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Sequoyah Fuels Corporation makes no warrenty or representation, ex

press or imp I ied: 

with respect to the accuracy, completeness, or usefulness 

of the information contained in this report 

that the use of any information, apparatus, method, or 

process disclosed in this report may not infringe 

privately owned rights, 

Sequoyah Fuels Corporation assumes no I iabi I ity with respect to the 

use of, or for damages resulting from use of: 

any information, apparatus, method, or process disclosed 

in this report 

experimental apparatus furnished with this report. 
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I. EXECUTIVE SUMMARY 

This report discusses the use of the plasma arc cutting system in 

the decommissioning of the Sequoyah Fuels Corporation Plutonium 

Fuels Fabrication Faci I ity ("The Cimarron Faci I ity"), Crescent, 

Oklahoma. 

The system uses a plasma arc cutting torch modified for either 

manual or automatic operation and adaptable for use in either a 

normal glove box environment or in one which has been inerted to 

eliminate potential hazards of flammable or explosive materials. 

The program to decommission the Cimarron Facility wi I I not be 

completed for several more years, but sufficient amount of work 

has been done with the plasma arc cutting system to al low the 

fol lowing conclusions to be drawn: 

I. Major cost savings can be realized by the use of plasma 

arc cutting (rather than the more conventional mechanical 

methods) for the large amounts of thick stainless steel 

used for process equipment and glove boxes in a plutonium 

production faci I ity. These savings are primarily due to 

the extremely rapid rate at which the plasma arc torch 

can cut the thick stainless steel. Experience to date has 

indicated~ major reduction in operating man-hours by use of 

this equipment, even under the most difficult conditions of 

remote automatic operation in an inert atmosphere. 
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2. The speed of operation, and the fact that the cutting 

can be done in a ventilated glove box, markedly increases 

operator efficiency by eliminating the need for cumbersome 

protective clothing and decreases potential operator ex~ 

posure to the hazards of plutonium contamination and 

gamma radiation. 
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I I. INTRODUCTION 

The Cimarron Faci I ity was constructed in 1969 to produce mixed 

uranium-plutonium oxide fuel pins for various government research 

and testing programs for fast reactor fuel. 

The production processes carried out in the faci I ity consisted of: 

(I) blending proper proportions of plutonium and uranium nitrate 

solutions; (2) coprecipitating plutonium and uranium sol ids from 

this solution by neutralizing with ammonium hydroxide; (3) drying 

and calcining the precipitate to produce an intimate, homogenous 

mixture of U02-Pu02 powder having the proper chemical and physical 

characteristics for fast reactor fuel; (4) pressing and sintering 

the powder into fuel pellets having the pbysical, chemical, and 

thermal characteristics needed for fast reactor fuel; (51 en-
"·: 
capsulating the sintered pellets into fuel pins; and (6) recovering 

and purifying uranium and plutonium fuel values in off-specification 

pellets and other side streams by solvent extraction. 

Production and recovery operations were terminated in 1975 and the 

plant was placed in standby under its I i~ense. In 1979 it was 

decided that the facility would not be used further for nuclear 

production activities and a program was developed to remove al I 

plutonium contaminated material and equipment from the facility in 

order that the bui !dings could be used for other activities. This 

decontamination and decommissioning program is ·scheduled for 

completion in 1986. The D&D program wi I I be the subject of a 

number of reports on various phases of the work. 
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This first report deals primarily with the adaption of previously 

unused plasma arc cutting procedures to: (I) the removal of 

contaminated process equipment, reaction vessels, piping, valving, 

etc., from glove boxes and the cutting of such equipment into pieces 

sized for N.D.A. measurement and disposal packaging and (2) the 

cutting of the contaminated glove box segments into pieces sized 

for N.D.A. measurement and disposal packaging. It also discusses 

the use of mechanical sawing techniques to cut glove boxes into 

segments which can be finally cut up for disposal by a plasma arc 

torch. 
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I I I. GENERAL DESCRIPTION OF PLANT AND EQUIPMENT TO BE DISMANTLED 

Al I operations involving plutonium were carried out in enclosed, 

ventilated glove boxes. These boxes and the process equipment 

contained therein constitute a major portion of the items re

quiring disposal as plutonium contaminated (TRU) waste. 

The plant contained some 80 glove boxes varying in size from 

30'x36 1x2' to 4 1x4'x2'. Al I boxes were fabricated from 300 series 

stainless steel having various thicknesses between 3/16" and 1/2". 

See Figures I and 2. 

The processing equipment in the glove boxes consisted of the 

fol I owing: 

I. pipes, valves, vessels, and pumps used in wet chemical 

production and scrap recovery operations; 

2. calciners, granulators, presses, sintering furnaces, 

and storage containers used in the dry processing of 

powder and pe I I ets; and, 

3. assembly tools, welding equipment, and inspection 

gauging equipment used for encapsulating the pellets 

into fue I pins. 

Cr it i ca I i ty contro I in the "dry" portions of the p I ant operation 

was achieved by control of the mass of the dry powder and pellets. 

"Ever safe" geometry was used for criticality control in al I "wet" 

operations. This geometric control dictated that process equipment, 

storage and transfer vessels, and piping in the portions of the 

plant dealing with "wet" process have a diameter of no more than 
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511
• There were a total of 83 five inch columns in the wet chemical 

area of the plant. Sixty of these columns were 30' high and were 

used for storage and processing in the main wet processing I ine. 

Twenty-three such .columns, varying in height from 10' to 30' were 

used in the solvent extraction scrap recovery. 
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Sma I I glove box 

Cementing waste operation. 

·Large size glove box 

Production operations. 

, Figure - I 

Medium size glove box 

Mechanical maintenance operation. 



Figure - 2 



IV. CONSIDERATIONS IN SELECTION OF PROCESSES TO CUT CONTAMINATED EQUIPMENT 

AND GLOVE BOXES 

In selecting methods to segment and cut contaminated metal, just as 

in the selection of methods for other operations involving radioactive 

material, factors such as: (I) protecting the health and safety of 

operators and the pub I le; (2) safeguarding materials; (3) protecting 

the environment; and (4) cost to the operator, must be considered. 

However, in cutting and packaging contaminated metal the problems of 

health and safety, safeguards and environmental impact lend them

selves to easy solution, regardless of the process selected. 

The major factor is cost. This is the only factor which was considered 

in evaluating the use of a modified plasma arc cutting tool versus 

mechanical cutting. Experience in industrial use of plasma arc cutting, 

confirmed by Sequoyah Fuels in non-plutonium work, showed that it could 

cut thick stainless steel of the type used in the Cimarron plant hundreds 

of times faster than that· possible with standard mechanical saws. 

The system seemed to have the flexibi I ity needed to make it generally 

useful for the desired cutting activities. A potential problem of 

smoke generation seemed solvable by proper engineering design. 

Maintenance, while not insignificant, seemed to be wel I within an accept

able range. Construction and modification costs would be quite low -

in the range of $6,000. It did not appear that appreciable amounts 

of secondary waste would be generated (possibly a few extra H.E.P.A. 

or prefi lters). It was recognized that the plasma arc had never been 

used under glove box conditions involving flammable I iquids and/or 

- 7 -



explosive atmospheres and that some modifications would be needed to 

adapt it to such conditions. It was further recognized that operating 

experience could show up problems that had not been evident in analysis 

or experimental operation. However, because of its tremendous potential 

to markedly decrease the known high labor costs of conventional cutting 

operations, plasma arc cutting was selected for development and use. 
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V. BASIC PLASMA ARC CUTTING PROCESS 

The Thermal Arc PAC 10 cutting system manufactured by Thermo Dynamics 

was chosen as the basic tool because of the design simplicity of the 

PCH/M-48 hand torch and the adaptability of the equipment to remote 

operation. The unit was adapted to two work stations, each equipped 

with a hand torch which connects to a single power supply using 

quick disconnect fittings. Only one torch unit can operate at a 

time. 

The power supply consists of sequencing controls for primary and 

secondary gases, a high frequency A.C. starting circuit, and a D.C. 

plasma arc circuit (50-100 ampers 100% duty cycle plasma arc circuit). 

The torch in the standard unit is cooled by discharging a mixture of 

argon and hydrogen around a conductive cup through a ceramic nozzle. 

This gas also acts as secondary shielding. The D.C. straight 

po I ari ty p I asma arc is estab Ii shed by high frequency A .C, b.etween 

the negative tungsten electrode and the positive tip of the conductive 

cup and the positive work piece. 

Electrode ( - ) 

shielding gas 

1/8" 
1 

Torch standoff_j 

See Figure 3. 

Constricting 
nozzle 

Figure 3 - Configuration of the plasma arc torch head. 
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The primary gas flows around the electrode through the A.C. arc stream 

and discharges as a col I imated ionized plasma arc stream, whose temper

ature is in the range of ten to fourteen thousand degrees centigrade, 

through an orifice in the bottom of the conductive cup to the work 

piece. The A.C. starting current terminates when the plasma arc is 

established at the work piece. 
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VI. MODIFICATION OF BASIC UNIT TO MEET SPECIFIC CIMARRON REQUIREMENTS 

A. 

8. 

Change in the Primary and Secondary Gas 

Because of the need to eliminate hazards inherent in the handling 

and use of hydrogen and for economic considerations, nitrogen was 

substituted for the argon-hydrogen mixture recommended by the 

manufacturer as the cooling and shielding gas. See Figure 3 

Conversion From Manual to Remote Control led Automatic Operation 

in Glove Boxes 

Since much of the disassembly work in the glove boxes involves 

repetitive cutting of long vertical stands of pipe, remote 

control led automatic operation would result in a major increase 

in efficiency. To accomplish this, a standard portable 3" to 8" 

capacity pipe I ine cutting/beveling machine (CRC-CROSE "Space-0-

matic" Machine No. I, Model No. 210R0031051) was fitted with: 

I. A variable speed reversible Dayton Gear Motor 

Machine (Model 2Z800) control led by a Dayton 

Electric Motor Speed Control (Model 4X599); and, 

2. A torch holder modified to accept the plasma arc 

torch. Drawing Number AT0-05 shows the details 

of this consolidation. 

The basic plasma arc unit, modified for nitrogen gas, when 

used in conjunction with the automated pipeline cutting 

equipment, can cut the pipe stands and other equipment in 

al I glove boxes except those where previous use of dodecane 

and tributyl phosphate present unacceptable risk of fire or 

explosion. For ful I economic potential of plasma arc cutting 
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to be realized it was necessary to make modifications that would 

al low it to also be used in gloveboxes containing tributyl 

phosphate and dodecane. 

Since operator protection against exposure to plutonium con

tamination depends upon a positive flow of air through the 

box at al I times it is impractical to purge the oxygen content 

in a glove box to a level where the heat of the plasma arc 

could not ignite the combustible mixtures. The approach is 

to isolate a smal I "work volume" from the remainder of the 

glove box, and assure that the oxygen content of this isolated 

smal I volume wa~ reduced to and maintained at safe levels 

during cutting. 

Isolation of the "work volume" is accomplished by attaching 

a collapsible asbestos "tent" to the base plate of the stand 

for the automatic pipe I ine cutting/beveling machine discussed 

previously. This tent is raised to cover the cutting location 

and attached firmly to the pipe being cut at a point. wel I 

above the cut. The volume inside the pipe is purged with 

nitrogen entering the bottom of the pipe through a centering• 

cone that is a part of the stand assembly. The volume between 

the pipe and the tent is purged with nitrogen entering through 

the plasma torch. 

Measurements of the oxygen content of the gases in the pipe and 

in the tent is accomplished by a Teledyne Oxygen Analyzer 

(Model 322) having a Class 8-1 Micron Fuel Cel I, a dual range 

of readings (0-10 and 0-25 percent oxygen), and a two-channel 
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system with two probes. One probe samples the gas inside the 

pipe; the other samples the gas at a point near the cut. 

This system is wired to (I) prevent initiation of the plasma 

arc cutting process unti I the oxygen content in the tent and 

in the pipe has been lowered to 3% and (2) terminate the plasma 

arc operation if the oxygen content reaches 6%. The 3% level 

for start of operation is set deliberately low in recognition 

that the "chimney effect" of the open pipe as it heats up 

during cutting could increase the oxygen level at the site 

of the cut. The shut down level of 6%, which al lows for 

some in-leakage of air, is below the ignition range. 

Drawing Number AT0-04, attached, i I lustrates the complete 

machine including the electrical circuity, oxygen analyzer 

system, and al I mechanical detai Is and dimensions necessary 

to duplicate the system. 
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VI I. PARAMETER DEVELOPMENT FOR THE MODIFIED PLASMA ARC CUTTING SYSTEM 

Since the system uses nitrogen as the primary and secondary gases 

rather than those recommended by the manufacturer and since, in 

some cases, the torch wi I I operate as an automatic machine-mounted 

cutter, the operating parameters furnished with the basic machine 

needed modification. 

Experimental operation in a mock-up of the glove box environment 

revealed that the cutting rate of the torch and the amperage 

settings were the parameters offering the greatest latitude for 

variation. In the basic plasma arc process, some variation in 

the flow rate of the gas is possible. This is not true, however, 

in the process as modified. The higher ionization potential of 

the nitrogen causes more rapid wear of the consumable gas dis

tributor and the Lo Amp tip than in the basic process. To 

minimize this wear problem, maximum cooling is supplied by maximum 

nitrogen flow rate. No significant variation is possible. 

The experimental study showed that current values above 90 ampers 

caused excessive orifice erosion, therefore, the rate of the cut 

and the distance of the ~orch from the work (torch stand-off) were 

the only v~riables studied. The proper values for these parameters 

were judged by the narrowness of the kerf, the visual acceptabi I ity 

of the cut, and the extent of burrs, dross, and smoke produced during 

cutting. 
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The results of this study, using the PCH/M-48 torch with a 70° 

angle head Lo Amp tip were: 

Torch Speed 23 inches per minute 

Current 90 amps 

Torch Stand-off I /8" 
(Maximum) 

Primary Nitrogen Flow 15 CFH at 30 PSI 

Secondary Nitrogen Flow 250 CFH at 50 PSI 

Using these operative parameters, a cross-sectional cut of a 5'' 

diameter Schedule 80 304 stainless steel pipe couid oe made in 

approximately 40 seconds. 

This photo shows the machi.ne and cut 

sections of pipe. The 3 rings were 

part of the parameter study. 
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Equipment set up during parameter 

study. 

Figure - 5 

, 
Equipment set up ready 

to cut. 



Cut joint separated to show 

kerf and qua I ity of cut. 

.. ._ .... 

Figure - 6 

Cutting macnine in operation. 



VI I I. CLEANING PRIOR TO CUTTING 

At the time the plant was placed in the "standby" condition, al I 

process piping, reaction vessels, h.old tanks, etc., were thoroughly 

flushed to recover essentially a·l l of the removable plutonium in 

the equipment. At the same time, a 11 tools and ottler loose objects 

were removed from the glove boxes and al I surfaces of the boxes 

and fixed equipment in the boxes were wiped down. 

This operation removed most of the plutonium and process reagents 

from the equipment internals and from surfaces in the glove boxes. 

There remained, however, smal I amounts of plutonium in solution, 

sludge, or sol id in the process equipment. The solvent extraction 

equipment also retained smal I amounts of dodecane, tributyl phosphate, 

and organic degradation products, some of which are flammable and/or 

explosive. 

The purpose of the cleaning operation discussed here is to reduce the 

levels of plutonium and combustible organic material to the lowest 

practical level prior to the cutting and disassembly operation, 

regardless of the cutting method used. Different processes are used 

to clean equipment contaminated with plutonium alone and that con

taminated with plutonium and combustible organics. 

A. Cleaning to Lower Plutonium Contamination and Minimize 

Combustible Organics in the SX Glove Box 

The initial equipment cleaning was primarily to dissolve 

sludges and other sol ids and to reduce the amount of 
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plutonium in the equipment to the greatest extent possible. 

Acidic mixtures of water, dodecane and tributyl phosphate 

were first circulated through the system. This was fol lowed 

by rinsing with trichlorethane. 

The second cleaning operation was to eliminate, or at least to de

crease to a maximum extent practical, the combustible organic 

materials remaining after the cleaning to remove plutonium. This 

entailed the fol lowing operations: 

I. Al I internal surfaces of the glove box and al I surfaces 

of the equipment in the box were steam cleaned with a 

Steam Jenny (Multi-Job 600) combination steam-pressurized 

water cleaner using a highly alkallne cleaning solution 

containing sodium hydroxide <Turco "Powr-Steam" 4 pounds 

per 20 gal Ions of water). The residue from this operation 

was removed by steam cleaning with plain water. 

2. Al I equipment smal I enough to be disassembled with hand 

tools was removed from the glove box, and the alkaline

plain water steam cleaning process was repeated. 

3. The process and storage columns were opened at the top and 

repeatedly cleaned by the alkaline-plain water steam 

cleaning process until the condensate from the plain water 

steam came out clear at the bottom of the columns. 

4. The I iquids from this washing operation, as wel I as the 

liquids from the first cleaning operation, were absorbed 

in a layer of absorb-al I spread in the bottom of the glove 
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B. 

box. When the cleaning operations were completed 2 I iter 

plastic bottles half-ti I led with absorb-al I were bagged 

into the glove box and fi I led with the wet absorb-al I 

from the glove box floor. This procedure is used to 

assure that twice as much absorb-al I is provided as is' 

required to absorb the I iquid. 

This method produced ten drums of TRU waste. 

5. The final step in the cleaning process was to wipe any 

alkaline cleaning residue from the glove box windows 

(to improve visibility) and to remove rags, papers, and 

other combustibles used in the window cleaning operation. 

Cleaning to Lower Plutonium Contamination in Glove Boxes 

Having no Combustibles 

In the wet chemistry glove boxes steam cleaning with the 

combination alkaline and plain water process as described 

previously was used. The cleaning solutions were filtered, 

treated with caustic and ion-exchanged to remove plutonium. 

Dry glove boxes were cleaned using trichlorethane solvent 

as the cleaning agent. 
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IX. CUTTING VERTICAL SOLVENT EXTRACTION COLUMNS CONTAMINATED WITH 

COMBUSTIBLE ORGANIC MATERIAL 

This particular application of plasma arc cutting is described in 

some detai I since it alone i I lustrates the use of al I segments of 

the total system developed and assembled to take advantage of the 

economic benefits of plasma arc cutting in decorrvnissioning plutonium 

production faci I ities. In al I other uses of the plasma arc process, 

one or more of the adjuncts to the basic plasma arc equipment was 

not used. 

The operational procedures fol lowed in cutting the long vertical 

pipes used in the solvent extraction process were: (See Drawing 

Number AT0-05 attached to Section VI) 

I. To simplify the task of placing the remotely control led 

automatic cutting unit in the glove box, approximately 

1500 1 of smal I diameter pipes, pipe racks, and associated 

structural members were cut, disassembled using conventional, 

explosion-proof, power driven equipment, such as pneumatic 

saws, hydraulic gui I lotine bolt cutters, etc., and removed 

from the glove box. 

2. The remotely operated power driven cutting unit, with the 

"centering cone", cutting torch, and col lapsed asbestos 

"tent" , was positioned in the glove box. 

3. The column to be cut was removed from its supporting 

bracket and suspended over the "centering cone" on the 

base plate of the cutting unit. 
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4. A loosely packed fiberglass filter was placed in the open 

top of the column to minimize the amount of particulate 

matter reaching the H.E.P.A. filter of the glove box. 

5. The accordian type asbestos "tent" was raised to enclose 

the cutting torch and secured around the suspended column. 

6. The column was purged with nitrogen admitted through the 

"centering cone", and the space in the tent was purged 

with nitrogen admitted through the plasma arc torch head. 

