release system, described 

below, will control the differential pressure.  

Building Ventilation Under Normal Conditions 

The a i r  -conditioning system exhausts a l l  a i r  from the reactor 

building through absolute filters and out the stack. This precaution i s  

taken, even though no radioactive particulate matter will be in the a i r  

during normal operation. 

The only possibility which might create airborne radioactive 

particulate mat te r  would be a fuel-element cladding failure. Should such 

a failure occur, i t  i s  possible that small amounts of radioactive noble 

gases would be dispersed from the reactor pool into the reactor-room 

a i r ,  and these would decay into particulate mat ter .  

Controlled Confinement of Air 

Although 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 

confine the a i r  within the building, The system has been designed so 

that when the continuous a i r  monitor indicates abnormal airborne con- 

tamination, an  a l a rm automatically sounds and the positive-sealing 

dampers in the ventilation system automatically close, isolating the 

a i r  in the building a t  ambient atmospheric conditions. 

Two conditions which could cause the confined air  to leak out of 

the building would be a sudden drop in barometric pressure  or an 

excessive heating of the a i r  within the building, causing i t  to expand. 

In order to control the release of air  fromt.'~. building under either of 

these rather abnormal meteorological phenomena, a special atmospheric 

relief duct i s  provided in the system. 

The resistance to a i r  flow provided by this relief duct i s  very much 

less  than the resistance to the flow of air  through the solid concrete 



and hatches. Therefore, i t  can be reasonably assumed that the small 

volume of a i r  that will be expelled from the facility under either o 

these conditions will be directed through the atmospheric relief duct and 

out of the building through the a i r  stack. Since the circulation of outside 

a i r  will continue through the emergency intake of the exhaust fan, the 

small volume of a i r  expelled from the building will be considerably 

diluted a s  it is forced out the stack. By the time i t  reaches ground 

level, the concentration of x e l 3 I  will be about 11300 of that allowed 

by the Atomic Energy Commission. 

Fission-gas Concentration From Stack Release 

On the assumption that both events mentioned above have occurred 

and that a small fraction of the contaminated a i r  f rom the reactor room 

has been released through the stack, a calculation of the resulting con- 

centration of fission gas has been made. In order to determine the amount 

of fission-product gases  which might be released a t  any one time, i t  was 

necessary to determine the effects of the two phenomena mentioned above. 

Effect of Sudden Barometric Pressure  Change on Room Ai r  

Leakage. A pressure  differential between the inside and outside of the 

building can occur because of a sudden drop in barometric pressure.  

The barometric pressure  changes in the Washington. D.C., area,  a s  

given in the records of the U.S. Weather Bureau dating f rom 1893. a r e  

a s  follows: 

Maximum monthly variation. 1.87 in. Hg; 

Maximum 24-hr variation (fall), 1.47 in. Hg; 

Maximum 24-hr variation (r ise) ,  1 . 2 2  in. Hg; 

Maximum 12-hr variation (fall), 1 in. Hg. 

When the barometric pressure  drops, a i r  will be expelled from the 

building. On the basis  of the 1.47-in. drop in barometric pressure 



3 
recorded above and the volume of reactor-room air .  71.350 ft  , it has 

the reactor room in 24 hr. 

If i t  i s  assumed that the fission-product gases in the reactor room 

a i r  resulting from a fuel-element cladding failure a r e  xenon and 

krypton, with an average total activity in the room of 2.45 c, a s  

calculated and discussed in Appendix IV, the average concentraiion of 
- 3 3 

xenon and krypton in the reactor-room air  will be 1.21 x 10 pc/cm . 
Since 5.1770 of the activity will leak out with the expelled air ,  0. 127 c 

will escape in 24 hr ,  or 1.4 pc/sec. 

On the conservative assumption that the average activity will not de- 

crease from the natural decay of fission products during the 24-hr period, 

it has been calculated that the maximum concentration of the Pission- 

product gases near the ground will occur at a distance of 1,940 ft from the 

reactor building. The maximum concentration in a i r  at that point would be 
-10 133 

8.0 x 10 pc /cm3, which is  1 I300 of the Xe maximum permissible 

concentration (10 CFR 20) for continuous exposure in unrestricted non- 

occupational areas. 

Effect of Temperature Differential on Room Air Leakage. Another 

condition that could cause a i r  to be exhausted from the reactor room, 

when the a i r  in that room is  isolated from the res t  of the building because 

of a fission release from the reactor tank, would be high temperature 

outside the reactor building. Radiant heating from outside would raise 

the temperature of the isolated and confined reactor room air .  Under 

these conditions, i t  has been calculated that an outside a i r  temperature 
0 0 

of 100 F might increase the temperature inside the reactor room 15 F 

before equilibrium was reached. These conditions a r e  based on the 

assumption that the air-conditioning system i s  shut down early in 

the morning on a day on which the outside-air temperature 
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F i g .  6--Flow diagram of ventilation system 
for reactor building 



0 
reaches a maximum of 100 F. During the day, the a i r  inside the 

building will increase in temperature f rom an  assumed 

ture of 7 0 O ~  to 85O 

air  would have decreased, creating an equilibrium. This condition 

would result  in a leakage of 3.4% of the total reactor-room air  volume 

It does not seem reasonable to assume that there could possibly be 

a coincidence of these two natural phenomena--namely, a sudden change 

in barometric pressure  concurrent with a wide variation in inside and 

outside a i r  temperatures. 

Since the volume of air  which would leak from the reactor building 

under the conditions created by a sudden change in barometric pressure  

is greater than the volume of air  expelled by heating, the concentration 

in the a i r  will be proportionately less in the latter case. Therefore, it 

can be assumed that there are  no credible conditions which could en- 

danger the health o r  safety of the public through the release of fission 

products f rom a fuel-element failure. 

A calculation of the effect of a release offission products in the 

building i s  presentedinAppendixIV. The exposure (16.5 mr )  which 

a person inadvertently remaining in the reactor room could receive 

following a fuel-element cladding failure i s  well below the maximum 

permissible daily exposure established by 10 CFR 20 for operating 

personnel. 

VENTILATION SYSTEM 

The ventilation system (Fig. 6) and air  conditioning throughout the 

building will provide? 

1. Dissipation of building heat generated by electrical equip- 

ment and lights3 

2. Normal ventilation and cooling; 



3. Positive filtered exnaust of a l l  possibly contaminated air .  

The entire building will be air-conditioned by a package type of 

in the exposure room and in the warm storage room. All exhaust air 

from the exposure room and the warm storage room will pass  through 

an  absolute filter of minimum 99.77% efficiency with a dioctyl phthalate 

(DOP) penetration of 0.05% for 0.3-p-diameter particles, and then out 

through an exhaust stack that extends approximately 45 ft above the 

ground level. The flow of a i r  will be controlled by maintaining a lower 

pressure within the exposure room and the warm storage room than in 

the remainder of the building. The remainder of the building will, in 

turn, have a slightly lower pressure than that found outside. Accidentally 

contaminated a i r  i s  thus channeled through the filters,  

A stack monitoring system activates a larms if undesirable quantities 

of radioactivity a r e  being exhausted to the atmosphere. A smoke sensor 

i s  also provided, which activates alarms if smoke i s  detected in the 

exhaust system. 

The building i s  heated by a gas-fired, 225,000-Btu/hr steam 

boiler and thermostatically controlled steam coils in the air-handling 

system. 

WATER PURIFICATION AND COOLING SYSTEM 

The coolant water for the reactor is purified and cooled in an 

external system (see Fig. 7), which consists of a mixed-bed demineralizer, 

heat exchanger, pump, and associated piping and valves. The system 

also includes a surface skimmer, a fission-product monitor, a fiber 

cartridge-type filter with pressure gauges, and a flow meter. The cooling 
0 

capacity of the water system i s  100 kw a t  water temperature of 90 F, 

The water conductivity i s  kept at  about 2 pmho to minimize corrosion. 

The purification system removes radioactive ions or particles from the 



The heat exchanger i s  a conventional shell-and-tube type. The 

par ts  in contact with the reactor water a r e  made of stainless steel. The 

drop in water temperature across the heat exchanger i s  approximately 
0 

10 F, a t  a flow rate of 80 gpm. The water is circulated through the 

primary system by an aluminum centrifugal pump, which provides a 

head of approximately 70 ft. The secondary coolant enters a t  7 0 ' ~  and 
0 

exits a t  approximately 80 F during 100-kw operation. The design 
0 

temperature for the shell side of the heat exchanger i s  100 Fj for the 

tube side i t  i s  1 2 0 ~ ~ .  The design pressure  for both sides of the 

exchanger i s  75 psig. 

The primary function of the demineralizer system i s  to maintain 

a water-conductivity level low enough to minidize flael-eleme~t 

corrosion. The demineralizers a r e  of a mixed-bed type that removes 

both positive and negative ions from the circulating water. The system 

includes two demineralizers, each of which has a flow capacity of 10 gpm 
3 

and contains about 3 f t  of resin. The type of resin provided i s  a mixture 

of nuclear-grade Permutit A-H and Permuti t  S-1. The flow through each 

demineralizer i s  regulated by a flowmeter that i s  located on the downstream 

side. 

A f i l ter  removes insoluble particulate matter from the reactor 

water system. It has a replaceable fiber cartridge, which is removed 

from the vessel  and replaced when i ts  pressure  drop becomes excessive. 

Two filter cartridges 1 each rated a t  lop, remove all of the particles 

down to 1p in size. 

Two pressure  gauges in the filter bypass line measure the 

pressure drop across  the filter and indicate when the filter should be 

changed. 



WARM -WASTE DISPOSAL SYSTEM 

A warm-waste system which collects water from the floor drains 

in the warm-storage room, decontamination area, exposure room . 
lavatories and both showers, has a detention capacity of 15.000 gal. 

The system utilizes three 5.000-gal detention tanks, connected in  

parallel. Warm waste can be directed to any of the three detention 

tanks, and can la ter  be discharged from any of the three tanks a s  the 

radioactivity drops within the acceptable range. 

The warm-storage tanks will be sampled and analyzed for radio- 

activity, in order to ensure that the warm waste may be flushed into 

the sanitary sewer. Figure 8 shows the flow diagram of the waste- 

disposal system 

DECONTAMINATION PROVISIONS 

A special paint capable of withstanding a decontamination procedure 

i s  applied to the concrete walls, floor, and ceiling of the warm storage 

room. This paint is also applied to the concrete around the truck 

access area.  The main operating floor and the mezzanine a r e  covered 

with vinyl tile, and the interior walls a r e  sealed with epoxy. 

The exposure room i s  lined with 1 ft of structural-grade wood to 

reduce activation of the concrete. The floor in the exposure room is 

covered with a waterproof epoxy surface. The walls and ceiling a r e  

covered with a special decontamination paint. 

Drains in the building are  arranged so that al l  water or other 

fluids used for decontamination a r e  channelled into the warm-waste 

disposal system. Should personnel be contaminated, an emergency 

shower is located in the toilet, and in the warm-storage room in the 

basement a r e  located an emergency shower, eyewash, and sink. 





UTILITIES 

which i s  approximately 450 f t  long. I t  is estimated that the maximum normal 

water usage will be 1,20 service runs within 

80 f t  of the b e inverts and to 

accommodate the warm-waste detention system, the sanitary sewer from 

the building intersects  the 8-in. sewer line at  a manhole approximately 

300 f t  northwest of the reactor building. 

Electric power will be purchased f ran the Potomac Electr ic Power 

Company a t  1201208 v. Power i s  carried from Brookville Road on 13.2-kv 

overhead service lines to a power-company-owned substation located 

beside the reactor building. A total connected load of 195 kw indicates that 

an average estimated demand load of 110 kw will be required a t  the building. 

Natural gas will be piped f rom the gas main approximately 450 f t  

through a 20-in. line. It  i s  estimated that during the heating period 
3 

225 ft /hr  will be required. 

A 6-ft high chain-link fence with three rows of barbed wire will 

completely enclose the reactor building and will provide a ZOO-ft clear 

space on all sides of the building. 

Access to the reactor building i s  through a 16-ft wide roadway that 

intersects the driveway from Brookville Road. A parking lot will accom- 

modate nine c a r s  and three 40-ft long t ra i lers  with tractors.  Truck access 

to the building i s  a t  the basement level and at  the operating-floor level. 

SOLID -WASTE DISPOSAL 

Disposal of solid waste will be hnd led  through arrangement with 

Walter Reed Army Medical Center. 



Chapter 3 

REACTOR 

DESIGN CRITERIA 

The reactor design (see Figs. 9. 10, and 11) presented herein employs 

the TRIGA reactor fuel elements to provide a facility where studies may be 

undertaken of the effects of large pulses of neubrons and gamma rays on 

electronic and other devices of interest to the Diamond Ordnance Fuze 

Laboratory. The reactor core will have a minimum reflector so that large 

numbers of neutrons may be emitted by the core into a shielded exposure 

room. The reactor will have a 2-in. -thick water reflector, covering 180° 

of the periphery, through which will extend a small. 3 in. by 10 in., a i r -  

filled aluminum thimble when the reactor i s  adjacent to the exposure room. 

The thimble will be used for the irradiation of very small objects. The 

core will have the capability of being pulsed by the insertion of up to 

2. 2% 6 k /k  excess reactivity with no hazard to the reactor o r  the operating 

crew. Detailed operating characteristics a r e  given in Chapter 5. 

Easy access  to the core and adequate cooling and shielding will be 

provided by the large pool of water in which the reactor-core assembly is 

submerged. Cooling will be provided so that the reactor may be operated 

a t  100-kw steady state and a t  250 kw, not to exceed 1 Mw-hr per day, to 

allow for extended irradiations. To make maximum use of the reactor, the 

facility will be arranged so that  exposure of samples may occur either in 

the dry exposure room or  within the reactor pool. To facilitate this utiliza- 

tion, the reactor will be transported by a carriage from one exposure 

position to the other within the pool in approximately 6 min. Shielding 

will be provided so that access to the exposure room may be made while 

experiments a r e  being conducted in the pool. 

Operation and maintenance requirements will be minimized by 





Fig. 10--Sectional elevation of the reactor 
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reactor will be provided with a reflec 

the reactor 'from one position to another o r  of the addition of neutron and 

Adequate shielding will be pro - 
vided for the reactor core and the exposure room so that operating person- 

nel in areas  external to the shielding will not receive doses of radiation 

exceeding one-tenth of that specified by the U. S. Atomic Energy Cornmis- 

sion during 100-kw steady-state operation. The neutron-to-gamma-ray 

ratio will be variable by a factor of 10 by the addition of lead around the 

core a s  a gamma-ray filter o r  by water as  a neutron filter. 

When the reactor is  moved into the exposure-room position, the 

water reflector is  diminished to a 2 in. thickness around half of the core. 

In addition to this, there is  a 114-in. -thick aluminum thimble, which i s  

fabricated a s  part of the reactor tank, that penetrates through the 2-in. 

water reflector and into the F-ring of the reactor core. In the region 

where the thimble penetrates, two fuel elements are  removed to accommo- 

date the penetration. The closest approach of the thimble to a fuel element 

is 0. 7 cm. 

A 2-in. -thick water-cooled lead shield is  provided, which i s  mounted 

external to the tank on a hydraulically operated piston. This lead shield 

has an opening in it which allows access to the thimble. The opening can 

be filled with a removable lead plug. Operation of the movable lead shield 

is  interlocked so that the shield cannot be moved while the reactor i s  in 

operation. 

The exposure room will be accessible through an opening through the 

shield containing a movable concrete shielding plug. Electrical inter-  

connections will be accommodated through the roof of the exposure room 

by means of spiral  conduits. These conduits are  surrounded by lead to 

ensure the integrity of the shield. 

The communication systems for the reactor and associated exposure 



room will include both audio and visual systems. A closed-circuit tele - 
vision system will be employed to monitor personnel and experiments in 

employed to facilitate maintenance and coordination within the facility. 

GENERALARRANGEMENTOFREACTOR 

The reactor core forms a compact cylinder and consists of a lattice 

of approximately 85 cylindrical fuel-moderator elements. 4 control rods, 

and 1 neutron-source holder contained between the top and bottom aluminum 

grid plates and surrounded by an aluminum shroud which supports the grid 

plates. This assembly is  located at the bottom of an aluminum reactor 

tank that i s  approximately 14 f t  in diameter and 19 ft 6 in. high and holds 

12,000 gallons of water. The core assembly is suspended by a support 

structure from a motor-driven carriage which i s  at the top of the tank and 

is  capable of traversing the tank. 

Control-rod drive mechanisms a re  located on the carriage and a r e  

connected to the control rods in the core. The reactor is  controlled by 

two safety rods, a regulating rod, and a shim-safety~transient rod. Instru- 

mentation i s  provided to monitor, indicate, and record the neutron flux. 

Three modes of operation a r e  possible: Mode I--steady-state operation, 

with manual o r  servo control to 100 kw; Mode 11--power square wave to 

250 kw, maximum; Mode 111--flashing operation to 2200 Mw. 

In addition to the reactor-control instrumentation, an interlock sya- 

tem i s  provided to prevent reactor operation unless prescribed safety 

conditions have been met. 

The reactor core is  cooled by natural convection and the pool water 

is  purified and cooled in an external system which consists principally of 

a water-to-water heat exchanger, a mixed-bed demineralizer, a pump and 

associated piping, valves, and flow-indicating devices. The secondary 

water to the heat exchanger is  circulated through a filter and cooling tower. 



In addition to the shielding provided by the water in the reactor tank, 

two 18-in. -thick shielding doors a r e  located in the tank to shield the expo- 

be rotated to allow passage of the core from one operating position to 

another when prescribed safety conditions have been met. 

FUEL-MODERATOR ELEMENTS 

A fuel-moderator -element assembly i s  shown in Fig. 12. Including 

the top and bottom aluminum end-fixtures, the fuel-moderator element is  

28.44 in. long. The fuel part  of each element, which is  1. 42 in. in diameter 

by 14 in. in length, consists of an alloy of uranium-zirconium hydride con- 
235 

taining 8 wt-70 uranium enriched to 2070 in U . The hydrogen-to-zirconium 

atomic ratio is  approximately 1. 0. A thin aluminum wafer at  each end of 

the active fuel section contains a burnable poison. By this means an appro- 

priate amount of burnable poison is  incorporated in each fuel element at the 

time of fabrication to minimize the loss -of-reactivity effect due to fission- 

product poisoning and fuel burnup. Four-inch sections of graphite in the 

fuel can above and below the fuel region serve as  top and bottom reflectors 

for the core. The fuel elements a r e  clad with 0. 030-in. -thick aluminum, 

and all closures a r e  made by heliarc welding. An aluminum end fixture i s  

fixed to each end of the can for positioning and handling. Each standard 
2 35 

fuel element contains approximately 37 g of U . Partially loaded fuel 
235 

elements containing lesser  amounts of U a r e  used, as  necessary, to 

make available the exact amount of excess reactivity required in the reactor. 

GRID PLATES 

The fuel elements a r e  spaced at the top and bottom by two 0. 75-in. - 

thick aluminum grid plates. The grid plates have a total of 91 holes, or 

fuelelement spaces, 85 of which are available for fuel-moderator elements 

and the remainder for the 4 control rods. The bottom grid plate, which 
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observed shortly 

core was started along with vibration meas  - 

)een most troublesome, primarily because o f  the very small magnitude 
~f the pressure  waves. Most satisfactory of the measurements in t e rms  
)f reproducibility of results has been the measurement of floor vibration 
~y means of geophones. Theae measurements a r e  related, however, to 
he observed acoustic effects, but provide no numerical information 

-ut the source of the signals. 

The experiments conducted, the results,  and conclusions drawn 
r e  given below. 

IN-CORE PRESSURE MEASUREMENTS 

Upon observing an audible acoustic signal following a $3. 60 pulse, 
s e r i e s  of in-core pressure measurements was begun. The transducer $ 

rrangement used is  described in Section 4.5. This device allowed meas-  
rements of pressure signals transmitted through the 18-inch-long, 
.4-inch-diameter transmission tube that was inserted in a C-ring posi- 
on. For  each measurement, the tube was water-filled to provide good 
coustic coupling. With the device mounted in the C-ring position, the 
a t e r  region adjacent to B-,  C-,  and D-ring fuel elements was immediately 
?low the transmission tube. 

A ser ies  of pulses was performed starting at step insertion of 
3.00 and going up to $3.50. The output of the pressure transducer was 
:corded along with a reactor power signal and timing markers  to provide 
means of placing any signals in time reference to the reactor pulse. 
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The r e su l t s  of these f i r s t  t e s t s  were  a s e r i e s  of recordings 
lcer  output s ignals ,  each of which showed a recorder  deflection c 
g t o  a p r e s s u r e  signal of 3- to 4-psi  magnitude. The polari ty of the signal,  : >: 

)wever ,  indicated a negative-going p re s su re  followed by a positive p r e s s u r e  . , ~  

approximately equal magnitude. Checks were  made of the possibil i ty that  
~~ ~ ~~~ ~ . . ' lb 

i s  w a s  s imply a pres-sure signal a r i s ing  f r o m u p w a r d  accelerat ion of the s: $, * 
~ t e r - f i l l e d  acoust ic  t ransmiss ion  tube coupled to  the upper gr id  plate. This  $3 

rs found to  be the case.  impact of t he  t ransient  rods  provided sufficient -? % i 

celerat ion to the co re  to give r i s e  to  the observed accelerat ion signals.  .. . 

i:. g 
Fur the r  t e s t s  using this t ransducer  assembly have failed to show a ,% 

I <\ 
y measu reab le  p re s su re  originating in the c o r e  region of sufficient v ..-. '. f3 

tgnitude to over r ide  o r  d i s tor t  th i s  acceleration signal. The r e su l t s  ;- XF 

.I .a t he se  measu remen t s  h a v e l e d  t o  the conclusion that p r e s s u r e s  originating ?, "I, 

. r. - c o r e  due t o m  up to a $4.60 s tep  insert ion a r e  s~mal l  compared with i ---- . . ---'----------',.-.-.-* -,- ,.----.-" , - - L . - % ~ ~ ~ . . ~ . - -  ---.--'- 
,.,.. 
i ~~~~.df~le,~~~~f~~~..~.~.s~e_~n~s~~.obJern. -, .. :i i * - ". 
i 

A fur ther  t e s t  of the possibil i ty of transient p r e s s u r e s  within the p c - ~  
<" 

re w a s  made by means of a strain-gauge-instrumented aluminum fuel i 
-5 .a 

,merit can se t  up to r eco rd  l a t e r a l  deflection of the tubular s t ruc ture .  . li 

g 3 
evious to use  the assembly  was  cal ibrated by dead weight loading to de t e r -  .P :. .t 

I force  calibration for tile assembly.  Measurements  w e r e  made to  tes t  .*. 
& ~ . .  

a t ion re sponse  of the a s sembly  by suspending it only par t  way down 
, .7 

.ougn the upper  gr id  plate and subjecting i t  to reac tor  pulse i r radiat ion.  #. !~:? ,.-~ g ~..* 
response  was  observed. The assemb1.y was then lowered fully into the .<* . 

