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ABSTRACT 
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SANDIA IRRADIATOR FOR DRIED SEWAGE SOLIDS 
FINAL SAFETY ANALYSIS REPORT 

I. Introduction 

A. Overall Description 

This Safety Analysis Report describes the Sandia I r radiator for Dried Sewage Solids (SIDSS) 
designed by Sandia Laboratories and a s s e s s e s the hazards associated with its operation. The 
SIDSS consists of a conveyor sysiem, a source plaque and associated shielding, and a gamm ; -
source pin loading/unloading pool. The facility was installed next to Building 6720 in Technical 
Area [II (TA-I11) in April 1979, This facility provides Sandia Laboratories with the capability of 
exposing up to 8 tons per day of sewage solidB to 1 Mrad absorbed dose. 

B. Facility Rationale 

The basic purposes for constructing the SIDSS a re fourfold: 

1. to provide a high-dose ra te research facility to examine further the effects of 
radiation on sewage sludge, 

2. to function aB a testbed for the mechanical and electr ical components to be 

used in larger facilities, 

3. to fulfill the formal requirements of a pilot plant so that the Environmental 
Protection Agency (EPA) can fund the construction of a larger plant as a 
demonstration facility using a proven technology, and 

4. to provide accurate data, based on operating experience, for the Environmental 
Impact Assessment (EIA) and the Safety Analysis Report (SAR) for a much 
la rger facility that is to be constructed by the EFA. 

Dried digested and dried raw sludge from New Mexico State University a re being processed 

for various purposes in the SIDSS. Other cit ies and agencies probably will want to conduct tests 

with the SIDSS as well . 



II. Summary 

A. MoBt Hazardous AccidentB 

The two types of accidents that a r e regarded as most hazardous a re ones which resul t in 
radiation exposure to personnel higher than the prescr ibed limits and ones which resul t in leakage 
of radioactive mater ia l from the gamma-source pinB, 

The accidents that could resul t in excessive radiation exposure to personnel are removing 
the pool cover without shielding water, removing the conveyor access a rea acceBS cover with the 
lead shutter open, and opening the lead shutter while personnel are in the conveyor access area. 
These accidents, along with consequences and preventive measures , a re discussed in Chapter VI, 
The components of the system, such as the conveyor and lead shutter, a re described in Chapter IV. 

The actions that could resul t In leakage of radioactive material from the gamma-source 
pins a r e corrosion from within or outside the capsule or mechanical fracture of the pins. The 
integrity testing of the pins is described in Appendix A, and the consequences of a mechanical 
fracture, and the design and procedural provisions incorporated to prevent such a fracture, a r e 
presented in Chapter VI. 

B. Safety Fea tures 

The safety features a re described in detail in Chapter IV and Chapter VI and include 
independent mechanical and electr ical interlock systemB, and sensitive radiation monitoring 
equipment to measure radiation exposure to personnel and to prevent discharge of radioactive 
mater ia l to the environment. A 1000-gallon holding tank is provided for water discharged from 
the facility so that the water can be thoroughly checked for contaminants before discharge to the 
environment. The High Efficiency Par t iculate Air (HEFA) fi l ters placed in ser ies a r e provided 
to clean thoroughly any air discharged from the facility. 

C. Radiation Data 

The detailed analyses presented in Appendix B indicated that the highest expected dose 
ra te inside the conveyor area was 1 m r e m / h r with the lead shutter closed. The maximum meas ­
ured dose ra te there was 0.3 m r e m / h r ; this could be reduced even further by stacking lead bricks 
in the aper ture of the cavity leading from the pool area to the conveyor a rea . The highest dose 
ra te outside the facility from the cesium-137 within was expected to be less than 0.035 m r e m / h r ; 
the measured dose ra te outside the facility waB less than 0.035 m r e m / h r everywhere except at a 
small c revice between the first and second pool lids where the dose rate was 0.8 m r e m / h r and at 
a small 6 by 6-inch patch next to where the conveyor exits the s t ructure where the dOBe ra te was 
0.2 m r e m / h r . The crevice is being grouted, and a small patch of lead is being added next to the 
conveyor exit in o ide r to reduce even these low dose ra tes to background level . The 0.035 m r e m / h r 
value is at or below background radiation level In the a rea . In order to obtain this low level, some 
patch shielding has been provided to prevent radiation scat ter back through the conveyor path and 
access a r e a . 

10 



Ill, Site Considerations 

A. Site Description 

The Sandia I r radiator for Dried Sewage Solids (SIDSS) is located within Sandia 
Technical Area <TA) III at the northwest corner of Building 6720, as shown in Figures III-l and 
III-2. TA-III is located well within the boundaries of the Kirtland Air Force Base East a rea , which 
is a major portion of the Kirtland Air Force Base . TA-III is physically located about 6 km south 
of Sandia TA-I, which contains the larges t concentration of Sandia Laboratories personnel and 
equipment. The Exclusion Area for the SIDSS is defined as that region bounded by a c i rc le of 1 km 
radius centered at Building 6720. This definition places all of the Exclusion Area within the direct 
control of Kirtland Air Force Base (i, e . , e i ther mil i tary or Sandia Laboratories) . 

B. Meteorological, Geological, Hydrological, and Population Data 

The SIDSS facility is located approximately 1. 5 km west of Sandia TA-V. There a re no 
major distinguishing charac ter is t ics between the two s i tes . The above data have been very 
thoroughly tabulated, analyzed, and summarized for TA-V in Chapter III of the Hot Cell Facility 
{HCF) Safety Analysis Report. 

To summarize the description of the si te features, the SIDSS is located in a relatively low 
population density area. The closest distance of any location with personnel maintaining normal 
working hours is approximately 0. 25 km away at Building 6721, AH facilities a re sufficiently 
remote from the SIDSS that it is very unlikely that operation at the other facilities would affect the 
SIDSS. The location and populations of the other facilities a r e tabulated in Reference 1. 

The generally dry weather patterns around Albuquerque keep the annual rainfall down to 
an average of just over 20. 3 cm. Sheet flooding occurs occasionally and has been provided for in 
the design of the SIDSS. Tornadoes a r e quite infrequent, with a probability of 0,1 per year or 
l e ss . Most of the SIDSS (including the radioactive material) i s below ground level and therefore 
not vulnerable to tornado wind loadings. A pressure differential of over 6.5 psi between the inside 
and the outside would be required to lift the pool cover . A p r e s s u r e differential of over 2.5 psi 
would be required to lift the concrete cover atop the conveyor access a rea . Tornadoes which occur 
in New Mexico do not generate p re s su re differentials thiB la rge . 

The water table is approximately 150 m below the surface in TA-III. The high ion-
exchange capacity of the surface and subsurface soil would bind the cesium ions and would prevent 
rapid migration of the radioactive mater ia l were contaminated solids or water to be accidemly 
discharged to the environment. Adequate time would be available to c lear the a rea of contaminated 
soil before the ground water table became endangered. 

U 



SIDSS 

Figure III-l. Area HI Map 
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Figure III-2. SIDSS Plot Plan 



C. Security 

The SIDSS is wi.hin T A - m , which is a controlled access a rea with a security fence on the 
north boundary and with guards on duty 24 hourB per day. A security badge is required in order 
to gain entrance to the area . TA-III is within Kirtland Air Force Base, which is a controlled 
access base. An automobile decal is normally required for entrance to the base, and, in addition, 
a personal identification card is required during off-hours. 

In addition to the above securi ty features, a 10-foot high security fence is installed around 
the SIDSS and Building 6720. The gate to the enclosed a r ea is opened only when operations a re to be 
car r ied on at the SIDSS. The SIDSS control panel is inside the normally locked Building 6720. 
Building 6720 is unlocked only when operations a re to be carr ied on at the SIDSS. 

In addition to these features, special keys a re required to operate the SIDSS control panel 

in any of the four operational modes (described in Chapter IV). 

Personnel entering the securi ty fence around the SlDSS are required to wear personnel 
dos imeters and to ca r ry a radiation survey meter . 

D, Environmental Impact 

1. Modification to the Site 

The construction site inside the security fence surrounding Building 6720 was cleared 
of vegetation in conjunction with tes ts car r ied out more than 5 years ear l ie r . The necessary excava­
tion, backfill, and construction operations a re not expected to change the character of the si te 
significantly. 

2. Air Release Potential 

The normal operation of the SIDSS will not generate any airborne particulate mater ia l s . 
Airborne pollutants would be limited to small quantities of radioactive products which might be 
re leased if the integrity of a gamma-source pin were compromised from corrosion or mechanical 
f racture . In the event that this small amount of radioactive mater ia l were to become airborne, it 
would be filtered by the two High Efficiency Part iculate Air (HEPA) filters that a re installed in 
s e r i e s in the cooling air outlet of the facility. This event is discussed in Chapter VI. 

3. Water Release Potential 

After the Initial charging of the SIDSS with cesium, which tpok place underwater, 
no water is used in the facility. The normal groundwater level is approximately 150 m below the 
surface, so the only water that might leak Into the facility would be from thunderstorms. Care 
hat been taken to slope the approaches to the facility, to slope the covers , and to waterseal the 
jo in t ! of the facility. In the event water did enter the facility, the sump pump would attempt to 
d ischarge the water before it reached the height of the pins. An undetected leak in a source pin 
would have to be present and the radiation sen ior checking any water discharged by the sump 



pump would have to malfunction for any contaminated water to be pumped into the holding tank. 
Consequently, the probability of a water re lease of radioactive mater ia l is extremely small during 
normal operation. 

Administrative procedures require that the water samples from the holding tank b;' 
analyzed for cesium to ensure that concentrations a re well below the levels specified by the DOE 
of 2 x 10 uCi °f cesium-137 per mill i l i ter of water before it can be discharged to the environment." 

If water with minute amounts of cesium-137 were accidentally discharged to the 
environment, the high ion-exchange capacity of the soil would bind the cesium until the area were 
decontaminated, 

4, Personnel Exposure 

The shielding of the facility, as shown in Appendix B, iB adequate to reduce the 
radiation exposure levels to near background levels . No dose of over 0.035 m r e m / h r is expected 
in any normal work areas outside the facility. The dose ra te inside the conveyor access ;irea of the 
facility with the load shutter closed is only 0.3 m r e m / h r . This dose rate can be reduced even 
further ;/ extended repair t imes a re required in the conveyor access a rea . 

K. References 

1. Bernard, E. A. , H. D. Burreaa , and R. J, Dye, Hot Cell Facility (HCF) Safety 
Analysis Repor t , Sandia Laboratories, Albuquerque, NM, to be published. 

2. ERDA Appendix 0524 Annex A, April 8, 1975. 
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IV. D'rsrHption of Facility 

A- G'-nf-ral Description 

\< ,i...-.;»•., ;m elevation, anti a plan view of the S;.nd' J Jrr.i'iiat jf fji Dr )«••; .->C*EIJJI- i . l i l ' , 
iSifJSSj ;HC ilhistf ;.ted in Figure IV- 1. The facility is <iebi($ne>i i-> irr.viwiie ij> t^ <* ; jn4"iav >: 
He-wage s'jh'ls to :i radiation <J<>Hf; -jf 1 Miad. larger quantities •-! solids < an be j.r A t-sit ' l at ;i 
l'jv.er t'jl;il •]•)•;*• t.v adjusting [Qnvev'Jr speed. Both bulk an'! banger] dried m-ilena.-, i an he 
irratiiali-il. 

Major components of the system are shown m Figure r v - 1 . A temporarily water- fille-! 
PDOI lined with stainless Btcel is required to load or unload g a m m i - s a u r t c pins from the shipp.n^ 
cask used to t ransport them. When installed in the facility, thr- gamma- source pins was serure<i 
in a 2- x fi-ft source plaque. Wher .he plaque in in the pool area, a lead shutter can be closed >o 
prevent radiation Trom streaming into the conveyor a r e a . After the pool cover was secured ami 
the water pumped from the pool, a water seal was manually removed in the convevor area , (jnce 
the facility was properly secured , the lead shutter was opened to allow the source plaque tv he 
driven on t racks to the conveyor side of the facility. With the source plaque ;n place, the convevj.-
can he operated to transport material pftsl the gamma-source pins. 

Figure IV-1. Cutaway of Sandla Irradiator for Dried Sewage Solids 

26 



I 

c_^J-
J: 

D 

i ) . 

=1 ^ 

Figure IV-1 (Cent) 

17 



[•. ' I '• f jf-x' Mc- ju in p ' T i i m - V t ' -^hmr al ie*ails- MI 'he a c i o v '•oir.por.'-nt^ ;ir>- :•- -"r . : .< •:, 

! l . t iii:.ptKi'-f.' ! ) i -« " f .p * nr,s 

i [ i . s.en ( iiriHTr.-i.ntH 

I M or:.potn-n's oi 'ti» i r m hotor ; w -:• S I |>M- J <o l,i t* 'h i - r ad ia t i on i xposur* dos' 

r V i -o 1 i en. ' v r f o r w o r k e r s wsinu the f a d l i t ' . , an'! *o 170 m r ' - m ' v r IOOVD n tu ra l background fur 

: *>• • ; • • . ! -il ! i r " *U cnni i ' " " ' . " - : ;'. ,1). !),<• ' i s - " f rl.<- ; r r . i ' i ia tor , such i»S Jan i to rs , n.ai .M-: .r •• 

• • - - r.i • : . ' . i - • : . . , » . - r i . i l h - . n - i l ' - r j - . 

. ' . S h i - l ! i i , f> 

\ s 11 h is t r . i t i - ' i i:. !• i g u n - IV- 1 , M , : ' H . : . i ! r-r\ j i rc rn»- ins fo r j I - M l i t e s i u n - 1 ' ~ l'-.r: :• -i -

^ , ,;• .- , i n i .m- i . -n t i i r . !'),•• j u f K T uort ioi.?, or ' I . . ' M . O I A , i l l s d r « - -1 ft th ick . in ' ! the '<>•;<• r is -i :• 

M.i r .:, t l . v ( i i ! - i ! " U v . - r s . T h i s tlii< kn<-«,s. .s show in V .p -nd i x H, is id.-mi.tH- " J r.- i-v •• 

'•).>.»•-:•,'• ..-.' -N i i . -A u r g i n g a r c - nu is id i - the !>uil.kr.p '.o less th j r . U.Ol ' i :r.rf-m -'r.r over backer".•.!: '; 

.•!:.-! (!.•• Hut i rv r pi..que is or. t in- pool s id i* . Cr. <h-- r o n v c s o r s i ' i e of the f.i . l i t ' . , ,i s>-< uor. :.-: . : ( r -

.-:•.•».• . M ih ick s i 'p. i r . i l - -s l l . i ' s o u r r e irnm t in- upp'-r p.trt of the s v s t e m . Th is th i ckness , a.s l l l ' i s -

i n i i T l H I \ i ip iT i r l ix H, IS adequate to reduce dose- r.ttr- leve ls in the upper p.irt of it <• ' ' o r . v ' . o r 

.- in! , : i . ) ! ' ' ' : i ' - t i ! in less Hum f). NV) m rem.Mir ov-i-r background when the s o u r n - phiqu.- is Of. th< :>oo] 

si ' i i>. ll'.e V f t th i ck v. . i l l l i i - lwei- i i tin- |*i<il ,mtl th>- conveyor , t r i ' j is th ick enoi.gh to p rov ide •..ro*>-,'-

t ion f ro : : i the rad i . iUon to tin* s ide of the | e ; i d shu t t e r thai the lead shu t te r docs not absorb , \ 

. - r oss - sec t i on . i l d raw ing of t i n - l e a d s h u ' t - T is shown in \npend ix H. 

i l . Conveyor 

The ' ' onvevor sys tem shown in F i g u r e I V - 2 t r a n s p o r t s d r i ed sewage so l ids pas ' "he 

r a d i a t i o n s o u r c e . The conveyor s y s t e m has unusual fea tu res and is we l l su i ted :n i ts 'ask. The 

buckets a re suppor ted hv a heavv l ink chain that is extended to a l low the buckets to go around 

c o r n e r sp rocke t s wi thout contac: . but in the rad ia t i on f i e ld o r in the f i l l sec t i on , the chain sect ions 

co l l apse "o a l low the buckets to come together . In the rad ia t i on zone, th is fea tu re p e r m i t s vers 

e f f i c ien t use of the g a m m a - s o u r c e . In the f i l l sec t ion , bulk m a t e r i a l w i l l f i l l the buckets wi thout 

f a l l i n g between ' h e m . E i t h e r bu lk m a t e r i a l 8 i n . deep o r two 4 0 - l b bags w i l l f i l l a bucket . 

The sprockets allow very sharp turns to be made by the chain-bucket assembly. The 

buckets a re irradiated from both abox'e and below for a more uniform dose distribution. Normal 

operating speed for a 1-Mrad dose is approximately 4 in, /min. The upper limit of the recommended 

design speed for this type of conveyor is 30 ft/min. Automatically operated air jets clean and 

lubricate the chain continuously. 
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LOADING COLLAPSE SECTION 

IRRADIATION COLLAPSE SECTIONS 

Figure IV-2. Gough Max-Kcon Conveyor System 

The convenor i a celled Max-Econ and is manufactured by Gaugh-F.;on, Inc. . of 
Staffordshi re, England. 

4. Source Plaque 

The function of the source plaque is to provide a secure assembly for the cc-.Hiurr.-13 7-
f ilied gamma-source capsules. The plaque shown in Figure FV-3 holds 15 of tnesc* ganima-anur-i-
capsules for a total of 975 kC'i of cesium-137. The four wheels attached to each of two sides if tin 
plaque roll on a track. The track allows movement of the plaque between the- pool and convevor 
a reas . The tracks are designed so that any inadvertent granular mater ia l buildup will be pushed 
off by the wheels. Arms attach to the plaque to drive it with a cable assembly from outside the 
facility. The plaque is open to enhance heat dissipation hv convection. 

k 
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Figure IV-1. Gamma Sourer- Plaque 

5. Lead Shutter 

The lead shutter shown in Figure IV-4 shields the conveyor access a n a when 'hi 
shutter is in the clowed position and the gamma-source plaque is retracted m'o the pooi area. 
The f)-:n. -thick stainh-SH-steel-lined lead shutter is supported and aligned by rol lers helow and 
above. In the closed position, the shutter compresses a bellows that provides fluid p res sun to 
release the access cover lock if the system is in the access mr ie. Magnetically actuated reed 
switches also indicate when the shutter is in the closed position. Magnetically actuated reeij 
switches at both ends of the travel of the shutter limit the motion by turning off the drive motor. 
With the source plaque in the pool and the lea'l shutter closed, the radiation field is less than 
1 m r e m / h r at the location of the water seal in the conveyor area (see Appendix B for compu'ational 
details and diagrams). 

G. Gamma-Source Pins 

The gamma-source pins that contain r-esium-137 in the farm of cesium chloride are 
shown held in the source plaque in Figure IV-3. f-Iach capsule eontains ti5 kC i or cesium-1'!7, 
double-emapsulated in 316L stainless steel . The overall length of the outer capsule is 'iO. 775 in. , 
and it is 2.G25 in. in diameter. The other dimensions of the capsule components are tabulated in 
Figure IV-5, as a re the pertmem physical charac ter is t ics of the capsule. 

The capsules a re fabricated by Rockwell International at the Waste Encapsulation and 

Storage Facility (WESF) at Richland, WA. The welds made on the capsule a re ultrasomcally 

tested. The fabrication and quality assurance steps taken during manufacturing are described in 

the Appendix A. 
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C . Interlock and C on'rol .Systems 

1. Interior* Design Philosoph'. 

Several c r i t e r ia were paramount in dt-dtpni:if* the interlock and con'rol system*; 

a. Failure* of any single m'erl 'Hk con.ponrr.t annot result in ra hatior. 

exposure to operating personnel. 

b. Failure of anv single interlork K'.stem .-anno*, result in radiaron 
exposure to operating personnel 

c. To prevent radiation exposure to Opt rating personnel, no adminis! rah ve 
control is required during am operation except lor loading or unloading 
r.t'Ji at ion-source capsules, 

During .ill operations that could result in personnel exposures following .1 i'. 11111 r• • uf 
!.-.*!. tin- f.-b-ctrical and :r.ech.mic;i! interlock sys tems, 5 tfe Opt*ruling Procedures (NOI's) fjiropi-rK 
followed) provide- operating personnel with 1 third level of safety from exposure. These SOPK 
prescribe radiation surveys by qualified health physirists before workers ran enter the convex or 
areeM*- area. The proeedurc-s will also prescr ibe ihe use of "ch i rpers" and personnel dosimeu r s 
hv personnel at all times when they are within th<- security lence Bur rounding the facih'y. 

Because the iwo independent interlock svstems {one electrical and one mechanical) 
are m parate f-om each o'her phvsically and lunctionally, the possibility of common-mode failure.-* 
is minimized. 

Additionally, at least two steps of holding, with radiation monitoring before or after 
t!*e steps, are provided to prevent release of radioactive material to the environment either Uir-nij*!; 
s i r or water discharges. These systems a r e described in detail laier. 

2, Radiation Moni'ormg 

Outputs from radiation sensors play a key role in controlling the electrical m'erlock 

svstem. Sensor positions are shown in Figure IV-fi, and the sensilivitv of the d i t e n o r in each 

position is given in Table IV-I. 