The oxygen content of the gas in the column and in the 

tent was measured by the oxygen analyzers which took 

continuous samples from the top of the column and from 

a point near the cutting torch. 

7. When the 02 content reacbed a level of 3% or less 

(20 minutes), the cutting unit was energized and a 

circular outside-to-inside cut was made around the column. 

8. The cutting unit was de-energized, the tent was lowered, 

and the cut piece removed from the cutting unit by hand. 

The cut piece is hot only in the immediate area of the 

cut. Since stainless steel is such a poor heat conducto~, 

moving the cut piece from the cutting stand to the floor 

of the glove box can be done immediately after the cutting 

operation is completed. The cut edge can be taped for 

bag out 20 to 30 minutes later. 

9. The remaining portion of the column was lowered and positioned 

on the "centering cone", the tent was raised and positioned 

on the column, the column and the space in the tent were 

purged as before to 3% 02 or less, and the cutting process 

was repeated. 
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10. When the column had been completely cut into 12" long 

segments, the next column was moved to the cutting 

position and segmented. This process continued unti I al I 

23 columns in the glove box had been cut and removed 

from the box. 
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x. DISASSEMBLY AND CUTTING OF GLOVE BOXES 

A. Disassembly 

The physical size and shape of most of the glove boxes at the 

Cimarron Faci I ity do not lend themselves to disassembly by 

the plasma arc torch since the operation must be done inside 

a glove box enclosure. Such disassembly operations are done 

inside plastic tents by operators using manually operated air 

saws and other suitable tooling as fol lows: 

I. Fol lowing the removal of internals, the entire box 

is cleaned and coated with Oakite poly-vinyl alcohol 

contamination fixative paint. A plastic tent is 

then constructed around the entire structure. 

See Figure - 7 . 

2. Operators wearing f u I I protective c I oth i ng and bubb I e · 

hoods (and/or ful I face respirators) enter the tent 

B. Cutting 

area and, using mechanical cutting equipment, disassemble 

the glove box into pieces that can pass through an 

18" x 36" opening. These pieces are packaged in plastic 

bags and removed from the tent. 

The plastic bags containing the glove box segments are placed 

ln a special (cut-up) glove box where operators, working 

through standard g I ove port.s, cut the segments into proper 

packaging size using a hand held plasma arc torch. See Figure - 8 
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Figure - 7 

PNEP£J/?.4TION R:)/j} IJLOVl:-BOY SECT/O/VIIVt: 



Shows plasma arc cut in glove box panel. 

Figure - 8 



XI. SAFETY 

Safety in nuclear operations is based on strict adherence to a 

philosophy that wel I supervised experience operators, properly 

protected by clothing and adequately monitored equipment,~ 

strictly fol low the detai Is of procedures which have been developed 

to assure safety of operation. 

An important aspect of this philosophy is the use of Special Work 

Permits (SWP) which out I ines special instructions, clothing, tool

ing and safety requirements for each assignment not covered by 

standard procedures. Figure 9 is the SWP for disassembly of a 

large glove box (shown in Figure 10) inside a plastic tent. The 

disassembly work has been completed. Figure I I is the SWP for 

cutting the 23 columns in the SX glove box with the remote con

trol led automatic plasma arc torch. This work has been finished. 
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XI I. ECONOMICS OF PLASMA ARC CUTTING 

In preparing this section on the economics of the plasma arc process 

no attempt has been made to develop the true total costs of de

commissioning a glove box using the plasma arc cutting system for 

sectioning the glove box for final disposal. The aim has been, 

however, to identify special factors which can be used in analyzing 

the comparative economics of cutting by plasma arc and by other 

systems. To do this certain assumptions were made: 

I. The stainless steel equipment and glove boxes wi I I fit 

into the same number of 55 gal Ion drums regardless of 

the method of cutting used to achieve this objective. 

2. The total amount of secondary waste generated by prep

aration of the equipment and glove boxes for cutting, 

and by cutting wi I I not differ for various methods of 

cutting. 

3. Al I plasma arc cutting wi I I be done in a glove box. 

4. Al I equipment contaminated with combustible organic 

material wi I I be cut by pl-asma arc procedures in a 

"purged" atmosphere. 

5. Al I disassembly of glove boxes wi 11 be done in "tents" 

constructed around the box by operators in ful I protective 

clothing using conventional cutting equipment. 

Actual experience has shown that it takes approximately six man-hours 

to cut through a 5" diameter Schedule 80 304 stainless steel pipe 

while the same job can be done by the plasma arc in approximately 

40 seconds. 

To al low time for nitrogen purging in those cases where combustible 

gas is present, and for routine operational maintenance, experience 
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has shown that the cutting time should be assumed to be approximately 

20 minutes rather than the 40 seconds mentioned above. 

The labor cost comparison in Table I is based on the 560 feet of 5" 

diameter pipe in the 23 columns which had been used in the solvent 

extraction operation. Six man-hours are required for mechanical 

sawing each section compared to 20 minutes per section for plasma 

arc cutting. 

TABLE I 

Comparison of Man-hours to Cut 5" Diameter Schedule 80 
304 Stainless Steel Pipe 

No. of Length Total No. of Man-hours for Man-hours for 
Pipes of Pipes Length Cuts Conventional Plasma Arc 

10 30 1 300 290 1740 97 
7 20' 140 133 .798 44 
6 20 1 120 ill 684 38 

23 560 537 3222 179 

Data is not yet avai I able for analysis of costs of disassembly of 

glove boxes in a plastic tent by conventional cutting methods, 

cutting of glove bo~ segments by hand-held plasma arc torch in a 

glove box, or disassembly and cutting of equipment by plasma arc 

which was not contaminated with combustible organics. It is ex

pected that the cost advantage of the plasma arc can be shown to 

be much greater than the 94% savings in man-hours for cutting 

shown in Table I. 
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UIIIT1U•v1n, N: 
White - Job Site 

SPECIAL WORK PERMIT KM-2'20·A Conary - Health Physics Fi le NO. 6610 EXAMPLE 
LOCATION 

Room 128 Box SA 
J08 DESCRIPTION 

Cut up Box SA 

Nuclear Criticality Safety Limits and Controls Considered ~ Yes 
RADIATION CONDITIONS 

High level contamination 

- RADIATION MONITORING REQUIREMENTS 

Lapel sample on 50% of people working in tent. 

AIM-3S in tent. 
INDUSTRIAL SAFETY ( ITEMS TO CONSIDER ON IIACK OF SHEET! 

Ladders 

0 No 

PROTECTIVE EQUIPMENT REQUIREMENTS 

v ITEM v ITEM 

Safety Glasses X Safety Shoes 

Foce Shield X Shoe Covers 

t:i 0 Cop LI.I Canvas Boots < u.. 
I.I.I 
I X Hood Rubbers 

FROM 

11-29-83 
a TO ::; 

Completion ~ 
> 

SUPERSEDES 

v ITEM 

Half Face Mask 
V'I z 
0 Full Foce Mosk 
~ 
< Scott Air Pac a:: 
a:: 
VI X Fresh Air Supplied air LI.I 
a:: 

Hord Hot Rubber Boots bubble hoods 

Goggles X Surgeon Gloves xi Film Badge 
I . VI 

X No Personal Outer Clothing Canvas Gloves a:: i Neutron Badge VI LI.I 
0 I-

>- Smock z Leother Gloves 
LI.I I Gommo Pencils 

0 < ~ 

~ 
::t vi 

One Pair Coveralls Rubber Gauntlet 8 Finger Rings 

X Two Pair Coveralls Asbestos Glove 
5Pti:CIAL INSTRUCTIONS 

1) Bubble hoods to be used when cutting. 
2) Use snorkel to help maintain proper ventilation control. 
3) No plasma arc cutting in Box 3A while people are inside the tent. 
4) Daily ventilation check by H.P. technician with smoke tube. 
5) Room B0-2 will be a respirator area while this SWP is in effect. 
6) The door between Room B0-1 and B0-2 will be sealed. 
7) A respirator area will be established outside the tent door. 
8) Clear coat box and tent as needed to control loose contamination spread. 
9) All ~dges of cut pieces to be wrapped with tape to prevent snagging and 

tearing of gloves. 

Figure - 9 

MAINTENANCE A~~ftOVA.L 

Return form to Areo Operations Supervisor when work is completed 
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-----

·-



Figure - 10 



a,g1111•v11un; 

White - Job Site 

6609 SPECIAL WORK PERMIT KM-2'20•A Canary - Health Physics File NO. EXAMPLE 
LOCATION FROM 

Room BO - 2 10-12-82 
.J08 DESCIUl'TION c TO 

Cutting S.S. column into sections in Box 4 using ::i : Completion 
plasma arc torch. SUPERSEDES 

Nuclear Criticality Safety Limits and Controls Considered ~ Yes D No 
RADIATION CONDITIONS 

Routine 

RADIATION MONITORING REQUIREMENTS 

Routine 

INDUSTRIAL SAF'ETY ( ITEMS TO CONSIDER ON BACK OF SHEET) 

1) Hoists - Do not work directly under items held by hoist. 
2) Effect on others - Do not observe arc without proper eye protection(#lO or barrier lens) 

PROTECTIVE EQUIPMENT REQUIREMENn 

v ITEM v ITEM v ITEM 

X Safety Glosses X Safety Shoes Holf Face Mosk 
<II 

X z 
Face Shield Shoe Covers 0 Full Face Ma5k 

0 Cop 
t:; 

Canvas Boots ~ Scott Air Poe X u., 

°' < .... a: u., -:i:: Hood Rubbers <II 
Fresh Air ""' °' 

Hord Hot Rubber Boot5 

Goggles X Surgeon Gloves X Film Badge 
<II 

No Personal Outer Clothing Canvas Gloves °' Neutron Badge 
lS u., .... 
z u., 

Gommo Pencils ~ Smock < Leather Gloves ~ 
vi 0 J: 
8 Finger Rings (as assigned) m X One Pair Coveralls Rubber Gauntlet X . 

Two Pair Coveralls . Asbestos Glove 
SP'l:CIAL INSTRUCTIONS 

1) All gloves not in use during cutting operation must be tied out or shielded 
against sparks. 

2) Maintain clear access to wheeled CO2 extinguisher for use in cooling windows 
in case of fire in box. 

3) Monitor 4IP across G.B. filters to check for filter plugging. 
4) Do not handle hot metal with.glove box gloves. 
5) All edges of cut pieces to be wrapped with tape to prevent snagging and 

tearing of gloves. 

Figure - 11 
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Retum form to Area Operations Supervisor when work is completed 
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XI I I. PROBLEMS ENCOUNTERED IN PLASMA ARC CUTTING 

While extensive use of the plasma arc cutting process has demonstrated 

it to be an efficient, economical, flexible, easily operated tool, 

certain problems arose in its operation. 

The potential for most of the problems encountered was recognized 

at the outset and taken into consideration in changes and adaptations 

to the basic system. 

What could not be known unti I actual operating experience had been 

accumulated was the extent of the impact on each problem on operation 

and maintenance of the system. Fol lowing is a discussion of the 

problems. 

I. Smoke 

By far the most significant problem presented by plasma arc 

cutting was the generation of "smoke" in glove boxes where 

gases must pass through a very high efficiency tilter system 

before they are released to the environment. This "smoke" 

is made up of particulate matter which, if it is not removed 

before it reaches the high efficiency CH.E.P.A.) tilters, 

would quickly clog these units. Frequent changing of the 

H.E.P.A. filters would result in unacceptable maintenance 

and TRU disposal costs and a significant amount of lost 

operational time. 

This problem, which is inherent in al I thermocutting 

processes but is less serious in plasma arc cutting than 

in others, was recognized and resolved in the adaptations 
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made for cutting columns in the SX glove box by installation 

of a loosely packed· fiberglass filter in the top of the 

column through which essentially al I of the gases in the 

tent space passed prior to reaching the final H.E.P.A. 

filters. The success of the pre-filter is indicated by 

the fact that only two H.E.P.A. filter changes were required 

at a cost of approximately $1,000 during the entire SX 

cutting operation. 

The cutting "smoke" presented much worse problems when 

18 1 x 36 1 "clear-coated" glove box panels were cut with 

a hand-held plasma torch in the glove box used for this 

purpose. In this case, the "smoke" could not be channeled 

through a fiberglass pre-filter plug. In addition, the 

amount of "smoke" generated was greater than in the SX 

glove box because the panels had been clear-coated with a 

material that produced smoke during the cutting operation. 

The first attempt to resolve this problem was the in

stallation of a cloth-I ike paper pre-filter in the exhaust 

duct ahead of the H.E.P.A. filter. This pre-filter protected 

the H.E.P.A. filter, but its plugging rate was unacceptably 

high. 

This problem has been significantly improved by scraping 

the "c I ear-coat" from the back side of the area to be cut 

and by inerting the glove box to a level of 12% oxygen. 
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Further changes may be made as this operation is continued. 

That the "clear-coat" is the major culprit is indicated by 

the fact that one of the glove boxes, which had not been 

treated with "clear-coat", was disassembled and cut into 

packagable pieces in an oversized glove box with a greatly 

reduced "smoke" generation without inerting the box. 

2. Dross 

Another problem which is characteristic of therroocutting 

processes in general but which is less evident in t~e 

plasma arc process is the formation of droplets of a 

metal I ic material known as dross. 

In the automated cutting of the columns in the SX glove 

box, smal I amounts of dross produced in the pierce cut 

spatter on the sliding surfaces and gear teeth of the 

base plate of the cutting machine and interfere with 

the rotation of the cutting torch. A guard for the 

torch head or a sh i e Id for the base p I ate cou Id be in

c I u ded in any future design for the automatic cutter. 

The formation of dross is not a problem in hand operation 

of the torch when the cutting operation is positioned 

to prevent the hot dross from fal I ing on the glove box 

glove. 

3. Maintenance Requirements 

Changing the operating gas to nitrogen resulted in an 

increase in the torch operating temperature which resulted 

in a decrease in the useful I ife of expendable items, such 
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as the gas distributor and the Lo Amp tip, to the point 

where scheduled daily replacement is required. This 

generally takes 15 to 30 minutes, but additional develop

ment could possibly ease this problem. 

Maintenance and assembly of the smal I parts of the torch 

is made difficult by the thick rubber gloves in the glove 

box ports. If a device could be developed to mitigate 

this problem, maintenance time could be reduced and overal I 

economics improved. 

4. Noise Level 

Operation of the plasma arc is noisy. At the cutting 

location, the noise level is in the range of 100 decibels. 

The operator working outside the glove box is subjected 

to about 90 decibels, which is within allowable I imits, 

but continued exposure to noise at this level is unpleasant 

and steps might be considered to decrease it. 

5. High Light Intensity 

The plasma arc produces a I ight of intensity s_imi lar to that 

produced by arc welding in its effec.t on operator's eyes 

and skin. This problem has been resolved by the use of a 

welding hood with a lens shade of No. 8 to No. 10. Use 

of such a hood for extensive periods is unpleasant, and 

the development of needed eye protection on the cutting 

glove box could improve operator efficiency. 

6. Tent Material 

The asbestos material used to fabricate the tent in the 
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SX glove box proved to be less durable than required 

for the up and down accordian-1 ike service to which it 

was subjected. A more servicable material such as heat 

resistant fireproof glass fiber might be a better choice. 
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XIV. CONCLUSIONS 

I. The use of a modified plasma arc cutting unit, with additional 

equipment required to adapt it to operation in plutonium 

contaminated production scale glove boxes, results in a very 

large decrease in the manpower requirements for cutting 

operations, when compared to conventional mechanical equipment 

with sufficient power to handle the thick stainless steel 

involved. 

2. Almost as important as its obvious economic impact is the 

fact that total personnel exposure to potential plutonium 

contamination and gamma radiation is significantly reduced 

by a decrease in the total man-hours spent in cutting con

taminated stainless steel. 

3. Because of the work done by Sequoyah Fuels Corporation and 

reported herein, any future program by industrial and/or 

government can be carried out at a savings. 

4. The major problems presented by plasma arc cutting have 

been identified and either solved during operation to date 

or given sufficient thought to point the way to easy solution. 
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I. EXECUTIVE SUMMARY 

Sequoyah Fuels Corporation{formerly Kerr-McGee Nuclear 
Corporation) is in the process of decontaminating and 
decommissioning the Cimarron Plutonium Facility. This 
facility was designed to produce mixed oxide(Pu-U)02 
fuel using the co-precipitation process. 

This report is intended to address three topics: (1) 
identify problem areas which were revealed during the 
first phase of the decontamination and decommission
ing{D&D) effort which could have been minimized by use of 
different design criteria; (2) provide recommendations 
which would have minimized Pu hold-up or made non
destructive assay(NDA) for inventory more accurate and 
less difficult, and (3) identify the limitations of the 
current NDA equipment being used at the Cimarron Plutonium 
Facility. 

The major problem areas uncovered to date and possible 
resolutions are identified. 
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II. INTRODUCTION 

The Sequoyah Fuels Corporation Cimarron Plutonium 
Facility was designed and constructed in 1969 near 
Crescent, Oklahoma and produced mixed-oxide fuel pins for 
the Zero Power Plutonium Reactor{ZPPR) and the Fast Flux 
Test Facility{FFTF) through 1975. The Plutonium Facility 
is shown in Figure #1. Various plutonium concentrations 
from 15-25% Pu were handled during the manufacturing 
phase. Due to economic and political considerations the 
Corporation decided to decommission the facility to 
permit unrestricted future use. This activity is now 
underway. 

Although the effort to date is far from completed the 
preliminary data indicates that problems of D&D are 
affected by the design of the building and equipment as 
well as the selection of materials for construction and 
equipment. This report will discuss these findings and 
make recommendations for reducing high costs and physical 
effort associated with the labor intensive operations of 
the D&D phase. 
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III. ORIGINAL DESIGN OF THE PLUTONIUM FACILITY 

The Plutonium Facility was designed in 1969 to be a 
manufacturing facility for the safe production of fuel 
pins containing co-precipitated mixed-oxide (Pu-U)02 
pellets. 

A. Design Criteria 

The facility contains 26,000 square feet of floor 
space and was constructed of precast, prestressed 
concrete exterior walls and roof. All exterior 
and interior joints in the precast building were 
caulked to make an airtight structure. The 
interior walls, ceiling and floors have a smooth 
coated surface for easy cleaning. The process 
area includes a poured-in-place concrete storage 
vault. 

The building ventilation system is divided into 
three subordinate systems. The first consists of 
building supply fans, the second consists of room 
air exhaust fans, and the third is made up of 
process equipment exhaust fans. 

Gloveboxes for Pu processing were fabricated 
specifically for the operations to be performed 
and to insure total material containment. The 
gloveboxes were constructed of at least 3/16 inch 
stainless steel. Movement of material and tool
ing in and out of most of the gloveboxes was by 
bag-in and bag-out techniques. 
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B. Purpose of the Facility 

The Plutonium Facility was specifically designed 
to manufacture fast reactor fuel pellets and pins 
utilizing the co-precipitation process in order 
to produce homogeneous mixed-oxide pellets. This 
operation also contained facilities for the re
covery of Pu from scrap materials which were 
suitable for recycle. Complete analytical labo
ratory facilities were included to support the 
manufacture of fast reactor fuel. 

C. Facility Description 

The material flow started in the wet process area 
at which time plutonium nitrate and uranyl 
nitrate were blended and co-precipitated as a 
homogeneous product. The flow of material is 
shown in Figure #2. As can be seen in the floor 
plan Figure #3, the vault separated wet process
ing from the dry processing areas. The 
utilities, analytical laboratories, production 
services, and maintenance areas were separated 
from the production areas by a central hall. The 
dry end of the process area consisted of powder 
and pellet processing, fabrication, inspection, 
and assembly. The second floor contains the air 
handling equipment. Figures #4 through #8 
illustrate equipment layouts for each processing 
area. 
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The piping system was fabricated from 304 stain
less steel and was of all welded construction. 
Originally the system was designed for vacuum 
transfer but, as process changes were developed, 
modifications were made and pumps were added to 
pressurize the system. Figure #9 illustrates a 
welded piping system. 