E~ 
.e s o  that it w a s  positioned and supported exactly like any fuel e lement ,  ~t 

s e s  w e r e  per formed f o r  $3.00 inser t ions  and the output recorded.  No 
nal w a s  observed that could be attr ibuted to  a la te ra l  differential  p r e s s u r e  
Large a s  1 psi .  

.*, .~ .  
OUT-OF-CORE MEASUREMENTS $ 

.- 

Resul t s  s imi l a r  to  those above have been obtained with p r e s s u r e  .? "- 
l s d u c e r s  to m e a s u r e  t ransient  p r e s s u r e  in  the pit outside the core .  
t su remen t s  have been made at  two positions outside the core  region. One 
l su remen t  w a s  made with the t ransducer  positioned to observe  signals 
lsmit ted through the rectangular opening in the side of  the core  support 
sud; i n  the o ther  position the t r ansduce r  was placed below the lower  gr id  
e and  or iented to observe any p r e s s u r e s  f rom the cooling holes i n  the 
? r  g r i d  plate. 

In the case  of the  measu remen t s  made at  core center  line outside the 
a n g u l a r  opening, measurements  of p re s su re  signals a s  a function of d i s -  - f r o m  the co re  showed no s h a r p  gall-off in magnitude with distance a s  

expected but in a l l  c a s e s  did show an increasing p r z s s u r e  amplitude 
- ansducer  - co re  separation w a s  increased. MeasureneriTs of p r e s -  
5s from the bottom of the core  for  reactivity :nser t ion up to $4. 60 showed 



l o  s ignals  which could be attr ibuted to  p re s su re s  a s  l a rge  a s  1 psi. Var i -  
>us  "noise" signals w e r e  observed a r i s ing  from transient  rod motion and 

act; however, these did not change in  magnitude with reactivity i n s e r -  
>r  peak power reached. Since no p re s su re  distance relationship could 

>e es tabl ished which suggested a p r e s s u r e  signal f rom the core ,  i t  w a s c o n -  
:luded that h e r e ,  a s  for  the in -core  measurements ,  the magnitude of p r e s -  
iure  signals originating in the c o r e  i s  small  (< i p ~ i  external to the co re ) .  

. 3  FLOOR VIBRATION MEASUR 

In o r d e r  to obtaln data re la ted  to  the  observed acoustic output, geo- 
hones were  attached to the reac tor  room floor near  the edge of the pit. 
'he  units  used w e r e  standard Wall-Sears geophones with 4.5-cps na tura l  
,?sonant frequency. Units of thls  type a r e  qulte sensit ive to  vibration be-  
a u s e  they a r e  \~eloclty-dependent m output and a r e  of movlng-coil design 
ith a l a rge  number  of t u rns ,  

In use  the geophones w e r e  t ied directly into the input of the high- 
jeed r eco rde r .  In the a r rangement  used,  the sensitivity allowed observa-  
on of actuation of the a i r  solenoid in  the  transient rod sys tem a s  well a s  
npact of the rod on the bridge mount. Simultaneous recording was  a l so  
a d e  of the power to' provide a t ime  re fe rence  f o r  the signals.  

With this  sys tem,  good r ep roduc~h le  data were  obtalned that c o r r e -  
* -' wcll wlth the observed acoustic. output. 

7 EFFECT O F  INTRODUCING AN AIR VOID I N  REACTOR PIT 

Data obtained with the floor-mounted gecpiiones showed a r a the r  
a r p  (- 15-cps frequency) ver t icai  motion of the floor s t ruc tu re  beginning 
0 to  400 m s e c  a f te r  the reac tor  p ~ l s e ,  followed by another s imi l a r  signal 
0 t o  400 m s e c  a f t e r  the f i r s t .  Often there  would he a th i rd  and fourth 
,ration.  The problem was  suggestive of the resul t  that occu r s  when 
o wave  t r a in s  of sl ightly different frequency interact .  

A s e r i e s  of experimental  r u n s  was  made with the l a r g e  a i r - f i l led 
-adiation void in  the pit about 18 in.  f rom the reactor  core .  Pulsing under 
:se  conditions gave a completely different floor vibration pattern.  The 
t i e s  of spikes  w a s  eliminated,  and a smooth vibration pat tern of g rea t ly  
iuced amplitude was  recorded.  

It would seem c lear  from these  data that the wave t r a in  interference 
>lanation i s  reasonable and that t he  acoustic and vibrational phenomena 
ie rved  a r e  pr imar i ly  a resu l t  of mechanical  proper t ies  of the pit and 
3r s t ruc tu re .  The vibrations have presented no operational problems 



'+-i 4900 ~ u i s e s  up to $3.00. No measurab le  effects  on co re  o r  components 
een iound a f te r  over 600 pulses  a t  $4.00 and above. 

5 E F F E C T  O F  ISOLATINC 

To ver i fy  that the ob 
e w a t e r ,  the reac tor  car r iage  was blocked up on rubber mounts. 
r r i a g e  i s @ l a t e d f r o m  the 
i icat ing that the coupling to the r eac to r  pit i s  by way of the wa te r  r a the r  than 
way  of the co re  support s t ructure .  

, 
1 



r .  Frunic ifiuenit z 
. S. Amy Xaterial  Cornn:and 
Iiarry Diamond I.a?loratories 
Xas'ni~gton. 5 .  C. 20488 

I Dear bir. Wiaenitz: 

References: Letter from Gerieral Atomic t o  i i i f i  dated h2a)r 10, 1967. 
I;xcerg?t Eron General Atoliiic ::aport GA 57%. 

Upon your inCormal telecon reqtzest, the Engineering Oivlsion, !I.$. 
Amy Engineer F.eactors Group evaluated the problen of coilapse of tl:e 
protruding tank s t ruc ture  of yoor TRlGR reactor,  'ffe prcilnary area of 
cgncern was the hydraulic pressure pulse upon t h i s  s t ruc ture ,  Jlie t o  
the energy pulsing of t h e  reactor.  

'Rie resu l t s  of the evaluatio11 have alreaSy been i iscussed with the W r i i  
operating grotlp, and t h i s  i s  t o  record the evaluation. Tkc !~robierii was 
evaluated i n  three aspccts. 

1 .  Reviewing t h e  c a l c ~ ~ l a t l o n  done for  the AFRRi TRlGA reactor;  
which was mwufactured by the s m c  vendor and i s  very s i m i l a ~  t o  i<Rt 
I A copy of tho s t r e s s  calculations done by the Msval Facilities 
Engir~eerirtg Conmarid, Giesapeake Division f o r  the  .&.med Forces Radio- 
biological Resaarcl~ w a s  provided t o  US4EI:G by your operating group. 

2 .  Teleeon u i th  Gulf Genepal ittomic, (GGAf M r .  Palpjt Paters,  
reviewing experimental daea dwvelopsd Sy GGA. Also discussed with 
Mr. Peters was tile referenced IetteT and the excerpt fro% Gb 5786, copies 
oE which were supplied t o  USAE'RG by :$DL operating group. 

3 .  Eand calculation using a s i ap l i f i ed  aodel and assuniilg -mi- 
axial  s t ress .  
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b7--. 0. B O X  608. S A N  G I E G O .  C A L I F O R N I A  B Z . ' r T  

Mr.  F r a n k  Wimenitz 
U. S. A r m y  Materiel  Command 
Har ry  Diamond Laborator ies  
Washington, D. C .  20438 

Dear  Mr .  Wimenitz: 

This  le t te r  discusses  the bas i s  for  General Atomic's recommendation 
that the HDL tank nose should be reinforced a t  the exposure room 
when this  can be done conveniently, such a s  during modifications to  
the facility which require  draining of the tank. 

Following the original design and installation of the HDL and AFRRI 
reac tor  tank, another s imi l a r  reac tor  tank was designed and fabricated.  
Independent reviews of this  design were made by the s t r e s s  analysis  
group a t  General  Atomic and by the s t ruc tura l  engineering group a t  
Holmes & Narver ,  the A & E f i r m  responsible for  the detailed tank 
and shield design. 

Like the HDL and AFRRI tanks,  this tank i s  loaded in compress ion  
vertically in the a r e a  of the exposure room and the same section is 
subjected to a large horizontal load. Cons lde r~ng  the reac tor  tank wal l  
a s  a s e r i e s  of vertical  s t r l p s  o r  columns, the two loads ac t  to comple- 
ment each other. A sha rp  blow in the a r e a  of the 4-inch bend radius ,  
where the tank wall i s  curved to f o r m  the exposure room nose section, 
could resu l t  in a progresslvely g rea t e r  deformation until the tank wal l  
failed by buckling. As  a resu l t  of these reviews, additional bracing was 
added to  the tank. 

Although the HDL and AFRRI reac tor  tanks a r e  loaded in a manner  which 
might give r i s e  to an unstable condition, there  should be no cause for  
concern during normal operatlon. However, i t  i s  conceivable that the 
combination of the existing tank loading plus a n  additional h o r ~ z o n t a l  
load occasioned by a seve re  bump i n s ~ d e  the tank (such a s  a fuel handling 
cask hitting the tank side near  the exposure room) might produce a 
condition wherein the tank nose i s  elastically unstable. 

, " t >  0,. .,, 



Mr. F rank  Wimenitz May 10, 1967 

As  a means  of providing additional safety, the th ree  tanks designed and 
fabr ica ted  s ince the HDL and AFRRI  tanks have incorporated additional 
bracing in  the exposure room. Jn the case  of the HDL and AFRRI 
r eac to r s ,  a different method of strengthening the tank would be used. 
This would consist  of welding a preformed aluminum plate around t h e  
c r i t i ca l  4-inch radius bend a rea .  The strengthening plate would be about 
3/4-inch thlck, extending approximately 8 inches beyond e i ther  s ide of the 
bend f r o m  near  the tank bottom to n e a r  the top of the exposure  r o o m  nose 
section. 

General  Atomic strongly recommends that  these reinforcings be installed 
a t  the time the reac tor  i s  upgraded to incorporate  higher pulsing capability. 
W e  will  be  pleased to  d i scuss  this f u r t h e r  if you des i re .  

Sincerely yours ,  

Alber t  P. Graff, Manager 
TRIGA Reactor P r o g r a m  
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PREFACE 

The Diamond Ordnance Radiation Faci l i ty  (DORF) will utilize an  

advanced, pulsing type of TRIGA reac tor  that i s  to be used pr imar i ly  for  

studying the effects of short  pulses of ve ry  intense neutron and gamma 

radiations on electronic instruments. 

The radiation facility, which is to be operated by the Diamond 

Ordnance Fuze  Laboratories of the Department of the Army a t  the F o r e s t  

Glen Annex of the Walter Reed Medical Center, i s  being designed to uti l ize 

a water-ref lected version of the TRIGA reac tor  core.  This version i s  an 

advanced TRIGA core with a minimum reflector so that la rge  numbers  of 

fast  neutrons a r e  available for irradiation studies. 

The operating behavior of the DORF-TRIGA has  been manifested in  

a r e sea rch  and development program, including the design, construction, 

and operation of the TRIGA Mark F Reactor (AEC Docket No. 50-163) 

located a t  the General Atomic John Jay  Hopkins Laboratory for P u r e  and 

Applied Science a t  San Diego, California. 



SUMMARY 

F o r e s t  Glen Annex of Walter Reed Medical Center ,  which i s  about one 

m i l e  nor th  of the city l imi t s  of Washington, D. C. , in  Montgomery County, 

Maryland. The r eac to r  and attendant faci l i t ies  will  be  housed in  a build- 

ing of re inforced  concrete .  

The DORF-TRIGA has  been designed so that  the reac tor  can  

* Opera te  a t  a steady-state power of 100 kw. 

* Operate  a t  250 kw 4 hr /day .  

* Be pulsed with the inser t ion of up to 2. 2% b k l k  
excess  reactivity.  The pulse will have a duration 
of approximately 10 m s e c  and an energy r e l e a s e  of 
about 24 Mw-sec.  

e Be moved within the reactor  tank to p e r m i t  its use  
in two separated locations. 

The experiments  of principal i n t e r e s t  include studies of the rad ia -  

tion effects on e lec t r ica l  and electronic components o r  sys t ems  and on 

metal lurgical  and chemical specimens.  All exper iments  will be reviewed 

by the DORF Reac tor  Safety and Planning Committee to a sce r t a in  the i r  

effect on the safety  of reac tor  operation. These  reviews will be con- 

ducted pr ior  to the p e r f o r m a n c e  of any experiment .  

The principal feature  contributing to  the safety of the DORF-TRIGA 

i s  the prompt  negative tempera ture  coefficient of the TRIGA fuel e lements ,  

which automatically l imi t s  the reactor  power to a safe  level  in  the event 

of a.power excursion.  Step insert ions of react ivi ty  a s  l a rge  a s  3.1% bklk  

have been per formed without hazard,  and these react ivi ty  insertions 

have confirmed the inherent  stability of this type of r eac to r ,  

Even though the operation of other TRIGA r e a c t o r s  h a s  demonstrated 

that  the TRIGA i s  inherently safe ,  prototype experiments  have been con- 

ducted in General  Atomic 's  TRIGA Mark F facility, The resu l t s  of these 
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experiments have been used a s  a basis for establishing the final operating 

t e r s  of the DORF-TRIGA. The prototype experiments  in  the TRIGA 

Mark F will continue a t  General Atomic for an  extended period of time. 

safety of this reactor  system, a study of abnormal conditions which might 

occur has  been included in this hazards  summary. Fur thermore .  the 

particular design features  of the entire facility which contribute to  the 

r eac to r ' s  safety a r e  described, and the production of radioactive gases ,  

variations in  excess  reactivity,  improper fuel loading, malfunction of 

experiments, and loss-of - coolant accident have been investigated. 

Rigorous administrative controls for reac tor  operation will minimize 

the possibility of even t r ivial  re leases  of radioactivity. 

To minimize a i r  leakage, a slight negative p r e s s u r e  will be main- 

tained within the reac tor  building, and access  openings will be rubber- 

gasketed. Air f rom the building, including that in the exposure room, 

will be monitored and will be discharged through a sys tem of f i l te rs  and 

a stack that will extend about 45 ft above ground level.  

Based on these analyses,  which a r e  supported by experimental data 

f rom te s t s  on the Mark F prototype and operating his tory f r o m  other TRIGA 

reac tors ,  and the necessary  administrative control, i t  i s  coqcluded that 

the operation of the proposed DORF-TRIGA a t  the F o r e s t  Glen Annex of 

the Walter Reed Army Medical Center does not present  an  undue hazard  

to the health and safety of the DORF operating personnel o r  the general  

public. 



Fuel  element 
Number . . . . . . . . . . . . . . . . . . . .  
Fuel-moderator material . . . . . . . .  

. . . . . . . . . . .  Uranium enrichment 
Fuel-element dimensions (over-all). . 
Cladding. . . . . . . . . . . . . . . . . . . .  
Dimensions of active lat t ice.  . . . . . .  
Poison . . . . . . . . . . . . .  ... . .  ... 

Reflector 
Material: 

Radial . . . . . . . . . . . . . . . . . . . .  
Axial . . . . . . . . . . . . . . . . . . . . .  

Thickness1 
Radial . . . . . . . . . . . . . . . . . . . .  
Axial ..................... 

Nuclear characteristics 
Fuel  inventory. . . . . . . . . . . . . . . .  
Average thermal-neutron flux in core 

a t  100 kw . . . . . . . . . . . . . . . .  
Initial excess reactivity allowance . . 

. . . . .  Transient reactivity insertion 
Reactivity value in control system . . 
Prompt temperature coefficient of 

0 
reactivity at -300 C . . . . . . . . . .  

. . . . . .  Energy shutdown coefficient. 
Void coefficient of reactivity in core 

a t  20°c . . . . . . . . . . . . . . . . . .  
. . . . . . . . .  Prompt neutron lifetime 

. . .  Average delayed neutron fraction 

Thermal characteristics 
Power level . . . . . . . . . . . . . . . . .  
Maximum fuel temperature . . . . . . .  
Shutdown temperature level . . . . . . .  
Cooling . . . . . . . . . . . . . . . . . . . .  

-85 
Uranium-zirconium hydride 
20% u235 
1.48 in. diam. x 28.4 in. long 
0.030-in. -thick aluminum ,--" 
-17 in. diam. x 14 in. high 
Burnable poisons 

Water or water and lead 
Water and graphite . 

Variable 
4 in. of graphite and water 

2 1 .  I x l 0 lZ  neutrons/cm -sec 
2.970 6k/k 
2.270 6k/k (maximum) 
7.2% 6k/k (minimum) 

- 2 x (70 6k/k)/(o/o void) 
45 psec 
0.0073 

100 kw continuous, or 250 kw 
4 hr/day 

0 
530 C during transient operation 
5 3 0 ~ ~  
Natural convection 

Control 
1 Boron carbide or cadmium transient 

rod 
3 Boron carbide control rods 



Drives: 
Rack and pinio . . . . . . . . . . . .  
Air -operated piston and motor  - . . . . . . . . . . . . . . .  

driven ball-nut lead screw with 
a variable speed motor  

aximum reactivity addition r a t  
for  approach to  criticality . . . . . . .  0.04% 6k/k/sec 

Instrumentation 
Log n and period channel 
Power-level  channel ( s c r a m  circuit)  
Servoamplifier for  regulating rod 

control 
Rod-position indicator 
Water -radiation monitor 
Fuel-element temperature (indicator, 

recorder ,  and sc ram circuit)  

Neutron sources  
Polonium-be ryllium 
Antimony -beryllium 

Shielding 
Radial . . . . . . . . . . . . .  . . . . . . . .  Ordinary concrete - 4 f t  thick 
Vert ical  . . . . . . . . . . . . . . . . . . . .  16 f t  of water above co re  
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Chapter 1 

SITE - 

LOCATION 

The Diamond Ordnance Radiation Facili ty Research  Reactor  will be  

located within the metropolitan a r e a  of Washington, D. C. , a t  the F o r e s t  

Glen Annex of the Walter Reed Medical Center ,  which i s  five m i l e s  f r o m  

the center of Washington, D. C . ,  and  approximately two mi les  south of 

Kensington, Maryland ( s e e  Fig. 1). The F o r e s t  Glen site i s  an a r e a  qf 

approximately five a c r e s  of rolling, partially wooded and c leared  a r e a s ,  

on which a r e  located both research-laboratory facil i t ies and hospital facil i-  

t i e s  fo r  patients ( s e e  Fig. 2). The site i s  located in a commerc ia l  and 

resident ial  a rea .  

The location of the reac tor  will be  near  the southern border  of the 

F o r e s t  Glen a r e a  ( s e e  Fig.  2)  about 800 ft f r o m  the neares t  r e s e a r c h  labo- 

r a to r i e s  and about 500 ft north of Brookville Road,which bounds the  property 

on the southeast.  The s i te  i s  surrounded by woods, except to the nor th ,  

where a l a r g e  open field separa tes  it f r o m  the r e sea rch  labora tor ies .  The 

reac tor  building will be encircled by an  exclusion fence with a radius  of 

approximately 200 f t  ( s e e  Fig.  3 ) .  Access to the exclusion a r e a  will b e  

controlled a t  the single entrance gate,  

HYDROLOGY 

Surface drainage a t  the reac tor  si te is to the south and west into 

Rock Creek ,  which drains south through Rock Creek P a r k  and into the  

Potomac River .  The discharge of Rock Creek a t  Shersil l  Drive i n  the  Dis- 

t r i c t  of Columbia, 7-1 /2 mi les  ups t ream f r o m  i t s  mouth, is a s  follows: 





Fig. 2--Map of F o r e s t  Glen site f o r  the  DORF 



3 
28-yr average . . . . . . . . . . . . .  55.8 ft / sec  

maximum . . . . . . . . .  
3 

Calendar year  1956 average.  ... 48.4  f t  / s ec  

t e r  year  October, 1956 
through September, 1957: 

3 
Maximum . . . . . . . . . . . . . .  1210 f t  / s e c ,  April  5 ,  1957 

3 
Minimum . . . . . . . . . . . . . .  2 f t  / s e c ,  August 17,  18,  

19, 23, a n d 2 5 ,  1960 

The ground water a t  the proposed r eac to r  si te is locally recharged  

by precipitation and infiltration. The average  yearly precipitation in  the 

Montgomery County a r e a  i s  about 41 in.  , evenly distributed throughout 

the year .  July i s  the wettest month (about 4.5 in. of ra in) ,  and October 

i s  the  d r i e s t  (about 2 .8 in. ). Most of the precipitation i s  lost  to the  a tmos-  

phere by evapotranspiration, and only a small fract ion enters  the zone of 

satcration. The zone of saturation, the zone below the water table ,  was  

not encountered in  t e s t  borings a t  the r eac to r  s i te ,  the deepest of which was 

45 f t .  

The sand,  s i l t ,  and clay of the weathered rock ,  saprol i te ,  has  a low 

permeabili ty,  probably l e s s  than 1. Since the water table was not reached 

by the t e s t  borings,  which were made during the peak of the average annual 

10-ft var iat ion in  the water table found in  the Washington vicinity, i t  i s  

reasonable to assume that the depth of the water table will seldom be l e s s  

than 45 ft. 

It was not possible to determine the r a t e  of ground-water movement. 

In genera l ,  however, the velocity of ground water through fine-grained 

sedimentary mater ia l s ,  such a s  fine sand, s i l t ,  and clay,  i s  very  low (on  

the o r d e r  of a few feet per  year ) .  

WATER WELLS 

No wells a r e  known to exist in the immediate vicinity of the proposed 



reac tor  si te.  The neares t  known supply well i s  1-1/2 miles  eas t  of the 

a r e  considerably higher on the regional hydraulic gradient which r i s e s  to  

or theas t  of the reactor  sit 

Rock Creek  flows south past the reac tor  s i t e ,  t r ave r ses  the  en t i re  

length of the Distr ic t  of Columbia through Rock Creek P a r k ,  a recreat ional  

a r e a ,  and discharges into the Potomac River  below the intakes fo r  municipal 

water supplies. 

EARTHQUAKES 

The Maryland Piedmont,  on which the  site i s  located, i s  a region of 

comparative c rus ta l  stability. During the past  156 y r  no severe  quakes 

have occur red ,  though the re  have been a few quakes of low intensity. The 

probability of a destructive earthquake i n  the Montgomery County a r e a  i s  

very  slight. The probability of hazards  a r i s ing  f r o m  extra-s i te  sources ,  

such as explosions o r  floods, i s  grea ter  than f r o m  seismic activity. 

