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ABSTRACT

Analyses of the hazards associated with the operation of the
Sandia Irradiator for Dried Sewage Solids, as well as methods
and design considerations to mimimize these hazards, are
presented in this report in accordance with DOF. directives,
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i SANDIA IRRADIATOR FOR DRIED SEWAGE SOLIDS
FINAL SAFETY ANALYSIS REPORT

I. Introduction

A, Overall Description

This Safety Analysis Report describes the Sandia Irradiator for Dried Sewage Solids (SIDSS)
The

B e T T NI

designed by Sandia Laboratories and assesses the hazards associated with its operation.
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 1T (TA-III} in April 1979. This lacility provides Sandia Laboratories with the capability of
exposing up to 8 tons per day of sewage solids 10 1 Mrad absorbed dose,

B, Tacility Rationale
The basic purposes for constructing the SIDSS are fourfold:

1. to provide a high-dose rate rescvarch facility to examine further the effects of

radiation on sewage sludge,

hanical and electrical components to be

2, to function ae a testbed for the
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 ueing 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
larger facility that is to be constructed by the EPA,

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

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

with the SIDSS as well,
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II. Summary

A. Most Hazardous Accidents
The two types of accidents that are regarded as most hazardous are ones which result in
radiation exposure ta personnel higher than the prescribed iimits and ones which result in leakage

of radioactive material Irom the gamma-gource pins,

The accidents that could result in excessive radiation exposure to personnel are removing
the pool cover without shielding water, removing the conveyor access area access cover with the
lead shutter open, and opening the lead shutter while personnel are in the conveyor acceas area,

These accidents, along with consegquences and preventive measures, are discussed in Chapter VI,

The components of the system, such as the conveyor and lead shutter, are described in Chapter IV,

The actions that conld result in leakage of radioactive material from the gamma-source

pins are corrosion from within or outside the capsule or mechanical fracture of the pins, The
ofa hanical

integrity testing of the pins is described in Appendix A, and the q
fracture, and the design and procedural provisions incorporated to prevent such a fracture, are

presented in Chapter VI,

B, Safety Features
The safety features are described in detail in Chapter IV and Chapter VI and include
independent mechanical and electrical interlock systems, and sensitive radiation monitoring
equipment to measure radiation exposure to personnel and to prevent discharge of radioactive
material 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 Particulate Alr (HEPA) filters placed in Beries are 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
rate ingide the conveyor area was 1 mrem/hr with the lead shutter closed. The maximum meas-
ured dose rate there was 0.3 mrem/hr; this could be reduced even further by stacking lead bricks
in the aperture of the cavity leading from the pool area to the conveyor area. The highest dose
rate outside the facility from the cesium-137 within was expected to be lesa than 0.035 mrem/hr;
the measured dose rate outside the facility was less than 0,035 mrem/hr everywhere except at a
small crevice between the first and second pool lids where the dose rate was 0.8 mrem/hr and at
a small 6 by 6-inch patch next to where the conveyor exits the structure where the dose rate was
0,2 mrem/hr. The crevice is being grouted, and a small patch of lead is being added next tu the
conveyor exit in osder to reduce even these low doge rates to background level. The 0.035 mrem/hr
value ig at or below background radiation level in the area. In order to obtain this low 1ev}el. some
patch shielding has been provided to prevent radiation scatter back through the conveyor path and

Rccess area,

e S



1II, Site Congiderations

A. Site Description

The Sandia Irradiator for Dried Sewage Solids (SIDSS) is located within Sandia
Technical Area {TA) lil at the northwest corner of Building 6720, as shown in Figures III-1 and
I11-2. TA-IIi is located well within the boundaries of the Kirtland Air Force Base East area, 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 largest concentration of Sandia Laboratories personnel and
equipment, The Exciusion Area for the SIDSS is defined as that region bounded by a circle of 1 km
radius centered at Building 6720, This definition places all of the Exclusion Area within the direct

control of Kirtland Air Force Bage (i, e,, either military 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 are no
major distinguishing characteristics hetween the two sites, The above data have been very
thoroughly tabulated, analyzed, and summarized for TA-V in Chapter Il of the Hot Cell Facility
{HCF) Safety Analysis Report, 1

To summarize the description of the site 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, All facilities are 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 are 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 are quite infrequent, with a probability of 0,1 per year or
less. Most of the SIDSS (including the radioactive material} is 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 11ft the pool cover. A preseure differential of over 2.5 psi
would be required to lift the concrete cover atop the conveyor access area. Tornadoes which occur

in New Mexico do nol generate pressure differentials this large.

The water table is approximately 150 m below the surface in TA-1II, The high ion-
exchange capacity of the surface and subsurface goil would bind the cesium ions and would prevent
rapid migration of the radioactive material were contaminated solida or water to be accidently
discharged to the environment, Adequate time would be available to clear the area of contaminated

goil before the ground water table became endangered,

11
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C, Security

The SIDSS is within TA-III, which is a controlled access area with a security fence on the

north boundary and with guards on duty 24 hours 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 security features, a 10-foot high security fence is installed around
the SIDSS and Building 6720. The gate to the enclosed area is opened only when operations are to be
carried on at the SIDSS, The SIDSS control panel is inside the normally locked Building 6720,

Building 6720 is unlocked only when operations are to be carried on at the SIDSS,

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

1n any of the four operational modes (descrited in Chapter IV).

Personnel entering the security fence around the SIDSS are required to wear personnel

dosimeters and to carry a radiation survey meter.

D. Environmental Impact

1, Modification to the Site

The construction aite inside the security fence aurrounding Building 6720 was cleared

of vegetation in conjunction with tests carried out more than 5 years earlier, The necessary excava-

tion, backfill, and construction operations are not expected to change the character of the site
significantly.

2, Air Release Potential

The normal operation of the SIDSS will not generate any airborne particulate materials,
Airborne pollutants would be limited to small quantities of radioactive products which might be
released if the integrity of a gamma-~aource pin were compromised from carrosion or mechanical
fracture, In the event that this small amount of radioactive material were to become airborne, it
would be filtered by the two High Efficiency Particulate Air (HEP/) filters that are installed in
serles 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,
The normal groundwater level is approximately 150 m below the

no water is used in the facility,
Care

surface, so the only water that might leak into the facility would be from thunderstorms,
has been taken to alope the approaches to the (acility, to alope the covers, and to waterseal the
joints of the facility, In the event water did enter the facllity, the sump pump would attempt to

discharge 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 sensor checking any water discharged by the sump

D -



pump would have to malfunction for any contaminated water to be pumped into the holding tank.
Consequently, the probability of a water release of radicactive material is extremely small during

normal operation,

Administrative procedures require that the water samples from the holding tank bo
analyzed for cesium to ensure that concentrations are well below the levels specified by the DOE

of 2 x 10—5 uCi of cesium-137 per milliliter of water before it can be discharged to the environment.?

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

4, Personnel Exposure

The shielding of the facility, as shown in Appendix B, is adequate to reduce the
radiation exposure levels to near background levels. No dose of over 0,035 mrem/hr is expected
in any normal work areas outside the facility. The dose rate inside the conveyor access area of the
facility with the load shutter closed is only 0.3 rurem/hr. This dose rate can be reduced even

further i/ extended repair times are required in the conveyor access area.

E. References

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

2, ERDA Appendix 0524 Annex A, April 8, 1975,
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V. Description of Facility

A. General Deseription
Voeatawat, anclevation, and a plan view of the Sandvo Irradiator Tar Draea sesape >.ls
5158 are ilasteated in Figare [V- 1. The facibity is designee? s arradinte ap 1o 4 tansoday o
sewage sohds 1o o radiation dose of 1 Mrad, Luarger quantities of solidys can be poecvessed al s
Both bulk and bagged dried maeriaas tan he

Iower tatal sbrie by adjusting conveyor speed,

irradioned,

Major companents of the system are shown in Figure [V-1. A termporarily water-flict
pool lined with stainless steel is required to load or unload gamma-sour: ¢ pins from *he shipp.ng
When instalied ir the facility, the gamma-Source pins was secuaren

cask used to transport them,
Wher :he plague ia in the poal area, a lead shutter can be clased ra

in & 2- x §-ft source plaque,
prevent radiation from etreaming into the conveyor area, After the pool cover was secured and
the water pumped froin the pool, a water seal was manually rernoved 1a the convevor area, (nce
the facility was properly secured, the lead shutter was opened to allow the source plague te be
driven on tracks to the conveyor side of the facility. With the gource plaque in glace, the convevor

can be operated to transport material prst the gamma-source pins.

Qutput

Conveyor

Source Plague

da

Figare IV-1, Cutaway of Sandia l.rradia’tor for Dried Sewage Solids
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[ th o ext section pertinenst terhnical tetads ar the anove eomponents arse

£, Cap.ponent Desoe.pt o
i [ns.gn Constrmnts

I omponents o the rrachator are bosigne bro Lir ot “he radiation « xposure doss

ratc co 1t 'r for workers usmg the facihity, ant o 170 mrem /v apove n sural background fyr
el ot ety connenst voth b ase of ttacirrariiator, such as Jabitors, i
e el o eiaterial hanelers,
20 Shacthing
Ve Hustrated i Fagure V-1, socblong reqairements for o 1-0MO L cesiur - 147 g -
suar e conselerabie,  The upper portions of the wool dvalls are 4t thaek ane! the cover is 5 o

Sthe e sepeate Laveess This thukonesa, 8 show i Anpendix B, 18 adeguats 1a e b o

Sson warmng are 3 autside the building 20 1ess thar 0,053 mremihe aver backgrein:

s plague s on the pool side, Cr the canvesor sidde of the S lits, o section wf core

BT

et frahick separates the sourece trom the upper part of the systeni. This thickness, us 1llus-

tratedan Aupendix B, is adequate to reduce dose-rate levels in the upper part of the conveor

ent 1o less than 0,045 mreem/hre over background when the source plaque 1s at. the ponog

g
side,  Phee 5-9t thieh wall betwern the paol and the conveyor areg is thick enough o provide Lrotee -
tion from the radiation to the side of the lead shuttiee that the lead shutter does not absork, 1
cross-scectiondd drawing of the lead shu*ter is shown in \apendix B,
3, Convevor

The convevor system shown tn Figure [V-2 transports dried sewage solids pas® he
radiation source, The conveyor system has unusual features and 15 well suited o its rask, The
uckets are supported by a heavy Link chain that 1s extended to allow tiie buckels to go around
corner sprockets without contac:, but in the radiation field or in the fill section, the chain sections
cullapst *o allow the buckets to come together, In the radiation 7one, this feature permits very i
efficient use of the gamma-source, In the fill section, bulk material will fill the bucke's without '

falling between them, Fither bulk material 8 in, deep or two 40-1u bags will f1ll a bucket, i

The sprockets allow very sharp turns to be made by the chain-bucket assembly. The
buckets are wrradiated from both above and below for a more uniform dose distritation. 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

CONVEYOR DUMP

IRRADIATION COLLAPSE SECTIONS

Gough Max-Iicon Conveyor System

Figure [V-2,

‘The conveyar 1x called Max-Econ and 15 manufactured by Gough-Econ, Inc,, of

Staffordshire, England,

4, Source Plague
The function of the source plaque 15 to provide a secure assembly for the cesium-137-

filled gamma-8ource capsules, The plaque shown in Figure [V-3 holds 15 of tuese gamma-sour-e
capsules for a total of 975 k(i of cesium-137. of the

The track allaws movement of the plaque between the poaol and convevar

The four wheels atiached to each of two sides

plaque roll on a track,
areas, The tracke are designed so that any inadvertent granular material butidup will be pushed
off by the wheels, Arms attach to the plague to drive it with a cable assembly from outside the

facility, The plaque is apen to enhance heat dissipation by convection,
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Figure IV-3, Gamma Source Plague

5. Lead Shutter

The lead shatter shown in Figure (V-3 shields the conveyor access arca when *he
shutter 18 in the closed position and the gamma-B8ourre plaque 1s retracted :n'o the pooi area,
The 9-:n. -thick stainless-steel-lined lead shutter is supported and aligned by rollers helow and
above, In the closcd posilion, the shuticr compresses a bellows that provides fluid pressur o
release the access cover lock if the system i5 in the access mcde, Magnetically actuated recd
switches also indicate when the shutter is 1n the closed position, Magnctically actuated recd
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 lead shutter closed, the radiation field 1§ less than
1 mrem/hr at the location of the water seal in the convevor area {sce Appendix B for computational

details and diagrams),

G, Gamma-Source Pins

The gamma-source pinsg that contain cesium=-137 1n the [orm of cestum chloride are
shown held 1n the source plaque in Figure [V-3, FEach capsule contains 65 k(1 of cesium-137,
double-centapsulated in 3161 stainless ateel, The overall length of the outer capsute 15 20, 775 1n,,
and 1t 16 2,625 in, in diameter, Thc other dimensionsa of the capsule components are tabulated in

Figure IV-5, as are the pertineni physical characteristics of the capsule,

The capsules are fabricated by Rockwell International at the Waste Encapsulation and
Storage Facility (WESF) at Richland, WA, The welda made on the capsule are ultrasonically

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

the Appendix A,



1

Figure [V-4, T.ead Shutter
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(. Interlock and Con'rol Syvstems
1, Interlocs Design Philosopbt
Several eriteria were paramount 1n desiprung the interlock and conrrol svstemisg

annot result 1in rahation

a. Farlure of any single interlock con.pon

xposure to oprrating prrsonnel,

b, Failure of anv single interlock s+8tem ~annot result in radiat on
exposure to operaling persone!
¢, To prevent radiation exposure 10 oprrating personrel, no admimstrative

control 18 required during ans oprration cxcept for loading or unloading

radiation-source capsules,

luring .1l operations that could result in personnel exposures following o faalure of
tert, thee oleetrical and teechanicul interlock svatems, S e Operating Proceduces (SCPs) (iroperls
followe+) provide operating personnel with a third level of safety from exposure, Thuse SOPs
prescribe radiation surveys by qualtfied health physirists before workers can enter the convevor
access arca, The provedures will also prescribe the use of "chirpers" and personnel dosimet rs

by personnel at all tumes when they are within the Becurity tence surrounding the facility,

RBercause the two independent tnterlock svstems {onc electrical and one mechanical)
are separate f-om each ather phvsically and functionally, the possibility of commaon-mode fuilures

15 minimazed,

Additionally, at least two steps of holding, with radiation monitoring before or after
the steps, are provided to prevent release of radioactive material to the environment either through
uir or water discharges, These 8ystems are described 1o detail later,

2, Radiation Monitoring
Cutputs from radiation sensors play a key rolc in controlling the clectrical imerlock

svstem, Sensor positions are shown in Figure IV-6, and the sensitivity of the dctector in each

position 15 given in Table [V-[,

TABLL 1V-1

Sensitivities of Radiation Monitors

Sensor Sensitivity
1 0.1 - 1000 mR/hr
2 0.1 - 1000 mR/hr
3 0,05 - 50 mR'’hr
4 0,05 - 50 mR/hr
5 500 - 50, 000 counts/min
6 500 - 50, 000 counts/min

0,05 - 50 mR/hr

-
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Figure IV-6, Radiation 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 s on the pool side or the conveyor side of the
system, and whether the lead shutter hetween the pool and conveyor areas 1S open or closed,
Sensor 7 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 wato the conveyor, and

also whether a radiation field exists i1n the dry solids loading zone, Because the sensitivity of the

erious exposure to the operators would be prevented,

sensor is 0,05 mR/hr, s Sensor 3isa -y
air moanitor that senses whether radioactive material is in the air atream supplied to the HEPA

filters., Sensor 6 is a §-y alr monitor that samples the air stream after the High Efficiency

Particulate Air (HEPA) filters.
filter on a continuous basis for a permanent record of any radioactive release.
of radioactive materiul through the HEPA filters should occur, the sensor will detect any leak and
The blowers will be switched off in the event of a release combined with
An air sampling

The air passing through the air monitor is passed through an air
If any air release

alarme will be actlvated,
a HEPA [llter failure so there will be little or no release to the environment,
port is provided just before as well as after the HEPA filters so that samples can be taken by

Millipore filters for more sensitive measurements, If the HEPA filters are not compromised, the



|
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ventilation system will be kept operating to prevent radioactive pardcles from settling and contami-
nuting the entire fucility., Sensor 7 monitors the output of the sump pump. If water were to enter

the conveyor gide of the system, the sensor would nrevent the sump pump from pumping high con-
centrations of radioactive contuminated water to o Holding taik,  This measurement is not partic-
ulurly sensitive and must be supplemented by takang .« saripie from the holding tunk und uralyzing

it in a eounting chamber before the water can be released to the enviror ment,

3. FElectrical Interlocks

The electrical control system 1s designed to oprrate 1n four separate modes depending

on the operation being rarried on at the facility. The four modes (Figure IV-17) ure as follows

a, The OFF mode conditions the alarm system to allow the lactlity 10 he

unattended for long periods of time. If the radiation or fire sensors

are triggered, the local audible and visii:l¢ alarms (with emergency
power backups) operate until the problem 1s corrected,

The ACCESS mode 1s used whenrver it becomes necessary for

someone to enter the conveyor access area. The main interlock

feature of this mode 18 that the access cover lock, which preverts
removal of the access cover leading to the conveyor side of the
facility, is relcased only when the radiation sensors register

within preset limits, This interlock system prevents the access

cover leading to the conveyor from being removed unless the lear!

shutter (s 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
limuts or if high temperatures activate the {ire sensors, the system,
except for ventilation, 18 shut down, and audible and visible alarms

{with emergeney power buckup) operate until the problem is

corrected,

The NORMAL operating mode 15 used whenever the only operation

to be carried out s irradiation of dried sewage Bolids in the

conveyor system, ln this mode, if the radiation or fire alarms go
into an improper state, the canveyor system is shut down, and
audible and visible alarms (with emergency power backup) oprrate
until the problem 18 corrected,

d. The LOAD-UNLOAD mode is used when 1t is necessary to transfer
gamma-gource ping to or from a shipping cask, ‘The princ 2al
feature of this mode is that the pool cover cannot be removed
unless the pool 1s full of water, as indicated by a float switch,

When the pool cover is removed, a switch turns off the pool water

discharge pump,
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Figure [V-7, Flectrical Interlock System

The above paragraphs describe only the basic operation of the elecirical interlock

svstem,

4. Mechanical Interlocks

The less impor tant features are described logically and schematically 1n Appendix C.