TABU-. 1V-I 

Sensitivities of Radiation Monitors 

Sensor Sensitivity 

1 0. I - 1000 m H ' h r 
2 0. 1 - 1000 mR/hr 
3 0,05 - 50 m R ' h r 

4 0,05 - 50 mR/hr 
5 500 - 50. 000 counts/min 
0 500 - 50.000 counts/nUn 
7 0, 05 - 50 mR/hr 
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Figure IV- nadiation Sensor Locations 

The sensors and the associated circuitry have self-consistency checks that will be 
performed each time the system is used. The sensors are in use throughout Sandia and will be 
recalibrated annually by qualified health physicists, following maintenance, or after malfunction. 
Sensors 1 and 2 monitor whether the source plaque is on the pool side or the conveyor side of the 
system, and whether the lead shutter between the pool and conveyor a reas is open or closed. 
Sensor 1 is located inside the conveyor system before the final right-angle bend of the system, so 
that if any radioactive material is brought up by the conveyor, the system shuts down before the 
material can reach a position to expose operating personnel to radiation, Sensor 4 warns the 
operator whether any radioactive material is being loaded inadvertently into the conveyor, and 
also whether a radiation field exists in the dry solids loading zone. Because the sensitivity of tht-
sensor is 0. 05 mR/hr , ser ious exposure to the operators would be prevented. Sensor 5 is a Q-y 
a i r monitor that senses whether radioactive material is in 'he a i r s t ream supplied to the HEPA 
f i l ters . Sensor 6 is a 0-y a t r monitor that samples the air s t ream after the High Efficiency 
Par t iculate Air {I-IEPA} f i l ters . The a i r passing through the air monitor is passed through an air 
filter on a continuous basis for a permanent record of any radioactive re lease . If any air re lease 
of radioactive material through the HEPA filters should occur, the sensor will detect any leak and 
a l a rms will be activated. The blowers will be switched off in the event of a release combined with 
a HEPA filter failure so there will be little or no re lease to the environment. An air sampling 
port is provided just before as well as after the HEPA filters 60 that samples can be taken by 
Milllpore filters for more sensit ive measurements . If the HEPA filters a r e not compromised, the 
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ventilation system will bo kept operating lo prevent radioactive parciclcs from settling and contami­
nating the entire facility. Sensor 7 monitors the output of the sump pump. If water were to enter 
I he conveyor side of the system, the sensor would prevent ih'' pump pump from pumping high con-
'•er-.trations of radioactive contaminated water {••• ., iii.lriinp i ink. This measurement is not partic­
ularly sensitive and must he supplemented hv taking •>. s.triple fro::-, the holding tank ,md analysing 
it in a counting chamber before the water ran he released to the enviror nu-nt. 

3. Flectrical Interlocks 

The electrical control system is designed to operate in four separate modes depending 

on the operation being earned on at the facility. The four modes (Figure rV-7) are as follows 

a. The OFF mode conditions the alarm system to allow the facility to be 
unattended for long periods of lime. If the radiation or fire sensors 
are triggered, the loeal audible and visiU* alarms (with emergency 
power backups) operate until th f- problem is corrected. 

h. The ACCKSS mode is used whenever it becomes necessarv for 
someone to enter the conveyor access area. The main interlock 
feature uf this mode is that the access caver lock, which prevcrts 
removal of the access cover leading to (he conveyor side of the 
facility, is released only when the radiation sensors register 
within preset l imits. This interlock system prevents the access 
cover leading to the conveyor from being removed unless the lea'! 
shutter is closed; this prevents radiation exposure of personnel 
entering the cavity alongside the conveyor. When the access cover 
is lifted, a switch on the cover provides the signal to lock the 
shutter drive mechanism, and power to the shutter drive motor is 
automatically turned off. If radiation levels exceed preset alarm 
limits or if high temperatures activate the (ire sensors, the system, 
except for ventilation, is shut down, and audible and visible alarms 
(with emergency power backup) operate until the problem is 
corrected. 

r. The NORMAL operating mode is used whenever the only operation 
to be carried out is irradiation of dried sewage solids in the 
conveyor system. Ln this mode, if the radiation or f ire alarms go 
into an improper state, the conveyor system is shut down, and 
audible and visible alarms (with emergencv power backup) operate 
until '.he problem is corrected. 

d. The LOAD-UNLOAD mode is used when it is necessary to transfer 
gamma-source pins to or from a shipping cask. The princ la l 
feature of this mode is that the pool cover cannot be removed 
unless the pool is full of water, as indicated by a float switch. 
When the pool cover is removed, a switch turns off the pool water 
discharge pump, 



IMPROPER RADIATION OR FIRE 
SIGNAL SHUTS DOWN SYSTEM 
AND SETS AUDIBLE AND VISIBLE 
ALARM 

SHUTTER -CLOSED SWITCH 
RELEASES ONE ACCESS 
COVER LOCK 

IMPROPER RADIATION OR FIRE 
SIGNAL SHUTS DOWN SYSTEM 
AND SETS AUDIBLE MiO VISIBLE 
ALARM 

ACCESS-COVER-OPEN SWITCH 
LOCKS SHUTTER OfilVE AND 
TURNS OFF POWER TO SHUTTER 
DRIVE MOTOR 

POOL-WATER-IEVEL SWITCH 
RELEASES ONE POOL-COVER 
LOCK 

POOL COVER OFF 
TURNS OFF DISCHARGE 
PUMP 

Figure IV-7. Electr ical Interlock System 

The above paragraphs desc r ; be onlv the basir operation of the electrical interlock 
system. The less important features a re described logically and schematically in Appendix C. 

4. Mechanical Interlocks 

As a result of the design philosophy used for the interlock system, parallel backup 
mechanically operated interlock systems were designed for the cri t ical operations (ihose operations 
that could result in direct exposure to opertuing personnel if the electrical system failed). 

The cri t ical events were identified as follows: 

a . ' : e conveyor access cover could be removed with the lead shutter 
open, 

b. while a person was in the conveyor access area, the lead shutter 
could open, and 

c. the pool cover could be removed with the gamma-source plaque at 
the bottom of the pool, but with no water in the pool. 

To prevenl 'hese events from occurring, even in the event of an electrical system 
malfunction, a mechanically actuated hydraulic system was designed. The hydraulic pumping 
action of tho system is provided by bellows. The bellows ar*1 either compressed by mechanical 
action to provide fluid p ressu re or are expanded by hydraulic action to provide mechanical motion. 



The actions of the basic systems are described in Figure IV-B. In the first system, 
the final quarter-inch closure of the lead shutter pumps a bellows that provides mechanical action 
to unlork the access cover. When the access cover is removed, a bellows action provides motion 
to loi'k the shelter drive in the- closed position. The second system uses water p ressu re from 
filling thf pool to unlock the pool cover. Stainless-steel hydraulic lines and Inconel bellows have 
been selected for the system. 

SHUTTER-CLOSED SENSING 
BELLOWS RELEASES ONE 
ACCESS COVER LOCK 

ACCESS-COVER OPEN 
SENSING BELLOWS LOCKS 
SHUTTER DRIVE 

SHUTTER-CLOSED SENSING 
BELLOWS RELEASES ONE 
ACCESS COVER LOCK 

ACCESS-COVER OPEN 
SENSING BELLOWS LOCKS 
SHUTTER DRIVE 

POOL-WATER-LEVEL SENSING 
BELLOWS RELEASES ONE POOL 
COVER LOCK 

— _ ^ — _ _ 
Figure IV-8. Mechanical Interlock System 

In the design of the system, several problems have arisen and been resolved. A 
hydraulic operating fluid had to be selected that would not freeze at temperatures down to -30"c 
but co: !d stand the high radiation field without deterioration of physical or chemical proper t ies . 
No such fluid v/as found, but as a solution a transfer bellows was placed in the hydraulic line 
immediately after the line left the radiation zone. Water is used in the portion of line inside the 
pool, and ethylene glycol is u£ed in all other hydraulic lines. Problems occur even with water 
because the radiation field very slowlv converts water to H 2 , 0_, and H 2 0 The hydrogen 
peroxide is slightly corrosive but decomposes rapidly and is no problem. However, p ressu re 
from the hvdrogen and oxygen gases will build steadily. To correc t this problem, palladium, 
whic). catalyzes H and 0 2 to HgO at room temperature , is vacuum deposited Bhto the inside of the 
bellows from the water-filled section of hydraulic line to prevent p ressu re from gas buildup. 

5. Electrical Control 

Several features of the system are controlled electrically. The source plaque 
and the lead shutter a re mctor-driven and are turned off by magnetically actuated reed limit 
switches in the radiation zone. Manually operated switches that can turn off the sump pump, 
ventilation system, conveyor, feed hopper, and electrical outlets are provided on the control 
panel. Indicator lights are provided on the control panel for all electrically actuated equipment. 
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D. Ventilation and Cooling SyBtem 

The system for transporting air through the facility serves two functions; first, clean 
air flowing over the capsules in the source plaque tends to cool them; and, second, the small 
p r e s su re differential between the air outside the facility and the air inside helps confine any radio­
active aerosols that might be generated by a Leak in the capsules or an accident inside the facility. 

Air-flow in the ventilation system is shown in Figure IV-9. Air that enters the conveyor 
system is contained by the metal on the sides of the conveyor frame. The conveyor air system, 
aside from small leaks, is separate from the main air system for the res t of the facility. Air that 
flows past the gamma-source pins enters through a prefilter beside the hole through which the con­
veyor system enters the concrete s t ruc ture . The air flows down beside the conveyor to the location 
of the gamma-source plaque, which is contained in a s tainless-s teel- l ined cavity between the upper 
and lower collapse sections of buckets. The air flows axially alon^ the cylinders through a section 
of the s ta in less-s tee l - l incd cavity to the pool area and out through a 4-in. s ta inless-s teel pipe to a. 
vert ical 12-in. polyvinyl chloride plastic-lined air shaft to ground level. A fan pulls the air 
through a double HEPA filter to contain any potential radioactive release, This Filter never comes 
in contact with combustible mater ia l s . If radioactivity is detected after the HEPA filters by the 
permanently mounted p-7 radiation sensor, audible and visible a larms are triggered. The air 
s t ream from the 3-y monitor is continuously passed through an air filter for a permanent record 
of any radioactive re lease . 

The geometry of the gamma-source pins and the airflow past them is shown in Figure 
IV-10. The thermal propert ies of the pins and plaque have been examined. In the case of no 
airflow, the centerline temperature of the capsules would be expected to reach 450°C. With the 
design airflow, the centerline temperature of the capsules Is reduced slightly. A ^- transi t ion ac­
companied by a volume change of approximately 17 percent occurs if the temperature of 451°C is 
exceeded by the cesium chloride. The capsules were filled with molten cesium chloride at grea ter 
than 648°C and allowed to cool, so the volume expansion that accompanies the phase transition could 
cause no probiemc. Because of convective heat t ransfer to the steel l iner and concrete and subse­
quent conductive heat t ransfer to the earth, no excessive temperature could occur even if the airflow 
were stopped. 

E. F i re Control System 

Basic elements of the Tire control system are shown in Figure [ V - l l . Heat detectors are 
placed in the conveyor at the locations shown because the dried sewage solids are the only materials 
that could possibly burn in the facility. If a temperature of 57°C is reached in the upper section of 
the conveyor access area, the heal detector senses it and an audible and visible alarm activ .tes, 
causing a solenoid actuated valve to open and the conveyor system to be flooded with carbon dioxide. 
The CO,* being heavier than air. ' i l l s the conveyor. An override valve is provided to switch off 
p r e s s u r e to the valves so that personpel would not suffocate if the valve opened while they were 
working m the conveyor access area. 
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V. I)i -i ripiiori of Op< r'l'i'ins 

\ . Int reduction 

'I ! i - ofjf rations r a n i'-tl oui HI thf irradiation laeiLr. can be divided :uv» fi-. e separaf 
:• i i . i.or,i - "i m- firs- rai'-ti"? •• i> "he (jamma - Kuuf i - pir. loading operation. '! his operation is 
p i r 'o r i i . i " ! win r. !)n f:i i l if- :>• in tially cha; ged wr l ; r ad inactive r: a ferial, or vvh'-n th*- uamma-
>i.n: -••- is i i-rhni ;;* '•. i he !%*•'• on*l catererv o. 4, era' mr.s iH labeled "norn.al" operations. Th' se 
n|x-.-,it OILS vvrr.l-! In- regarrJed ;IK th< normiil lunation of 'he racih'y: source plaque extension and 
re ' r . I ' l ion, lead shutter dosing and open.rig. hulk ..t.d bagged material loading an'J unload ng, and 
r-( nit in.- rn l i it 'on sens'ir rh< r-Kuul. 'I he ili.rd iti t 'or\ of operation includes nl] procedtn es wl.ere 
the on\' -. fn -ic'-r-Ks '•'>'.• r must )>• r'Tr.ov-d. I h> .T- pr oce-iur es an convevor repair, s\'..p' N-VS 
'o .-!:• K !or I. ,iks. in-i un' 1 r M-H! installation air: removal. The fourth ategor-. o: opi nr.ioi: .s 
pi-rfoi-i, '"! v.h. n He :a<-T.t s placer) m S'l A.M'HV 01 ( »|-'F mode and is -o he left unattended for 
•it<v tenglh of t,;r.i-, I I < fmrd fati-fjorv of operation is the p:r. removal procedures for dr-ro.'i.n. .--
MOII iin il.e f?> ihf . Nnfe Op' rating Prnreiiures tSOP) are being wri'ten for all these operations. 
These operations wil l now be described in detail. 

H. I' 11 Loading I'rocedu r es f LOAI)-T'\LOAD Mo-le.) 

When the H.tndi.i Irradiator Tor Dried Sewage Solid* (SlUhS) is iMtiallv charger! f , r recti. trge.j 
v.nh Waste Knr.itisul.ilion and Storage K.i'-Mitv at Hid-.Ur.d, \\ \ rWLSL) • -4ps:J s, spec...] : .rn .,..tioi.<-
must !)•• Liken. The presence of a professional he ,1th, physicist is required -hiring .11 the ster>s i.'t 
ihcB" procedures to prevent exposure to personnel. In preparation for the load a.g, '.he facility i::ust 
be keyed in the ACCI-.SS mode and must be prepared for the wdtcr seal installation procedures 
described in Paragraph D of Section V. After the source plaque bridge assembly has been removed, 
the water seal has been installed in the convevor side of the facility, and the access rover replaced. 
the pin loading can commence, 

The control panel for the facility is keved into the LOAU-1'NLOAD mode. The lead 
shutter is then opened. The source plaque is moved into a position inside the cavity be'ween th' 
conveyor ares, and the pool area. In the event n pool cover broke and'or was dropped, the plaque 
would be protecied. After the High Knergy Pa:ticulate Air (HEPA) fi lters and the blower 
are removed, the pool is filled with deior.i/ed water through the ai;- outlet port. Unun the 
pool is f i l led, two independent mechanical and electrical interlocks disable the lock that prevents 
the pool cover from being removed. With a health physicist present with a radiation survey meter, 
the three concrete pool cover slabs are removed individually with a crane. As each slab is 
removed, the shielding is reduced, If the electrical and mechanical interlock systems and visual 
inspection of the water level fai l , radiation would st i l l be detected while at a level low enough to 
cause no danger. When the pool covers are removed, a water level controller is installed. The 
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source plaque is pulled into the pool area, the a rms attached to the source plaque are r e m o u ! 
and t!.e "ource plaque is pushed back inside the cavity between the pcol and the convcvor a reas . 
Tin- lcid shutter is closed to give additional s tructural protection in t- ai><' the transpor* task should 
:.'• dropped. If necessary, 'he cables are loosened and allowed to drop to the side sn thrr t!n-
•.ranspori cask has adequate clearance to be lowered tn the pool bottom. Several stainleHS-.-terl 
'•:>nan-.s are placed on the hottom of the p. ol 'o d:s*rib\i:<- !h' weight of th< cask am! to pi-even: 
'earing of the s iamless-s lee l pool liner. 

The <-ask is readied for lower.ng into t! e pool area b\ removing most of the holts holding 
:• c • o <-• in place. A rnne is used to lift th( cask, and slings attached to eye-bolts a re u-- i 
•-> support the cask. A secondary set of slings is a:iarhed lo the covr • so "hat nfli r 'hi- r : ,s* ,.-
lmvi red into the pool and the remaining cover bolts removed, the cask cove. • an nc pull-d on! nf 
•};• n"ol. A release of accumulated ozone usually accompanies the removal o' !he c o v r . arid 
pi rsonnel must clear the area for several minutes to allow iht a/one to dissip.it* \ iri il 
e-.acua'ion will tie conducted before the actual even'. 

The lead shutter is r e t r a c e d and the source plaque u, moved into the pool ;in-.i ijj.nn. The 
source plaque cover is unlocked and fl.ppea open, Thi- WI'NK capsules are movi-d fi dm he r.isk 
lo thi- plaque with :ools specialK designed by Hockwell International at !{.• nlaiM, l\A, I ;.• ' i rs i 
p.n to lie t ransferred is a dummv sourci pin 'O be used ;n a drv run. After the pms ,-ir' pi in - ! in 
•he plaque, they are secured in place hv a locking cover. The placici î  mo-.ed into l:u c a v " . in.: 
ihe lead shutter closed again. The crane ib then used to remove the cask from the pool. I'M 
cask cover is placed on the cask, the cover bolts are lightened in pluce, ami the cask is shipi" <\ 
out. 

The lead rhut ter is opened mrl the sour re plaque : s moved back n.tu :!n :»«.] ,.r.\, AII;. ! ..i. : 
ing tools. The cables are reassembled jnd the drive a rms are attached to the sour' •- p:.K|u> . [ h< 
source plaqu'- is again moved into tie- cavity. The pcol covers .in- rej,:tic>-:i, .ind '!.•• \<i\"\ ;•<•.••:• lo. 
a re enabled. The pool water is pumper) into a 100U.-g.iUon holding tank, and s.uMph-s o! the •-• . i-f i 
checked before the contents are discharged to the environment. The ventilation system i> 'hen 
reinstalled. The source plaque is moved to the pool, and the lead shutter is closed once again. 

The control panel is keyed into the ACCESS mode, and the access cover is removed. 
After health physics personnel survey the area with radiation survey mete r s , the water seal is 
removed and the source plaque bridge assembly is replaced. Personnel must wear "^hi rpers" at 
all t imes while in the conveyor access area. After careful inspection, the personnel leave th< 
conveyor access area, the access port cover is replaced, and the interlocks a re enabled. 

The facility can now be switched to either the STANDBY mode or the NORMAL operation 

mode. 

http://dissip.it*
http://100U.-g.iUon


f . Norn.-i! Operation*-' (\f)HM.\r, Mode) 

I . (J . I 'MJlt lOt! 

Normal operation.- aru those- tha' can or- performed by workers using :l.t facil.ty withou* 
i.-'.ger of -• &diat:on exposure. In these operations, access 'o tin- conveyor a< cess area or the pool 
area .s no; required. 'I ho operations are conducted frarr. the control panel :n Building »'i72 0 or at 
•hi- OT.V vor loading an'! unloading Btations The opera' ions that fit within this category are 
rariial.oj. j-ensor checkout, source plaque extension and retraction, convevor loading and unloading, 
*nd lead shu' ter closing ami opr-mng. 

J. Hadiation Sensor Checkout 

'ii-for'- 'he facilitv can bo u se ] !or anv purpose wh-j'.L-vcr, several routim- p: " f ; u ' i-mar*. 
s!'-:.s ;.iM l,<- "uK.-n. l-'irsi, l»efo:-' entering the ser-uritv [en<e, tl}] personnel mus' .iiiji-;i r.ici.mo:. 
\- i '.(.'--s tii liie*.!' '-.otliiiig. \t Building dTHi, r.tdi.-.lion s u r v v meters and ' c(iirp<-rs' Ail! !>*.- sioreo 
!..!• u<-e tj-, |n-rsc;:ii.-l v. iihin the sei-urit', fence. These surv-v meters , ip ' routinelv rln\-ked u.r! r ,'.i-
bi'il.-il hv SanHia Division '-i:i 1 2. personnel planning to use the facility must first enter HuiMinp '1720 
lo perform -i radiation sensor cheek. The radiation alarm systems have self-consist.-ncv eh'" k 
s\>. ii.-h'-s for oath of the six radiation a la rms . Tli'-pe switches must he turned to Ui<- proper* posi'ion 
io ,is*-nre :ii;i! ti.i- sensors .ire working prop'-rlv. AHcr the sensors a re ; becked, , pi-r.so:; v e,,r-
mg .i TI I) badge (personnel ••.onitoring device) and -A ill: a ' chirper ' ' it. !i:s possess!or. r;i,.S' :• ika- .. 
r.i I i-i I lor. K irv.-v of the <-nt i f - ficilip. In-for.' ar v fnrih. r operations fall he e a r n e d out. 

a. Lead Shutter Opening and C losing 

When Ihe faeilily is left unattended (Of'K mode), the source plaque is stored in the pool 
area and the lead shutter is kept :n the closed position. After the radiation sensors and the 
electrical interlock system are checked, thr- lead shutier is opened by pushing the "shutter 
opening" switch until the "shu' ter opened" light comes on. When the shutter is completely open, 
position switches in the pool disable the shutter drive motor and the operator can re lease the 
button. The opening requires approximately fi min. All personnel should remain in liuilding (J720 
during this operation. The shutter can he closed by pushing the "shutter closing" switch until the 
"shutter closed" light comes on. When the shutter is completely closed, position switches in the 
pool disable the shutter drive motor and the switch can be released. The closing operation 
requires approximately G min. Electronic logic does not allow the shutter drive motor to close 
the shutter unless the source plaque is fully retracted into the pool area. A torque-limiting clutch 
on the shutter drive motor prevents damage to the source plaque and shutter if the electronic 
logic or the position indicators fail. After the shutter has been opened the source plaque can be 
extended into the conveyor side of Ihe facility. 

4, Source Plaque Extension and Retraction 

The source plaque is extended by pushing the "source plaque extending" switch until 
the "source plaque extended" light comes on. When the source plaque is fully extended, a position 
switch in the poo, disables the source plaque drive motor and the switch can be released. The 
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' •:•*.-•.si j ' lakes apjiv'-JXi :na'el\ 1 :•!;•• -!."> sei . Klectrome- logic prevents the f- j . n e plaque drive 
. j ; ir IIO::J ex"-n<inig the .--jiuct plaque unless '.lie shutter is t'ully op'*n. A lorq.ie- linntmy i. Intel. 

• • ••.(- -> nirci-' nla .lie drive ;:i.iiur prevenls damage t J the source plaque and the shutter 1:1 tJ ; t- i-vei 
• • i ' IIM IrjiiK logic if ' ne p.jsili jn indicat Ji s lai 1. S > ir<e plaque extension take.s approximate!'. 