POPULA TION 

The DORF site will normally be occupied by 15 male personnel on a 

normal  8 -h r  day bas is .  The Fores t  Glen Annex of Walter Reed Army 

Medical Center  has  a total estimated population of 1041, located a s  follows: 

Research  and Development Area  
(Neares t  to reactor  s i te )  

Civilian employees . . . . . . . . . . . . . .  99 
Mi l i t a ry .  . . . . . . . . . . . . . . . . . . . .  39 - 

Total . . . . . . . . . . . . . . . . . . . . . .  138 

Convalescent Area 
. . . . . . . . . . . . . .  Civilian employees 229 

. . . . . . . . . . . . . . . . . . . . .  Military 374 

. . . . . . . . . . . . . . . . . . . . .  Patients 250 
. . . . . . . . . . . . . .  Resident civilians. - 50 

. . . . . . . . . . . . . . . . . . . . . .  Total 903 

Total estimated population. . . . . . . . . .  1041 - - 



people. 

GEOLOGY 

Topography 

The Army Medical Center in  F o r e s t  Glen i s  on the well-dissected 

hil ls  bordering the eas t  side of Rock Creek.  The reac tor  si te is on a small  

bench a t  an  altitude of about 280 f t  above mean s e a  level. Surface drainage 

flows f r o m  the site directly into Rock Creek and to the north and south into 

small  unnamed tr ibutar ies  of Rock Creek ,  and f r o m  these to the Potomac 

River nea r  Georgetown and Theodore Roosevelt Island ( s e e  Fig.  1 ) .  

Subsurface Geology 

Tlne s i te  i s  on ana r rowbe l t  of the Kensington-granite gneiss ,  which is 

a highly foliated, coarse  granite intrusive in  the Wissahickon schis t  complex 

and bas ic  rocks.  Petrographic mineral  determinations a r e  contained in 

Reports  TDS-A526 and IDM-A526 of the United States Department of the 

In ter ior ,  Geological Survey, Geochemistry and Petrology Branch. 

The re l ic  s t ruc tures  of the bedrock just described extend into the  

weathered rock mantel ,  saprolite,  which ranges in  thickness a t  the  s i te  up 

to about 45 f t .  Locally, boulders o r  veins of quartzi te ,  essentially unal tered 

by weathering, remain  in  the saprolite.  The saprolite i s  composed of mica-  

ceous s i l t ,  c lay,  and fine-to-medium grained quartz  sand. The attitude of 

the planes of foliation orient the average permeabil i ty ,  so that ground water  

and other fluids that might be released to move through the ground t r ave l  

m o r e  readily along the planes of foliation than a c r o s s  them. At the pro-  

posed r eac to r  s i t e ,  ground-water movement in  the bedrock and in  the  sapro-  

l i t e ,  where i t  has  retained rel ic  s t ruc tures  of the bedrock, will be  m o r e  

rapid nor th  and south, parallel  to the foliation, than east  and west  a c r o s s  

the planes of foliation. Fluids which may seep into the ground a t  the reac tor  



ation, ra ther  than directly down the surface slope toward Rock Creek .  Thus, 

he west-northwest dip of the rocks a t  the s i te  will r e t a rd  any f 

to the ground a t  the reac tor  s i te ,  provided that they do seep into the ground 

and do not run off on the surface direct ly  into Rock Creek o r  into the smal l  

t r ibutar ies  to  the north and south. The ion-exchange capacity of the 

weathered metamorphic rocks in the vicinity of Washington, D. C. , is usu-  

ally l e s s  than 25 milliequivalents per  100 g (< 25 meq/lOO g ) ,  which i s  low 

i n  comparison to purer  clay formations,  such a s  those of mar ine  origin. 

Analyses of 12 rock samples  f r o m  this  si te show exchange capaci t ies  of 

l e s s  than 10 meq/lOO g. These analyses  were  made by the Geochemistry 

and Petrology Laboratory of the U .  S. Geological Survey. 

Tes t  Drilling 

Five  bore  holes and one auger hole were  made to obtain samples  fo r  

construction-engineering information and for  the evaluation of environ- 

mental hazards.  The deepest hole was bored to a depth of 45 f t .  I t  was 

located exactly a t  the point where the reac tor  will operate ,  adjacent to the 

exposure room,  and samples f r o m  this  hole a r e  representative of the  ea r th  

ma te r i a l s  that may be  i r rad ia ted  by reac tor  flux. 

A second hole was bored outside the north wall of the exposure room,  

and  a th i rd  was bored outside the south wall of the building, adjacent to 

the reac tor  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  a t  the proposed location of the 

waste-s torage tanks and the l ine of waste discharge f rom the reac tor  building. 



Chapter 2 

FACILITY 

GENERAL 

The purpose of the facility i s  t o  study the  effects of large,  mixed 

doses of neutron and gamma radiation on electronic systems and re la ted  

devices. To  c a r r y  out these experiments,  both a main exposure room and 

pool i r radiat ion space a r e  provided. 

BUILDING 

The building i s  designed to accommodate the reactor ,  r eac to r  com- 

ponents, reac tor  shield s t ructure,  technical a r e a s ,  personnel, and the 

equipment and instrumentation required to per form radiation-exposure 

testing of e lectr ical  and electronic components or  systems and a lso  meta l -  

lurgical  testing. 

The floor plans and elevations of the th ree  levels in the facil i ty a r e  

shown in Figs .  4 and 5,  respectively. The building, which is designed fo r  

a 25-yr l ife,  i s  constructed of reinforced concrete,  s t ructural  s teel ,  and 

masonry.  The building will accommodate an  average of 15 male  personnel 

on the bas is  of an 8 -h r jday  occupancy. Space within the building is divided 

into the following areas:  

Exposure room 400 ft  
2 . . . . . . . . .  

Warm storage room 300 ft 
2 . . . . . .  

Truck-access  and sample- 
preparation a r e a  300 ft 

2 . . . . . . . .  
Mechanical-equipment room . 300 ft 

2 

2 
Toilet and shower room . 100 ft 

Nuclear counting room 100 it 
2 . . . . .  

Office 120 ft 
2 . . . . . . . . . . . . . . . .  







Reactor operator station 110 f t  
2 . . .  

Conference room 170 ft 
2 . . . . . . . .  

Storage room 120 ft 
2 . . . . . . . . . . .  

The foundation and the exterior walls below the operating floor a r e  

constructed of reinforced concrete, with a waterproof membrane to pre- 

vent ground-water penetration into the building. The exterior walls above 

the level of the operating floor a r e  constructed of 4-in. brick facing and 

an 8-in. cement-block backup. The cement blocks a r e  sealed with an epoxy 

resin on the inner surface to reduce porosity. 

The roof and ceiling a r e  of perlite cast  over metal decking with 

five layers of fel t  roofing on top. 

AIR -CONFINEMENT CAPABILITIES 

The building for the DORF-TRIGA reactor has been designed to 

operate a t  normal atmospheric pressure. The design also takes into 

consideration the intended uses of each a rea  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 

radioactive fission products outside the building would not exceed the 

maximum permissible concentration. An analysis shows that the 

maximum dose which a person might receive 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 a i r  except for the slight possibility that a i r  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 

will have no communication with the outside a i r  when the doors and 
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below, will  control the differential p res su re .  

The air-conditioning system exhausts all a i r  f r o m  the reac tor  

building through absolute f i l ters  and out the stack. This precaution is 

taken, even though no radioactive particulate ma t t e r  will be in the a i r  

during normal  operation. 

The only possibility which might c rea te  airborne radioactive 

particulate ma t t e r  would be a fuel-element cladding fai lure .  Should such 

a fai lure  occur ,  i t  i s  possible that smal l  amounts of radioactive noble 

gases  would be dispersed f r o m  the reac tor  pool into the reac tor - room 

a i r ,  and these would decay into particulate ma t t e r .  

Controlled Confinement of Air  

Although the re lease  of fission-product gases  f rom a fuel-element 

cladding fa i lure  should in  no way endanger the operating personnel o r  

the public, the design of the building makes  it possible to isolate and 

confine the a i r  within the building. The sys tem has  been designed so 

that when the continuous a i r  monitor indicates abnormal airborne con- 

tamination, a n  a l a r m  automatically sounds and the positive-sealing 

dampers  in  the ventilation system automatically close,  isolating the 

a i r  in the building a t  ambient atmospheric conditions. 

Two conditions which could cause the confined a i r  to leak out of 

the building would be a sudden drop in  barometr ic  p res su re  o r  an 

excessive heating of the a i r  within the building, causing i t  to expand. 

In order  to control the re lease  of a i r  f r o m  thebuilding under either of 

these ra ther  abnormal meteorological phenomena, a special  a tmospheric  

relief duct is provided in  the system. 

The resis tance to a i r  flow provided by this relief duct i s  very  much 

l e s s  than the resis tance to the flow of a i r  through the solid concrete 



walls  o r  through the compressed rubber gaskets which seal  the doors  

and hatches.  Therefore,  i t  can be reasonably assumed that the sma l l  

volume of a i r  that will be expelled f r o m  the facility under ei ther  of 

a i r  will continue through the emergency intake of the exhaust fan, the 

smal l  volume of a i r  expelled f rom the building will be considerably 

diluted a s  i t  is forced out the stack. By the t ime i t  reaches ground 

level, the concentration of xe131 will be  about 11300 of that allowed 

by the Atomic Energy  Commission. 

Fiss ion-gas Concentration F r o m  Stack Release  

On the assumption that both events mentioned above have occur red  

and that a sma l l  f ract ion of the contaminated a i r  f r o m  the r eac to r  room 

has  been re leased  through the stack, a calculation of the resulting con- 

centration of fission gas  has  been made. In o rde r  to determine the amount 

of fission-product gases  which might be re leased  a t  any one t ime,  i t  was  

necessary  to  determine the effects of the two phenomena mentioned above. 

Effect of Sudden Barometr ic  P r e s s u r e  Change on Room A i r  

Leakage. A p r e s s u r e  differential between the inside and outside of the 

building can occur because of a sudden drop in barometr ic  p res su re .  

The barometr ic  p res su re  changes in the Washington. D.C. ,  a r e a ,  a s  

given in the r eco rds  of the U.S. Weather Bureau dating f r o m  1893, a r e  

a s  follows: 

Maximum monthly variation. 1.87 in. Hg? 

Maximum 24-hr variation (fall), 1 .47  in.  H ~ J  

Maximum 24-hr variation ( r i se ) ,  1.22 in .  Hg; 

Maximum 12-hr variation (fall), I in .  Hg. 

When the barometr ic  p res su re  drops,  a i r  will be expelled f rom the 

building. On the bas is  of the 1.47-in. drop in barometr ic  p res su re  
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3 
recorded above and the volume of reac tor - room a i r ,  71,350 ft , i t  has  

room in  24 h r .  This leakage amounts to 5.1770 of the volume of a i r  i n  

the reac tor  room in  2 

If i t  is assumed that the fission-product gases  in the reactor  room 

a i r  resulting f r o m  a fuel-element cladding fai lure  a r e  xenon and 

krypton, with an  average total activity in the room of 2.45 c, a s  

calculated and discussed in Appendix IV, the average  concentration of 
-3 3 

xenon and krypton in  the reactor-room a i r  will  be 1.21 x 10 p c l c m  . 
Since 5. 17% of the activity will leak out with the expelled air, 0. 127 c 

will escape in 24 h r ,  o r  1.4 pclsec.  

On the conservative assumption that the  average activity will not de-  

c r e a s e  f rom the natural  decay of fission products during the 24-hr period, 

i t  has  been calculated that the maximum concentration of the fission- 

product gases  nea r  the ground will occur a t  a distance of 1,940 ft f r o m  the 

reactor  building. The maximum concentration i n  a i r  a t  that point would be  
-10 3 133 

8.0 x 10 pc / c m  , which i s  1 / 300 of the Xe maximum permissible  

concentration (10 CFR 20) for  continuous exposure in unrestr ic ted non- 

occupational a reas .  

Effect of Temperature Differential on Room Air  Leakage. Another 

condition that could cause a i r  to be exhausted f r o m  the reactor  room, 

when the a i r  in that room is isolated f rom the r e s t  of the building because 

of a fission re lease  f rom the reactor tank, would be high temperature 

outside the reac tor  building. Radiant heating f r o m  outside would r a i se  

the temperature of the isolated and confined reac tor  room a i r .  Under 

these conditions, i t  has  been calculated that an  outside air temperature 
0 0 

of 100 F might increase  the temperature inside the reactor  room 15 F 

before equilibrium was reached. These conditions a r e  based on the 

assumption that the air-conditioning sys tem i s  shut down ear ly  in 

the morning on a day on which the outside-air  temperature 



0 
reaches a maximum of 100 F, During the day, the a i r  inside the 

building will increase in temperature from an assumed initia 
0 0 

ture of 70 F to 85 F by evening, when the temperature of the outside 

a i r  would have decreased, creatin 

would result in a leakage of 3.4% of the total reactor-room air  volume 

It does not seem reasonable to assume that there could possibly be 

a coincidence of these two natural phenomena--namely, a sudden change 

in barometric pressure  concurrent with a wide variation in inside and 

outside air  temperatures. 

Since the volume of air  which would leak from the reactor building 

under the conditions created by a sudden change in barometric pressure 

is greater than the volume of a i r  expelled by heating, the concentration 

in the a i r  will be proportionately less in the latter case. Therefore, it 

can be assumed that there a r e  no credible conditions which could en- 

danger the health o r  safety of the public through the release of fission 

products from a fuel-element failure. 

A calculation of the effect of a release offission products in the 

building i s  presented in Appendix IV. The exposure (16.5 m r )  which 

a person inadvertently remaining in the reactor room could receive 

following a fuel-element cladding failure i s  well below the maximum 

permissible daily exposure established by 10 CFR 20 for operating 

personnel. 

VENTILATION SYSTEM 

The ventilation system.(Fig. 6) and a i r  conditioning throughout the 

building will provider 

1. Dissipation of building heat generated by electrical equip- 

ment and lights; 

2. Normal ventilation and cooling; 



Fig. 6--Flow diagram of ventilation system 
for reac tor  building 



3. Positive filtered exhaust of a l l  possibly contaminated air.  

he entire building will be a i r  -con 

system. Normal air recirculation will be used in the building, except 

in the exposure room and in the warm storage room. All exhaust ai 

from the exposure room and the warm storage room will pass  through 

an absolute filter of minimum 99.770/0 efficiency with a dioctyl phthalate 

(DOP) penetration of 0.05% for 0.3-p-diameter particles, and then out 

through an exhaust stack that extends approximately 45 f t  above the 

ground level. The flow of a i r  will be controlled by maintaining a lower 

pressure  within the exposure room and the warm storage room than in 

the remainder of the building. The remainder of the building will,  i n  

turn, have a slightly lower pressure than that found outside. Accidentally 

contaminated air  i s  thus channeled through the filters. 

A stack monitoring system activates alarms if undesirable quantities 

of radioactivity are  being exhausted to the atmosphere. A smoke sensor 

i s  also provided, which activates a larms if smoke i s  detected in the 

exhaust system. 

The building i s  hea.ted by a gas-fired, 225,000-Btu/hr steam 

boiler and thermostatically controlled steam coils in the air-handling 

system. 

WATER PURIFICATION AND COOLING SYSTEM 

The coolant water for the reactor is purified and cooled in an 

external system (see Fig. 7), which consists of a mixed-bed demineralizer, 

heat exchanger, pump, and associated piping and valves. The system 

also includes a surface skimmer, a fission-product monitor, a fiber 

cartridge-type filter with pressure gauges, and a flow meter. The cooling 
0 

capacity of the water system i s  100 kw a t  water temperature of 90 F. 

The water conductivity i s  kept a t  about 2 fimho to minimize corrosion. 

The purification system removes radioactive ions or particles from the 
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shell and cover a r e  made of carbon steel, and the tubes and a l l  other 

a r t s  in contact with the reactor water a r e  made of stainless steel. 

drop in water temperature across the heat exchanger i s  approximately 

1 0 ° ~ ,  a t  a flow rate of 80 gpm. The water is circulated through the 

primary system by an aluminum centrifugal pump, which provides a 
0 

head of approximately 70 ft. The secondary coolant enters a t  70 F and 
0 

exits a t  approximately 80 F during 100-kw operation. The design 

temperature for  the shell side of the heat exchanger i s  ~ O O O F J  for  the 

tube side i t  i s  120 '~ .  The design pressure for both sides of the 

exchanger is 75 psig. 

The primary function of the demineralizer system i s  to maintain 

a water-conductivity level low enough to minihlize fuel-element 

corrosion. The demineralizers a r e  of a mixed-bed type that removes 

both positive and negative ions from the circulating water. The system 

includes two demineralizers, each of which has a flow capacity of 10 gpm 
3 

and contains about 3 f t  of resin. The type of resin provided i s  a mixture 

of nuclear-grade Permutit A-H and Permutit S-1. The flow through each 

demineralizer i s  regulated by a flowmeter that i s  located on the downstream 

side. 

A filter removes insoluble particulate matter from the reactor 

water system. I t  has a replaceable fiber cartridge, which is removed 

from the vessel and replaced when i t s  pressure drop becomes excessive. 

Two filter cartridges 1 each rated at  lop, remove al l  of the particles 

down to l y  in size. 

Two pressure gauges in the f i l ter  bypass line measure the 

pressure drop across the filter and indicate when the filter should be 

changed. 



WARM-WASTE DISPOSAL SYSTEM 

A warm-waste system which collects water from the floor drains 

in the warm-storage room, decontamination area, exposure room . 
The system utilizes three 5,000-gal detention tanks, connected in  

parallel. Warm waste can be directed to any of the three detention 

tanks, and can later  be discharged f rom any of the three tanks a s  the 

radioactivity drops within the acceptable range. 

The warm-storage tanks will be sampled and analyzed for radio- 

qctivity, in order to ensure that the warm waste may be flushed into 

the sanitary sewer. Figure 8 shows the flow diagram of the waste - 
disposal system 

DECONTAMINATION PROVISIONS 

A special paint capable of withstanding a decontamination procedure 

i s  applied to the concrete walls, floor, and ceiling of the warm storage 

room. This paint i s  also applied to the concrete around the truck 

access area.  The main operating floor and the mezzanine a r e  covered 

with vinyl tile, and the interior walls a r e  sealed with epoxy. 

The exposure room is lined with 1 f t  of structural-grade wood to 

reduce activation of the concrete. The floor in the exposure room i s  

covered with a waterproof epoxy surface. The walls and ceiling a r e  

covered with a special decontamination paint. 

Drains in the building a re  arranged so  that all water o r  other 

fluids used for decontamination a r e  channelled into the warm-waste 

disposal system. Should personnel be contaminated, an emergency 

shower is located in the toilet, and in the warm-storage room in the 

basement a r e  located an emergency shower, eyewash, and sink, 



AIR 

W A R M  - W A S T E  

5 0 0 0 - G A L L O N  
W A R M - W A S T E  

5 0 0 0 - G A L L O N  

L I Q U I D  FLOW 
W A R M - W A S T E  

C O N T R O L  AND 

I Q U I D  LEVEL 

Fig.  8 - -Warm waste-dlsposal system for the DORF 



UTILITIES 

which is approximately 450 f t  long. It is estimated that the maximum normal  

ge will be 1,200 gpd. An 8-in. sanitary-sewer serv ice  runs  within 

80 f t  of the building. However, in  o rde r  to mee t  sewer-line inver t s  w d  to 

accommodate the warm-waste detention sys tem,  the sanitary sewer f r o m  

the building intersects  the 8-in, sewer l ine at a manhole approximately 

300 f t  northwest of the reactor  building. 

E lec t r i c  power will be  purchased f r o m  the Potomac E lec t r i c  Power  

Company a t  1201208 v. Power  i s  c a r r i e d  f r o m  Brookville Road on 13.2-kv 

overhead serv ice  l ines to a power-company-owned substation located 

beside the reac tor  building. A total connected load of 195 kw indicates that  

an average estimated demand load of 110 kw will be required at the building. 

Natural  gas  will be piped f r o m  the gas  main approximately 450 f t  

through a 20-in. line. I t  i s  es t imated that during the heating period 
3 

225 f t  / h r  will be  required. 

A 6-ft high chain-link fence with three  rows of barbed wi re  will  

completely enclose the reactor  building and will provide a Z O O - f t  c lear  

space on a l l  sides of the building. 

Access  to the reactor building is through a 16-ft wide roadway that 

in te rsec ts  the driveway f r o m  Brookville Road. A parking lot will accom- 

modate nine c a r s  and three 40-ft long t r a i l e r s  with t rac tors .  Truck  a c c e s s  

to the building i s  a t  the basement level  and a t  the operating-floor level  

SOLID -WASTE DISPOSAL 

Disposal of solid waste will be handled through arrangement  with 

Walter Reed Army Medical Center.  



Chapter 3 

REACTOR 

DESIGN CRITERIA 

The reactor  design (see  Figs. 9,  10, and 11) presented he re in  employs 

the TRIGA reactor  fuel elements to provide a facility where studies may  be 

undertaken of the effects of la rge  pulses  of neubrons and gamma rays  on 

electronic and other devices of in te res t  to the Diamond Ordnance Fuze 

Laboratory. The reactor  c o r e  will have a minimum reflector so that la rge  

numbers  of neutrons may  be emitted by the core into a shielded exposure 

room. The reactor  will have a 2-in. -thick water ref lector ,  covering 180° 

of the periphery, through which will extend a small ,  3 in. by 10 in., air- 

filled aluminum thimble when the reac tor  i s  adjacent to the exposure room. 

The thimble will be used for the i r radiat ion of very small  objects. The 

core  will have the capability of being pulsed by the insertion of up to 

2.270 6 k / k  excess  reactivity with no hazard  to the reactor  o r  the operating 

crew. Detailed operating charac ter i s t ics  a r e  given in Chapter 5. 

Easy  access  to the core and adequate cooling and shielding will be 

provided by the large pool of water in  which the reac tor -core  assembly  is 

submerged. Cooling will be provided so  that the reactor  may  be operated 

a t  100-kw steady state and a t  250 kw, not to exceed 1 Mw-hr per  day, to 

allow for  extended irradiations.  To make maximum use of the r eac to r ,  the 

facil i ty will be arranged so t h a t  exposure of samples may  occur  e i ther  in 

the d r y  exposure room o r  within the reactor  pool. To facilitate this utiliza- 

tion, the reactor  will be t ransported by a car r iage  f rom one exposure 

position to the other within the pool in approximately 6 min. Shielding 

will be provided so that access  to the exposure room may be made while 

experiments a r e  being conducted in the pool. 

Operation and maintenance requirements will be minimized by 



Fig. 9--Perspect ive view of the reac tor  



Fig. 10--Sectional elevation of the reactor 
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employing a simplified control system. To assure safe operation, the 

reactor will be provided with a reflector of water sufficient to ensure that 

no change in reactivity larger than 0.5% 6k/k occurs as  a result of moving 

gamma-ray filters adjacent to the core. Adequate shielding will be pro - 
vided for the reactor core and the exposure room so that operating person- 

nel in a reas  external to the shielding will not receive doses of radiation 

exceeding one-tenth of that specified by the U. S. Atomic Energy Commis- 

sion during 100 -kw steady -state operation. The neutron-to-gamma -ray 

ratio will be variable by a factor of 10 by the addition of lead around the 

core a s  a gamma-ray filter o r  by water a s  a neutron filter. 