As a result of the design philosophy used for the interlock system, paralliel backup

mechanically operated interlock systems were designed for the critical operations (those operations

that could result in direct exposure to operating personncl if the electrical system failed).

The critical events were identified as follows:

a, ‘e

open,

conveyor access cover could be removed with the lead shutter

b, while a person was in the conveyor access area, the lead shutter

could open, and

¢, 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 preven! these events from occurring, even in the event of an electrical system

malfunction, a mechanically actuated hydraulic system was designed,
ows, The bellows are either cumpressed by mechanical

action of the aystem is provided by bell

action to provide fluid pressure or are expanded by hydraulic action to provide mechanical motion,

The hydraulic pumping




The actions of the basiz systemns are described in Figure 1V-8, [n the first system,
the final quarter-inch closure of the lead shutter purmps a bellows that provides mechamcal action
to unlock the access cover. When the access cover 15 removed, a bellows action provides motion
to lovk the shutter drive in the closed position, The second system uses water pressure from
f1lling the pool to unlock the pool cover, Stainless-stec} hydraulic lines and Inconel beilows have

been sclected far the system,

SHUTTER-CLOSED SENSING ACCESS-COVER OPEN
BELLOWS RELEASES ONE SENSING BELLOWS LOCKS
ACCESS COVFR LOCK SHUTTER DRIVE

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

Figure IV-8, Mechanical Interlock System

In the Jegign of the system, several problems have arisen and been resolved. A
hydraulic operating fluid had 10 be selected that would not freeze at temperatures down to -30°C
but could stand the high radiat.ion field without deterioration of physical or chemical properties,
No such fluid was found. but as a solulion 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, aad ethvlene glycol is ueed in all other hydraulic lines. Problems occur even with water
because the radiation field very slowly converts water to H2, 02. and HZOZ. The hydrogen
neroxide is slightly corrosive but decomposes rapidly and is no problem. However, pressure
from the hydrogen and oxygen gases will build steadily. To correct this problem, palladium,
whiclh. catalyzes H?. and O2 to HZO at room temperature, is vacuurn deposited &nto the inside of the

bellows from the water-filled section of hydraulic line to prevent pressure from gas buildup.
5. Electrical Contral

Several features of the system are controlled electrically, The source plaque
and the lead shutier are mctor-driven and are turned off by magnetically actuated reed limit
switches in the radiation zone. Manually operated s.wvitches 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 electri:ally actuated equipment,
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D. Ventilation and Cooling System

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
pressure differential between the air outside the facility and the air inside helps confine any radio-

active aerosols that might be generated by a leak 1n the capsules or an accident inside the facility.

Air-flow in the ventilation system is shown in Figure [V-8. 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 rest of the facllity. Air that
flows past the gamma-source pins enters through a prefilter beside the hole through which the con-
veyor system enters the concrete structure. The air flows down beside the conveyor to the location
of the gamma-source plaque, which is contained in a stainless-steel-lined cavity between the upper
and lower co'lapse sections of buckets. The air flows axially alony the cylinders through a section
of the stainless-sieel-lined cavity to the pool area and out through a 4-in. stainless-steel pipe to o
vertical 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 radiocactive release, This filter never comes
in contact with combustible materials, If radioactivity is detected after the HEPA filters by the
permanently mounted B-v radiation sensor, audible and visible alarms are triggered, The air
stream from the 8-y monitor is continuously passed through an air filter for a permanent record

of any radioactive release.

The geometry of the garnma-source pins and the airflow past them is shown in Figure
IV-10. The thermal properties 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 §-transition 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 greater
than 648°C and allowed io cool, so the volume expansion that accompanies the phase transition could
cause no probiemc. Because of convective heat transfer to the steel liner and concrete and subse-

quent conductive heat transfer to the earth, no excessive temperature could occur even if the airflow

were stopped.

E. Fire Control System

Basic elements of the fire control system are shown in Figure [V-11, 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 lemperature of 57°C ig reached in the upper section of
the conveyor access area, the heat detector senees it and an audible and visible alarm activ ites,
causing a solenoid actuated valve to open and the conveyor 8ystem to be flooded with carbon dioxide,
The COz, being heavier than air. fills the conveyor. An override valve i8 provided to switch off
pressure to the valves so that personvel would not suffocate if the valve opened while they were

working 1n the conveyor access area,
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V. Dwescrption of Oppatinns

\.  Introduction

T opesanions carwed oot al the arradiatron tacilos can be divided ot five separav

cabporaes Cine frst categors o the pamma-source pie loading operation, This operation s
ihity = an tially cha: ged wirk radioactuve raterial, or when the gamma-

Tho s

porrormed when the I
somr s pechargs 1 The second categore o operstions 1§ labeled "nornal™ operations,

source plagur extension and

operat ons woll-t be pegarded g the normal minction of *he facih
rerracuon, lead shutter closog and open.ng, bulk srnd bagped rmaterial loading an'd unload ng, and

stepors of operation sncludes all procedur es wlere

rontine radiatran sensor checkout,  ‘The thord

the anvecar eeess tover must be repoved,  The se proceduees aro convevor repaip, Su.pe tes's

o check for boaks, ang wate rosesloainstallation ans rernovs FThe fourth - ategor. Of opr ration 15

perforsned when the tye s oplaced in STANDBY or 1 F mode and 15 ro be jeft unattende for

aval procedures for deconn. =-

sny length of teree, The final rategory of aperation is the pio o

sion ng the fanbite Safe Operating Proeedures (SOPY are hieang wrinten for al) these operations,

These operations will now be deseribed in detail,

B, I'n lLoading Procedures (LOAD-T'NLOAD Mndde)
When the Sandia Irradiator for Dried Sewage Solids (SEDSS) 16 vatiad iy chargod or rechurged

with W.iste Encansulation and Storage Facihity at Rickland, WA MWESE) capsul ¥, specaal neecasticrs

must e taken,  The nresenee of o professional health physicist is required igeieg (dl the stens in
thes~ procedures to prevent exposure to personnel, In preparation far the losda.g, the facllity iust

be keyed n the ACCESS mode and must be prepared for the water Beal installation procedures
described in Paragraph D of Section V. After the source plaque bridge assembly has been removed,

the water seal has been installed tn the convevor side of the facility, and the access rover replaced,

the pin loading can commence,

The control panel for the facilily 18 keved 1nto the LOAD-UNLOAD mode, The lead

shutter is then opened. The source plaque 15 moved 1nto a position inside the cavity be'ween the

convevor area and the pool area, In the cvent a poot cover broke and’or was dropped, the plaque

After the High Fnergy Pa:ticulate Air (HEPA) filters and the blower

would be protecied,
Wnen the

are removed, the pool is filled with deiorized water through the air outlet port,
pool is filled, two independent mechanical and electrical interlocks disable the lock that prevents
the pool cover from being removed, With a health phystcist present with a radiation survey meter,

the three concrete pool cover slabs are removed individually with a crane. As each slab s

removed, the shielding 18 reduced, I[f the electrical and mechanical interlock systems and visual

:nepection of the water level fail, radiation would still 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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sourct plaque 1s pulled into the pool area, the arms attached te the source plague are remosvu !

and ti.e <ource plaque ts pushed back inside the cavity hetween the pcol and the convevor areas.
The lead shutter 15 closed to grve additional structural protection in case the transpor’ cask stiould
v dropped, If neeessary, he cables are looscned and allowed 1o drop to the side so tha' the
transport cask has adequate clearance to be lowered to the pool bottom, Several stainless-steel
‘-heanis are placed on the hottom of the pool ‘o distribute the weight of the cask and ta prevent

‘earing of the srainless-stecl pool hiney,

The cask 15 readied for lower.ng 113to th e pool area by removing most of the bolts holding

tie o ¢ anplace. A rane 1s used to Hft the cask, and slings attached to cye-bolts are u~« !

*n support the cask, A secondary set of shings 1z attached 10 thee cover so "hat after *tee s

PRI

lows 16 1nto the pool and the remaining cover bolts removed, the cask cove. vanr he pulled out of
naal, A release of accumula‘ed ozone usually accompanies the removal o the cover, and

S1pute Larssl

ps rsonnel must clear the area for several minutes to allow the arone 1o di
evaruation will be conducted before the actval even',

The lead shutter 18 retracted and the sou:ce plague 15 moved into the podd arvi yan,  The
source plaque cover 1s unlocked and flippea open,  The WESE caprules are moved fram he cask
to thi- plaque with tools specialls designed by Rockwell International at K. hlen, WA, T nirst
p.n to be transferred 18 a dummy source pin 'o be used in adry run.  After the pins are piacetan
the plaque, they are sccured i pluce by g locking cover,  The plagur s moved thto e caves anet
the lead shutter closed again, The crane is then used to remove the cask from the pool, 1.

cask cover 15 plared on the cask, the cover holts are tightened 1n place, and the cask 1s shipp i

out,

The lead rhutter is oprened and the source plague s moved bhack 116 the bool area wne oo

ing tools. The cables are reassembled und the drive arms are attacl-ed to the sourcs plaque. The

ol ol e Tos he

source plaque is aguin moved into the cavity, The peol covers are replaced, and the
arc epabled, The pool water 168 pumped into a 100U-gallon holding tank, and sammplies of the v e are
checked before the contents are discharged to the environment, The ventilation system 1~ then

rewnstalled,  The source plaque 15 moved to the pool, and the lead shutter 15 closed once again,

The control panel 15 keyed into the ACCESS mode, and the access cover 1s removed,
Aflter health physics personnel survey the arca with radiation survey meters, thr water seal 18
removed and the source plaque bridge assembly i1s replaced, Personnel must wear "chirpers” at
all times while in the conveyor access area. After careful inspection, the personnel leave thi

conveyor access area, the access port cover i6 replaced, and the interlocks are enabled,

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

mode,
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€. Normal Operations (SNORNMAT Mode)

1. trfimtion

Normal oprrations are those tha' can ur performed by wo: kers using the facil.ty witho

In these operations. arcess '0 the canveyor access arca ar the poal

arhiat:on exposure,
‘Ttie operations are conducted from the control panel :n Building 6720 or at

areca s not required,
‘ki- onvi vor loading and unloading stationa The operations that fit within this category are

radiatiorn sensor checkout, source plaque extension and retraction, convevor loading and unluading,
and lead shu'ter closing and opening,

2. Radiation Sensor Checkont

efore the facility can be usedd for anv purposre whutzver, several routine p:ecauonars
ratiation

st cnoaat be tnken, 1rst, befars entering the security fenee, ol personmel muse attaen r
s to theere coothing, A Building (720, radiction survey meters and " chirpers’ a0l b storea

§
foos

tor use by persennel vitiin the security fenee, These survey moeters wre eoutinely checked st el

brated by Sundia Division 1312, Persontsl planning to use the furility must first enter Bailrhing 6720
to perform u radiation sengor chieck,  The radiation ularm gvstems have self-consistenes chok

switchios far cach of the six radiation alurms,  Thege switches must be turned 1o the prapere position

verking propertve After the sensors are s heeked, o person viear-

ta assure thiat the Sensors are

g o LD badge (peesonnel conitorig device) and witk a " chirper” L s posgession mast v o o

roctiaton sarvey of the entice el lofore v furth. r o operations can be carred out,

5, Lead Shutter Opening and Closing

When the facilily 15 1eft unattended (OFF mode), the source plaque 1s stored in the pool

area and the lead shutter s kept :n the rlosed position,  After the radiation sensors and the

clectrical interlock sysiem are checked, the lead shutter is opened by pushing the "shutter

opening” switch until the “shurter opencd" light comes on, When the shutter 1s completely open,

pos:ition switches 1n the pool disable the shutter drive motor and the operator can relcase the

button, The opening requires approximately 6 min, All personnel should remain in Building 6720

during this operation, The shutter can be closed by pushing the "shutter closing” switch until the

When the shutter is completely closed, position switches in the

and the switch can be released, The closing operation

rghutter closed"” light comes on,

poo! disable the shutter drive motor
requires approximately 6 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 10 the source plaque and shutier if the electromc

logic or the position indicators fail, After the shutter has been opened the source plaque can be

extended into the conveyor side of the lacility,
4, Source Plaque Extension and Retraction

The source plaque 15 extended by pushing the "source plaque exiending” switeh until

the "source plague 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




Arar takes approxpnatels 1 oouns 35 sec. Nlectrome logic prevents the o ace plaque drive

PRI RS ]

ex'~nding the =ource plaque uniess the shutter 18 rully open. A torque- houtng cdatcl

cte mur

e nla ue drive motor prevents damage t) the source plaque and the shutter an the vvent
e ledtesme logic s cne positosn ndicators tarl, Soarce plaque extension takes approximatek.

