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ABSTRACT 

The CP-50 Calibration Facility Radiological Safety Assessment 
document, prepared at the request of the Nevada Operations 
Office of the U. S. Department of Energy to satisfy provisions 
of·ERDA Manual Chapter 053}, presents design features, systems 
controls, and procedures used in the operation of the calibra
tion facility. 5ite and facility characteristics and routine 
and non-routine operations, including hypothetical incidents 
or accidents are discussed and design factors, source control 
systems, and radiation monitoring considerations are described. 
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CP-50 CALIBRATION FACILITY 
RADIOLOGICAL SAFETY ASSESSMENT DOCUMENT 

I. INTRODUCTION 

A. Purpose 

B. 

This radiological safety assessment of the Reynolds Electrical and 

Engineering Co., Inc. (REECo), CP-50 Calibration Facility was 

prepared at the request of the Nevada Operations Office of the 

U. S. Department of Energy (DOE/NV) to satisfy provisions of ERDA 

Manual Chapter 0531 11Safety of Nonreactor Nuclear Facilities ... 

Design features, systems controls, and procedures applicable to the 

operation of the calibration facility are described and discussed in 

this report. 

Summary 

Calibration facility nonoperational perio~s and routine oper~tions 

constitute minimal radiation exposure hazard to operating personnel, 

other personnel in the area, the environment, or any property. How

ever, the potential for high radiation exposures in an accident or 

incident situation exists during a nonroutine operation mode involv-

ing any decontamination, repair, maintenance, or modifications· re-

quiring access to th~ immediate well area or opening of the beam 

access door when the source could be positioned above a safe level. 

Design, acquisition, installation, and implementation of the new 

source control system, now being accomplished, will mitigate these 

potential hazards. 

Appropriate shielding, radiation monitoring equipment, protective 

clothing, personnel dosimetry devices, and strict operational 
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procedures, in addition to results of special area, facility, and 

personnel exposure evaluations assure that personnel radiation 

exposure levels during all calibrationfacility operations are main

tained as low as practicable within the limits prescribed by ERDA 

Manual Chapter 0524. 

I I. RESPONSIBILITIES 

A. REECe 

The REECe Environmental Sciences Department (ESD) is responsible for 

providing radiological support services to users of the·Nevada Test 

Site {NTS} and other locations as requested. Among these support 

services are radiation monitoring and radiation detection e~uipment 

calibration. The ESD Field Operations Section (Figure 1) has specific 

responsibility for controlling, maintaining, calibrating, and assuring 

proper operation of portable radiation monitoring instruments and 

remote area monitoring equipment. A variety of low-level and high

level radiation sources are used to assure proper calibration and 

operation of these. instrument5 and this equipment. Instrument cali

bration requirements for extended dose rdte ranges from 0.001 tn 

10,000 R/tw necessitates using a ~nurce in the kilocurie range. 

Qualified health physicists, management, dl'ld supervi~ory pirsonnP.l 

are directly responsible for assuring the safe handling of all 

radiation sources used by employees durin~J instrument maintenance 

and calibration operations. REECe supervision is also responsible 

for assuring that appropriate DOE and REECe guidelines are followed. 

DOE Chapter 0524 11 Standards for Radiation Protection 11 sets exposure 

guidelines while DOE Chapter 0531 ''Safety of Nonreactor Nuclear 

Facilities 11 is concerned with. the need for Documented Training 
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Programs, the use of OSR•s (Operations Safety Requirements), and the 

reporting of occu~rences. Additional REECo guidelines are the 

appropriate ESD Standard Procedures and a REECo memorandum to ESD 

distribution, dated June 7, 1979, entitled ••Qualifications of Person

nel Assigned to Potentially Hazardous Radiological Tasks. 11 

B. User Support 

The REECo/ESD Field Operations Section provides radiation detection 

equipment, instrumentation maintenance; and caltbration serv1ces to 

the Birdwell Division of Seismograph Service Cor·poration, Lawrence 

Livermore Laboratory, Los Alamos Scientific Laboratory, Sandia 

Laboratories, Environm~ntal P~otection Agency, ·Wackenhut Services, 

Inc., and Westinghouse Advanced Energy Systems. User personnel 

frequently assist in the calibration of their equipment and are 

present in the facility during calibration operations. Such 

personnel are responsible through their organizational management 

to DOE/NV for adhering to REECo radiologieal safety .Procedures, 

as approved by DOE/NV, during their participation. 

