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ABSTRACT 

MA.STER 

An 8 ton/day dry sewage sludge irradiator was designed and 

constructed at Sandia National Laboratories in the last half of 

1977 and in 1978; and was charged with cesium-137 and made ope r a-

tional in the spring of 1979. The design of the major subsystems 

of the irradiator is described. Subsequent operational experi-

ences are also summarized. 
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I. Introduction 

An 8 ton/day dry sewage sludge irradiator was designed 

and constructed at Sandia National Laboratories in the last 

half of 1977 and in 1978. The plant was charged with cesium-

137 and made operational in the spring of 1979. The main pur

poses for constructing the SIDSS were fourfold: 

1. to provide a high-dose rate research facility to ex~mine 

further the effects of radition on sewage sludge, 

2. to function as a testbed for the mechanical and elec

trical components to be used in larger facilities, 

3. to fulfill the formal requirements of a pilot plant so 

that the Environmental Protection Agency (EPA) can 

fund the construction of a larger plant as a demon

stration facility using a proven technology,. and 

4. to provide accurate data, based on operating experience, 

for the Environmental Impact Assessment (EIA) and the 

Safety Analysis Report (SAR) for a much larger facility 

that is to be constructed by the EPA. 

Since early 1979, the faciJ.ity has been used to irradiate 

both digested and raw, dried, bagged sludge for research studies 

at New Mexico State U~iversity. The. irradiator has also been 

used in several·studies with the USDA. The facility is now 

being modified to irradiate bulk dried sludge, as well as 

the bagged products. 

.. 
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II~ Design Constraints 

Although large medical product irradiators are in common 

use throug~out the United States, the irradiation of sludge 

is sufficiently different that a completely new irradiator 

concept was considered necessary for this application. 

The operating environment in a normal sewage ~reatment 

plant is such that high reliability of the-equipment is essen

tial and such that normal maintenance and repair of mechanical 

and electrical systems should not require highly specialized 

training, or unusual skills. 

The radiation dose rate outside the irradiator from the 

cesium-137 should be below background levels. .The dose rate 

inside the facility should be very low and the potential for 

a worker to receive radiation doses larger than Federally pre

s~ribed limits should be reduced as much as possible through 

the use of radiation monitors; electrical control interlock 

and alarm systems; and backup mechanical interlock systems. 

In addition to the above constraints, the cost of such a 

facility must not be out of line with other _sewage sludge treat

ment processes that perform similar functions. The cost of 

this process relative to other sewage sludge treatment proc~sses 

has been analyzed in detail elsewhere. 1 

·III. Description of Facility 

A. General Description 

A cutaway, an elevation, and a plan view of the 

Sandia Irradiator for Dried Sewage Solids (SIDSS) are 
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illustrated in Figure 1. The facility is designed 

to irradiate up to 8 tons/day of sewage solids to a 

radiation dose of 1 Mrad. Larger quantities of solids 

can be processed at a lower total dose by adjusting 

conveyor speed. Both bulk and bagged dried materials 

can be irradiated. 

Major components of the system are shown in 

Figure 1. A temporarily water~filled pool lined with 

stainless steel is required to load or unload gamma

source pins from the shipping cask used to transport 

them. When installed in the facility, the gamma-source 

pins were secured in a 2- x 6-ft so~rce plaque. When 

the plaque is in the pool area, a lead shutter can be 

closed to prevent radiation from streaming into the 

conveyor area. After the pool cover was secured and 

the water pumped from the pool, a water seal was 

manually removed in the conveyor area. Once the faci

lity was properly secured, the lead shutter was opened 

to allow the source plaque to be driven on tracks to the 

conveyor side of the facility. With the source plaque in 

place, the conveyor can be operated to transport material 

past the gamma-source pin~. 

•. 
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In the next section, pertinent technical details of the 

above components are described. 

B. Component Descriptions 

1. Radiation Dose Constraints 

The components of the irradiator are designed to 

limit the radiation exposure dose rate to 1 rem/yr 

for workers using the facility, and to 170 mrem/yr 

above natural background for personnel not directly 

connected ~ith the use of the irradiator, such as 

janitors, maintenance personnel, or material handlers. 