- Ve e soaree plagae extension has Leen performed, a radiation surves must be per

. sprrater with a serves meter belute e remaatang personnel teave Betlding <720,
© gt 1t or wear a personnel monrrig device and have a churper’ 1in B1s pussessian
v estacamp the saevess The - aaree plagoae san oe setracted B cang The <oaree retoac

Cp swartchoantil the Tsource retracted” Light oomnes an. When the hight cames on, a posite . ind)
cator cnothe pool disables the source plaque drive mot.r, The retraction takes approximately 1 sun

P,
Convevor | oad:ng and I'nloading Operations

Afrer the source piaque has heen extenited and a radiation survey conducted, the

Vnoevar fan e up rated by pushing the " convevor o™ switch, The persontel can then leans

B. . 1ng 6720 tu pertorm the convevor loaing and unleading operations,

The convevor can be loaded with «ither bagged or bulk dried sewage sludge, A

w.brter v foed hopper (6 provided to load bulk material, The capacity of the hopper s .bow

, und the hopper must br kepr loaded with bulk n.aterial, Because of the slow o otion of

s ~onveyor (4 tn. ‘m.n), the hopper can be kept ioaded by nand.  Thre height of the sludge n the
ucket 15 automat.cally controlled by arsting the fred rate of *he hopper,  Any sludge *hat could
rall tro: *he buckets m the loading operation 18 caught 1n a tray below the buckets, Thh tray nst
be cleam-d periodically, Two 40-1b bags of sewage sludge are of the proper dimensions to fit into
one convevor bucket, The depth of the sludge 11 this case 18 8 to 10 1n,  Since a bucket mus® he
Ioaded only everv 3 to 5 rmuin in operation, the buckets will be naanually loaded with bags, The
sonvevor moves 50 slaw!s that mechanical danger (rom maviag par's 1s very remoto,  The

~onieyor chain 15 automaticallv cleaned and tubricated «ith molybdcpum disulfide uring operation,

The bulk material 1s autamatically dumped from the conveyor burkels ato a contiiner
on the west side- of the facility, RBagged stuldge 16 auromatically dumped from the buckets anvo o

paller,

1. Maintenance (ACCESS Alode)

All the operations that require personnel 10 enter the convevor access arca have buen
lum:ped together under the title "Maintenance Opceratone. " Theae operations include conveyor

(nspection ant! repairs, conducting swipe tests  and water scal installation and romoval,

The procedure required to gain access to the convevor access area 18 cammon to all
‘hree operations, With the facility tn the NORMAL operation mode, the source plague must be
fully retracted and the lead shutter fully closed, The facility can then be switched into the
ACCI'SS mode. With the lead shutter properly closed both the electrical and mechanical inter-

locks allow the access cover lock to be unlocked manually, With a health physics representative
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present with a survey meter, a small crane must be used Lo remove the access cover, Whern the

access cover s removed  Loth the electrical and mechancal interlock systems lock the lead
shutter elosced, The health phosicist with survey meter, personnel monitoring device, and
"rhirper' must survey *he conveyor acr eas area hefore other personnel enter the area, The dose
rate should br leas than 1 mrem ‘'t r in the Lottom ! *hre area and much less clsewhere in the access

area, All personnel rntering the conveyor access area must wear personnel monutoring drvices

and have "chirpers. "

The ronveyor is very simple and 15 operated at a small fraction of its rated speed, For
I'eriodhe inspections of the drive chain ard the
3

lhese reasons, very fow repairs are antictpated,

collapse sections will be made, Repairs to the ~onveyor can be made by removing the s.de p

to the conveyor housing,

Swipe tests will be performed at least once unnually en the cesium-147 gurmma-soares
capsules.  The swipe 1ests are conducted by plucing u swipe test fixture into the sour~e plagur
hridge trosk Lousing.  The fixture is so constructer that it presses cloth swipes, or
glas™ liber swipes 1t the temperature ts high, against the top and bottom of the capsules over
almot the entire length of the capsules when the source plaque moves over the fixture., The swipe
tesi i condurted by going through the above procedures to obtain access to the conveyor acct ss
arca, The swipe test fixture is inserted. Personnel leave the conveyor access area and replace
the access cover, The interlock systems are ecnabled, the facility 18 switched back 1nto NOHRMAL
operations mode, and the lead shutter is opened, The source plaque 1s 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 facility is switched into ACCFESS mode, and the conveyor access area entry procedures
described above are followed to gain access to the conveyor access area, The Ewipe test fixture
18 rernoved 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 OFF
mode, The 30 swipe samples (2 per caprule) are analyzed fcr cesium-137, Detection of greater
than 0, 05 uC1 of cesium-137 (1,1 x 105 dpm) indicates a probable leaking source.

In the event of a leak, only two possibilities exist, Because no provision 1s designed into
the facility for dry loading, the normal underwater pin unloading procedures can be carried 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 ir place,

[n 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 plague bridge assembly must first be removed. An undamaged rubber
seal i5 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 frrom the pool side to the conveyor
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et:de,  B.moval of the water sval 1s “he revers: of these procedures, (iwiously, the pool mu:

i he rmptiedd of wate: betore the water seal 15 removed, At no ume during the removal procs dure
~hould the swinging arm installed over the cavity opeming be secured to prevent it from hanging

«tra ptt-jown, The function of the arm 1§ to prevent the source plaque from tw e pushed onto the
floo: of the eopve.or area .t someone nadvertentiy forgets o .nstall or remnstall th source

:dpe track assembly.  After anstallation or removal 1+ complete, personnel loave e

plague @

Svar 40688 arsea acd the access cover s replaced,  The witerlocks are voarlod,

T o~ switel ed into whichever of ‘he other three modes that 1s needed,

b I, Standby (OF F Mote)
: Wien the facilitv s switeh 1 to the OFF mode, 1 can be Left unastended for exte nde

The radiation alarms, the interlock svstem, and the ventlat.on svsten:s are
A~

pe riods of time,

op' rational .0 ths r.ode, The alarm systern has battery-supplied emergeney backup s
power, Prior to sw.tctung the facihity 10 the OF K modr  the source plaguy shoul t e moved to the
ot side of the fatihirv,

I 1" Unloading Procedures (1LOAD- UNLOAD Aode)

The name procedures are followed to prepare the facility for pin nntoading as were
followed in the pin loachag procedures, [f no radicactive material 15 contamed 1n the shippiog
cask, 'he cask cover can be removed before the cask 15 lowered into the pin trans! r pool
Removal of the cask covi F must oo performed in the presence of a qualified health phisicist woth,
survey meter and "chirper”, o fter the cask covier :8 lowered into the pin transfer pool  “he lea!

shutter 15 opened and the source plaque 15 moved out of the cavity hetween the pool area and the-
i convevor area nto the pnol area, The top of the snurce plaque 35 released by turning the covier
securing botts 174 turn with specially prepared 20-ft, -long tools. Some or all of the ping can he
transferred to the cask from thr source playue, The cask cover 1s lawered into place througl. thae
wa'er, and several bolts arde screwed on to secure the cask cover to the cask, The cusk s 1. fted
ou’ of the pool with a crane, and the other bolts are screwed on to secure finally the cover for
shipment, The remaiming steps to secure the facility are descr,bed 1n *he pin-ivading prow ecure-

section,
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V1. Accuaen Catepgories

A, Introduction
In this ~hapter, Jow probaiilits +vents whoss occurrence could damage the facility or
injure workers or the pehhe are analyzed., These events are called accidents and are separated
into four major categor cs:
a, accidents that could occur when sourcs pins are berng loaded 1nto or unloaded
from the facility,
1y, acciden‘s that could occur when maintenancr operafions that require access
to the ¢ouveyor access area are carrsed ou',
¢, accidents that could occur when normat oprrations (irradiating sewage sludge)
are carried ou! at the facihity, and

1. accidents that could e caused hy natural disasters,

1 ach of these categories has specific acciden's that are conceivable. Each accident 1s
deseriberd along with the measures taken 10 prevent 1ts occurrence. The consequences. if any, of

each accident are discussed,

B, Tl.oaching and U'ntoading Gamma-Source Ming
1. Introduction
iuring the operation of preparing the facility for the loading or unloading of the
source capsules, varmous accidents cowld ocewr, including dropping the pool cover, dropping the
transportation cask, releasing shi~lding water from the pool, and removing the pool cover without

water 1n the pool, Fach of these accidents are discoussed in detail below,

2, Pool Cover Drapped
The pool cover consigis of three separate, thoroughly reinforced concrele 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 are removed individually with a crane and cable sling which attaches a1
four 1ifting points built into each cover, Fatlure of the crane or cable assembly or a fracture of
the lid during movement wotld cause all or part of the cover to drop either ontn other covers,
onto the pool edge, onto the ground, or into the pool, Possible damage to the facility 1s minimized
by restricting the lift height of the upper three covers to 3 in, maximum above the cover below,
The final cover mus? 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,



The lifting points on the covers will be inspected regularly and the cranes used in this operation

are regularly proof- and load-tested.

In preparation for removing the pool cover, the source plaque :s extendee nro the
cavity between the pool area and the conveyor area to provide further protertion, The pool must
be full of water hefore the pool cover can be removed; the water provides additional custioning for
an~ objects falling into thr- pool, Therefore, anv objects falling intc e pool woulr: be slowed by

the warer and could damage only the cable assembly and drive arms, but not the sourvce plague,

This clags of accidents could not result in a fracture of the gamma-source pins, and
theretore no radicactive matertal would e released, As lorg as the acc:den' resulis in rno objects
ralling :nto the pool, the damage would be relatively minor, 2 . appropriatc concrete patch:ng
st.ould repair the facility for operation, Water could be kept 1n the pool until the repairs werd
effected, {f objects fall into the pool area, damags 10 the drive arms and .he cable assembis
m.ght result, If this damage were simple, 1t could be repaired with tools from above, [n sonie
tanes, with water u the pool the arms can he removed from the source plaque and the source
plaque can be pushed into the area between the pool and the convevor, With the lead shutter
closed, the pool can e emptied to allow direct access to 'he drive agsembliex, For any but the

simplest ropairs, ‘he radioactise material must be removed from the facility to allow access,
4. Transportat. 1 Cask [Jropped

The gamma-source pins are transported n Depurtment of Transportalion approved
casks, The cask coneists of a basr which holds the pins and a cover that 15 bolted in place, A
double cable shng arrangement 5 used to Litt the cask and lower 1t into the water-filled pool,

After the ping have been reniovid from or installed 1n the cask, the cask 1s lifted out of the pooi,

During these operations. it 1s pussible that cranc operator misjidgement or mechani-
cal faiture of he crane, sling, or cask cauld resull in the cask heing dropped, If the cask were
droppec outside the facilitv no Jamage would occur because the cask 1s adequately designed to
sustain drops of 30 ft onto an unyielding surface. U the cask were dropped while over the pool area,
the water would cushion the fall of the cask somewhat. The stainless-steel pool liner might be
samaged slightly, but the 24-1n, -thick concrete Lase of the facility could sus*ain the impact with-
oul major structural damage, In order to minimize any possibility of damage to the sonrce plaque
during the cask-lLifting operations, the arms arc lisconnected from the sourc: plague, the sourc:
plaque is pushed into the cavily between the conveyor and pool areas, and the lead shutter is
closed before the cask 15 lifted, 7The lead shutter and the concrete above the cavity provide sub-

stantial protection to the source plaque,

This class of accident would not result in any release of radioactive material, At
most, the racility base might be damaged and the pool liner slightly damagrcd, Physical injuries

1o emplovees would be preventied by strict adherence to administrative safety procedures,
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4, Shielding Water Releasc
The pool mus* be filled with water for gamma-ray shiclding during gamma-source pin
loading or unloading or Juring repair operalions on niechanical equipment tnstalled in the pool

During any operation that involves removal of the concrete pool cove:s, automatic water

area,
Accidental release of this

level controllers and water level alarme are temporarily installed,

shielding wxter could result 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 conveyar arca, or a massive fracture of the pool sides,

Accidental release of the shielding water could oceur by sump pump actuation, The

facility does not have a gravity or natural drain from the pocl staorage arca, All water must be

pumped ou:, The sump pump 15 a low-volume pump capable of 10 gal’min. At that rate, the pump

would require 23, 9 hrs of unnoticed operation to drain the pool.

‘The load or unload cycle takes significantly less time. The ac:idental use of the

sump pump is prevented by the interlock svstem while the alarm systems are on.

‘The other possibility of water lecakage is througa the vater seel between the conveyor

area and pool area. This normally would amount to a small volume of water leakage, The ¢t .irol

system prevents the removal of the pool covers without there being an adequate water level in the
If no water were added, the water in the pool side would leak into the conveyor side and

pool.
Additional wuter would, however,

cventually stabilize at 4 depth of 7 ft 7 iu, above the pool foor.
automatically be added to provide adequate protection from the source plague,

In the event of a massive fracture to one of the pool sides, the automatic watrr-fil}

system could probably kecp the pool fu'l until emergency action could be taken becruse o1 the low

porosity of the soil that 1s densely packed around the facility, If the {ill apparaius could not keep

up with the leakage, a high-rate [ill 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 al! the above situalions, the automatic water level controtler would compensate

for minor leaks (less than 1 gal/min) and the alarms wauld sound if the water level changes more

than 2 in, below the recuired level,

In general, water velease does not represent a very significant hazard because the
release would oncur at a very slow rate compared to the pool capacity, This slow leakage rate

allows adequate time for corrective action to be taken,

5. Pool Cover Remnoved Without Water in Pool

The pool cover ia removed when charging or recharging the facility, Pool cover

removal without shielding water being present would represent a radiation expo..re hazard to

personnei,

-y



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
geparate covers, readings can be made 1o assure that the radiation levels stay within predetermined

irvels as each cover 1s 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 releascd 1f the floal switch
senses the proper waler level, and the second is released if a mechanical bellows senses the
proper water pressure. Furthermore, the removal of the pool cover can occur only if the key-

controlled function switch 1s in the LOAD-UNLOAD mode of aperatton,

if all systems failed, there would not be any damage to i - 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 are possible that affect maintenance operations performed with
the facility in the ACCESS mode: the shutter opening while in the ACCLSS mode, the shutter
1ammed open, the shutter closing on the source plaque, general inechanical damages. and a
prrson accidently being locked in the facility, These accidents are described in detail below,
2, Shutter Opens in ACCESS Mode

The lead shutter provides the necessary shielding from the retracted source plaque to
allow access into the conveyor area. Without the shutier 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 i1s made through the access cover which has two
locks. One lock is released by a mechanical bellows and indicates that the shutter is closed, The

second lock i8 released when 1 magnetic reed switch senses that the shutter is closed, When the

access cover is removed, the mechanical interlock system and the electrical interlock system

i
i

I

F separately lock the shutter drive. In addition, the power to the drive motor is shut off,

As a result, entrance can he made only when both interlock systems provide a positive
indication that the gshutter is closed. Once access is gained, the shutter cannot be operated. Once

the access cover has been removed (with a crane}, a qualified health physicist will survey the ac-

cess area with a radiation survey meter before other persannel 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 electrical-mechanical system has a number of
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components that may fail, the various Situations thal might occur to leave the shutter in the open

position arc described,

With the shutter 1n the open posiiion, the water seal cannot be installed due to
radiation exposure that would be encountercd, As a result, any repair of the drive system
elements located within the facility, such as chain arrangement or the lead serew. would require
filling the facility with water, Since the water seal 16 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
repairs to the shutter are needed, the source material might have to be unloaded from the facility

and the pool drained.

More serious mechanical deformation of the shutter and its drive system is min:-

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
travel paths that cross each other at right angles, The result of this type of accident could be
damage to eitber the shutter or the source plague or both, Any damage, however, would be
m:nimal because of torque-limiting clutches on both drives, Repairing damage from this type of
accident would require filling the facility with water and performing repairs as needed, Depending
on the severity of the repairs 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
that indicate when the shutter is totally retracted, 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 plague 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 coatrol panel logic failure and the [ailure 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 serious damage to the facility or harm to
personnel,
5, Mechanical Dangers

Under this heading i8 a collection of items related to general mechanical dangers

encountered during the {(nitial setup and normal operation of the facility,
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The drive systems for the source plaque and shutter are internal to the facility
during normal operations. During initial checkout, personnel may be reguired to verify operation
of these drive systems, The conveyor drive Avstem 18 partially exposed--maunly for process
material to enter and rxit the conveyvor. With anv moving svstem. there is a pos=:hility of inury

to personnel, The movement of the pool covers and the access cover c¢an alio be viewel as

potentiallv injurious operations,

Safeguards for all of the above typrs of danger will consist mainly of adhering 1o

sound safety practices during all phases of operation,

6, Person l.ocked In

5 mode of

Fntrance to the conveyor area can be accomplished only 1n the ACC

operation, Removal of the access cover can he effected only when there are no exposure hazards

to pergonnel, A cranc 16 required to rem. ‘e the cover, Also, entrance to ihe conveyor arva

requires that a cualified health physicist he present with monitering cqumipment,  An intercom
system is used to maintain contact with personnel in this area, Visual checking 1s performeod

hefore sealing the area,

This event s prevented by strict adhercnce to adwanistrative procedures,

D. XNormal Operation

1. Introduction
During the normal operation of the facility, several accidents are possible: a source
pin could develop a leak, thc sewage s'udge could cat~h fire, orgame dust from the sludge could

cause an explosion, the convevor 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 cavit

between the pool and the conveyor area, [ach of these accidents and their consequences are

discussed in detail below,

2, Source Pin Leak

During normal operation, the source pins are e«tended into the conveyor arva, If &
pin were to develop a lcak, radioactive material could be discharged and either settie 1n the
facility or be carried by the cooling air system up 10 the double High EMicivncy Particulate Aiv

(HEPA) filter discharge-air filtering system,

The only ways for a pin to develop a lcak that ~an be ¢nvisioned are Jefective 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 by filling 1he voud bitween the

capeules with helium before welding, Afler the weld 16 mude. the capsule 15 leak-checked with a

residual gas analyzer,
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Alaterials compatibility studies o the cesium chloride and the stainless-sticel liner

have been performed and are descr.bed o detail in Appendix A, Capsules stored 1n water and for

up ‘0 Z mountls :n a:r have shown no degradation of the inner stainiess-steel hner upon sectioring.