III. SITE AND FACILITY CHARACTERISTICS 

A. Site 

The site characteristics are not included in this document but are 

referenced as desc;ibed in the Final Environmental Impact Statement, 

Nevada Test Site, Nye County, Nevada, ERDA 1551, September 1977. 

B. CP-50 Building 

The CP-50 Building is located at NTS Area 6, approximately 20 miles 

north of Mercury on the Mercury Highway at Yucca Pass (Figure 2), and 

is outside of the CP-1 security·compound, south of Security Gate 270. 
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and CP-2 (Figure 3). The building is a single-level steel-reinforced 

concrete panel structure originally designed to house technical and 

maintenance support shops. It presently is the administrative and 

technical support center for the ESD Field Operations Section. 

Although the building is a single-level structure, the floor line of 

the front face (east elevation} with the main building entrance, is 

7-1/2 feet above the existing grade line. The rear of the building 

(west elevation} floor line is at grade line. The west side of the 

building has five doors for entry into the shop office area. A ,~on

up steel garage door provides entry and egress to the southernmo5t 

shop area (Figure 4}. 

C. The CP-50 Calibration Facility 

The CP-5.0 Calibration Facility is located in the northeast corner· of 

the CP-50 Building. User requirements for calibration of radiation 

detection instrumentation for extended ranges of exposure rates from 

0.001 to 10,000 R/hr requires a source of kilocurie activity. A 

3000-curie cobalt-60 source is installed in a calibration well in 

Room 107 (Figure 5}. Room 107 is framed by two interior walls and 

two exterior wa 11 s .: One interior wa 11 is common to Room 108 which is 

office space; the other interior wall is common to Room 106 which is 

the portable radiation detection instrument shop area. ·The only 

floor-level entryway·into Room 107 is through double doors from Room 

106. A roof hatch, located directly above the calibration well, 

provides the only other-means of entry to Room 107. 

-5-
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For details regarding calibration facility design, source control 

systems, and operattonal procedures, see Appendices A, B, and C, 

respecti'vely. 

IV. SAFETY ASSESSMENT 

A. Routine Operations 

The CP-50 Calibration Facility routine operations include calibrating 

remote area monitoring equipment (RAMS) for users as well as cali

hri'ltinf.J t.hP pPrmnnPnt NTS RAMS network. High range portable radiation 

detection instruments also are calibrated at the Facility. Calibra

tion operations normally require exposure rates ranging from 1 mR/hr 

to 10,000 R/hr. Well desiyn ::.tdelding racLOt'S, sow·ce control safety 

functions, and operational procedures assure that during a routine 

calibration requiring an exposure rate of 1000 R/hr, the radiation 

field in which an op.erator's hand might be located for limited periods 

of time (less than 5 seconds per instrument calibrated) is less than 

10 mR/hr. This particular calibration procedure requires that the 

main door plug be removed and a smaller plug (l/2 11 thick plug with 

a 1/4 11 hole in the center for small tool insertion) be JJldt:ed ·ir~Lo 

thP i'lr.r.PSS nnnr hnle. (SP.P. FigurP. 6. Radiation Instrument Technic·ian 

demonstrating calibration technique.) Appendix C conta1ns exposure 

rate contour maps of the calibration room with the source located 

at varying levels. The information supports the documentation already 

available that there are adequate controls during normal or routine 

operations. 

-10-
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B. Nonroutine 

Nonroutine operations are special dosimetry studies and sample 

irradiations, contaminated water removal, repairs or maintenance 

requiring entry to well cellar areas, and source exchange. Each 

of these nonroutine operations is assessed below: 

1. Special Dosimetry Studies and Sample Irradiations 

The nonroutine ·use of the calibration well for special dosimetry 

stud1es and sam!Jle in··adiations does not constitute a radi;;~t.inn 

exposure hazard. All such studies, regardless of the radiation 

exposure rate required, are conducted by placing the samples or 

dosimeters within the well, and closing the beam access door 

securely before irradiation. 