2. Shielding 

As illustrated in Figure 1, shield~ng require

ments for a 1-MCi cesium-137 gamma-source are con

siderable. The upper portions of the pool walls 

are 4 ft thick and the cover is 4 ft thick in three 

separate layers. This thickness is adequate to 

reduce dose-rate levels in working areas outside 

the facility to less than 0.035 mrem/hr over back

ground when the source plaque is on the pool side. 2 

On the conveyor side of the facility, a section of 

concrete 5 ft thick separates the source fro~ the 

upper part of the system. This thickness is adequate 

to reduce dose-rate levels in the upper part of the 

conveyor compartment to less than 0.035 mrem/hr over 
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background when the source plaque is on the pool 

side. 2 The 5-ft thick wall between the pool and 

the conveyor area is thick enough to provide pro

tection from the radiation to the side of the lead 

shutter that the lead shutter does not absorb. 2 

3. Conveyor 

The conveyor system shown in Figure 2 transports 

dried sewage solids past the radiation source. The 

conveyor system has unusual feattires and is well 

suited to its task. The buckets are supported by a 

heavy link chain that is extended to allow the 

.. 

buckets to go around corner sprockets without contact, 

but in the radiation field or in the fill section, 

the chain sections collapse to allow the buckets 

to come together. In the radiation zone, this 

feature permits very efficient use of the gamma

source. In the fill section, bulk material will 

fill the buckets without falling between them. 

Either bulk material 8 i~. deep or two 40-lb bags 

will fit in a bucket. · · 

The sprockets. ~llow very sharp turns to be made 

by the chain~bucket assembly. The buckets are 

irradiated from both above and below for a more 

uniform dose distribution. Normal operating 

speed for a 1-Mrad dose is approximately 4 in./min. 

The upper limit of the recommended design speed for 
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this type of conveyor is 30 ft/min. Automatically 

operated air jets clean and lubricate the chain 

·continuosly. 

The conveyor is called Max-Econ and is manu-

factured by Gough-Econ, Inc., of Staffordshire, 

Eng1and. 

4. Source Plaque 

The function of the source plaque is to provide 

a secure assembly for the cesium-137-filled gamma-

source capsules. The plaque shown .in Figure 3 holds 

15 of ~hese gamma-source capsules for a total of 975 

kCi of cesium-137. The four wheels attached to each 

of two side~ of the plaque roll on a track. The 

track allows movement of the plaque between the pool 

and conveyor areas. The tracks are designed so that 

any inadvertent granular material buildup will be 

pushed off by the wheels. Arms attach to the 

plaque to drive it with a cable assembly from out-

side the facility. The plaque is open to enhance 

heat dissipation by convection. :' 
; 

5. Lead Sh1.1tter 

The lead shutter shown in. Figure 4 shields the 

conveyor access area when the shutter is in the 

closed position and the gamma-source plaque is 

retracted into the pool area. The 9-in.-thick 

stainless-steel-lined lead shutter is supported 

./ 
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and aligned by rollers below and above. In the 

closed position, tha shutter compresses a bellows 

'that provides fluid pressure to release the access 

cover lock if the system is in the access mode. 

Magnetically actuated reed switches also indicate 

when the shutter is in the closed position. Magnet

ically actuated reed 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 

is less than 1 mrem/hr at the location of the water 

seal in the conveyor area. 2 

6. Gamma-Source Pins 

The gamma-source pins that contain cesium-137 

in the form of cesium chloride are shown held in 

the source plaque in Figure 3. Each capsule con-

tains 65 kCi of cesium-137, double-encapsulated in 

316L stainless steel. The overall length of the outer 

capsule is 20.775 in., and it is 2.625 in. in diameter. 

· The other dimensions of the capsule components are 

tabulated in Figure 5, as are the pertinent physi

t:dl c:hcn:act.eri!5ties of ·ehc cilpcule. 