. Vici ••,(.• s J.I: i'L' piaq-.e extension has Leer, performed, a radmtijn s :.;rvt'\ miis*. he pe: 
• • •:.v, ••: ».:•,(; jpef a t - r with a serve;. meter bel'jt i- t;,e ri.-:iiji!:i:!(i personnel leave iluildiny • 7JU. 

t- jj.i .- a - JI :..•;*: I v. ear a personnel ::IJMI! M I'lj-1 UevicL- and Nave a c u r p e r ' i ;i his |)u.-ssesM-j:i 
.,)• '_.'. '... • j -it; ' !IL* s .I 've.. I hi- - iiu ce pkiq le i :.'. •>«• ; et t at 'ed •••. ;)• , ' , i r .e 'hr V J irci- n-i - uc' 

• t' - H I " (. intil the ".S'Jiirrc re t racted" light • 'Mies in. When Die light r j:nes m, a p IHUI n. indi 

i ti' j r •-• i tie pool disables the source plaque drive nvjl >r. The retraction lakes approximate]-. 1 *:i 

I'onvevor I oad:r.(j and reloading Operations 

A Her the source plaque has been extended and a radiation survey ronJ-'cteJ, the-
u;.. ' '.a; ,-;i:, .'.•*- opi rated tiy pushing the "'< o.-ivevor or." uwilili. The- personnel ran •hm h n-.-

M . . I ng t)7.;0 to perform the c o n v v o r loading and unloading oper a'lons. 

The conveyor ran he loaded with '-lther bagged or hulk dried sewage sludge-, A 
•. .i.'-iiO'v U fd hoppi-r is provided to load hulk maierial . The capacity of the hopper is ,ibuu' 
•'l. "' '•") . iind the hopper must he kep [ load'-d with hulk n.at'-rial. Hecause of tl c slow M or.,on o! 
•:<- --nmevor (-t in. ''m.n), the hopper can he kept loaded h\ (land. The height of lhe sh.dj-i m tl < 
",;ck'-l is automat.callv "".miroU' <l hv ai:rusl;ng the fi-ed rate of 'he hopper. Any sludge 'hal :-oi.l-i 

:all fro:: 'lie buckets >n tin- loading operation is caught in a nay below ihc buckets. Tin trav n.'isi 
be cleaned periodic allv. Two 4 0-lb hags of sewage .sludge are of the proper dimensions to fit into 
one convevor bucket. The depth of the sludgr- in this case is 8 to 10 in. Sinci a bucket muK* hi 
loaded only everv '*• to ~i mm in operation, tin- buckets will I•'• n.anually loaded with bags. The 
'•o'lveyor moves so sl<iv.-'.'. that mechanical danger from nmving par ' s is very remot* . The 
•"on\ eyor chair, is automa* icallv cleaned and lubricated v. it It molybdenum disullVh -luring oper;it:o;i 

The bulk material is autamaticalh dumped from the conveyor bucKels into ;i cont i:c.t-r 
on tl.e wi-st side- ol the facihtv. Bagged sludge is automatically dumped from "he buckets <m'o ; ) 

palle' . 

[i. Maintenance- (ACVKSS Mode) 

All the operations that require* personnel to enter the cunvevor access area have been 
lumped togethe: under the title "Maintenance Operauons. " These operations include conveyor 
mFpection and repa i r s , conducting swipe tests and water seal installation and removal . 

The procedure required to gain access to the convevor access area is common to all 
•hree operations. With the facility in the NORMAL operation mode, the source- plaqne must be 
fullv retracted and the lead shutter fully closed. The facility can then be switched into the 
AC'C'l'SS mode. With the lead shu' ter properly closed both the electrical and meihanical inter­
locks allow the access cover lock to be unlocked manually. With a health physics representative 



present wi'h a survey meter , a small r rane must be used to remove the access cover. When the 
access cover is remove] ho'h the electrical and mechanical interlock systems lock the lead 
.shutter closed. The health ph.s icis t with survey meter, personnel monitoring device, and 
"r-hirper'' rnust survev *he conveyor a c ess area before other personnel enter the area. The dose 
rate should be less than 1 rnrern ') r it. th<- houorn ni 'i.<- urea and murh less '-Isewber'; is; the .KC.-S.S 
area . All personnel entering the conveyor access area must wear personnel monitoring devices 
and have "chi rpers . " 

The conveyor is very simple and ih operated at a small fraction of its rated speed. Fnr 
iiif-sc reasons, verv few repairs are anticipated. I'er iodir- inspections of the drive chain HI.'J the 
collapse set nons will he made. Repairs to the "onveyor can be made by remov.ng the s.de pa:.eN 
to the conveyor housing. 

Swip<- tests v. ill he performed at least once annually nn the cesium-1 '•! garnm.'i-sri'irci-
capsules . The swipe tests j n - conducted by placing a swipe test fixture into the sciuf-e nhique 
liridge tr;'."k l.uusing. The fixture is so constructed that it presses cloth swipes, or 
glasr fiber swipes it the temperature ts high, against the top and bottom of the capsules over 
almoin, the entire length of the capsules when the source plaque moves over the fixture. The swipe 
tesi if conducted by going through the above piocedures to obtain access to the conveyor acci m-
arca . The swipe test fixture' is insetted. Personnel leave the conveyor access area and replace 
the access cover. The interlock systems are enabled, the facility is switched back into \OHMAI 
operations mode, and the lead shutter is opened. The source plaque is extended, and in the 
process of extension a swipe sample contacts both top and bottom of the capsules over almost the 
entire length of each capsule. The source plaque is then retracted and the lead shutter closed. 
The Tacility is su ;tr;hed into ACCHSS mode, and the conveyor access area entry procedures 
described above are followed to gain access to the conveyor access area. The swipe test fixture 
is removed from the conveyor access area. The access cover is replaced, the interlock systems 
are enabled, and the facility is switched back into either the NORMAL operations mode or the OKF 
mode. The 30 swipe samples (2 per capsule) are analyzed fcr cesium-137. Detection of greater 
than 0. 05 dCi of cesium-137 (1.1 x 10 dpm) indicates a probable leaking source. 

In the event of a leak, only two possibilities exist. Because no provision is designed into 
the facility for dry loading, the normal underwater pin unloading procedures can be carr ied out, 
while tolerating the slow leakage of cesium chloride into the water; or if the leak is very large. 
the facility can be decommissioned with the source ii place. 

In order to remove or install the water seal over the plaque pass-through cavity opening, 
access must be gained to the conveyor access area by following the above procedures. To install 
the water seal , the source plaque bridge assembly must first be removed. An undamaged rubber 
seal is installed over the studs around the cavity opening. The cover is lifted from below the 
conveyor and pushed over the studs. By installing nuts on the studs and tightening the nuts to 
compress the rubber seal, water is prevented from passing from the pool side to the conveyor 
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s ide . H • n:oval of the wrtter sea! is "he r e v e r s ' of these p r o c e d u r e s , ( i hv ious ly , the pool mu.-

hr- empt ied of water be fore the water seal is r e m o v e d . At no l i m e du r ing itu r e m o v a l proc» dure 

-hou ld the swing ing a r m i n s t i l l e d over The cav i t v opening tip secu red to p r e v e n ' it f r o m hanging 

- • r - i gl ( -i'l'.'.ri. Thr func ' ion of the a r m is to p revent the sou rce plaque f r o m ln-int: pushed on 'o Mi 

t' luo: ;>f :!)<• ror.ve-.or area .; sonv-one inadver ten t l y f o rye ts to .ns ta l l o r r e i n s t a l l tin s o i u n 

p laqc i !T:d(jf* t r ack assembly . A f t e r i ns ta l l a t i on o r r e m o v a l is r o m p h t e , pe rsonne l \< -ivc ; : . i -

o:ivf-v<ir :ir> r-ss a r < „ ai:d the access cover is r<-pla<'« '!, The i n t e r l o c k s are e:..i: h d. it::-: :':.< 

i i i \T. .- swuc l ed ;nto wh ichever of 'he oMier th ree merles thai is needed. 

I . Standby (OI-F Modi*) 

V. .Mi i) the f a c i l i t y is s w i t c h J 10 'he O I F mode, r , an he h-fi una'U n.ted fo r e>.t< rid' •; 

p. n o d s df n rne . The rad ia t i on a l a r m s , the i n t e r l o c k s y s t e m , and the venu la t . on svs ten .s m 

op' r.-itjonal .n th is mode. The a l a r m sys tem has b a t t e r y - suppl ied e m e r g e n ; \ backup S M I H I J - . 

power , l ' r : o r to sw u f i in^ the f a c i l i t y 10 the O F F .-iodi- the sou rce nlaque shoul i !>< n . n e t j to ' In 

i :o- ' - iHc of the f.«i i l f v . 

I- 1' I 'n loadinf i P r o c r d u i e s 0 . O A U - 1 ' N l . O A D Mode) 

The same p rocedu res ar t fo l lowed to p r e p a r e the f a c i l i n f o r p in unloading .is wi re 

fo l lowed in th i p in loading.' p rocedu res . I f no r a d i o a c t i v e m a t e r i a l is con ta in* - ! in Hie shrppi ' .g 

cask , 'he cask . over can he removed be fo re the cask is l owered into the p in l i a n s ! r pool 

Remova l of the cask covi r must m p e r f o r m e d in the p resence of a qua l i f i ed heal th p lv .s ic is t vr.t i. 

su rvey me te r and " c t u r p e r " . . . f t c r the cask cove r :s l owered into the pm t r a n s f e r pool -he I. .-, • 

shu t te r is opened and th ' sou rce plaque is moved out of the cav i t y Between rhi pool area an' l :1K-

r o n v e v o r a rea nto the pool a rea . The top of the sou rce plaque is re leased hv t u r n i n g the cove r 

secu r i ng ho l ts 1 '4 t u rn wi th s p e n a l l y p repa red 20 - f t . - l ung too ls . Some or a l l of the pins can be 

t r a n s f e r r e d to the cask I r o m tin source p laque. The cask cover is lowered in to pla> e through the 

w a ' e r , and seve ra l bol ts art s c rewed on to secu re the cask cover to ihe cask. The cask is l.fte-i 

oil* of the pool w i th a c rane , and the o the r hol ts are s< tewed on to secure f i na l l v the cover I n ' 

sh ipment . The r e m a i n i n g steps to secu re Uie f a c i l i t y a re desc r i bed in 'he p i n - l o a d i n g pro> edure­

sec t ion . 



VI. ACCICKT.' Categories 

A. Introduction 

In 'his ."hapfr, low proba':ulit\ '-vents whose occurrence could damage the facility or 
iniure workers or thi- public are analyzed. These events are called accidents and are separated 
into four maior categor es: 

a. ,icci'lents that could occur when sourer- pins a re being loaded into or unloaded 
from ihe facility, 

b. a c c i d e n t that could occur when maintenance opera ' ions that require access 
to the cnnvr-yor access area are carr ied ou', 

c. accidents that could occur when norma! operations (irradiating sewage sludge) 
are e a r n e d oul at the facility, and 

'1. accidents that could he caused by natural d i sas te rs . 

1 ach of these categories lias specific acciden's that are conceivable. Kach accident is 
described along with the measures taken 10 prevent its occurrence. The consequences, if anv, of 
each accident are discussed. 

H. Loading and Inloading Gamma-Source Pins 

1. Introduction 

During the operation of preparing the facility for the loading or unloading of the 
source capsules, various accidents could occur, including dropping the pool cover, dropping the 
transportation cask, releasing shielding water from the pool, and removing the pool cover without 
water in the pool. Kach of these accidents are discussed in detail below. 

2. Pool Cover Dropped 

The pool cover consists of three separate , thoroughly reinforced concrete slabs placed 
on top of each other over the pool cavity. The covers have a combined thickness of 4 ft and a 
total weight of approximately 80 tons. 

The covers a re removed individually with a crane and cable sling which attaches ai 
four lifting points built into each cover. Failure of the crane or cable assembly or a fracture of 
the lid during movement would cause all or part of the cover to drop ei ther onto other covers, 
onto the pool edge, onto the ground, or into the pool. Possible damage to the facility is minimized 
by res t r ic t ing the lift height of the upper three covers to 3 in. maximum above the cover below. 
The final cover must be lifted 12 in. to clear the radiation shielding step in the pool edge. 
Additionally, all lifting equipment has been designed with safety factors of 400 percent or greater . 
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The lifting points on the covnrs will be inspected regularly and the cranes used in this operation 
are regularly proof- and load-tesied. 

In preparation for removing the pool cover, the source p^que :s extender: m'O the 
cavity between the pool area and the conveyor area to provide further protection. The pool must 
be full of water before the pool rover can be removed; the water provides additional cushioning for 
an-, objerts falling into thr- pool. Therefore, any objects falling into ilie pool woubi be slowed by 
t!ie wa'er and could damage only ihe cable assembly and drive a rms , but not Ihe source plaque. 

This elaes of accidents could not result in a fracture of the gamma-source pins, and 
therefore no radioactive material would -..e released. As lon^ as the acc:den> rest:lt.-> in r.o ob.iei ts 
tailing mto the pool, the damage would be relatively minor, a -i appropriate concrete patch:ng 
should repair the facility for operation. Water could be kept in the pool uniil the repairs wer<. 
effected. If objects fall into the pool area, damage to the drive a rms and .he cable assembly 
m.ght result. If this damage were simple, n could be repaired with tools from above, in some 
las ' -s , with wafer m the pool the a rms can be removed from the source plaque and the source 
plaque can be pushed into the area between 'he pool and the convevor. With the lend shutter 
closed, the pool can lie emptied to allow direct access to 'he drive assemblies . Tor any hut the 
simplest ri pa i rs , 'he radioactive material must be removed from the facility to allow- access . 

t. Transportat . pi Cask Dropped 

The gamma-sou :ce pins are transported in Department of Transportation approved 
casks. The cask consists of a base which holds the pins and a cover that is bolted in place. A 
double cable sling arrangeirn nt s used to lift the cask and lower it into the water-filled pool. 
After the pins have been removi d from or installed in the cask, the cask is lifted out of the pooi. 

During these operations it is possible that crane operator misjudgement or mechani­
cal failure of he crar.e, sling, or cask could result in the cask being dropped. If the cask were 
dropped outside ihe facihtv no damage would occur berause the cask is adequately designed to 
sustain drops of 30 ft onto an unyielding surface. If the cask were dropped while over the pool a rea , 
the water would cushion the fall of thr cask somewhat. The s ta inless-s teel pool l iner might be 
damaged slightly, but the 24-in. -thick concrete base of the facility could sus*am the impai t with­
out major s tructural damage. In order to minimise any possibility of damage to the source plaque 
during the cask-lifting operations, the a rms are Jisconnected from the sourer- plaque, the sou re • 
plaque is pushed into the cavity between the conveyor and pool a reas , and the lead shutter is 
closed before the cask is lifted. 1 lie lead shutter and the concrete above the cavity provide sub­
stantial protection to the Bource plaque. 

This class of accident would not result in any release of radioactive mater ial . At 
most, the facility base might be damaged and the pool liner slightly damaged. Physical injuries 
to employees would be prevented by s t r ic t adherence to administrative safety procedures . 
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4. Shielding Water- Release 

The pool mus* be filled with water far gamma-ray shielding during gamma-source pin 
loading or unloading or during repair operaiionG on mechanical equipment installed in the pool 
area. During any operation that involves removal of the concrete pool covei s, automatic water 
level controllers and water level a larms are temporari ly installed. Accidental re lease of this 
shielding writer could resul t in radiation exposure of personnel working in the area. Release of 
the pool water could be caused by inadvertent operation of the pool-emptying sump pump, a leak 
in the water seal installed in the conveyor- area, or a massive fracture of the pool s ides. 

Accidental re lease of the shielding water could occur by sump pump actuation. The 
facility does not have a gravity or natural drain From the pool storage area. All water must be 
pumped ou*. The sump pump is a low-volume pump capable of 10 ga l 'mm. At that ra te , the pump 
would requi re 2i . 9 lirs of unnoticed operation to drain the pool. 

The load or unload cycle takes significantly less t ime. The accidental use of the 
sump pump is prevented by the interlock svstem while the alarm systems are on. 

The other possibility of water leakage is througn the vater seal between the conveyor 
area and pool area . This normally would amount to a small volume of water leakage. The en ,:rol 
system prevents the removal of the pool covers without there being an adequate water level in the 
pool, [f no water were added, the water in the pool side would leak into the conveyor side and 
eventually stabilize at a depth of 7 ft 7 iu. above the pool floor. Additional water would, however, 
automatically be added to provide adequate protection from the source plaque. 

In the event of a massive fracture to one of the pool s ides, the automatic water-fill 

system could probably keep the pool fu'l until emergency action could be taken becpuse oi the low 

porosity of the soil that is densely packed ground the facility. If the fill apparatus could not keep 

up with the leakage, a high-rate Till hose from an available '3/4 in. water pipe or a water tank truck 

would be used to keep the pool full until the covers could be refitted or the source material removed 

In all the above situaiions, the automatic water level controller would compensate 

for minor leaks (less than 1 gal/min) and the a larms would sound if the water level changes more 

than 2 in. below the rec/ured level. 

In general , water release does not represent a very significant hazard because the 
re lease would occur at a very slow rate compared to the pool capacity. This slow leakage rate 
allows adequate t ime for correct ive action to be taken. 

5. Pool Cover Removed Without Water in Pool 

The pool cover is removed when charging or recharging the facility. Pool cover 

removal without shielding water being present would represent a radiation e x p e - r e hazard to 

personnel. 
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During the procedures to he followed for pool cover removal, Health Physics 
personnel will be present with monitoring equipment. Since the pool cover consists of three 
separate- covers , readings can be made to assure that the radiation levels stay within predetermined 
levels as each cover is removed. 

The facility safety design uses both a mechanical and an electrical interlock system 
to prevent cover removal. There are two pool cover locks; one is released if the float switch 
senses the proper water level, and the second is released if a mechanical bellows senses the 
proper water p ressure . Fur thermore , the removal of the pool cover can occur only if the key-
controlled function switch is in the LOAD-fNLOAD mode of operation. 

If all systems failed, there would not be any damage to th •• facility, but a potential 

would exist for a low-level radiation exposure of personnel while the first cover was removed. 

C. Maintenance 

1. Introduction 

A number of accidents a re possible that affect maintenance operaiions performed with 
the facility in the ACCESS mode: the shutter opening while m the ACCKSS mode, the shutter 
jammed open, the shutter closing on the sourre plaque, general inechan.cal damages, and a 
person accidently being Locked in the facility. These accidents are described in detail below. 

2. Shutter Opens in ACCESS Mode 

The lead shutter provides (he necessary shielding from the r< tractod source plaque to 
allow access into the conveyor area . Without the shutter in place, personnel entering the con­
veyor area would he exposed to harmful levels of radiation, but the event would cause no damage 
to the facility. 

The entrance to the conveyor area is made through the access rover which has two 
locks. One lock is released by a mechanical bellows and indicates that the shutter is closed. The 
second lock is released when i magnetic reed switch senses that the shutter is closed. When the 
access cover is removed, the mechanical interlock system and the electrical interlock system 
separately lock the shutter drive. In addition, the power to the drive motor is shut off. 

As a result, entrance can bt made only when both interlock systems provide a positive 
indication that the shutter is closed. Once access is gained, the shutter cannot be operated. Once 
the access cover has been removed (with a craiie), a qualified health physicist will survey the ac ­
cess area with a radiation survey meter before other personnel are allowed to enter. 

3. Shutter Jammed Open 

The lead shutter used for shielding is moved between an open and closed position 
depending on the operation to be performed, The shutter is moved by a motor-driven cable 
arrangement to drive a lead screw. Since this electr ical-mechanical system has a number of 
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components that may fail, the various situations that might occur to leave the shutter in ihe open 

position are described. 

Wiih the shutter in :he open position, the water seal cannot be installed due to 
radiation exposure that would be eni-oumerr-fi. As a result, any repair of the drive system 
elements located within the facility, such as chain arrangement or the lead screw, would require 
filling the facility with water. Since the water seal is not in place, water would fill both the pool 
area and the conveyor area, but this represents no serious damage to the facility. If extensive 
repa i r s to the shutter are needed, the source material might have to be unloaded from the facility 
and the pool drained. 

More ser ious mechanical deformation of the shutter and its drive system is mini­

mized by a torque-limiting clutch on the drive motor, 

4. Shutter Closes on Source Plaque 

There is a remote possibility of the lead shutter closing on the source plaque while 
the source plaque is not completely retracted, This event is mentioned since the two devices 
t ravel paths that c ross each other at right angles. The resul t of this type of accident could be 
damage to either the shutter or the source plaque or both. Any damage, however, would be 
minimal because of torque-limiting clutches on both drives. Repairing damage from this type of 
accident would require filling the facility with water and performing r epa i r s ae needed. Depending 
on the severity of the repa i r s needed, the radioactive material may have to be removed by normal 
unloading procedures. 

The prevention of this type of accident is covered by a number of features included in 
the design of the facility. The source plaque has both electrical and mechanical sensing devices 
thai indicate when the shutter is totally re t racted. Without both types of sensing switches indicating 
retraction, the shutter cannot be operated. The converse also holds; that is, the source plaque 
drive system cannot be operated until both sensing systems on the lead shutter indicate the shutter 
is open. In addition, radiation sensors are an integral part of the control system that determines 
the location of the source plaque and the shutter. Control panel logic prevents movement of either 
device unless the other device is determined to be in the proper position. 

Assuming both control panel logic failure and the failure of the dual-sensing indicators, 
the final safety measure includes the torque-limiting clutches of each of the drive motors. These 
devices would minimize damage if the two devices were driven simultaneously. 

This type of accident would represent no ser ious damage to the facility or harm to 
personnel. 

5. Mechanical Dangers 

Under this heading is a collection of items related to general mechanical dangers 

encountered during the Initial aetup and normal operation of the facility, 
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The drive systems for the source plaque and shutter a re internal to the facility 
during normal operations. During initial checkout, personnel may be required 10 verify operation 
of these drive systems. The conveyor drive system is partially exposed — mainly for process 
material to enter and r-x.it the conveyor. With any moving svstem. there is a possibility of injury 
to personnel. The movement of the pool covers and the access cover can al:=o be vn-we-1 as 
po'entiallv injurious operations. 