2. Contaminated Water Removal - CP-50 Source Well 

Should the water in the calibration well become radioactively 

contaminated, though the possibility is very unlikely, the water 

in the well must be removed, the source of the contamination 
' 

removed, and the WP.ll decontaminated. The dump pump and dump 

valve portion of the demineralizer system provide the means for 

extraction of the water from the well. The switch to activate 

the dump pump is a key switch located inside the control unit. 

To gain access to the switch, the control unit front panel must 

be removed and the unit pulled forward. To minimize the spread 

of contamination, hose or tubing must be attached securely to 

the valve outlet and the water pumped into appropriate containers 

for disposal as specified in Section Ml5 of the ESD Standard 

Procedures. 

-12-
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The contaminated water should not be a source of radiation. 

exposure hazard, but if it were to become a GOncern, dilution 

and volume regulation and/or shielding could be used to reduce 

the personnel exposure risk. Appropr-iate protective clothing as 

specified in SectionM16of the ESD Standard Procedures would be 

required during any contaminated water removal operation. Con

stant monitoring of the well water for indications of contamina

tion is routine. Monitoring is accomplished with a Victoreen 

Area Monitor Probe (VAMP) monitor (Appendix C Figure C.l) in 

the demineralizer cabinet. Laboratory analysis of a well water 

sample every six months for signs of cobalt-60 contamination is 

an addition a 1 check .used to detect any source 1 eakage. 

3. Repairs Requiring Entry to Well Cellar Areas 

·J The potential for a significant radiation exposure exists if a 

system malfunctions or structural failure occurs requiring 

physical entry into the well cellar areas for repairs or 

maintenance. With the source in the stored position, entry may 

be made to the point of the first partition of the lead maze in 

the tunnel; to that point, radiation levels are minimal (back

ground to 12 mR/hr) and present no risk to personnel required to 

work in this shielded area of the tunnel. Beyond this, radiation 

levels increase rapidly (12 mR/hr to 3 R/hr at the far end of 

maze); therefore special precautions must be taken prior to 

allowing personnel to enter this area. A gate, to be constructed 

in the man-access tunnel at the position of the lead maze, will 

assure that personnel entry into this radiologically hazardous 

area cannot be made without proper administrative approval and 

-13-
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extensive special procedures as defined in the ESD Standard 

Procedures Manual Section .G3 Appendix A. 

· 4. Source Exchange 

Source removal and replacement operations could pose a significant 

radiological hazard to personnel during transfer operations. (See 

Figure 7 for approximated radiation. exposure rate contours fr·om a 

3000-curie cobalt-60 source should the source be accidentally 

exposed.). At a minimumi a well source exchange requires that·the 

Ar·ea 6 Control Point complex be cleared of personnel not needed for 

the operation, ·and that those remaining (as few as possible) be 

located in protec.tP.d areas with exposure rates maintained as low as 

practicable. The exchange requires ·the use of source transfer cask, 

remote control equipment, video instrumentation, Remote Area Monitors 

(RAMS), and portable radiation detection equipment. Any surface ex

change will require the development of a separate written plan, subject 

to approval of REECo Sr. Management officials and DOE/NV, prior to the 

conduct of operations. 

c. Hypothetical Incidents or Acc1dents 

If the assumption is m~de that personnel will make mistakes or accidents 
\ 

will happen, t~e hazardous s1tuat1ons wh1ch could develop can be identi

fied for thorough discussion and formulation of preventative measures. 

Hazardous ~ituations so identified and discussed below are (1) inadver

tent removal of the beam access door plug with the source at its highest 

point in the well, and (2) corrosion causir1g the source to become fixed 

to the source holder basket. 

1. Inadvertent Removal of Beam Access Door Plug 

High radiation exposure to limited areas of the body can occur if 

procedures are not followed, ff personnel inadvertently raise 

-14;_ 
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the radiation source to its highest level, and if personnel then 

remove the beam access plug. Exposure to the upper trunk, ex

tremities (hands and arms) and the head would occur·if a person 
}\) 

then were positioned in the high fladiation field (see Appendix C 
. . ,._JJ_... 

for potential exposure rates). The exposure rate can vary depend-

ing on the position of the body in relation to the well and the 

height of the source. Presently, the best preventative measure 

is strict adherence to procedures which forbid removal of the 

plug when the source is at its highest level in the well. When 

the new control system (Appendix B) is incorporated, additional 

sensor and limit switches will greatly r.educe the po~sibility of . . 