The glovebox system consisted of a myriad of 
sizes and shapes of gloveboxes designed to fit 
specific locations in the plant. The Solvent 
Extraction(SX) glovebox covered th~ee walls of 
the SX area extending from the basement floor 
through the first floor to the ceiling. Three 
working levels were required to operate the 
equipment in this glovebox. In contrast, a small 
glovebox is used 1 for solidification of waste 
liquid and is oniy large enough to cover a 55 
gallon drum. Thfs glovebox contains one window 
and one pair of glove ports. Figures #10 and #11 
illustrate the various size gloveboxes designed 
for specific purposes. 

I 

IV. MAJOR PROBLEM AREAS 

Although the D&D phase is still in progress ,here is 
sufficient evidence that.the following problem areas 
could have been minimized if design criteria •changes had 
been included in the equipment and facility qesign during 
the planning and construction phases. 
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Cementing glovebox for 55 gallon drums, 
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A. Plant Layout 

The orginal plant design criteria specified the 
smallest facility possible to minimize clean-up 
requirements between enrichments. Future pro
duction increases were to be met by a building 
design which would permit expansion of the floor 
plan. This design philosophy is now recognized 
as a major restriction which made it difficult in 
the D&D process to isolate or shield specific 
gloveboxes when making nondestructive assays(NDA) 
for radioactivity. In addition, because of the 
cramped quarters, it has been difficult to clean 
the gloveboxes and around some piping which, to 
save space, had been installed too close to walls 
and equipment. 

The piping systems were originally designed for 
vacuum transfer. The piping systems added in
cluded pumps, valves and fittings which prevented 
complete draining and contributed to solution 
hold-up. This resulted in excessive "shine" 
(radiation) which if reduced would improve the 
NDA measurement of the piping systems. 

B. Glovebox Design and Fabrication 

The original design criteria included custom 
designed gloveboxes to fit and utilize all avail
able space. This resulted in problems when 
sectioning and cutting-up for decommissioning 
because D&D equipment could not be standardized. 
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Because of space limitations, the glovebox piping 
was installed in as small a space as possible 
which increased the difficulty in obtaining 
inventory and accountability measurements. 
Isolation of a particular pipe near a glovebox 
for NDA was extremely difficult. 

The surface finish on the gloveboxes caused a 
decontamination problem. The original design 
specified a flat matte finish which was developed 
by a fine sandblasting operation. This method 
produced a uniform and economical surface, but 
is time consuming to decontaminate. 

The gasketed penetrations in wet gloveboxes be
came a source of contamination because they 
became saturated with process solutions and 
developed leaks during production. During the 
D&D operations the gasketed joints were difficult 
to disassemble due to corrosion. 

C. Contamination Control 

Contamination control demonstrated during the 
manufacturing operations was good, but during the 
D&D phase the following areas were identified for 
potential improvement which would further reduce 
D&D problems. 

The movement of Pu materials between most glove
boxes required that the material be bagged-in and 
bagged-out. Some gloveboxes were equipped with 
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connecting tunnels with revolving doors for 
material transfer. Those gloveboxes that were 
not equipped with tunnels used the bag-in and 
bag-out method for transferring. This resulted 
in a greater risk of contamination and also 
generated considerably more waste materials for 
disposal. 

The Crescent, Oklahoma area is situated in the 
prevailing path of high winds and tornados. 
Building a structure to withstand the maximum 
probable windstorm was not a practical solution. 
The alternative was to build a tornado proof 
vault and establish an early warning system that 
would provide time to move all radioactive 
materials from the process equipment to the 
vault. This alternative proved to be costly in 
time and generated extra waste materials during 
periods of threating weather, primarily during 
the spring months of the year. 

Some of the filter housings in the ventilation 
system were installed so that filter changes were 
not convenient which could increase the possi
bility of contamination spread. 

The ventilation system design did not permit room 
isolation to minimize contamination spread in 
areas where basement and ground floor rooms were 
connected. 
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D. Handling of Waste 

During production operations a system for count
ing waste materials was developed and used for 
separating nonrecoverable waste from economi
cally recoverable scrap. This operation was 
performed in the vault which had a relatively 
high background. During the current D&D effort a 
system to determine L.S.A. levels of activity is 
required. To assure that these requirements for 
lower levels of activity are met, a new system 
has been developed and relocated in a low back-
ground area. · 

E. Decontamination of the Facility 

The walls, ceiling and floors were made of 
concrete and were coated with paint for easy 
cleaning .. The surface was found to be difficult 
to decontaminate to required low levels of 
activity. 

V. NDA EQUIPMENT - DESIGN AND LIMITATIONS 

The equipment used for NDA of TRU waste at the Cimarron 
Plutonium Facility consists of a sodium iodide detector 
coupled to a Ludlum Model 2500 Scaler Rate Meter which 
measures passive gamma. The system is calibrated using 
secondary standards, traceable to the National Bureau of 
Standards, and were made from the same FFTF 
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material that was processed during production operations 
and is present in the gloveboxes. The equipment being 
decommissioned is cut-up and packaged for NDA and dis
posal. To optimize NDA accuracy the size of each package 
is limited to 14" in its greatest dimension and the 
maximum contents per package is limited to 10 grams of 
Pu. These package restrictions were established as the 
most accurate calibrated range of the NDA equipment, 
which is 0.02 to 10 grams Pu, and the detectors optimum 
viewing window which will contain a 14" x 14" square. 
This equipment is maintained at a 95% confidence level. 
Based upon the above criteria the limit of error for 
individual rooms which have been completely decontami
nated has proven to be± 20%. The limit of error for 
the totally decommissioned facility after packaging is 
estimated to be.±. 10%. 

VI. RECOMMENDATIONS 

During the initial D&D phase at the Cimarron Plutonium 
Facility some problem areas were identified. The follow
ing recommendations should facilitate decontamination of 
future similar facilities. 

A. Plant Design and Layout 

The design criteria for the building structure 
should include a low profile to minimize damage 
due to inclement weather. 
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The design should include strippable surfaces on 
all building walls, floors and ceiling for ease 
of decontamination and decommissioning. 

Plant design criteria should also include suf
ficient space around and inside gloveboxes for 
ease of access in decontamination and to permit 
isolation or shielding of specific gloveboxes and 
piping to obtain accurate NDA. Arrangement of 
work stations should consider radiation 
interaction between gloveboxes. 

The use of vacuum transfer of liquids is recom
mended. When pumping capacity must be installed 
the piping should be designed with good drainage 
without dead ends and liquid traps. Small 
diameter tubing should be used so that bending 
rather than fittings can be used to change tube 
direction which should reduce solution hold-up 
and minimize NDA problems. 

B. Glovebox Design and Fabrication 

Where possible, design criteria should include 
standardization of gloveboxes to simplify the 
design of cut-up gloveboxes and equipment for 
D&D. An added advantage would be the ease of 
rearrangement of gloveboxes during process 
changes or modifications. 
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Inside and outside surfaces of gloveboxes should 
have a high gloss finish for ease of decontami
nation. All inside corners should have generous 
radii and gloveboxes used for handling solutions 
should have a bottom sloping toward a clean-out 
point. Gloveboxes should be located away from 
walls to allow access to all sides for cleaning 
and decontamination. Piping penetrations should 
be of welded construction to eliminate gasket 
leaks. 

The use of transfer tunnels between gloveboxes 
would minimize the potential for spread of con
tamination. Use of revolving doors would reduce 
the fire hazard. This design allows the movement 
of production product between gloveboxes without 
generating bag-in and bag-out waste, and reduces 
the potential for contamination spread. 

C. Ventilation System 

The ventilation system should be designed to 
permit room isolation to minimize the spread of 
contamination. In multiple floor level and 
stairwell areas the design should include doors 
to prevent contamination spread between upper and 
lower floors. 

HEPA filter housings and their location should be 
designed to minimize the spread of contamini
nation during the changing of the filters. 
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D. Handling of Waste 

The design of the plant should include an iso
lated area where the background levels can be 
maintained at a very low level for NDA of waste. 

To satisfy the requirements during the ongoing 
D&D of this facility, an area in the analytical 
laboratory where gamma background levels are low 
has been equipped for NOA of TRU waste. Figure 
#12 illustrates the dimensional set-up for the 
NDA of a typical TRU waste package. The various 
machine settings are established by counting a 
progressive set of standards which have known 
values traceable to the National Bureau of 
Standards. 

A pit, previously used for welding FFTF pins, in 
Room 123 has been equipped for the NDA of LSA 
waste. Figure #13 illustrates the set-up for 
counting LSA waste in 55 gallon drums. 

The use of this equipment in these areas improve 
the accuracy of NDA measurements. Complete NDA 
procedures is a topic of interest in D.O.E. 
Report No. 4 which will be completed at a later 
date. 
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I. EXECUTIVE SUMMARY 

Sequoyah Fuels Corporation is in the process of decom
missioning the Cimarron Facility's mixed oxide (Pu-U) 
fuel fabrication plant. This operation has called 
attention to the need for economical methods of removing 
radioactive contamination from the internal surfaces of 
gloveboxes and the process equipment contained in the 
gloveboxes. Methods which effectively remove contamina
tion without generating excessive volumes of contamina
ted cleaning solutions and wiping materials for disposal 
are actively being sought. 

Sequoyah fuels, in an attempt to reduce decontamination 
costs, has modified two existing ion exchange systems 
which were used in the production process. These systems 
used plutonium nitrate as feed solution, and as a result, 
still showed high levels of radioactivity when the modifi
cations were made. The modifications to the systems con
sisted of the following: (1) filters were added ahead of 
the resin columns to filter out the solids and (2) the 
resin was changed from acid Dowex 4 to basic Dowex 21K 
for use with strong basic cleaning solutions having a pH 
in the range of 11-12. 

The results of the first ten batches processed indicate 
that filtration and ion exchange of these decontamina
tion solutions is an effective way to reduce levels of 
radioactivity and that significant economic benefits can 
be realized by this process. These savings result from 
reducing levels of radioactivity from transuranic 
(T.R.U.) levels which is greater than 100 nanocuries per 
gram to low specific activity (L.S.A.) levels. 

An additional system has been assembled which has proven 
to be effective for processing mop and scrub water. This 
system effectively reduces most of the solutions to re
leasable levels. The remainder is solidified as L.S.A. 
waste. 
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II. INTRODUCTION 

The eventual retirement of radioactive contaminated 
facilities will involve the decontamination of large 
areas and quantities of contaminated tooling, equipment 
and building surfaces. This will require expensive 
handling, storage and ultimate permanent geologic dis
posal , particularly for those facilities contaminated 
with transuranic elements. The nuclear industry is ex
ploring ways to develop cost effective washing methods 
and processes to remove surface contamination and also to 
reduce the volumes of contaminated cleaning solutions. 

Liquid decontamination methods which use chemical clean
ing agents such as solvents, detergents, soaps, phos
phates and acids along with steam have long been the 
standard methods in most facilities. These methods are 
reasonably effective, but have the disadvantage of gener
ating volumes of contaminated liquid waste solutions 
which must be neutralized and solidified for permanent 
disposal. 

Sequoyah Fuels has applied the principals of filtration 
and ion exchange to reduce the volume of the contaminated 
cleaning solutions. This system effectively traps the 
solids in the filter media and the dissolved radioactive 
metals are captured by the ionized resin bed. Some of 
the waste solutions contaminated to high levels of radio
activity are made suitable for release and the remainder 
are reduced to L.S.A. waste levels for more economical 
disposal methods. 

The filter and ion exchange media used to collect the 
radioactive material into a small volume is disposed of 
as T.R.U. waste. 

-2-



III. PROCESS EQUIPMENT DESCRIPTION 

The IX system for cleanup of decontamination solutions is 
illustrated in Figure 1. The apparatus is part of the 
original equipment installed in the plant for reprocess
ing coprecipitated mixed oxide scrap material. The appa
ratus is contained in three gloveboxes and a group of 
nuclear safe storage stand pipes. The piping network and 
gloveboxes are equipped with the same safety shutdown 
system which was applicable for the process solutions 
used during production to prevent overflow and leaks into 
the glovebox floor. 

The modifications to the system are the addition of two 
2 - micron sock type filters and one 0.75 micron car
tridge type filter. These filters remove debris and 
solids from the liquid and most of the radioactivity. 
The resin for the production application was (acid} 
cation Dowex 4. Since the cleaning solution is basic, 
pH 11-12, the resin has been changed to Dowex 21K for 
anion exchange. 

The system performs reasonably well, but is inconvenient 
to operate because of the different locations of the 
various pieces of equipment. If the system was being re
constructed for the present application of filtration and· 
ion exchange of decontamination solutions, the arrange
ment of equipment would be more centrally located for 
convenience. 

The mop and scrub water system is a cart-mounted pump and 
filter arrangement that connects to a holding tank, 
single IX column, flow meter and 55 gallon drum. The 
system is assembled using tygon tubing. Operation of 
this equipment is outlined in detailed procedure 
KM-NP-36-19 which states the conditions of operation. 
This system effectively reduces low level (L.S.A.} waste 
liquids to releasable levels suitable for discharge to 
the sanitary lagoon. 
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IV. DECONTAMINATION SOLUTIONS USED 

The decontamination solution consists of: .1 pound of 
Truco {Trade name) Powr-Steam and .1 pound of soda ash 
per gallon of water. The chemistry is adjusted to a pH 
of 11 to 12, as required, with a sodium hydroxide solu
tion made up of 1 pound sodium hydroxide dissolved in one 
gallon of water. The pH adjustment is usually required 
only when acid residues are encountered in the process of 
cleaning glovebox internals and machinery. 

The cleaning equipment which is used in conjunction with 
the cleaning solution is a Model 600 Jenny Multi-Job 
Combination Steam Cleaner and Power Washer manufactured 
by Homestead Industries, Coreopolis, PA. 

• 

Jenny equipment installed on open top 55 gallon drum for 
cleaning solution supply. 
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V. DESCRIPTION OF EQUIPMENT AND MACHINERY TO BE DECONTAMINATED 

The type of equipment and tooling that requires decontam
ination consists of all the process systems used in the 
manufacturing of mixed oxide fuel pellets. The equipment 

, and tooling can best be illustrated by the following 
pictures. 

Nitrate solution was directed to production operations 
from the piping manifold contained in this glovebox. 
(NOTE: Extended "T" handles for controlling valves). 
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Scrap Area Glovebox Arrangement 
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Typical Glovebox Insta11·ation 
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• 

Typical Glovebox Installation 
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Duct Work and HEPA Filter Adapter Awaiting Cut up in 
Plasma Arc Glovebox 
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Manifold Valving Station for IX Storage Tanks 
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VI. RESULTS OF IX PROCESSING 

The ion exchange system was started utilizing highly con
taminated gloveboxes, IX columns, piping and storage 
tanks with the full knowledge that it would take a long 
period of time for the system to clean itself. 

Batch #1 consisted of approximately 28 gallons of decon 
solution which was used to wash the gloveboxes which 
house the IX columns. The same solution was used to 
flush the columns, tanks and lines to the receiver tanks 
in glovebox #40 {illustrated in Figure #1) prior to in
stalling the resin. Analysis of Batch #1, after circu
lating several times through the 5 micron sock filter and 
the one micron cartridge filter in glovebox #40 and prior 
to pumping thru the glovebox #40 resin, showed 26 x 106 
a/m alpha per ml {11 grams Pu/28 gallons or 0.1 grams/ 
liter}. 26.6 grams of Pu was removed from Batch #1 by 
the filters in glovebox #40 in room BOl. 

After pumping Batch #1 through the resin in glovebox #40 
to the tanks in room 127, analysis showed 10.6 x 106 
d/m alpha per ml {4.6 grams Pu/28 gallons or 0.043 grams 
per liter). Batch #1 was circulated several times 
through the 2 micron sock filter and the 0.75 micron 
cartridge filter in glovebox #25 (illustrated in Figure 
#1) which resulted in removal of an additional 4 grams of 
Pu before Batch #1 was pumped through the resin in 
glovebox #31A. 

The IX feed storage tanks in room 127 consists of 4 sets 
of two tanks each. After circulating through the filters 
in glovebox #25, Batch #1 was circulated from one set of 
tanks through the filters and IX columns to another set 
of tanks several times until the radioactivity was re
duced to LSA levels. The decon solution was then allowed 
to set several days. During this time, the radioactivity 
level in the decon solution would increase to several 
hundred thousand d/m alpha per ml from material being 
leached from the tank walls. The solution was again cir
culated through the IX columns. This process was period
ically repeated with all four sets of tanks for several 
months before Batch #1 was finally pumped to a barrel for 
solidification as L.S.A. waste. 
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Batch #2 consisted of approximately 28 gallons of decon 
solution generated from steam cleaning glovebox #4. 
Batch #2 was also periodically circulated through the 
system for several months before it was pumped to a 
barrel for solidification as L.S.A. waste. Batches #3 
through #10, also 28 gallons each, were generated from 
steam cleaning of other gloveboxes. 

All ten batches were reduced to L.S.A. levels, cemented 
and shipped as L.S.A. waste. 231.715 grams of Pu were 
removed from the 280 gallons of decon solution. The 
average radioactivity level of the ten batches was 23,870 
d/m alpha/ml {0.01 grams Pu/28 gallons) when they were 
solidified for shipment as L.S.A. waste. The following 
activity reduction was experienced with these IX systems: 

System 

Glovebox #40 Filters 
{single pass) 

Glovebox #40 IX resin 
{single pass) 

Glovebox #25 filters 
{recirculated -
multiple passes) 

Glovebox #31A IX resin 
{recirculated -
multiple passes) 

Mop Water IX System 

Radioactivity 

60.8% removed 

5.4% removed 

26.2% removed 

7.6% removed 

For ALARA purposes, unrestricted release of liquids from 
the mop water IX system is limited to "'<"O.l MPC levels 
{ < 4.0 x 10-7A'._l_ci/ml alpha). To date, 39 batches of 
mop water have oeen processed through the system result
ing in the release of 24 batches {930 gallons) and the 
solidification of 15 batches {613 gallons) as L.S.A. 
waste. 

The recent success rate of the system has been improved 
by reducing the quantity of chemicals {especially deter
gents) used in the decontamination solutions in compli
ance with the attached Procedure No. KM-NP-36-19. The 
reduction of chemicals did not adversely affect the de
contamination process. 
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VII. CONCLUSIONS 

The results of the ten batches processed indicate that 
filtration and ion exchange of decontamination solutions 
is an effective way to reduce levels of radioactivity. 
There are opinions that the IX columns also act as a fine 
filter during the ion exchange process. Waste solutions 
from the Plutonium Plant were processed through the 
system resulting in significant economic benefits. T.R.U. 
waste burial and transportation costs are $253 per cubic 
foot, compared to L.S.A. waste burial and transportation 
costs of $27 per cubic foot. This results in savings in 
excess of $1,500 per drum for disposal and transportation 
costs when the radioactivity can be reduced to L.S.A. 
levels. Approximately 60% of the mop and scrub water 
solutions are reduced to releasable levels, the remainder 
is solidified as L.S.A. wastes. 
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PROCEDURES FOR ION EXCHANGE OPERATION 

The gloveboxes and internal equipment are steam cleaned 
using the Jenny equipment and (clearcoated) before dis
assembly to reduce airborne contamination and to reduce 
operator exposure during the decommissioning operations 
of the plant. The waste solutions generated are pro
cessed through the IX systems to reduce radioactivity. 