Safeguards for all of the above types of danger will consist mainly of adhering 10 
sound safety practices during all phases of operation. 

6. Person Locked In 

Entrance to the conveyor area can be accomplished onl> in the ACCK-SS mode of 
operation. Removal of the access cover can be effected only when there are no exposure hazards 
to personnel. A crane is required to r e x . e me cover. Also, entrance to the convey01 area 
requires that a qualified health physicist be present with monitoring equipment. An intercom 
system is used to maintain contact With personnel in tins area . Visual checking is performed 
before sealing the area. 

This event is prevented by str ict adherence to administrative procedures . 

D. Normal Operation 

1. Introduction 

During the normal operation of the facility, several accidents are possible: a sourc< 
pin could develop a leak, the sewage s'udge could cat"h fire, organic dust from the sludge could 
cause an explosion, the conveyor could jam against the source plaque, the conveyor operation 
could injure someone, and the source plaque could get jammed on the conveyor side or in the cavir. 
between the pool and the conveyor area. Each of these accidents and then- consequences are 
discussed in detail below. 

2. Source Pin Leak 

During normal operalion, the source pins are extended into the convevor area, if „i 
pin were to develop a leak, radioactive material could be discharged and either settle in the 
facility or be carr ied by the cooling air system up lo the ('ocble High Efficiency P.ir-icuL.m V.r 
(IIEPA) filter discharge-air filtering system. 

The only ways for a pin to develop a leak thai .-an be envisioned are defective capsule 
welds, corrosion from within or outside the capsule, and mechanical fracture from malfunction of 
the conveyor, source plaque drive, or lead shutter. 

The welds on the outer capsule are leak-checked bv filling the voul U twoen :he 
capsules with helium before welding. Afler the weld is niude. the capsule i.s leak-checked with a 
residual gas analyzer, 
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Mat'-rialH compatibility studies o: the cesium chloride and the s tainless-steel l iner 
have ii'T.-n p(-rfornn-'i and arr- ' l e a c r h f : m detail in Appendix A. Capsules stored m water and for 
up to 2 mo:.tl.fi -11 a:r havr- shown no degradation of the inner s ta in less-s tee l liner upon sectioning. 

Substantial mechanical protection IH provided for the source pins in the source- plL.nu*-
fr-ame and in the Jiousing that surrounds the source pi.J que while it IH it, the extended position. 
Torque-limiting clutches are provided Tor all mechanical equipment tha' could exert force on the 
source plaque during a malfunction. 

Were a leak to develop in a source pin from any of the causes discussed, the minute 
t races of radioactive material discharged would most likely remain on the surface of the capsule 
where it would be detected by swipe tes t s . If enough material were to leak so that it fell from the 
capBule, the mater ia l would become a ; rborne and either be filtered by the 1IFPA filters or settle 
on the open surfaces in the facility. If any material settled onto the buckets, which is extremely 
improbable, a radiation sensor would lurn off the conveyor before the material reached the 
outside. If water dissolved some of the cesium chloride, a radiaUon sensor would prevent the 
sump pump from pumping it to the water holding tank. 

[f the 3-7 air monitor, which is located after the second filter surface, detected 
radioactive material , the air entering the filter would be sampled about 1 ft ahead of the filters 
through an air-sampliny port. If the air samples corrobor ated the presence of radioactive 
mater ia l , ihe source plaque would be retracted into The pool area and the lead shutter closer]. 
Sampling filters placed in-line after the p-7 a>r monitor take a cumulative recording of any 
radioactive re leases from the facility. The NEPA filters will be checked before and after 
installation with the homogeneous dioctylphlhalate (DOP) method by health physics representat ives. 
If swipe tests did not detect which capsule was leaking, the pins would have to be loaded for t r ans ­
portation back to Richland, WA. The shielding water would probably become slightly contaminated 
during this loading procedure. The facility would have to be thoroughly decontaminated after the 
accident. The water would also have to be decontaminated before discharge. 

3. F i re 

The facility structure and internal components of the facility a re classed as non-

combustible mater ia l . F i re concern is limited to the sewage solids passing through the conveyor. 

Heat detectorp in th? conveyor area a re used to detect a fire and initiate an 
extinguishing system. If the heat detectors sense an abnormal condition, the audible and visible 
alarm sys tems are activated and 'he hopper feed system shuts down. Another preventive measure 
controlled by a heat detector is the actuation of a solenoid valve that re leases carbon dioxide into 
the conveyor area. 

The above represent adequate measures for the detection and prevention of fire, 

which in any case would be limited to the sewage solids. 
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4. I . xp los i rm 

The onlv m a t e r i a l w i t h i n the f a c i l i t v cons ide red exp los ive m the organ. ' - .lust fr ' -rr. t* 

v.-'i.-li- r r . : i ' e r n l :o hi- p r o c e s s ' " ! . The f a c i l i t y is ' les igneo la p rocess either d r i ed hulk m a t e r i a ; o 

: . LV" :..:i!er ,z.'.. '. )•' :> i tiiJfri :: . r .e r ia l in ;n>t :^T[HI !•:<•'. > Xplos iv i s m r r :hi m a t e r i a l :s ron!.s;i i 

'{'"•< i r i f l sulk wante* m a t c r i i i l gene.-;- i-n a sn. ; i l l imoun! o' dust t f a l noss.b iy cou ld • 

0 . p ,., ..,-,. , xp los i ve WIKMI exposed to open ThiiM' •••, No burn ing o c c u r s as p a r i o l the i . i n l . f . 

op' [••,'.or., ih ' - rebv r educing th is pOBBiln h i - . . I f air. bui Hup of 'hi- fJu.-sl occu rs , the ct n v e \ o r 

-;•. -•• I- w 1' '>r* . acuumr-' l on ;i r e g u l a r ' as,« • > - i l lev ..*< Mi- cond i t ion . 

I f th is i-vi-nt •::>'. or c iv , "lie r-xploseir. -vijulu <r. ur w i th in '• '.»• en:; \ " v o r .-JYBK. n. w h . r n 

:s OiiSTur-T'd of t K-.N. s tee l panels. 

Th<- o n v c \ o r is a l - n open to the a'nmttpher*- rii -he load and unload pTinis w h i r l ; 

p r o . He ri vent path 'hat p reven ' s a pi '-KfiUr*' (mi ldup w i t b m the r o n v e v o r 

An exp los iun of t.'i e o rgan ic dun! wou ld br cons 'der *'e| a i . un l i k ' - l v n,, n l - i t . 

">. C o. ' iv-yor Jams Ag.n.iHt Sour^ i - [Maque 

VWh the f a c i l i t y in a tinrm.->! opera i .ng n.ode, J:e sou rce pl. ique is extender! \a m-

w. t i . i n -he come.vor d r i v e s y s t e r ; . t ' onh .de : ,-t ion is giv< n to the p o s s i b i l i t y of dan.age Tiiat might 

occur it 'he mov ing convevor sys tem lams against the extended n o u n ' p laque. 

T o prevent th i s (-\ent, the m n v e y o r h&.i been Mod i f i ed to inc lude a s tu rdv n i ta l h ' i \ 

wh ich accepts the e x t e n d e d - s o u r o - p laque. A K a r e s u l t , the con-.e^or d r i v e svs te in canuo' dan JJ 

The source plaque wi thout f i r s : damaging the n.ela l box The o m e v o r opera t ing :' :> - f -rv «!<« 

npi-ed M in , ' m m ) , a lso has a to rque- l i m n i n g ch i t ch to p rev t nt se r ious damage to the me ta l box. 

The design o f the box and *he low spi-e-1 of l h " conveyor r e p r e s e n - a p p r " p : iat. s.ilV-

guards against the o c c u r r e n c e ol th i s event , 

i i . Mechan ica l Dange-s 

[t i n o r m a l ope ra t i ons , mechan ica l danger s a re l i m i t e d to only two mo-, nig K.vsten'h, 

wliir-h y r e the c o n v e y o r - d r i v e and the hoppi r - f eed s y s t e m s . 

The conveyor svs le i r . and feed sys tem opera te at v e r y s low speeds, thus redie-,:;,. .. 

p o s s i b i l i t y of phys ica l h a r m to o p e r a t o r s . The convenor sys tem is covered so that none of the 

svs tem is exposed except f o r the s m a l l openings fo r the en t rance and exi t of the m a t e r i a l :o be 

p rocessed . 

N o r m a l a d m m i s t r a t i v i sa fe 'y pj aciic< s w i l l he fo l lowed to p reven i h a r m to op. i -ators. 

http://'onh.de


7. Sour' f Plaque .lammed on C'onvevor Side or in Cavity 

The source plaque is moved from the r e t r a c e d to the extended position a". *he start of 

the NORMAL mod'- :;f opTanon . The process s reversed a' the end of the- NOKMAL mode, 

t ons; deration .s giver, to tin- failure of the plaque *o mo-, e m :r.-- p .oper direction 
because of jamming. The plaque being jammed in the extended position J,as beet: disc\.s-rij ;••, 
\ ' I . D. 5. The plaque cannot be jammed in the r e t r a c e d position since '.here are no o'h'-: ii-vic^s 
that rould eause jamming, 

This event reb ices to t'ailur" of t).<- plaqu' --irive evsv-rr.. Ri-psi: v/oul : \«- pcr:'ort;.i '. 
by filling 'he facititv with shielding water an-: -orre' -ir.g the problem. If the drive r. ntor : i.\>- ., 
ti:e shi ldng water fill would not be required. 

The jamming or failure of the drive system represents no harm to persor.n'-l or 
damage to the facility. 

I: Natural F vents 

Several na'ural events are considered that r-oulri resul" in damage to he :\ic.'.,' : fino-ls, 
earthquakes, anil tornadoes. 

1. Floods 

Of the three types of events to be described, floodinc is tin- most prohabl- . ['.oodi.'u' 
a* the S.'e from the overflow of the It io Gramie River n- unlikelv because the sit* elevii ion ,s 
approximate!" 100 m above the r iver channel. Localized aheet flooding due to thundi-rstorr 
activity does occur occasionally, but because the site is situated on a slight r.dge, all dra.n-igc 
would be away from the site and any flooding that occurred would be minor. A sligh - grade •> 
provided up to the facility to prevent this minor flooding from affecting the fa> ilitv. If floe! wut<-
were to enter the facility, the damage to 'he facility wnuld be minor and the sump pump would 
clear it out. 

2, Earthquakes 

Seismic activity for the Albuquerque-Helen Hasin, which >onlains Techn: t\ \-.-< , 
(TA) III. has a relatively high occurrence ra te , but the magnitudes a re low on the order o: 
Richter magnitude 'A. n or less , 1-arthquakes of higher magnitude have occurred; however, ideo­
logical evidence indicates that significant earth movement has not occurred fov- several hundrcl 
yea r s , and historical evidence indicates that the largest earthquake expected within a lOO-y a> 
period is Richter magnitude f>. 0 (Ref. 1). The low intensity of the earthquakes coupled with the 
substantial s t ructure (mostly underground) of the facility f4-ft-thick reinforced-concre'e walls 
and 4-ft-thick reinforced-concrete covers) will provide adequate protection. 



Tornadoes 

Mbuquerque is classified aB a region of low occurrence of tornadoes, with an annua! 
•ifiencv ol 0. 1 or less. Because of the low frequency of tornadoes and the fact that moei of the 
•in-ture O! she facility is underground tornadoes are not a significant design consideration. I:* 
urnado were to pass directly over the i'acilitv the most severe damage expected would be 
iiru'-vofi o! the part of the conveyor that extends above the facility. 

References 
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V[[, l-'anhl1. ! 'xp;inMnri 

Hi ••aiisf >f tli. '.'• rv specific goals establ. ,ed for the Kandia Irradiator for Dried Sewdjj'-
Solid* (SlIJSSi. ii is anti' ipatf-d tiiat the facility will br in use in tin- Uent'ficial I'ses Program oni> 
about ', vcars, During that time period, 'he cesium-1-17 wil l have decayf-rl only 12.2' r.. This 
small amount of <l<-i-av ran easily be compensated for by adjusting the speed of the conve'.or. 
Uur nn this *ime period, it is r.nt anticipated tha' 'he facility will be upgraded with replacement 
gamma-source pins of cesium- l'!7 or cobalt-'jO. 



VI'I. rnvironmental Mon tormg Program 

\ P' eoper.-itional Sampling 

:\i. enviroi.n.ental mo:i;'Oiii(, progr.itr. r.js be. r. cor.Uuc'ed a: Sandui Laboratories 
•\:b',querque (SI.\) since I (i59. Over the years eo.l. vegeta::o:., .surface water, and deep vvt-;j 
v.-.iter have be. n analyzed for uranium, plutu:i:uir., grojen beta, cesium- I H 7, and stro:iiiu.T.-:JO at 
i':l-rvnls ranging from quarterly •'• annually. I he n.aier'alB anaiv?ed, analyses prrfo: mi (I unci 
frequencies have varied considerably depending on the opi rations being conducted by SJ.A at each 
s-i-.pl ng occasion (References 1, 2, ' i , 4, '>). Hei ausi ol 'h< observed variations in background 
li • i Is. additional soil, water, and vegetation sample- v.ii: '.e taken at H minimum of ten selected 
B.-:t:.;i!iiiR sites just pnor to S;i:id.a Irradiator for Ijrie.j S^v-ayr- Solids ISI I ISSI start-up. 

Tie so.l and dried vegc-tn*:on samples . ' i i . :.e *=;•'. r: o;;. half of • i i. sar.p'.i '•'•;ll be 
rirore-; for poss Me future anal\ .,m: the o'Jier t.alf will be gamri.:i-.-r :inrn-,l lor cesium 1 17. 1 hese 
sr.nple.c would provide background data in case an accident invtu\iri(i .-, radioartive release were 
ever 'o O'cur. 

B. Operational Sampling 

\ o release of res.urn 137 is anticipated; •! anv particulate n-s-un,- \'*.7 v.i-r>- • I'ieHSi d. 
nio-' of ii (greater than 9!) 95"") would be cap'ured cm tlir sene.- of ll igi; i n- rg . Particulate Air 
(111 PA! fi lters in the cooling air discharge ] , n e. The first su- fr. - of the first IIJ :p \ f i l ler wi II ).. 
swipe tented initial!v and at least once monthly for the f irs. ' • 'iths of operation. The sampling 
frequencv will decrease to once every 3 months thereafter If m-harge -o tl f i lters v. ere 
i •, er to occur, tiie filter in-line after the 3-7 air monitor aula t,i inalyzed for cesium - I'M to 
plari ;m upper bound or. the source term for air dispersion of cesium- I'M. 
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f\. U'asT. Handling 

\ . 1 rilT ciriu> ' i on 

As stated '••'irlit-r, except in tl:e case uf serious accidents, no soli "I <>i liquid rn'i.OjCl.v-

-.-. n.ste should r'-sult from the use of the Sand:a I r radiator for iJr <•<'. Sewage Solids iSIDSS). Th< 

waste-handling procedures for the accident r a ses described in Chapter VI are described below. 

]i. Solid Wastes 

Radioactive solid waste could result only from liquid radioactive waste- , leaning 
pro' edi;res from manual decontamination procedure. 1; 'mtiertaken in the event of ii gamma-^ou :c 
• apstile leak, from contaminated sludge, or from contaminated High Kfffclency Particulate Air 
On.PAl filters An approved burial ground will be used for disposal of any solid radioactiv- was'.e 
from the SlUSS. 

C . Liquid Wastes 

Radioactive liquid waste could result only from water coming in contact with a leaking 
fcamrrut-sourci capsule dunny charging or decommissioning of the facility or in '.he event of a 
ser ious flood. Should one of these events occur, '.he water in the facility will be decontan:mated 
as thoroughly as possible with ion-exchange resins before being pumped to the 1000-gallon water-
holding tank. In the instance of a low-level leak that would pass the sump pump radiation sensor 
without triggering it to turn the sump pump off, the waste might be t ransferred to the holding tank. 
The water in the holding tank will be sampled and evaluated for cesium-137 in all cases before 
discharge. If the level is low enough, the liquid will be discharged to the environment. If the 
radiation level is higher than allowed for discharge, the water will be passed through additional 
ion-exchange resins until the level is low enough for discharge. The ion-exchange resin beds will 
be handled as solid radioactive waste. The disposal of the beds is described in the previous 
section. 



\ . Qinlttv 'Xsaur'aiiP* and \ccepla"ce Procedure H 

A. Introduction 

' -ji:al:ty - i^uravce prograr h .- !."•<•:. ippi.i : :c i! r :r-*ign ar.ri will '.e applied :n rl.i 

fjr-.-'.r-.r 'ion .m! reding of the Sand.a Irrad.ator f(.r )>r.e<\ Scvage solids (SIOSS). 

i!. I acili ' ies 

'I hi design and construction of tin- SIDSS an- sasically conventional, and us such the level 

! •!.( jualuy assurance program applied in thesi .. r eas : t l onsiderc-d to be 1 ,c\ i 1 (. . This level 

>r fiLJ • i; j--.• ussurnncc is described in Hit- document 'C,n..tlitv Assurance Programs foi Sandia 

I - i ba rvones" which Htuir fuses const rut'iion programs of the Laboratories. 

Several critical components havi N-en identified an ! will have tes ' s associated with tl.eir 

ricceptance. The stainloss-stee] pool liner, piping, and ;-avity liner wiil he dve-n-sied 'or k-aks. 

The lead shutter will be x-rayed for voids in ihe lead, and the control console Will be • lectricallv 

•este-i .n the presence of Sandia personnel. 

After the convevor, eourcc plaque, and shutter are installed h\ .Sandia per sonnel, the 

contractor will return to perform the final wiring. I he lanl i ty, including all components and 

iircrloek sys tems, w:U have to pass a thorough checkout before it will ue an-i-pted by Sandia. 

After acceptance from the contractor, the cri t ical omponents of the system will be cycled 

a number of times ove- a :i-wrek pi-nod for reliability checks before ihe facilif. \s charged with 

radioactive mater ial . 

Before the gamma-source pins are transferred to the SIDSS. the outside container will be 

swipe-tested 

C . Operations 

The quality assurance program will be supplemented by establishing a continuing test 

program that will assure that the system and components of the SIDSS continue to oper ate p rope rh 

and by maintaining accurate records concerning the facility. These records will include operating 

logs, inspection and test resul ts , results of safety reviews, repair actions, operating procedures , 

radiaiion surveys, swipe-tests resul ts , equipment records , up-to-date copies of blueprints of ihe 

facilitv and its components, and qualifications of operating personnel. All these ai tions will be 

i •jurdinatt-d under a continuing and comprehensive ijualrry assurance program that i-j n>w being 

dt-ve! jped. 



SI. SIUSS I)r-rontnrriiin''On 

I l.i- .'.'imli'i frr. i !•;•!• >r Tor linr-fi S<-wnp- -Solids fSIDSM LB i-xpe.~t.ed to be used ny the H*-n< f;: i ii 
l m-s proi; ran ur.t.l ,-i:«o H 1'<H-I. M t;,;it ' . i ; : . ' - der.-.'jijM r-il.on plants of a enr.ilar design w,U If 
on hue. ! hi- op'-r;ttiori of tJn SIJJSS m-v,- become unrT't-'-shary, ant], if BO, the facility will ;.'• 
di commissioned. 

I! •:•:»• WJJ.SH oper.tli'H an antiCipa'ed, n<" de^or.'ami nation of the- facility Will be nertssarv. 1 i.<-
gamma-source pins will be unloadf-'i ;JF per thi- procedures in f iiapter V. -Swipe tests wil l be 
conducr-d in the poo! and eonvevor nrens 'o v'Tifv tha' no residual ceetum-137 is If ft, and tkt-
f't- i l . 'v wil l be dwommissionr-ri. 

If an accitien' OTUPP that products a leak .n one or more ' apsulef. various components or 

tl I- MOSS mav become ror.'am'.naTed. In case of such an pvent, the Sanciia Health Pnysics Division 
is responsible- for dire' ting the SIIJSS decontairmati^n operations. As a safeguard agamst such an 
event all surfaces which one might expec* to become contaminated are lined w.th es'her stainle-s 
sii'L'I or plastic. 

Portions of the fncil.tv that iniphi need decontamination include the poo! area the -av:t\ 
:>etwr.-n the pool and conveyor areas. High Kn'-rgy Particulate Air (HKPA) fi lter holders, and 
v.ir.ous components m the air patli of the c -ling air for the source p:ns. 

Any residual cesium-137 on ihe m'erior of the stainless-steel liner wi l l be removed b\ 
washing. The wash water will be decontaminated with lun-cxchange beds. It is improbable that 
the m!prior of the facility would become so contaminated that washing operations would be 
inadequate. 
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i-nmarv of l.mcrgencv i'l 

1 :it* pr _»(>••• i'i'-j;i*JUSi- • • HM\ .-•.>'[•:. ii.- ' . i .-:'ii' i -1 u radiat i-J."I anomaly .i> indicated !n 

:><•] - inm-l aiar::iinj! i -e-imeiei JV s irve'. rit-u-t . - i • -Jtiit-'iiJitt- cvai'iiiii; J:> JI' the irradiator silt* 1 -

diHtan< e Jl r)00 fee' n more . The resp-in.sihk- l.ealth phi'Mrist and upc?-ali:ip organs /a! i ->n repre 

i-Mative .si. j j |d he i ontaeted. 'i lit area hi. ;.;] : ui- : c.-:"i-i e.; j.-ilv hv the heaMk phv.->p i.-l ;ir.c a:: 

jieraii'.g or^ani/atiun representative- with a S-ITVL-V .r.ete: and alarming dos ime te r s . 

I tie rri'diat.'Jr .should he reentered an!'- a» Jai a>, 'he cuiur J1 panel hy tliu.se I no pe iple. 

, ,t -A i v - gaii-T.a sep.S'j!'!- and the r-v air ::L J M I ' T S should he examined fur 3n alar-ned 

i! Mi' gamma sensor J .':ls aiM the - •• air ::iontt-/rs are not alarmed, the reason for 

"K- -.-.-tt'i:i alarin .should he ascertained and r .i reeled. If the cause is a convuvor jam, the HOIHTI-

pl;i.| it- slrj'ild he retracted, the shiil'er < 1 ised, and the ; jnvevor repaired. Ii the caii.se is a po».cr 

raii ' ire, logic e r r o r , ground Tav.lt '.rip, -'i ut.'ie; :::inor :eu.->On, the prjhlern : hould he corrected 

a-i-i Me ai;ir'i: .sv^tein reactivated. 