this type of accident occurring, 

2. Source Holder and Basket Corrosion Problems 

Due to mineral content in·the well water, high radiation intensities, 

and heating effects, it is possible for sufficient mineralization 

and/or corrosive action to cause the source holder to become 

securely (permanently) f1xed w1th1n the source t:arT"ier· ua:;ket. If 

personnel are unable to remove the smaller source holder from the 

1 arger t:arrh~r· I.Jasket for a source transfer or exchange to be 

accomplished, then the removal of the entire ~source holder/basket 

unit" from the well must be attempted. A suitable transfer cask 

would then be designed and fabricated to accomplish this task •. To 

help minimize the possibility of the source sticking in the basket 

unit, the well water is checked for purity at six .. month intervals 

to assure that the demineralizer is fm'lctioning properly and 

removing the impuriti'es in the water. 

-16-
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APPENDIX A 

CALIBRATION FACILITY DESIGN FACTORS 

This Appendix details design factors for Room 107, the calibration well, the 

calibration source, and the support equipment in the ESD CP-50 Calibration 

Faci 1 i ty. 

1. Room 107 

The dimensions for Room 1()7 are 28' long by 20' wide with 12' high ceilings 

(Figure A.l). The layout may be changed slightly when the new control system 

is installed. The calibration facility of concern is identified in Figure A.l 
. . 

.. 
as the "source well" which is located near the northeast corner of the room. 

Note that an additional calibration range is located along the south wall 

of the room. This is a low-level range designed for use with a one-curie 

cobalt-60 source .. · The strength of the cobalt source is now about 

200 millicuries. Use of the source is carefully monitored reducing personnel 

exposure potential. 

2. Source Well Design 

The source well structural details are taken from information provided by 

available architectural and engineering drawings as submitted by (a) Robert 

Guy Biddle and ~ssociates, Architects, Engineer·s, Albuquerque, NM, "Ra.d-Safe 

Techni ca 1 Services Bui 1 ding, ·cp Area 6, NTS, ID #G-1 , #NV-35-32-03," and 

(b) H&N "As-Built" Architectural Drawings, Rad-Safe, Technical Services 

Building, Calibration Well "Structural Plan and Sections" and "Lead Shield." 

3. Foundation and "Well Cellar" 

The overall dimensions of the basic well structure include a vertical 

portion extending 2'6" above the floor line and descending approximately 

A-1 
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36 1 below the floor line (approximately 28 1 below grade level), and a 

horizontal component below floor level, extending from within 1•r of the 

east wall to within 11 7" of the west wall. 

Compacted earth fill surrounds the structure and fills the inner building 

foundation space betweeh floor slabs and grade level. 

The lead shield foundation structurei or support base, is that portion of 

the well extending from :above the floor line to approximately grade level 

below the floor. As originally designed, the portion above is a cylindrical 

concrete structure with an outer diameter of 41 and an inner diameter of 

3.4 ... Below the floor line,.this cylindrical structure rests on an 8 1 by a• 

concrete slab 31 411 thick with a conical-shaped central opening 4• in diameter 

at the lower surface and 1• (12 inches) in diameter at the top. This conical 

shape communicates with the center of the upper cylinder (Figure A.2). Prior 

to the lead shield emplacement, an additional support structure which also 

provides additional radiation shielding, was added beneath the 8 1 by a• slab 

(Figures A.3 and A.4). 

The .. Well Cellar 11 is a four-compartment structure consisting of: (a) an 

upper vertical shaft, (b) a horizontal interconnecting tunnel, (c) a lower 

vertical shaft, and (d) the bottom chamber. 