The capsules are fabricated by Rockwell Inter

national at the Waste Encapsulation and Storage 

Facility (WESF) at Richland, WA. The welds made 

on the capsule are ultrasonically tested. The 
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fabrication and quality assurance steps taken during 

manufacturing are described elsewhere.2 

C. Interlock and Control Systems 

1. Interlock Design Philosopy 

Several criteria were paramount in designing 

the interlock and control systems: 

a. Failure of any single interlock component cannot 

result in radiation exposure to operating personnel. 

b. Failure of any single interlock system cannot 

result in radiation exposure to operating personnel. 

c. To prevent radiation exposure to operating personnel, 

no administrative control is required during any 

operation except for loading or unloading 

radiation-source capsules. 

During all operations that could result in personnel 

exposures following a failure of both the electrical and 

mechanical interlock sytems, Safe Operating Procedures (SOPs) 

(properly followed) provide operating personnel with a third 

level of safety from exposure. These SOPs prescribe radiation 

surveys by qualified health physicists before workers can enter 

the conveyor access area. The procedures also prescribe 

the use of "chirpers" and personnel dosimeters by personnel at 

all times when they are within the security fence surrounding 

the facility. 

Because the two indepP.naent interlock systems (one elec-

trical and one mechanical) are separate from each other 

./ 
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physically and functionally, the possibility of common-mode 

failures is minimized. 

Additionally, at least two steps of holding, with radia

tion monitoring before or after the steps, are provided to pre

vent release of radioactive material to the environment either 

through air or water discharges. These systems are described 

in detail later. -

_, 

2. Radiation Monitoring 

Outputs from radiation sensors play a key role 

in controlling the electrical interlock system. 

Sensor positions are shown in Figure 6, and the 

sensitivity of the detector in each position is 

given in Table I. 

TABLE I 

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 

7 0.05 - 50 mR/hr 

.-

_/ 
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The sensors and the associated circuitry have self-con-
.. 

sistency checks that are performed each time the system 

is used. The sensors are in use throughout Sandia and are 

recalibrated annually by qualified health physicists, follow-

ing maintenance, or after malfunction. Sensors 1 and 2 moni-

tor whether the source plaque is on the pool side or the con-

veyor side of the system, and whether the lead shutter between 

the pool and conveyor areas is open or closed. Sensor 3 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 radioative 

material is being loaded inadvertently into the conveyor, and 

also whether a radiation field exists in the dry solids load-

ing zone. Because the sensitivity of the sensor is 0.05 mR/hr, 

serious exposure to the operators would be prevented. Sensor 

5 is a (3 -Y air monitor that senses whether radioactive 
I 

material is in the air stream supplied to the HEPA filters. 

Sensor 6 is a (3-Y air monitor that samples the a.ir stream 

after the High Efficiency Particulate Air (HEPA) filters. The 

air passing through the air monitor is passed through an air 

filte~ on a continuous basis for a permanent record of any 

radioactive release. If any air release of radioactive mate-

rial through the HEPA filters should occur, the sensor will 

detect any leak and alarms will be activated. The blowers 
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will be switched off in the event of a release combined with 

a HEPA filter failure so there will be little or no release 

to the environment. An air sampling port is provided just 

before as well as after the HEPA filters so that samples can 

be taken with Millipore filters for more sensitive measurements. 

If the HEPA filters are not compromised, the ventilation 

system will be kept operating to prevent radioactive particles 

from settling and contaminating the entire facility. Sensor 7 

monitors the output of the sump pump. If water were to enter 

the conveyor side of the system, the sensor would prevent the 

sump pump from pumping high concentrations of radioactively con

taminated water to a holding tank. This measurement is not 

particularly sensitive and must be supplemented by taking a 

sample from the holding tank and analyzing it in a counting 

chamber before the water can be released ·to the environment. 

3. Electrical Interlocks 

The electrical control system is designed 

to operate in four separate modes depending on 

the operation being carried on at the facility. 

The four modes (Figure 7) are as follows: 

a. The OFF mode conditions the alarm system 

to allow the facility to remain unattended 

for long periods of time. If the radiation 

or fire sensors are triggered, the.local 

audible and visible alarms (with emergency 
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power backup) operate until the problem 

is corrected. 

b. The ACCESS mode is used whenever it becomes 

necessary for someone to enter the conveyor 

access area. The main interlock feature of 

this mode is that the access cover lock, 

which prevents removal of the access cover 

leading to the conveyor side of the facility, 

is released only when the.radiation sensors 

register. within preset limits. This inter

lock system prevents the access cover lead

ing to the conveyor from being removed 

unless the lead shutter is closed; this 

prevents radiation exposure of ~ersonnel 

entering the cavity alongside the conveyor. 