If the convevor exil alar in, c 'invi" i; cri'i arice alai i:i, h'imp pump a la rm. ' j f r - y a i r m u n -

il-jr a la rms are activated, the .sensors should he ( necked t r jm the console. If a release to the 

atmosphere has 1>een detected hv '.v.v sei ond - - . an rr.or.nor, the area should l*- i-vac'Lated imrne-

diatelv and reentered onlv bv a team of experienced decontamination special is ts , Thev :.m.si 

asi ertain the extent of the release and take appi upriate action. If the sen iors check j'jt i orrecUv, 

a radiation survey should be made cautiuuslv of the enti ie area ;.nd particularly of the activated 

sensor . In the case of the gamma sensor s , the survey meter readings should corrobot ale or 

disprove the readings. If the readings are i orrobu/ated, the- extent and q.-anut,' of the leak must 

in- determined by survey and sampling. 

]f the first ?-v air monitor is a larmed, the extent '>f the leak should be ascertained by 

analysis of the filter paper contained in the instrument. 

If a swipe test determines that the leaks are slight, the source plaque should be re t rac ted , 

Mie lead shutter closed, the bridge assembly removed, and the water seal installed if possible. 

If this is not possible, the entire facility can be Tilled with water , the lids removed, and the pins 

iransferred to a shipping cask for return to the hot cell facilities at Richland, WA. The water must 

he cleaned up with ion-exchange resin beds and disposed of properly. 
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If the source plaque is jammed or if the lead shutter is jammed open, the entire facility 

must ho flooded with water, the lids re mo veil, and the appropriate steps taken to extract the 

plaque and : emov? the pins. 

C. Call Lists and Checklists 

Emergency call l i s ts with the t e k i n a n e numbers of the facility operators and the respon­
sible health physicists ""ill he provided at the Rate at the entrance to the area surrounding Build­
ing 0720 and bt the operation console. An emergency inspection checklist will also be provided at 
each of these locations. 



XIII. Summary of Employee Training 

A. Training Requirements 

Personnel associated with the i r radia tor can be separated into two ca tegor ies - - i r r ad ia to r 

operators and sludge loading and unloading personnel . 

Sludge loading and unloading personnel need only minimal training concerning radiation. 
They will not be exposed to dose rates above background levels in tneir normal work environment. 
They must understand the need to wear personnel dosimetry badges and the need to car ry person­
nel alarming dos ime te r s . They must be trained to leave the area immediately if the a larm system 
is triggered or if the personnel alarming dosimeters indicate any anomalous situation. 

The i r radia tor operator is responsible for normal operations and for conducting swipe 
tests on the source under the direction of a qualified health physicist . Consequently, the training 
necessary for an operator is both extensive and intensive; it lasts approximately two weeks. 

An operator should have a high school level or higher education. He should be capable of 
understanding the concept of a graph and be capable of understanding very simple algebraic equa­
tions. If the operator does not have these capabilit ies, he must intensively study the first several 
modules in the training program to be described. 

The operator should complete the described training before operating the i r rad ia to r , 
lie should receive the training at Sandia Laborator ies . Albuquerque, NM from Division 4535 anu 
Division 3312 personnel or from a Sandia designated subcontractor . 

B. Training Program Contents 

The training program is divided into two pa r t s : a general nuclear training program and a 
training segment concerning the i r radia tor explicitly. 

A video tape training program prepared by NL'S Corporation is suitable for the general 
nuclear training p rog rams . An outline of the required sections for this training program is shown 
in Table XIII-1. 

The second part of the training program concerns the operation of the i r radia tor . An 
outline of the training topics is shown in Table XIII-2. 

The described training, complete with hands-on operation of a s imilarly designed i r r a ­
diator, is adequate for a person who will operate the i r r ad ia to r . After successful completion of 
the training program, the operator will be certified by the training organization. 
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TAHLE XIII-1 

\ucu:-.*;irv l-:ie:n«ntK -A tMt_- XT.'S VieJc-ur Training Pr'jgra 

Module 2 - Mask: Nuclear Concepts (H.MC) 
(Prerequisi tes - Power Principles Hasics 'f'jpics 2, .'J, or 4, or equivalent) 

Unit Title 

1 Mathematical ?vIanipulations 
Mathematical Notation 
Scientific Notation 
Dimensional Analysis 
Ratio and Proportion 
Problem-Solving Techniques 

2 Exponents and Logarithms 
Rules of Exponents 
Common Logarithms 
Operations with Logarithms and Exponents 
Natural Logarithms 
Exponential Equations 

3 Graphic Presentat ions 
Ftectang'ilar Coordinate Plots 
Slope of a Line 
Area Under a Line 
Curves: Slope and Area 
Plotting and Reading Semi-Logarithmic and Logarithmic Graphs 

4 Presentat ion of Mathematical Data 
Meters and Charts 
Nomographs and Tables 
Interpolation and Extrapolation 
Statistics 
Probability 

5 The Atom 
Atomic Structure 
Electrons 
Protons and Neutrons 
Chart of the Nuclides 
Proper t ies of Nuclear Forces 
Nuclear Models 

6 Equivalence of Mass and Energy 
Conservation and Conversion of Mass and Energy 
Mass Defect 
Binding Energy 
Binding Energy per Nucleon 
The Payoff: Energy from Fission and Fusion 

7 Radiation - What Is It and Where Does It Come From 
Radioactivity and the Chart of the Nuclides 
Alpha Radiation 
Beta Radiation 
Gamma and Neutron Radiation 
Decay Chains 
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TABLE XIII-1 (Cont) 

Mj-lult 'J u jniimifcdj 

Inicrar-U j : of Radiation with Matter 
Aip.-va and Beta Interactions 
Photon IntcrarUonH 
Ne=:tron Interactions 
Range of Radiation in Matter 
Hasic Shielding 

!' Number of Atoms 
Mi'ir.dance ar.i! Enrichment 
\I-iH.s Du-:isitv 
Pa r t s pfcr Million 
N imber of At'jms: Par t 1 
Virnbc-r of A u m s : Par i 2 
Number of Molecules 
Atom Density 

If) Radioactive Uet-a". 
Activity 
.Specific Activity 
Decav Equation 
Half- Life 
Graphing Radioactive Decay 

11 Induced Nuclear Reactions 
The Induced Nuclear Reaction Mechanism 
Types of Induced Nuclear Reactions 
Neutron Production 
Radiation Detection 
Radioactive Material Production 

\2 Nuclear Fission 
The Fission Process 
Fissionable Nuclides 
Products of Fission 
Fission Energy Release and Distribution 
Decay Law and Reactors 

Module 5 - Radiation Protection (RPJ 
(Prerequisi tes NET Module 2 or equivalent) 

Unit Title 

1 IliologicaL Effects of Radiation 
Protection From Radiation 
Cellular Damage 
Acute Whole Body Dose 
Chronic Whole Body Dose 
The Effects of Contamination 

2 I.'nits. Guides and Limits 
Radiation Protection Units 
Radiation Limits and Guides 
Radiation Areas 
Contamination Limits 
Maximum Permiss ible Concentration: Par t 1 
Maximum Permiss ib le Concentration: Par t 2 
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TAHI.E XIII- 1 (Com) 

Module 5 (Continued) 

I "nit Title 

3 Protection Techniques Against Radiation 
I-rotection Technique: Time 
Protection Technique: Distance 
Protection Technique: Shielding 
Hadiation Work Permi t 

4 Protection Against Contamination 
Plant Controls for Protection Against Contamination 
Common Sense Rules 
Respiratory Protection - Pa r t 1 
Respiratory Protection - Par t 2 
Dressing in Protective Clothing 
Removing Protect ive Clothing 

5 Radiation Detection 
Basic Circuit 
Recombination and Ionization Region 
Proportional and Limited Proportional Region 
Geiger Muller Region 
Continuous Discharge Region and Detector Character is t ics 

(i Detection and Personnel Monitoring 
Scintillation Detectors 
Semiconductor Detection System 
Xeutron Detection 
Film Badges and Direct Reading Dosimeters 
Thermoluminescent Dosimeters 
Physical and Electronic Discrimination 

7 Survey Techniques 
What A Survey Is 
Radiation Instrumentation 
The Radiation Survey 
Contamination Surveys 
Airborne Contamination Surveys 

8 In-Planl Monitors 
Introduction to In-Plant .Monitors 
Area Radiation Monitors 
Continuous Air Monitors 

9 Radioactive Material Control 
Decontamination 
Radwaste Disposal 
Release of Radioactive Material to the Environment 
Atmospheric Dispersion or Radioactive Material 
Atmospheric Dispersion Calculations 

10 Environmental Considerations and Emergency Planning 
Siting Cr i te r ia 
Environmental Surveillance 
Emergency Planning - Part 1 
Emergency Planning - Part 2 
Protect ive Action Guides 



TAUI-K XIIJ-2 

Irradiator Operation Training Program 

I. K<:</tew of the Final Safety Analysis Hepor" 

II. Description and Demonstration, Including Maintenance, of the Interlock Svslem 
A. Klectrical Interlocks 
U. Mechanical Interlocks 

HI. Inscript ion and Demonstration, Including Maintenance, of Radiation Monitoring Krjuipment 
A, Ciamma Sensors 
H. Air Monitors 
O. Survey Meters 
IJ, Personnel Dosimetry Badges 
!•:. Personnel Alarming Dosimeters 

IV. Description and Demonstration, Including Maintenance ;md Swipe 'Ys-ing, of M.i ior Mei harm-
Components of the Irradiator 
A. Lead Shutter 
U. Source Plaque 
C. Conveyor 
D, Air Handling System 
J.. Water Handling System 

V. Review and Demonstration of Irradiation Operating procedures 
A. Load/I'nlaading Operation 
H. Access (Operation (Swipe Test) 
C. t;ff-Mode 
D. Normal Operations (Product irradiation) 

Description and Demonstration of Kmergencv Procedures 
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It i s t h e r e s p o n s i b i l i t y of O r g a n i z a t i o n -1535 t o g e n e r a t e ; a n d to ij|. fate p e r i o d i c a l l y t h e yjjL-rat­

ing p r o c e d u r e s for t h e f a c i l i t y . T h e r e s p o n s i b i l i t y f a r r e v i e w and a p p r o v a l r e s t s with :"uur d i f f e r e n t 

o r g a n i z a t i o n s : t h e l i n e o r g a n i z a t i o n (4535) , the R a d i a t i o n S a f e t y C o m m i t t e e , H e a l t h P h y s i c s (-'13121, 

a n d t h e O p e r a t i o n a l Sa fe ty D i v i s i o n of D O E / A L U . T h e c h a i n of a u t h o r i t y w i t h i n e a c h o r g a n i z a t i o n 

i s s h o w n in F i g u r e X I V - 1 . T h e n e c e s s a r y l e v e l of a p p r o v a l r e q u i r e d i s s h o w n w i t h an a s t e r i s k . 

T h e o p e r a t i n g p r o c e d u r e s wi l l be r e v i e w e d a t l e a s t o n c e a n n u a l l y by t h e l i n e o r g a n i z a t i o n 

and H e a l t h P h v s i c s (3312) fo r a c c u r a c y a n d a p p l i c a b i l i t y . If t h e r e v i e w p r o c e d u r e r e v e a l s t h a t t h e 

p r o c e d u r e s a r e i n a d e q u a t e , t h e y wi l l be u p d a t e d , a n d t h e n r e v i e w e d a n d a p p r o v e d by t h e a p p r o ­

p r i a t e o r g a n i z a t i o n . If c h a n g e s in o p e r a t i o n n e c e s s i t a t e o p e r a t i n g p r o c e d u r e s c h a n g e s b e f o r e t h e 

r e v i e w , t h e v wi l l be m a d e a s n e c e s s a r y a n d a p p r o p r i a t e l y r e v i e w e d and a p p r o v e d . 

Line Urganizaiion 

-4535. J . S. Sivtnalti 

4530, R. W. Lynch 

4500. K. H, Beckner 

4000. A. Narath 

1, M. Sparks 

Radiation Safety 
Commit tee 

"Chai rman. 
T . R. Schmidt. 4451 

Health Phynlcfl 

•3312, C . E . T u c k e r . J r . 

3310, W. D. Burnett 

3300, P . H. Muasman, MD 

3000, It . B . Powell 

1, M. Sparks 

U J E / A L O Operational Safety 
DMalon (OSD) 

Facil i ty Design & 
Safety Analysis , 
Mr. Chicr 

•Direc tor 

Office of 
Operations 

Urflce of the 
Manager 

DOE/SAO 
Manager 

W. H. Saver 

J . R. Boeder 

C . E . Cordova 

Figure XTV-1, Organization Chart for Generation, Updating, 
Revle-v, and Approval of Operating P rocedures 
for the SIDSS 



XV. Sijmmarv of (Jperating Procedures 

The -jpc*rations carr ied out at the irradiation facility can be divided into five separate caie 
i-'n :<.--;. The first raiegorv i? I he gamma-source pin loading jperation; this operation is :>erf'T::u-<! 
v.:u'r« 'he facilitv is initially charged with radwaci i /e mater ia l , or when the gamma suui ce i^ 
: ec narged. The second category of ope rati jns is labeled nor ma I " operations; the.se operations 
v.ould he regarded as the normal function of the taeilitv: source plaque extension and retract ion. 
lend stuiiier closing and opening, bulk and bagged mnlenal loading and unloading, and routine 
radiation sensor checkout. The third categorv of operation includes all procedures where the 
< jir/evir access cover must be removed: these pruceuures are conveyor maintenance and repai r , 
.-;w ipe *ests lo check for radiation leaks, and water seal installation and removal. The fourth 
< ;i»eg'jr-. of operation is performed when the facility is placed in STANDI!"! or <JVV mode and is 
• i be loft unattended for anv length of t ime . The final category of operation is the pin rem JVIII 
procedures for decommissioning the facility. Step-by-step detailed procedures :<jr <_-at t. it the 
jperatiuns described above are presented in Appendix K. 
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XVI. Operational Safety Requirements 

A list of operational safety responsibilities is presented below: 

A. Operation of the facility shall bf- the rcsnonsibilUv -_>f Division 45'i5. 

H, All operators shall be familiar with the guidelines of these procedures and a cop\ .'-ill 

be posted or filed as follows: 

1. SIDSS control panel 

2. Division 3312 (file) 

3 . Division 4535 (File) 

( . ( jperators and health physirs personnel shall he responsible tor: 

1. Keeping occupational exposure to radiation as low as possible. 
2. Ensuring that personnel nd ia t ion do.si me ' e r s fl'lJU badges) and personnel 

alarming dosimelers (chirpics, a re worn hv all personnel in the SIDSS a rea . 
''.. Kollawing radiation safety rules and regulations in the prescribed manner. 
-1. Keeping accurate log hook of the use, functioning, and testing of the facility, 
**). Reporting radiation accidents, incidents, a r d unsafe working conditions. 
H. Ensuring that the required periodic .swipe testing .s performed. 

D. No one should load or unload material Trom the i r radia tor without Division 453 5 person­
nel being present to operate the i r rad ia tor . 

E. The conveyor access area is to be treated as a radiation area and the time necessary 
for conveyor lubrication, swipe testing, e t c . . should lie kept to a minimum. The con­
veyor access area should not he entered without Health Physics (3312) personnel present . 
Access to Uuilding 6720 is restr icted by a locked gate. 

!•'. Normal operation of the SIDSS will be conducted only by 4535 personnel . Night work, 
weekend work, or off-hour work at the SIDSS will be allowed only when coordinated 
through Health Physics (3312). 

G. If a radiation area monitor a l a rms , all personnel will evacuate the area by the west 
gate of the fence surrounding the a r e a . 

II. SIDSS operating personnel and product loading personnel will wear personnel alarming 
dosimeters (chirpies) and PDB badges. 
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I. SIDSS keys (gate, building, and control panel) will be kept under the control of-1535 per­
sonnel. For normal operations, 4J?II5 personnel will use the kevs ami he responsible for 
switching the control panel to the off moue and locking the control panel, Building •' 720, 
and the area gate. 

.i. Source pin loading and unloading operations v.ili be conducted jjider the supervision jf 
HeaMh PHYSICS (3312). Initial enlrv to the r Jiivrvor access area will foe rr.ade or.lv '..ill. 
Hcaltl; Physics (33 1 2) personnel prcse:: ; . 

K. \ o electrical or mechanical interlocks will foe in-passed except with Hie written consent 

of Health Physics 13312) and the Division 4535 supervisor . 

I.. All interlock systems (mechanical and electrical) will be checked each month and the 
results of this check will foe entered in the SJUSS operation log book. The chuck will he 
made h\ Division 4535 personnel. 

M. .No modifications or changes to the SIDSS will be made without prior approval of the 
Division 4535 supervisor and Health Physics (3312). 

N. The SIDSS area gate. Building (i720, and the SIDSS control panel will he locked except 
when in use . 

The brief Safe Operating Procedures (SCJP'st, pjsted jr. :.*:e SIDSS c indole, a re shown in 

Appendix i-\ These SOP's have been approved bv 4535, Heal:.'. Physics i !3!2) ar.d DCli/ALU 

tjperational Safety Division. 
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Uased on the analysis of the Sandia Irradiator for Dried Sewage Solids 'SIDSS) site charac­
ter i s t ics (Chapter III) and the proposed operations in the SIIJSS (Chapter IV), it is concluded 
that the SIDSS (Chapter II) as designed will adequately protert the health and safety of the public. 
Likewise, the level of protection afforded operating personnel precludes operating exposures above 
the acceptable limits prescr ibed in Chapter 0524. 

A spectrum of accidents In the SIDSS has been analyzed (Chapter V), and it is concluded 
that sufficient safety features have been incorporated into the SIDSS design to reduce the 
c o n s e q u e n t s of these accidents to acceptable levels . As a backup for the more severe and less 
probable accidents within the SIDSS, evacuation procedures will be developed to avoid unacceptable 
exposures. 

Other factors taken into consideration—Facility Expansion (Chapter VII). Environmental 
Monitoring Program (Chapter VIII), Waste Handling, Storage, and Disposal (Chapter DO, Quality 
Assurance and Acceptance Procedures (Chapter X), and Facility Decontamination (Chapter XI)- -
show that the SIDSS is of such a nature that all these a reas pose no problem in its design, operation, 
and decommissioning. 

The overall conclusion is that the SIDSS can be operated safely taking into account all 
aspects of its design, control, and projected operations. 



A PPT Mil1- -\ 

C'es.um -1 -17 V».as:r Pncapsulatioi: -ii:t: S-.orspr i .c.htv fWI SI ) t apsule I u-srj-ipt ion 

Rockwell International currently encapsulates ns iu i r , I;i7 at the* Waste l nrapsulation and 
S-orajie Fanl i ty {WKSK) at Richland, WA. The ccsiiin,- H7 i> in the form nf cesium chloride- when 
il is encapsulated. The- radioactive cesium chloride is dauhl. encapsulated in welded 3161. 
Htainl'-ss-steel tubing. A cross-sect ional drawing of :he capsule is shown in Figure IV-5, 

The- inner and outer capsules arr ive at the WF.SF each with one end cap welded on. The inn< r 
• apsule, which is 2. 250 in. in diameter and It). 975 in. Ion*- with a 0. 103-in. -thick wall, is placed 
in a special fixture inside a hot cell and then is poured nearly full of molten (temperature greater 
than G45'C) cesium chloride. Upon cooling the cesium chloride passes through a ?-transition at 
4 5i°C and undergoes approximately a 17% volume reduction. A 0. 400-in. -thick s ta inless-s teel 
cap IB then welded onto the open end of the inner capsule. The inner capsule ii- Oien cleaned and 
t ransferred into the outer capsule, which is 2. 62 5 in. in diameter and 20. 775 in, long and has a 
wall thickness of 0. 100 in. A 0. 400-in. -thick a ta inless-s teel end cap is then welded onto the 
outer capsule. The capsules a re then cleaned. The welds are ul trasorucalh tested, and the pins 
are moved to a water-filled pool for s torage. 

P r io r to starting operations in the WKSF, severa l nonradioactive cesium-chloride- filled 
capsules were fabricated using the WKSF production equipment and procedures to be u se i in 
production. One inner capsule and one completed capsule were subjected to an extensive baticrv 
of tes ts including free drop, percussion, healing, and immersion. These tests wtre intended to 
qualify the complete capsules as a ""special form mater ial" suitable for shipping in a cask 
(NRBK-43) with no need for additional protective packaging. The tent results proved that the 
inner capsules are capable of withstanding tests more severe than those specified in Annex 4 of 
F.RDA Appendix 0529. When provided with the additional protection of the outer capsule, the 
assembly far exceeds the requirements to qualify as a "special form material " 

Although the welds and thick double walls of these pint provide substantial s t ructural 
strength, there a re several disadvantages to this eapsule design. 

One disadvantage ie that cesium chloride is the source material . This material is highly 
soluble in water (162. 22 gm/100 cc of H„0 at 0. 7°C and 259. 56 gm/100 cc of H„0 at B9. 5°C) and 
could present cleanup problems if large amounts were exposed to water. Because no dry loading 
capabilities a re provided in the facility, water would have to be used for pin transfer to or from a 
shipping cask, If major cracks or holes were made in both capsule walls (which is very improbable), 
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norm- r;idioncuve cesium fhlonde would be dissolved in the shielding water used to transfer the 
pins *o n whipping cask. In tests al Oak Hidge National Laboratories, holes have been drilled into 
cesium-chloride-filled capsules and the capsules immersed in water. The tests showed that even 
with holes as large as 1/8 in. in diameter, the rate of dissolution of the cesium-chloride salt was 
HO small that pin transfer procedures could be carr ied out with only very small material re leases 
into the shielding water. The shielding water could then be cleaned up with ion exchange columns 
v.hich could be disposed of in approved solid radioactive waste disposal s i tes . 