Access to the upper vertical shaft, or manway, is through the steel access 

door in the floor, 1• 711 from the west wa 11 and 2 • 811 from the north wa 11 of 

Room 107. The 3• by 31 vertical shaft has steel rungs approximately 1• 

apart embedded in the concrete of its south wall for purposes of easy 

access. This built-in ladder extends from the floor line to the tunnel 

floor approximately 14 1 below. 
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The tunnel· provides an interconnecting link between the upper shaft and 

the lower level shaft. This tunnel is 6'6 11 high, 3' wide, and approxi-

mately 10' long with two steel-encased lead shields providing a radio

logical protection maze near the east end of the tunnel~ 

A 4' diameter corrugated -pipe forming the walls of compartment (c) extends 

approximately 23' from the lower edge of th~ 8' .by 8' foundation structure 

aligned with its 4' diameter opening, to the top of the lower or bottom 

chamber. A steel rung and plate ladder is welded to the south wall of the 

corrugated pipe to allow for access to the lower chamber. This lower 

chamber has inner dimensions of 6' long by 5' \'Jide by 4' high, with 12" 

thick concrete walls. 

Lead Shield 

The lead shield, which is set into the ·support structure described in 

item 3 above, is a one-piece, precast structure with a density of 700 pounds 

per cubic foot (700 lbs/ft3), encased in one-half-inch steel with a 

removable top plug. Lifting ears to enable movement of the shield are 

welded to the outer steel structure (Figures A.5 and A.6). 

The shield structure base is 3'6" square and 11'2" high with a 1' square 

channel through the center. A stair step design removable plug inset fits 

into the top of the shiel_d. This plug has a 1··1/2 11 diameter by 3/4 turn 

helix (pipe helix) opening ~ast in pl~ce through the cent~r of the plug. 

The plug _is 2'5" in diameter at the top and 1 '!5" in diameter at the bottom 

surface. 

An access port and tunnel structure with a 3'6" square base and a 1 • square 

channel extends from one face of the basic structure. The tunnel structure 
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extends 1'811 beyond the face. The central opening of the portal access 

is perpendicular with the central opening of the shield structure. This 

access tunnel is necessary for inserting instruments and equipment into 

the vertical calibrati~n column of the well. An interlocked door on an 

overhead track system prevents personnel access during source we11 operations. 

A 10' diameter water-filled steel pipe approximately 40' in length extends 

from a position 2" below the turinel access floor to the bottom of the well 

resting on the floor of the lower chamber (Figure A.7). 

5. Source, Source Holder, and Source Carrier Descriptions 

The cobalt-60 source cu~rently in use (as of August 1, 1978) in the 

calibration well has a source activity of 3031 curies. The cobalt-60 

source in the form of 1 mm right cylinder· pellets is encapsulated in a 

magnetic stainless steel h,older (Figure A.8). The cobalt-60 pellets' 

packing density in the holder is 5.5 gm/cc. The source holder design 

{Figure A.8) meets the source carrier basket configuration requirements of 

the calibration well source elevator mechanism. 

The carrier now in the well has a tendency to 11 float 11 slightly allowing . 
the elevator cables to sometimes become entangled when the basket is 

lowered into the well. A ballast weight stainless steel collar (Figure A.9) 

was designed to add weight to the carrier unit to eliminate the 11 floating 11 

problem. The collar can be added to the basket unit (Figure A. 10) without 

removing the source from the basket or the basket from the well. 

A 1arger basket (Figure A.ll) has been machined and will replace the current 

basket unit at some future date. Since this operation requires removing the 
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basket from the well and the source from the basket, this change will not 

be undertaken until sufficient safety assessment has b~en made and approved 

procedures developed. 

6. Support Sy5tem5 

Other support systems directly related to the safe operation of the 

calibration well _and. source carrier system are the; (a) demineralizer 

system, (b) elevator mechanism (carrier drive system}, and (c) shield 

access door. 

Demineralizer System 

The demineralizer system is.a water purification system that circulates and 

maintains a clean water column within which the source and carrier are 

located at all times. Pure water is needed to retard the corrosive effects 

of mineralized water on the met~l surfaces. Demineralizer, circulating pump, 

inlet valve, resistance monitor, and dump valve are housed in a 48-1/2 11 by 

28-l/2'' cabinet set against th~ west side of the well structure (Figure A.l2). 