Substantial mechanical psotection 18 provided for the suurce ping in the source plunue
frame and 1n the housing that gsurrounds the source plague while 1ty i the extended position,

Torque-Limiting clutches are provided for all mechanical equipnient tha' could exert force on the

source plague during a malfunetion,

Were a leak to develop in a source pin from any of the cauges discussed, the minute

traces of radioactive material discharged would most likely remain on the surface of the capsule

where it would be detected by swipe tests, [f enough material were to leak so that it fell from the

capsule, the material would become a‘rborne and cither be filtered by the HEPA filters or settle

on the open surfaces in the factlity, [f any material settled onto the huckets, which is extremely

immprobable, a radiation sensor would turn off the conveyor before the material reached the

outside, If water dissolved some of the cesium chloride, a radiation sensor would prevent the

sump pump from pumping it to the water holding tank,

{f the 3-v air monitor. which 1s lacated after the srcond filtee surface, detected
radicactive material, the air entering the filter would be sampled about 1 ft ahead of the filters
through an myr-samphng porl, I the air samples corroborated the presence of radicactive
material, the source plaque would be relracted into the pool arca and the lead shutter closer,
Sampling filters placed in-line after the -+ air momtor take a cumulative recording of any
radioactive releases from the facility, The HEPA filters will be checked before and after
installation with the homogeneous dioctylphthalate (DOP) method by health physics representatives,
If swipe tests did not detect which capsule was leaking, the pins would have to be loaded for trans-
poriation 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, Fire
The facility structure and internal components of the facility are classed as non-

combustible material, Fire ccncern is limited to the sewage solide passing through the conveyor.

Heat detectors in the conveyor area are used to detect a fire and initiate an

ertinguisning system, If the heat detectors senge an abnormal condition, the audible and visible

alarm systems ave activated and 'he hopper feed system shuts down, Another preventive measure

controlled by a heat detector is the actuation of a solenoid valve that releases carbon dioxide into

the conveyor area,

‘The ebove 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. Lxplosinn

The onlv material within the facility considered explosive 16 the organ.c Jdust froam the

caste moiteral 1o be praeesged,  The facility 1s designeu 1o process either dried bultk materie o

gy mater,al, Dhe nagged noaterial s a0 conschoce D oxplusive since the maaterial s contai e

8 a small amount o dust that poss.biy could o

e

el rulk waste material geners

o8 ¢ explosive when cxposed 1o open flare =, No burmng occurs as part ol the tacilis
ope rton, thereby reducing this posstinlite . If any burhlup of 'he dustl occurs, the ccavevor

¢ the condition,

sopow B he cacuumed on A regular bas.s o qlle

if this event a2 pecur, the explosen woukld oo ur satinn the Sosveyor sybien. whoon

trected of 1o K-, streel panels,

The convesor s ul~0 open ta the artmosphers a the load and unloud points which

provide a vent path that prevents o pressure busldup withan the convevor

An explosion of the arganice dust would be consvdered an unlikely aneident,

vor Jams Against Sourer Plague

at.np mode, Jdie source plaque 15 extenderd 1o e

1 the facibity an o normo! ope
Wi che convevor drwve syvster, Consgdedition 15 piven to the possihility of dunmige tnat maght

occur 1f 'he moving convevor syveti-ni 1ans against the extended source plaque,

To prevent this event, the conveyor has been motified to anclude a sturdy notal box

which accepts the extended-source plagque,  As a result, the convevor drive svstem canno’ dar g

tul box  The eonmvevor operating &' a .eryv slow

the sourc: plague without firs! dumaging the m

speed (4 1n. 'min), also has a torque-himiug clutch to prevent serious damage to the metal box,

‘The design of the hox und “hi- fow 8prerd of the convevor represen' approp:iate salee:
puards against the occurrencs i Uus event,
G

Alechanieal Dange- s

(n normal operations, mrchanical dangers are lunited to only two mo.ing kystens,

which are the conveyor-drive and the hoppe r-feed systems.
The couveyor evstern and fecd system operate at very siow specds, thus reduc.n,
possibility of physical harm to operators, The convesor system 16 covered so that none of the

svstem 15 exposcd except for the small operings for the entrance and exit of the moterial o be

processed,

Normal administrative safe'y practices will be followed o prevent lLarm to ops rators,
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7. Saurs e Plgue Jammed on Convevar Side or in Cavity

The source plague 1s moved from the retracted to the extended position at *he start of

e NORMAIL mode of nperanion,  The process s reversed ar the end of the NORNAL mode,

Cony;deration .s givern to the 1ture of the plague ‘o move in the pooper direct:on
hrcause of jamming. The plaque bring jammed in the extended position has heen discus-erd in
V1.1, 5. The plaque cannot he jammed in the retrac'ed position 6ince there are no o'hr: lrvices

that could rauss jamming,

This event reduces to faslurs of tae plagus ~/irive Bvstem.  Roepay: woul: be po

Ly f:1ing the facihity with shielding water an: ~orre: -ing the problem, [f the dive » otor i,

tue sh: lding water fill would not be required,

The jamming or fa:lure of the drive system represents no harm to personn:l or

damage to the faciiity.

I, Natural Fvents

Sevrral na‘ural events are constdered that could resul® sn dumage to I Lo Yoo,

earthquakes, and tornadoes,
1. Floods

Of the three typrs of events 1o be described. flooding 18 the most probable | [looding:
a' the s.t¢ from the overflow of the Rio Grandi: River 1= unhkelv hecause the site elevition s
approxtmatelv 160 m above the river channel. l.ocalized sheet flooding due to thundi rstare
actjvity does occur occasionally. but because the site 18 Situated on a slight r.dge, all dra.nge
would be away [rom the site and any flooding that occurred would be minor, A sligh' grade 5
provided up to the facility to prevent this minor flooding from affecting the facility,  If floost wate-
were to enter the facility, the damage to the facility would he minor and the sunip purup wonld

clear 1t out,

2, Iarthquakes

Seismic activity for the Albuguerque-lielrn Bas:in, which vontains Teckn: 2 Ay
(TA) 111, has a relatively high occurrence rate, but the magmtudes are low on the order of
Richter magnitude 3,5 or less, I arthquakes of higher magnitude have occurred; howeve:, pen-
logical evidence indicates that sigmficant earth movement bas not occurred for sevi:al hundred
vears, and histarical evidence indicates that the largest earthquake expected within a 100-yia»
period is Richter magnitude 6,0 {Ref. 1). The low intensity of the earthquakes coupled with the
substantial structure {mostly underground) of the facility (4-ft-thick reinforced-concrerc walls

and 4-ft-thick reinforced-conercta covers) will provide adequate protection,
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3. Tornadocs
\lbuquerque 18 classified as a region of low occurrence of tornadoes, with an annual

frequency ot 0.1 or less, Because of the low frequency of tarnadoes and the fact that most of the

~-rurture of the facility 16 underground tornadoes are not a significant design considrration,
1 *ornado were to pass directly over the facibitvy  the most severe damage expected would be

festrure.on o! the part of the vonveyor that extends above the facility,

F. References

E 1. Sanford, A, R, et al,, "Seismicity of the Rio Grande Rift in New Mexico, "
| £ al
New Mexico State Bureau of Muncs and Mineral Resources, Circular 120

1972,
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VI, Facilits Pxpansion

Bevausr of the worv speaifie goals establ. .cd for the Sandsa Irradiator for Dried Sewags
Solids {SIDSS), 11 is antr ipated that the factlity will be 1n use 1n the Beneficial Uses Program oniy
aboul % vears, During that ime period, ‘he cesium-137 will kave decayed only 12,27, This
small amount of decav can easily be compensated for by adjusiing the speed of the convesor,

Dur ng this sime period, 1t s not anticipated that the facility will be upgraded with replacrment

gamma-source ping of cesium-137 or cobalt-60,

[

i eni it o,




VI, I'mvironmental \lon toring Program

Y P coperstional Sampling

A environn.ental monitoting prograin has been conducred at Sandiae lLaboratorices

Albquerque (SLA) since 19539, (ver the years go.l, vegetatio:n, surface water, and deep wel)

water hove bt n analyzed for uracmm, plutunur:, grass bets, ceswm-137, and strontiuni- 40 at

als ranging from quarterly “f annually. Ihe nuterals analvzed, analysces performed  and

freaneneres have varied consideranly depending on the ope rations bsang conducied by S1.A at each

=4-.pl ng occagion {(References 1, 2, 3, 4, 5, Because of ‘b obgerved variations in hackground
terots, additionat soil, water, and vegetation sample- wil! Y taken at 2 milnamum of ten gclected

Ling $ites ust prior to Sund.a Irradiator for Lrwed Sevage Solids 18{D85) #tart-up,

The so. and dried vegetacion samples ol e soie: o Falf of v s L osaanple wil be

stored for poss bie Rature analy.,is: the other talf will be gamn.a-scunned tor cesun 147, These
sumples would provide background dats 1n case an accident invoiving o radioactive releasc wep

#ver o ocur,

i3, Operational Sampling

No release of ces.im- 137 18 anucipated; ! anv particulate cos.urn =117 wer elensad,
mo=~* of it (greater than 24 957 ) would be capftured on the serte~ of Higt: I.nr . Particulate Ar
tH1 PAY Nilters in the cooling air discharge Line. The firet su:f v of the hirst HEP A Dilter will ta

swipe tested imitiallv and at least once monthly for the firs, * © aths of aperation, The sampd

frequency will decrease to once every 3 months thereafter  If - wrharge "ottt filters wers

«ier to occur, the filter in-hne after the 8-y air monitor -ould i analyzed for cesiun - 137 to

plar+ »n upper bound on the source term for wir dispersion of cesium-147,

¢. References

1. W. D. Burnett, et al, Radivactive I'nvironmental Survey at Sandia Corporation,

SC-4628{M), Sandia l.aboratories, Albuquerguc, NA, May 1961,

[

L. W, Hrewer, Environmental Monitoring Report for Sandia l.aboratories

from 1964 through 1972, SLA-74-0339, Sandia Laboratories, Albuquerque
NM, March 1873,

3 I. W, Brewer, Environmental Monitoring Report for Sandia I.aborateru s

for 1973, SL.A-74-0167, Sandia Laboratories, Albuquerque, N\l April 1974,

4. W, L, Holley, Environmental Monitoring Report, Sandia l.aboratorics 1974,

SAND75-0257, Sandie Laboratories, Albuquerque, NM, May 1975,

5, W. L, Hollev and T. N, Simmons, Environmental Monitoring Report, Sandia
Laboratories 1975, SAND76-0209, Sandia Laboratories, Albuguerque. NM,
April 1976,
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I+, Waste Handling

introdus ion

As atated carlier, except in the cage of gRerious acciaents, no solil or hiquid rad.cact,ve
»aste yhould reault from the usec of the Sand:a [rradiator for Iir ¢ Sewage Solids (SIDSS), The

waste-handling procedures for the accident rases degeribed 1n Chapter VI are described below,

1. Solil Wastes

Radioactive solid waste could result anly from liquid radicactive waste-. leaning
pro edures from manual decontamination procedures nndertaken 1n the event of u gamrma-soura:
- apsule licak, from contaminated sludge, or from contaminated High Ffffclency Particalate Air
{11} PA)Y filters  An approved burial ground will be used for disposal of any golid radioactive waste

from the SHJSS,

¢, Liquid Wastes

lRaritoactive hiquid waste could result only from water coming in contact with a leaking
gamma-sourcr capaule during rharging or decommisgioning of the facility or in the event of a
serious flood, Should one of these events occur, the water in the facility will be decontaniinated
as thoroughly as possible with ion-exchange resins before being pumped to the 1000-gallon watrr-
holding tank. In the instance of a low-level leak that would pass the Aaump pump radiation sensor i
without triggering it to turn the sump pump off, the waste might be transferred to the holding tank,
The water 1n the holding tank will be sampled and evaluated for cesium~137 in all cases hefore
discharge. If the level is low enough, the liquid will be discharged to the environment. If th
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

sect:on,
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.o Qualiy Assuranets and Acceptatee Procedures

A, Introduction

PP 4 e e respm and wall e applivd o tha

aabity aesurance prograr hoas

- rion and testng of the Sandia Irrad.ator for Dr.oed Sewage solids (S1DSS),

tacilities

The design and construction of the S[1)SS are bas:callv conventional, and ug such: the level
¢ 'L quality assurance program applicd 1n these areas in considered 1o be Jeviel ¢0 This level
o quality aseurance 18 deserihed an the document " Quality Asgurance Programs for Sandia

{ 4har«tories” which audresses construction prograrms of the Laboratories,

Several critical components have been wdentified an ! will have tes's associated with therr

acceptance, The statnless-stee] pool ltner, piping, and cavity liner wiil be dve-tested for leaks,
The lead shutter will be x-rayed for voids in the lrad, and the control console will be rvlectricaliv

testeel .n the pregence of Sandia personnel.

After the convevor, source plaque, and shutter are :nstalled by Sandia personnel, the
cantractor will rewrn to perform the final wiring., | he tacility, tneluding all components and

interlock systems, w:ll have to pass a thorough checkout before 1t will pe accepted by Sandia,

After acceptance from the contractor, the critical - omponeats of the system will be cveled
a number of times ove- a 3-wrek prriod for rcliability checks before the facilits 15 charged with

radioactive material,

Refore the gamma-&ource pins are trangferred to the SISS, the outgide container will be

swipe-tested

C. Operations
‘The quality assurance program will be supplemented by establishing a contunuing test
program that will assure that the system and components of the SIDSS continue to oper ate properly
and by maintaining accurate records concerning the facihity. These records will include operating
logs, inspection and test results, results of safety reviews, repair actions, operating procudures,
radiation survevd, swipc-iests reaults, equipment records, up-to-date copies of blueprints of the
facilitv and its components, and qualifications of operating personnel, All these actions will be
«sordinated under a continuing and comprehensive yuallty assurance program that 15 aow buing

deve) aped,
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NI, SIDSS Decontaminat:on

The Sandys Trra lintor Tor Direed Sewagos Solids (SHISN) 16 expected to be used by the Bene

At that tene deronstrat.on plants of a gunidar design w.ll te

Udes Proeran urt.] asott 1984,

tion of the 5IDSS muy becore unnecessary, and, 1f B0, the facility

on hne,  The op

di conimissionsed,

¢ “IHS% operstrs as antic:pated, nr lecorntanination of the facihity w:ll be necessary.

e
gar.ma-dource ping w1l be unloadert 4R per the procedures in Chapter V. Swipe tests will be
ronductied 1n the poo! and convevor areas 1o verify that na residual cesium-137 is left, and the

fr 11y wall he decommissgioned,

If an accident or curs that produces a leak «n one or more ~apsules. various components of
In case of suck an event, the Sandia Health Physics Invision

4 1 SIDSES mav berome contaminated.
As a safeguard aga:nst such an

15 responsible for directing the SIIJSS decontarrinatinn operations,

event, all surfaces which one might expect to becarmne contaminated are lined w.th ¢ither stainle-s

steel or plastic,
IPortions of the facility that might need decontamination include the pool area the -avit.
setwren the ponl and convevor areas, thpgh Fnergy Particulate Air (HEPA) filter holders, and

;ar.ous components in the air path of the e »lhing air for the source pins,

Any residual cesium-137 on the interior of the stainless-steel liner will be removed by
washing, The wash water will be decontaminated with 1un-cxchange beds, [t 18 impratable that
the interior of the facility would tiecomr so contamunated that washing operations would be

inadeguate,
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Nite s rmmare of Linergency Plans

A, rate Hexponse

Cpropes Pesponse o am =y ateen i ot radiation ansmaly as indicated

ng ospmeter e sarves cneter s eamediate evaciaat o of the arradiater site 1)

uopetsannel dar
u distance o 500 feert ar more, The responsible Lealth phvsicrst amd aporating organization repre-

sred only by the health phvsir st ana an

s tuty ~1.221d he contacted, 1€ ared s

Jperativg organization representative with a sarvey neter and alaroung dosimerers.

5. Secomlary Actions
The rrediacir should be reentered onls us Tar as the conor sl panel by these two peaple.

Sf AV parina sensors and the 2o+ are mesators should be examined for an alarned

sun for

anitsrs are not alarmed, the r

It the gamenu sensar o oS and the = oy

she sy stean alarm should be ascertamed and o ooorected, If the cause 15 a convevor jam, the source

plaee sterde he retracted, the shatrer closed, and the s onvevor eepatred. bt the cause 1s a powe

torinre, Jugic creor, groune fault trap, o otaer sinor reason, the problem s hauld be corrected

aeri b e giare: svetem reactivated,

samp pump alarm, or -y e mon-

If the convevor exit alarin, conves o entrance alar
tor alarms are activated, the sensors shoald he chesked tran the console. If a release to the

2r019r, the area shonld te evacnated imme-

sevond - - qar

utmugphere has been detected v
1

ascertain the extent of the release and take appropriate actiun

v and reentered only Ly a team of experienced decontarmination specialists, They iust

iy

If the senaors check sat carvectly,

a radiation survey should be made cautivusly of the entire area wnd particularly of the act:vated
sensor, In the case of the gamma sensors, the survey meter readings should corroborate or
-hisprove the readings. If the readings are corrabarated, the extent and qeantits of the leak nust

e determined by survey and sampling,

1f the Tirst #-y air momtor is alarmed, the extent of the leak should be ascertained by

analysis of the filter paper contained in the instrument,

(I a swipe test determines that the leaks are slight, the source plaque should be retracted,
‘Lie lead shutter closed, the bridge assembly removed, and the water seal installed if possibie.
If tkis is not possible, the entire facility can be [illed 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 sourcs plaque is jammed or if the lead shutter is jammed open, the entire Tacility

must be flooded with water, the lids réemoved, and the appropriate steps taker to extract the

plague and :emove the pins.