Another disadvantage of this design is that the air gap between the inner and outer capsule 
wall presents a significant thermal res is tance to heat re leased in the cesium chloride from radio­
active decay. Consequently, although the temperature is reasonably uniform throughout the 
volume, the temperature is very close to, if not above, the S-tranaition point of 451°C during 
normal use. The salt may very well cycle above and below the 2-transition point, depending on 
external conditions, during normal operations. As stated ea r l i e r , a temperature r i se above the 
3-transit ion point is accompanied by a 17% volume increase in the cesium chloride. Because the 
molten salt is well above the 3-transition point when poured into capsules, adequate free volume 
is left for the expansion, Although this expansion should cause no problems, ideally, one would 
prefer no mechanical motion of the salt. 

Another disadvantage of this capsule is that the cesium-137 isotope is diluted with other 
2 

cesium Isotopes, An analysis of the capsule 's contents indicated the following: 

Mass Atom 
tno.) (%> 

133 50 
135 14 

137 36 

Of more concern is the fact that after neutralization of the contents of the capsule with 0. 32 mole 
OH" per fcg of solid, an insoluble fraction slightly grea te r than 3% of the total weight of the sample 
was left. These solids contained a complicated spectrum of elements, with iron, sodium, nickel, 
and lead being prevalent, No quantitative analysis was done. The capsule contents, after 
removal uf t i e residue, had a specific activity of 24,4 ± 0 . 8 Ci /gm. The soluble portion of the 
sample va= analyzed by emission spectrograph, mass spectrograph, and flame photometer; the 
analyse a yielded the following reBultB: 

Element 
Weight % 

of Product 

Barium 0.57 

Chromium 0.06 

Sodium 0. 10 
Potassium 0.07 
Rubidium 0.06 

1. J. H. Gillette, Review of the Radioisotope Program, ORNL4155. Oak Ridge National 
Laboratory, Oak Ridge TN. 19G6. 

2. In t ra-Laboratory Correspondence, Oak Ridge National Laboratory, to E. Lamb, 
Subject: F i r s t Shipment of WESF 1 3 7 C s C l to ORNL, May 27, 1976. 



The- difficulty with the impurities, was thai if the t empr ra tun of the eesium chloride became high 
enough to rr. nIt 'he salt, the resnim .'hlorui'- and the . mpLi IIT M -, might become cor ros ive enough to 

fan.age tin :il'.I. s ta inless-steel capsule lir:- rfi 1 h- "n^in;il mater ia ls compatibility tests were 
P'-ri <; •• •• i w:th purr- riiilt?. i v t r \ :;r. f'.ii; . p' .-par- - .- ':-.c^ nf thermal . alrulathins* showed that 
•.:•::, ;- n-i op*»rat nf." • ondiuons expechd in ']:•• f.'.-.hv. wouhl .In :-:r.perature of the < esium hlornie 
•• ?'>!-•• i:.gr. enough to mi-I: :he salt T'-mpi ra:u:-f-s 'VD:' ally stayed at ><-ast 1 50°0 below thin 

point. 

The final disadvantage of the capsule is t.'.at tin ie.Mgn parameters were optimized for pool 
storage. The capsules are so large in diameter arid i.avi ,-u- h thick s ta in less-s tee l walls that the 
self- -lbsorplton of the 7-radiation is high. C -d'.'-ulaiiotis have shown that I*" the p;n diameter were 
r*duced to 1 in. with 0,100 in. total s ta in less-s 'ee l wall thickness, the 7-source efficiency would 
:ncr' =ise from 60 10 77$. 

In order to detect any leaks in the capsules 'ifH-r installation in the facility, H number of tests 
will In- performed. In the first teat, the 7-source plaque will he withdrawn into the pool area ann 
the lead shutter closed. With the 7-sourre isolated, thermoluminescent dosimeters (TLD'sl will he 
sent down to the plaque area with the conveyor svsti-n.. After the TLU's have been analyzed, an\ 
lnrr'-aSi- hi dose rati- would indicate a lean. This test in v r v insensitive but should be performed 
at least once monthly The second test is desrriin-d in de- <:! :u Secti >;i \ . \). A s« me test :>'. 
the upper and lower portion of each capsule will b< performe-i. The swipe samples would he 
analyzed for any leakage. This test must be simple enough that It can be performed at least once 
everv 6 months. The final test is to withdraw the s-mrci- plaque into 'he pool area and to install 
the water seal . The pool is then flooded to a level slightly ;it>ove the source plaque. After .1 cer tain 
period, the water is analyzed for radioactr. itv The pool in then drained. This test is extremely 
sensitive and should be performer! no more often than onri- w-a- ly 

See Appendix D. 
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APPKNIJIX H 

Shielding and Scatler Calculations for thr SanUia Irradiator ror Oried Srw;i*M' Solids 



Shield mi.' -ind Sch't- r C aloulations for '.':- • -r ii.- ]• radiator :or I >ned S. u -ij_e .soli-ti-

The calculations in this appendix are divided mto two cat* L-ori- s. Ihcsc two .-atejjorir*.- m 

iirc-ct shielding and indirect scattering of (iamn„i ra-.s. 

The -y-source- is 1.'• pins containing < esium-1 'M in the form of ci-siun; b londe, I de :•'•: mn,-
1M7 is double encapsulated in 3161, stainless steel, A drawing of an individual pin, con.pb-u- with 
•iiinc-.-iSionfi, s shov.n m Figure iV-5, F:f'*--i-n of these pins an- placed in a soyrrc plaque- ah 
.shown in Figure IV-"-!. The sourer plaque can be positioned either in thi conveyor a n :i, the pm*] 
.•([•'•a, or in the cavity between the pool and conveyor area*, as shown m Figures l\ - I and IV-';. 
num!.(T of conse rva tne . idealised eali'iilatiuns h.-ve \«<-V pr-rd'ormed in d.-nmnMr .!•• u. ,M -q.;.l( . 
lesi-jn oT Die facilitv with respect lo radia'ion exposur- level;-;. 

'I In- design dose commitments thai must lie kepi in mind for tin "'Valuation of thesr ak-nla-
tioris are m-iximums of 1 r e m / y r for workers and 170 mr'-n. ' y r over background for the puU.c aad 
•'.(li'k-TP noi rl irf ' t lv associated v. itli op-ralion of 11 J * - I'acilitv <\.r.\ Mors, "iaintcii.il>'' ; rj-oni!'-', 
•i,a1.-:-i ,1 lu .ndWs, etc. ). 

I. Ijir'-c-t Shielding Calculations 

The direct-shielding calculations a rc tlivifii-rJ into those lhal apply when tin- MIUITI pi .que •<-
-ic-sitir-ncd on the pool side of the facility and those tli.ii appk when the sourr-e -d.-qin- i? •IHM'I'JII.T! 
on the conveyor side of the facility. -\11 ealrnl.-lions wen- --..-de bv »;i-. .-alhor • ;•>•: I •-• •-..- ' I >. 
<d. K. Kave CJ.:i\2 Health Physics division). 

A. Calculations for Source Plaque on pool Side of Facility 

The calculations performed in this c.it -porv must document tin- ,-.dequu<:\ of the shielding 
•A.ilcr depth during pin loading or unloading operations, the .ideq-acy of tin* sLi-ddii-g provided !-y 
t i e concrete pool cover after the pool water has r-eer r '-rriovd, ai.d the adeqsj. lr\ o:' •.in- &KI--1:: i:.̂ : 
provided by the le?d shutter when workers are hi the conveyor . I C C B P . I P M , 

1. Pool Water Shielding 

The geometry of the pool and water is shown in Figi.re H- 1. The y - source is idt •th/'-
as a point source 15 ft f; in. below the surface of the Hater. The energy fluiT.ce irorn uncollided 
photons is given by 

= c ••<.•*.-» I O 1 0 ) , . - • , . -
0 , 2 ' • 

4nr 
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t l i t r e 

'•'„ - " , , " r ^ r , u " n = '-
C - source; strength in Curies 

!•; - photon energy in M"V 

M - linear attenuation coefficient 
r - distance from the source. 

(1. 05x10 ) (0. Gfi) Ci. 7x1 P. 
l0 , 2 

F 7.OH x 10 MnV/crn" - hi-

The buildup factor to compensate I'ot* scattered photons is given by 

H - 1 • J M P , > r . 
v.-hen* 

H - buildup factor 
\i - linear nltenuntion coefficient 

a, b - cansturts determined from Monte-Carlo calculations 

li = 1.39 x 1 0 4 . 

The dose rale is then 

D •• 1.(502 x 1 0 _ B ji H ]• 

A-her 

0 ' 

D - dose rate 

fi - mass absorption coefficient of gamma rays in air 

I-" - buildup factor 

D = 4.66 x 10" 7 mR/hr . 

This dose rate is five orders of magnitude below background levels in this location. 



F i g u r e H - l . P o o l v. nil W a t e r 

2, P o o l C o v e r S h i e l d : n e 

Aftr-r t h e pool COVCT I S p l a c e d a t o p the poo! and the v . a i ' T i;- •.•fj-.iov-A ih< pn..] 

m u s t p r o v i d e a d e q u a t e s h i e l d i n g t o p r e v e n t radi&' . ion e x p o s u r e - t o I V O : < I T H OI. •a? <•" t h e r n >l •?•«.-• ' 

T h e g e o m e t r y of t h e s i t u a t i o n is s h o w n in F i g u r e li-'J, l l e r a u s r ihi- d i s t a n . - e fr-o:i. Llx- - , - M : , r c " '<> 

t h e poo! r o v e r i s s o l a r g e , t h e p h o t o n s r e a c h i n g the c o v e r c a n be n p r r n x i m n t e J iri a ! . ; O ; K ! p.n- ill- 1 

h t -ani , Willi u n a t t e n u a t e d and uncoiliif.*<f (;!>"rt 'v i'lu«•:.- >• f i { ( utvi-. in 

G = 3 . 29 x 10 i M e V ' c m 3 - h r . 

T!i<~- i-ni-rgv f luer .ee frorr. The unco i l it led p h o t o n s :K pi:••-'!: !J \ 

\ - al teruifHion d i s t a n c e , 

-I •> 
(•' -• 1.0!) x 10 M i ' V / c m - h r . 

T h e hijjldiiii in This c a s e m . t j vp rox ima le iy 20. \ . i i rg :i.'•(,.. :'.<..• 

I>_ - ( 1 . 0 0 2 x 1 0 " n ) (2. 95 x H i " " ) ( 1 . /> x \U ' \ >n 
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This dose Js approximately four times the background levels in 'his area. The cover to the pool is 
10 f: above ground level, and no workers will be on top except during y-source pin loading and un­
loading operations. The pool will be full of water then, and the dose rate will be lower. The high-
dosf--rate area will be marked, and access will be limited. 
be present ai all t imes anyone is on top of the cover. 

Sandia Health Physics personnel will 

Above ground, the walls adjacent to the pool are A ft think. The gamma ravs from the 
source arr ive at the wall at such an oblique angle that Ihey must t raverse 5 or more feet of con­
crete before Ihey are released to the atmosphere. The calculations in this appendix 'iemonslrrue 
that this thickness ol concrete is adequate to reduce the dose to less than 0. 035 mrern /hr . 

l igure il-2. Fool Cover 

3. Lead Shutter Shielding 

The geometry of the lead shutter and the relative position of the source plaque is 
shown in Figure B-3. For calculations, the source pins can be idealized as finite-length line 
sources and the lead shutter idealized as a finite thickness plate of infinite extent. F i rs t , thr 
effective line source strength of a single capsule will be determined from calculations that have 
been correlated with experimental data. In air, the dose rate 20 cm from the end of a single 
capsule is 8. 33 r a d s / s . The photon flux at a distance h from the end a line source of length I it; 
given by 
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Figure B-4. Idealized Line Source and Shutter 



B, Calculation for Source Plaque on Conveyor Side of Facility 

These calculations must prove the adequacy of the shielding while the source plaque is on 
the conveyor side of the facility. When the source plaque is on the pool side, the dose rate above 
the slab is substantially reduced. The specific calculation made will be for the slab directly ar>ovi< 
the source plaque on the conveyor side. 

1. Calculations for Shielding Above the Source Plaque 

The concrete above the source is 4 ft 11 in. thick, as shown in Figure ES-5. If thr» 
source is idealized as an infinite plane source and the 4-ft 11-in. -thick slab of concrete is idealized 
as an infinite slab in two dimensions, afl shown in Figure B-6, the theoretical calculations uc- '.-.-ry 
conservative. The uncollided energy fluence is given by 

F Q = 1/2 NE Ej (jix) , 

where 
N - number of gamma rays emitted from each square centimeter of source /h r 

rm e _ t 

E. - exponential integral; E (v) = I dt —— 

x - attenuation distance into slab 

The buildup is 

B = 215.3 , 

and the dose ra te is given by 

D = (1.602 x 10 °) u BF 

This exposure level is near background levels in that a rea . 

-V ^ N 
Uwot Plaqm 

Figure B-5. Shielding Above the Source Plaque 
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Figure B-P. Ultr.iVr/nr\ Shn-MinK Above the Sourr-e Plaque 

rt. Multiple-Scatter Calculations 

Gamma-rays from the source plaque must be reflected at least three times off concrete, steel, 
or lead walls or objects before they can be reflected out the hole in the top cover that the conveyor 
penetrates. Accurate gamma backscatter calculations are difficult to perform for geometries as 
complex as the- concrete conveyor cavity. The procedure used incorporated the Klien-Nishinu 
differential albedo backscattering formula and a semi-empir ical C'hilton-Huddlnston formula to 
est imate the dose from scattered phoions. 

These calculations wen; very confierviitivc beruusi; the low energy of the emitted 
photona implies that after two interactions, the energy is so low that it is close to the K shell 
energy of lead. For this situation, photoelectric absorption, for which there is very little back-
scat ter , would dominate, tending to reduce the dose ra tes substantially beiow the est imates. The 
geometry for these calculations is shown m Figure B-7. The procedures that were car r ied out 
for each photon interaction a rea a re enumerated below. 

Figure B-7 
Photon Backscattering 
Geometry 



1. Determine thf average angle nf incidence and the average angle of refit'.-non. the tnrgt-i 

era, a? well as *he average d stances between targets . 

2, Ue'ermmc the ineident exposure D 

_ r, 
•J.. M- i . ti x 10 

I) 
100 - ratls ; h r 

; photon flux 
i; - iTmrjjy oi mcitii'iit photon in Mi \ 

Z - mass absorption coefficient of g^mma-rays in air. 

'i. Determine the energy of the scattered photon 

1 
I" 

scatt ;ne 1+ 'inc 1-cos ~ 
0.511 * 

r. . - energy of scattered photon 

K - energy of 'noident photon 

2, total scattering angle , 

4. Cse the Klein-Nishina differential scattering formula 

scatt 1 2 

l ^k ' I - cos? )> I*kM-cosS ) 

0.511 

r = 2.82 x l o " 1 ' 1 cm e 

5. Yse the semi-empir ical Chilton-Huddleston formula for 

CK(6 ) x 1 0 2 6 + C 
\ = ? , 

JX 1 + cos 5 sec 5 

where C and C" are constants determined from Monte-Carlo calculations for v a r o u s mat r r i a l s an-1 

6. - angle of incidence of the photon, and 

S - angle of reflection of the photons . 

(i. The dose rate at the desired location is given bv 

D. - incident dose in r ads /h r inc 
S - area of scatter 
r - distance from the scattering surface to the point where the dose is required. 



7. Us.- [i c calculated dose as the incuJeni -.>is-- i'ur the next sr,ui--ring surface calculations; 
repeal the above stp-j)H until the location of the r>~iuir--'l < lr.se i*, reat ln-d. 

The shielding has h>-en armngod so lhat -i niir.iiinjiii of three scaHers is rerjuirud for a photon 
to ' ' \ i t the structure. The largest [jortion of IIM- ••i;<r-(r. - ti the exit is reused by ihe three scatter 
paths. The appropriate physical data for the l\.n <• |.rirti..rv Ihr'.'-.scatter paths have been tabulated 
»nd used for the calculations described abov. The dns-- calculated ,t the center of the exit aper­
ture for each of the primary patb^ is given below; 

I Jose 
path " I 0. \(< f i /br 
path t>2 0. O.'i H/hr 
path n-i o.Ofi H/hr 

Total 

Ivven though conservatively calculated, the dose is st i l l much too high to permit routine work 
in the vicinity of the conveyor exi' aperture. In anticipat-on of this problem, a number 01 design 
features were incorporated: 

1. Provis one were made to install a lead barrier at the end of the source plaque. 
2. A center divider adequate to support 1/2-in.-thick lead sheet was ins>alle.j in the 

conveyor to ir.aKe the scat'ering path narrower. 
J. Adequate clcaranr-es around the conveyor were provided to insert 1 M-in. -thick lead 

sheet. Lead sheet has a much lower albedo than concrete or steel for photons of 
this energy. 

4, Clearances were provided within the conveyor to position leac shielding at crit icai 
locations. 

T'te shielding that we propose to add is shown in Figure B-8. Trie thicknesses proposed wil l 
rp<iv.re the dose ai the ;iperlure to 0. 02 mR/hr. Because at least one additional foot of concrete 
is above the slab that is over the source plaque, the 0. 02 mR/':r wil l be the total dose except 
possibly a", a small aperture around the conveyer exit. No more than 0. 055 mR/nr would be 
expected in this aperture. We anticipate that some minor patch shielding will be added 'o the 
final structure. 
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l ' lectri«al Control System for the Sandia Irradiator for Dried Sewage Solids 
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Sandia Laboratories 

M. E. Morris - 5445 

Electrical Control System for the Sandia Irradiator for 
Dried Sowaae Solids 
This dccu-ent cofir.es the electrical control system necessary 
to operate the proposed Sandia Irradiator for Dri'.'d Sevaae 
Solids ISISSSj. 
The electrical ar,d r.:-_-,ianicai operation of an irradiator is 
generally a moderately corple:; tas-: bc-cv-eo of the interlocks 
required for safety. First, the inputs to tne radiation 
alarms, frcm the varicus limit switches, and from vuricus 
inductors will be described. Second, the equipment to he 
controlled ty the systerr will be describe!. Third, the 
operating r-.-::-s 2nu states are define-'. 'fourth, and finally, 
the electrical system necessary to effect these modes and 
states is provided. 
Table 1 shows the inputs to the electrical control ?ystt-:n -:r.-J 
describej the switch position. Each input provider '.:•.•-• •_.:.' i\-
aler.t of a si:.vie pole, single threw {Sf-iT1 switch, J ~.o~or:..r 
single pole, dtuble throw (SPOT) switch, or a fusible link. 

TABLE 1 
Inputs to the Electrical Control System 

Switch Posi 
i.) radiation sensors 

a.) pool side (normally .-n^r1 

b.) conveyor side (normally :;-••-. 
c.) conveyer exit (normally :••.' 
d.) conveyor entrance (normally ";p -"•• 
e.) HEPA filter surface (normal 1/ •:;.?:: 
f.) sump pj.mp (normally open 

ii.} lead shutter switches 
a.) shutter open switch {closes when sh_f<.:* r--.:-.cd) 
b.) shutter closed switch (closes when shutt-: rltsed) 
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Switch Posit ion 

i i i . J gar.a-stur::* yliirue posi t ion switches 
a.) source piirut: r e t r a r ^ c i (closes when plaque retracted", 

switch 
b.) source plarue extended sv;itch (closes when plaque extended) 

iv . ) access cover switch (closes when cover open) 

v.) torque l i r r i t switch for conveyor (closes for torque 
overload) 

vx.} f loat water level switch 

v i i . ) shut ter switch posi t ion indicator 
a.) oper.ir., 
b .) c los ing 

v i i i . ) source p.aqua switch posi t ion indica tor 
a. ) extendi--: 
b.) re t rac t i r .3 

i x . ; fusible lir./. f i r e indicator 

The Ices tier, cf the r id ia t i c r . ser.scrs is indicated by the dots 
in Fi~_i>- 1 . The iesi?." of th^ sensors and alarr. control syr-tc- is 
fcr iv : * - -. 3TL"ib'_ i _n the attached Nuclear Measurer en ts Ccrocr z tier. 
l i t c r c t - r s . 

Table 2 shcv.£ the iter.s that are to be controlled by the system. Sonc 
of thes-1 it-i.-.s ̂ re alsc to have local control switches at the instru­
ment ccr.tr-1 panel: and scrr.e of these switches are keyed 

TABLE 2 
Outputs of the Electrical Control System 

Control Box 
Control Switrh 

a. ) alarm system, and sensors ON OFF (keyed) 
aa.) audible aiarr and visible light ON OFF (Keyed) 
b.) ventilation system and disc.-.arge ?.;̂ p ON OFF (keyed) 
c.) S'jr.p z-rp ON OFF 
d.) shutter co.-.-r.-l OPEN CLOSE (keyed) 
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Control Bo:-: 
TABLE 2 (cont'd) Control Switch 

e.) plaque position control EXTENDED RETRACTED (keyed: 
f.) conveyor system and compressor ON OFF 
g.) access cover interlock solenoid 

docks with power off - 115 v) 
h.) pool cover interlock (locks with 

power off - 115 v) 
i.) inside lighting ON OFF 
j.) outside outlets ON OFF 
k.) inside outlets ON OFF 
1.) feed hopper motor ON OFF 
m.) fire control system ON OFF (keyed) 
n.) shutter switch power and plaque ON OFF (keyed) 

switch power 
o.) shutter lock switch (locked when off) 
p.) flashing red light 

The inputs to and the outputs from the electrical control system for 
the sl.'.cro i:'.'liia tor are now defined. The question now is, for each 
differ-.-:: .: "ariti::- mode (4 nodes) what are the output states for a 
given se'; of input states. 

The four operating modes are: 
1.) off mode; 
2.) nerval operating mode; 
3.) access mcie (cor.'-eycr maintenance, or swipe test, 

or water seal, installation or removal); anu 
4.) source load - unload mode. 

For each operating mode, the output states of each device can 
be defined as: 

1.) unconditionally or.; 
2.) unconditionally off; 
3.) conditional".y on; and 
4.) conditionally off. 