Elevator Mechanism (Carrier Drive System) 

The elevator mechanism, or carrier drive system, is designed to raise and 

lower the source and source carrier within the calibration'well water 

column. 11 Slo-Syn 11 translator and adjustable speed drive units with 

attached cables regulate the movement of the source basket within the 

water column. (Figures A.l3, A.l4, A.l5,. and A.l6). The 11 Slo-Syn 11 translator 

is a pulse-to-step converter designed for use with appropriate bifilar 11 Slo-Syn 11 

synchronous stepping motors connected for incremental stepping. The trans- . 

later converts low-level signal pulses or square waves into the correct 

four-step switching sequence needed to step .a 11 Slo-Syn 11 motor. The 
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Model ST 1800 8V used with the calibration well elevator mechanism is an 

adjustable speed drive translator which includes a built-on oscillator to 

supply the triggering signals. The oscillator frequency can be adjusted to 

vary the speed from four steps per second up to the maximum permissible with 

the motor used (10 steps per second). Diversion of rotation can be control led 

either from the front panel or from a remote control. The cable drum attached 

to the 11 Slo-Syn 11 system is positioned above a pipe that serves as a guide for 

the cable network from the drum to the roof of the access tunnel below. At 

the base of this pipe, the ca.bles are guided over u set of pulleys and 

suspended along the tunnel roof until they reach a second set of pulleys 

attached to the sides of the water column pipe in the center of the well. 

This second set of pulleys guides the cables, one each into separate tracks 

along the north and south sides of the steel water-filled pipe. These 

tracks are formed by pieces of angle iron tack-welded to the steel water 

column pipe. Near the top of the steel pipe the cables are guided over a 

third set of pulleys through a notch in the pipe and down inside the water

filled pipe, and attached to the two cable lock pins on the source basket. 

Each pulley housing is designed to form a guide or sheath for the cable 

and pulley to prevent the cable from jumping out of the pulley track. 

Figures A.l4 and A. 15 show the pathways of the cable source elevator system. 

7. Shield Access Tunnel Door 

The shield access tunnel door hangs from two tracks attached to an overhead 

steel rack that is welded to the top of the lead shield and extends 6• 

beyond the portal face of the beam access tunnel (Figures A.17 and A.l8) . 

A motor and chain drive mechanism operated from the control console 

initiates the movement of the door along the . tracks. The door itself, 

suspended by two steel supports from the overhead tracks, is lead s• thick 
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at its thickest point (a 1' by 1' portion that sits inside the tunnel 

when the door is in the closed position). The front steel plate of the 

door is 18" by 20" and stair stepped to a slab of lead 16" by 18". The 

door is designed to provide two limited access areas to the tunnel with 

the door closed; a series of five cable control insert holes, one of 

which is used; and a central plug. The central plug has an outer steel 

plate 6" in diameter with a stair step lead plug attached that matches 

the hole in the door. The lead plug has two steps 4-1/2" in diameter at 

the door face to 1-1/2 11 in diameter for the second step. The plug can be 

secured in place by four slotted bolts. 

An instrument tray attaches .to the inner face of the door and slides in 

and out of the tunnel on rollers as the door is moved (Figure A.l7). 

Several types of j1gs can be attached to the far end of the tray that 

reaches over the primary beam area of the well. These jigs arP ~recifi

cally designed for positioning certain instruments for calibration. A 

television camera is normally attached to the instrument tray during 

calibrations. There are currently two monitors for viewing information 

from the camera; a small 7" monitor in the source control console along

side of the controls for camera operations, and a 19 11 monitor on a large 

cabinet just to the left of the calibration well. The video system 

provides visual monitoring of the instrument jigs, meter scales, and 

calibration pots so that calibration of certain portable survey instru

ments can be accomplished. 
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APPENDIX B 

SOURCE CONTROL SYSTEMS 

1. Theory of Well Operation 

The source rides in a basket on a mechanically operated elevator housed 

in a water column. Radiation intensities ranging from 0.1 mR/hr to 10,000 

R/hr may be achieved at the calibration point by raising or lowering t he 

source and source basket. The water column provides an attenuating media 

for the radiation hP.am so that a wide ranqe of radiation intensities may 

be obtained with minimal source movement. 

There are several safety fe~tures designed into the system which aid in 

maintaining safe operation. These safety features include: (a) an 

operational power failure- "scram" that returns the source to storage 

position, (b) a manual reset switch for power-up after a power failure, 

(c) an area radiation level interlock "scram" system, (d) a well cellar 

manway access door interlock "scram" system, (e) a lead shield access 

tunnel door interlock "scram" system, (f) cable control interlock checking 

height of source versus access tunnel door status, (g) a floor mat inter

lock switch preventing door movement with personnel in front of shield, 

and (h) emergency DC power to certain support systems during power 

failure. 