Procedures for the operation of the systems in gloveboxes 
31A and 40 are described in detail in the following pro
cedures, KM-NP-36-9, Rev. 5 and KM-NP-36-18, Rev. 3. The 
procedure for the operation of the mop water IX system is 
described in procedure KM-NP-36-19, Rev. 0. 
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I. 

DATE October 29, 1984 NO. KM-NP-36-9, 

PROCEDURE ) Revision 5 
SUBJECT 

SEQUOYAH FUELS CORPORATION BOX 31A ION EXCHANGE OPERATION 

CIMARRON FACILITY PAGE 1 OF 5 

INTRODUCTION 

The effluent from the glovebox 40 ion exchange columns is 
collected in room 127 tank farm tanks (see procedure 
KM-NP-36-18) and becomes the feed solution for the glovebox 
31A ion exchange columns. The feed solution in the tank farm 
tanks is pumped through a 2 micron sock filter and a 0.75 
micron cartridge filter located in glovebox 25 before enter
ing the ion exchange columns located in glovebox 31A; there
fore, this procedure covers glovebox 25 operations as well as 
glovebox 31A operations. 

This filtration and ion exchange system is used to clean up 
glovebox decon solutions to a level that can be solidified 
and disposed of as Class A LSA waste. The clean up is 
primarily by filtration in glovebox 25 prior to contacting 
the solutions with the Dow 21-K resin in glovebox 31A for 
removal of the remaining collodial suspended particles 
( .( 0.75 micron size) and a small percent as complexes of 
plutonium and uranium with sodium carbonate. 

The ion exchange resin is preconditioned before it is put in 
the columns. When the resin has been loaded to a level that 
it will no longer reduce the decon solutions to LSA levels, 
as determined by radiometric analysis of the ion exchange 
effluent, the resin is removed for disposal and replaced with 
new resin. 

II. HEA~TH AND SAFETY 

1. Care must be taken not to bump or. strike glass ·columns. 
Column expanded metal screens must be in place unless 
resin has been removed to work on the column. 

2. Care must be taken to avoid introducing sharp edged 
objects into the box. Pliers and channel locks must be 
used to handle the metal fabric sheathed flex lines to 
prevent puncture wounds. 

3. Constant attendance is required during operations. 



SUBJECT BOX 31A ION EXCHANGE OPERATION NO. 

PAGE 
DATE 

KM-NP-36-9,Rev.5 
2 OF 5 

October 29, 1984 

III. NUCLEAR SAFETY 

1. Tanks, columns and filter canisters are geometrically 
safe. 

2. Box 25 is limited to two used filters (cartridge and/or 
sock filters) outside of filter canisters in addition to 
filters within canisters. All used filters and portable 
containers shall be kept at least 12" from the filter 
canisters and each other. 

3. Box 25 and Box 31A are each limited to one portable 
geometrically safe two liter container that shall be kept 
12" from columns, filter canisters and used filters. 

4. Liquid level in bottom of glovebox 25 and 31A is limited 
to one inch. The liquid level alarms shall be maintained 
to alarm at <1.0". 

See Figures 1 and 2 for illustrations. 

IV. PROCEDURE 

1. Conditioning New Resin 

As purchased, new Dowex 21K resin does not come ready to 
use. The resin will be conditioned at the U-plant by the 
following procedure before it is placed in the glovebox 
31A resin columns. 

For each cubic foot of resin: 

1.1 Prepare 24 gallons of 4% NaOH (200 lbs. of potable 
water plus 8 pounds of flake sodium hydroxide) in 
chemical make-up tank. · 

1.2 Pump the solution through the resin at the rate of 
0.5 gallon per minute •. 

1.3 Follow with a resin rinse of 40 gallons (334 pounds) 
of potable water at the same flow rate. 

1.4 Prepare 24 gallons of 10% NaCl (200 pounds of 
potable water plus 20 pounds of salt). 

1.5 Pump the solution through the resin at the rate of 
0.5 gallon per minute. 
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1.6 Follow with a resin rinse of 40 gallons (334 pounds) 
of potable water at the flow rate of 0.5 gallon per 
minute. 

1.7 The resin is now ready to be put into the resin 
columns in glovebox 31A ( ~ 1 ft. 3 /column). 
Leave 4 to 6" of space between resin and top of 
column. 

1.8 Place the conditioned resin in plastic bags small 
enough to be bagged into glovebox 31A. 

2. Ion Exchange Operation 

Only six of the eight tank farm tanks can be filled at 
any one time. Each tank farm batch will consist of two 
tanks full (25 to 30 gallons) and there must be two tanks 
empty to receive the batch that is being pumped through 
the filters and/or ion exchange columns. 

The feed solutions· in the tank farm tanks may contain 
considerable amounts of very small particles, especially 
if some of the material was generated by the steam clean
ing of a plasma arc cutup glovebox. Each batch (two full 
tanks) should be pumped through the filters in glovebox 
25 back to two empty tanks without going through the ion 
exchange columns in glovebox 31A. This process should be 
repeated until the solution is essentially clear looking 
before it is routed through the filters and ion exchange 
columns back to the empty storage tanks. 

Normally the feed solution should not require a pH adjust
ment. Sample each batch to determine the pH and radio
activity level before the batch is pumped through the 
filters and/or ion exchange columns. Submit a 50 to 75 
mil sample to Health Physics for a gross alpha and pH 
measurement. 

2.1 Pump sodium hydroxide solution into feed tanks as 
necessary to adjust pH to 11 to 12. The sodium 
hydroxide solution used for pH adjustment should be 
made by dissolving one pound of sodium hydroxide in 
a gallon of water. 
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2.2. Record the pH, radioactivity level, batch number and 
date. 

2.3 Position valves for pumping solution through the 
filters in glovebox 25, through the ion exchange 
columns in 31A, and back to the two empty tank farm 
tanks. The flex lines should be connected to the IX 
columns to load from bottom up (columns will be 
loaded in series). 

2.4 With the rotometer valve closed, start the tank farm 
pump and then open and adjust the rotometer valve to 
establish a flow rate of 0.5 gallon per minute. 

2.5 After the batch has been pumped through the ion ex
change columns several times, resample solution for 
radioactivity level. Submit a 3 to 5 mil sample to 
Health Physics. 

2.6 Repeat step 2.5 until solution meets LSA limits of 
~38, 358 d/m alpha/ml. 

3. Decon Solution Disposal 

Batches of decon solution (two tanks - 25 to 30 gallons) 
meeting LSA limits ( ..(.38, 358 d/rn alpha/ml) shall be pump
ed from the tank farm to drums with liners for cementing. 

3.1 Operating personnel shall mark each drum pumped. 
The markings shall show batch number, sample re
sults, date, and net weight. 

3.2 Records showing batch number, sample results, date, 
and volume shall be maintained by Health Physics 
personnel. 

4. Changing Loaded Resin 

When the resin in the glovebox 31A ion exchange columns 
have been loaded to a level that they will no longer 
reduce the decon solutions to LSA levels, the resin shall 
be removed for disposal and replaced with new precon
ditioned resin. 
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Normally, a resin ~hange will result in changing the 
resin in two of the three columns. The vacuum system in 
glovebox 40 will be used to vacuum the resin out of the 
columns in glovebox 31A. 

4.1 With the inlet valves (bottom valves) closed on the 
first two IX columns (first in flow series), remove 
the flanges from the top of the columns. 

4.2 Using glovebox 40 feed tank slurp line, vacuum the 
resin and liquid from the glovebox 31A columns 
through the glovebox 40 sock filter to catch the 
resin with the liquid going to glovebox 40 feed 
tanks. 

4.3 Dump the dewatered resin out of the sock filter into 
a 1.5 liter geometrically safe poly bottle with 
enough absorbal to absorb at least twice the amount 
of moisture remaining in the resin (1/2 liter of Oil 
Dri to 1 liter of resin). 

4.4 Bag out each container of resin before starting to 
fill the second container with resin • 

4.5 After replacing the resin with new resin, switch the 
IX column flex lines so that the column with the old 
resin is first in the flow series before resuming 
the ion exchange operation. 
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Contamination and exposure control dictates the need for 
thorough solution cleaning of wet process gloveboxes prior to 
sectioning for transfer to glovebox cut up operations for 
volume reduction. 

The necessity of assuring that no waste packaged for disposal 
is acidic resulted in adopting a strong alkaline detergent 
steam cleaning process using solutions of a Turco product 
called "Powr-steam" and soda ash. 

The clean up of the decon solutions for disposal is done 
primarily by filtration prior to contacting the solutions 
with the anionic Dow 21-K ion exchange resin for the removal 
of the remaining collodial suspended particles (<0.75 micron 
size) and a very small percent as complexes of plutonium and 
uranium with sodium carbonate. 

The glovebox 40 vacuum receiver, filtration and ion exchange 
system is useo to prepare feed solutions for the glovebox 31A 
ion exchange system where the glovebox decon solutions are 
cleaned down to a level that can be solidified and disposed 
of as Class A LSA waste. 

The ion exchange resin will be preconditioned before it is 
put into the columns. When a column has reached its loading 
capacity, as determined by radiometric analysis of the ion 
exchange effluent, the resin will be removed for disposal and 
replaced with a new resin. 

II. HEALTH AND SAFETY 

1. The vacuum pump exhaust and air supply in glovebox 40 
both have the potential of pressurizing the glovebox; 
therefore, the low glovebox negative alarm switch has 
been wired to shut off the vacuum pump and to close the 
air supply solenoid valve when the glovebox negative gets 
below 0.25" of water. 

CAUTION: The vacuum pump can still be operated by 
holding the start button in - the pump will 
stop as soon as you take your finger off the 
button if the low glovebox negative alarm is 
tripped. 
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2. The air supply line is equipped with a 1/8" orifice and 
each resin column is equipped with a rupture disc rated 
at 43 psi. The vents for releasing feed tank air 
pressure must also have 1/8" orifices to prevent pressur
ization of the glovebox. 

3. The air regulator should normally be set to hold a 
pressure of 20 psi and should never be set to maintain a 
pressure greater than 30 psi. 

4. Care must be taken to avoid introducing sharp edged 
objects into the box. Pliers and channel-locks must be 
used to handle the metal fabric sheathed flex lines to 
prevent puncture wounds. 

5. Constant attendance is required during operation. 

III. NUCLEAR SAFETY 

1. General 

1.1 Tanks, columns and filter canisters are to be 
geometrically safe. • 

1.2 Liquid level in bottom of glovebox is limited to less 
than one inch. The liquid alarm must be maintained 
to alarm at <1.0". 

2. Operational (Except Resin Removal) 

2.1 Glovebox 40 is limited to two used filters 
(cartridge and/or sock filter) at a time. Glove
box 40 is illustrated in Figure 1. 

2.2 Glovebox 40 is limited to one portable geometrically 
safe two liter container. 

2.3 All filters and portable containers are to be kept 
spaced 12" from columns and feed tanks. 

3. Resin Removal 

3.1 There· may be no used filters outside of filter 
canisters in glovebox 40. 

3.2 Glovebox 40 is limited to one filled portable two 
liter container (resin or liquid). 
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IV. PROCEDURE 

1. Conditioning New Resin 

As purchased, new Dowex 21-K resin does not come ready to 
use. The resin will be conditioned at the U-plant by the 
following procedure before it is placed in the glovebox 
40 columns. 

For each cubic foot of resin: 

1.1 Prepare 24 gallons of 4% NaOH (200 lbs. of potable 
water plus 8 pounds of flake sodium hydroxide). 

1.2 Pump the solution through the resin at the rate of 
0.5 gallon per minute. 

1.3 Follow with a resin rinse of 40 gallons (334 pounds) 
of potable water at the same flow rate. 

1.4 Prepare 24 gallons of 10% NaCl (200 pounds potable 
water plus 20 pounds of salt). 

1.5 Pump the solution through the resin at the rate of 
0.5 gallon per minute. 

1.6 Follow with a resin rinse of 40 gallons· (334 pounds) 
of potable water at the flow rate of 0.5 gallon per 
minute. 

1.7 The resin is now ready to be put into the resin 
columns in glovebox 40 (,"'\./1 ft.3/column). 

2. Filling Feed Tanks 

The feed tanks will be filled by slurping liquids from 
the bottom of gloveboxes being steam cleaned through the 
glovebox 40 slurp line. 

When filling the feed tanks with decon solutions from a 
glovebox, leave"'-"'one foot of tank space for feed adjust
ment. 

2.1 Close the air supply valve, feed tank outlet filter 
valves, rotometer valve, and feed tank slurp inlet 
valve. 

• 
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2.2 Open the feed tank vent valve to release all air 
pressure and then reclose the vent valve. 

2.3 Open the valves on the vacuum line from the vacuum 
pump to the feed tanks. 

2.4 Start the vacuum pump. 

2.5 With the slurp line in the liquid to be transferred, 
open the slurp line valves. 

2.6 When the feed tanks are filled, remove the slurp 
line from the liquid being transferred and allow the 
vacuum to remove all of the liquid from the slurp 
line. 

2.7 Stop the vacuum pump, close the vacuum line valves, 
and close the slurp line valves. 

3. Feed Adjustment 

The feed solution must have a pH of 11.0 to 12.0. 

The solution used for steam cleaning gloveboxes should 
normally contain 0.1 pound of Turco and 0.1 pound of soda 
ash per gallon of water. An excess of plasma arc smoke 
plated out in plasma arc cutting gloveboxes may require 
as much as 0.25 pound of Turco/gallon for proper cleaning. 

The Turco contains sodium hydroxide. The feed solution 
from gloveboxes should not require a pH adjustment except 
when a significant amount of acid residue has been en
countered in a glovebox or in piping. 

3.1 After filling the feed tanks with glovebox or pipe 
decon solutions, open feed tank vent valves to 
release the vacuum and reclose the vent valve. 

3.2 Open sample valve and check pH of feed solution to 
assure a pH of 11.0 to 12.0. 

3.3 Slurp sodium hydroxide solution into feed tanks as 
necessary to adjust pH to 11.0 to 12.0. The sodium 
hydroxide solution used for pH adjustment should be 
made by dissolving one pound of sodium hydroxide in 
a gallon of water. 
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4. Ion Exchange Loading 

4.1 With vacuum line valves and slurp line valves 
closed, open the valve on the air line to the feed 
tanks and pressurize the feed tanks with the air 
regulator set to hold 20 psi. 

4.2 With the filter valves, IX column valves, and tank 
farm valves open, open and adjust the rotometer 
valve to establish a flow of 0.5 gallon per minute. 

4.3 The flex lines should be connected to the IX columns 
to load from bottom up (columns will be loaded in 
series)~ 

4.4 Occasionally a 3 to 5 mil sample should be taken 
where the flex line is connected to the bottom of 
the primary IX column for a gross alpha count for 
comparison to the gross alpha count results from the 
tank farm batch sample to determine if the resin is 
loaded. 

4.5 Continue repeating the steps in Section IV, 2, IV. 
3, and IV. 4 until six of the tank farm tanks in 
Room 127 are filled to within about 2' of the top of 
the tanks. 

4.6 When 6 of 8 tank farm tanks are full, the operations 
must be shut down. 

4.7 When the operation is shut down, vent the air 
pressure off the feed tanks and clean up the glove
box. 

NOTE: Be absolutely sure that the air and rota
meter are shut off and restarted in the 
proper sequence each time it is necessary to 
refill the feed tanks. The proper sequence 
is to shut off the rotameter and then shut 
off the air. When starting back up, turn 
the air on and then slowly open the rota
meter. This prevents air surging into the 
resin bed and rolling the resin. 
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Changing Loaded Resin 

Sample each tank farm batch {two full tanks, 25 to 30 
gallons). Submit 50 to 75 mil samples to Health Physics 
for a gross alpha count and pH measurement. If the gross 
alpha count results of the tank farm batch sample taken 
prior to circulation through the glovebox 31-A resin 
columns does not show a reduction in the level shown by 
the occasional glovebox 40 sample {see Step IV 4.4) the 
glovebox 40 resin must be changed. 

Normally, a resin change will result in changing the 
resin in only one of the two columns (the first column in 
the flow series). 

5.1 With the inlet valve (bottom) closed on the first IX 
column (first in flow series), remove the flange 
from the top of the column. 

5.2 Using the feed tank slurp line, vacuum the resin and 
liquid from the IX column back through the slurp 
line sock filter to catch the resin with the liquid 
going back to the feed tanks. 

5.3 Dump the dewatered resin out of the sock filter into 
a 1 to 2 liter geometrically safe poly bottle with 
enough absorbal to absorb at least twice the amount 
of moisture remaining in the resin (1/2 liter of oil 
dry to 1 liter of resin). 

5.4 Bag out each container of resin before starting to 
fill the second container with resin. 

CAUTION: All bagouts from ion exchange gloveboxes 
must use the "horse-tail" method. Bag 
sealers are not allowed. 

5.5 After replacing the resin with new resin, switch the 
IX column flex lines so that the column with the new 
resin is second in the flow series before resuming 
the ion exchange operation. 
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The radioactivity level in the plutonium-uranium contaminated 
solutions {mop water) generated from decontamination of build
ing surfaces and equipment exterior to the gloveboxes will 
normally be reduced to releaseable levels by filtration and 
ion exchange. The clean up of the decon solutions for dis
posal is done primarily by filtration. A strong basic 
anionic ion exchange resin {DOW 21-K) is used to absorb the 
non-filterable collodial suspended particles { < 0.75 micron 
size) and a small percent as complexes of plutonium and 
uranium with sodium carbonate. 

The mop water ion exchange system consists of one 5" I.D. 
column ,v 8' long mounted on the north wall of Room 127. A 
pump, sock filter and cartridge filter mounted on a portable 
cart is used to pump the decon solution to an overhead 55 
gallon drum which is located on a work platform above the 
column for gravity feed through the column to a 55 gallon 
drum located under the column. The ion exchange resin will 
be preconditioned before it is put into the column. When the 
resin has been loaded to a level that it will no longer re
duce the decon solutions to releasable levels, it shall be 
removed for disposal and replaced with new preconditioned 
resin. See Figure 1 for illustration. 

The liquid effluent from the ion exchange system shall meet 
0.1 MPC {4.0 x 10-7 --<(Ci alpha/ml) release limits for re
lease to the sanitary lagoons. Liquids that cannot be re
duced to "<0.1 MPC release limits shall be cemented for 
burial as LSA Class A waste. 

Decon operations requiring significant quantities of de
tergents and/or sequestering agents for removal of contami
nation from porous surfaces will probably result in decon 
solutions which cannot be reduced to 0.1 MPC with the ion 
exchange system. 

II. HEALTH AND SAFETY 

1. A lapel air sampler shall be worn by the operator perform
ing the work. 
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2. A constant air monitor with an alarm shall be required in 
the room. 

3. The work area is to be kept clean and orderly at all 
times. Spills must be cleaned up promptly. 

4. Avoid creating and breathing dust clouds when handling 
the soda ash powder. 

5. The industrial strength hydrogen peroxide used for pre
treating solutions for the ion exchange operation is a 
strong oxidant and will burn your skin. Wear rubber 
gloves to protect your hands, goggles to protect your 
eyes, and a face shield to protect your face when using 
the peroxide. 

6. Surgeons gloves are to be worn when performing any oper
ation which will bring the hands into contact with any 
chemicals or decon solutions. 

7. Always be aware of the location of the eye wash-safety 
shower station so that you could locate it with your eyes 
closed. 

III. NUCLEAR SAFETY 

Any contamination clean up exterior to a glovebox requires a 
Special Work Permit which will specify the safety equipment 
required for the situation. 