C, Call Lists and Checklists
Emergency call lists with the telinhone numbers of the facility operators and the respon-
sible tealth physicists -«jll be provided at the gate at the entrance to the area surrounding Build-

ing G720 and at the operation console. An emergency inspection checklist will also he provided at

each of these locations.
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XIII. Summary of Employee Training

A. Trairing Requirements
Personnel associated with the irradiator can be separated into two categories--irradiator

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 carry person-
nel alarming dosimeters. They musl be trained to leave the area immediately if the alarm system

is (riggered or if the personnel alarming dogimeters indicate any anomalous situation.

The irradiator 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 capabilities, 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 irradiator.
e should receive the training at Sandia Laboratories, Albuquerque, NM from Division 4535 anu

Division 3312 personnel or from a Sandia designaled subcontractor.

B. Training Program Contents

The training program is divided into two parts: a general nuclear training program and a

training segment concerning the irradiator explicitly,

A video tape training program prepared by NUS Corporation is suitable for the general
nuclear training programs. An outline of the required sections lor this training program is shown

in Table XII-1,

The second part of the training program concerns the operation of the irradiator. An

outline of the training topics is shown in Table XIII-2.,

The described training, complete with hands-on operation of a similarly designed irra-
diator, is adequate for a person who will operate the irradiator. After successful completion of

the training program, the operator will be certified by the training organization,
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TABLE XIit-1

Necessary Flements of the N Nuclear Trairing 'rogram

Module 2 - Basic Nuclear Concepts {BNC)

(Prerequisites - Power Principles Hasic

Unit

Topics 2, 3, or 4, »or equivalent)

Title

Mathematical Manipulations
Mathematical Notation
Scientific Notation
Dimensional Analysis
Ratio and Proportion
Problem-Solving Technigues

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

Graphic Presentations
Rectang:lar Coordinate Plots
Slope of a Line
Area Under a Line
Curves: Slope and Area
Plotting and Reading Semi-l.ogarithmic and Logarithmic Graphs

Presentation of Mathematical Data
Meters and Charts
Nomographs and Tables
Interpolation and Extrapolation
Statistics -
Probability

The Atom
Atomic Structure
Electrons
Protons and Neutrons
Chart of the Nuclides
Properties of Nuclear Forces
Nuclear Models

Equivalence of Mass and Energy
Conservation and Conversion of Mass and Energy
Mass Defect
Binding Energy
Binding Energy per Nucleon
The Payofl: Energy from Fiassion and Fusion

Radiation - What Is It and Where Does It Come From
Radioactivity and the Chart of the Nuclides
Alpha Radiation
Beta Radiation
Gamma and Neutron Radjation
Decay Chains

et



TABLE XIII-1 (Cont}

Sadale 2oH ntinued)

bt Title
Interactis: of Radiation with Matter
Al and Beia Interactions
Photun Interactiony
Neutron Iiteractions
ftange uf Radiation in Matter
Hasic Shielding

!4 Nurber of Atoms
ALandanee and Earichment
\liss Density
Parts per \Million
N imber of Atoms: Part |
Neunber of Atoms: Parl 2
Number of AMotecules
Atom Density

10 Radivactive Decar
Activity
Specifie Activity
Decay Equation
Half-Life
Craphing Radioactive Decay

1t Induced Nuclear Reactions
Tre Induced Nuclear Reaction Mechanism
Tvpes of Induced Nuclear Reactions
Neutron Production
Radiation Detection
Radjoactive Material Production

12 Nucleur Fission
The Fission Process
Fissionable Nuclides
Products of Fission
Fission Energy Release and Distribution
Decay ].aw and Reactors

Madule 5 - Radiation Protection (RI?)
(Prerequisites NET Xlodule 2 or equivalent)

Cnit Title

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

2 {'nits, Guides and Limits
Radiation Protection Units
Rediation Limits and Guides
Radiation Areas
Contamination Limits
Maximum Permissible Concentration: Part 1
Maximum Permissible Concentration: Part 2
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TARLLE XIII-1 (Cont}

Module 5 (Continued)

'nit

o

w

10

Title

Protection Techniques Against Radiation
i-rotection Technique: Time
Protection Technique; Distance
f*rotection Technigue: Shielding
Radiation Work Permit

Protection Against Contamination
Plant Controls for Protection Againsi Cuntamination
Common Sense Rules
Respiratory Protection - Part 1
Respiratory Proiection - Part 2
Dressing in Protective Clothing
Removing Protective Clothing

Radiation Detection
Basic Cireuit
Recombiration and lonization Region
Proportional and Limited Proportional Regiun
Geiger Muller Region

Continuous Discharge Region and Detector Characteristics

Detection and Personnel Monitoring
Scintillatiun Detectors
Semiconductor Detection System
Neutron Detection
Film Badges and Direct Reading Dasimeters
Thermoluminescent Dosimeters
Physical and Electronic Discrimination

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

In-Plant Monijtors
Introduction to In-Plant Monitors
Area Radiation Monitors
Continuous Air Monitors

Radioactive Material Control
Decontamination
Radwaste Disposal
Release of Radioactive Materijal to the Environment
Atmospheric Dispersion of Radioactive "Ilaterial
Atmospheric Dispersion Calculations

Environmental Considerations and Emergency Planning
Siting Criteria
Environmental Surveillarce
Emergency Planning - Part 1
Emergency Planning - Part 2
Protective Action Guides




1.

TABI.K X1IF-2

Irradiator Uperation Training Program

Revicw of the Final Safety Analvsis Heport

Description and Demonstration, Including laintenance, of the Interlock Svstem
A, Electrical Interlocks
13. Mecharical Interlocks

bescription and Demonstration, Including Maintenance, of Radiation Monitoring lyuipment
A. Gamma Sensors

13, Air Monitors

C. Survey \Meters

. Personnel Dosimetry Badges

I.. Personnel Alarming Dosimeters

DDescription and Demonstration, Including Maintenance ind Swipe Testing, of Miajor \edhanic.:
Components of the Irradiator
l.ead Shutter
3. Source Plaque
C. Conveyor
D, Air Handling System
k. Water Handling System

Review and Demonstration of [rradiation Uperating Pracedures
A. lLoad/Unloading Operation

3. Access Uperation (Swipe Test)

C. CIif-Mode

I3, Normal Operations (Product lrradiation)

Description and Demonstration of IXmergency Procedures
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NIV satety Munagement Svstem

It is the responsibility of Crganivation 4535 to generate and to uy. late periadically the uperat-
ing procedures for the facility. The responsihility for review and appruval rests with four differen:
urganizations: the line organization (4335), the Radiation Safety Committee, Health Physics (3312},
and the Operational Safety Division of DOE/ALC,. The chain of authority within each organization

is shown in Figure XIV-1. The necessary level of approval required is shown with an asterisk.

The operating procedures will be reviewed at least once annually by the line organization
and Healtk Phvsics (3312) for accuracy and applicability. If the review procedure reveals that the
procedures are iradequate, they will he updated, and then reviewed and approved by the appru-
priate organijzation. 1f changes in operation necessitate operating procedures changes before the

review, thev will be made as necessary and appropriately reviewed and approved,

Radiation Safety LUE/ALO Operational Safety
Line Urganization Caommittee Health Physica Divigian {OSD)
~4535, J. S. Sivinsld ~“Chairman, #3312, G. E. Tucker, Jr. Facility Design &
T. R. Schmidt, 4451 Safety Analysia,

4530, R. W. Lynck 4310, W. D. Burnett Hr, Chiel W. B, Sayer

4500, k. M, Beckner 3300, P>. B, Mugsman, MD  +Director J. R, Roeder

4000, A. Narath 3000, R. B, Powell Qlfice of
Uperations J. F, Burke

1, M. Sparks 1, M. Sparks

Office of the
Menager 1, E, Roger
DUE/SAC
Manager G. E. Cordova

Figure XIV-1, Organizatjon Chart for Generation, Updating,
Review, and Approval of Operating Procedures
Tor the SIDSS



XV, Summarvy of Uperating Procedures

The aperativns carried out at the irradiation facility can be divided into five separate cate

calegory ig the pamma-suurce pin oading speration; this operation 1s nerfor

wner the facility s nitially charged with radisactize material, or when the gamma sow ce is
recnarged, The secund category of operations is labeled normal” operations: these operations
would be regarded as the normal function of the tacility: source plaque extension and retraclion,
lead shutter closing and upening, bulk and bagged material loading and unloading, and routine
radistion sensor checkout, The third category of operation includes all procedures where the
Convesor access cover must be removed; these proceaures are conveyor maintenance and repair,
Awipe tests to check for radiaaon leaks, and water seal tnstallation and removal. The fourth
categars of operation 1s performed when the facility is placed in STANDBY or JFI mode and 15

' be left unattended for anv length of time. The finai categury of operation s the pin rem wvul
procedures fur decommissioning the facility, Step-bvy-step detailed procedures tor cack it the

sperations described above are presented in Appendix k.,
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NVI. tperational Safety Requirements
A list of operational safety respansibilities is presented helow:
A, Gperation of the facilitv shall be the responsibility of Division 4535,

B, All operaturs shall be familiar with the guidelines of these procedures and a copv «ill

be posted ur filed as follows:
1. SIDSS control panel
2. Ihvision 3312 {file)
3. biivision 4535 (file)

(. (merators and health physics personnel shall he responsible tor:

Keeping »eeupational expasure to rarthation as low as possible,

Ensuring that personnel radiation dosimercrs (P13 badges) and personnel

I

alarming dosimeters (chirpies, are worn by all personnel in the SIDSS arca.
4. PFollowing radiation safety rules and regulations in the prescribed manner.

Keeping accurate log book of the use, functioning, and testing ol the facility,

5. Neporting radiation accidents, incidents, ard unsafe working conditions.

fi. Fnsuring that the required periodic swipe testing s performed,

[>. No one should load or unload material from the irradiator without Division 4535 person-

nel being present to vperate the irradiator,

E. The conveyor access area is to be treated as a radiation area and the time necessary
for conveyor lubrication, swipe testing, etc., should be Kept to a minimum,. The cun-
veyor access arca gshould not be entered without Health Physics (3312) personnel prescent,

Access to Building 6720 is restricted by a lucked gate.

IF. Normal operation of the SIDSS will be conducted only by 4535 personnel. Night wourk,
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 alarms, all personnel will evacuate the area by the west

gate of the fence surrounding the area.

H. SIDSS aperating personnel and praduct loading personnel will wear personnel alarming

dosimeters {chirpies} and PDB badges,



SIDSS keys (gate, building, and contrel panel} will be kept under the control of 4535 per-

personnel will use the kevs and he respunsible

sonnel. For normal vperations, 45
switching the control panel to the off moue and locking the control panel, Building ‘724,

and the area gate,

Source pin loading and unloading operatiors wili be vonducted under the sapervision »f

Health Paysies (3312). Initial entrv tu the convevor access area will be made onrlv vl

¥s1cs (3312) personnel prese:

Healtl

No clectrical or mechanical interlocks will be bypassed except with the written consent

IS
of Health Physics (3312) and the Division 4535 supervisor.

I.. All interlock systems {(inechanical and electrical) will be checked each month and the
results of this check will be entered in the SIISS operation lug hauk., The check will he
made by Division 4535 personnel,

A1, No madifications or changes to the SIDSS will be made without prior approval of the
Division 4535 supervisor and Health Physies (3312).

N. The SIDSS area gate, Building 6720, and the SIDSS control panel will be lucked except

when in use.

The briel Safe Uperating I'rocedures (SUP's}, posted in tze SIDSS ¢onsole, are shown in
1es (1312) and DCE/ALQ

Appendix I, These SOP's have heen approved by 45323, jleal:n P

tperational Safety Division,
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I, Conelusion

liased on the analysis of the Sandia frradiator for Dried Stwage Solids (S1DSS} site charac-
terigtics (Chapter 1) and the proposed operations in the SIDSS (Chapter [V, it is concluded
that the SIDSS (Chapter 1) a6 designed will adequately protert the kealth and safety of the public,
Likewise, the level of protection afforded operating personnel precludes operating exposures above

the acceptable limits prescribed in Chapter 0524.

A spectrum of accid~nts (n the SINDSS has been analyzed {Chapter V), and it is concluded
that sufficient safety features have been incorporated into the SIDSS design to reduce the

consequences of these accidents to acceptable levels, As a backup for the more severe and less

probatile accidents within the SISS, 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 IX), Quality
Assurance and Acceptance Procedures (Chapter X), and Facility Decontamination (Chapter XI)-
show that the SIDSS is of such a nature that all these areas pose no problem in its design, operation,

and decommissioning.

The overall conclusion is that the S[DSS can be operated safely taking into account all

aspects of its design, control, and projected operations,
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APPISDIN A

Ces.um-137 Waste I'ncapsulation .ne Storape i ity (W S1) ¢ apgule Dessription

Rockwell International currently encapsulates cosium 137 at the Waste | neapsulation and
Srorage Facility (WESH) at Richland, WA, The cesiin.-137 15 1n the form of cesium chloride whrn
it 1s encapsulated, The radicactive cesium chloride 16 double encapsulated 1n welded 3161,

stainless-steel tubing, A cross-sectional drawing of the capsule 18 sl:own 1n Figure IV-5,

The inner and outer capsules arrive at the WESF caci: with one end cap welded on, The nner
capsule, which 18 2,250 1n, in dsameter and 19,875 in. long with o 0, 103-in, -thick wall, 15 placed
in a special fixture ineide a hot cell and then i poured nearty full of molten (temperature greater
than G45°C) ceswum chloride, Upon cooling the cesinum chloride passes throuph a 2-transition at
451° and undergoes approximately a 17% volume reduction, A 0.400-in. -thick stainless-gtee]
cap 18 then wrlded onto the oprn end of the ianer capsule, The inner capsule i» then cleaned and
transferred into the outer capsule, which it 2. 625 1n, 1n diameter and 20, 775 1n, long and has a
wall thickness of 0,100 in, A 0,400-in. -thick stainless-st«el end cap 18 then welded onto the
outer capsule. The capsules are then cleaned, The welds arce ultrasonically tested, and the ping

are moved to a water-filled pool for storage,

Prior to starting operations in the WJSF, several nonradivactive cegium-chloride- filled
capsules were fabricated using the WESF production equipment and procedures to be used n
production, One inner capsule and one compleied capsule were subjected to an extensive battery
of tests including free drop, percussion, heatling, and immersion, These tests were :atended to
qualify the complete capsules as a "special form material® suitzble for stupping in a cask
(NRBK-43) with no need for additional protective packaging, The test results proved that the
inner capsules are capable of withstanding tests more severe than those specified in Annex 4 of
FRDA 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 pine provide substantial structural

strength, there are scveral disadvantages to this capsule design,

One disadvantage is that cesium chloride 1s the source material. This material is highly
soluble 1n water (162,22 gm/100 ce of HZO at 0, 7°C and 258, 56 gm/100 cc of H,0 at 89, 5°C) and
could present cleanup problems if large amounts were exposed to water. Because no dry loading
capabilities are 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 wails (which is very improbable

)
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gome radioaclive ceriim chloride would br diasolved 1n the shielding water used to transfer the
In r8ts at Oak Hidge National [.zboratorice, holes have heen drilled into

pins ‘o o Shipping cuask,
Tre tests showed that even

cesium-chloride-filled capsules and the capsules immersed in water,
with holes as large as 1/8 in. in diameter, the rate of diseolution of the cesium-chloride salt was
s0 small that pin transfer procedures could be carried out with only very small material releases

into tne shielding watcr.] The shielding water could then be cleaned up with jon -exchange cohumns

which could be disposed of in approved solid radioactive waste cisposal sites,

Another disagvantage of this design s that the air gap between the inner and outer capsule
wall presents a significant thermal resistance to heat released in the ceaium clloride from radio-

active decay, C(onsequently, although the temperature is reasonably uniform throughout the

volume, the temperature 18 very close to, if not above, the 8-transition point of 451°C during

normal use, The salt may very well cycle ahove and below the 2-transition point, depending on

external conditions, during normal operations,
3-transition point is accompanied by a 17% volume increase in the cesium chloride,

As stated earlier, a temperature rise above the
Because the
molten salt is well above the 8-trangition 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 motlon of the salt.