2. Present Source Control System 

The present source control system (Figures B.l and 8.2) is scheduled for 

replacement in early 1980 because it has a nenfuncttontng and trreparable 

pica-ammeter. The pica-ammeter failure has caused a few operation/procedure 

changes but has not affected the operation of the safety control system or 

the usefulness of the calibration facility. Reference #3 'lWell Source 
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Picoammeter Display and Range Calibration Manual" presents details of 

specifications and operational instructions that apply to the pica-ammeter 

source contro.l system. Figure B. 3 shows the control system without the 

pica-ammeter unit. Figure 8.4 represents the control unit front panel. 

Well operation is accomplished through the key and push button switch 

chassis. Power-up for operation of the calibration facility is initiated 

through the key switch of the control panel. The "Source-Up" push button 

switch automatically brings the source from its "stored" position to the 

"safe" position in the well. The "safe" position is that position above 

which the source cannot be raised unless the beam access door is closed. 

The "level ready/level dem·and" switch 1 is inoperational due to the pica

ammeter failure. The "door open/door close" switch actuates the door 

motor drive to move the beam. :access door. The "man/prog" swi tch2 is non

functional due to the pica-ammeter failure. The "jog up and jog down" 
I 

switches are used to cause the source elevator to change elevation by 

sma 11 steps. 

Many of the safety features noted in item 1 above (Theory of Well Operation) 

are the function of limit and/or interlock switches in the control circuitry. 

The limit switches operate from a small switch drum functioning 1~ sequence 

w'lth the source elevator drive system. The source level, sensed by a limit 

switch as either "stored'' or "safe," controls the status of the beam access 

door. The beam access door will not open until the source is below the 

safe level, or the source cannot rise above the safe level unless the beam 
' . 

1The "Level Ready/Level Demand" switch is used to automatically raise the 
source to a given dose rate level at which time the "Level Ready" button 
lights up indicat1ng that the. source was positioned properly to obtain the 
dose rate selected on the source control unit. -

2The "man/prog" or "manual/program" switch is used to set the operation mode 
as to whether the source wil1 be raised or lowered manually or automatically. 
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access door is closed. The mat switch interlock prevents the beam access 

door from either opening or closing when anyone is standing on the floor 

mat which is in front of the beam access portal. The interlock system 

causes a "scram" of the source and carrier if anyone or combination of 

interlocks is violated. If a power failure occurs during operation of the 

facility and any of the three area radiation monitor preset levels are 

exceeded, or the manway access door is opened during operation, an interlock 

is violated and the source "scrams" to the bottom of the well by gravity. An 

added safety feature prevents the restart of th1~ control system unti 1 a power 

reset button in the rear of the console is reset. In case of a power failure, 

emergency power is supplied to the radiation area monitors to assure continuous 

radiation monitoring. 

Since the pica-ammeter is nonfunctional, a Victoreen RADCON III radiation 

detection instrument is used, at no longer than six-month intervals, to 

establish source levels to ach1eve specified exposure rates for given 

geometries of equipment and instrumentation in the well. Figure 8.5 is 

a sample "calibration curve." 

3, New Source Control System 

The new system uses a· computer to automate the operations of the well. 

The new system, designated the Computer Automated Well Source System (CAWSS), 

to be operational by late 1979, incorporates the mechanical part of the 

present well calibration. facility, including the elevator and associated 

drive, motor and translator, and the beam access door and drive system. 

The new system (Figure 8._6) was designed to satisfy the following requirements: 

a. A semi-intelligent s~stem that allows the operator to spec~fy a desired 

dose rate causing tt~e system to adjust to that level. 
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~--------

b. A system capable of using position information rather than a reference 

detector, the latter being susceptible to drift and slowness of response 

at low radiation levels. 

c. A system easily updated to compensate for source decay. 

d. A flexible system which will allow for future expansion. 