When the access cover is lifted, a switch 

on the cover provides the signal to lock 

the shutter drive mechanism, and power to 

the shutter drive motor is automatically 

turned off. If radiation levels exceed 

preset alarm limits or if high tempera-

tures activate the fire sensors, the system, 

except for ventilation, is shut down, and 

audible and visible alarms (with emergency 

power backup) operate until the problem is 

corrected. 

r 
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c. The NORMAL operating mode is used whenever 

the only operation to be carried out is 

irradiation of dried sewage solids in the 

conveyor system. In this mode, if the 

radiation or fire alarms go into an impro

per state, the conveyor system is shut 

down, and audible and visible alarms (with 

emergency power backup) operate until the 

problem is corrected. 

d. The LOAD-UNLOAD mode is used when it is 

necessary to transfer gamma-source pins 

to or from a shipping cask. The principal 

feature of this mode is that the pool cover 

cannot be removed unless the pool is full 

- of water, as indicated by a float switch.

When the pool cover is removed~ a switch 

turns off the pool water discharge pump. 

The above paragraphs describe only the basic operations 

of the electrical interlock system. The less important features 

are described logically and schematically elsewhere. 2 

4. MGehanical Intcrlocko 

As a result of the design philosophy used for 

the interlock system, parallel backup, mechanically 

operated interlock systems were designed for the cri

tical operations (those operations that could result 
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in direct exposure to operating personnnel if the 

electrical system failed). 

The critical events were identified as follows: 

a. the conveyor access cover could be removed with 

the lead shutter open, 

b. while a person was in the conveyor access area, 

the lead shutter could open, and 

c. the pool cover could be removed with the ga~ma-

source plaque at the bottom of the pool, but 

with no water in the pool. 

To prevent these events from occurring, even in the 

event of an electrical system malfunction, a mec~ani~ally 

actuated hydraulic system was designed. The hydraulic pump

ing action of the system is provided by bellows •. The bellows 

are either compressed by mechanical action to provide fluid 

pressure or are expanded by hydraulic action to provide 

mechanical motion. 

The actions of the basic systems are described in Figure 

8. In the first system, the final quarter-inch closure of 

the lead shutter pumps a bellows that provides mechanical 

action to unlock the access cover. When the access cover is 

removed, a bellows action provides motion to lock the shutter 

drive in the closed position. The second system uses water 

pressure from filling the pool to unlock the pool cover. 

Stainless-steel hydraulic lines and Inconel bellows have' been 

selected for the system. 

~ 
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In the design of the system, several problems have.arisen 

and been resolved. A hydraulic operating fluid had to be 

selected that would not freeze at temperatures down to -30°C 

but could stand the high radiation field ~ithout deterioration 

of physical or chemical properties. No such fluid was found, 

but as a solution a transfer bellows was placed in the hydrau

lic line immediately after the line left the radiation zone. 

Water is used in the portion of line inside the pool, and 

ethylene glycol is used in all other hydraulic lines. Problems 

occur even with water because the radiation field very slowly 

converts water to H2 ,o2 , and H2o2 • The hydrogen peroxide 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, which catalyzes 

H2 and o2 to H2o at room temperature, is vacuum deposited onto 

the inside of the bellows from the water-filled section of 

hydraulic line to prevent pressure from gas buildup. 

' ' .. 
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5. Electrical Control 

Several features of.the system are controlled 

~lectrically. The source plaque and the lead shutter 

are motor-driven and are turned off by magnetically 

actuated reed limit switches in the radiation zone. 

Manually operated switches that can turn off the 

sump pump, ventilation system, conveyor, feed hop-

per and electrical outlets are provided on the con-

trol panel. Indicator lights are provided on the 

control panel for all electrically actuated equip-

ment. 