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

cesium u;otopeta.2 An analysis of the capsule's contents indicated the following:

Masg Atom
(no.) (%o}
133 50
135 14
137 36

Of more cancern is the fact that after neutralization of the contents of the capsule with 0, 32 mole

OH~ per g of s0lid, an insoluble fraction slightly greater than 3% of the total weight of the sample
wan left, Thesec solids contained a complicated spectrum of elements, with 1ron, sodium, nickel,
and lead being prevalent, No quantitative analysis was done. The capsule contents, after
removal of tiie residue, had a dpecific mctivity of 24,4 £0,8 Ci/gm, The soluble portion of the
sample v a5 analyzed by emission spectrograph, mass spectrograph, and flame photometer; the

analyses viclded the following results:

Weight %
Element of Praduct
Barium 0.57
Chromium 0. 06
Sodium 0.10
Potasgium 0.07
Rubidium 0.06

1, J, H. Gillette, Review of the Radioisotope Program, ORNL 4155, QOak Ridge National

Laboratory, Oak Ridge TN, 1966,
2, Intra-Laboratory Correspondence, Qak Ridge National Laboratory, to E. Lamb,

Subject: Flrst Shipment of WESF 137C6Cl to ORNL, May 27, 1876,
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The difficulty with the impurities, was that .f the temperature of the cesium chloride became high
enough to melt the Aalt, the cesium chloruds and the ompuaritics might Lecome corrosive enough to
fan.age the 316l stainless-steel capsule Liners  The argingd materialg compatiility tests were

Yoversy Fulis prepare - ~or.es of thermal . alculations® showed that

th pure

a~.lits would .he temperature of the cesium -hlorice

- a5 operat-ng -onditions expreti dan che

cd at least 150°%C below this

s o ingh enough to tielt the salt Tenporatures “vouoally s

point,

The Nnal digadvantage of the capsule 1S that the fesign parameters were optimized for pool

slorage, The capsules are so large 1o diameter and Lave such thick stainiess-steel walls that the

self- absorption of the y-radiation s tagh, Culeulations have shown that 1€ the pin diameter were

reduced to 1 in, with 0,100 in. total stainiess-s'eel wall thickness. the y-source efficiency would

: incre ase from 60 to T7%,

In ordcr to detect any leaks in the capsules af'er instatlation in the facility, a number of tests

will be performed, In the first test, the y-source plaqur will be withdrawn into the ponl area anc

the lead shutter closed, With the y-source 1solated, thermolummnescent dosimeters (T1.D's) will be

sent down to the plaque area with the conveyor svsten.,  After the TLD's bave been analysed, ans

increase in dose rati- would indicate a leax. This test i6 very insensitive but should be performed

at least once monthly The second test is deserihed in der o) i Section VL 1), A swipe test of
the upper and lower portion of each capsule wil! be performea. The swipe samples would be

analyzed for any leakage. This test must be simple cnough that it can be performed at least once

The final test i6 to withdraw the source plague into *he pool area and to install
After a certain

every b months.

the water seal. The pool 15 then flooded to a level slightly above the source plague.

|
i period. the water is analyzed for radicactivity  ‘The pool is then dratned.  This test 15 extremely
|

sensittve and should be performed no more often than onci- vear v

'

*
See Appendix D,
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APPENDIX R

Shielding and Scatter Caleulations for the Sandia (rradiator for Dried Sewage Soluds

|
|
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APPINDIN B

Shielding and Scurter ¢ wleulations for '~ arlia I recliator for Diried Scuwape Holits

The calculations in this appendix are Jhivided into two catt porv 5. fhese Lwo cutepories are

Lireet sluelding and indirect scattering of gamma rass,

The y-source is 1) ping contaumng cesium-147 1n the form of coswum hloride,  {he cotiun,-
137 1s double encapsulated in 3161 stainless steel, A drawing of an ind:vidual pin, complete with

cmensions, s shown n Figure V-5, Fif'een of these prus are placed n a source plague as

shown in IFigure IV The source plaque can be positioned either i the convevor ar o, the ol

nrea, or in the cavity between the pool and conveyor arcas, as shown i Figures V-1 and JV-1

Cperfornied woodemons e e 1 o e

nimber of conservative, 1dealized cadeulations have

desipn of the facility with resprcel to radiation exposur: levels.

‘T hi- design dose commitments that must be keptan mind for the eyvaluation of these  wlenla-
tions are maximums of 1 rem/yr for workers and 170 mren /yr over background for the public ned

re not direetly associuterd with operatian of the Dbty Cuentors, vnanteranes o rsomn?,

wark

snaterid handlers, ote, ),

I. Dareet Shiclding Calculations

The direct-shielding calculutions are divided into those that apply when the souree pl e s
positioned ont thr pool side of the fucility and those that apply when the souree olagque 18 oSt

or the conveyor side of the fucility.,  All caleulations were aiule by the auther oo b by

Ci. i, Kavre (4312 Health Physies Division),

A. Caleulations for Source Plague on Pool Side of Fucility

The calculutions performed in this cat-gory must document the adequuey of the shivlding

g provided b

water depth daring pin louding or unlosding oper.ctions, the adequa

moved, and the

[STRIC

the conerete pool cover after the pool water |

provided by the lead shutier when workers are in the ronvevor aceess area.
1. Pool Water Shiclding

The geometry of the pool and water is shown in Figuee B=1, The y-sanvce is tloudizee
as u point source 15 ft 6 in, helow the surface of the water,  The cacrgy Mluerce Irom uncollided
photons is given by

~ = 10 .
. CE (3.7 X 10°7) TR inny

4nr2
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where

l»’U = energy fluenci

C - source strength in Curies

t- - photon energy in MoV

g~ lipear attenuation coefficient
r - Jdistance from the source,

6 10
3x1 JBRY 05, =il Ty -d006
- (1. 05x107) (0. 66) {3 i, -40.68 (3600)
0 i 2
amr
-3 2
Py 7.08 x 10 " AMeV/em™ - hr
The huildup factor to compensute for scattererd photons is given by
B -1,
where
13 - bhuildup factor
g - linear attenuation coefficient
a.bh - constaris determined from Monte-Carlo calculations

n (.39:(\04.

The dose rate is then

21,602 x 107 B,
D(J 1.602 x 10 uuH 10
where i
[)O - «osc rate “
Eu - maues absorption coefficient of gamma rays in air ‘
I' - buildup factor
Fl] - encrgy fluence.
-4 -2 ., 4 -5
Dy = (1.602 x 10 '} (2,95x 10 ") (1,39 x 10 ) (7.08 x 10 ")
-7
DD = 4.66x 10 " mR/hr

This dose rate is five orders of magnitude below background levels in this location.
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Fhigure B-1. Pool with Water
2, Tool Cover Shield:ng
After the pool cover is placed atop the poo!  and the watrr i= removed  the poad .

mus: provide adeguate shielding to provent radialion ¢Xposyre to Workers Qu 'of of the vrasl sav

The geometry of the situation is shown in Figure 13-2, Necause the distance from the 5-roapree to
| the poo! cover is so large, the photons reaching the cover can be ap roximated o a Lrondg pur b |

: beam, with unattenuated and uncollided vnergy flacae (i“ CIven by

; 14 2
Gg = 3.29x 10 " AeV/em™ - hr

The cniergy fluence from the uncollided photuns i pives by

N TH¥
I GUe '

H where

x - attepuation distanco,

4 2
I"n = 1,09 x 10 AleViem” - hre.

The nuildup an this case 18 approxiniateiy 20, Usirg chese Daors, Ve ase 1
-i -2
I)n - (L6002 x 10 2,95 x 10 T, st x i) 20

.')0 0,103 mR/hr

-1
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This dose js approximately four times the background levels in this area. The cover o the pool is

10 f: above ground level, and no workers will be on top except during y-source pin loading and un-

The pool will be full of water then, and the dose rate will be lower, The high~

loading operations,
Sandia Health Physics personnel witl

dose-rate area will he marked, and acceas will be limrted,
ae present at all times anyone is on top of the cover.
Above ground, the walls adjacent to the pool are 4 ft thirk. The gamma ravs from the

source arrive at the wall at such an oblique angle that they must traverse 5 or more feet of con-

crete before they are released to the atmosphere. The calculations in this appendix demonstiraie

that this thickness ol concrete is adequate to reduce the dose to less than 0, 035 mrem/hr.

Concrete

15" Jigure B-2. Pool Cover

Alr

1.05 Mci

re"

3. Lead Shutter Shielding

The geometry of the lead ghutter and the relative position of the source plague is

For calculations, the source pins can be idealized as finite-length line

shown in Figure B-3,
First, the

sources and the lead shutter tdealized as a finite thirkneis plate of infinite extent,
effective line source strength of a single capsule will be deterrmined 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 rads/s. The photon flux at a distance h from the end a line source of length £ is

given by




Cohl

: 1= .

: - showon flux

SI - snecifie steengmb of e s our

¢ ‘ - length oof Hine souree

b - stanec fron, end of T soare

i ation ety e, B, il nhutorn )

100

e p o teo jorimuluas,

= .

- 12
27 % 10 photons s - ¢,

- 2
2,90 x 007 Coiens

cetive hiae gnuree strength off the end of the - nsute, 1

I, T Cioom, The offestive line strength s gprosae el T e e

speegs thsnee Tran wg ol oo

Sel-sbigarnton gecouns for th differinec, 1)

“
3 2,06 230" 8

woHere
i - distance fram end of line source

£ - lengith ool Bine sourere

for the geometry shown in Fuure 13-4,

4 2
0 8,12 x 10 AteViem™ - hr

I"sing a buildup factor of four and assuming a 1 13 pins o be suprrimposed i wor-

), the dose rare s g

I)” = L. 14 mR'hr

fsew wisee the access area will be used very infreguends, s Tow-dose - e s aceept o

i
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Lead Shutter

o

L_-l‘——, { Concrete
| .
—.\) i
Source Pla Vew I Alr
ure o ! Lead [__.L—- S
- 8.9 4'¢"
Figure B-3 Lead Shutter

- o

ﬁ—-h-&.w'
I=22.25 {7

Source | j

Lead

-5

- ey

8.13"

Figure B-4, Idealized Line Source and Shutter
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1B, 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 aide, the cose rate above
the slab is substantially reduced, The apecific calculation made will be for the glab directly above

the source plaque on the cenveyor side.
1. Calculations for Shielding Abave the Source Plague

The concrete above the source is 4 ft 11 in, thick, as shown in Figure B-5. If the
source is idealized ag an infinite plane source and the 4-ft 11-in, -thick slab of concrete is ide.lized
as an infinite slab in two dimensions, a# shown in Figure B-6, the theoretical calculations are vory

conservative, The uncollided energy fluence is given by

Fy = U2NEE (ux) ,

where

N - number of gamma rays emitted from each square centimeter of source/hr
-t

a
E, - exponential integral; El(v) =L dt -

x - attenuation distance into slab
2 2
F, = 3.44x 10" MeV/cm” - hr,

The buildup is
B = 2153 ,

and the dose rate ia given by

; -8 =
D0 = (1,602 x 10 )“aBFO

D0 = 0,035 mR/hr .

This exposure level is near background levels in that area.

Concrete

Seurce Plaque

Figure B-5. Shielding Above the Source Plaque
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Concrete

Inflalle Plane Source 806 ClIind

Figure B-6.  Llealized Shielding Above the Sourese Plaque

I, Multiple-Scatter Calculations

Gamma-rays from the source plague must be reflected at least three times off concrete, steet,
or lead walls or objects before they can be reflected out the hole in the top cover that the conveyor
penetrates, Accurate gamma hackecatter calculations are difficult to perform for geometries as
complex as the concrete conveyor cavity. The procedure used incorporated the Klien-Nishina
differential albedo backscattering formula and a sem:-empirical Chilton-Huddleston formula to

estimate the dose from scattered photona.

These calenlations wers very conpervidive bucuuse the low energy of the enitted
photons implies that after two interactions, thr energy is 50 low that it i cloge to the K shell
cnergy of lead, For this situation, photoelectric absorption, for which there 1s very little back-
gcatter, would dominate, tending to reduce the doge rates substantially beiow the estimates, The
geometry for these calculations is shown in Figure B-7. The procedures that were carried out

for each photon interaction area are enumerated below,
J A | !
'
R
D ~ - = \

Figure B-7

Photon Backscattering
Geoinatry

i
i
|
|
|



1. Determine the average angle of incidence and the average angle of refle-tion, the target

srea, as wrll as the average ¢ stances between targets,

2, Deermine the incident exposure Dlm

- [
i By 10630 .
“.y;r‘ B v T a— rads’hr

:  photon Nux
i - energy of ancident photon in Mo\

<. - mass absorption coefficient of ganima-rays in atr,
a

3, Determine the energy of the scattercd photon

I"scatt - ¢nergy of scattered photon
ch - energy of 'ncident photon

L total scattering angle

4. Use the Klemn-Nishina differential scattering formula,

1
{ukrl-cass )}
s

el —

el
o
|

where

£, = 2,82 x 10—” cm

5. Use the semi-empirical Chilton-Huddleston formula for

2
ckis) x 102+ ¢
"\J'X: 1 + cos Eosecé !

where C and ¢’ are constants determined from \lonte-Carlo calculations for var-ous materials and
EO - angle of incidence of the photon, and
& - angle of reflection of the photons

G, The dose rate at the desired location is given by

. - incident dose in rads/hr
nc

5 - area of scatter

r - distance from the scattering surface to the point where the dose 15 required,
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7. Us- tl e caleulated dose us the incwdent s for the next sc.ad-ring surface calculations;

repeat the above steps until the location of the require! dase is reached,

The shielding has been arranged so that o« i of three seatters is regquired for o photon

to +nit the structure,  The lurgest portion of the cnergy . the exit is raused by the three scatter

paths. The appropriawe physical data for the thecoo primary three-seatter paths have heen tubulated

ind used for the caleulutions described ubove,  The doge culeulated ot the center of the exit aper-

ture for cach of the primary paths is given belaw;

Dusc
path 41 a.19 fR/hr
path #2 0,05 Rk
path 43 0,06 tthr

Total

Iven though conservatively calculated, the dose is still much too high to permit routine work
1n the vicinity of the conveyor exit aperture. [n anticipation of this problem, a number of design

fcatures were incorporated:

1. Provis ons were made to install a lead barrter at the end of the source plaque.

2, A center divider adrguate to support 1/2-in, -thick lead sheet was insralled in e
conveyor to make the scatlering path narrower.

3, Arequate clearances around the conveyor were provided to insert 1/4-\1n. -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 critical

locations,

The shielding that we propose to add is si:own in Figure B-8. Tue tricknesses proposed will

reduce the rose at the aperfure to 0. 02 mR/%r. RBecause at leas! one additional fool of concrete

is above the slub that is over the source plaque, the 0, 02 mR/r will be the total dose except
possibly at a small aperture around the convever exil. No more than 0. 055 mR/nr would he
expected in this aperture. We anticipate that some minor pateh shielding will be atdded 'o the

final structure.
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Figure B-8, Additional Shielding
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APPENDIX C

i“lectrical Control System for the Sandia [rradiator for Nried Sewage Solids
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Sandia Labaratories
August 31, 1377
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-~ M., E. Morris - 3445

Electrical Control System for the Sandia Irradiator for
Dried Sewage Solids

This dccu cefires the electrical control system necessary
to operate 22 propcsed Sandia Irradietor for Drind Sewage
Solids (§IZ5S).

of an irradiator is

The elect

generalil'r a n¢ *pilex tash bacause of the interlochs
required Zor sa the inputs £2 the radiation
alarms, F € and from varicus

; inductors
controll
operating -
the eieccrizal s
{ states is preowid

sgquipront to he

: the

and firailty,
these modes and

f

Table 1
describ
alert of a 3
single pole, dcu

, sirgle throcw (<
row {32C0T) switch,

TABLE 1

Inputs to the Electrical Control System

i.) radiation sensors
a.) pool side {normally
b.) conveyor s:de {normall
c.) conveysr exit (normally
d.) conveyor entrance (normali
e.) HEPA filter surface {normall,
f.) sump pump (normally
ii.}) lead shutter switches
a.) shutter open switch {closes when
b.) shutter closed switch (closes whan

87
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TAELZ 1
iii.)
(closes when plague retracted;
b.) sourcs glasue extended swisch (closes when plague extended)
iv.) access ccvrar switch {closes when cover open)
v.) torque lixit switch for conveyor {closes for toragte
overload)
vi.} float water level switch
vii.) huaes cosition irdicator

2 to be cocntrolled by the systen. Sone
iocal conzrel switches at the instru-
these switches are keyed

TABLE 2

Outputs of the Electrical Control System

Control

Control Sw
a.) ON OFF (keyed)
aa.) ON OFF {Keyed)
bB.) ON OFF (keyed)

c.) sums TLWE ON COFF
d.) shutter gcontrol OPEN CLOSE fkeyed)
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Control Boix
TABLE 2 (cent'd) Control S5w.tch
e.) plague positinn control EXTENDED RETRACTED (keyed:
£f.) conveyor system and ceocmpressor ON OFF
g.) access cover intsrleck solenoid
tlocks with power off - 115 v)
h.) pool cover interlock (locks with
power oif - 113 v)
i.) inside lighcing ON OFF
j.) outside outlets ON OFF
k.}) inside ouclets ON OFF
1.} feecd hopper motor ON OFF
m.) fire control system ON OFF (keved)
n.) shutter switch power and plague ON OFF {keyed)
switch power
. shutter locx switch (locked when off)
p.)} flashing =2 light
Trhe the outpucs frem the electrical controel svstem for
the now defined. The cuestion now is, Ior each
diffe (4 rmcdes) what are the output states for a
given s
The four operacing modes are:
1.) off mode;
2.) rncrmal ozeratin
3.) accesc = (c ntenance, or swipe test,
or water s=al, on or renoval); and
4.) szurce load - unlcad mode.
For each 2psrating mode, the output states of each device can
be defined as:
1.} uncoriiticnally o
2.) unconiiticnally
3.)
4.)
control s .3 defined in Table 2.