Solutions generated from routine floor mopping and from steam 
cleaning of walls and other surfaces exterior to the glove
boxes are picked up with a wet vacuum mounted on a 55 gallon 
drum. The decon solutions have historically averaged....-v2,000 
dpm/ml with 46,947 dpm/ml being the maximum experienced 
during the clean up of a spill during the D & D of the plant. 

1. All drums of mop water shall be sampled and analyzed for 
gross alpha activity prior to filtering and prior to pre
treating for ion exchange. Mop water that is less than 
40,000 dpm alpha/ml may be introduced into this ion ex
change system for clean up. Solutions of 40,000 dpm/ml 
or greater will be processed through the glovebox 40-31A 
ion exchange system. 

NOTE: 40,000 dpm alpha/ml represents 0.1 miligram of 
FFTF Pu per liter or 20.8 miligrams of FFTF Pu 
per gallon. 
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2. The ion exchange column is geometrically safe. Even 
though experience has shown that the maximum loading on 
the Dow 21-K resin column (-..,1 ft.3 of resin) is 5 
grams of Pu when the resin is loaded to a level that it 
will no longer reduce the decon solutions to ,<. 0 .1 MPC 
release levels, the loaded resin will be removed and de
watered by slurping to safe geometry sock filters in 
glovebox 40 for contamination control. 

3. An SOL sign will be maintained on the wet vacuum system 
limiting the drum to < 15 grams of Pu. 

IV. PROCEDURE 

1. Conditioning New Resin 

As purchased, new Dowex 21-K resin does not come ready to 
use. The resin will be conditioned at the U-plant by the 
following procedure before it is placed in the resin 
column. 

For each cubic foot of resin: 

1.1 Prepare 24 gallons of 4% NaOH (200 lbs of potable 
water plus 8 pounds of flake sodium hydroxide). 

1.2 Pump the solution through the resin at the rate of 
0.5 gallon per minute. 

1.3 Follow with a resin rinse of 40 gallons (334 pounds) 
of potable water at the same flow rate. 

1.4 Prepare 24 gallons of 10% NaCl (200 lbs. of potable 
water plus 20 pounds of salt). 

1.5 Pump the salt solution through the resin at the rate 
of 0.5 gallon per minute. 

1.6 Follow with a resin rinse of 80 gallons (668 pounds) 
of potable water at the flow rate of 0.5 gallon per 
minute. 

1.7 The resin is now ready to be put into the resin 
column. 
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2. Pretreatment of IX Feed Solution 

There is a significant difference in the various feed 
solutions for the mop water IX system; therefore, the pre
treatment is quite variable. The feed solutions consist 
primarily of: 1) water generated from routine mopping of 
the production area corridors with a pH of 6.0 to 7.0, 
2) oxalic acid steam cleaning solutions with a pH of 
2.0, and 3) highly alkaline detergent (Turco) steam 
cleaning solutions with a pH of 12.0. 

NOTE: Turco steam cleaning solutions containing as much 
as 0.1 lb. of Turco per gallon of water cannot be 
cleaned below 3 to 10 dpm/ml (1 to 3 MPC) with 
this IX system. In addition, Turco steam clean
ing solutions of this strength leave a powdery 
residue on the cleaned surfaces. For steam clean
ing surfaces exterior to gloveboxes, add only 
enough Turco to raise the pH of the solution to 
12.0. Cleaning compounds containing chlorine, 
clorides, and sulfates must be avoided because 
chlorides and sulfates will strip the U-Pu-sodium 
carbonates off the resin. 

2.1 Prior to any pre-treatment, sample the solution in 
the barrel. Submit a 3 to 5 ml sample to Health 
Physics for a gross alpha count. 

2.2 After determining that the gross alpha activity is 
less than 40,000 dpm/ml, decant the liquid through 
the sock filter to a clean drum. Cement the solids 
remaining in the bottom of the drum. 

2.3 Add industrial strength hydrogen peroxide at the 
rate of 2 ml/gallon of the filtered mop water and 
Turco steam cleaning solutions, stir thoroughly, and 
let age for at least two hours. Do not add hydrogen 
peroxide to oxalic acid steam cleaning solutions. 

2.4 Add soda ash at the rate of 0.1 lb./gallon of the 
aged solution as well as to the filtered oxalic 
steam cleaning solution. Stir thoroughly and sample 
the solution. Submit a 50 to 75 ml sample to Health 
Physics to determine the pH of the treated solution. 
Add sodium hydroxide solution as necessary to adjust 
the pH of the solution to 11.0 to 12.0 so that any 
plutonium will form a precipitate to be filtered out. 
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NOTE: The sodium hydroxide solution used for pH ad
justment should be made·by dissolving one 
pound of sodium hydroxide in a gallon of water. 

2.5 After adjusting the pH of the solution, let the 
solution age and settle for a minimum of 36 hours. 

3. ION Exchange Loading 

3.1 Decant the treated and aged solutions by slurping 
through the sock and inline filter to the overhead 
IX feed storage drum. Cement the precipitate remain
ing in the bottom of the drum. 

3.2 Place an empty clean drum under the IX column outlet 
line and adjust the feed valve to give a gravity 
flow of .....-v 2 gallon/hour. 

NOTE: Since the receiver drum and feed drum are the 
same size and the system uses gravity flow, 
the system shall be allowed to flow on the 
backshifts without an operator on duty. 

3.3 After the batch has percolated through the resin 
column, submit a 3 to 5 ml sample to Health Physics 
for gross alpha analysis. 

3.4 Repeat steps 3.1, 3.2 and 3.3 until the alpha 
activity in the solution meets the 0.1 MPC limits of 
· <.. 4.0 x 10-7..t(_ci/ml. 

3.5 Dump the released solution to the 10,000 gallon hold 
up tanks. 

4. Changing Loaded Resin 

When the resin in the ion exchange column has been loaded 
to a level that it will no longer reduce the decon 
solutions to releasable levels, the resin shall be re
moved for disposal and replaced with new preconditioned 
resin. 

4.1 Remove the flange from the top of the column. 
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4.2 Using the glovebox 40 feed slurp line, vacuum the 
resin from the column through the glovebox 40 sock 
filter to catch the resin. 

4.3 Dump the dewatered resin out of the sock filter into 
a 1.5 liter geometrically safe poly bottle with 
enough Oil Dri to absorb at least twice the amount 
of moisture remaining in the resin {normally 1/2 
liter of Oil Dri to 1 liter of resin). 

4.4 Bag out each container of resin for NDA before 
starting to fill the next container with resin. Re
peat until all of the resin has been removed from 
the column. 
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I. INTRODUCTION 

Report No. 4 is precursory to Report No. 5 "Determination 
of the Quantity and Locations of the Pu Currently Retained 
in the Cimarron Fuel Plant Systems" which will be present
ed upon completion of the decontamination of the Cimarron 
Plutonium Fuel Fabrication Facility. 

This report presents the Non-Destructive Assay (NDA) pro
cedures which were developed and used by Sequoyah Fuels 
Corporation (successor to Kerr-McGee Nuclear Corporation) 
to measure equipment hold-up of plutonium materials for 
inventory purposes during operation of the plant. These 
procedures are also used to measure plutonium. contami
nation on the equipment removed from the Material Balance 
Areas (MBA's) during final decontamination. 

Report No. 5 will compare the measurements taken during 
this final decontamination period to previous inventory 
hold-up measurements, the data will be statistically 
analyzed, and a long-term assessment of the performance 
of the NDA equipment will be described. 

-1-



II. BACKGROUND 

The Cimarron Plutonium Fuel Fabrication Facility began 
operations in 1969 to produce mixed oxide (uranium-plu
tonium) fuels in support of various test and demonstration 
reactor programs. In 1972 new and significantly more 
stringent plutonium safeguards and accountability require
ments were imposed by the Nuclear Regulatory Commission 
(NRC) requiring more frequent measurement of plutonium 
inventories to provide early detection of possible di
versions of plutonium materials. These new regulations 
required complete plant physical inv~ntories be taken at 
sixty (60) day intervals and imposed a complex statisti
cal evaluation program with pre-established criteria for 
determining the significance of any book-physical inven
tory difference (BPID). 

The Facility received plutonium nitrate solution as feed 
material which was blended with uranyl nitrate solution 
and subsequently co-precipitated and reduced to mixed 
oxide powder. The mixed oxide was then pressed into 
pellets, sintered, and loaded into fuel pins for delivery 
to the various customers. In addition, a complete scrap 
recovery operation was utilized to recycle .off-specifi
cation and other scrap material for reuse which employed 
a number of steps to dissolve the plutonium scrap, purify 
the plutonium by ion exchange, the reblending of purified 
nitrate solution, and storage. These operations involved 
thousands of feet of piping to transport and store plu
tonium solutions and thousands of square feet of surface 
areas in gloveboxes, equipment in gloveboxes, tanks, etc., 
which were used continuously to process various forms of 
plutonium. 

During the early periods it became obvious that as a re
sult of the amount of surface area exposed continuously 
to plutonium and the difficutly of cieaning the equipment 
sufficiently to meet the statistical significance cri
teria, it would be extremely difficult to maintain pro
duction of plutonium fuel if all plutonium materials had 
to be removed from each pipe and each glovebox at sixty 
day intervals. 

Consequently, Sequoyah Fuels Corporation developed an in
situ measurement program using NOA techniques to measure 
residual hold-up in pipes, tanks, gloveboxes, filters, 
etc., after flushing the pipes and sweeping-up the loose 
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contamination from gloveboxes. This inventory method re
duced the scheduled down time for each Material Balance 
Area during each sixty (60) day inventory period to only 
two to four days per area •. 

This program began in 1974 and has been continuously re
fined as experience has been gained working with the NDA 
equipment. 

In 1975 the plant was placed on stand-by status and all 
readily removable plutonium materials were shipped off
site. Each gloveb9x and piping system was acid washed or 
flushed and measured for plutonium hold-up in accordance 
with the procedures contained in this report and residual 
hold-up values were assigned to each Material Balance. 
Area. 

Kerr-McGee requested the N.R.C. to commission a team of 
NDA Specialists to independently measure the plutonium 
hold-up in the plant. This work was completed in early 
1976 and is reported in a report prepared by E. L. Tape, 
et al, dated April 1976, entitled "Measurement of Plu
tonium Processing Equipment at Kerr-McGee Plutonium Fuels 
Fabrication Facility". The Tape report compares the in
dependent report submitted to the N.R.C. with the (KM) 
Sequoyah Fuels report. This report summarizies methods 
and comparative data of the measurements obtained by the 
commission audit team and Sequoyah Fuels' measurements. 

The results of the independent measurements supported the 
measurements taken by Sequoyah Fuels. Final verification 
will, however, result from the carefully documented 
measurements taken during dismantling and removal of the 
equipment from the Material Balance Areas. The ability 
to measure much smaller surface areas without the influ
ence of background radiation in production areas enhances 
the quality and prGcision of the final measurement. 

This final comparison will be the subject of Report No. 5 
which will be provided upon final removal of all pluton
ium from the Facility. 
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III. PROCEDURES 

A. KM-NP-15-48 - Plutonium Plant Inventory 

This.procedure describes the techniques and methodology 
used to measure plutonium in-place for inventory pur
poses during the initial stand-by inventory as well as 
the techniques presently being used to measure the plu
tonium removed from the MBAs during decontamination 
activities. The procedure identifies the methods used 
to measure gloveboxes, tanks, pipes, filters, etc., as 
well as NDA equipment calibration procedures, summing 
and bias corrections, calculations for determining 
random and systematic error, and the forms and records 
used. A glossary of terms used in the procedure is 
also provided. 

B. KM-NC-15-56 - Limit of Error 

This procedure contains two sections. The first sec
tion describes the methods used to calculate the limit 
of error associated with inventory differences and 
waste shipments. The second section describes the 
methods used to reduce the raw data to inventory re
cords and to reconcile the entries. 

C. KM-NC-10-83 - Plutonium Plant LSA Waste Drum Counter 

During decontamination and decommissioning activities a 
whole drum counter was constructed to measure 55 gallon 
drums of low-level plutonium contaminated wastes in 
order to segregate the less than 100 nanocurie per gram 
(nCi/gram) wastes from the greater than 100 nCi/gram 
wastes. This system evolved from a Nuclear Regulatory· 
Commission deci·sion to classify < 100 nCi/gm wastes as 
Low Specific Activity (LSA) wastes as opposed to Trans
uranic (TRU) wastes. The use of this counter has re
sulted in a significant decrease in disposal costs 
throughout the project. A description of the ~quip
ment, calibration methods, and documentation is pro
vided. 
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PROCEDURE 
DATE July 25, 1985 KM-NP-15-48, 

NO. Revision 4 ) 
SEQUOYAH FUELS CORPORATION 

SUBJECT PLUTONIUM PLANT INVENTORY 

CIMARRON FACILITY 
PAGE 

1.0 INTRODUCTION 

1 41 
OF 

This procedure describes the methods to be used for a physical 
inventory of Special Nuclear Materials. A physical inventory 
will be·taken every other month (every 60 days). A physical 
inventory is the witnessing, measuring and listing of all 
materials on hand at some given time or duration. The data 
from this static inventory are compared to the sum total of 
the balance~ i.e., material transfers since the last physical 
inventory. A record of material transfers are made on forms 
that are called "Waste Tickets" and "Internal Transfer/Drum 
Load Records". T~ese forms must accompany a transfer of SNM 
between Material Balance Areas (MBA). Instructions for the 
completion of the forms can be found in Procedure KM-NP-15-17. 
A glossary of terms used is attached to this procedure. 

For the Standby Operations, the Plutonium Plant is divided 
into three Material Balance Areas: 

MBA-12 
MBA-50 
MBA-121 

Vault - Waste Packaging and Storage 
Glovebox Holdup Plutonium 
Waste Shipment Storage (Rooms 121 & 123) 

Section 2.0 of this procedure describes the inventory of the 
storage areas and Section 3.0 describes the NDA inventory 
procedure. All of the glovebox systems in the process areas 
have been blanked off and tamper safed. Since there is no 
"Material in Process" except for glovebox holdup, the inven
tory in the process areas consist of inspection of the tamper 
safing. Remeasurement for verification of the glovebox holdup 
is conducted only when tamper-safing does not pass inspection. 

Inventory of a glovebox being decommissioned will consist of 
subtraction of the quantity of Pu in individual packages re
moved for burial from the quantity assigned by NDA to the 
glovebox prior to the decommissioning activity. The ID will 
be the difference between the sum of the individual packages 
and the original quantity assigned to the glovebox. NDA of 
the whole glovebox will be required only if the tamper safing 
specified for the decommissioning activity is 1::ompromised 
(see Tamper Safing Procedure KM-NP-15-61). 



SUBJECT PLUTONIUM PLANT INVENTORY NQ KM-NP-15-48,Rev. 
PAGE 2 OF 41 
DATE July 25, 1985 

2.0 INVENTORY OF STORAGE AREAS 

A. Vault Storage and Packaging 

Since this area is for packaging and storage, the physical 
inventory should be accurate and require little time to 
perform, as all items are listed package by package as an 
inventory item. All material within the vault shall have 
undergone NDA prior to transfer to this area or exist in 
a form for NDA counting and properly labeled. 

The following actions are to be completed in preparation 
for the vault inventory: 

1. All items stored on transfer carts waiting for a NDA 
count must be counted, labeled properly and stored 
before starting inventory. 

2. All line generated items of material shall have waste 
tickets attached with all required data entered. 

3. All empty material containers stored in the vault 
shall have empty labels attached. 

4. Bring vault log books up-to-date. 

5. All partially full waste shipment drums must have an 
"Internal Transfer/Drum Load Record" sheet attached 
with all required data entered. 

After preparations are completed, the actual inventory 
consists of obtaining a complete listing of all material 
stored in the vault item by item, material description, 
storage location, Pu content, etc. 

The Safeguards Representative (Health & Safety Supervisor) 
will compare the inventory values with previous inventory 
listing and subsequent transfer records. 

B. Waste Shipment Storage (Rooms 121 & 123) 

Since this area is for storage of items packaged for ship
ment to burial, no preparation for inventory will be re
quired. All items will already be tamper safed and will 
be tagged with an Internal Transfer/Drum Load Record 
sheet. 
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1. Checking the tamper safe seals and making a listing 
of each item. The listing shall show tamper seal 
number, Internal Transfer/Drum Load Record number, 
material descrption, plutonium content, weight, etc. 

2. Check the listing against the storage record log to 
assure that there is no discrepancy. 

The Safeguards Representative (Health & Safety Supervisor) 
will compare the inventory values with previous history 
inventory listings and subsequent transfer records. 

3.0 NDA INVENTORY PROCEDURE 

I. Calibration; Data Collection 

All calibrations are made using the flat sheet Pu, U 
oxide standards. There are a total of 13 with an average 
value of 1.936 g Pu. Basic calibration methods for assay 
of holdup follow: 

A. Glovebox Sampling (S-7) 

1. Equipment 

a) Pu Standard Packets 
b) Ludlum 2500 
c) 2 x 2 NaI; 7" Recess; 1/2" Lead Plug 

2. Setup 

N,,q .I 

I 
.sro. PKT(f)~ 

18'1 
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3. Operation 

a) Complete Series of Measurements 

( i) 
(ii) 
(iii) 

Gross count 1/2 min. twice each loading 
Bkg. count 1/2 min. twice each loading. 
Load Pu Standard Packets at increments 
of approximately 0, 2, 4, 6 and 8 
grams, by using appropriate packets. 

b) Make four complete sets 

B. Glovebox Summing (S-3-36) 

i. Equipment 

a) Pu Standard Packets 
b) Ludlum 2500 
c) 2 x 2 NaI; 3" Recess; 1/2" Lead Plug 

2. Setup 

3. Operation 

a) See IA3a 

.S,D P!~T(5) 

~ 
~ (.ST"1CK . .STD5.) ;/ 
~4~ 

3G
11 

=' . _, .. . 

b) Make two complete sets 
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C. Intermediate Filter (S-3-36 Filt) 

1. Equipment 

a) Eight Pu Standard Packets 
b) Ludlum 2500 
c) 2 x 2 NaI; 3" Recess; 1/2" Lead Plug 
d) Intermediate Filter 

2. Setup 

I 
/1/,q I 

3. Operation 

3G'1 

vi 

I 
Z4x24 
i-lL'TE!c 

a) Complete Series of Measurements 

(i) Gross count 1/2 min. twice each loading. 
(ii) Bkg. count 1/2 min. twice each loading. 
(iii) Load 0,~4,~8,~12 and~l5 g Pu as 

shown below: 

.3.872. gPu 

7,744 gPu 

"""""" FRONT 
.////// 8!9CI~ 

1/.GIC, gPu 
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b) Make Final Series 

( i) 
(ii) 
(iii) 

Rotate Filter with Packets 1aoo. 
See IC3aI and 11. 
Remove packets in reverse order applied 
to load~l5, ~12,~ 8,~ 4 and O g Pu. 

D. Primary Filter (S-3-24 Filt) 

1. Equipment 

a) Four Pu Standard Packets 
b) Ludlum 2500 
c) 2 x 2 NaI; 3" Recess; 1/2" Lead Plug 
d) Primary Filter (New) 

2. Setup 

I STO. Pl~T(.r< 

I I 

I 3'',J 
1 · l 

i 

3. Operation 

a) Complete Series of Measurements 

(i) 
(ii) 
(iii) 

Gross count 1/2 min. twice each loading. 
Bkg. count 1/2 min. twice each loading. 
Load O, ~2,~4, ~6, ~'·rotate 
filter 1aoo, _._.,, a,--::::::::- 6,~4,~2 and 
0 g Pu (add packets to alternate sides 
of filter beginning with front, remove 
in reverse order applied). 

b) Repeat Complete Series above 
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E. Ducts (S-3-24 Duct) 

1. Equipment 

a) Twelve Pu Standard Packets 
b) Ludlum 2500 
c) 2 x 2 NaI; 3" Recess; 1/2" Lead Plug 
d) 8" Duct..-....., 4' length 

2. Setup 

NA/ 
_) .. ___ _ 

&'1:..:.. _ ___, 

; 3" 

?-4" 
I. 