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 radioactive aerosols that might be generated by a 
. 

leak in the capsules or an accident inside the facility. 

• Air-floi in the ventilation system is shown in 
'·· .. • 

Figure 9. Air that enters the conveyor system is con-

tained 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 

facility. Air that flows past the gamma-source pins 

.. 
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enters through a prefilter. 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 collapse sections 

of buckets. The air flows axially along the cylinders 

through a section of the stainless-steel-lined cavity 

to the pool area and out through a 4-in. stainless-

steel pipe to a 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 radioactive release. This filter never comes 

in contact with combustible materials. If radioactivity 

is detected before or after the HEPA filters by the per

manently mounted ~-Y radiation sensors, audible 

and visible alarms are triggered. The air stream from the 

~-Y monitors is continuously passed through an air 

filter for a permanent record of any radioactive release. 

The geometry of the gamma-source pins and the air

flow·past· them is shown in Figure 10. The thermal proper

ties 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 cap-

.sules is reduced slightly. A -transition accompanied 

by a volume change of approximately 17 percent occurs if 

.. 
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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 to cool, so 

the volume expansion that accompanies the phase transi-

tion could cause no problems. 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 are shown in 

Figure 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 temperature of 57°C is reached in the 

upper section of the conveyor access area, the heat 

detector senses it and an audible and visible alarm 

activates, causing a solenoid actuated valve to open 

and the conveyor system to be flooded with carbon dioxide. 

The co2 , being heavier than air, fills the conveyor. An 

override valve is provided to switch off pressure to the 

valves so that personnel would not suffocate if the 

valve opened while they were working in the conveyor 

access area. 
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F. Miscellaneous Equipment 

Miscellaneous equipment such as a sump pump, 

interioi lighting, and an intercom system is provided 

in the facility. In addition, pool-fill and pool

empty pumps, as well as water-level controls, are 

temporarily installed during pin loading and unload

ing operations. 

IV. Operations 

A. Introduction 

Since construction of the Sandia irradiator was com

pleted in April, 1979, the irradiator has been used on a 

fairly regular basis to process raw and digested sludge 

for agronomic research programs at New Mexico State Univer

sity in Las Cruces, NM. We have also processed mangos 

and grapefruit for disinfestation of fruit flies and 

baggasse, the residue from sugarcane processing, for the 

U. S. Department of Agriculture. 

B. Products and Quantities Irradiated 

A total quantity of approximately 10 tons of 

bagged, dried raw sludge from Las Cruces, NM has been 

irradiated for animal fe~ding programs at New Mexico 

State University (NMSU}. The sludge has been used as 

the major component in range supplement feed formula

tions for ruminant animals. A series of three major 
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test programs have been conducted with cattle, as well 

as several programs with sheep. A continuing toxicity 

test 'is being conducted with rats. 

Approximately 20 tons of bagged, dried digested 

sludge from Las Cruces, NM have been irradiated for 

agronomic studies at NMSU. The sludge has been used in 

greenhouse studies of plant growth and heavy metals 

uptake. A large portion of the sludge has been irradiated 

for field plot studies to be conducted in the spring of 

1981 .• 

We have irradiated approximately 6 tons of grape-

fruit for the USDA Subtropical Horticulture Research 

Laboratory in Miami, FL. The grapefruit has been used in 

tests to assess the practical potential for the use of 

·irradiation for citrus fruit disinfestation for inter-

state and international transport. In a similar study, 

1 ton of mangos was irradiated. 

c. Procedures 

The products that we have irradiated have been 

bagged or boxed in almost all instances. The bags or 

boxes have been manually loaded into the buckets. In 

the studies requiring 1 Mrad absorbed dose, the bags 

are loaded in a short interval of time with the con-

veyor on a high speed setting. The conveyor is then 

slowed to 3.6 in/min for irradiation to 1 Mrad. 
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After irradiation, the bags are then dumped from the 

buckets in a short time interval by increasing the 

speed of the conveyor system •• 

The products requiring a lower total dose are manu

ally placed in the conveyor buckets at the feed position 

of the conveyor as the irradiation is proceeding. 