When the reactor is  moved into the exposure -room position, the 

water reflector is diminished to a 2 in. thickness around hSlf of the core. 

In addition to this, there is  a 114-in. -thick aluminum thimble, which i s  

fabricated as  part of the reactor tank, that penetrates through the 2-in. 

water reflector and into the F-ring of the reactor core. In the region 

where the thimble penetrates, two fuel elements are  removed to accommo- 

date the penetration. The closest approach of the thimble to a fuel element 

is  0. 7 cm. 

A 2-in. -thick water-cooled lead shield is  provided, which i s  mounted 

external to the tank on a hydraulically operated piston. This lead shield 

has an opening in it which allows access to the thimble. The opening can 

be filled with a removable lead plug. Operation of the movable lead shield 

i s  interlocked so that the shield cannot be moved while the reactor is  in 

operation. 

The exposure room will be accessible through an opening through the 

shield containing a movable concrete shielding plug. Electrical inter-  

connections will be accommodated through the roof of the exposure room 

by means of spiral conduits. These conduits are  surrounded by lead to 

ensure the integrity of the shield. 

The communication systems for the reactor and associated exposure 



room will include both audio and visual systems. A closed-circuit tele - 

the exposure room and warm-storage area.  An audio system will be 

GENERAL ARRANGEMENT OF  REACTOR 

The reactor core forms a compact cylinder and consists of a lattice 

of approximately 85 cylindrical fuel-moderator elements, 4 control rods, 

and 1 neutron-source holder contained between the top and bottom aluminum 

grid plates and surrounded by an aluminum shroud which supports the grid 

plates. This assembly is  located at  the bottom of an aluminum reactor 

tank that i s  approximately 14 ft in diameter and 19 f t  6 in. high and holds 

12,000 gallons of water. The core assembly is  suspended by a support 

structure from a motor-driven carriage which is  at the top of the tank and 

i s  capable of traversing the tank. 

Control-rod drive mechanisms a r e  located on the carriage and a r e  

connected to the control rods in the core. The reactor is controlled by 

two safety rods, a regulating rod, and a shim-safety-transient rod. Instru- 

mentation is  provided to monitor, indicate, and record the neutron flux. 

Three modes of operation a r e  possible: Mode I--steady-state operation, 

with manual or servo control to 100 kw; Mode 11--power square wave to 

250 kw, maximum; Mode III--flashing operation to 2200 Mw. 

In addition to the reactor-control instrumentation, an interlock sys-  

tem is  provided to prevent reactor operation unless prescribed safety 

conditions have been met. 

The reactor core is cooled by natural convection and the pool water 

i s  purified and cooled in an external system which consists principally of 

a water-to-water heat exchanger, a mixed-bed demineralizer, a pump and 

associated piping, valves, and flow-indicating devices. The secondary 

water to the heat exchanger is circulated through a filter and cooling tower. 
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In addition to the shielding provided by the water in the reactor tank, 

two 18-in. -thick shielding doors a r e  located in the tank to shield the expo- 

sure  room. These a r e  mounted on bearings on the floor of the tank and can 

be rotated to allow passage of the core from one operating position to 

FUEL-MODERATOR ELEMENTS 

A fuel-moderator-element assembly i s  shown in Fig. 12, Including 

the top and bottom aluminum end-fixtures, the fuel-moderator element i s  

28.44 in. long. The fuel part of each element, which is  1.42 in. in diameter 

by 14 in. in length, consists of an alloy of uranium-zirconium hydride con- 
2 35 

taining 8 wt-% uranium enriched to 20% in U . The hydrogen-to-zirconium 

atomic ratio is  approximately 1. 0. A thin aluminum wafer at each end of 

the active fuel section contains a burnable poison. By this means an appro- 

priate amount of burnable poison is incorporated in each fuel element at  the 

time of fabrication to minimize the loss -of-reactivity effect due to fission- 

product poisoning and fuel burnup. Four-inch sections of graphite in the 

fuel can above and below the fuel region serve as  top and bottom reflectors 

for the core. The fuel elements a r e  clad with 0.030-in. -thick aluminum, 

and all closures are  made by heliarc welding. An aluminum end fixture is  

fixed to each end of the can for positioning and handling. Each standard 

fuel element contains approximately 37 g of u ~ ~ ~ .  Partially loaded fuel 
235 

elements containing lesser amounts of U a r e  used, as necessary, to 

make available the exact amount of excess reactivity required in the reactor. 

GRID PLATES 

The fuel elements are  spaced at the top and bottom by two 0. 75-in. - 
thick aluminum grid plates. The grid plates have a total of 91 holes, o r  

fuelelement spaces, 85 of which a r e  available for fuel-moderator elements 

and the remainder for the 4 control rods. The bottom grid plate, which 



F i g .  12--Fuel-moderator-element assembly 
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supports the weight of the fuel elements,  has  holes to receive the lower 

end-fixtures. The 1. 5-in. -diameter holes in  the top gr id  plate space 

the fuel elements and allow withdrawal of the elements f r o m  the core .  

water  to 

p a s s  through the top gr id  plate when the fuel elements a r e  in position. 

Both g r id  plates  a r e  supported by $he core shroud. 

CONTROL RODS 

Reactor control is provided by four boron-carbide control rods 

which operate in perforated rtluminum guide tubes that a r e  held in  place 

by the top and bottom grid plates.  The shim-safety-transient rod  has  a 

total  worth of approximately 2.7% 'ak/k, the two safety rods  have approx- 

imately 1.5% 6k/k each, and the regulating rod has  approxirnately 

1.570 '0k/k. The control rods  a r e  1.25 in.  OD and 20 in. long; the 

maximum travel  of a rod  f r o m  the full  "in" position to the full  "out" 

position i s  15 in .  

The aluminum control-rod guide tubes f i t  into standard fuel-element 

locations and r e s t  on the bottom grid plate by means of a shoulder. The 

tubes a r e  normally held in position by a locking mechanism that i s  

below the bottom grid plate and is accessible  when the control rods a r e  

removed. 

Safety and Regulating Control Rods 

The control-rod drive mechanisms(see Figs .  13 and 142 located 

on the car r iage  a t  the top of the reac tor  pool s t ructure,  consist  of a 

motor  and reduction gear  which drive a rack and pinion and also dr ive 

a potentiometer for  position indication. All rod dr ives  have a tube 

extending to  the surface of the water where the dashpot i s  located. The 

dashpot-and-rod assembly i s  connected to the rack  through an e lec t ro-  

magnet  and armature .  In the event of a power failure o r  a s c r a m  signal, 

a l l  of the magnets a r e  de-energized and the safety and regulating rods  



Fig.  13--Control-rod dr ive mechanism 



Fig. 14--Control-rod dr ive  assembly 



gle phase,  

and instantly reversible .  Electr ical  dynamic and static braking on the 

motor  i s  used fo r  f a s t  stop. Limit switches mounted on the dr ive 

position of the rod, and magnet contact. 

The maximum rod withdrawal r a t e  for  the safety and regulating- 

rod dr ive  mechanisms i s  12 in . /min,  which gives a maximum ra te  of 

reactivity inser t ion of 0.04% bk/k per  second. Continuous rod-position 

indicators a r e  provided on the regulating rod. 

Transient-rod Operatjon fo r  Pulse and Square Wave 

The t ransient-rod drive ( see  Fig.  15) used for Mode I1 and Mode 111 

operation i s  both pneumatic and electromechanical in operation. The 

t ransient  rod i s  fastened to a piston, the s t roke of which i s  determined 

by the location of an  associated cylinder.  The positioning of this 

cylinder i s  controlled by a.n e lectr ic  motor  and ball-nut dr ive.  In the 

de-energized position, the control rod i s  completely within the reac tor  

core  and held there  by gravity. Application of pressur ized  a i r  to the 

cylinder causes  a rapid withdrawal of the rod to a distance determined 

by p r io r  positioning of the cylinder. The amount of rod that may be 

withdrawn va r i e s  f rom zero  to the rod length required for  the maximum 

permiss ib le  step-reactivity insertion, which a t  no t ime will ever  have a 

possibility of inserting more  than 2.270 bk/k in a step insertion of 

reactivity.  Both ends of the pneumatically driven portion of the s t roke 

on this rod a r e  limited by built-in metal- to-metal  stops and the control 

rod will be d e s i g ~ e d  with a reactivity no grea ter  than 2.270 bk/k in the 

length equivalent to th~rt  portion of the rod which can be pneumatically 

driven. In reaching the fully withdrawn position of the cylinder, the rod 

will be partially :-emoved f rom the core by metal- to-metal  contact and 

without a i r  p r e s s u r e  applied, s o  that the amount of reactivity which can be 

accidentally inser ted  i s  limited to 2. 270 6k/k even though this rod has  a 

total reactivity of 2 .  7% hklk.  



Fig. 15- -Pneumatic electromechanical 
transient rod-drive mechanism 



F o r  pulse-type operation (Mode 111) the amount of rod worth to be 

withdrawn is p re  

converted to a p r e s e t  position of the cylinder. With the a i r  p r e s s u r e  

off and the cylinder at this  predetermined height, the r o d  is ready for  

pulsing operation. The application of 75 psig of air will cause the rod 

to  be withdrawn in approximately 0.1 secj  the exact t ime wil l  depend on 

the length of rod t rave l  required.  Removal of the a i r  p r e s s u r e  will 

allow the rod to fa l l  back into the reac tor  due to gravity. 

P r e s e t  maximum power operation (Mode 11) is quite s imi lar  to 

pulse operation of the rod but  has  the added feature of closed-loop 

control of the power level. A shor t  period is established by rapid 

pneumatic withdrawal of a rod  having a maximum worth of 0.66% /ok/k. 

A t  the same time that the r o d  is withdrawn, a closed-loop electronic  

servo  control sys tem is established which continues to regulate the rod 

position to maintain the p r e s e t  power level. This electronic control 

sys tem primari ly  withdraws the cylinder and the control rod to 

compensate for the changing negative temperature coefficient of the 

r eac to r  core.  

When the prescr ibed  i r radiat ion t ime has elapsed, the reac tor  is 

shut downautomatically by a p r e s e t  t imer  or  manually by the reac tor  

operator .  

A prototype model  of this  rod drive i s  undergoing extensive testing 

by General Atomic in the TRIGA Mark  F. 

CORE SHROUD AND SUPPORT STRUCTURES 

The reactor  core s t ruc ture  consis ts  of a cylindrical shroud, 

support ring, and a top and bottom gr id  plate. The shroud is a right 

c i rcu lar  cylinder, 27 in. high and 19-118 in.  ID,made of 3116-in. -thick 

aluminum. Reactor-coolant-flow openings a r e  located nea r  the top and 

bottom of the shroud. 



The reactor core i s  supported within the reactor tank such that the 

structure, consisting of a 5 1  16-in. -thick aluminum cylinder approximately 

18.9 in. in diameter and 16.8 ft long, connects a t  i t s  bottom to the co 

support ring and at  its top is bolted to the carriage, thus allowing the 

core to be translated to various in-line positions within the tank. One 

16-in. -wide slot extends the full height of the support structure to allow 

easy access to the core region. 

CARRIAGE 

The carriage (Fig. 16) supports the reactor core assembly, the 

control and pulse rod drives, and an instrumentation harness. The 

carriage structure is  approximately 44 in. long by 30 in. high and 

supports the rod drives on a mounting plate elevated approximately 

3-112 f t  above the carriage base. This allows clearance above the 

water surface and thus permits direct-line access to the core components 

and fuel elements. Four wheels support the carriage on two guide 

rai ls  which span the top of the tank and a re  secured to the concrete 

structure. A two-speed electric motor and a reduction-gear drive 

enables the core to be moved back and forth between the two extreme 

positions in the reactor tank, and the driving force i s  transmitted 

through a pinion to a rack attached to one of the two rails.  The 

engagement of the wheels i s  designed to restrain any vertical or lateral 

displacement of the carriage. 

The motor drive i s  equipped with a position indication system. 

Remote control and position indication of the carriage a r e  provided at  

the operating console. The control of the carriage i s  dependent on the 

interlock system, which allows movement only when certain conditions 

a r e  met. 
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INSTRUMENTATION 

required for  the reac tor  operation. This console is located in  the Reactor  

Control Area  on the mezzanine floor of the facility. 

Three principal modes of reac tor  operation a r e  possible: 

Mode I (manual) o r  Mode IA ( servo  control)--Steady- 

state operation (100 kw maximum)g 

Mode I1 (program control)--Power square wave 

operation (250 kw maximum); 

Mode 111 (manual control) --Pulsing operation 

(2200 Mw maximum). 

Mode I i s  employed f o r  manual reactor  s tar tup,  change of power 

level ,  and steady-state o p e r a t i m  to  100 kw. Mode i A  provides 

automatic power-level control  a t  a l l  power levels above 1 w by means  of 

a servo  amplifier operating the regulating rod. 

As indicated i n  the block diagrams shown in  F i g s .  18 and 19, power- 

level  information i s  available for a l l  modes of operation. Switches A, B,  

C ,  and D a r e  mechanically coupled and operate f r o m  one control knob. 

With this control in  the mode I position, power level i s  measured  f rom 

source level to 100 kw by means  of a compensated ion chamber which 

feeds the multirange l inear  power amplifier which in  turn feeds the 

l inear  recorder .  F r o m  a few tenths of a watt to I Mw, power i s  a lso 

indicated on the log power channel. Pe r iod  indication f r o m  co to 1 sec i s  

a l so  available f r o m  this channel over the same power range. 

The linear power channel provides a source interlock signal, 

which prevents rod withdrawal unless the source strength is adequate. 

Both a polonium-beryllium and an antimony-beryllium photoneutron 

source will ensure adequate neutron signal fo r  s tar tup 
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Fig.  18--Diagram of the reac tor  control  c i rcu l t  
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Mode I1 operation i s  for producing a rapid r ise (in a few seconds) 

from adjustable up to 

250 kw, and i s  automatically stabilized a t  this preset power level until 

own, either manually or  by a time 

sets the servo demand power at the correct  value for a given square 

wave while simultaneously programming the rod-drive mechanism to 

produce the rapid r ise to the desired power level. Power-level 

measurement i s  e log and linear channels for  this 

operating mode. e r ,  however, receives i ts  signal 

from an uncompensated ion chamber that is located in a less  sensitive 

position. 

Mode 111 is for producing high power pulses of short duration by 

means of the transient rod. As indicated in F i g .  18 all of the low-level 

neutron chambers are  disconnected. The uncompensated ion chamber 

will give pulse power level indication up to 2200 Mw . The chamber 

current feeds an integrator, peak-reading, and memory circuit which 

will (1) measure the peak power of the pulse, (2) measure the integrated 

neutron flux or  nvt, ( 3 )  store these data in a memory circuit, and 

(4) read out each of $he values of (1) and (2) sequentially on the linear 

recorder within a few seconds after the transient i s  over. 

During transient operation (Mode III), fuel-element temperature i s  

recorded, and for all modes of operation, fuel-element temperature i s  

indicated on a meter. 

The temperature shutdown system will include two shutdown 

circuits receiving independent signals from two thermocoupled fuel 

elements. Four thermocoupled fuel elements will be provided, each of 

which will contain three thermocouples. The four elements will be 

located in the central portion of the core. A fuel-element temperature 
0 

of 530 C will cause a shutdown of the reactor.  



levels inconsistent with experimental requirements, a linear power level 

shutdown circuit i s  also provided. This linear power level shutdown 

system i s  so designed that the reactor power i s  prevented f rom exceeding 

110% of any preset  power level selected by a range switch. 

Since the DORF reactor will be routinely operated on periods a s  

short a s  3 msec during mode 111 operation, no period shutdown circuit 

can be technically justified. Mode I1 operation also involves the step 

insertion of reactivity, followed by the electromechanically driven in- 

sertion of additional reactivity to maintain power level a t  any desired 

preset  value. 

The reactor shutdown i s  provided by three independently acting 

shutdown circuits under all modes of operation. 

In addition to the above described instrumentation, push-button 

controls with up-down limit lights for a l l  rods and position indicators for 

the regulating rod and for the shim-safety-transient rod a r e  provided. 

Push-button controls and limit lights for the lead door and the core 

carriage a r e  also provided. The core carriage has a position 

indicator for intermediate positions. All position indicators are  accurate 

to 0.2% of full travel. Also included on the control console a r e  a key- 

actuated operation switch, a coolant-on switch, exposure-room-door open- 

closed indicator lights, and water-gamma-level and temperature 

alarms.  The safety interlock system, described in detail under "Reactor 

Safety Interlock System, " furnishes several inputs to the control console 

which interlock the console operational controls in such a way that they 

a r e  active only under proper conditions and sequences. 

Additionally, the source interlock signal i s  provided by the linear 

power level channel. In the event that the safety interlock devices, the 

scram and STOP buttons, power failure, or excessive fuel temperature 



source of the fault. 

Additional instrumentation i s  provided for  monitoring gamma 

monitors f rom these indicators a r e  located in the reactor control area .  

Remote a la rms  for  ex 

activity in the water a r e  provided a t  the operating console, a s  noted above. 

Safety Interlock 

An interlock system i s  provided in order to ensure the safety of 

personnel within the exposure area  and to protect the reactor core  and 

supporting structures f rom damage by the lead doors.  A detailed 

discussion of this system i s  given under "Reactor Safety Interlock 

System. " 

Auxiliary Systems 

Auxiliary communication systems a r e  provided for the facility. 

The communication systems include television monitoring, audio in ter -  

communication, concrete door position indication, and "reactor on" 

indicator lights. 

The television monitoring system provides for  remote monitoring 

of activities in the exposure room and in other a r ea s  in the facility. I t  

includes two tripod cameras,  one master  control monitor located in the 

reactor control a rea ,  and two portable slave monitors. The cameras 

a r e  mobile and a r e  provided with remote on/off switch and pan, tilt, 

and zoom lens controls located a t  the master  control monitor. 

Supplemental lighting fixtures a r e  provided with each camera.  

lntercomrnunication i s  provided between the exposure, access,  

and reactor rooms and in the reactor operator 's a rea .  

The concrete-plug-door "IN" and "OUT" indicator lights a r e  

located at the reactor control console. Reactor position i s  indicated near  

the concrete plug door 



the exposure room s o  that minimum-length cables  can be employed to 

experimental equipment in  the exposure room. Each  conduit follows a 

helical path through the concrete to prevent radiation s t reaming.  

REACTOR TANK AND SHIELDING DOORS 

The reac tor  pool tank i s  approximately 14 f t  in diameter  by 9- 1 / 2  f t  

high. An outline of the tank i s  shown on F igs .  9. 10, 11. 

A lead ref lec tor ,  having the f o r m  of a half-cylinder, is mounted 

external  to the tank on a hydraulic hois t ;  this ref lector  may be positioned 

adjacent to the r eac to r  co re  o r  lowered to belc 4 the bottom plane of the 

co re .  The lead ref lector  i s  water-cooled, the water  being supplied via 

an aluminum header to cooling passages approximately 118-in. thick by 

6 in. wide. These cooling passages a r e  developed in  pa l r s ,  one for  inlet 

flow and the adjoining one for  outlet flow into an outlet header 

Two rotating lead-filled shielding doors a r e  located in the reac tor  pool 

to divide the pool into two specific a r e a s .  The doors  a r e  made of 318-in. 

aluminum plate with 114 in .  s t ructural  m e m b e r s  welded into watertight 

containers.  They a r e  approximately 18 in .  thick, 4 f t  high, and 4 f t  

wide. Each  door i s  f i l led with a p p r ~ u i m a t e l y  10, 000 lb of chemical lead 

shot. Gaps between the doors  a r e  stepped to prevent  radiation s t r eam-  

ing through the door 

Each door i s  supported on a low-friction thrus t  bearing mounted a t  

the bottom of the tank. These two bearings a r e  designed for  maximum 

life and minimum maintenance during operation in the reac tor  water.  

The doors  a r e  operated by a single fractional-horsepower motor and 

reduction dr ive located in a small  pit a t  the reac tor  top. Power i s  

transmitted through two drive shafts which a r e  mounted into the side of 

the car r iage  t r a c k s .  Each  door i s  connected to i t s  dr ive  shaft by a 



vert ical  shaft extending up  f r o m  the top of the door to  a bearing mounted 

t the drivin 

g controls for  

the doors a r e  located a t  the control console and operation i s  res t r ic ted  

i s  indicated by "all open" o r  " 
console. 

WATER PURIFICATION AND COOLING SYSTEM 

The reac tor  water sys t em (see Fig. 7) consists of a surface skimmer,  

water-monitoring equipment, a fiber cartridge-type f i l te r  with p res su re  

gauges, mixed-bed demineral izers ,  flow meter ,  pump, heat exchanger, 

and associated piping and valving. This sys tem has  s e v e r a l  functions. 

The water sys tem provides for cooling the reactor  and has  a capacity of 

:00 kw of continuous heat removal while maintaining the reac tor  water 
0 

temperature at 90 F. The demineral izers  maintain the specific conductiv- 

ity of the reactor  water  a t  about 2 micromhos,  minimizing cor ros ion  

effects,  remove radioactive mater ia l  f rom the reac tor  water ,  and help to 

maintain optical c lar i ty  of the water. 

FISSION-PRODUCT MONITOR 

A low-level fis  sion-product water monitor,  ups t r eam of the heat 

exchanger and the demineral izer ,  detects any damage to the fuel elements 

that may cause fission products to be present  in the water. A Trace r l ab  

MWP-1A Fission Product Water Monitoring System (or  equivalent) detects 

the radioiodine isotopes f rom fission products accumulated in a r e s in  ion 

exchange column. This device detects radioiodine in ~ ~ n c e n t r a t i o n s  of 
- 6 3 

10 pclcm . 
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authority and experience to maintain the safety of the operation. Adequate 

instrumentation fo r  personnel and a r e a  monitoring will be provided the 

health physicist to c a r r y  out these duties. 

A film-badge serv ice  i s  to be provided for the personnel working in 

the facility. The badges will have both neutron-sensitive and gamma-ray- 

sensitive fi lm and will be processed quarterly,  o r  a badge can be processed 

immediately in the event a n  exposure has occurred to a n  individual. Pocket 

dosimeters  will supplement the f i lm badges. The dos imeters  will be read 

on a semiweekly schedule during the initial phases of facil i ty operation; 

however, a f te r  the personnel have been suitably trained, this schedule will 

be on a weekly basis.  The pocket dosimeters  will m e a s u r e  the dosages of 

both thermal  neutrons and gamma rays; any indication by the thermal-  

neutron detector will require  that the neutron badge be processed im-  

mediately. 