3. Operation 

i 
I 

..., t:; II 
..:; C) 

i 
! I 
1 

'~ i ! 

I ~I; 
' I . -'-8 

i 
' 

a) Complete Series of Measurements 

( i) 
(ii) 
(iii) 
(iv) 

Gross count 1/2 min. twice. 
Bkg. Count 1/2 min. twice. 
Rotate Duct 1aoo. 
Repeat (i) and (ii) above. 

b) Load O , ~ 2, ~ 4 , ~ 6 and~ 8 g Pu/ft 

( i) Each load ( except O) compri_sed of three 
packets taped end to end; total length 
3' of Pu bearing surface. 

(ii) Tape each load to inside of duct 
(alternate sides with each loading). 

c) Complete 3a above with each loading 3b above 
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F. Pipe 

N,r;/ 

L-_ -~1 
1 

r; r.r- ,-,; u r- J 
i I I ... (Y,_ r- t.,;.' 

1. Equipment 

a) Two Pu Standard Packets 
b) Ludlum 2500 
c) 2 x 2 NaI; "Pipe Plug"; Tape Plug to 

collimator face and position NaI against 
"Pipe Plug"; 1/2" Lead Plug; 1/2" Lead 
semi-circle shield 

d) 2" Schedule 40 pipe; at least 10' length 

2. Setup· 

/201.LED .JTD. P/~7': 

2 11 SCI-! 40 Pl Pc 
PIPE P!..UG 

flz" (Tl-I/Cl~) L£ /4£) (SHOWING SL/ 1) 

.SEMI- CIR.CL!.= 5 /-IIG"LO 
i 

f 
I 1 1'/0TE: Pu eEA/2/NG SU/2Fr9CE 
i I 
I I.J' GENE/?.;:?L.LY tc?BOUT IQ//c_"x!Z: 

r.OLL. P.lt 1 50 7'"/-I E 12 n f) //./Jc t/SION 
I.J t. EN'G T!.f:l/1.J'~ T/.ll?CUGH 11-/G PIP£, 

~ u 
3. Operation 

a) With tape measure and marking pen, divide the 
pipe into 4, 2" sections leaving at least l" 
margin from either end of the pipe. 

b) Load at O and~ 2 g Pu (carefully insert the 
rolled standard packet). 

c) Complete series of measurements 

(i) Gross count 1/2 min. twice@ each 2" 
section. 

(ii) Bkg. Count 1/2 min. twice@ each 2" 
section. 

d) Make one complete series (3c above) at each 
loading for each of the two standard packets 
(16 total sets of gross and bkg. counts). 
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G. Tank, "Honeycomb" (S-3-HC-12, 18, 24) 

1. Equipment 

a) Nine Pu Standard Packets 
b) Ludlum 2500 
c) 2 x 2 NaI; 3" Recess; "Honeycomb"; 1/2" Lead 

Plug 
d) 5" Schedule 80 pipe; 4' length 

2. Setup 

1 
I 

:,r,::'' t:: ., '? 

NA I 

~---, ...... !J/./0NCYCOM8 

3. Operation 

I i ! L-8 
24" ! 

I 8 II· ':,------~Pl 
1 z1t ' 

a) Complete Series of Measurements (See IE3a) 
b) ~oad O ,~ 2, :::--",..4 and~ 6 g Pu/ft 

(i) Each load (except O comprised of three 
packets taped end to end; total length 
3' of Pu bearing surface. 

(ii) Tape each load to inside of pipe. 

c) · Complete 3a above with each loading 3b above 
at 12", 18" and 24" (detector to center of 
pipe distance). 
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H. Glovebox Summing Bias Correction 

1. Equipment 

a) Five Pu Standard Packets 
b) Ludlum 2500 
c) 2 x 2 NaI: 3" Recess: 1/2 Lead Plug 

2. Setup 

//I c /!'I FP-01/7 De T. 

~ l · 13.S''. I i:! 7" '"i 13.;" l 

iri i I 
I 

I 
W--, ( ';' )--0----®-, r 

r. ~~ 1 ~-1 1 I i 1_6.,'' &'v!:/ A i: 
1 

I . -
~( J--'- i 

I : 
j:.. _____ 3_G_''-----t>oil ( _____ 5_-'-4_"-----""'I 

(Detector should be mounted on cart to allow easy 
movement). 

3. Opera ti.on 

a) Arrange five packets as shown to obtain 12" x 
54" array of Pu bearing surface. 

b) Complete Series of Measurements 

(i) 

(ii) 
(iii) 
(iv) 

(v) 

Aim detector at spot <D 6" from bottom 
and 13.S" from end of array. 
Gross Count 1/2 min. twice. 
Bkg. count 1/2 min. twice. 
Aim detector at spot ~6" from bottom 
and 13.5" from opposite end of array. 
Repeat steps (ii) and (iii) above. 

c)- Make four complete series of measurements. 
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I. Solid Waste Packages 

1. Equipment 

a) Five Pu Standard Packets of~2 g Pu each 
b) Ludlum 2500 
c) 2 x 2 NaI detector and shield 
d) csl37 sealed source (100-'<..ci) 
e) Laboratory jackstands, fiber pak drum 

(14" dia. X 13 3/4" high) 

2. Set up as illustrated in Figure 1, Page 12. 

3. Adjust the H.V. energy threshold and window width 
to count: 

a) The photon energy range from 320 Kev to 450 
Kev. 

b) Find the threshold setting to count the 
csl37 (662) Kev energy photon with the same 
window width. 

c) Record data obtained in steps d thru f on Pu 
Scrap Counter Form - Daily Check Sheet. See 
Figure 2, Page 13. 

d) With the threshold setting for Pu (320-450 
Kev) make a series of ten 0.5 min. back
ground counts and record in "Background Pu 
channel" column. Average the ten counts. 

e) With the threshold setting for the csl37 
(662 Kev}, make a series of ten 0.5 min. 
background counts and record in "Background 
csl37 channel" column. Average the ten 
counts. 

f) With the threshold setting as in (e) and the 
csl37 source in place (the spot should be 
marked so it can be duplicated in other 
counts), make a series of ten 0.5 min. 
counts and record "100"'{.,Ci csi37 source 
channel" column. Average the counts. 

g) Record data obtained in steps h thru k on Pu 
Scrap Counting Worksheets. Use a seperate 
sheet for ea.ch loading. See Figure 3, Page 1-4. 

h} Load Pu Standard Packets (~1 g Pu each) in 
the fiber pak and make two 0.5 min. counts 
with the threshold setting for Pu (320-450 
Ke~) and two 0.5 min. counts with the thres
hold setting for csl37 (662 Kev), and two, 
0.5 min. c6unts with the csl37 source in 
place. 
Rotate the fiber pak 1800 and repeat above. 
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N.D.A. - I 
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~ 26
11 

I 

"Z 10" 

r·--r-·-=-i 
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NO. KM-NP-15-48 ,Rev. 
PAGE 12 OF 41 
DATE JuJ_y 25, 1985 

Cs. Source 
.,=:ecc,cc!'.">-E~"'l"r'-"[.. Package-WI ! 

_..-~: Detector j _ : , _______ ---- ---1-- ----
T""-~•~-s~<e<.a."""'-=.J.=L_ I i I 

I 

4" Lead Shielding I 
________________ *_s_~_t ....... • ~:=tl<P~~Je 

Cs. THRESHOLD 
\'VINOOW 

*Ad" H . C "p " Just eight to enter ockage 

HIGH VOLTAGE 

Pu. THRESHOLD 
WINDOW 

CALIBRATION FACTOR 

MINIMUM DETECTABLF. LEVEL 

ASSIGN TO ALL PACKAGES LESS THAN 
OR EQUAL TO G. Pu. 

MAXIMUM VALUE THAT CAN BE COUNTED ____ G. Pu. 
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Pu SCRAP COUNTER FORM 

· ,.. DAILY CHECK SBEE'? 

SERIES # ____ /_·_8....,.J.._ __ 

Pu T._. __ 3 __ ._.,_ __ 
Multiplier /44KE U Recess_ .... /_6.._Z __ 'J_-__ 

Background 
Pu Channel 

1. 

2. 

I 3. 

4. 

5. 

6. ., 

1. I 
a. 
9. 

;i.o. 

SUM 

AVG -

DATE: _______ _ 

OPERATOR: ______________ __ 

csl37 T ._· _J......._•_H __ . Wind.0",1 / ·:J 
Distance d{ ~, Count Time (2 •S: min. 

Background 100 UCi csl37 
Cs Channel Cs Channel 

J. 

. . 

Avg. 100 U:1 csl37 - Avg. ca Channel Bkgd • ca Io . 
Cs Io•·----

Avg. Pu Channel Bkgd.• ----
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' SCRAP COUNTING WORKSHEET 
...,ATE PU PKGO/ 0.5 MIN, 

OPERATOR 

SERIES NO. 

ITEM NO 

NO. 

PAGE 
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Calibration Factor (GPu · 0.5 Min. Ct.i 

TY 0 E GF 'V!ATERJAL. [:> 1PE, PLASTIC. FL.ANGE. !"TC.) AND SOX REMOVEO FROM 

;;: CYLlNDER SHAPE. L.ENGTi,,,, lF PLANE SHAPE:, LE:NGTH 

Ft. Inches x incnes Width...:... 144 = 

J SOC::3RcES 

So. Ft. 

0 DEGREES 
. --------------- ---·-

f----B_A_C_K_G_R_O_U_N_'D ________ G_R_o_s_s _________ N.::.E-_------...----B_A_;C_K:..:G...,;R:..:O_;U:._:cN['c._, ________ c;._-R_O;._S __ S:_ ________ ,,_:E;._T ___ _ 

<Ii 
I- >-------------------------------...---------------------------------
(.) 

z 
~ t-------------------------'ii,F!'-------+------------------------------

6 
..... Average Net Average Net -------------
;::: 

"' u Average Net 
I- = (T,) 

Average Net 
L: = (T,) 

J Correction Factor= ------------ Correction Factor= --------------

0 DEGREES 
la,oEGREES -- -·-----------·-·-··-·---·---- ·---------~---

.------------------------------1---·------------'------·---------------------
BACKGROUND GROSS NET BACKGROUND GROSS NET 

<Ii 1----------------------i-------------+-------------~-----I- --------------

(.) 

z ;\---------------------------+---------------------------

# 1 Average Net -------------

# 1 Avg. Net x Calib. Factor (#1 GPu) -------------
Correction Factor 

Package: b = 1 

Cyiinder· b = # of Ft. 

Plane: b = II ot Sq. Ft. 

24 x 24 x 12 Filter· b = 1 

Avg. GPu 

#1 GPu + #2 GPu 
2 

[) 

# 2 Average Net ---------------

# 2 Avq_ Net x Calib. Factor (#2 GPu) -------------
Correction Factor 

Avg. GPu -------------

GPu in PacKage 
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i. Load a second Pu Standard Packet (~4 g Pu 
total) and repeat (f). 

j. Continue as in (h) and (i) loading with Pu 
Standard Packets up to--v'8 g Pu total. 

k. To calibrate for bags of waste or items that 
may have more than 7.5 g Pu proceed as in (h), 
(j) and (k) adding additional packets until 
all 13 packets are used. 

4. Items of geometry other than fiber pak drum 
14" X 13 3/4" high: 

a) This method may be used for containers and 
items of different geometry and densities by 
varying one or more of the following and 
making the appropriate calibration. 

(i) Detector to item distance 
(ii) Detector recess distance 
(iii) Simulating the geometry of the item to 

be assayed. 

5. Data Preparation 

a) Daily Check Sheet 

(i) Subtract the average csl37 background 
count (3, e) from the average csl37 
source count (3, f). This will be re
ferred to as the CsI0 • 

b) Pu Scrap Counting Worksheet 

( i) 

(ii) 

(iii) 

(iiii) 

Subtract the average csl37 back
ground count from the average 
csl37 source count for each 
loading (3, h). 
Divide the results of (·S,b,i) by 
5,a i). The results are the 
csl37 transmission factor for 
that loading. 
Use the table attached (Figure 4, 
Page 18) and obtain the Pu cor
rection factor for this loading. 
Subtract the average Pu back
ground (3,e) from each Pu source 
count (3,h). This will give four 
Pu net counts for each loading. 
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(iiiii) Divide the net Pu counts (5,b,iiii) 
by the Pu correction factor. This 
will give four corrected Pu counts 
for each loading. (corrected for 
density, self absorption, and 
shielding). · 

(iiiiii) Treat the results of 5,b as in II 
B, page 19. The results will give 
the factors for grams of Pu per 
count for the type of calibration 
done. 

6. Measurement of Solid Waste Packages 

a) Complete the Pu Scrap Counter Form - Daily 
Check Sheet, as in I,3,c thru f and 5,a,i. 

b) Position package as in Figure 1, Page 12, 
without the Cs source in place. With the 
threshold setting for Pu (320-450 Kev), make 
two 0.5 min. counts. Record in the Gross 
column of the O degrees, Pu 0.5 min. counts 
section of the Pu Scrap Counting Worksheet 
(Figure 3, Page 14). Subtract the Avg. Pu 
channel background obtained in Step 1 from 
each count. Record in the Net Count column. 
Average the two net counts to obtain #1 
average net. 

c) With the threshold setting for csl37 (662 
Kev.), make two 0.5 min. counts. Record in 
the background column of the O degrees, 
csl37 0.5 min. counts section. 

d) Position the 100-'{.Ci csl37 source in place. 
Make two 0.5.mina counts. Record in the 
Gross column of the O degrees, csl37 0.5 
min. counts section. 

e) Subtract the backgrounds from the gross counts 
to obtain net counts. Average the two net 
counts and record. Divide this. average net by 
the I 0 obtained in Step 1. This .is (T1), 
or CsL37 fraction. Find this fraction on 
the Pu correction factor for self absorption 
and package density table, Figure 4, Page 17. 
Record the corresponding Pu correc:ion factor. 

f) Turn the package 1aoo. Make two 0.5 min. 
counts. Record in the Gross column of the 
180 degrees, csl37 0.5 min. counts section. 
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g) Remove the Cs source. Make two 0.5 min. 
counts and record in the background column of 
the 180 degrees Cs section. 

h) Repeat Step (e). · 
i) With the threshold setting for Pu (320-450 

Kev.), repeat Step (b) for the 180 degree, Pu 
0.5 min. counts section. 

j) Multiply the #1 average net found in Step (b) 
by the calibration factor determined in E,2,f, 
and divide this product by the correction 
factor determined in Step (e). This is the 
#1 G Pu. 

k) Repeat Step (j) for the #1 Average Net found 
in Step (i), to obtain #1 G Pu. 

1) Average #1 g Pu and #2 g Pu. This is the 
grams Pu value to be assigned to the package. 
(NOTE: Packages that do not exhibit 
sufficient counts above background will be 
assigned a minimum value. See Page 21,D,l,d). 
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FIGURE 4 
Pu WASTE COUNTING 

Pu Correction Factor for Self Absorption and Package Density 
Pu(Corrected counts) = Pu Counts 

Correction Factor 
csl37 Pu csl37 Pu 
Fraction Correction Factor Fraction Correction Factor 

.05 .21 .53 .72 

.06 .23 .54 .73 

.07 .26 .55 .73 

.08 .27 .56 .74 

.09 .29 .57 .75 

.10 .30 .58 .75 

.11 .31 .59 .76 

.12 .33 .60 .77 

.13 .35 .61 .77 

.14 .36 .62 .78 

.15 .37 .63 .79 

.16 .39 .64 .79 

.17 .40 .65 .80 

.18 .41 .66 .81 

.19 .42 .67 .81 

.20 .43 .68 .82 

.21 .44 .69 .82 

.22 .45 .70 .83 

.23 .47 .71 .84 

.24 .48 .72 .84 

.25 .49 .73 .85 

.26 .49 .74 .85 

.27 .51 .75 .86 

.28 .52 .76 .87 

.29 .52 .77 .87 

.30 .53 .78 .88 

.31 .54 .79 .88 

.32 .55 .80 .89 

.33 .56 .81 .90 

.34 .57 .82 .90 

.35 .58 .83 .91 

.36 .59 .84 .91 

.37 .59 .85 .92 

.38 .60 .86 .92 

.39 .61 .87 .93 

.40 .62 .88 .93 

.41 .63 .89 .94 

.42 .64 .90 .95 

.43 .64 .91 .95 

.44 .65 .92 .96 

.45 .66 .93 .96 

.46 .67 .94 .97 

.47 .67 .95 .97 

.48 .68 .96 .98 

.49 .69 .97 .98 

.so .70 .98 .99 

.51 .70 .99 .99 

.52 .71 1.00 1. 00 

NOTE: For all csl37 fractions less than .05, use .21 as the Pu Corr •. Factor. 
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II. Calibration; Data Reduction 

A. Initial calculation involves finding net counts, 
which is simply gross-background. Also one must 
determine the units that net counts are to be 
correlated against. Individual methods follow: 

1. Glovebox Sampling (S-7) 

a) Units; g Pu/ft2 
b) Computation 

Packet size is 10.5" x 12" Pu bearing surface 
or 0.88 ft2. This is equal to 2.213 g 
Pu/ft2 per packet. Net counts will be 
correlated with number of stacked packets 
times 2.213 g Pu/ft2. 

2. Glovebox Summing (S-3-36) 

a) Units; g Pu 
b) Computation 

Net counts will be correlated with number of 
stacked packets times 1.936 g Pu. 

3. Intermediate Filter (S-3-36 Filt) 

a) Units; g Pu 
b) Computation 

Net counts will be correlated with number of 
.packets times 1.936 g Pu. 

4. Primary Filter (S-3-24 Filt) 

a) Units; g Pu 
b) Computation 

Net counts will be correlated with number of 
packets times 1.936 g Pu. 

5. Ducts (S-3-24 Duct) 

a) Units; g Pu/ft 
b) Computation 
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6. Pipe 

DATE July 25, 1985 

Although three packets are included in each 
loading, (except 0), the distribution within 
the duct corresponds to 1.936 g Pu/ft (ft of 
duct) therefore correlate net counts with 
number of packets divided by three times 
1.936 g Pu/ft. 

a) Units; g Pu/ft 
b) Computation 

Net counts will be correlated with number of 
packets times 1.936 g Pu/ft (12" dimension 
lengthwise in pipe). 

7. Tank, "Honeycomb" (S-3-HC-12, 18, 24) 

a) Units; g Pu/ft 
b) S-3-HC-12, S-3-HC-18 and S-3-HC-24 are three 

separate calibrations 
c) For each calibration, net counts will be 

correlated with number of packets divided by 
three times 1.936 g Pu/ft. 

B. Calibration Equation 

All calibration data is correlated by linear re
gression to the form y =a+ bx where 

y = estimated g Pu (or g Pu/unit) 
a = constant (intercept) 
b = constant (slope) 
X = net counts 

(NOTE: The calibration for (S-7-45°) is calcu
lat~d from the (s-7), (T-7). Multiply slope and 
intercept by 0.75. Calibration error is same as 
(S-7, T-7). 

The constants a and bare calculated by the following 
method: 

If x and y satisfy the relation y = bx; i.e., they 
lie on a straight line that is known to pass through 
the origin and you haven measurements with uncertain
ties in x negligible and those in y all equal, then· 

b = rxiyi/rx/ 

This will usually be the case for solid waste 
packages. 
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Otherwise: 

nix.y. - rx.Iy. 
b = l. l. l. l. 

nix.2 (Ix.Y,2 
l. l. 