90
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Defined
Control

he Zlectrical
2rating Mode

Off Mode

I.)

II.)

III.)

Normal
I.})

I1.)

I11.)

Iv.

Access

I.}

II.)

II11.)

unconditicnally on

a.}, i.), 3.}, k), ma), nL)

unconditicnally off

d.), e.), £.), g.), h.), 1.}, o.}) p.)

corditicrally on

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

conditicnaliy off
b.) if [ic.) or id.) or ie.) or if.) or (not ix.)]

c.} if [iec.) or id.) or ie.} . if.)} or (not ix.)}

Operating Mode

unconditionally on

a.), i), §.), k) m), noi, 0.), pu)
unconditionally off

g.}, h.)

conditicnally on

aa.) if (ic.) or id.) or ie.) or if.) or iv or v
or (not ix.)]

d.) if {l[ia.) and (not ib.))] and [iiia) and (not
1iib) )}

e.) if {{iia.) and (not iib.)}}] and [ncu iv]) and
not [ic.) or id.) or ie.) or if.) or {(not 1ix)!
conditionally off

b.) if [ic.) or id.} or ie.) or or {(not ix)]

PR
Mmoot

if {ic.,) or id.) or ie.) or

)

.} or (mot ix))
) or v or (nect ix)]
)

or v or (not ix}]

=]

)
} if [ic.) or id.) or ie.) or i
) if [ic.) or id.) or ie.) or i

uncenditiorally on

a.), i.), j.), k), m), p.)
unconditionally eoff

d.), e.), 1l.), m.}, o.)

condizionaliv on
aa.) if [:c.) cr id.) or ie.) or if.) or (not ix)]

g.) if {(1a.} end (not ib.))] 2nd uot {ic.) or it.) or ia.}
or if.) or (nee 1] and liib.) and (not iia)} and
[iiia.) and (rot iiib.)) .
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Iv.) conditionally 2f£
b.) i€ [ic.) or 1d.;, or 1e.;, or if., or f{not .u)
c.) if {ic.) or id.| =r 2.} or if.) or (rot 1x;
£.) f lic., or id.: 2r 1e.) o7 15,1 or v ar ‘nes s
1.) if {ic.}) »r id.) or ie.) 27y ¥.) »ar v or (not

4. BSourte

I.}
o), Ba)y UL, pl)
I1.)
III.} dairni
aa.) if [ic.}! or :d.) or ie.) or if.) or (not ix)!
h.) if [{not ia.})} and {(not ib}){ and i)
Iv. conditicnally off

b.) if lic.) or 1d.) or ie.) or if.) or (not 1x)]

c.) if [ic.) or 1id.) »r ic.) or if.) or (nor ix)
d.) if [iv]

o

In the cz=tral box, following contrsl indicatecrs will

necded:

Table 4

Contrcl Ind:icatnrs

a.) ventilation or discharge pump operating

b.} convevor operating

€.} sump pump operating

d.) shutter open

e.) shutter closed j
£.) source plajue retracted ‘
g.} source zlague extended

h.) access cover off

i.} conveyor jammed
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Cape € ope

Im ool om r . il
WLl ol IR TN
TABLI. ©
Sigral Il
Light Colar
Power Red
aa. Alarn Red - Gyaorn
b. Ventilit:.un Svstenx Red - “re.n
c. Sump P Red - CGreon
d. Shutter Z.ntrol Purple =~ froeern
e. Plaque Tonrrol Purple -~ Green
f. Convaurr ALt
v. Tor: tt Ewitch Red - Groon
g. Access lJover Interlacw Red =~ Gronn
h. Pool Cover Interlock Red - Greon
L. Feol #.or Msinr Arnbor
m. Fire Toncol Red ~ Grern
n. Shutcey Amber

Red - Green
Red

0. Shutter

p. Flashing

vi. Flocas =

iv. Access Covrzr Switch Red - Grecen
OFF Modo Green
Norral Sprrsting Mode Red
Access !'ode Red
Source Lozxd~Unload Made Red

with the attached radiation alarm documenta-
ctrical doslgner with enough criteria to
rol systom.

This infor
ticn,

desian

I b

g}
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clons were D
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following:

JEffects of axial

cylinder
Effects of adjacent 2zC1 eylindors on i
radlaticn heat transfer

Effects of natural and forced convectl.n
outer stainless steel sheath.

e

frem o Lhe

97




Cop- C opy

Tlreey
-7
Jlelaed Lne Poioadlos oo unlon
o o3
T . S R smi{onEwY T8 ) N
Co T T - [
e e (e e
. (emoxw

J.(=)=0

Kem L

. '

Besulus obtalned asings dguan!

Lha efl. ! : :
a dat
3% Brulhr-Tt
vluns e = are in

eHAL BESILTS

ozn,toan  Os ,roAT O Bz o.0U25 %@ L3511 Ra LDREE Ra JOHAD

21t £.0 T.00 .1 2.37 1
L2611 12,49 12,62 25,71 22,15
s e V7 - 32,17 27,49
L1794 we, 8 PR 5435 29,aq
AT 4k, va LEL 3T 16.13 29.,4¢
e wr.ne e [TYY 9.7
LA wr,3y ab, 26 36,84 G.19
STE2A “7,5h §7.59 5,71 3.0

Tusy w7,29 ub A2 35,45 ¥.oe
PALLLY L7.54 LT, 20 ALTLE] 84,5
sei2? w712 “h, 45 5.7 .26
ey “7,58 wr.ak s%.67 3.
51t ar.te “boat 15,08 [FAd

0,26 «r,52 «7.45 15,66 A
PUL Lr.Tu Lé 4T 35,47 35,78
6651 L7,51 B 35,85 35,09
1ha7e P T uh, A4 55,59 13.24
27357 “7,61 o704 15,65 LS
27789 67,15 PO 15.5¢ 38,79
8722 «7.50 47,64 15,45 104t
L8655 st kot 35.50 30,29



Copy Copy

zcent 58ll Canisters Ir Radiation Jaiculations.

i

Lata taken from the TPRC rcferences 1lndicate that the
thermal emittance of stalnless steel 1s 0.30.

Assuming that the surroundings can be treated as a
tlackbody surface, two posslble cases zan te considered ard
are shown bhelow.

N T

P . N
/ \
AN

Case A

For Case A, the surrounding temperature (T_ ) 1is assumed
constant, as 1s the outer surface temperacare of T&.
Therefore, the radlative energy exchange becomes

Qrao = 24,65 (7W4-T2) @

For Case B, 1t 1s agaln assumed that TS 1s a constant.
In addition, 1t 1is assumed that Tl =T5 = T3 and that

each cylinder has the same thermal emittance and area.
The radlative energy exchange becomes

Qeae = AETE(T4-T) =

= Lm2Fee) 2 2FL0-eDG-F) *
1=z FI’—ZL"E..\)

a9
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FN centerline tenperature
nrer radius of the first
at: provlded versus the volumetrice
To0L In Flgures 1A and 13,

.2

()

;, correspondin
,g‘)ﬁ 'f‘_lng,rj "wf

shown below

and tempoera r
stalnless stﬁel she
heat gencration ol

naximum aata loc ved

elle llorthwest. Using
opears Shat temperatures
ve reached within the
atcve J.%W/em3.

(B) TForced Convectiosn Aleng the Cylinder - The maloricy of
correlations for forc cor.vedtlon zlong a cylinder
&llow for calculatlons uslrny flat plate correlations
and chen adjusting them incorpoﬂaring curvature
effects. Problems arlse 1n wrying to use [lat plate
approximatlcns, however, beczuse the leading edge cf
the cyiinder 1s blunt. Work done Ty 4. Jakob and W. 4,
Dow indicated that the l=adlng edge conditions can
render a normally laminar flow prctlem turbulent.
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wurther guesticns relating to the [{lcw conditions

at the trailing edge of the cylinder may render the

flat plate approximaticns invaild at that lccation also.
Thereifore, rather thar attempting tc calculate the
temperature distributions as a funcvlon of lengtn down
the cylinder, cnly average temperatures based on
average convection coe¢lflci ats are provided. Both
laminar and turbulent corrc.ations were considered,
since leading edge effects were undefined.

The governing equations for the convectlon heat
wrarsfer have teen taken from deat Transfer, oy
Zhapman and from weork dcne by M. Jakeb and W.
ard are provided as shown

Nuge = Oba R: P,_"BB (Sa)]

Nocw = Nure 1+ oo 37/,]) (D

where 7,1 = 5.%3L/R.5
e

.8 _ 33
NUF‘p = Q.03G R& Pr (ﬂ\

Nowo = Nogp (1+ 03[ 5*/.—@]3 o))

- .z
where Br= OBLwL /Kc

and

Zi
1
=1

Flr
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he be seen from the above expressions, the varlation between
ila late and cylinder average HNusselt numbers results from a
atio of boundary layer thickness (§¢) and curvature (deroted
through r ). As the cylinder dlameter increases, 1t would be
expected that the flat plate model would be valid, and infact
this can be seen by comparing Figures 2A and 2B with 34 and 3B
and 4A and 4B with 5A and 5B. Figures with the 'A' designation
provide centerline temperature data while figures with the

'B' designation yleld data on the temperature of the inner sur-

face of the CsCl containment cylinder.

can
T 5

el

Figures 2 ithrougn % provide datz showing the erfects of wind.
Comparisons of the Smph wind caces with the natural convectisn
plots for Tgmp = 24°C (79°F) indicate that there is no signi-
ficant cooling obtained by the additlion of zir fiow. For

air velocltles above 1lOmph, hovever CsCl material -emperatures
may be reduced significantly (30-40°C less than those expected
for the natural convectlon case). .

Three other noteworthy points should also be made. First,
comparisons of the temperature plots for the [lal piate and
cylinder indicate that using a flat plate approximation does

nct critically affect the results. Comparisons of Figures

2& and 3A (laminar flow case) indicate that less than 10°C
difference results. Although the differenccs may be slightly
preater for turbulent flow, the flat plate approximation for
convection heat transfer is still acceptable. Second, significarn:
temperature differences result from chocsing a turbulent or
laminar convection model, particularly if the higher air
veloclty conditions are considered. Nearly 50°C temperature
differences between the laminar and turbulent flow models

occur, for example, for alr velocities above 1Omph. Typical
transitions Reynolds numbers range from 100,000 to 500,000 f»r
flow over a flat plate, and therefore, the convection problem
would normally te considered laminar. (Remax 1s estimated to

be 120,00C for an alr 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 retc 11t 1n such instablities in the momentum
boundary layer that turbu.rent 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 c¢ylinder.
Such increases, however, may be offset by conduction losses

at the end.

Conclusions

The followlng statements summarize the results obtained through
the work undertaken.
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Axlal conduction within the CsCl material as expected
is negligible compared to radial conduction.

Radiatlon :ffects from adjacent CsCl c-linders are
negligible.

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 cn the
zylinder and whether or not zir 1s moving over the =3li

The blunt leading edge of the CsCl cylinder may result in
turbulent heat transfe., which would reduce expected

maximum centerline temperatures below 400°C for alr
veloclties above 10mph.

The best way to lower the CsCl temperature, it appears,
would be to eliminate the radition shield effect which
occurs between the two stalnless 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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Figure 1-4

Natural Convection Heat Transfer Along A Cylinder
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Figure 1-B
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Natural Convection Heat Transfer Along A Cylinder
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Figure 2-a

Laminar Flow Heat Transfer Along A Flat Plate
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Figure 2-B

Laminar Flow Heat Transfer Along A Flat Plate
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Filgure 3-a

Laminar Flow Heat Transfer Along A Cylinder
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Filgure 3-B
Laminar Flow Heat Transfer Along A Cylinder
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Figure 4-A
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Turbulent Flow Heat Transfer Along A Flat Plate

CENTERLINE TEMPERATURE FOR CSCL CYLINDER

$00.000
! { .
: : i
! i . 1 '
: t
Lo i i : !
5 mph
4
T dl_ﬂ» - 10 mph
T o 15 mph
400060, : - ; . “ A= 20 mon
. s
| ' | [ { /1 v
: : ;//, s Ve
i
R e o SN B SV AR U2 Vel
), | / v 7
wd i
. A A !
B I I B Ve i 7 ‘.
A : /o !
?/ § //‘ \ :
. — v f
! I
g ) )
7/ ) i h !
R T e e S R B ?
s i ‘
/ | 1] .
'Wlo.g:om 40000 30000 s At 40000
ENEROY GEHERATED BY C8CL 1IN ¥/Cneel



112

IN DEBREES CELSIUS

RADIUSI TEMPERATURE

Copy

Figure U-B

Copy

Turbulent Flow Heat Transfer Along A Flat Plate
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Fizure 5-4

Turbulent Flow Heat Transfer Along

Copy
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Flgure 5-B
Turbulent Flow Heat Transfer Along A Cylinder
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APPENDIX E

Detailed Operating Procedures

A. Introduction

The vperations carried out at the irradiation facility can be divided into five separate cate-
gories. The first category is the gamma-source pin loading operation; this operation is performed
when the facility is initially charged with radioactive material, or when the gamma-source is
recharged, The second category o1 operations is labeled "normal' operations; these operations
would be regarded as the normal function of the facility: source plaque extension and retraction,
lead shutter closing and opening, bulk and bagged material 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 repair, swipe tests to check
for radiation leaks, and water geal installation and removal, The fourth category of operation
is performed when the facility is placed in STANDRY ur OFF mode and is to he lell unattended for
any length of time. The [inal 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.

. 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 Richland, WA capsules, special pre-
cautions must be taken. The presence of a professional health phrsici-t is required during all
the steps in these procedures to prevent exposure to personnel, Inpreparation 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
hars heen 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 plague is positioned in the pool area. After the High Energy Particulate
Air (HEPA) filters and the blower are removed, the pool is filled with deionized water thraugh
the air outlet port. When the pool is filled, two independent mechanical and electrieal 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 cach slab is removed, the shielding is reduced. If the electrical and mechanical
interlock syastems and visual inspection of the water level fail, radiation would still he detected
while at a level low enough to cause no danger, When the pool covers are removed, a water level

controller ig installed.
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After the cask containing the cesium-137 arrives, the cask is readied for lowering into the pool
area by removing most of the bults hol:ling the cover in place. .\ crane lifts the cosk, and slings
attached to eyebolts support it. A secondary set of slings is attached to the cover so that after the
cask is lowered into the pool and the remaining cover bolts removed, the cask cover can be pulled
out of the paol. A relwase of accumulated ozone usually accompanies the removal of the cover,
and personnel must clear the area for several minutes to allow the nzone to dissipate. A tr.al

evacuation will be conducted before the actual event,

The source plaque cover is unlocked and flipped open. Th WESFK capsules are moved from
the cask to the plaque with tools specially designed at Sandia. The first pin to be transferred 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 holts are tightened in place, and the cask
iz shipped out. The cask unloading procecdurce must he repeated until the source plaque is filied.