The control and status panel (Figure 8.7) will integrate the computer 

and the well source subsystems. The panel wi 11 a 11 ow for full computer 

control and r~·tc;f.l rrovidefor ~orne limited manual I.Jc'i~.;k.u!J uperat1on. The 

CAWSS cabinet assembly is shown in Figure 8.8, and the theory of operation 

for the new system is as follows: 

Computer Operation 

Under computer control; the operator interacts w"ith the system by issuing 

commands from the LA~36 terminal. The applications software will be 

written such that the operator need only be familiar with a simple set of 

English commands and responses. 

There will be two basic modes of operations: (a) a calibration mode and 

(b) the run mode. The computer will monitor source status and VAMP 

(remote radiation and alarms) status condition!; from the control panel. 

The computer will not control or monitor the water circulation system. 

Manual Operation 

Under manual control, the\operator will be able to position the source~ 

open and close the beam access door, and monitor system status from the 

control panel. Controls and status indicators are shown on the control 

panel sketch in Figure 8.7. 
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The safety features to be included in this system are as follows: 

a. 

b. 

The source 11 scram, 11 in the event of power failure as in the present 

. · sys tern, will be retained. 

The source will ·11 scram 11 if the radiation level at any of the three 

VAMPS ( radiation moni·tors) exceeds a predetermined 1 eve 1. 

c. The source will 11 scram 11 if the manway door is opened. 

d. A system reset will be required if either a., b., or c. occurs. 

e. The beam access door will not open until the source is below a safe level. 

f. The source will not rise above the safe level with the beam access door 

open. 

g. The current safety mat floor switch is independent of the control system 

and will be left intact. 

h. The present three VAMP radiation monitors will be left intact and the 

VAMP alarms integrated into CAWSS. 

Prior to installation, the safety switcn/interlock_ system may be upgraded 

by the addition of one or two more switches. 
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APPENDIX C 

fACJLHY RADIATlON 
·MONITORIN@ SYSTEMS 

This Appendix describes the various types of monitoring devices and controls 

used to evaluate personnel radiation exposures within the facility to assure 

that all exposures to bui_lding personnel and other persons in the vicinity 

are maintained ALAP. 

1. Victoreen Area Monitor Packets (VAMP) 

Three VAMP's (Figure C.l) are placed strategically in the calibration 

Room 107 to alert personnel to elevated radiation levels. The VAMP is a 

self-contained radiation monitor which can measure gamma radiation levels 

over a three-decade range and presents-an audible and visual alarm at a 

pre-set point within its range of operation. The design and construction 

of the VAMP is such to insure dependable operation for long unattended 

periods. The factory calibrated instrument does not require recalibration 

unless the Geiger tube or other component fails and must be replaced. To 

assure that component failure does not occur, Radiation Instrument 

Technicians periodically (approximately on~ per month) use small radiation 

check sources to verify proper operation. Each unit (see Figure C.2 for 

unit location) has a pre-set alarm level: VAMP #1 at 1 mR/hr; VAMP #2 

at 1 mR/hr; and VAMP #3 at 3 mR/hr. Unit #3 is clearly visible directly 

above the "Shield Access Tunnel Door" in Figure B.l. 

2. Room 107 Radiation Level Contours 

Figures C.3 through C.lO ~re radiation contour maps showing TLD and 

Ludlum Model 9 ~R Survey Meter measurements of exposure rates within 

Room 107 for certain calibration well source positions. These source 
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positions represent both operation and nonoperation situations. The 

"Stored," "Safety," and "10,000 R/hr 11 source positions are all operational 

conditions. 

3. Personnel Monitoring Devices 

All pP.rsonnel at NTS are required to wear the 11 Combination Personnel 

Dosimeter and Security Credential Holder 11 as described in detail in 

Reference #5. The holder is designed to provide the required personnel 

dosimetry ~rtpi'lhility for all radiation exposure problems associated w"ith 

NTS projects. This holder is the initial means of evaluating personnel 

exposure within the calibration facility. Currently, all Radiation 

Instrument Technicidn::> involved with uny type of source handlina for 

purposes of instrument repair and calibration are required to wear TLD 

finger rings. Both the TLD rings and the Personnel Dosimeter and 

Security Credential Holder worn by the technician measure the total 

radiation exposure received by each person, not just the exposure from 

the thousand-curie calibration source. Normally the holders worn by 

the technicians indicate non-reportable levels of radiation exposure 

(less than 30 mR). The TLD rings indicating hand exposures are normally 

less than 100 mR/month to either hand. 
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