These states :>ii into the local control s ,s defined in Table 2. 
The deslro! ls-.~=3 :f tne output devices ir. ~s of the input de­
vices are -iefm-r-d in Taole 3 for each of the iiur operating modes. 
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Defined Output States of the Electrical 
Control Systo^1. for Each Operating .Mode 

1. Off Mode 
I.) unconditional]y on 

a.), i.) , j.) , k.) , m.) , -..) 
II.) unconditionally off 

d.). e.), f.), g.), h.), 1.), o.) p.) 
III.) conditionally on 

aa.) if [ib.) or ic.) or id.) or ie.) or if.) or {not 
ix.)] 

IV.) conditionally off 
b.) if [ic.) or id.) or ie.) or if.) or (not ix.)] 
c.) if [ic.) or id.) or ie.) if.) or (not ix.)) 

2. Normal Operating Mode 
I,) unconditionally on 

a.), i.), j.), k.), m.), n.5, o.), p.) 
II.) unconditionally off 

g.), h.) 
III.) conditionally on 

aa.) if (ic.) or id.) or ie.) or if.) or iv or v 
or (not ix.)) 
d.) if j[ia.) and (not ib.))] and [iiia.) and (not 
iiib.) ) ] 
e.) if ][iia.) and (not iib.))] and [r.CL iv] and 
not [ic.) or id.) or ie.} or if.) or (not i:<) ] 

IV. conditionally off 
b.) if [ic.) or id.) or ie.! or if.) or (not ix!) 
c ) if [ic.) or id.) or ie.) or if.) or (not ix) ] 
f. ) if [ic.) or id.) or ie.! or if.) or v or (not ixll 
1.) if [ic. ) or id.) or ie. ) or if.) or v or (not i.\!] 

3. Access Modo 
I.) unconditionally on 

a. ), i.), j.), k.), m.), p.) 
II.) unconditionally off 

d.), e.), 1.), m.), o.! 
III.) conditionally on 

aa.) if [ic.; cr id.! or io.) or if.) or [not ix)] 
g . ) i f J [ i a . ) ir.d (not i b . l l l ir.d no t i i c . ) o r i ' i . ' i or 

or i f . ) or (not l :) ] ani ! i i b . ) and (not i ia . ) ) and 
[ i i i a . ) and Ir.ot i i i b . ) ] 



Cop . 

IV.) c o n d i t i o n a l l y off 
b . ) i f [ i c i o r id . , or ie . ; 
c . ) i f t i c . ) or i d . ; o r i c ) 
f . ) i f t i c * or i d .* o r 10.) 
1.) i f [ IC . ) o r i 'J. ) or i c . 1 

cr if . or 'r.ot 
or if. or (not 
o: if. or v or 
or or V or 

SO'.I L'CO 
I.I unco: ': iti-.:. ':...• :r, 

a . ) , i . ) , j .),'.<.) , IT. 1 , n.) . o. , p.) 
II.) ur.corrii t iona 1 !•/ off 

e. > . f•) . g.J ,' 1.1 
III.) cond i.t ion i i Ly a", 

aa.) if [ ic.) or id ) or ie. or if.) or (not ix) 
h.) if [ (not ia.)1 and (not ibj 1 a.-.d vil 

IV. condit ionaily off 
b.) if [ic.} or id. or ie.) or f.) or (not J x j ] 
c.) if [ ic.) or id. 
j i i e t ; .. 1 

or io. 1 or f.) or (not ix:] 
d . ) i f [ i v ] 

i : o s a ro o-; r I Those co •.*• —. 
F i g u r e 2. "::•? £ ; . r po. 
so] t -cts -.:•.'.- - T I : i:i3 -
a l l o w t;.•*• Drc 's : : :c- . ' i r*. 

In t h e c c - . t r o l 
needed : 

a t .oas t : 

l e c t r i'_ .'. Loqic ''.!•• 
<:- .'.'.: <:r I >•*; t - h - i r . - : •?. 
r c : : : . . : - :y : i CI:.JC 
e giver, ir.p-jts . 

f c i l o v m i j c o n t r : ! i n d i c a t o r 

Tab le 4 

Control Ind icators 

a.) ventilation or discharge puir.p operating 
b. ) conveyor operat irsg 
c.) sump pur.p operating 
d.) shutter open 
e.) shutter closed 
f.) source piijue retracted 
g.) source plaque extended 
h.) access cover off 
i.) conveyor janT.ed 
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( r,p-. 

TABU; 1 

S i g n a 1 I.: -::.*- •-

Light 

Power 
a a . Ala rn 
b. Vontil it : .n Sy-tor. 
C . Surrp P:. > 
d. Shutter Control 
e. Plaquo Control 
£. Convoyr.r 
v. Torq-:- Lir.it Sv i * ch 
g. Acccsr, J r.vr :r.c:r loc* 
h. Pool Cover Interlock 
I. Kce-i r..;-;.-jr Vy.or 
m. Fire Con trol 
n. Shutter ir.i Plaque Switch Paver 
o. Shutter Lock Sxiz-^h 

p. Flashing Opern. t ir.g Light 
vi. Fir,at Switch 
iv. Access Covor Switch 

OFF Mod;.-

Norrral Op-, r J: in^ '-'.ode 

Access ''ode 

Source Lorid-Unload /'ode 

Color 

Red 
Red - <~,i ".rr. 

Red - '•.f- -. 
Red - Cr- • r. 

Purple - Gr.-r. 
Purple ~ Gl-f-T. 

A.-b<-i 
Red " flrcr; 
Rod ~ Gr, :,-. 

Red -
A.Tbfr 

Red ~ Grc n 
Amber 

Red - Groe.'i 
Red 
Red - Gr.:.>r. 
Red - Green 

Red 

Red 

Red 

This infnrr: 
tion , .->'r.a : L:: 
do sic-, T:: •-- -

MEM:; 14 5 : 3? 
Co:-v £c : 

:, a lor: a wi th the attached radiation alarm document2-
;v:i- the -j-. metrical designer with enough criteria to 
:r ; : • 1 cor. iroi system . 
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Sandia Laboratories 

!' the (reocietry cc::.; idered 1:4 ̂ ' v' 1 H I:, t.v- i: [•-:. ; : :•. .. :.-
with .T.aterial ;-."of.>.'."ty dut'i. i-'or .t I "._r. 1: : i' ,,' -.'' a:.'..7. :. , 

:•:: _.! iiorlun terr.perV-uren wer'j obtained u::lr.,r, '-r.'-rry i -^ •>:.•:'• j, 
created Tor each of One cylindrical ~ jrl'a'j'.-r:. "e^: • :••; \ ̂ r--
variations were a:;sur.ed to ocj,:r or.iy in tr.e racial d j :'--c.! ,r 
(axial effects fcr the CsCi have al:;.̂  beer: :n:doii '-o a:.o v:i.] 
include the following: 

(1) .Effects of axial conduct 1cr. witnir. the I.'J.J: 
cylinder 

(2) Effects of adjacent t'cC'I cylinders or, the 
radiation heat transfer 

( 3 ) Effects of natural and forced c.nvect 1 ,.n fr-rn th, 
outer stainless steel sheath. 
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:-:f fee, -.: Adjacent JsJl Canisters 1:. Radiation iaiculatior.s, 

L'ata taken from the TPRC references indicate that the 
thermal emlttance of stainless steel is 0.30, 
Assuming that the surroundings can be treated as a 
tlackbody surface, two possible cases can te considered and 
are shown heiow. 

Case A Case B 

For Case A, the surrounding temperature (T ) is assumed 
constant, as Is the outer surface temperature of T, . 
Therefore, the radiative energy exchange becomes 

For Case B, it is again assumed that T is a constant. 
In addition, it is assumed that T, » T 2 = T, and that 
each cylinder has the same thermal emittance and area. 
The radiative energy exchange becomes 
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w i t h K - i • * 

k - * 1 W 

2 - ^ 

I l r .de ro an-c a l s 

1 " •: i L ' . t i ' • > . ' . . ; :'",;.•: r*! '.;' ' :.•• • • . : ' • - • ' . -: •'•• i -i'_ : J'- '• • ': i.; 'J - ' - i / . 

: y , .[;.'! o r ; ; w ' '. i: U.o.--- :.•/;-.•-'•'!.." :•';.:•••!.:. t • •: :,"'; j'-: it ':,'./ I I 
i n d i c a t e s t h ^ t t n e ^ ] Jit J -•:-•- i. :• -̂  ;Iot I J.\ ^xurvin^v i:; f a i r l y 
i.'.-p;, I^ibl-j. '1'li.i.:-. •:H:. \.<< :..'-• . ' r. : !r- V . V : :!.-; : !'i,r'„:•'•• : >:. 
1.';:ri|'.-rriluro ver:;u:: V'.ji^n'j'.r! • .v.-t f'lJ/: '."•:.•• /.!.*. tod j a r v -
:rav;r. b e t w e •r, t .JO 'Jv..-i r.-;' • • •..>,•..•• .•.•<'•,- • -. ". , - -.,- • -•-. 

la*: 1 o n i.'.-V//"1-.'. vt.' 'i :•' :." J'/. ! ;v.o;'.;, '-tn'.i ' •---'.' 
ri'.*.-." '.:.'• ••'.'"• ' . f -> i. 'a-:•-.:. I : : , • . * ; . . ; • ; : • . : ) . 

•5) Mo'-ieJ-ll-^feS o f r- •nyicv!'-:. i. :_; Try., "cr r.i-^c *.•:.<: r:-j\U.'i«v 

Tvj'> cases ar-.- 'î n.ji ii.-r : -' r ' .v COHV-J •'-1 '-'•: '.-:.'.• Vi-";/ transf' 
V'^r the Js(J- c-. .'IIJ1/-;1 ' ' . n ;"r ur. il:..;::. 

The- corr.^c'. i -:. -:0'.-!'."'. • i'-v. •;".; ii:-'i for anal;/:-; i;: is 
shown below, with :••.':.:.:; f'-.r centcrline temperature 
and temperature cf !,;.•_ Inner radius of the first 
stainless steel shea1:, provided versus the volumetric 
heat generation cf ';.• '_ In Figures 1A and 13. 

_ r _ _ - ,tS 
'h "' ° " L f"rT-] (l°) 

1'v;:. case- are .-i;ov;n I:, •.•'îh Ci;:ur^, correspondin.-t to 
T- = ^6°C ( 1 ^ 0 : ' / ar,u ....°J ;7^°i-'j. '£Le range of the 
volume trie heat tr̂ ner-it:" -JU (0.BoV/cm-' to 0.5i*3W/cm^J 
'corresponds to the ::..; iilinu.-n and maximum data located 
within work dojumente; by B-jttelle Ilorthwest. Using; 
natural convection co..li.-..̂ , it appears that temperature 
in excess of ;-,"):°C ( V ^ J ° F / .".ay be reached within the 
J S C I for heat general i->r. fluxes above 0.~V/cm3. 

(B) Forced Convection Along the Cylinder - The majority of 
correlations Vor forced convection along a cylinder 
allow for calculations uslr.r flat plate correlations 
and then adjusting them incorporating curvature 
effects. Problems arise in trying to use flat plate 
approximationsj however, because the leading edge cf 
the cylinder is blunt. Work done by .''I. Jakob and W. 'A, 
Do'fi indicated that the leading edge conditions can 
render a normally laminar flow prctlem turbulent. 
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Kurther questions relating to the flow conditions 
at the trailing edge of the cylinder .-nay render the 
flat plate approximations invalid at that location also 
Therefore, rather than attempting tc calculate the 
temperature distributions as a function of length down 
the cylinder, only average temperatures based on 
average convection coeffici nts are provided. Both 
laminar and turbulent corrtxations were considered, 
since leading edge effects were undefined. 

The governing equations for the convection heat 
transfer have teen taken from Heat Transfer, by A. 
Chapman and frorr. work dene by M. Jakob and w'. ;••;. Driv; 
and are provided as shown 
Lar.i r.ar ."low 

K J U F P = 0 . t , a R^ P r ' " l " ^ 

N u c v i . = N U f p { \ * o . o W [ %T/rjf) ^ 

where T>T = S . W u / ^ B , 

Turbulent Flow 

where "ST - 0."M.<»i_/ R^ 

and 
N u = 

k. 

R t - U.V-

Pr = or 
Jk 
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As can be seen from the above expressions, the variation between 
flat plate and cylinder average Nusselt numbers results from a 
ratio of boundary layer thickness (6t) and curvature (denoted 
through r 0 ) . As the cylinder diameter increases, it would be 
expected that the flat plate model would be valid, and infact 
this can be seen by comparing Figures 2A and 2B with 3A and 3B 
and UA and 4B with 5A and 5B. Figures with the 'A' designation 
provide centerllne temperature data while figures with the 
'B1 designation yield data on the temperature of the inner sur­
face of the CsCl containment cylinder. 
Figures 2 through 5 provide data showing the effects of wind. 
Comparisons of the 5mph wind ca~es with the natural convection 
plots for T a m b = 24°C (75°F) indicate that there is no signi­
ficant cooling obtained by the addition of air flow. For 
air velocities above lOmph, however CsCl material temperatures 
may be reduced significantly (30-^0°C less than those expected 
for the natural convection case). . 
Three other noteworthy points should also be made. First, 
comparisons of the temperature plots for the flat piate and 
cylinder indicate that using a flat plate approximation does 
net critically affect the results. Comparisons of Figures 
2A and 3A (laminar flow case) indicate that less than 10°C 
difference results. Although the differences may be slightly 
greater for turbulent flow, the flat plate approximation for 
convection heat transfer is still acceptable. Second, significant 
temperature differences result from choosing a turbulent or 
laminar convection model, particularly if the higher air 
velocity conditions are considered. Nearly |50°C temperature 
differences between the laminar and turbulent flow models 
occur, for example, for air velocities above lOmph. Typical 
transitions Reynolds numbers range from 100,000 to 500,000 fir 
flow over a flat plate, and therefore, the convection problem 
would normally be considered laminar. (Re m a x is estimated to be 120,000 for an air velocity of 20mph along the cylinder). 
Leading edge effects (blunt front surface) will, however, at 
least enhance the heat transfer along the first part of the 
cylinder and may even re£ lit in such instablitles in the momentum 
boundary layer that turbulent heat transfer occurs. For con­
servative estimates on the CsCl material temperature, however, 
laminar convection models should be used. Finally, it should 
be noted that the temperature data provided in Figures 2 through 
5 result from average convection coefficients. For flow along 
a flat plate, the heat transfer decreases as the thermal boundary 
layer increases in thickness. Therefore, higher surface 
temperatures than estimated using an average Nusselt number 
correlation will occur near the trailing edge of the cylinder. 
Such Increases, however, may be offset by conduction losses 
at the end. 
Conclusions 
The following statements summarize the results obtained through 
the work undertaken. 
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(1) Axial conduction within the CsCi material as expected 
is negligible compared to radial conduction. 

(2) Radiation effects from adjacent CsCl c-linders are 
negligible. 

(3) CsCl centerline temperatures in excess of 350°C should 
result from natural and forced laminar convection and may 
be as high as nearly 500°C depending upon location en the 
cylinder and whether or not air is moving over the ovlir.de:'. 

{̂ ) The blunt leading edge of the CsCl cylinder may result in 
turbulent heat transfer, which would reduce expected 
maximum centerline temperatures below i400°C for air 
velocities above lOmph. 

'•^) The best way to lower the CsCl temperature, it appears, 
would be to eliminate the radition shield effect which 
occurs between the two stainless steel sheaths. The low 
thermal emittance of stainless steel results in temperature-
increases of over 100°C across the annular space. 
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F i g u r e 1-A 

Natural Convection Heat Transfer Along A Cylinder 
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F igu re 1-B 

Natural Convection Heat Transfer Along A Cylinder 
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F igu re 2-A 

Laminar Flow Heat Transfer Along A Flat Plate 
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F i g u r e 2-B 

Laminar Plow Heat Transfer Along A Flat Plate 
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F i g u r e 3-A 

laminar Flow Heat Transfer Along A Cylinder 
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F i g u r e 3-B 

Laminar Plow Heat Transfer Along A Cylinder 
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Figure k-A 

Turbulent Flow Heat Transfer Along A Flat Plate 
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F i g u r e 4-B 

Turbulent Flow Heat Transfer Along A Flat Plate 
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F igu re 5-A 
Turbulent Flow Heat Transfer Along A cylinder 
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F i g u r e 5-B 
Turbulent Flow Heat Transfer Along A Cylinder 

..-TEMPERATURE OF INNER RADIUS STAINLESS SHEATH1 "' 

in u 

a 
x 

^* 5 mph 

000 1 1 . 
3h 10 mj 

1 . 
3h 

S* y 
• i 5 mph 

y S ^ 
^ 

r 

5 mph 

4? 
* ^ 

. s *> 
• S 

MS 
( k s .S • * >* 

y 

M» 
•Ml OB •41 •m » 

ENEMY •ENERATEO IT CflCL IN tt/CH*«> 

114 



APPENDIX E 

Detailed Operating Procedures 

A. Introduction 

The operations carr ied out at the irradiat ion facility can be divided into five separate cate­
gor ies . The first category is the gamma-source pin loading operation; this operation is performed 
when the facility is initially charged with radioactive mater ia l , or when the gamma-source is 
recharged. The second category 01 operations is labeled "normal" operations; these operations 
v/ould be regarded as the normal function of the facility: source plaque extension and retract ion, 
lead shutter closing and opening, bulk and bagged mater ia l loading and unloading, and routine 
radiation sensor checkout. The third category of operation includes all procedures where the 
conveyor access cover must be removed: conveyor maintenance and repa i r , swipe tes ts to check 
Cor radiation leaks, and water seal installation and removal . The fourth category of operation 
is performed when the facility is placed in STANDBY <jr OFF mode and is to be left unattended for 
any length of t ime. The final category of operation is the pin removal procedures for decom­
missioning the facility. A preventative maintenance section is provided in the step-by-step 
procedures . 

B. Pin Loading Procedures (LOAD-UNLOAD Mode) 

When the Sandia Irradiator for Dried Sewage Solids (SIDSS) is initially charged or recharged 
with Waste Encapsulation and Storage Facility (WESF) at Kichland, VVA capsules, special p r e ­
cautions must be taken. The presence of a professional health physicist is required during all 
the steps in these procedures to prevent exposure to personnel . In preparation for the loading, 
the facility must be keyed in the /.CCESS mode and must be prepared with the water seal installa­
tion procedures described in paragraph D of Section II. After the source plaque bridge assembly 
ha? been removed, the water seal has been installed in the conveyor side of the facility, and the 
access cover replaced, the pin loading can commence. 

The control panel for the facility is keyed into the LOAD-UNLOAD mode. The lead shutter is 
then opened. The source plaque is positioned in the pool a rea . After the High Energy Part iculate 
Air (HEPA) filters and the blower a r e removed, the pool is filled with deionized water through 
the air outlet por t . When the pool is filled, two independent mechanical and electr ical interlocks 
disable the lock that prevents the pool cover from being removed. With a health physicist present 
with a radiation survey meter , the three concrete pool cover slabs a r e removed individually with 
a c rane . As each slab is removed, the shielding is reduced. If the electr ical and mechanical 
interlock systems and visual inspection of the water level fail, radiation would still he detected 
while at a level low enough to cauBe no danger. When the pool covers a re removed, a water level 
controller is installed, 
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,After- the cask containing the cesium-137 a r r ives , the cask is readied for lowering into the pool 
area by removing most of the bolls holding the cover in place. A crane lifts the cask, Eind slings 
attached to eyebolts support i t . A secondare* set of slings is attached to the cover so that after the 
cask is lowered into the pool and the remaining cover holts removed, the cask cover can be pulled 
out of the pool. A release of accumulnled ozone usually accompanies the removal of the cover, 
and personnel miidt c lear the area for several minutes to allow the ozone to dissipate. A ti'i..iL 
evacuation will be conducted before the actual event, 

The source plaque cover is unlocked and flipped open. Th WESF capsules a re moved from 
the cask to the plaque with tools specially designed at Sandia. The first pin to be t ransferred is 
a dummy source pin to be used in a dry run. The crane is then use.! to remove the cask from the 
pool. The cask cover is placed on the cask, the cover bolts a re tightened in place, and the cask 
is shipped out. The cask unloading procedure must be repeated until the source plaque is filled. 
After the plaque is filled, the pins are secured in place by a locking cover, 

The source plaque is now moved into the cavity. The pool cavers are replaced, and the pool 
cover locks are enabled. The pool water is pumped into a 1000-gallon holding tank, and samples 
of the water a re checked before the contents are discharged to the environment. Th'- ventilation 
system is then reinstalled. The source plaque is moved to the pool, and tht lead shutter is closed. 

The control panel is keyed into tit!; ACCESS mode, and the access cover is removed. After 
health physics personnel survey the a rea with radiation survey meters , the water seal is removed 
and the source plaque bridge assembly is replaced. Personnel must wear "ch i rpers" at all t imes 
while in the convenor access a rea , as well as other places around the facility. After careful in­
spection, the personnel leave the conveyor access area , the access port cover is replaced, and 
the interlocks are enabled. 

The facility can now be switched to either the STANDBY mode or the NORMAL operation mode. 

C. Normal Operations (NORMAL Mode) 

I . Definition 
Normal operations a re those that can be performed by workers u^ing the facility without 

danger of radiation exposure. In these operations, access to the conveyor access a rea or the pool 
a rea is not required. The operations a re conducted from the control panel in Building 6720 or at 
the conveyor loading and unloading stat ions. The operations that fit within this category are radia­
tion sensor checkout, source plaque extension and retract ion, conveyor loading and unloading, and 
lead shutter closing and opening. 

2 . Radiation Sensor Checkout 

Before the facility can be used for any purpose whatever, several routine precautionary 

steps must be taken. F i r s t , before entering the security fence, all personnel must attach radiation 
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badges to their clothing. At Building 6720, radiation survey meters and "ch i rpe rs" will be stored 
for use by personnel within the security fence. These survey meters a re routinely checked and 
calibrated by Sandia Division 3312. Personnel planning to use the facility must first enter Build­
ing 6720 to perform a radiation sensor check. The radiation a larm systems have self-consistency 
check switches for each of the six radiation a l a r m s . These switches must be turned to the proper 
position to assure that the sensors a re working proper ly . After the sensors a re checked, a person 
wearing a PDB badge (personnel monitoring device) and with a "chirper" in his possession must 
make a radiation survey of the entire facility before any further • perations can be carr ied out. 