Iy. bix. 
l. l. a = 

n n 

where n = 
Yi = 

number of data pairs 
g Pu or g Pu/unit of the ith 
data pair 
net counts of the ith data pair x· 1 = 

Calculate a and b for each calibration. 

c. Error calculation; systematic calibration error. 
The object of this exercise is to determine the 
contribution of calibration uncertainties to total 
measurement error. 

=· t (Iy / - aiy i - bixiyi) 
5

c - 2 
(n-2) (y) ) 

(1) + ___ ii ____ ) + (0.00577)~ 
n Ix.2 (Ix.)2) 

l. -i-
n 

where Sc= Systematic Calibration Error 
calculate Sc for each calibration. 

Iy. 
- l. 
y = -n-

X = 

D. Quality Control 

1. After calibration factors have been determineJ by 
utilizing methods prescribed in this procedure, 
reliability and stability of the system will be 
audited as follows: 

~ 
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a) Two control charts will be constructed at the 
first of each month. One chart will be for a 
plutonium standard at the lower end of the 
calibration range (~1.9 grams), and the other 
for a plutonium standard at the upper end 
(...,_,.9.7 grams). These charts will reflect a 
95% confidence level by showing an average 
count rate (x) for the standard and an upper 
and lower limit derived by extracting the 
square root of the average count rate and 
multiplying it by 1.96. This yields a+ value 
for the average (x). -

b) Each day that the count system is used, five 
counts of each standard will be taken. The 
counts will be plotted on their respective 
control chart. No more than one of each five 
counts should vary from the"x ± 1.96 x range. 
Should more than one count vary from this 
limit, a second set of counts will be taken 
to verify the deviation. If the deviation is 
verified, the system must be investigated for 
proper calibration. 

c) No value greater than the upper end standard 
will be assigned to any item. Calibration 
must be extended to include the higher value, 
or the item must be split into two or more 
packages. 

d) Minimum value assigned wi.11 be determined by 
the following calculation: 

Background 
1.96 X b + a 

Time of Background Count 
grams Pu 

2 

(See page 23 for determination of a and b) 

This is a 95% confidence level of background. 
Plus "zero" divided by \:wo which yields a gram 
value of one-half of the minimum detectable 
activity. 

This value.will be assigned to items that do 
not produce a count above the 95% confidence 
level of background. 
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EXAMPLE I 

The following data was obtained from a glovebox sampling 
calibration: 

6.638 8.85 
Net Count <15> 317 679 1017 1360 

min. 36 338 686 944 1450 
<23> 451 752 1171 1516 
98 368 800 1202 1532 

<44> 286 751 1133 1480 
5 357 814 1117 1379 
1 306 710 1068 1480 

<11> 362 794 1054 1376 

Compute the following sums: 

Ix. = 29097 
1 

Ey" = 177.008 
1 

Exiyi = 192862.733 

Ex " 
2 = 31797079 

1 

;:::-- 2 = 1174.9083 Yi 

and calculate 

X 

y 

Then find 

b = 

= 727.425 

= 4.4252 

(40) (192862.733) - (27097) {177.008) 

{40) {31797079) - (29097>2 

177.008 (0.00603) {29097) 

(g Pu 

= o .. 00603 

a = = 0.03883 
40 40 

The derived equation for glovebox sampling is: 

g Pu/ft2 = 0.03883 g Pu/ft2 + (X cp ~m) (0.00603 g Pu/ft2/cp ~m) 

Loading) 



SUBJECT PLUTONIUM PLANT INVENTORY NO. KM-NP-15-48, Rev.· 
PAGE 24 OF 41 
DATE July 25, 1985 

Now collect the data necessary to calculate systematic error. 
2 

2 Ey .. - aiy. - bEx.y. )l J. J. J. J. 
y.x = -2 

(n-2) y 

_J 2 (1174.9083) - (0.03883) (177 .008) - (0.00603) (192862.733) y.x = 

(40-2) (4.4252) 

~ zy.x = 0.006817 

S(x2) - 2 2 2 (Ex.) E (x. - x) .- Ex. - J. 
J. J. n 

scx2) (3179709) - (29097) 2 

40 

S(x2) = 10631193.77 

S may be written: 
C 

<.!... + x2 
) + co .00577/1 ~ 

(n S(_xz) ) j 

s 
C 

~0.006817) 

S 0.023303 
C 

(1 (727.425) 2 

(40 + 10631193.77 
) + 
) 

~ 

(0.00577):J. 
2 

NOTE: that rounding error may be significant. Therefore, it is best 
to avoid all rounding if possible. The exact result for Sc 
is Sc= 0.023348. 



SUBJECT PLUTONIUM PLANT INVENTORY NO. KM-NP-15-48,Rev. 
PAGE 25 OF 41 

, DATE July 25, 1985 

III. Measurements of Plant Holdup 

A. Data Sheet Preparation 

1. Obtain complete set of data sheets from previous 
inventory for the area to be measured. 

2. With the exception of counting and g Pu data copy 
the information from the previous sheet on the new 
data sheet. 

EXAMPLE II 

Date 
Room No. 

Calibration Constants 

--------Instrument Ludlum 2500 
Technician Initials S-7 0.00603X + 0.03906 -----

I 

Trans- Gross Bkg. Net Corrected 
Item & Position mission Count Count Count Count g Pu 

1 A 675 701 < 26 > < 27> < 0 .12> 
Box 2C S-7 685 659 26 27 0.20 

Wall Area Box 2 A 538 587 < 49 > < 51> < 0. 27> 
2C = 84 ft2 567 547 20 21 0.16 

0. 84 
3 A 586 541 45 47 0.32 

(84)(0.01) = 519 549 < 30 > < 31> < 0 .15> 

Yi 

<0.04> 

<0.05> 

0.09 

I 

1 
l 

4 A 558 557 1 1 0.05 <0.04>1 
1 9: Pu 518 

X = 

= 

544 

0.01 

6.68 

<26 > 
I 

< 27>- < 0 .12> 
I 



l 
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EXAMPLE III 

NEW DA.TA SHEET 

Date Calibration Constants 
Room No. 
Instrume_n_t~L-u-d~l~um~-,,-2=s~O~O~ 
Technician Initials S.7 0.00603X + 0.03906 

Item & 

Box 2C 

-
Gross Bkg. Net Corrected 

Position Transmission Count Count Count Count q Pu 

S07 l 
n 

--
,-:-1,, 2 11. 

3 A 

n 
4 

B. Measurement 

1. Equipment 

a) Ludlum 2500, 2 x 2 NaI Detector and 1/2 11 Lead 
Plug 

b) Other equipment as required by measurements 
to be made (Consult Calibration, Section I, 
concerning additional equipment). 

2. Data Collection 

a) Proceed to measurement location. 
b) Consult data sheet to determine type of 

measurement to be made, and set up equipment 
accordingly. 

c) Measurement positions are labeled-with 11 NDA 
Stickers" set up at position number indicated 
by Data Sheet. 

d) Gross count, twice (time as indicated by cali
bration). Record under gross count column 
opposite position number on Data Sheet. 

e) Bkg. count~ twice (time as indicated by cali
bration). Record under Bkg. count column 
opposite position number on data sheet. 

f) Move equipment to next measurement position 
and repeat d) and e) above until all positions 
have been counted. 
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IV. G Pu Determination 

A. Obtain g Pu for each position measured. 

CODE 

A 

B 

C 

D 

E 

F 

E + F 

1. Gross Count - Bkg. Count= Net Count 
Enter net counts under net count column opposite 
position on data sheet. 

2. Net Counts - Transmission= Corrected Count 
Enter Corrected Counts under Corrected Count 
column opposite position on Data Sheet. 

A list of coded transmission values follows: 

ITEM TRANSMISSION 

Window 0.96 @450 

S.S. Glovebox 0.71 @45° 

S.S. Glovebox + 1/8" PB 0.39 @450 

Window+ PB Glass 0.57 @450 

Gloveport Cover 0.60 

Glove 0.97 @450 

Glove + Cover 0.58 

IX Column, Loaded 0.67 

Intermediate Filter 
Across 12 II Dimension 0.77 

Intermediate Filter 
Across 241' Dimension 0.59 

Inlet Filter Across 
12" Dimension 0.69 

Calciner Tube 0.385 

0.93 

0.56 

0.21 

0.41 

0.94 

NOTE: Record all values, even if they are negative. 
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B. 

3. Determine g Pu (or g Pu/unit) 

y = a + bx 

where y = estimated g Pu (or g 
a = calibration constant 
b = calibration constant 

Section II B) 
X = corrected count 

enter determination ( y) on Data 

EXAMPLE IV 

Gross Count 
Bkg. Count 

= 414 
= 373 

DATE July 25, 1985 

Pu/unit) 

(refer to 

Sheet. 

Measurement Method Glovebox Sampling 

a = 0.039 
b = 0.00603 
Transmission A= 0.96 
Net Count= Gross - Bkg. 
Net= 414 - 373 = 41 

Corrected Count= NET 
Transmission 

Corrected= 41 
0.96 

= 42.7 

y = a + b (corrected count) 
,. 

0.039 0.00603 (42.7) y = + 

" 0.30 g Pu/ft2 y = 

Calculations 

There are basically two types of measurements made, 
g Pu and g Pu/unit. When making these calculations, 
it is an advantage to also generate and record data 
that will later be used in the error calculation. I 
would suggest that the following tables be prepared 
prior to beginning.calculation. 
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TABLE I 

1 2 3 4 5 6 7 8 Note: 
}: . 2 . 2 

Item n. }: . i..,g i . 2 2 n. E. E.z Column 4 assumes 
T r, l. l. ?n (n. -1) . J J J two measurements l. 1 

per site which 
is normal. 

One such table should be prepared for each measurement method (A 
measurement method corresponds to measurements based on a single 
calibration). 

1. G Pu Calculation 

a) If only one position (site) is measured, 
average the set of g Pu values. 

( i) 
(ii) 

(iii) 

Record g Pu on Data Sheet. 
Enter 1 under column #6, Table I, 
along with Item I.D. in column #1. 
Record g Pu in column #7, Table I, 
and (g Pu)2 in column #8. 

b) Multiple positions for (S-3-24 Filt.) and 
(S-3-36 Filt.) 

(i) Average each set (one set per site) of 
g Pu values and record on Data Sheet. 

(ii) Find the mean and standard deviation. 

Mean= -y = 
y, 

}: __ 1 

n 

Standard Deviation = S = (. n(n-1) ) 

k 
(nry. 2_ - (Iy.) 2) 2 

1 1 

(iii) Calculate Relative Standard. Deviation 

Relative Standard Deviation = ~ = 
5 
y 
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(iv) 

(v) 
(vi) 

DATE July 25, 1985 

Enter Item I.D. column #1 and y g Pu, 
column #3 on Data Sheet. 
Enter number of sites column #2. 
Calculate 

E. 2o . 2 
l.)Q l. 

2n. 
l. 

Enter column #4 

-2~ 2 
= .,,_Y__;__:::;....__ 

2n. 
l. 

(vii) Calulate 

(n.-1) M. 2 
l. l. 

Enter column #5 

c) Multiple positions using (S-3-36) g~ovebox 
summing 

( i) 

(ii) 

(iii) 

(iv) 

(v) 

Average each set of g Pu values and 
record on Data Sheet. 
Find mean (y) and relative standard 
deviation (~ ) . 
Find sum of the sets of average g Pu 
values. Record on Data Sheet and in 
column #3, Table I. 
Record also in Table I the Item I.D. in 
column #1 and the number of sites in 
column #2. 
Calculate 

E.~ .z 
l. l. 

2n. 
l. 

Enter column #4 

(vi) Calculate 

(ni-1),'8 / 

Enter column #5 
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2. G Pu/Unit Calculation 

a) One position measured 

(i) Average set of g Pu/unit values 
(ii) Multiply g Pu/unit times units 

(EXAMPLE: (3.02 g Pu/ft)(6 ft)= 18.12 g Pu) 

Record this value on Data Sheet and 
column #7. 

(iii) Also record in Table I Item I.D. in 
column #1, 1 in column #6 and (g Pu)2 
in column #8 (g Pu is the result of 
(ii) above) 

b) Multiple positions measured 

v. Random Error 

( i ) 
(ii) 

(iii) 

(iv) 

(v) 

Average each set of g Pu/unit values 
Find mean, j, and relative standard 
deviation,~ , of the average values. 
Multiply y g Pu/unit times units. This 
result is g Pu for the item. Enter re
sult on Data Sheet and Table I, column 
#3. 
Also record in Table I, Item I.D. in 
column #1 and number of sites in column 
#2. 
Calculate 

E. 20. 2 
J. .)0 J. 

2n. 
J. 

Enter column #4. 

(vi) Calculate 
(ni-l)~i2 

Enter column #5. 

A. Data Collection 

Random errors are calculated and accumulated by 
groups corresponding to the measurement techniques 
used. All data necessary for these calculations is 
listed in the tabl~s prepared to the Form Table I. -
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Note that the following instructions should be applied for 
each measurement method individually. The tables prepared 
in Section IV shall be called "Table I" for simplicity of 
reference. 

1. Compute the sum of columns #2 through #8 in 
"Table I". 

2. Calculate an additional value K, where K is the 
number of multiple measurement items. 

3. The random error for each method has two com
ponents, a multiple measurement component and a 
single measurement component (column numbers refer 
to "Table I"). 

a) Multiple measurement 
E.2 _z 

s 2 =I 1. 1. 
m 2n. 

l. 

variance, s 2 
m 

(Sum of column #4) 

b) Single measurement variance, 

s 2 
= ks 2m 2 

s 2 p j 

where 

s 2 
p 

(n.-1) 
l. 

(n.) -k 
J 

2 
i (Sum of column #5) 

(Sum of column #2) -K 

IEj 
2 

(Sum of column #8) 

c) Write the random variance term, 
E 2 2 

S 2 = S 2 + S 2 =Ii i + ~S IE. 2 
r m s ·- 2n . p J 

l. 

4. Remember that a random variance is calculated for 
each measurement technique. 
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EXAMPLE IV 

Consider the following set of data. Columns 6, 7, and 8 have been 
listed separately. The sums are I:n. = 9, rn. = 39.. and rn.2 = 219-. 

J J J 

E. 2_,g. 2 
1. 1. 

(n. -1)_.g. 2 I.D. n . E. 2n. 
1. 1. 1. 1. 1. 

45 3 6 1 0.2312 

48 3 4 0 0.0288 

49 3 1 0 0.4608 

51 2 0 0 . 0 

52 3 8 6 1.0368 

53 2 8 4 0.2401 

55 2 7 0 0.0169 

56 2 7 12 0.9409 

109 2 10 2 0.0961 

112 2 6 3 0.3364 

113 4 7 1 0.4107 

121 2 11 50 1.6384 

157 2 3 3 1.2321 

156 3 2 1 2.1218 

158 2 4 5 1.3225 

159 2 1 0 0.1764 

39-14-40 

DRAIN 3 4 1 0.4050 

116 2 4 2 0.5476 
44 93 9T 11.2425 

K = 18 
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Use this data to calculate the random variance. 

s 2 = s 2 + s 2 
r m s 

s 2 IEi 7:_.R .2 
91 l. 

m 
2 
n. 

l. 

s 2 I(ni-l)_j 
2 

i 11. 2425 = 0.4324 
p 

(fa.) -K (44) -18 
l. 

s 2 = l/2S IE.
2 

= (1/2) (0. 4324) (219) 
s p J 

s 2 = 47 
s 

s 2 = 91 + 47 138 
r 

The results of the random variance calculations should be 
recorded in a table for reference in error propagation. 
I might add that there is often some value in further 
breaking down of the data by room and MBA as well as by 
measurement method. However, Sp2 should be based on 
the results of an entire method. 

VI. Systematic Error 

Systematic errors apply to all members of a measurement 
group. It is therefore necessary to determine the error 
contribution for each measurement method. Also keep in 
mind that in order to calculate LEID, the measurement 
errors must be related by the ID Equation. 

I.D. = Beginning Inventory+ Receipts - Shipments -
Ending Inventory 
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1 

2 

3 

4 

5 

6 

17 

1 

2 

3 

4 

5 

h 

DATE July 25, 1985 

A. Construct Table II in the following manner: 

TABLE II 

1 2 3 4 5 6 
rn 

rn IE Inv. Prior 
Category Sg Sc This Inv. Last Inv. to last inv. 

G.B. Samp. 

G.B. Sum. 

Filters 
I 

Tank 

Pipe 

Duct i 

: 

8 9 I 10 ! 11 I lD I 
I I 

! SP BP I Sf BP 
SP BP o2S c;r2s 

I 
0 0 2 

(5-4) (6-4) (3x7)2 (3x8)2 (2~7)2 (2~8)2 

1. Column #1, list measurement categories. 

2. Column #2, list· geometry errors, this will be 
discussed in Section VII. 

l 
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3. Column #3, list calibration errors determined by 
IIC (Sc). 

4. Columns #4, #5 and #6 list g Pu measured (by 
method column #1) in the last three consecutive 
inventories. 

a) Column #4, g Pu this inventory 
b) Column #5, g Pu last inventory 
c) Column #6, g Pu inventory prior to last 

inventory 

5. Column #7, column #5 - column #4. 

6. Column #8, column #6 column #4. 
(columns #7 and #8 are actually I.D. by measure
ment method, make sure the signs are correct). 

7. Column #9 list single period (S.P.) calibration 
variances. This is calculated by multiplying 
column #3 times column #7 and squaring the result. 

8. column #10 list Bi-period (B.P.) calibration vari
ances. This is calculated by multiplying column 
#3 times column #10 and squaring the result. 

9. Columns #11 and #12 will be discussed in Section 
VII. 

B. Systematic Error Applied to I.D. 

1. The sum of column #9 is the systematic cali
bration variance for the single period I.D. 

2. The sum of column #10 is the systematic cali
bration variance for the Bi-period I.D. 

EXAMPLE 5 

Consider a single category as an example. 

For glovebox sampling, Sc= 0.02335 

Using this method 3625 g Pu were measured in March 
1976, 5495 g Pu in January 1976, and 10,232 g Pu 
in November, 1975 (These are three consecutive 
inventories). 
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Enter glovebox sampling column #1. 

Enter 0.02335 column #3. 

Enter 3625 column #4. 

Enter 5495 column #5. 

Enter 10,232 column #5. 

5495 - 3625 = 1870, enter column #7. 

10,232 - 3625 - 6607, enter column #8. 

[(1870)(0.02335)]2 = 1907, enter column #9. 

[(6607)(0.02335)]2 = 23800, enter column #10. 
--- -----------

' 
1 2 3 

Category 

G. B .. Samp. 0.02335 

7 ! 8 ; 9 
SP I BP 

(5-4) l (6-4) 

1870 !1 6607 

---

I 
J 

SP 
0 2 13 

1907 

Mar. '76 

3625 

j 
I 

! 
10 

BP 
0 2 13 

IE 
Jan. '76 

5495 

11 

23800 

6 

SP 
o2e 

I 

IE 

Nov. '75 

10232 

12 
BP 
cr 2 e 

! 

i 
--~ 

' 

' 
I 

J 
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VII. Bias Correction 

A. Calculation 

B. 