Area  Monitoring 

Two fixed audible a l a r m ,  gamma-ray monitors located on the second 

floor of the bullding, 9 portable survey instruments,  and 2 high-level 

ion chambers located in the reactor  exposure room will be used for a r e a  

monitoring. Readings f r o m  the fixed instruments will be recorded and an 

audible a l a r m  will be actuated if the activity exceeds a p r e s e t  level. 

Personnel-  and Area-Monitoring Instruments 

Listed below a r e  the various instruments to be used fo r  monitoring 

personnel and various a r e a s  in  DORF. 

Quantity Description 

Personnel  Monitoring: 

1 Dosimeter Charger  Reader  
(equivalent to Victoreen Model 687) 



Quantity Description 

50 Dosimeter,  indirect-reading 
(equivalent to Victoreen Model 362) 

1 Hand and foot monitor (equivalent 
to Eberline Model HFM-2) 

Contamination-boundary 
Monitoring'! 

1 Hurst  Probe  (equivalent to Reuter- 
Stokes RSN-48) 

4 G. M. Counters (equivalent to 
Eberline RM- 1) 

A r e a  Monitoring! 

Remote area-monitoring sys tem with 
accessory equipment (equivalent to 
Victoreen Model 712) 

Air particulate monitor (equivalent 
to Victoreen Model 900-56) 

Survey Instrumentsi  

Radiation monitor,  portable with 
6 it rigid probe and adapter  (equiva- 
lent to Victoreen Model 2022) 

Alpha, Beta, Gamma Survey Meter 
(equivalent to Victoreen Model 740) 

Gamma Survey Meter ,  Miniature 
(equivalent to Victoreen Model M-50) 

Fission-product Water Moderator 
(equivalent to Mctoreen Model 
900-146) 

Scaler with high-voltage power supply 
(equivalent to Victoreen Model 764 
and accessor ies )  

1 Gas -flow counters and shield 
(equivalent to N. Wood Model K-3) 

1 Fast-neutron dosimeter  with built- 
in calibration (equivalent to Fa i rpor t  
Instrument Model 4 10) 



Additional equipment a r e  (1) remote-control lens turrets,  (2) remote-  

controlled Auto-Zoom lens  (equivalent to RCA MI-36189), (3 )  remote-  

controlled i r i s  (equivalent to RCA MI-36140), (4) remote-control pan and 

or  equivalent). 



Chapter 4 

EXPERIMENTAL FACILITIES 

EXPOSURE ROOM 

The exposure room i s  adjacent to the core  when the co re  i s  moved 

into a position near  the tank wall (see Fig. 4). The dimensions of this  

secondary radiation f rom the surrounding concrete shielding; the only 

exception i s  the region where the aluminum projection of the reac tor  pool 

extends into the room. The floor will have plywood over the thick wood 

shield to facilitate maintenance of the surface and to pe rmi t  unusual decon- 

tamination procedures.  Normal decontamination will be accomplished by 

washing down the epoxy re s in  coating of the floor and walls. 

Access  to the exposure room will be through a rolling plug door 

whose minimum opening is 5 ft 8 in. wide by 6 f t  6 in. high. The plug will 

be tapered and stepped to interrupt  radiation streaming paths. The move- 

ment  of this door i s  res t r ic ted  through a sys tem of safety interlocks which 

have been previously described. 

Maximum Radiation Doses in Exposure Room 

F o r  a 24 Mw-sec pulse,  the leakage dose to the exposure room a t  

the reac tor  centerline i s  shown in Table 4. 1. 

In the high-level exposure thimble, the neutron dose will be 

3 .9  x l o 5  rads  for a 2 4  Mw-sec pulse, and the gamma dose will be 
5 6 .3  x 10 rads ,  which gives a total of lo6  rads.  

The energy distribution of the neutron dose a t  the tank surface (no 

lead ref lec tor ) ,  a s  measured with threshold detectors ,  i s  

10 kev to 750 kev, 33%; 

750 kev to 1 . 5  Mev, 1 b%; 



1. 5 IAev to  2. 5 Mev. 14%; 

Greater  than 2.5 Mev, 37%. 

Irradiat ion experiments  in the exposure room may be per formed at 

f rom the ref lector  surface,  the dose will be down by a factor  of ten. At  a 

distance of about 1 me te r  f rom the c o r e  center ,  the total dose (neutron and 

gamma) will be 15,000 rads /pulse .  

Table 4. 1 

LEAKAGE DOSE TO EXPOSURE ROOM 

Neutron Dose 
(rads)  

Without Lead  Reflector 

Activation in E x ~ o s u r e  Room 

Gamma Dose 
( rads)  

Tank sur face  

3 ft f r o m  surface 

With 2-in. Lead Reflector 

Argon concentrations and doses  have been calculated and a r e  presented 

in  Appendix I. In summary,  these concentrations and doses for a n  ex terna l  

gamma dose f r o m  a 20-min exposure immediately a f te r  shutdown in the 

fast -neutron exposure room a r e  12.3mrep a t  100 kw steady-state and 4. 1 

m r e p  fo r  repeti t ive 24 Mw-sec pulses.  

Neutron-to- 
Gamma R a t i ~  

Reflector surface 

3 ft f r o m  surface 

With the high-intensity neutron and gamma-ray  fluxes f r o m  the 

8 .7  x lo4 

3.3 lo3  

r eac to r ,  activation of the walls in the exposure room i s  considerable. 

3.1 x lo4 

1.5 lo3  

Calculations were made to determine the activation of the permanent  a lum-  

1 . 4 ~  l o 5  

7 x 103 

inum tank wall, and of the wood lining in this room. 

2 4 Three  reactions were considered in the tank wall: ~1~~ ( n , a )  Na , 

0. 62 

0.47 

1.3  x 10 
4 

0.8 x lo3  

2. 5 

I. 9 
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A127 (n, p) MgZ7, and A127 (n, y )  Calculations were made fo r  a 

steady-state power level of 100 kw, shor t  250-kw runs ,  and 20 Mw-sec 

pulses.  

contributing about 6 r l b r  a t  1 meter  f r o m  a 2-in. lead ref lector  surface.  

Since the half life of ~1~~ i B  2. 3 min, i t s  radioactivity decays rapidly. 

After 20 m i n  f r o m  shutdown, radioactivity f r o m  AlZ8 i s  l e s s  than that f r o m  

Na2* and f r o m  M ~ ~ ~ .  For  ~ a ~ ~ ,  the half l ife is 15 h r  and its contribution 

i s  25 m r / h r  a t  1 me te r  f rom the shield. MgZ7 radioactivity contributes 

about the same  amount. High power lev21 operation will give proportion- 

ately higher doses.  

The 24 Mw-sec pulse resul ts  in activation of ~1~~ and MgZ7 to a 

l e s s e r  degree than the 100-kw operation. Pulsing the reactor  at the 

maximum ra te  (5  pulses per  hr)  for extended periods of t ime i s  equivalent 

to 30-kw steady-state operation and resu l t s  in  doses approximately one- 

third that calculated for the 100-kw steady-state operation. 

Calculations indicate that i f  the 2-in.-thick lead shield of the 

exposure room i s  removed, a l l  doses f r o m  the aluminum tank wall will 

increase by a factor of about 10, with ~a~~ the chief contributor. 

The calculations on the activation of the wood lining on the fast-  

neutron exposure-room walls were conservatively made, assuming that 

0.4 wt-% of the wood i s  ash,  of which 1 wt-% i s  sodium. The dose r a t e  

f rom the active sodium in the wood a t  the center  of the room, af te r  shut- 

down f rom 100-kw operation for one shift operation, will be about 10 m r l h r .  

Activity of other  constituents of the wood was found to be negligible. 

An upper l imit  estimate of the dose r a t e  in the center of the exposure 

room, f r o m  activation of the sodium in the concrete  behind the wood, was 

made. This dose r a t e  will be about the same  a s  the dose r a t e  from the 

sodium in the wood, i, e . ,  10 m r / h r .  The s tee l  used for reinforcing the 

concrete has  been designed so  that the dose r a t e  f rom the manganese 

impurit ies in  the s teel  i s  smaller  than that f r o m  the sodium in the concrete.  



Table 4 . 2  summar izes  the doses f r o m  various q m p o n e n t s  which 

e a total  dose of 26 m r e m /  h r ,  1 m e t e r  f r o m  the wall  of the aluminum 

tank, for repeti t ive 24 Mw-sec pulsed operat ion 20-min af te r  shutdown. 

Table 4. 2 

TYPES O F  EXPERIMENTS 

Component 

Argon 

~a~~ 

Wood 

Concrete  

Mg3 

Total  

The types of experiments  proposed for this  facil i ty will be per formed 

in such a way that any one experiment,  o r  all experiments ,  will contribute 

no m o r e  than 1.0% 6k/k. The nature of the experiments  to be conducted 

i s  descr ibed below. 

Pool  I r radiat ion 

Irradiat ion of sma l l  waterproofed samples  o r  specimens may  be 

performed within the reac tor  pool. These i r rad ia t ions  would take place 

with the reac tor  isolated f rom the fast-neutron exposure room by the lead 

shield doors.  E i ther  the pulsing o r  steady-state operating charac te r i s t ics  

of the r eac to r  can be utilized. The pool facil i ty can a l s o  be used to produce 

radioisotopes and to pe r fo rm activation analysis .  Experimental  capability 

will exis t  within the pool for i r radiat ing chemical  compounds and solutions, 

smal l  e lectronic  and mechanical components, ma te r i a l s  associated with 

chemical dos imet ry ,  foi ls ,  and miscellaneous components. Most of these 

Dose Rate 
( m r e m /  h r )  

Ai r  

4 

- - 
- - 
- - 
- - 
4 

- 
Tank Wall 

-- 
8 

- - 
- - 
8 

16 

Room Wall 

- - 
- - 
3 

3 

- - 
6 



4-5 

experiments will be smal l  and will be sealed in  individual waterproof 

caps 

Exposure Room 

limited by the dimensions of the rolling-plug-door opening. Irradiation 

studies may  be per formed on complete e lec t r ica l  o r  e lectronic  systems.  

Variation of the radiation intensity and gamma-to-neutron rat ios  

m a y  be obtained by selection of the specimen position, the shield configu- 

ration, and the reac tor  position. 

Specimens m a y  be placed anywhere within the room o r  in  close 

proximity to a high-level exposure thimble. The thimble i s  a special  

indentation in the reac tor  tank, which extends into the outer  c i r c l e  of the 

fuel elements (the F-ring),  thus creating a window for  the escape of high- 

energy neutrons. 

Gamma-to-neutron ra t ios  may be modified by a water-cooled lead 

shield, which can  be r a i sed  o r  lowered by a hydraulic l i f t .  In the r a i sed  

position, the shield will  attenuate gammas to reduce the gamma-to-neutron 

ratio.  An additional feature of this shield i s  a removable lead plug which 

covers  the high-level exposure thimble, so  that with the shield raised,  

collimation is available for  shaping the radiation field. The water-cooled 

lead shield a l so  s e r v e s  to attenuate the radiation f r o m  indhced activation 

of the aluminum of the tank, thus allowing longer working t imes  for  p e r -  

sonnel in the fast-neutron exposure room. The movement of the shield i s  

permitted only by the proper  safety interlock sequence. 

The gamma-to-neutron ratio, a s  well a s  the neutron spectrum, can 

be modified by moving the reactor  f rom i ts  c losest  approach of 1 in. from 

the tank wall to a position about 12 in. further into the water. This move- 

ment  i s  res t r ic ted  by the interlock system to prevent interference with the 

rotation of the lead shield doors. 



Chapter 5 

PERFORMANCE CHARACTERISTICS 

The TRIGA Mark F reactor ,  which is the prototype for  the DORF 

erat ing since Ju ly  2 ,  1960. A view of the Mark  F core 

i s  shown in  Fig.  21. The la tes t  available data f r o m  the  r e s e a r c h  and develop- 

ment  program a r e  given below. 

SVMMARY O F  TRIGA MARK F TEST RESULTS 

The TRIGA Mark F r e a c t o r ,  since going cr i t ical ,  has operated a t  

var ious steady-state power levels  up  to 1 Mw and has  a l ready been pulsed 

over  160 t imes ,  the l a r g e s t  s tep  reactivity inser t ions being slightly l e s s  

than 2.2% 6k/k, The operating character is t ics  of the TRIGA Mark  F have 

been determined to b e  substantially the same a s  those of the original Torrey  

P ines  TRIGA Mark I reactor .  Steady-state experiments conducted a t  1 Mw 

a f t e r  numerous periods of pulsing operation indicate that the  maximum fuel 
0 

tempera tures  will not exceed 530 C .  

The t ransient  operating character is t ics  of the TRIGA Mark  F a r e  

essentially identical t o  those of the original Tor rey  Pines  TRIGA reac tor .  

In par t icular ,  the period-versus-peak-power curves  of the  two TRIGA 

reac to r s  a r e  almost  identical,  indicating very  s imi lar  shutdown coefficients, 

The periods resulting f r o m  2,270 &k/k s tep reactivity inser t ions  a r e  some- 

what shorter  than those encountered in  the Torrey  Pines  TRIGA, as would 

be  expected in view of the  shorter  neutron lifetime. The l a rges t  pulses to 

date,  slightly l e s s  than 2.270 6k/k,  have had a peak power of about 2000 Mw 

and a pulse width a t  half maximum power of approximately 10 ms, and have 

resu l ted  inaprompt  energy re lease  of approximately 24 Mw-sec. The 
0 

maximum fuel tempera tures  during t ransients  have been l e s s  than 530 C 

f o r  pulses terminated af te r  1 s e c ,  and the maximum fuel tempera tures  a t  



Fig.  21--Reactor core  and suspension sys t em of the TRIGA Mark  F 



0 1 Mw for  steady-state operation were  a l so  l e s s  than 530 C .  The r eac to r  

pa ramete r s  for  the TRIGA Mark F a r e  given in Table 5 .1 .  

TRIGA MARK F REACTOR PARAMETERS 

Core: 
Number of fuel e lements  . . . . . . . . . . . . .  85 
Active-lattice dimensions . . . . . . . . . . . .  17 in. &am.  x 14 in.  long 

Nuclear charac ter i s t ics :  
Initial excess  reactivity allowance. . . . . . .  2.970 6k/k 
Fuel  inventory .  . . . . . . . . . . . . . . . . . . .  3.2 kg 

Reactivity value in  control sys tem,  % 6k/k: 
Safety rods  ( 2 ) .  . . . . . . . . . . . . . . . . . . .  1.5 each,  3 .0  total 
Regulating r o d .  . . . . . . . . . . . . . . . . . . .  1.5 
Shim-safety-transient (max)  

Pneumatically driven portion . . . * . . . . .  2.2 
Motor-driven portion . . . . . . . . . . . . . .  0.5 
T6tal . . . . . . . . . . . . . . . . . . . . . . . .  - 2 . 7  

Total control-system reactivity ( 4  rods).  .. 7 . 2  
- 3 

Void coefficient of reactivity in core . . . . . .  -ZxlO (%/obk/k)/(%void) 

Prompt  neutron lifetime . . . . . . . . . . . . . .  44. psec 
-5 -1 - 2  

Energy shutdown coefficient. . . . . . . . . . . .  2.6i0.2x 90 watt s e c  

Thermal  charac ter i s t ics :  
0 

Maximum fuel temperature . . . . . . . . . . .  530 G during t rans ien t  
Reactor  shutdown fuel temperature - . - = . . 5 3 0 ' ~  

DETAILED RESULTS OF TRIGA MARK F TESTS 

General  Atomic was issued an operating l icense fo r  the TRIGA Mark F 

r eac to r  on July 1 ,  1960, and the reac tor  attained i t s  f i r s t  cr i t ical i ty  on 

July 2 ,  1960, with a fuel  loading of 74 conventional TRIGA uraniunrz i rconium 
2 3 5  hydride elements  containing 2720 g of U . Initial cri t icali ty was reached with 

the reac tor  co re  surrounded by an infinite water shield,  which i s  equivalent 

to the ref lector  conditions which will exis t  in the DORF-TRIGA reac tor  

when the r eac to r  i s  used in the pool i r radiat ion facility. 



The TRIGA Mark F resea rch  and development p rogram had a s  one 

of i t s  objectives the  determination of experimental changes in  react ivi ty  

that will occur  in  the DORF-TRIGA reac tor  when the reac tor  i s  moved into 

0 
on 180 of i t s  per ifery.  Measurements made by General  Atomic during 

subcrit ical  experiments  using TRIGA-type fuel elements indicated that a 

reductionof 0.8% 6k/k was associated with this  change in  position. A con- 

dition equivalent t o  the  reac tor '  s being adjacent to the exposure room was 

simulated with the TRIGA Mark F by using a gas- and styrofoam-filled 

tank (hereaf te r  called the void tank) a s  shown i n  Fig. 22. The resul t  of 

this tes t  revea ls  that placing the reactor  adjacent to the void tank causes  a 

maximum dec rease  in  reactivity of 0.44% 6k/k. The addition of a n  a i r -  

f i l led thimble i n  conjunction with the void tank decreases  the reactivity 

an  additional 0.23% 6k/k,  giving a total decrease  in  reactivity of 0.67% a s  

compared with an infinite warer ref lector .  

The typical relative worth of fuel elements i s  dependent on the i r  

position in  the core .  In the outer rings fuel worth is influenced by the 

presence o r  absence of elements in  the adjacent fuel positions. The TRIGA 

Mark F grid plate contains s ix  concentric rings of fuel-element positions 

(B through G r ings ) ,  a s  compared with the five rings of fuel positions pro-  

posed for  the DORF-TRIGA ( B  through F r ings) .  

The fuel worth a s  measured in the Mark F reac tor  i s  given i n  

Table 5.2.  

Steady-state Power  Experiments 

In the r e s e a r c h  and development p rogram conducted, by General 

Atomic relative to ' the DORF-TRIGA reac to r ,  considerable data have been 

collected a t  var ious steady-state power levels  up  to 1 Mw. In order  to 

calibrate the ion  chambers  fo r  power level ,  the heating ra te  was determined 

with known energy input to the pool in  experiments using electr ical  hea ters  



Fig.  22--Reactor tank and co re  suspension sys t em of the  TRIGA Mark F 



a s  a heat  source.  Once theheating r a t e  of the pool was known, the  necessary  

ion chambers  were  cal ibratedfor  power-level indicationfor aknown r a t e  of temper-  

a ture  r i s e .  During steady-state experiments ,power level was monitored by 

two and sometimes th ree  ion chambers .  

Table 5.2 

FUEL WORTH IN MARK F REACTOR 

The Mark F reac tor  power-coefficient data a r e  shown i n  F igs .  23 

and 24. Figure 23 shows the reac tor  power versus reactivity curve for  

power levels up to 200 kw and for three  different reactor-core-loading and 

void-tank configurations. I t  is seen f r o m  Fig.  23 that the void tank, which 

simulates the reactor  exposure r o o m  i n  the  DORF, inc reases  the reac tor  

power coefficient by about 10%. 

The reactor  power ve r sus  reactivity curves of the co re  before and 

af te r  numerous t ransients  of 2.270 bklk a r e  compared i n  Fig.  24. The data 

fo r  the Mark F reactor  indicate an  increase  of about 20% i n  the power coef- 

ficient af ter  the reactor  has  been subjected to numerous t rans ien ts .  A 

comparison of this value with r e su l t s  previously obtained in  the Tor rey  Pines 

TRIGA Mark I reactor  and experience with General Atomic's TRIGA Mark I 

r eac to r  indicates that additional t ransients  of up to 2.270 6k/k will not cause 

a significant fur ther  alteration in the  curve. This has been at t r ibuted to 

Ring 
Location 

B 
C 
D 
E 
F 
G 

an increased  gap between the fuel-element cladding and the fuel ma te r i a l  

Maximum 
Fuel  Posi t ions 

In Ring 

6 
12 
15  
24 
30 
3 6 

Worth of Typical 
Fuel  Element 

Compared with Water 
$ 

0.87 
0.71 
0.62 
0.48 
0.34 
0.20 

% 6 k / k  

0.64 
0.52 
0.45 
0.35 
0.25 
0.15 



in 
I 

Fig.  23--TRIGA Mark F reactor-power coefficient (before  pulsing) -4 
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Fig. 24--TRIGA Mark  F reactor-power coefficient (void tank not used) 



Data were  obtained on  the  tempera ture  of severa l  fuel e lements  a s  

the TRIGA Mark F reac tor  

levels .  The maximum tempera ture  r i s e  i n  a central  fuel position i s  plotted 

ve r sus  reac tor  power f o r  the  same fuel element before and  af te r  numerous 

t rans ien ts  of approximately 2.2% dk/k i n  F ig .  25. The increase  i n  measured  

fuel temperature a f te r  the t rans ien ts  is fur ther  support of the theory that 

the over-al l  fuel-element heat- t ransfer  coefficient changes slightly during 

the initial stages of t ransient  operations.  However. i t  i s  significant that 

the resu l t s  of the TRIGA Mark F te s t s  to date have given maximum fuel 

tempera tures  a t  I-Mw steady-state operation of considerably l e s s  than the 
0 

530 C fuel temperature that is being established a s  the upper l imi t  for  the 

DORF-TRIGA reac tor .  The basic  design of the TRIGA fuel element i s  such 

that some small  variation of heat- t ransfer  coefficient f r o m  element to 

element would be  expected. The data collected in  the TRIGA Mark  F test  

p rogram to  date permi t  a comparison of power level ve r sus  fuel tempera-  

tu re  for  th ree  elements ,  as shown in  F ig .  26. 

The isothermal  tempera ture  coefficient (bath coefficient) of the TRIGA 

Mark F reactor  was measured  following a high-power-level calibration run 
0 

during which the reactor  pool water temperature was r a i sed  to 60 C.  The 

cr i t ical  point was measured  a s  the reac tor  water was cooled to ambient 

temperature.  Corrections were  made for  the experimentally determined 

decay of xenon poisoning which took place during the same  t ime interval .  

The r e su l t s  of this experiment a r e  shown in F ig .  2 7 .  It i s  seen f r o m  this 

f igure that the isothermal  tempera ture  coefficient is essentially ze ro  f r o m  
0 0 

20 to 40 C ,  and that the coefficient becomes negative a t  higher pool 

tempera tures .  

Transient  Operation 

A major  par t  of the r e s e a r c h  and development p rogram performed 

by General  Atomic consisted of a s e r i e s  of step reactivity inser t ions using 
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the TRIGA Mark F tb determine the transient characteristics of this type 

power a s  a function of time, fuel-element temperatures, reactor pulse 

shape, and integrated energy per puls 

The reactor transients were initiated by the rapid withdrawal of the 

central control rod by a pneumatic cylinder similar in principle to the 

control rod to be used in the DORF-TRIGA reactor.  The amount of reactivity 

insertion i s  determined prior to the transient by manually adjusting the initial 

position of the transient rod. Before initiating a step insertion of reactivity, 

the reactor i s  brought to criticality A t  a power level of approximately 100 w. 