D. General Observations 

During the one and one-half years of intermittent 

operations of the Sandia irradiator, no malfunctions 

or accidents have occurred which have endangered anyone. 

No mechanical failures have occurred and in the few 

instances of electrical equipment malfunction, the 

affected circuits have been rapidly identified and fixed. 

During April, 1980, a swipe test was performed and 

the radiation detectors were recalibrated. 

In summary, the Sandia irradiator has operated 

reliably and usefully without major incident during 

the past one and one-half years. From the construc

tion and operating data and experience gained to date, 

a larger demonstration facility could be straightfor

wardly designed. 
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WALL 
THICKNESS 

0.095 
I UTI 

NOTE: ALL !llh\f NSI ON S AI<£ IN INCIIfS 

INNER 

OUTS! DE TOTAL 
DIAMETER LENGTH 

2. 250 19.725 

REMOTE GAS TUNGSITN 
ARC WELO HELIUM 
LEAK CHECKED ' 

INNER WALL 

CESIUM CHLORIDE 

CAPSULE 

OUTER 

TOTAL CAP 
MATERIAL 

WALL OUTSIDE TOTAL TOTAL CAP 
THICKNESS THICKNESS DIM~HER LENGTH THICKNESS 

3\6L 

0.400 STAINLESS 0. 109 
2. 625 20.775 SI[[L I UTI 

Ill Tl 
NOVIM BER 1972 

Figure 5. Hanford h'astc Encapsuliltion and Storage Facility Capsules 
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IMPROPER RADIATION OR FIRE 
a-----...::Of:.:...:F:__ ___ ~ SIGNAL SHUTS 00\'JN SYSTE,\1 

MODE AND SETS AUDIBLE AND VISIBLE 
ALARM 

-._ 

-----------~----

ACCESS 
MODE 

NORMAL 

MODE 

lOAD-uNLOAD 
MODE 

SHUTIER-cLOSEO SWITCH 
RELEASES ONE ACCESS 
COVER LOCK 

IMPROPER RADIATimJ OR FIRE 
SIGNAL SHUTS 00'.'/;\J S YSTE!>\ 
AND SETS AUDIBLE AND VISIBLE 
AlARJ\\ 

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

ACCESS-COVER-OPEN SWITCH 
1---~ LOCKS SHUTIER DRIVE AND 

TURNS OFF POWER TO SHU11ER 
ORIVE MOTOR 

POOL COVER OFF 
TURNS OFF DISCHARGE 
PUMP 

Figure 7. Electrical Interlock System 
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SHUTIER-CLOSED SENSING 
BELLOWS RELEASES ONE 
ACCESS COVER LOCK 

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

ACCESS-COVER OPEN 
SENSING BELLOWS LOCKS 
SHUffiR DRIVE 

Figure 8. Mechanical Interlock System 

. -··------...-;-----. - ---------.. . -.----

I 

( 

.... 
• J 

1: •.••• i' -4i'! ":!{! 



. · 

unu 

IQIINQW IIYA·~ 
ll iS 

.. 

0 0 

IQIINOW IIU· 

\ r··,r ~ 
' 

• \ II 
' \ti r·--, ~ ...... ...:. -- '--~'-Z:..e-=-. -· =·--0 

I r· . . ·-·-----, 
i ( ... .. [' >;~=::J j 
I t rr-. -----"1....-J 

, t I I . 

L
! t.u... __ ...._..... __ -_-....... --!---. 
... -~ t !r 

~ ~.:=.=j]lld=-=-~~-,= . ..J 

r·-·-·-· .-.-• ...J
• r.-___ J 

I 
L----·-·-·-·-·-· 

...... 

-.....r 

.. 



... - . 
.. 

ACCESS~--------------------------------------------~--ll_N_ER __ _ 
AREA AIRFLO'N......--- ~ - -

__:__ <~ - SOURCEPIN lnl PLAQUE POOLAREA 

~ ~ 'lLL=:::=~==---:=::--::=::-:=:;!-=::Jr~ FRAME -- --~- ---- --- --
LINER 

CONVEYOR 

Figure 10. Source Pin Cooling 
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Fiqure 11. Fire Control System 
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