3 . Lead Shutter Opening and Closing 

When the facility is left unattended (OFF mode), the source plaque is stored in the pool area 
and the lead shutter is kept in the open position. After the radiation sensors and the electr ical 
interlock system are checked, the shutter can be closed by turning the "shutter closing" switch 
until the "shutter closed" light comes on. When the shutter is completely closed, position switches 
in the pool disable the shutter drive motor, and the switch can be re leased. The closing operation 
requires approximately 6 min. Electronic logic does not allow the shutter drive motor to close 
L ê shutter unless the source plaque is fully re tracted into the pool a r e a . A torque-limiting clutch 
p-i tiie shutter drive motor prevents damage to the source plaque and shutter if the electronic 
logic or the position indicators fail. The lead shutter is opened by turning the "shutter opening" 
switch until the "shutter opened" light comes on. When the shutter i s completely open, position 
switches in the pool disable the shutter drive motor and the operator can re lease the button. The 
opening requires approximately 2 min. All personnel should remain in Building 6720 during this 
operation. After the shutter has been opened the source plaque can be extended into the conveyor 
side of the facility, 

4 . Source Plaque Extension and Retraction 
rite source plaque is extended by turning the "source plaque extending" switch until the 

"source plaque extended" light comes on. When the source plaque is fully extended, a position 
switch in the pool disables the source plaque dr ive motor and the switch can be re leased . The 
extension takes approximately 1 min 45 s e c . Electronic logic p r e v e n t the source plaque u-ive 
motor from extending the source plaque unless the shutter is fully open. A torque-limiting clutch 
on the source plaque drive motor pi events damage to the source plaque and the shutter in the event 
the electronic logic or the position indicators fail. Source plaque extension takes approximately 
2 min. After the source plaque extension has been performed, a radiation survey must be per­
formed by the operator with a survey me te r before the remaining personnel leave Building 6720. 
The operator must wear a PDB badge and have a "chirper" in his possession while conducting the 
survey. The source plaque can be retracted by pushing the "source re t ract ing" switch until the 
"source re t rac ted" light comes on- When the light comes on, a positior indicator in the pool d is ­
ables the source plaque drive motor . The retract ion takes approximately 2 min. 
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5. Conveyor Loading and Unloading Operations 
After the source plaque has been extended and a radiation survey conducted, the conveyor 

can he operated by pushing the "conveyor on" switch. The personnel can then leave Building 6720 
to perform the conveyor loading and unloading operat ions. 

The conveyor can be loaded with ei ther bagged or bulk dried sewage sludge, A vibratory 
3 

feed hopper is provided to load bulk mater ia l . The capacity of the hopper is about 0.5 yd , and 
the hopper must he kept loaded with bulk mater ia l . Because of the slow motion of the conveyor 

(4 in. /min) , the hopper can be kept loaded by hand. The height of the sludge in the bucket is 

automatically controlled by adjusting the feed ra te of the hopper. Any slucige that could fall from 
the buckets in the loading operation is caught in a t ray below the buckets. The t ray must be cleaned 
periodically. Two 40-lb bags of sewage sludge are of the proper dimensions to fit into one con-
vuvor bucket. The depth of the sludge in this case is 8 to 10 in. Since a bucket must be loaded 
onlv every 3 to 5 min in operation, the buckets vil l be manually loaded with bags. The conveyrr 
moves so slowly that mechanical danger from moving parts is very slight. The conveyor chain 
is automatically cleaned and lubricated with molybdenum disulfide during operation. 

The bulk mater ia l is automatically dumped from the conveyor buckets into a container on 

the west side of the facility. Bagged sludge is automatically dumped from the buckets onto a 

dumping conveyor. 

D. Maintenance (ACCESS Mode) 

All the operations that require personnel to enter the conveyor access area have heen placed 
together under the title "Maintenance Operat ions." These operations include conveyor inspection 
and r epa i r s , conducting swipe t e s t s , and water seal installation and removal. 

The procedure required to gain access to the conveyor access area is common to all three 
operat ions. With the facility in the NORMAL operation mode, the source plaque must be fully 
retracted and the lead shutter ful.v closed. The facility can then be switched into the ACCESS 
mode. With the lead shutter properly closed, both the electrical and mechanical interlocks 
allow the access cover lock to be unlocked manually. With a health physics representative present 
with a survey meter , a forklift is used to remove the access cover . When the access cover is 
removed, both the electr ical and mechanical interlock systems lock the lead shutter closed. The 
health physicist with survey meter , PDB badge, and "chirper" must survey the conveyor access 
area before other personnel enter the a rea . The dose ra te should be less than 0.5 mrem/h r in 
the bottom of the area and much less elsewhere in the access a r e a . All personnel entering the 
conveyor access area must wear PDB badges and have "ch i rpers , " 

The conveyor is very simple and is operated at a small fraction of its rated speed. For these 
r ea sons , very few repa i r s are anticipated. Periodic inspections of the drive chain and the collapse 
sections will be made. Repairs to the conveyor can be made by removing the side panels to the 
conveyor housing. 
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Swipe tests will be performed at least once annually on the cesium-137 gamma-source cap­
su les . The swipe tes ts are conducted by placing a swipe test fixture into the source plaque bridge 
track housing. The fixture is so constructed that it p r e s s e s asbestos swipes against the top and 
bottom of the capsules over almost the entire length of the capsules when the source plaque moves 
over the fixture. The swipe test is conducted by going through the above procedures to obtain 
access to the conveyor access a rea . The swipe test fixture is inser ted. Personnel leave the con-
vevor access a rea and replace the access cover . The interlock sys tems a r e enabled, the facility 
is switched back into NORMAL operations mode, and the lead shutter is opened. The source 
plaque is extended, and in the process of extension a swipe sample contacts both top ^nd bottom 
of the capsules over almost the entire length of each capsule. The source plaque is then re t rac ted 
and the lead shutter closed. The facility is switched into the ACCESS mode, and the conveyor 
access area entry procedures described ab^ve are followed to gain access to the conveyor access 
a rea . The swipe test fixture is removed from the conveyor access a r e a . The access cover is 
replaced, the interlock systems are enabled, and the facility is switched back into either the 

NORMAL operations mode or the OFF mode. The 30 swipe samples (2 per capsule) a r e analyzed 
5 

for cesium-137. Detection of g rea te r than 0.05 uCi of cesium-137 (L.l x 10 dpm) indicates a 
probable leaking source . 

In the event of a leak, only two possibilities exist . Because no provision is designed into the 
facility for dry loading, the normal underwater p'n unloading procedures can be carr ied out while 
tolerating the slow leakage of cesium chloride into the water; if tho lean is very large, the facility 
can be decommissioned with the source in place. 

In order to remove or install the water seal over the plaque pass-through cavity opening, 
access must be gained to the conveyor access area by following the above procedures . To install 
the water seal , the source plaque bridge assembly must first be removed. An undamaged rubber 
seal is installed over the studs around the cavity opening. The cover is lifted from below the con­
veyor and pushed over the studs. By installing nuts on the studs and tightening the nuts to compress 
the rubber seal , water is prevented from passing from the pool side to the conveyor s ide . Removal 
of the water seal is the reverse of these procedures . Obviously, the pool must be emptied of water 
oefore the water seal is removed. After installation or removal is complete, personnel leave the 
conveyor access area and the access cover is replaced. The interlocks a r e enabled, and the 
facility is switched into whichever of the other three modes is needed. 

E . Standby (OFF Mode) 

When the facility is switched to the OFF mode, it can be left unattended for extended periods 
of t ime . The radiation a l a r m s , the interlock system, and the ventilation systems are operational 
in this mode. The a la rm system has battery-supplied emergency backup standby power. P r io r to 
switching the facility to the OFF mode, the source plaque should be moved to the pool 3ide of the 
facility. 
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V. Pin I'nloading Procedures (LOAD-CNLOAD Mode) 

The same procedures a r t followed to prepare the facility for pin unloading as were followed in 
the pin loading procedures . If no radioactive material is contained in the shipping cask, the cask 
cover can l>c removed before the cask is lowered into the pin transfer pool. The cask cover nrjst 
he removed jn the presence of a qualified health physicist with survey meter and "chirper ." After 
the cask cover is lowered into the pin t ransfer pool, the lead shutter is opened and the source 
plaque :s moved out of the cavity between the pool area and the conveyor area into the pool a rea . 
The top of the source plaque i^ released by turning the cover-securing bolts 1/4 Mm «ith specially 
prepared 20-Ft-long tools. Some of the pins can be t ransferred to the cask from the source plaque. 
The cask cover is lowered into place through the water , and several bolts a re screwed an to se­
cure the cask cover to the cask. The cask is lifted out of the pool with a crane , and the other bolts 
are screwed on to secure the cover for shipment. The remaining steps to s ec j r e the Facility a re 
described in the pin-loadi •>% procedures section. Aster isks a re marked beside the steps which the 
Health Physics Division w^jld include on a minimum checklist for supervision of ope ra t i on at the 
SIDSS. All thebc procedures will be incorporated into official standard operating procedures which 
will be regularly updated and reviewed and which will be controlled. 

G. Step-by-Step Procedures 

1. Pin Loading Procedure 

' a . Health Physics personnel should be present through entire procedure . 

b . Turn on main power. 
c . Turn function switch to source LOAD/UNLOAD mode. 
d. Check a la rm system and sensors - -a l l should be on. 
e . Water tight seal and gasket should already be installed in the conveyor a rea - - lh i s 

should have been done in the ACCESS mode. 
f. Turn off ventilation system and remove fan and filter assembly. 
g. Fill pool with clean, c lear water and activate water makeup system and emergency 

fill sys tem. 
h. Install float switch. 

*L SemovE pool cover locking mechanism—everything should now be unlocked--if not, 
fin^ out why I 

* j . Move crane into p lace . 
*k. Remove pool cover . 

1. Unlock hinged assemblies and open them with handling tools to allow pin loading. 
:'m. Move truck with cask into p lace . 

'n. Sling the cask and hook onto the c rane . 
; , o. Pick up cask and lower into the pool until the lid is a few inches above the surface 

of the water , 
- p . Sling the lid of the cask and tie a rope to this sling and also to slings for the cask. 
•>q. Remove the nuts to the cask lid. Lower the cask to the bottom of the pool. 
*r . Unhook from the cask sling and hook up to the Hd sling. 



s. Lift the cask lid a few inches and evacuate the area for a few minutes to allow the o/ jne 
to dissipate 

t. Remove the cask lid from the pool. 
•j. I sing a handling tool, remove each pi:i from tlie cask and load it into the sourc t 

plaque until the cas . is empty, 
v. Remove the cask fr'jm the pool. 
w . i.jad the cask onto the truck and replace Iht lid and crash shield. 
x. Repeat the operation with more casks .intil the source plaque is filled. 
v. C lose hinged angle assemblies and lock io confine pins. 
.•. Remove float switch, 

aa. Replace pool lid. 
;ih. Replace pool lid lock mechanism. 
iic. Activate interlocks and check them for proper operation. 
ad. Deactivate wu* r makeup and emergency water fill svs tem. 
at.*. Install discharge pump. 
;i*. Drain pool. 

mi. Install the fan and filter assembly and act ivate. 

ah, 'I he v.aturtighl seal and door must he removed, bm this is dune in the u t'KSS mode, 
*ai. Connect the hridge assembly and attach the dust cover, but t ins , too, is done in the 

ACCKSS mode. 

. \ t .RMAI. Operating Mode 

a. Main power should be on. 

h. Health Phvsics may need to be present initially. 
c. T irn function switch to Normal Operating Mode. 
d. ("heck a larm system and sensors - -a l l should be on. 

: e . Watertight seal should already be removed-- th is should have been dont in thi-
ACCKSS mode. 

f. The bridge assembly and dust cover should be installed—this also should have bet-n 
done in the ACCESS mode. 

g. The ventilation system should be on. 
'... The sump pump should be on. 
i. The pool cover should be on and locked. 
.!. The access cover should be on and lacked, 
k. All interlocks should be activated. 
I. F i re protection system should be on. 

m. Shutter switch power and plaque switch nower should be on. 

n. Open shutter if it is not already open and wait for the "shutter open" signal, 
o. Extend source plaque and wait for the "extend" signal to come on. 
p . Lubricate all par ts that need to be lubricated. 
q. Turn on lubrication and cleaning system for the conveyor and be sure of proper 

operation. 
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r . Turn on convevur svstem and adjust speed for proper nosf. 

a. If hjpper tt-erl bvstern is to i>e used, lurr. on ruppi-r feet) svbiem an'! adjust Nov. vit\u 
for proper b-icket filling. 

t . Keep feed hopper full for proper operation. 
u. If hags a re <o he loaded rnaiuallv, load them, 
v. Monitor all svstems for proper operation and c o r n e —•!, 
-.:. When ready lo shut down, shut off feed hopper and allow the material in the convevor 

to travel through the radiation 7one before shutting down the convevor. 
x. When the last of the material has passed thr > :gh the radiation zone, the source iila-j :e 

car ue retracted -wait for the ' retracted ' .signal to come on. 
v. Leave the load shutter open to increase airflo.'. and reduce wheel hearing wear, 
/ . When the last of the material has exited the convevor, shut off lubrication and 

cleaning svs tem, 
aa . Turn off conveyor, 
ah. ("lean up. 
;ic. T irri function switch to ( ' I F mode. 
uti, l-'ullow check list lor (JJ-T mode, 

3. ACCESS Mode 

a. Health Physics personnel should he present for initial a c c e s s . 

b . Turn on main power. 

c . Turn function switch to ACCESS mode. 
d. Check a larm system and sensors - -a l l should be on. 
e . Ventilation system should be on. 
f. Source plaque should be retracted and locked--check mechanical and electrical signals. 
g. Lead shutter should be closed and locked- check mechanical and electrical signals- -

this is the most cri t ical procedure . 
h. Sump pump should be on. 

"i. F i re control system should be off--disable CO 0 bottles before access by disconnecting 
the copper tubing from the CO. bottles, 

j . Access cover interlock should be on--this energizes solenoid to unlock access cover--
mechanical interlock should be off. 

:-k. Unlock access cover by turning crank handle and removing the securing sc rews . 
; : 1 . Remove access cover with a large forklift. 

*m. Set up fan and hose for ventilation in access a r e a . 
*n. Take light and radiation monitor and enter access a rea with health physics personnel . 
o. Survey access area--especia l ly in radiation 7.one. The dose should be lower than 

0.5 m r / h r in all a r e a s . 
p . Intercom should now be connected in radiation 7.one. 

a q B Area is now ready for whatever work is needed. 
fl) If a swipe test is to be conducted, remove the cover from the top of the bridge 

assembly. 
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>2) Alter installing new asbestos cloth in t.'ie swipe test assembly, bolt the upper ai 
lower sections of the swipe test assembly to the bridge assemhlv, 

{'it Lvacuate the conveyor access area and replace the concrete access plug and 
locking mechanism. 

(41 Switch the facility into the .\t:RMAI. tnjtie and cycle the source plaque to the 
extended position and then to the retracted position. Do not stop s•> irce plaque 
motion until it is completed automatically in either direction. 

ir>) Close the shelter and perform steps a. 'hrougJi o. of the ACCKSS mode pr jcc lnr 
(6) Remove the swipe assemblv and replace and caulk the bridge assemble rover . 
(71 Send the asbestos cloth swipe lesi -samples to the Health I'hvsies Division S r 

analysis . 
r . After work is completed, remove intercom and light. 
s, J!voci:ate a rea . 
i. Remove portable ventilation system. 
u. Hecheck to he sure all personnel are out of access a r e a . 
v. Replace access cover, 
v., Lock access cover. 
x. Turn fire control system on and reconnect ("t,^ bott les. 
v. Turn function switch to desired position. 

4. <;IT Mode 

a, .Main power should be on. 

I). Turn function switch to CJI-T mode. 
c. Alarm system and sensors should all be on--check for proper operati >n. 
d. Ventilation system should be on. 
e. Source plaque should be re t rac ted . 
f. Shutter should normally he left open. 
g. All interlocks should be activated. 
h. Conveyor and feed hopper should be off. 
i. Access cover should be on and locked. 
j . Pool cover should be on and locked, 
k. I-"ire control system should be activated. 

1. Secure area by locking control panel, Uuilding G720, and the east access gate when 
leaving. 

5. Pin Unloading Procedure 

"a -x . Steps a re the same as steps a-x of the pin loading procedure . 
*>'• Using a handling tool, remove each pin from the source plaque until the cask is lull. 
'Z. Lower lid and gasket into place on the cask, 

*aa. Raise cask to surface--check for radiation carefully during this procedure . 
*ab. When the cask lid is a few inches above the water, replace the nuts to the cask lid. 
*ac. Do Steps z , -a i . of Pin Loading Procedure . 
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! ' t e v c n t a t l v e '.lainten<ir.< e 

a, i :,L- < orive*, or I i U H H' I ' J ! - :••*«.•> -• >ii .»••.•<•; -• , , - : • , . , ; . - , , . - • • 

a n d t h e r o n v e v o r gho i l r i be o p e r a t e ) at h igh i p e e - i •.•.!•'. mr :. 

l t i l t h e r o n v e v j r cha i r , i i c l ea r : am: J :l,r ]• ;)••*•:. 

b .e m e c h a n i c a l i n t e r l o c k s h o u l d be v c . u i l l . - :,'•( «ed >:.> <• *•. 

j p e r a t i - j n . 

c . T h e e l e c t r i c a l i n t e r l o c k s h o u l d he chuck/ ' - : v i i= ja l lv on< e rn r 

d . Swipe t e s t s s h o u l d he c o n d u c t e d at l e a s ' -m< e .: • . , ; i v . 

< . 'I !,e be:inri[><i u: The l 'r . ' .er s e c t i o n fA !ho i jr. ' /ev .r ..: : ".>• : > 

be l'l 'ir i c a t e d v.fiei: i.'ic .- . ' . lp- t e s t s a r c i ond ic ' e • : . 
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Copy Copy 

Sandia Laboratories 

.I'llv 19, 1970 

Distribution 

Health Physics - 3312 

Sale Operating Procedures fur the Sandia Irradiator lor Dried Sewage S jlid.s 
(SINSS). lildR. fi720 and G725 

The enclosed instructions outline the necessary procedures for operating 
tiie Sandia Irradiator for IJi ied Sewage Solids (S1DSS) in the NoliMAl. ' ^ o r ­
ations mode. 

1. These procedures supersede all previous oral and/or written procedures . 

2. The operating organization has the responsibility of notifying the Health 
Physics Division, 3312, before Hie SIDSS is operated in any other .'rude, 
if the machine is modified in any way, if any anomalies exist in the rad­
iation readings observed on fixed instrumentation or during radiation 
surveys, or if any additions a re made to the list of authorized ope ra to r s . 

3. Post these procedures in a conspicuous place in the work a r ea . 

Gi;T:3312:mr 

Dis t r i bu t ion : 
3312 C. H. Berglund 'Original + 1) 
4535 .1. S. Sivinski 

^_ J f T^»»4,'i35 M. K. Morris 
4535 .1. D. Pierce 
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Copy O j p v 
.lA !•'!•: OPKKATIN' t ; i '!(< iC I -:i)l l l l . s 

run 
The- Sandia I r r a d i a t o r l o r l ) r i . " i Si-/.ajji- S ..VI-, IS1USS) 

1)1 \ ( j ' | '. I I I . M P T T O OI 'KRATT; THIS I'AC 11.11"; I \ T . h S S ">'.l Mi l . AN Al T T I O K I Z l . b 
i iPKHATUK. 

i! i. \\> i III-.SI. IMI ' j f i .u i in:s CUMPI. I .TUI.Y HI. rum. OIM.K.VI i\r; Tin: i'\< i i . rr , i \ _\_.\ , 
, i i T > [ . . • • - • - -

i r , v r \ .v. I T \ I I : . i .NISI A I . R A D I A T I O N I-TI.I.IJS A K I . X U T I . U . I : \ A C I A I T . x r j . j j L i ^ u x 
\ I . I i I IKOI nil r m ; K A S T ( I A I i: ()!• T I I I : i i : \ < I:D A K I : A . 

\l IT.I! •• SI., Till-. lACTMl", Ml ST Hi; HI-TI KMT) Tu Till: "i)IT-" Mlllji: AM) I III: f i ,N-
n i i ) i . n \ i : i , m ii.uiNt; ri720, A M ; TIII-: AUK A CIATI : MI S T HI : I . U C K I : I ) . I K I : , S U I I . I . HI. 
I M)i:l( I ill. ('ONTRUI. OF 45.'i5 PKHSONNIT. AMI ISSI IT), UN I.OO, 0\j_/i TO_-\l TMc l i l /LI) 
OI'I.UATOUS). 

SPKCII-Tf A'TIONS HY TILI-J OPKRATOli (S) 

1. Ml SIDSS o p e r a t i n g and p r o d u c t l oad ing p e r s o n n e l mus t .M.-ar r i e r s o n n e ] r a d i a t i o n d o s : o ie l ' - r 
b a d g e s and " c h i r p e r s " whi le in t he SIDSS a r e a . 

2. T'IL- r a d i a t i o n a l a r m s m u s t be c h e c k e d i m m e d i a t e l y np'jn e n t e r i n g Ihe SIDSS an.-.. ;::;d a ra-1 
latiori snr"vev c o m p l e t e d b e f o r e p r o c e e d i n g with any o p e r a t i o n s . 

A( TIVITIKS THAT MUST HI-J C.OOKIJI.N'ATKI) WITH IIKAI.TH PHYSIC S 

1. Hypassing any facility inter locks. 

2. Modification of equipment or shielding. 

3. Operation of the facility in any mode other than the "Normal ' or "off" mode. 

AITHORIZKD OPERATORS 

Signatures below indicate that the signer has read and is familiar with these pr ocedures and 
the standard operating procedures in the FSAR. 
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