During the transient experiments, data were collected on a s  many a s  five 

ion chambers for power-level information, and numerous temperatures 

were recorded using a fast-response, 36-channel, galvanometer recorder.  

These data have permitted the development of information on pulse intensity, 

pulse shape, and fuel-element temperatures. 

Both uncompensated ion chambers and fission current chambers a r e  

satisfactory for measurements during transient experiments. Compensated 

chambers a r e  not usable in transient experiments, since the apparent power 

i s  strongly dependent on the compensating voltage. The power registered 

by uncompensated chambers i s  believed to be accurate, inasmuch as  no 

change in apparent peak power was noticed when the ion-chamber sensitivity 

was changed by a factor of thirty. Ion chambers a r e  located several feet - - I 
f rom the reactor core at  a position where the sensitivity is  2 to 5 x 10 

amp /Mw. 

Pulse shape was also studied both with ion chambers connected directly 

into the recording galvanometers and with a Keithley micromicroammeter 

a s  a preamplifier. No variation in response was determined between these 

two systems for the less  sensitive ranges of the micromicroammeter 

The results of forty-five different step reactivity insertion experiments 

performed by General Atomic on its TRIGA Mark F reactor a r e  given in 

Figs. 28 through 33.  These transients were al l  performed under the same 



Fig .  28--TRIGA Mark F peak power transient 



(FULL WIDTH AT 1/2 HT.) 

Fig .  29--TRIGA Mark  F peak power  pulse width 



Fig.  30--TRIGA Mark F per iob-pulse  re la t ion  
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conditions and with the void tank 18 in. f rom the edge of the core. Each 

point plotted on the curves represents an average of several power-period 

and pulse-width determinations. 

TRIGA Mark I reactor. This figure indicates that the Mark F reactor gives 

a curve essentially identical tothatofthe time-proven TRIGA Mark I reactors.  

The peak power points plotted in Fig.  28 were plotted in Fig. 29 a s  

a function of pulse width. This plot results i n  a smoother curve because 

the pulse width i s  easier to measure accurately. In Fig. 30, pulse width 

i s  plotted a s  a function of reactor period, which shows their linear relation- 

ship. Figures 31 and 32 indicate the integrated energy and prompt bursts  

a s  a function ofinverse period andinverse pulse widthfor the TRIGA Mark F. 
2 

The 1 / T  behavior, where T i s  the prompt period (T = I l y ) ,  of the 

peak power demonstrates remarkably good agreement with the shutdown 

characteristics of the Fuchs model. F rom the peak power curve, the 
-5 - 1 -2 

energy shutdown coefficient, b,  i s  2.5 x 10 watt sec . From the 
-5 - 1 

prompt-burst energy versus l / T  curve, the value of b i s  2.7 x 10 watt 
-2 - 5 -1 -2  

sec - Thus, the average value is  2-6 * 0.2 X 10 watt sec , compared 
- 1 -2 

with a value of 2.5 * 0.2 x watt sec  for the TRIGA Mark I. This 
- 4 

corresponds to a temperature coefficient of 1.0 * 0.1 x 10 6k/k/c0.  

During transient operation of the TRIGA Mark F,  the reactor shut- 

down mechanism i s  activated by the peak fuel-element temperature, which 

protects the fuel material f rom excessive temperatures. Therefore, the 

data plotted in Fig. 33 a re  of interest a s  they give the measured peak 

transient fuel temperature a s  a function of reactor period for a reactor 

of the TRIGA Mark F type. In order to have these experiments on a com- 

parable basis ,  the reactor was manually shut down 1 sec after the transient 

rod was ejected which also tended to reduce the heating of the fuel element 

by energy liberated after the initial portion of the pulse. 

Examination of the experimental inhour curve indicates that the 



\ 

larger transients of the TRIGA Mark F can be well fitted to a curve with 

l / p  = 6 x .0073, which has recently been 

calculated a s  the correct value for the Mark F reactor,  ,! i s  approximately 

equal to 44 psec. The corresponding number for the TRIGA Mark I is approxi- 

mately bD psec. Experiments to determine the effects of the void tank and 

the air-filled thimble on the transient characteristics of the reactor have 

been performed. Examination of the peak power and pulse shape during 

25 transients indicated no measurable change in the shutdown coefficient. 

The shape of pulses remained identical. 



Chapter 6 

HAZARDS ANALYSIS 

The DORF reactor will have the inherent safety characteristics of 

the TRICA reactor because i t  uses the same fuel-moderator elements, The 

reactor will therefore be able to withstand large step reactivity insertions 

up to a limit set by the total heat capacity of the reactor core. 

This hazards analysis assumes that administrative control of reactor 

operations, a s  set forth in Chapter 7 ,  will ensure that the following con- 

ditions are  met at  al l  times: 

1. The excess reactivity available in the reactor will be limited to 

2.970, 6k/k, measured in the pool location (Position 3) .  

2. The reactor operations will be monitored by individuals trained 

in the detection and evaluation of radiological hazards. 

In addition to an analysis of argon activation during normal operation 

in the exposure room, the following hazards are  reviewed: 

1 .  Improper fuel-loading procedures and variations in excess reactivity. 

2 .  Loss of shielding water. 

3. Production of radioactive gases in those a reas  of the reactor that 

contain a i r .  

4. Reactor power transients involving rapid insertion of excess 

reactivity. 

This chapter contains information on the effects on the reactor of 

various highly unlikely sequences of events which could permit the step 

insertion of large amounts of reactivity. This information i s  based on a 

preliminary evaluation of the experimental results obtained in the research 

and development program of the General Atomic TRIGA Mark F reactor. 



IMPROPER FUEL LOADING 

excess reactivity when the core i s  in the most reactive position in the pool, 

s core loading should izse 85 of the 87 

grid plate. Should the grid plate inadvertently be  fully loaded with fuel, the 

maximum excess reactivity available would be about 3.370 6kjk. 

The control-rod worth for the safety and regulating rods will be 

approximately 1.5% 6kIk each, and the pneumatic, electromechanical 

transient rod will have a maximum of 2.2% 6klk available for insertion in 

the pulsing mode. This maximum i s  determined by the preset maximum 

stroke of the piston. An additional 0.51% 6klk will be available in the 

motor-driven portion of the rod, which will make a total of 2.7% 6k/k 

available in the transient rod, This would make it possible to operate the 

reactor at  1 Mw steady-state by the programmed pneumatic insertion of 

approximately O.66% 6k/k, and the insertion of the remainder by the motor- 

driven ball-nut lead screw. 

During the normal maximum transient operation (2.2% bklk with a 

1 - sec automatic shutdown), the maximum fuel temperature will be less  

than 5 3 0 ~ ~ -  These maximum operating temperatures a r e  maintained by 

a scram circuit by at  least two thermocouples that a r e  attached to fuel 

elements in the central region of the core. The various reactivity figures 

presented above (developed f r o m  TRIGA Mark F test results)  have been 

used in the analysis of irregular  operating conditions of the reactor control 

rods. The maximum step insertion of reactivity that is conceivable would 

occur in connection with the transient rod under conditions that would cause 

complete mechanical failure of the transient rod and the resulting rapid 

insertion of the entire 2.7% 6k/k available. Should these unlikely conditions 

occur, the reactor wouldriseona2.2-ms period and reach a peak fuel 
0 0 

temperature between 650 and 400 C, assuming that the temperature scram 

mechanism failed simultaneously and allowed complete afterheating of the 

fuel elements by delayed neutrons. These conditions would possibly produce 
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some slight bending of the central fuel elements in the core; however, the 

hydrogen pressure at these temperatures would be negligible. It i s  possible 

that some of the fuel elements in the core might have to be replaced because 

mag 

the reactor and should not jeopardize the health or safety of the operating 

personnel or the public. This postulated sequence of events i s  felt to be 

the maximum conceivable in connection with the transient rod and would 

occur only in case of complete mechanical failure of the threaded and pinned 

connection between the shock absorber and the pneumatic piston. 

As indicated previously, the reactor will have a maximum available 

excess reactivity in i ts  most reactive position of 2.97'0 6k/k and the transient 

rod will have a reactivity of 2.770 6k/k. Thus, i f  the three safety and regu- 

lating rods, which have a cumulative reactivity of approximately 4.5% 6k/k, 

were withdrawn while the transient rod remained in the reactor ,  the reactor 

would be critical with a compensated excess reactivity of about 0.2% 6k/k 

a t  a power level of approximately 50 kw and a maximum fuel temperature 
0 

of less  than 100 C. If, under these conditions, a 2.27'0 6k /k  transient inad- 

vertently occurred, the resulting total reactivity of 2.6% 6k/k would have 

a less  hazardous effect than the previous sequence of events that resulted 

in the 2.7% 6k/k step insertion. The inadvertent type of transient would 

also be less severe than the rapid insertion of 2.670 6k/k from a low-power 

level because of the initial steady-state heating of the fuel elements. 

Therefore, it can be concluded that no sequence of events relating 

to the reactor control system can have a more adverse effect than the 

f i rs t  case presented, which indicated no possibility of endangering the health 

o r  safety of the operating crew or thz public. 

Variations in reactivity of only 1% 6k/k, which i s  no hazard, can 

also ar ise  from the presence, the insertion, o r  the withdrawal of experi- 

ments,  either in the pool o r  in the exposure room. The insertion of fissile 

materials will be controlled by the Reactor Safety and Planning Committee. 

It i s  concluded that no hazardous variations in excess reactivity can 



Even though the possibility of the loss of shielding water i s  remote , 
a calculation has been performed to evaluate the radiological hazard assocf- 

ated with this type of accident. Assuming that the reactor has been operating 

for a long period of time at  100 kw prior to losing all of i t s  shielding water, 

Table 6.1 gives the radiation dose rate a t  two different locations. The 

f i rs t  location i s  the top of the core tank, 16 ft above the unshielded reactor 

core, The second i s  also a t  the top of the reactor, but shielded f rom direct 

radiation and subjected only to the scattered radiation f rom a thick concrete 

ceiling 9 ft above the top of the reactor tank. The assumption that there i s  

a thick concrete ceiling maximizes the reflected radiation dose, Normal 

roof structures would give considerably less  back-scattering, Time i s  

measured f rom the conclusion of a period of 100-kw operation. 

Table 6.1 shows that if an individual does not expose himself to the 

core directly he could work for approximately 1 hr at  the top of the shield 

tank one day after shutdown without being exposed to radiation in excess 

of the radiation dose permitted by U. S.  Atomic Energy Commission Regu- 

lations. This would permit sufficient time to view the interior of the shield 

tank with a mirror and to make emergency repairs.  

Table 6 . 1  

Time 

10 sec 
1 day 
1 week 
1month 

Direct 
Radiation 

( r / h r )  

4 
1 .1  X 10 

2 
5 . 7 x  10 

2 
3 . 7 x  102 
1.8XIO 

Scattered 
Radiation 

( r /hr) 

6 . 1  
0 .32  
0.21 
0 . 0 9  
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The radiation f rom the unshielded core would be highly collimated 

by the shield structure and therefore would not be a public hazard. 

The afterheat i n  this reactor following a water-loss accident i s  such 

num fuel-element cladding. Therefore, no dispersal of fission products 

will take place. 

The following summarizes conditions should a water-loss accident 

occur: 

1. The probability of the loss of al l  of the shielding water i s  extremely 

small, 

2 .  The concrete reactor shield provides adequate protection for 

nearby personnel at the time of a hypothetical loss of al l  shielding 

water. 

3. There i s  no dispersal of fission products a s  a direct result of the 

loss  of shielding water. 

4. The reactor shielding i s  sufficient to allow emergency repair  

of the leak one day following shutdown, even after prolonged 

operation at a power of 100 kw. 

5.  There i s  negligible public hazard associated with the loss of 

shielding water. 

PRODUCTION OF RADIOACTIVE GASES BY THE REACTOR 

Preliminary calculations indicate that argon concentrations in the 

reactor vessel are  within the U.S. Atomic Energy Commissions's quoted 

maximum permissible concentration (MPC) for the operating conditions 

being proposed. Argon concentrations in excess of the quoted MPC have 

never occurred in the reactor room during extensive operation of the TRIGA 

reactor at  General Atomic- 
16 

Significant quantities of 7-sec N a r e  produced in the water of the 

reactor core. However, the transport time from the reactor core to the 



surface of the shielding water has been measured a s  42 sec when the reactor - 
16 

i s  operating a t  100 kw. This corresponds to six half lives of N and pro- 

vides a large attenuation factor. Experiments on the General Atomic TRIGA 

lding 

2. N makes small contribution to the residual radiation flux at  

the top of the shielding water during operation. 

ARGON ACTIVATION IN THE EXPOSURE ROOM 

In the exposure room, a volume of a i r  that i s  relatively large for 

research reactors i s  exposed to an appreciable thermal-neutron flux. Thus, 
41 40 

the production of radioactive A by neutron capture in the natural A in 

a i r  must be evaluated. Argon-41 has a half life of 1.8 hr and hence may 

be released to the atmosphere i f  certain precautions a r e  taken to ensure 

that adequate dilution i s  provided to hold the concentration to permissible 
4 1 

levels. This i s  usually accomplished by releasing the A through a stack 
4 1 

at  a sufficient height above the ground. Since A i s  an inert gas and has 

a short half life, i t  presents no health hazard through retention by the body, 

but only through direct exposure to i ts  gamma radiation, The MPC recom- 

mended by the Atomic Energy Commission regulations i s  based on continuous 
4 1 

submersion in an infinite atmosphere of a i r  containing A If release 

through a stack ensures that the maximum average concentration at any - 
point downwind from the stack i s  less  than the MPC, then there i s  an additional 

factor of safety because a stack effluent plume would not, on the average, 

be considered infinite in size. 

It i s  shown in Appendix I that under normal operation (1)  the employees 

who work in the exposure room will receive doses far lower than the occu- 

pational tolerances, even if they enter the room immediately after reactor 

shutdown,and ( 2 )  the average maximum concentration of reaching the 
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ground from the stack i s  l ess  than the nonoccupational tolerance by over 

a factor of two. Therefore, the conclusion i s  that at  a stack height of 
4 1 

A from the DORF research reactor presents no undue hazard to the 

REACTOR POWER TRANSIENTS 

An extensive experimental program has been conducted with the TRIGA 

Mark F prototype to measure the transient behavior of the reactor, This 

has consisted of a ser ies  of step reactivity insertions supplemented by 

kinetics calculations, 

F rom the data obtained from experiments with the Mark F(Chapter 5)' 

i t  i s  concluded that repeated step reactivity insertions of 2.27'0 will not 

adversely affect the fuel material and that such insertions may be routinely 
0 

conducted. The maximum transient temperature of 500 C during these 

steps does not cause a phase transition of the fuel material.  

Transients in the 2.4% to 3.1% reactivity region have been demonstrated 

to cause no hazard to operating personnel. Nevertheless, routine operation 

in this range of reactivity insertions i s  not recommended because some 

bending of the central elements has been observed after such steps,  a s  a 

result of a metallurgical phase transition of the fuel material. Elements 

bend away from the center of the reactor,  resulting in a slight decrease 

in reactivity. 

Exposure to radiation in the immediate vicinity of the top of the reactor 

tank i s  small-- less than 5 mrem for the largest  transients conducted at  

General Atomic. 

Calculations have shown that certain materials ,  such as  enriched 
10 b 

uranium, plutonium, B , or Li , if present in the reactor in bulk, may 

partially melt and vaporize when exposed to the high-intensity neutron bursts 

prevailing during pulses . Pertinent administrative procedures will be 

established to prevent the presence of these materials whenever the reactor 

i s  being pulsed. 



The maximum sizeof a transient can be effectively controlled by 

limiting the worth of the transient rod. Fo r  the DORF reactor, the transient 

portion of the rod will be worth not more than 2.2% 6k/k. This limits the 

maximum transient to this value, r e  

tivity available in the reactor. 

MAXIMUM CREDIBLE ACCIDENT 

The maximum credible accident which can occur with this reactor 

i s  a defect i n  the cladding of a fuel element either prior to o r  simultaneously 

with a 2.2% 6k/k transient--the largest amount of feactivity controlled by 

any single rod. F rom operating experience with the TRIGA prototype, it 

i s  concluded that this maximum credible accident causes no significant 

hazard to individuals near the reactor. 

The 2.2% 6k/k reactor transient itself will cause no hazard. In the 

unlikely event that a defect exists in the cladding of a fuel element at  the 

time of pulsed operation, there will be some release of fission products to 

the atmosphere of the reactor room. Operating data have been obtained 

from the General Atomic TRIGA reactor to indicate the magnitude of such 

release. 

During a higher transient than that mentioned above (3,lTo 6k/k), 

a cladding failure resulted in the release of a minor quantity of fission 

products. The following i s  a summary of the measurements made: 

1, The activity in the cooling-water tank reached a maximum of 
3 -5 

0.2 w f c m  - It decayed very rapidly and was 5 x 10 pc/cm 
3 

24 hr  after the cladding failure. 

2. The activity in the a i r  of the reactor room reached about ten 

times the MPC for fission products. It decayed very rapidly 

and experiments were resumed 2 h r  after the activity release. 

The maximum dose to operating personnel was less  than 1 m r .  

3. The noble gases were not collected on the filter samples used, 



TRIGA pool in significant proportions when a fuel-element clad- 

It is concluded that a cladding failure, o r  even the failure of the clad- 

ding of several fuel elements, would not constitute an undue hazard to the 

operating crew or  the general public, 



Chapter 7 

ORGANIZATION 

A well-defined sys t em of administrative control is requi red  for  the 

efficient operation of a r eac to r  facility. Although the TRIGA reac to r  is of 

itself inherently devoid of undesirable operating charac ter i s t ics  and the 

s t ruc tura l  and safety interlock features  of the facility normally ensure  the 

necessary  radiation protection, administrative control i s  a l so  necessa ry  to 

fur ther  guarantee against exposure of personnel to high-intensity fields and 

to  possible ingestion hazards .  This involves establishment and execution 

of operational procedures which bring to full utilization the built-in p r o -  

tective features of the facility and prescribes procedures fo r  initiating 

modifications to the facility, performance of experiments,  and the handling 

of derangements which might occur a s  the resul t  of this work. Experienced 

and responsible individuals who have the necessary background and knowl- 

edge will administer such controls.  

The responsibility fo r  admlnistrative control wlll be vested through 

normal  DOFL channels to the following personnel: 

Chief of Nuclear Vulnerability Branch 

Reactor Safety and Planning Committee 

Reactor Administrator 

Reactor Supervisor 

Reactor Operator 

1. Chief of Nuclear Vulnerability Branch 

The Branch Chief i s  ultimately responsible for  the safe ,  competent, 

and efficient operation and use of the reactor  facility. This responsibility 

manifests itself in 

a. The selection of responsible and competent personnel a s  members  

of the Reactor Safety and Planning Committee, the Reactor  
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Administrator, and Reactor Supervisor and the approval of 

erating personnel. 

b. The establishment of administrative controls consistent with all 

applicable Governmental regulations and licenses and any other 

pertinent (state, military, o r  local) regulations. 

c. The enforcement of all such regulations. 

2. The Reactor Safety and Planning Committee 

The Reactor Safety and Planning Committee is  directly responsible 

for reviewing all experimental programs to ensure that such programs a r e  

carr ied out in a safe and competent manner, with particular control upon 

new or untried operations or  procedures. To this end the committee will 

a. Review and approve all experiment plans prior to execution. 

b. Review and approve all changes in existing experiment plans 

which involve any changes in the reactor core, core loading, con- 

:- i trol rods, exposure room, or  shielding components. 

c. Ensure that all activities and experiments shall conform with all 

applicable Governmental regulations and licenses with regard to 

operation of the reactor facility, handling of special nuclear 

material, and possession and handllng of activated by -product 

materials. 

3 .  Reactor Administrator 

The Reactor Administrator i s  directly responsible for promulgation 

and enforcing administrative rules and operating procedures to ensure 

safe and competent operation, use, and maintenance of the reactor facility, 

He i s  also responsible for the selection of reactor facility operating person- 

nel subject to the Branch Chief's approval. He is responsible for seeing 

that there is  adequate personnel and experiment dosimetry. To this end 

he will 

a. Review, approve, and promulgate administrative procedures 

and changes thereto. 
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b. Review and approve changes in the function o r  design of the 

electr ical  o r  mechanical 

c. Promulgate safe operating procedures  of the reactor  and  facility. 

rocedure 

e .  Review and approve in writing a l l  changes in  the loading of the 

reac tor  core,  unusual uses  of the reac tor ,  and any changes in 

the normal  operating procedure of the reactor .  

f. Consult with the manufacturer concerning any change in  no rmal  

operating procedure or  proposed modification to the nuclear ,  

e lectr ical ,  o r  mechanical components of the reactor .  

4. The Reactor  Supervisor 

The Reactor  Supervisor i s  directly responsible for  

a .  Scheduling activities at the  reac tor  facility and keeping adequate 

records  of a l l  experiments and operations. 

b. Enforcing operating procedures  and ensuring that the facil i ty i s  

operated in a safe and competent manner  at a l l  t imes.  

c.  Maintaining adequate personnel and experiment dosimetry and 

other required radiation-monitoring equipment a t  the r eac to r  

facility. 

d. Adequate maintenance of the facility. 

e. Enforcing administrative rules  and operating procedures  a t  the 

reac tor  facility. 

f .  Ensuring that a l l  conditions of applicable Governmental l icenses  

and regulations a r e  fulfilled. 

g. Executing emergency procedures.  

5. The Reactor  Operator 

The Reactor Operator i s  responsible fo r  

a. The safe and proper operation of the  reactor ;  he shall  be in  a 

position to operate the controls at a l l  t imes that the reac tor  i s  

in operation. 



b. Fill ing out a l l  log sheets and following a l l  checkout procedures.  

forming the supervisor of a l l  unusual o r  unexpected incidents, 

any apparent o r  r e a l  operational e r r o r ,  any r e a l  o r  apparent 

d. Ordering emergency procedures and calling the supervisor  in  

the event a nuclear incident should occur o r  any unsafe condition 

should b e  present.  

Health Physics  will be administered by the Radiation Safety Officer 

of the Walter Reed Medical Center,  by agreement  with i ts  Commanding 

General. A char t  of the DORF reactor  organization is given in  Fig. 34. 
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Appendix I 

ARGON ACTIVATION 

ARGON ACTIVATION IN EXPOSURE ROOM AIR 

Activation of argon-40 i n  the a i r  of the exposure room resu l t s  f rom 

the thermal  neutron flux f r o m  the reactor.  Calculations used h e r e  indicate 

the level and effects of this activity based on atmospheric  a i r  p res su re ,  a 
0 

temperature of 70 F, and a n  content of 0.94% in  a i r .  