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 covers ure replaced, and the pool
cover locks are enabled. The pool water is pumped into a 1000-gallon holding tank, and samples
of the water are checked before the contents are discharged to the environment. Th~ ventilation

system is then reinstalled. The source plague is moved to the pool, and the lead shutter is clused.

The control panel is keyed into t:n: ACCESS mode, and the access cover is removed, After
health physics personnel survey the araa with radiation survey ineters, the water seal is removed
and the source plaque bridge assembly is replaced. Personnel must wear "chirpers’ at all times
while in the conve}or access area, 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 he switched to either the STANDBY mode or the NORMAL aperation mode.

C. Normal Operations (NORMAL Mode)

1. Definition
Normal operations are those that can be performed by workers uring the facility without
danger of radiation exposure. In these operations, access to the conveyor access area or the pool
area is not required. The operations are conducted from the control panel in Building 8720 or at
the conveyor loading and unloading stations., The operations that fit within this category are radia-
tion sensor checkout, source plaque extension and retraction, conveyor loading and unloading, and

lead ghutter closing and opening.

2. Radiation Sensor Checkout
Before the facility can be used for any purpose whatever, several routine precautionary

steps must be taken., First, before entering the security fence, al! personnel must attach radiation



hadges to their clothing. At Building 6720, radiation survey meters and "chirpers'' will be stored
for use by personnel within the security fence, These survey meters are 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 alarm systems have self-consistency
check switches for each of the six radiation alarms. These switches musi be turned to the proper
position to assure that the sensors are working properly. After the sensors are 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 r perations can be carried out.

3. Lead Shutter Opening and Closing

When the fzcility 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 electrical
interlock system are checked, the shutter can be clor=d by turning the "shutter closing' switch
until the “shutter closad" 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 6 min. Electronic logic does not allow the shutter drive motor to close
Jme shutter unless the source plaque is fully retracted into the pool area. A torque-limiting clutch
249 the 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 is completely open, position
switches in the pool disable the shutter drive motor and the operator can release the button. The
opening requires approximately 2 min. All personnel should remain in Building 6720 during this
operation. After the shutier has been opened the source plaque can be extended into the conveyor

side of the facility.

4. Source Plaque Extension and Retraction

rhe 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
switeh in the pool disables the source plaque drive motor and the switch can be released. The
extension takes approximately 1 min 46 sec., Electrouic logic prevents the source plague u-ive
motor from extending the source plaque unless the shutter is fully open. A torque-limiting clutch
on the source plaque drive motor ptevents damage to the source plague and the shutter in the eveat
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 meter before the remaining personnel leave Building 6720,
The operator must wear a PDB badge and bave a "chirper' in his possession while conducting the
survey. The source plague can be retracted by pushing the ''source retracting” switch until tre
"source retracted" light comes on, When the light comes on, a positior indicator in the pool dis-

ables the source plaque drive motor. The retraction takes approximately 2 min.
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5. Couveyor [.0ading and Unloading Operations
Afler the sonrce 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 operations.

The conveyor can be loaded with either hagged or bulk dried sewage studge. A vibratory
feed hopper is provided to load bulk material. The capacity of the hopper is about 0.5 yda, and
the hopper must he kept loaded with bulk material. Because of the slow motion of the conveyor
{4 in./min), the hopper can bhe kept loaded by hand. The height of the sludge in the bucket is
automatically controlled by adjusting the feed rate of the hopper. Any slucgs that could fall from
the buckets in the loading operation is caught in a tray below the buckets. The tray must be cleaned
periodically. Two 40-1b bags of sewage sludge are of the proper dimensions to fit into one con-
vevor bucket. The depth of the sludge in this case is 8 10 10 in. Since a hucket must be loaded
only every 3 to 5 min in operation, the buckets will 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 material 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 personpel to enter the conveyor access area have heen placed
together under the title "Maintenance Operations.” These operations include conveyor inspection

and repairs, conducting swipe tests, and water seal installation and removal.

The procedure required to gain access to the conveyor access area is common to all three
operations. 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 electrical 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 area. The dose rate should be less than 0.5 mrem/hr in
the bottom of the area and much less elsewhere in the access area. All personnel entering the

conveyor access area must wear PDB badges and have "chirpers,”

The conveyor is very simple and is operated at a small fraction of its rated speed. For these
reasons, very few repairs 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.




Swipe tests will be performed at least once annually on the cesium-137 gamma-source cap-
sules. The swipe tests are conducted by placing a swipe test fixture into the source plaque bridge
track housing. The fixture is so constructed that it presses asbestos swipes against the top and
hottom of the capsules over almost the entire length of the capsules when the source plague moves
over the fixture. The swipe test is conducted by going through the above procedures to abtain
access to the conveyor access area. The swipe test fixture is ingerted. Personnel leave the con-
vevor access area and replace the access cover. The interlock systems are enabled, the facility
is switched back into NORMAL operations mode, and the lead shutter is opened, The ~ajurce
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 facility is switched into the ACCESS mode, and the conveyor
access area entry procedures described abeve 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 QFF mode. The 30 swipe samples (2 per capsule) are analyzed
for cesium-137. Detection of greater than 0.05 uCi of cesium-137 (1.1 x 105 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 carried out while
tolerating the slow leakage of cesium chloride into the water; if the leax 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 hy 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 side. Removal
of the water seal is the reverse of these procedures. Obviously, the pool must be emptied of water
vefore 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 are enabled, and the

facility is switched into whichever of the other three modes is needed.

E. Standby (OFF Mode)

When the facility {s switched to the OFF mode, it can be left unattended for extended periods
of time. The radiation alarms, the interlock system, and the ventilation systems are operational
in this mode, The alarm system has battery-supplied emergency backup standby power, Prior to
switching the facility to the OFF mode, the source plaque should be moved to the pool side of the

facility.
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F. Pin Unloading Procedures {I.OAD-UNLOAD Made)

The game procedures arc followed to prepare the facility for pin unluading as were followed 1n
the pin loading procedures. I no radioactive material is contained in the shipping cask, the cashk
cover cun be removed befure the cask is lowered into the pin transfer poul. The cask caver mast
he removed jn the presence of a qualified health physicist with survey meter and "chirper.” After
the cask cover is lowered into the pin transfer pool, the lead shutter is opened and the source
plaque is moved out of the cavity between the pool area and the canveyor area intu the pool area.
The top of the source plaque is relzased by turning the caver-securing bolts 1/4 turn with specially
prepared 2G-Mt-long tools. Some of the pins can be transferred 1o the cask from the source plaque.
The cask cover is lowered into place through the water, and several bolls are screwed on to se-
cure the cask cover 1o the cask. The cask is lifted out of the pool with a crane, and the other halts
are screwed on Lo secure the cover for shipment. The remaining steps to secare the lacility are
described in the pin-loadi 'g procedures section. Asterisks are marked heside the steps which the
Health Physics Division wuuld include on a minimum checklist for supervision of operatiors at the
SIDSS. All these procedures will he incorporated into official standard operating procedures which

will be regularly updated and reviewed and which will be caontrolled.

G. Step-by-Step Procedures
1. Pin l.oading PProcedure

*a. IHMealth Physics personnel should be present through enure procedure,
b. Turn on main power.
c. Turn function switch to source LOAD/UNLOAD mode.

d. Check alarm system and sensors--all should be on.

‘e. Water tight seal and gasket should already be installed in the canveyor area--this
should have been done in the ACCESS mode.
f. Turn off ventilation system and remove fan and filter assembly.

g. Fill pool with clean, clear water and activate water makeup system and emergency
fill system.
h

B

Install float switch,

Remove pool cover locking mechanism--everything should now be unlocked--if not,

find out why!
*}. Move nrane into place.
“k. Remove pool cover.
1. Unlock hinged assemblies and open them with handling tools to allow pin loading.

*m. Move truck with cask into place.

Sling the cask and hook onto the crane.

*a. 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.

#*gq, Remove the nuts to the cask lid. Lower the cask to the bottom of the pool,

#p, Unhook from the caek sling and hook up to the lid sling,




s. Laft the cask lid a few inches and evacuate the area for a few minutes tu allow the gsune

10 dissipate

Remove the cask lid frum the poal.

4. U'sing a handling tooul, remove each pin fru:m the cask and luad it 1nto the source
plaque until the cas’. 15 empty,

v. Remave the cask from the poul.
w. i.oad the cask onto the truck and replace the lid and crash slueld.

x. Repeat the operation with more casks until the source plaque 15 filled,
Clouse hinged angle assemblies and lock 1 confine pins.

Remove Moat swiich.

aa. Replace poul lid.

ah. Repilace puol hd lock mechanism,

ac, Activate interlocks and check them for proper aperation.

ad. Deactivate wat r makedp and emergenrcy water fill svstem.

ae. Install discharge pump.

at. Drainpool.

ap. Install the fan and filter assembly and activate,

ah, The watertight seal and door must be removed, bu this is done in the 3 CESS made,
#a1. (onnect the bridge assembly and attach the dust cover, but this, tun, 15 done in the

ACCESS mode,

2. NGRMAL Operating Mode

a. “lain power should be on,
b. Health Phvsics may need 1o he present initially.
c. Tuarn function switch to Normal Operating Mode.
d. Check alarm system and sensors--all should he on.
‘v, Watertight seaj should already he removed--this should have been dont 1 the
ACCLSS mode,
f. The hridge assembly and dust cover should be installed--this also should have been
done in the ACCESS mode.,
g. The ventilation system should be on.
'+« The sump pump shaould be on.
i. The pool caver should be on and lacked.
1. The access cover should be on and locked.
k. All interlocks should be activated.
1. Fire protection system should be on,
m. Shutter switch power and plague switch nower should be on,
n. Open shutter il it is not already open and wait for the "shutter open'' signal. i
o, Extend source plague and wait for the "extend’ signal to come on.
p. Lubricate all parts that need io be lubricated.
q. Turn on lubrication and cleaning system for the conveyor and he sure of proper

operation,
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ad.
ab,
ac,

c.
d,

e,

-

[

“f.

k.
=1,
*m,

n.

P
g,

tem and adjust speed ior proper dose,

Turn on convevor
[f hopper feed svstern 13 1o be uded, turn on hopper feed svste:n and adjust flow rale
for proper backet filling.

keep feed hopper full for pruper operatiun.

If bags are to be loaded manually, load them,

Aonitor all svstems for proper aperation and cor-u e =1,

When ready t» shut down, shut off fevrt hopper and allow the material in the convevur

to travel through the radiation 7zone before shutting down the conveyor.,

When the lagt of the materfal has passed throy:gh the radiation zone, the source nlag:
car ne retracted -wait for the “retracted” signai to come on,

heel hearing wear,

l.eave the 1oad shutter open t2 increase airfluow and reduce
When the last of the material has exited the convevor, shut »ff lubrication and
cleaning svstem,

Turn off conveyar,

Clean up.

Tarn functlon switch to CGIF made,

IFollow check list for GFI moude,

"CLESS \lade

itealth Phvsicy personnel shaould be present [or initial access.

Turn on main power.

Turn function switch to ACCESS mode.

Check alarm system and sensors-~-all should be on.

Ventilation system ghould be on.

Source plaque should be retracted and locked- -check mecharical and electrical signals.
{.ead shutter should be closed and locked- -check mechanical and electrical signals- -
this is the most critical procedure.

Sump pump should be on.

Fire control system should be off--disable CO, bottles before access by disconnecting
the copper tubing from the CO2 battles. .

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

Unlock access cover by turning crank handle and removing the securing screws.
Remove access cover with a large forklift.

Set up fan and hose for ventilation in access area.

Take Jight and radiation monitor and enter access area with health physics persvnnel.
Survey access area--especially in radiation zone. The dose should be lower than

0.5 mr/hr in all areas.

{ntercom should now be connected {n radiation zane.

Area is now ready for whatever wark is needed.

(1) If a swipe test is to be conducted, remove the cover from the top of the Lridge

assembly.

#
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(2) Atter aastalling new ashestos cloth 1n the swipe test assembly, bolt the upper and

lower sections of the swipe test assembly to the bridge assembly,

{3) Lvacuate the convevor access area and replace the concrete access plug and
lucking mechanism.

(4} Switch the facility into the NCRMAL mode and cycle the source plague to the
extended position and then 1) the retracted position, o not stop soarce plaque
mation ant1l it is completed automatically in vither direction,

i5) Close the shutter and perform steps a, *hrough o, of the AC S mode procedures,

{(6) Remove the swipe assembly and replace and caulk the hridge assembly cover.,

iT} Send the asbestous cloth swipe test samnples o the Health Phvsies Divisiae far
analvsis,

After work is completed, remove intercom and Light,

Fvacuate area.

Remove purtable ventilation system,

Hucheck to he sure all personnel are out of access area,

Replace access cuver,

l.uck access cover.

Tarn fire control system on and reconnect O bhottes,

Turn function switch to desired position.

I* Mode

Main power should be on.

Turn function switch to OFF mode,

Alarm system and sensors should all be on--check for proper uperation,
Ventilation system should be on.

Source plaque should be retracted.

Shutter should normallyv he left open.

All interlocks should be activated.

Convevor and feed hopper should he off,

Access cover should be on and locked,

PPoul cuver should be on and locked.

Fire control system should be activated.

Secure area hy lucking control panel, Building 6720, and the east access gate when

leaving.

5. Pin Unloading Procedure

*a-X,
#y,
“Z.
*aa,
“ab.

“ac.

Steps are the same as steps a-x of the pin loading procedure,

Using a handling tool, remove each pin from the source plague until the cask 1s full,
Lower lid and gasket into place on the cask,

Raise cask to surface--check for radistion carefully during this procedure.

When the cask lid is a few inches ahove the water, replace the nuts to the cask lid.

Do Steps z,-al. of Pin Loading Procedure.
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Copy Copy

Sandia Laboratories

Jalv 19, 1979

Instribution

flealth Physics - 3312

Safe OUperating PProcedures fur the Sandia Irradiator for Dried Sewage Sslids
(SINDSS), Bldg. 6720 and 6725

The enclosed instructions oitline the necessary procedures for Hperating
thie Sandia Irradiator for Dried Sewage Solids (SIDSS) in the NORMALL aper-

ations mode,

1. These procedures supersede all previous oral and/or writien procedures.
2. The operating organization has the responsibility of notifving the [{calth
I’hyvsics Division, 3312, hefore the SIDSS is operated in any uther mode,
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 are made 1o the list of authorized uperators.

3. Post these procedures in a conspicuous place in the work area.
GIET:3312:mr

: Distribution:

X 3312 C. B. Berglund {Original + 1)

4535 J. S, Sivinski

o e T4 535 M. E, Morris
- 4535 1. D, Pierce
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Copy Copv

SAFE OPFRATING PROCEI RES
FiR

The Sandia frradiator for Driea Secage Salids (51D55)

DUONOT NTTEMPT TO OPERATE THIS FACILITY §NLESS YOI AR AN AUTHORIZ LD

CPERATOR,
D THESE PROCEDERES COMPLETILY BLEPORE QUERATING THED FACHLT Y 1N AN

MR -

1 NT ANY TINE, UNEFSEAL RADIATION FEHLEDUS Aith NOTILL, EVACEATE ALT PEISON

\

N DHROUGH THE FAST GATE OF THE FENCHD AREAL

AFTRE S SH, THE FACULEEY MEST RE RITURNED T THED U0l 7 G AND THE € N
TROLPANEL, BUTLDING 6720, AND THE AREA GATE M ST BE LoCRED, (HEYS WL B
PNDER PHE CONTROL O 4535 PERSONNIT, AND ISSU LD, 13y 1O, ONEDY T AL THO RIZLD
O LRATORS).

SPECIFIC ACTIONS BY TILE OPERATOR(S)

L. A1 SIDSS operating and product loading persannel must wear nersonne] radiation dos: meter
badges and "chirpers’ while in the SIDSS area.

The radiation alarms rust be checked immediately upon entering the SIDSS area and o ras
ation survey completed before proceeding with any operations.

ACTIVITIES THAT MUST BE COORDINATED WITIH HEALTH PHYSICS

-~

1. Hypassing any facility interlocks.
2. Mudification of equipment or shielding.

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

AUTHORIZLED OPERATORS

Signatures helow indicate that the signer has read and is familiar with these procedures and
the standard operating procedures in the JFSAR,

Authorized Cperator Supervisory Sfrrroval Date
i a . 74 - ! -
!!&mm (G }{‘“M“ Q /Vkul s -ﬂl //é[ 7y
Coim D e /
‘(‘4_,‘,“ .) S ml e el Lo /; [ -\ 7 e Ta) /_/i

Appraved: Z Apy mvcd

G. h‘. Tuck.r,
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