As the reactor  co re  "sees" the room f rom one of the walls,  the room 

was approximated by a hemispherical  volume equal to  the room volume, i.e., 

the neutron source was assumed to be located a t  the center  of a sphere 

having a volume twice that of the room volume. The radius of this sphere 

i s  designated R The neutron flux, a s  a function of distance f r o m  the 
8' 

source,  i s  given by 

0 
+n(r)  = - 2 

2 
neutrons / c m  -sec,  

4rr r 

where S i s  the neutron source strength in  neutronsisec.  
0 

The average neutron flux within the hemispherical  volume i s  obtained 

by dividing the volume integral  of +n(r) by the total volume, i. e . ,  

4 1 
The production ra te  of A a s  a function of production t ime i s  givenby 

dN - 
- = +n Ca - XN, 
dt 

40 - 1 
where I: = macroscopic absorption c ross  section of A , c m  , 

a 
41 - 1 

X = decay constant for A , sec , 
41 41 3 

N = atomic density of A , atoms of A per  c m  . 
I- 1 



Integrating f rom N = 0 a t  t = 0 to N = N a t  t = t yields 
1 1 

41 
and the corresponding activity of A i s  

-At 3 
Al  = Tn Ea ( I  - e disintegrationslcrn -sec.  (1-51 

If the room i s  ventilated a t  the r a t e  of Q cubic feet p e r  second and the room 

volume i s  V cubic feet, then the differential equation mus t  be modified so 

that 

and the corresponding solution in t e r m s  of Activity i s  

Steady-state Operation 

If the reactor  operates  a t  a steady-state power level for  a long time 

(i. e .  , t >> 1 / A  o r  1 / (h  t Q/V)) ,  then the production and removal r a t e s  of 
1 

A4' will be in equilibrium and 

for  the room without ventilation and 

with ventilation. 

Pulsed  Reactor Operation 

In power bursts  lasting a few milliseconds, the numerical  value of 

k t l  o r  (A t Q/V)t l  i s  small ,  and hence the approximation may be made  



N = n t l  za a toms  / c m  
3 

1 
(I- 10) 

for both the ventilated and nonventilated cases .  The corresponding activity 

is then 

The t e r m  Tnt i s  the time-integrated thermal  neutron flux over the duration 
1 

of the pulse and will be defined by the express ion  

where S' i s  the total number of thermal  neutrons escaping f rom the r eac to r  
0 

face in a pulse. Thus, 

3 
A1 = n '  13 X dis integrat ionslcm -sec . 

a 
(I- 13) 

Exposure to A 
4 1 

41 
The dose received f rom A in  the exposure room by an  individyal 

who en te r s  the  room immediately af ter  reac tor  shutdown may be evaluated 

by assuming the room to be a sphere with the individual a t  the sphe re ' s  

center during the whole exposure t ime. Since 0. 991 disintegrations of A 
4 1 

resu l t  in a 1.3-Mev gamma photon, the volume source of gamma rays  a t  the 

t ime of shutdown i s  

S = 0. 991A 
3 

1 
photons/cm -see,  (1-14) 

Y 
41 

where A i s  a s  previously defined and represents  the A activity a t  shutdown. 
1 

The photon flux a t  the center of the sphere i s  given by 

+y =j:Rl O. 991A1 2 

2 
e -yr  x 4rrr2 d r  photons/cm -sec , (I- 15) 

4rr r 

where y i s  the absorption coefficient for 1. 3-Mev gammas in a i r  and R 
1 



Table I .  1 

20-MIN-EXPOSURE DOSES 
(in mrep)  

With 
Ventilation Ventilation 

100-kw steady state 0. 026 
24 Mw-sec pulse 0. 314 0. 042 

ARGON ACTIVATION IN REACTOR WATER 

The argon activity in the reactor pool water  resu l t s  f rom the argon 

dissolved in water .  To  evaluate the activation of argon in the reac tor  pool, 

the following reasoning and assumptions were  used. 

The amount of argon which i s  dissolved in  water  i s  calculated, assum-  

ing that argon fsllows Henry ' s  law. If the water temperature i s  taken to 
0 

be 70 F, then the corresponding water vapor p r e s s u r e  i s  26 m m  Hg. The 

part ia l  p r e s s u r e  of air i s  then 760 - 26 = 734 m m  Hg. The argon content 

of air is 0. 94% by volume, and hence the part ia l  p r e s s u r e  of argon i s  
- 3 

734 X (9 .4  x 10 ) = 7 mm Hg. 

The saturated concentration of argon in water ,  according to Henry 's  

law, i s  

where X = mole  fract ion of argon in water,  

P = part ia l  p r e s s u r e  of argon above water ,  
7 0 

K = Henry 's  constant = 2. 84 X 10 a t  70 F. 
- 7 4 0 4 0 

Thus, X = 2.46 x 10 mole A per  mole  of (H 0 t A ) o r  
- 8 4 0 3 

2 
X = 1. 367 x 10 mole  A per  1 c m  H20.  

Argon-41 production, assuming saturated conditions and irradiation 

time, t, i s  given by 
- -Xt 
+ n z a ( l - e  ) 

N = 
1 X 

(I- 26) 



A corresponding activity for smal l  values of Xt i s  

through natural convection and it is estimated that i t  changes completely in 
4 3 

4 sec.  Since the core  holds 3.  5 X 10 c m  of water,  the r a t e  of flow of 
4 3 

water  through the co re  i s  0. 9 X 10 cm / sec. Substituting appropriate  

values for I: and taking i r radiat ion t ime a s  4 sec,  there  resu l t s  
a 

3 A = 1. 87 disintegrations/ c m  - sec. 
1 (I- 28) 

The total activity f rom the core  is thus 

Q = 0.454 pc/ sec . 
0 (1-29) 

4 1 
The travel t ime of A f rom the core to the water surface,  a distance 

41 
of 16 ft, was measured  a s  42 sec. Applying the decay law, A activity 

reaching the surface i s  

Under saturated, steady-state conditions, the ra te  a t  which A * ~  will 

escape from the water surface will correspond to 0.450 pc / sec ,  and an 

equivalent amount of A40 will dissolve in water in place of A41. At 

increased water temperature,  the par t ia l  p res su re  of water vapor will 
40 . increase  and the amount of dissolved A will decrease.  

The radioactive argon escapin8 from the reactor  pool will dissipate 

in  the a i r  of the reactor-room level. The volume of a i r  a t  this level is 
3 

estimated to be 71, 600 f t  ; the a i r  i s  recirculated through an air-conditioning 
3 

sys tem a t  a ra te  of 9, 070 ft /min.  Though the reac tor - room level i s  par t i -  

tioned into various offices and working areas ,  because of the high a i r -  

circulation rate ,  i t  may be assumed that A41 i s  evenly distributed 
41 . throughout the entire level.  The concentration of A in the a i r  a t  the 



reactor-room level may be obtained by considering the material balance 
4 1 

of A (i 

Letting Q be the production rate, P the exhaust rate, and D the decay 

If the reactor is  operated for a long time, equilibrium conditions in 

the air  may be assumed. The accumulation rate, then, is  equal to  zero. 

Hence, 

From Eq. (I-26),  Q = 0. 450 pc/sec. 

The average decay rate may be expressed as  

where 9 i s  the time in which decay occurs and is  the average time of 
4 1 

residence of an atom of A at  the reactor-room level before i t  i s  vented 

through the stack, i. e . ,  

71,  600 ft 
3 

0 = 
4 

3 
= 1. 14 x 10 sec . 

6. 3 ft l s ec  

Integrating Eq. (1-32) and substituting in Eq. (1-31) yields 

-A e 
1 - e  

P = Q  pcl sec 

(I- 3 3) 

(I- 34)  

Substituting for A and 9 yields 

P = 0. 261 pclsec . (1-35) 

Since equilibrium conditions a r e  assumed, the same concentration 

of will exist in the air of the reactor-room level as  in the exhausted 
4 

air.  Concentration in the exhausted air  i s  (0. 261) / (6 .  3)(2.  832 X 10 ) = 
- 6 3 

1.46 x 10 pc:cm . This is  less  than the maximum permissible 



occupational tolerance, a s  defined by P a r t  20 of the Code of F e d e r a l  

Regulations. 

ROUTINE RELEASE OF TO THE ATMOSPHERE 

An expression for the concentration of in the exposure room 

was presented ear l ier .  Although higher concentrations will prevai l  without 

ventilation, contaminated a i r  under these conditions will not be discharged 

to the atmosphere.  As soon a s  ventilation s t a r t s ,  the concentration will 

drop to a few percent of the stagnant-air value. It i s  evident, therefore,  

that f r o m  the standpoint of discharged radioactivity, the mos t  s e v e r e  case  

i s  a long operation of the reactor  a t  the 100-kw power level. 

The radioactive argon activity discharged f rom the exposure room 

was calculated from Eq. (1-9) multiplied by the volume of a i r  discharged 

per  unit t ime with 

14 
S = 2.56 x 10 neut rons lsec  a t  100 kw, 

0 - 8 2 + = 4. 98 X 10 neutrons/cm -sec,  
-7 -1  

2 = 1. 25 x 10  c m  , 
a 

3 
Q = 21 ft / s ec ,  

- 4 - 1 
A = 1.06 x 10 sec  , 

3 
V = 3200 f t  , 

R = 351 cm, 

which gives the activity discharge r a t e  a s  

Contaminated a i r  f rom the exposure rooms i s  discharged through a 

s tack after passing through an absolute fi l ter.  A requirement  of the regula- 

tions se t  forth by the U. S. Atomic Energy Commission i s  that the discharged 

radioactivity f rom the stack does not exceed the nonoccupational maximum 

permissible  concentration in the atmosphere.  It i s  extremely difficult to 

estimate the effect of meteorological variables and thevarying t e r r a i n  on 

the dilution of the stack effluent. One conservative method of doing this 
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calculation is to use the procedure of the AEC's publication "Meteorology 

and Atomic Energy" for a continuous point source. The relation between 

source-strength elevation and concentration on the ground a s  a function of 

on the ground downwind f rom the stack. The resu l t s  as given in  "Meteor- 

ology and Atomic Energy" for  a continuous point sovrce a r e  

X - 3 
rnax 

- --Z_e pc icm , - 2 
erruh 

(I- 36)  

d m a x  z($) 2, -2- 2 - n  m e t e r s  , (I- 3 7 )  

where X = average maximum concentration of radioactivity in a i r ,  
max  

d = distance downwind f rom stack where X occurs ,  
max  m ax 

q = radioactive source,  pc/ sec,  

h = stack height, m e t e r s ,  
- 
u = wind velocity, m e t e r s l s e c ,  

e = base of natural  logarithm, 

n - Sutton's coefficient of stability, 

C = Sutton's coefficient of diffusion 

Conservative average weather conditions a r e  assumed--namely, 

moderate  temperature inversion and 5 mph wind velocity. This co r re -  

sponds to n = 0. 3 3 .  Values of C a r e  obtained f rom Fig. 9. 4 of "Meteor- 

ology and Atomic Energy" a s  a function of source elevation, stability, and 

wind speed. 

The maximum ground concentration and downwind distances f r o m  

stack, where the maximum occurs ,  a r e  shown in Table 1.2 and a r e  plotted 

in Fig.  35. These values a r e  for generation in the exposure room. 

It i s  concluded that the average maximum ground concentration f rom 

the discharge from the 45-ft height above ground level i s  l e s s  than the 
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41 
Fig.  35--TRIGA Mark F stack height versus A ground concentration 



Table L.2 

MAXIMUM GROUND CONCENTRATION AS A FUNCTION 
O F  STACK HEIGHT 

Stack 
Height 

Meters  uc/ cm3 

1 h a 7  

Meters  F e e t  

nonoccupational maximum permiss ib le  concentration (MPC) a s  given in  the 
- 2 

National Bureau of Standards Handbook No. 69, which gives 4 X lo- '  P C /  cm' 

a s  the nonoccupational c r i te r ion  for whole-body immers ion  in A 4 1 



Appendix I1 

SOIL ACTIVATION 

An analysis of the so i l  taken f r o m  te s t  drillings on the  s i t e  was 

obtained through the U. S. Department of the Interior,  Geological Report 

No. TDS-A526. F r o m  this  analysis,  the concentration of parent  elements 

which yield radioactive isotopes was  determined. In making the soil- 

activation determination i t  was assumed that 

1. Only fast  neutrons leak f r o m  the concrete shield and that a l l  of 

those that enter the soil a r e  eventually absorbed by the soil  a s  

thermal  neutrons. 

2.  The facility produces 48 to 20 Mw-sec pulses p e r  day each day 

for a full year .  

3. The integrated soi l  activity over the year  does not exceed the total 

disintegrations f r o m  12 monthly burials  made in compliance with 

10 CFR 20.304. 

4. The neutron activation resul ts  in a saturated activity of the soil. 

PERMISSIBLE ACTIVATION 

The activity res t r ic t ion  for continuous i r radiat ion of isotopes in the 

soi l  was determined f rom the  monthly burial  levels a s  specified in  

10 CFR 20. 304. The following method was used to establish this restriction: 

1. The permissible  isotopic burial  tolerances were  obtained f rom 

Table C of 10 CFR 20 and were  cor rec ted  by a factor  of 1000, a s  
3 

specified--this tolerance i s  denoted a s  C. x 10 pc. 
1 

2. The number of act ive atoms of the isotope is related to the 

activity by 

3 . 7 C .  x 10 
7 

1 
N. = 

X 
(active atoms at each burial) ,  

1 
S 



- 1 
where X i s  the decay constant, in s e c  . 

S 

3. The total number  of disintegrations of isotope i in a y e a r  resulting 

f rom 12 successive monthly burials  would be 

Expressing X in t e r m s  of T 
112' 

the isotopic half l ife i n  months, 
s 

and substituting for N. we  have 
1' 

where t i s  equal t o  1 month. 

DETERMINATION O F  MACROSCOPIC CROSS SECTIONS 

The resul ts  of the so i l  analysis were  used to  determine the total  soil 

absorption and isotopic activation c r o s s  section. 

Activation Calculation 

The radioactive isotopes in the soi l  a r e  considered to  be in equilib- 

r ium; therefore ,  the decay and creation ra tes  a r e  equal. 

Considering the source  of S neutrons per  second t o  be  a t  a n  equivalent 

point and isotropic in distribution, the following descr ibes  the i r  probability 

of a r r i v a l  a t  some distance f r o m  the i r  source and the absorption in  parent  

isotopes of the soil: 

-Z r 
S 

* X. Se 
1 

F(b)  - 3 
N(r)  = 

2 active isotopes a t  radius r ,  c m  , 
4a r 

- 1 
where  2 .  = macroscopic neutron activation c ros s  section of isotope i, c m  , 

1 
- 1 

2 = macroscopic total  neutron absorption c ros s  section of soil ,  cm , 
S 

r = radius,cm, 

F(b)  = shield attenuation factor.  
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Describing the volume in which absorption occurs as  

where & is  the neutron esc 

* 
where N is  the total active isotopes in ASl sterad resulting from activation 

t 
of a single parent isotope, and F(b) is the shielding factor, introduced 

as  an average value associated with the applicable geometry. 

Since the source was introduced as  neutrons per unit time, the value 
* 

Nt 
is  the creation of active Isotopes per unit time. Also, since an equilib- 

* 
rium state has been specified, Nt also represents the constant decay rate. 

* 
Examination of the expression for N shows that 

t 

A. 
1 - = z absorptions and also disintegrations of isotope i 
s per neutron absorbed in the soil per unit time. 

The total neutron absorption cross section of the soil, summing over 

all elements, is 

where m = weight fraction of element in soil, 
3 

p = density of the soil, g /cm , 

A = atomic weight of the element, g, 
- 2 4  

A = Avogadro's number = 0 . 6 0 2  x 10 , 
0 

2 
u = microscopic absorption cross section, cm . 

a 
The neutron activation cross section of an isotope is  

A. 
. = amp - U. 

1 A 1 '  



where a i s  the abundance of the parent isotope in the element,  and u. is the  

microscopic activation c r o  

Determination of Activation Criterion 

L 1 
ST = 2 x 10 fa s t  neutrons per  year  (based on the previously assumed duty 

cycle), where T is seconds p e r  year. 

The leakage angle ASl is 3. 36 steradians into the  soi l  and the effective 

neutron attenuation factor through the concrete walls is 

F(b)  = 3 .  34 x . 
Therefore,  the activation of each isotope will be 

and the summation for  a l l  isotopes will be  

We note that F(b)ST M / 4 w  will be neutrons entering the soil  and will 

equal 1.92 x 1015 fa s t  neutrons per year ,  and s ince Z. /Z equals the number 
1 S 

of disintegrations of isotope i per  neutron entering the  soil ,  we can establish 

the fraction 

which gives the fraction of permissible disintegrations of isotope i taking 

place per  year.  The summation of a l l  s imi lar  fractions fo r  the radioactive 

isotopes in the soil  should not exceed 1--if the postulated permissible  burial  

c r i t e r i a  a r e  not to be exceeded. 

In Table II. 1 the value Z . / C  appears in the th i rd  column, the calcu- 
1 S 

la ted values of q. appear in the fourth, and the ratio of Z. /Z to q. appears 
1 1 S 1 



last. It will be noted that the value 

This indicates that by using the assumption originally stated, the soil 

activation is  35. 370 of the permissible. 

Table 11.1 

Permissible 
Disintegrations 

Pe r  Year, 

'i 
Elements 
in the Soil 

Mass Number 
of Active 
Isotope 



Elements 
in  the Soil 

Mass Number 
of Active 
Isotope 

Table 11. 1--continued 

Permiss ib le  
Disintegratior 

P e r  Year, 

qi 

Total of ratio p /q .  . . . . . . . , . . . . . . . . . . . . 
1 

a 
-Element not present  in this soil. 
b 
-The limit  for  Ba137 + ~s~~~ was used, although Cs i s  not present  

in  this soil. Ba140 i s  produced by secondary react*on only. The lower 
l imi t  was chosen for ~a~~~ because ~a~~~ i s  present  in the  soil. 

C 
-Activity produced by second- and higher-order reactions only i s  

negligible. 
d ~ h e  limit  shown is for  ~ r ~ ~ ;  s r 9 0  i s  produced by secondary reac-  

tion only. The lower l imi t  was  used for  ~ 9 0  because Sr  i s  present  in the 
soil .  
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PROCEDURES 

The nuclear character is t ics  of the DORF-TRIGA a r e  expected to be 

s imi lar  to those of the TRIGA prototype, which has  undergone extensive 

testing. Fur ther ,  the TRIGA Mark F reactor  a t  General Atomic s e r v e s  

a s  the prototype for  the DORF-TRIGA and provides experimental ver if i -  

cation of the core character is t ics .  

The operating behavior of the DORF-TRIGA will be  determined at 

the s i te  by General Atomic personnel during the initial s tar t -up phase of 

reac tor  operation. The procedures  fo r  this operation a r e  descr ibed  below 

INITIAL LOADING PROCEDURES 

Before fuel i s  loaded into the reac tor ,  the satisfactory performance 

of the  mechanical and instrumentation sys tems of the reactor ,  including 

the action of a l l  s c rams ,  will be demonstrated. 

The initial approach to crit icali ty will be  made with the reac tor  tank 

filled with water and with the reac tor  in  such a position a s  to have an infinite 

water  ref lector  (grea ter  than 6 in. of water).  The fuel elements will be 

added one a t  a time, and inverse  multiplication plots will be kept on al l  

available channels. When crit icali ty i s  reached, a number of measure -  

ments  will be made at low power. These will include 

1. Control-rod calibration (all rods);  

2.  Measurement of fuel-element worth; 

3 .  Adjustment of excess  reactivity to 1. 670 bk/k; 

4. Reactivity changes a s  a function of reactor  position and ref lector  

composition, i. e . ,  2 in.  HZO, 2 in.  H 0 t 2 in.  Pb. 
2 

III- 1 



STEADY -STATE EXPERIMENTS 

1. 670 6k/k will be  inser ted  in  the r eac to r .  

f t e r  low-power calibratio 

power-level calibration experiments  will be  performed,  using ca lo r ime t r i c  

and heat-balance methods. A schedule of power-level increases  i n  approxi-  

mately  half-decade s teps  will be followed, f r o m  1 w to 250 kw. During 

th i s  phase,  ins t rument  linearity will b e  checked, and reactivity l o s s  will  

b e  m e a s u r e d  a s  a function of power level .  

The  fue l  t empera ture  coefficient will b e  checked by measur ing  the 

l o s s  of react ivi ty  v e r s u s  tempera ture  of a t  l e a s t  two fuel  e lements  in  the  

B-ring,  and  then comparing these measu remen t s  with the s ame  m e a s u r e -  

men t s  made  with the TRIGA Mark F prototype reac tor .  Provided tha t  the  

m e a s u r e d  tempera ture  coefficient l i e s  within 30% of the Mark  F m e a s u r e -  

ments ,  the  proposed experimental  p r o g r a m  will be  continued. 

The  following conditions will apply to  high-power operation: 

1. Maximum excess  reactivity: 2. 9% 6k /k  over cold, clean 

c r i t i ca l ;  
0 

2. Maximum mixed mean pool tempera ture :  60 C; 
0 

3 .  Maximum water t empera ture  above the fuel  e lements :  90 C 

o r  l e s s ,  a s  measu red  by a t  l e a s t  two thermocouples placed i n  

the  t r i f lute  region of the cen t ra l  fuel elements;  

4. Maximum reac tor  power: 250 kw, for  sustained periods;  

maximum integrated 250-kw operation not to exceed 1 Mw-hr 

p e r  day. 
0 

5. Maximum fuel temperature:  not to exceed 530 C. 

Fuel-element  tempera ture  and react ivi ty- loss  measurements  will 

be made  a s  a function of power up to  250 kw, a t  25-kw increments .  The 

reac tor  will be moved to a position with a 2-in. H 0 ref lector ,  and the 
2 

measu remen t s  will be repeated.  



efficient 

of reactivity will be remeasured to a power level of 250 kw, to determine 

the effect of previous flashing on steady-state characteristics. 

TRANSIENT EXPERIMENTS 

A ser ies  of step-reactivity-insertion experiments will be performed. 

This will be a repetition of transient experiments with the existing General 

Atomic pulsing reactor prototype, the TRIGA Mark F, in which the central 

control rod will be rapidly withdrawn (- 0.1 sec) from the core by a 

pneumatic drive. The transient temperature in at  least two central fuel 
0 

elements will be measured and will activate a sc ram if  i t  exceeds 530 C.  

The ser ies  of power-transient experiments will s tart  with a step 

insertion of 0.8'10 6k/k and will continue in larger  steps; the transient 
0 

temperature r i se  will be increased in steps of 50 C or  less .  

The limiting conditions that will apply a r e  a s  follows: 

1. The maximum transient temperature at  the center of the inner 
0 

fuel elements will be 530 C 

2 .  No transient experiments will be performed while damaged fuel 

elements a r e  present in the core. Procedures will be instituted 

to periodically inspect the fuel elements. 

The radiation dosage will be measured in the vicinity of the core 

with ion chambers, Hurst dosimeters, and threshold foil detectors . 
The transient experiments will be initiated in the all-water-reflected 

geometry, with the reactor in the condition of maximum reactivity. The 

experiments will be repeated with the 2 in. H 0 + 2 in. Pb reflector. 
2 

Dose measurements in the exposure room will be made under steady- 

state and transient conditions, with ion chambers, Hurst dosimeters, and 

threshold detectors. 
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EMERGENCY PROCEDURES 

will be necessary  to  evacuate personnel fo r  a short  t ime.  The general 

procedures leading up to such an evacuation a r e  a s  follows: The reac tor  

operator and/or  supervisor  will be continuously monitoring the control 

room, and i t  i s  m o s t  likely that they will be  the f i r s t  to observe any 

abnormalit ies associated with either the reac tor  o r  the  radiation level of 

the a rea .  In the event that abnormal behavior is observed by personnel 

other than the reac tor  supervisor o r  operator ,  the reac tor  supervisor 

should be advised immediately and i t  will be h is  responsibility to ensure 

that appropriate action i s  taken 

Should the re  by any indication that evacuation of the reactor  room 

i s  advisable, the reac tor  supervisor will immediately i ssue  such an o rde r .  

The evacuation procedure  calls for  the carrying of adequate monitoring 

equipment f o r  the purpose of detecting any leakage of contaminated a i r .  

The room will be re -entered  only on the advice of the reactor  supervisor,  

and the decision will be based on observations made by the health physicist. 

In the unlikely event that evacuation of the building should be required, 

the reactor  supervisor  will put the procedures  for  evacuation into effect. 

To increase  the effectiveness of evacuating a building, information on the 

direction and velocity of the prevailing winds i s  continuously available in 

the reactor  room. 
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CALCULATED MAXIMUM FISSION-PRODUCT RELEASE AFTER 

FUEL-ELEMENT FAILUR 

Calculations and a related experiment have been made  to determine 

theoretically the maximum concentration of fission products that might be 

present  in the reac tor - room a i r  following a fuel-element cladding failure. 

The calculations a r e  based on the fact that a s  the reac tor  operates ,  

fission products will be built up in the uranium-zirconium hydride fuel 

mixture until an equilibrium concentration i s  reached for each nuclide, 

dependent on (1) the total energy re lease  in the r eac to r ,  (2)  the decay 

process  for each nuclide, and (3) the yield of the species  f rom fission. 

Of the various fission products produced in  the fuel ma te r i a l ,  only cer tain 

nuclides will migra te  into the gap between the fuel ma te r i a l  and the fuel- 

element cladding. These nuclides a r e  the iodines, the xenons, and the 

kryptons and their decay products. 

CALCULATION O F  GASEOUS FISSION PRODUCTS 

In the event of a rupture of the fuel-element cladding, the fisslon 

products released to the water  in the reactor  tank will be l imited to all o r  

a portion of those fission products that have collected in the gap between 

the fuel ma te r i a l  and the aluminum cladding. A portion of these fission 

products will then go into the a i r  above the water ,  this fraction depending 

on the solubility of the species in water.  

The quantity of gaseous fission products produced in the fuel element 

was determined by Blomcke and Todd (Report ORNL-2127). The amounts 

of krypton, xenon, and iodine produced in a typical element after infinite 

operation at 100 kw a r e  given in Table IV. 1. These data a r e  based on a 
2 2 

loading of 36 g of u~~~ ( 9 . 4  X 10 nuclei) and an average flux of 



2 
1012 the rma l  neu t rons l cm -sec .  N is the number  of nuclei  of isotope S 

S 
22 

in the  element,  and N o is t h e i n i t ~ a l n u m b e r  of u~~~ nuclei  ( 9 . 4  X 10 ). 25 

GASEOUS FISSION PRODUCTS PRODUCED IN F U E L  ELEMENT 

Isotope 
-- -- 

83m 
Kr 

8 5 m  
K r  

Kr 
8 5 

K r  
87 

Kr 
88 

Kr 
89 

Kr 9 0 

Kr 9 2 

1130 

1131 

131m 
Xe 
1132 

1133 

133m 
Xe 

Xe 
133 

1134 

1135 

Xe 135m 

Xe 
135 

1136 

Xe 
137 

I 138 
.- 

Activity 

( c )  

Decay 
I Constant 

Ns ( s e c - l )  - 

2. I~~~ j o. I ~ - ~  

1 . 2  x 10 
16 1 

7 . 6  x 10 19 

1 . 0  X 10 l6  

2.9 X 10 l6  

6. 8 X 10 
14 

1 . 4  X 10 
14 

6 . 4  x 10 
12 

3. 6 x l o  16 

1. 6 x 10 
18 

2 . 4  x 10 
16 

2 .9  X 10 l6  

3 . 8  X 10 
17 

2 . 4  x 10 
16 

2 . 4  x 10 
18 

1 . 9  x 10 l 6  

1 . 1  x 10 
17 

1 . 4  X 10 
15 

1 . 4  x 10 
17 

2 . 1  x 10 
14 

1 . 1  x 10 
15 

1. 6 x 10 
13 

4 . 4  

2 . 2  x l o r 9  

0. 15 X 

7 . 0  X 

3. 6 x 

2 . 1  x 1 0 - ~  

2 . 3  x 10- l  

5 

1 . 0  x 1 0 - ~  

6. 7 x 

8. 

9 . 3  x 1 0 - ~  

3 . 5  x 1 0 - ~  

1 . 5  x 1 0 - ~  

2 . ~ ~ 1 0 - ~  

2. 

7 . 4  l o m 4  

2 . 1  

8. 1 x 

3 .  

1 . 2  x 10- I  



Table IV. 1 --continued 

1 1 Decay 

The sum of al l  the activities of the gaseous fission products in  an  

element af ter  i t  has  reached equilibrium a t  100 kw i s  therefore 1392 c. 

EXPERIMENTAL DETERMINATION O F  FISSION PRODUCTS IN GAP 

In order  to determine the actual percentage of fission-product gases  

which escape the fuel mater ia l  and collect i n  the a i r  gap between the clad- 

ding and the fuel mater ial ,  the following experiment was conducted in the 

TRIGA reac tor  a t  General Atomic. F o r  the purpose of this experiment a 

fuel element was fabricated with a sealed tube venting the gap to a charcoal  

t r a p  a t  the surface of the reac tor  tank. All of the fission-product gases  

which accumulated in the gap were  then collected in a l iquid-air-cooled 

charcoal t r ap  by purging the system with helium, and the t r aps  were  then 

analyzed. This measured amount of radioactive noble gases  enables the 

determination of the fraction of the f iss ion products which diffused through 

the uranium-zirconium hydride ma te r i a l  into the gap. 

In the experiment a total of 210 kw-hr of reac tor  operation occur red  

in 1 h r .  The t e s t  element was exposed to an  average thermal  flux of 
12 2 133 

2. 1 X 10 neutronsicm - sec  during this t ime, and the Xe that collected 

in the gap in  this period of operation was determined to be 7 8  pc. Through 
133 

determination of the Xe that diffuses into the gap during the exposure 
133 

of the element to a known amount of reac tor  flux, the percentage of Xe , 



and consequently of all other fission-product gases  that collect into the gap, 

can be determined. 
133 

During the experiment, Xe was produced in the fuel element f rom 

e chai 

133m 
Te  

133m 
Xe 

6. 3% 
Fission -----+ Sb 133 1133 

C s 
133 

(4. 4m) (20. 5h) 

Te  
133 

Xe 
133 

( 2 4  (5. 27d) 

133 
The activity of Xe present  in  the element  a t  the end of one hour 

12 2 
a t  2. 1 X 10 neutrons/cm - sec  was determined f r o m  the work of Bolles 

* 
.c 133 

and Ballou. In this work the number of Xe nuclei present  af ter  the 
235 

fission of 10, 000 U nuclei is given a s  a function of t ime.  Integrating 
-3 133 

their data over  a t ime of 1 h r  gives 0. 49 x 10 Xe nuclei present  per  

fission. In the 1-hr experiment the number of fissions that occur i s  

22 u~~~ atoms c m  
2 

Number of fissions = 9 . 4  x 10 
element 

x 5. 83 x 
u235 

atom 

x 2 . 1  x 10 
12 neutrons 3 

2 
x 3.6 x 10 sec  

cm - s e c  

17 Thus, the number of ~e~~~ nuclei i s  0 .49 x x 4. 15 x 10 , 
14 133 

or  2. 03 X 10 nuclei. This gives a total available Xe activity of 

*Belles, R. C. , and N. E. Ballou, Calculated Activities and Abun- 
dances of u~~~ Fission Products,  USNRDL-456, August 30, 1956. 



133 
As was indicated previously, the amount of Xe that was collected in the 

~e~~~ that escaped to the gap between fuel and cladding can therefore be 

calculated a s  follows: 

133 
Xe measured  in gap - - 78. = 0 . 9 % .  

3 
~e 133 total available 8. 36 x 10 pc 

As shown f r o m  Table IV. 1, a t  100 kw the total quantity of a l l  f ission- 

product gases  in a TRIGA fuel element a t  equilibrium i s  1392 c. F o r  the 

purposes of this calculation i t  i s  assumed that the  fraction of the iodine, 

krypton, and xenon isotopes produced that collect in  the gap between fuel 
133 

and cladding i s  the same  a s  that determined for Xe . Thus, the total  

gaseous activity in  the gap i s  calculated to be 13 c. 

Therefore,  the maximum amount of fission products that could be 

released in  the event of a cladding failure i s  

Iodines . . . . . . . . . . . . . .  5. 1 c 

Xenons . . . . . . . . . . . . . .  5 . 0  c 

Kryptons . . . . . . . . . . . . .  2. 9 c 

Total f ission products . . . .  13. 0 c 

The volume of water in  the DORF reac tor  tank i s  approximately 
7 3 

5. 77x10 cm . For  purposes of this calculation i t  i s  assumed that the 

total 13 c of gaseous fission products in  the gap escapes  into the water.  

However, when these fission products (the iodines, kryptons, and xenons) 

a r e  released f r o m  the fuel element into the water ,  the iodines will be dis-  

solved in the water.  Although the kryptons and xenons a r e  quite soluble 

in water,  i t  has  been conservatively assumed for purposes of this analysis 

that a major portion of these isotopes will escape into the reac tor - room 

atmosphere.  For  the purpose of the calculations presented below, i t  i s  

assumed that 95% of the xenon and 98% of the krypton will escape into the 



a i r  and that a l l  of the iodines will remain in  the water.  Therefore,  the 

giving 

6 5 . ~ + 0 . 0 5 x 5 . 0 + 0 . 0 2 x 2 . 9  6 
A - - 5 . 4 1 ~ 1 0  pc 

water 7 3 
5 . 7 7 ~ 1 0  c m  

7 3 
5.7X10 cm 

and the activity in  the a i r  will be 

pc - 0. 95A(xenon)(pc) t 0. 98A(krypton)(pc) 
A .  - - 

a i r  
cm 

3 3 
volumes of a i r  ( c m  ) 

Since krypton and xenon a r e  iner t  gases ,  the hazard  presented by their 

being in the a i r  is f rom the dose a person in  the room would receive f rom 

their decay. To est imate this dose, i t  i s  assumed that  each decay of a 

krypton o r  xenon nucleus resu l t s  in  the emission of a 0. 5-Mev gamma 

photon. Then the dose r a t e  a t  the center of a hemispherical  volume of 

71, 350 f t  (equivalent radius  = 25. 9 ft) i s  

-5  -1  
where the attenuation coefficient for a i r  i s  taken a s  8x10 cm and the 

6 
flux-to-dose conversion factor i s  1. 085x10 . 



To estimate an integrated dose to a person remaining in the reactor 

room were averaged over 1 hr .  This average is  2.45 c, or an average 
- 3 

concentration of 1. 21x10 pc/c 

If we assume that each disintegration i s  accompanied by a 0. 5-Mev 

photon and that the room can be approximated by a hemisphere of equivalent 

volume, then by proportion, using the above initial dose value, the average 

dose rate will be 

and the integrated dose for 1 h r  will be approximately 15. 7 m r  

It can thus be observed that even on the basis of the conservative 

assumptions made herein, a person could remain in the reactor room for 

several hours after the fuel-element cladding failure without exceeding the 

permissible radiation dose limits specified in 10 CFR 20. Standard oper- 

ating procedures for the facility wi l l  require prompt evacuation of the 

reactor room by the operating personnel on indication by the continuous 

air  monitor of alrborne radioactivity in the reactor room. Upon the detection 

of airborne radioactivity, the air  in the building will be isolated from the 

surrounding atmosphere and confined until i t  is  determined by the Health 

Physicistthat the airborne radioactivity limits a r e  safe for normal operations 

to resume, 



Appendix V 

LOSS-OF-COOLANT CALCULATIONS 

HEAT REMOVAL 

Calculations have been made to determine the amount of hea t  that  

will be removed f rom a central  e lement  in the TRIGA core by na tu ra l  

convection of a i r  through the core in  the event cooling water  is lost .  The 

determination of this heat-removal rate ,  coupled with the calculation of 

afterheat production ra tes  in  the element, was  used to find maximum oper-  

ating powers  and t imes that could be permit ted without endangering the 

s t ruc tura l  integrity of the fuel element.  

The heat-removal ra te  by natural  convection of a i r  between three  

cent ra l  e lements  was determined. The flow channel considered was bound 

by a B-r ing  element and two C-ring elements.  The flow a r e a  in the channel 
2 

was 0.327 in. and the length of the channel was 2 ft. In the center  regions 

of the bottom grid plate 0.625-in.-ID holes  were  made to provide coolant 

flow through the center of the core.  One of these holes was located a t  the 

bottom of the channel considered. Flow out of the top of the channel i s  

through the holes in the top gr id  plate through which the elements  a r e  

loaded. These top-grid-plate holes a r e  obstructed by the spacer  used  to 

center  the element. The effective flow a r e a  through the top gr id plate i s  
2 

approximately 0, 5. In. . 
To find the weight flow of a i r  through the channel, the driving 

p r e s s u r e  was equated to the p res su re  l o s s  in the channel. As  a f i r s t  

approximation, the e n t r m c e  and exit l o s ses  were  neglected. The driving 

p r e s s u r e  i s  given by  

3 
where p is the ambient a i r  density (in lb / f t  ), p i s  the average density 

0 a 



of the a i r  in t 

where @ i s  the viscosity of the rtir (in lb/ft-sec), w i s  the a i r  weight flow 
2 

(in lb/sec), g i s  3 2 . 2  ft/sec , R i s  the hydraulic radius, which i s  equal 
c h 

to channel flow arealwetted perimeter. (in f t ) ,  and A i s  the channel flow 
2 

C 

area  (in ft 1. 

As the density and viscosity of the a i r  a r e  functions of the a i r  temper- 

ature, the weight flow was determined for a range of average a i r  tempera- 

ture in the channel. For  this weight flow, the heat-removal rate required 

to raise the average air  temperature to the given value i s  

where q i s  the heat absorbed by the cooling a i r ,  T i s  the average a i r  
r a 

0 
temperature, T i s  the ambient air  temperature (75 F), and c i s  the 

0 
0 

P 
specific heat of a i r  (0.25 Btu/(lb)( F). 

For  the same range of average a i r  temperature, the heat-transfer 

film coefficient, h, was determined from a nomograph in the Chemical 

Engineer's Handbook. To find this film coefficient, i t  i s  necessary to 

know the surface temperature of the wall. Since the maximum temperature 
0 

permissible for the fuel-element cladding i s  1100 F ,  that temperature was 

used. By using this wall temperatfire and the film coefficient just deter-  

mined, the rate of heat transferrefi to the a i r  can then be found for the 

range of average a i r  temperatures by 

where q i s  the heat-transfer rate from the fuel-element wall to the cooling 
t 2 

a i r ,  A i s  the surface area  of the wall (0, 1635 f t  ) and T i s  the wall tem- 
W 

0 
perature (1100 F). 



The temperatures a t  which these two heat-transfer rates a r e  equal 

establishes the conditions that will exist. 
0 

versus T , and at  an average air temperature of 320 F, the heat-transfer 
a 

The power level in the fuel elements of this channel was assumed to 

be twice the average power level in the reactor, which contains 85 elements. 
0 

Therefore, when the fuel-element cladding temperature i s  1100 F, the 

total heat-removal rate i s  

The energy release in the reactor required to raise a central fuel- 

element cladding temperature to 1 1 0 0 ~ ~  i s  

0 
where C i s  the heat capacity of the reactor (55 kw-sec/ C), per data from 

d, 

R. ~ t ah l ,  and 6T i s  the temperature r ise of the element. The fuel-element 
0 

temperature i s  assumed to be 400 F when the cooling water i s  lost, so 

6T = 1 1 0 0 ~ ~  - 4 0 0 ' ~  = 7 0 0 ° ~ ,  and 

5 5 5 7 
E = -  x 700 x - = 1.07 x 10 w-sec. 

2 9 

The factor of 2 in the denominator i s  the ratio of the power in the central 

element to the average power per element. 

From the above the following criteria can be established: If at  the 

time the afterheat power level in the reactor decreases to 3600 w a total 
7 

of more than 1.07 X 10 w-sec of energy has been released after  the 

water loss in the reactor, the reactor core may be damaged. Conversely, 
7 

i f  a t  the time the power reaches 3600 w less than 1.07 X 10 w-sec has 

been released, the reactor core wi l l  not be damaged. 

.,- 
R .  Stahl, private communication. 



Fig. 36--Required heat- t ransfer  ra te  to achieve Ta and heat- t ransfer  
rate  a t  Ta ve r sus  average a i r  temperature (T,) 



AFTERHEAT 

The decay power a f t e r  shutdown was  calculated f r o m  the data of 
a, ,,. 

Stehn and Clancy. Figure 37 shows the ratio of decay power to operating 

power a s  a function of t ime af ter  shutdown for  reac tors  that have been 

operating continuously fo r  infinite t ime p r io r  to shutdown and that have 

been operating 8 h r  p e r  day f o r  infinite t ime pr ior  to shutdown. F igure  38 

shows the decay power fo r  a reac tor  that has  been operating a t  100 kw 

continuously pr ior  to operation for severa l  different t imes a t  1 Mw before 

shutdown. F r o m  these f igures  the t ime a f t e r  shutdown that the decay power 

dec reases  to 3600 w can be found. 

Integration of these curves over t ime af ter  shutdown yields the energy 

r e l ease  in the reactor .  The decay-energy re lease  a s  a function of t ime 

af te r  shutdown f o r  the three cases  described above i s  shownin  F i g s .  39 
7 

and 40. The time af ter  shutdown a t  which 1.07 X 10 w-sec of decay heat 

has  been released can be found by reference to those f igures .  

PERMISSIBLE OPERATING POWERS AND TIMES 

I t  i s  now possible to determine (1) the t ime a t  which the decaypower 

dec reases  to the power that can be removed by natural  convection of a i r  

i .  e .  , 3600 w) and (2)  the t ime a t  which the fuel-element cladding temper - 
0 7 

a ture  will r i s e  to 1100 F (i. e . ,  the t ime a t  which 1.07 x 10 w-sec  have 

been released) .  These two t imes  have been plotted a s  a function of operating 

power for  the case of continuous operation and for  8 h r lday  operation in 

F igs .  41 and 42. The point a t  which the two curves in te rsec t  es tabl ishes 

the maximum power permissible .  F o r  continuous operation, the maximum 

power i s  250 kw. F o r  operation of the reactor  8 hr /day ,  the maximum 

power i s  380 kw. 

a, ,. 
J .  R .  Stehn and E .  F.  Clancy, "Fission-product Radioactivity and 

Heat Generation, " Paper  No. 1071, Proceedings of the Second United Nations 
International Conference on the Peaceful Uses of Atomic Energy,  Unitcd Nations, 
Geneva, September,  1958. 





TIME AFTER SHUTDOWN (SECI 

Fig.  38..-Fission-.product;rower r e l e a s e  v e r s u s  t i x e  a f t ~ r  shutdown f o r  100-kw 
l o n g - t e r m  opera t ion  followed by 1-Mw opera t ion  f o r  va r ious  dura t ions  







TIME AFTER SHUTDOWN (SEC) 

Fig .  41--Determination of sa fe  lnfinlte t lme  operating power p r io r  t o  l o s s  of cooling wa te r  
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The time a t  which the decay power decreases to 3600 w and the time 
I 

x 10 w-sec i s  released are  also plotted against the operating 

time a t  1 Mw for the case of 100-kw continuous operation followed by 1-Mw 

operation. These data a r e  in Fig. 43. The intersection of the two curve 

establishes the maximum operating time a t  1 Mw after 100-kw continuous 

operation. This time is 1250 sec (-21 min). Fo r  1-Mw operation after 

an 8 hr/day operation a t  100 kw, interpolation of the data for continuous 

operation shows that the maximum I-Mw operating time would be 1450 sec 

(-24 min), a s  indicated in F ig ,  44. 

Successive 1-Mw operating periods must be spaced in time to maintain 

the average power a t  100 kw. Thus, I-Mw operation for the maximum 

period of -24 min should not be attempted more than twice in 8 hr ,  with 

at . least  3-112 hr  of cooling time in between, For  shorter periods of 

operation, the cooling periods would be correspondingly shorter. 

DISCUSSION OF RESULTS 

These calculations have been made using some conservative as-  

sumptions. To substantiate the conclusions stated earl ier ,  the following 

discussion of these assumptions i s  presented. 

First ,  account has not been taken of any heat-removal mechanism 

other than natural convection of a i r  through the core. Other mechanisms, 

however, will play a part,  principally conduction to the grid plate and 

other structural members of the assembly. Heat removal by this means 

has been estimated roughly to be a t  the same rate a s  by convection. This 

means that the maximum permissible operating powers or times would be 

increased by 20% to 40%. 

I t  has been assumed that the water has been lost instantaneously and 

completely from the eore. Even if the water i s  lost by some inconceivable 

disaster that opens the bottom of the tank, i t  will still take a finite time 

for the out-rushing water to pass through the core. During this time 

afterheat will be removed. 



Fig.  44--Permissible operating time at 1 Mw after operation 
at average 8 hr/day power 



on the results than those above, were made. On ese i s  that the 

driving force on the a i r  passing up through the core has been calculated by 

assuming that only the air  in the core i s  hotter than ambient. However, 

the a i r  above the core will be hotter, creating an effective "stack" above 

the core. This means that the weight flow of a i r  through the core will be 

somewhat greater than that calculated and, consequently, more heat can 

be removed by the air. 

Also, i t  was assumed that no heat i s  removed by the air  while the 

fuel-element temperature was rising to i ts  peak value. Actually, the a i r  

would be cooling the element even a s  the element temperature r i ses ,  but 

this cooling will be small. 

I t  may be noted that only pressure losses due to friction a r e  con- 

sidered in the flow through the channel. There will also be entrance and 

exit losses in the grid plates, but a t  the flow velocities being dealt with, 

these losses  a r e  so small they have been ignored. 