1. See data obtained by 3.0, I.H. 

2. Find the average number of net counts for 
positions 1 and 2 for each series of measurement. 

3. Calculate g Pu for each of the above determined 
averages (use the (S-3-36) glovebox summing 
calibration). 

4. Sum g Pu at positions 1 and 2 for each series. 

5. Determine the mean, y, and relative standard 
deviation,4for the sums obtained in 4) above. 

6. Calculate Sg2 

Sg2 =-42 + (0.00577)2 
n 

where n - number of series 

7. Enter Sg in column #2, Table II, next to 
G. B. Summing. • 

8. Multiply column #2 times column #7 and square the 
result. This is the single period variance due to 
glovebox summing bias. Enter final result in 
column #11. 

9. Multiply column #2 times column #7 and square the 
result. This is the Bi-period variance due to 
glovebox summing bias. Enter final result in 
column #12. 

10. Determine B 

B = 9.68 = Bias Ratio. 
~ 

Bias Correction to I.D. 

Multiply g Pu measured by glovebox summing this 
inventory (listed in column #4) times (1-B). The 
result is the bias correction to I. D. 
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EXAMPLE 6 

1 2 4 7 8 11 12 
SP BP 

I SP BP cre2 cre 2 

Category Sg Mar. '76 ! (5-4) I (6-4) (2x7)2 (2x8)2 

_G_. B_. _su_rnm __ in_g__,___o_. _o_o_a _9 _a ....._ __ G_o __ J....i( __ 4_9 __ _1.1 __ 5_1_5_--1-__ o ___ ___; __ .2_ ~--1 
B = 1.18049 
(60){1-B) = {60)(-0.18049) =<11> 
Bias correction to I. D. = <11.> g Pu 

VIII. Error Propagation 

This discussion of error propagation is confined to the 
calculations necessary to determine the limit of error 
for plant holdup. 

A. Random Error 

1. Find the sum of the•random error variance for all 
methods for this inventory. 

2. Find the sum of the random error variance for all 
methods last inventory. 

3. Find the sum of the random error variance for all 
methods for the inventory prior to the last 
inventory. 

4. The sum of 1) + 2) above is the single per~od 
random error variance. Record this sum as such. 

5. The sum of 1) + 3) above is the Bi-period random· 
error variance. Record this sum as such. 
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EXAMPLE 7 

Sum of random error variance this inventory 

cr2w1 = 292,147 

sum of random error variance last inventory 

cr 2 2 = 152,919 w 

Sum of random error variance inventory period to 
last inventory 

0 2 
3 

= 3 4 2 , 1 7 8 
w 

Single period random error variance, 02w12 

2 0 
wSP 

02 l + 02 2 
w w = 292,147 + 152,919 = 445,066 

Bi-period random error variance, 02 13 w 

cr2wBP = 02wl + cr2w3 

B. Systematic Errors 

= 292,147 + 342,178 = 634,325 

c. 

1. The single period systematic calibration error, 
0 2• was found in VI B l). 

6sP' 
2. The Bi-period systematic calibration error, 

0 2 6 was found in VI B 2). 
BP, 

3. The single period variance due to glovebox summing 
bias, 0\sp , was found in VII A 8) • 

4. The Bi-period variance due to glovebox summing 
bias, a2 SBP , was found in VII A 9). 

Write LEID for the single period inventory. 
2 

= 02 + cr2 + 02 0 SP 6sP esp 
wSP 

LEID= 1.96 
( 0 SP ) Single Period 

D. Write LEID for the Bi-period inventory. 
2 - 2 + 2 + 2 0 BP - 0 wBP 0 SBP 0 6BP 

LEID= 1.96 ( 0BP) Bi-peri~d 
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IX. Covariance 

An item that has not been physically changed or remea
sured that appears on beginning and ending inventory is 
considered to be "covariant". An example would be a 
tamper-safed glovebox. Since the g Pu value and measure
ment method is the same on both beginning and ending in
ventory, this item will not have an error component that 
applied to I.D. Care should be taken to assure that 
covariant items are not included in the LEID calculation. 

I would suggest that covariant items, along with their 
measurement data, be listed separately to avoid confusion. 

X. Inventory Statement 

A. Separate summaries are written for the single period 
inventory and the Bi-period inventory. 

B. Each summary should contain: 

1. Beginning and ending inventory 

2. LEID 

3. Bias corrections (single period only) 

C. Inventory Report 

It is customary to report holdup in terms of room, 
box (item), and MBA. 

NOTE: Each box may have several components such as 
wall values, floor values and tank values. 
In order to make the report more understand
abl0 sum these values and report the total 
g Pu for an individual box. 



GLOSSARY 

TERMS: 

Background Count: Count taken with front of collimator covered. 

Background Plug: Pb disk, 1/2" thick, used to cover front of 
collimator. 

Gross Count: Count taken with collimator uncovered. 

Honeycomb: Used to provide narrow viewing angle. 2 1/2" 
diameter Pb disk l" thick with a concentric 
arrangement of 1/8" diameter holes spaced on 
1/4" centers to be inserted in the end of the 
collimator. 

LEID: Limit of Error applied to I.D. 

Loading: Amount of Pu used in a particular calibration 
step. 

I.D.: Material unaccounted for. I.D. = Beginning 
Inventory+ Receipts - Shipments - Ending 
Inventory. 

Net Count: Gross Count - Background Count= Net Count 

Pipe Plug: Pb disk made to fit over the end of the colli
mator. 1/2" thick with a centered 1 1/2" x 2 1/4" 
rectangular slit. 

Pipe Shield: 1/2" thick piece of Pb used to help isolate a 
particular pipe for measurement. 

Recess: The distance that the face of the Nai crystal is 
recessed from the face of the collimator. 

Transmission: The fraction of radiation penetrating an absorber 
without interaction. 



SYMBOLS: 

a 

b 

B 

E. 
J 

s 

Ss 

S(x2) 

~ Y•X 

cre 

" y 

GLOSSARY 

Calibration Constant 

Calibration Constant 

Bias Ratio 

Element Weight(g Pu), multiple measurement sites 

Element Weight{g Pu), single measurement sites 

Standard Deviation 

Calibration Error 

Geometry Error 

Relative Standard Deviation 

Multiple Measurement Component, Random Error 

Pooled Error 

Random Error 

Single Measurement Component, Random Error 

(X - X)2 

Relative Variance of y about x 

Short Term Systematic Error 

Long Term Systematic Error 

Estimate g Pu {Based on Calibration) 
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This procedure describes the methods used to calculate the limit of 
error associated with inventory differences and waste shipments. The 
procedure is presented in two sections, the first of which describes 
how a limit of error is calculated for tasks encountered during the 
Facility's decommissioniong, i.e. waste shipments and Uranium Plant 
inventories. 

The second section was adopted in its entirety (with changes to up
date terminology) as it was in revision 2 as the "Limit of Error 
Manual". This section was created to retain the limit of error 
manual, should the need for it arise before the Facility is completely 
dismantled. The section describes short term and long term errors. 
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SECTION I 

I. Limit of Error Calculations 

A. Groups of Assayed Items (Counted waste, counted solids, 
TRU waste drums). 

1. N = Number of units (packages, drums, etc.) 
ZXi = Sum of values of all items (grams Pu or U) 
ZXi2 = Sum of squares of values of items 
X = Mean 
z (Xi)2 = Square of sum of values of items 

~ 
2 2 I 

s ( Standard deviation) = NZ X. - ( zxi ) 
N(N-1) 

R.S.D. (Relative Standard deviation) = s /X 

Sp(Pooled Error) = ~ Z (N-1)§ 2 1 

ZNi -k 

where: N = No. of objects counted 
Si= R.S.D. of grams of· isotope or element 
Ei = Total grams of isotope 
K = Multi-measured objects 

~ data = .± Random Error 

s p 
2 

Limit of Error@ 95% Confidence Level= 1.96 x a-data 

a. If grams element was entered, then the above is 
L. E. Element, and L. E. Isotope is calculated: 

L. E. Isotope= l.96(r-data X % enrichment) 

b. If grams isotope was entered, then the above is 
U. E. Isotope, and L. E. Element is calculated: 

L. E. Element= (er-data -------(% enrichment) 
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2. These calculations can be performed using a program
able calculator (Hewlett-Packard model 97) in the 
following manner: 

a. Programs for the HP 97 are recorded on cards call
ed Smart Cards. Select the card with the Limit of 
Error program. With the calculator ON, RUN po
sition, print mode in NORM position,-rnsert side 1 
of the card, face up, into the front slot provided 
on the left side of the calculator, and press it 
into the slot until the reading mechanism picks it 
up and propels it out the rear slot. (Let go of 
the card as soon as you feel it begin to be pro
pelled by the reading mechanism). Do this als~ 
for side 2 of the card." 

b. Press the F key and the A key to clear the ~al
culator. 

c. Enter data (package value in grams, drum value in 
grams, etc.) by pushing the appropriate numerical 
keys, and either the A key or the Z+ key. If, 
after depressing the z + key or the A key, it is 
discovered the wrong value has been entered, 
press the F key and then the z+ key, and then 
enter the correct value. 

d. After all the data has been entered, press the 
B key. The calculator will print out a series of 
values. (See Example 1) 
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bSB,l 
3.8B0B l+ 
2.fJB8B :Z+ 
6.0888 !+ 
5.0000 Z+ 
4. 8880 :+ 

GSBB 

N 5.6880 1:t.'f: 
Ixi 20.0888 t,:.;: 

Ixi2 98.008€1 *** 
(Ixi) 2 40B. 00f10 H::+: 

- 4.8888 :,:ti;: X 

s 1. 5811 t.ti,: 

; RSD 8.3953 H:i,: 

RSD2 8.1563 ,:H: 

Sp2 e.12sa i,:.f: 

! 
Sp 0.3536 i,:t:,: 

SR 
2 

11. 8758 •:r+: 
SR 3.446[1 tt:j: 

e. The last number printed (Sr) is the sigma (er-) for 
the data entered. Multiplying this number by 1.96 
gives the limit of error at the 95% confidence 
level for this particular group of data; however, 
the more important number at this point is SR2, 
the next-to-last number on the print out, because 
it will be used in finding the overall limit of 
error. (Limits of errors can not be summed for a 
total limit of error; the squares of their sigmas 
must be added, the square root extracted, and that 
root used to calculate the overall limit of 
error.) Now calculate either L. E. Isotope or 
L. E. Error as in I.A.l.a.or b. 

f. NOTE - Items of different enrichments can not be 
mixed. A separate limit of error must be cal
culated for each enrichment. 
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B. Surveyed Items (Non-line drums, unique items) 

1. The base number used in determining the value of the 
item in question must be known. This is usually, the 
average counts per minute/area from the survey meter. 
To determine the sigma for the base number: 

tr n = /J cr-- cpm ( error in base number) 
cpm 

2. To calculate sigma for the item, multiply the de
termined value of the item by~ n. 

r:r- i terns = ~ n x determined value 

3. Now, for a group of like items: 
I 

N · ( # of i terns) ( er- i tern} = r:r- isotope 

4. Divide~ isotope by the appropriate enrichment to 
find the cs- element: 

er- Isotope = ~ element 
% enrichment 

5. The limit of error at the 95% confidence level for 
this item (group of items) would be: 

L. E. Isotope= 1.96 x ~isotope 
L. E. Element= 1.96 x o--element 

But, remember, the square of the sigma must be used 
-in calculating the overall limit of error. 

6. NOTES: a) One exception to~his category is a group 
of concrete donuts. Use the method in I.A •• 
b) Items of different enrichments can not be 
mixed. A separate limit of error must be cal-
culated for each enrichment. · 

C. Scales Errors (Uranium) 

1. Review the check-weight sheets for the appropriate 
scales (dirt, dried solids, ash), and pick the weight 
nearest the average net weight of item(drum, packages, 
solution), and calculate the mean of the check weights 
for that weight. Convert from pounds to grams. 
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2. N = Number of check weighings 
1: X. = 

l. 
1: Xi2 = 

Sum 
Sum 

of 
of 

Scales Values for the check weight 
squares of Scales Values for the check 

weight 

X(Mean) = 1: Xi X 453. 59 grams/lb. 
N 

= f~x1..2 Std. Dev. /\I p::x .) z 
l. 

N(N I) 

Random Weight Error= Std. Dev. xl\{~2~ 

Systematic Weight Error 

a. Dirt and ash 

~Std.Wt. -
1 

Mean Std.Meas. ) 2 + (Std. Dev. )2 + (R.W.E. "f x # drums + L # Times of 
Ck. Wt. 

b. Dried solids 

~Std.Wt. - Mean Std.Meas. )
2 

+ (rd. Dev. )
2 

+ (R.W.E. i2 x # pkgs~' 
~ Times of J 

Ck. Wt. 

(453.59)~' 
# drums J 

c. Soda Ash 

~Std.Wt. - Mean Std.Meas.?+ (Std. Dev. >2 + (R.W.E. / x # Sol. t # Times of 
Ck. Wt. 

k 

+ (453.59/1

2 

# ck.wts.J 

r::,- Isotope = Systematic Weight Error (grams) x Assigned Value of Item 

Element = c:,--Isotope 
% Enrichment 

3. Limit of Error at 95% confidence level= ·1.96 ~ 

4. Calculate cr-2 for use in overall Limit of Error. 

5. See Figures 1, 2, 3 and 4 for forms used for Scales 
Errors. 
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FIGURE 1 

Dried Solids 

Weight Limit of Error 

Weight Error 

Use check weight nearest to average weight of packages 
and calculate mean of the check weights. 

Mean = IX i = 
N 

____ grams 

Std. Dev. = r NIX i 2- (I Xi )2 = r ~------) -______ = ___ g 
fJ. NCN-1) AJ 

Random Wt. Error = Std. Dev. x /'112 = X 1. 41 = g ---
L 

Sys.Wt.Error = rcstd.Wt.- Mean Std.Meas. )2 +(Std.Dev. 'f +(R.W.E.) 2x # Pkgsj,
2 

l · . # Times of ] 
Ck. Wt. 

= [( >2 >2 + ( 
2 r + ) X --

E + + r = g 
a--

= 

g X g U/g = g u 
Lab. Ana. er-

g U X = g 0235 
% Enrichment c:r-

~ 2 u = 

~ 2 u235 = 
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FIGURE 2 

Soda Ash 

Weight Limit of Error 

Weight Error 

Use check weight nearest to average net weight of solutions 
and calculate mean of the check weights. 

Mean = r Xi= 
N 

X 453.59 = ______ grams 

= ___ g 

Random Wt. Error= Std.Dev. x ~ = X 1. 41 = ___ g 

S~s.Wt.Error~Std.Wt.-Mean Std.Meas. /1-(Std.Dev. )
2
+(R.W.E.1x # Sol.+(453.59-~

2 

# Times of # Ck.wtj 
Ck. Wt. 

= [( 
2 2 

,2 + ( 4 5 3 . 5 9J~ ) + ( ) + ( X 

= [ + + + j~ = g 

g X g U/g = g u 
Lab.Ana. ~ 

___ g U X _________ = ______ g u235 
% Enrichment o---

a-- 2u = 

er- 2 0 235 = 
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FIGURE 3 

Ash 

Weight Limit of Error 

Weight Error 

Use check weight nearest to average net weight of drums 
and calculate mean of the check weights. 

Mean = IX i = rr- ---- X 453.59 = _____ grams 

Std.Dev.=)NIXi2 -(IXi) 2 =f( __ x ______ ) -
N N(N-1) i\J 

= ___ g 

Random Wt.Error= Std.Dev. x/',(2°= X 1. 41 = ___ g 

Sys.Wt.Error~Std.Wt.-Mean Std.Meas. f+(Std.Dev. t+(R.W.E. fx # drum+(453.59~\; 

=[
=[- + 

----

---

2 
) + ---

+ + ---

# Times of # arums] 
Ck. Wt. 

2 2 
) + ) X ---

-r= ___ g 

g = lb. x g u235/lb. = g u235 ----- ----453.59 g /lb. Lab.Ana. ~ 

___ g u235 = g u 
.03 ~ 

= 

er- 2u2JS = -----



SUBJECT LIMIT OF ERROR 

Dirt 

Weight Error 

FIGURE 4 

Weight Limit of Error 

NO. KM-NC-15-56 ,Rev.'.: 
PAGE 10 OF 33 
DATE 8-28-85 

Use check weight nearest to average net weight of drums 
and calculate mean of the check weights. 

Mean = E Xi = X 453.59 = _____ grams 
-r 

______ ) - = ___ g 

Random Wt. Error = Std. Dev. x ,J2 = __ x 1. 41 = __ g 

=E 
2 2 2 0 

Sys.Wt.Error (Std.Wt.-Mean Std.Meas.)+(Std.Dev.)+(R.W.E.)x # drum+(453.59!t 
# Times of # drums J 

Ck. Wt. 

=t- 2 
) + ----

2 
) + --- >2 X --- ----

=[_+_ + + -r=_g 
g = lb. x g 0235/lb. = g u235 

....,.4--5....,..3-.-5...,..9-g"""'/,.,,..l..,....b. --- Lab. Ana. o--

g 0 235 = g u -.--0""'"3- __ a--__ _ 

2u = 
er-- -----

er- 20 235 = 



SUBJECT LIMIT OF ERROR NO. KM-NC-15-56,Rev.3 
PAGE 11 OF 33 
DATE 8-28-85 

D. Overall Limit of Error (Totals) 

1. Totals for limit of error for materials of each en
richment must be determined, by adding all the a- 2 
for each a- isotope at all the a- 2 for each~ element 
for that enrichment. The square root of that total 
is extracted, and multiplied by 1.96; if this is 
L. E. Element, multiply by% enrichment to get L. E. 
Isotope. If this is L. E. Isotope, divide by% en
richment to get L. E. Element. 

2. Overall limit of error is found by adding all a- 2 
isotope and alla-2 element, extracting the square 
root for each, and multiplying them by 1.96: 

II. Examples 

I 
isotope L. E. Isotope = l.9~r.~ 2 

L. E. Element= l.9~~r.-~---2--e_l_e_m_e_n_t-.1 

A. Suppose a Pu TRU waste shipment of three drums, and the 
drums had packages of the following values(grams Pu): 

Drum #1 - 1.380, 1.878, 1.917, 1.752, 1.576 

Drum #2 - 0.010, 0.042, 0.045, 0.010, 0.052 

Drum #3 - 1.723, 1.689, 0.010, 0.010, 0.010 
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1. Calculate the limit of error for each drum as in 
r.A.l. using I.A.2 •• 

. 3803 

.8780 
• 9170 
. 7528 
• 5768 

14.6595 

72. 3010 

1 ~r.- ~ 
, a {otft, 

0.2232 

e.1312 
0.8172 

0.0138 
B.1174 

.-.. -.e-. 
b;:-:thl 

.... 
,4T 

I+ 
!+ 
z.,. 
,i.T 

GSBB 

:+:H: 
iH.t 
n:;: 

**--+= 
U:t-

ii;::;: 

*** 

Drum #2 GSB~ 

2 
element~ 

er-

1. 7230 !+ 
1.6893 :+ 

.0180 !+ 

.8180 Z+ 
GSBB 

5. 808& *** 
3. 4428 .U.'t 
5.8218 tn: 

11. 8474 i;::+:t 

@.£884 u~· 

1. J495 *** 

1. 4571:1 ~-::;: 
1.2B?1 t:U 

- -, .-.. -.. •. 
t, • .:., : ;,:; t= :;,: :,: -"-

Drum ff 3 GSBo. 

.8420 !+ 

.0458 !1-

.B1B8 Z+ 

:;.t'l!:180 i;:** 
8.1598 :f:f=t 

e. 886? *-"** 

[1. 6361 it::p 

e. 464 7 ,:,: .• 

[i. 3237 H:i: 
0.5690 H:; 

2 element -::r- C:. ~:,:>;;:~ :;-!~ 

c:r--- 0. 04 55 :en 

For TRU waste, the values entered are grams of the 
element. The enrichmnent (actually, percent fissile) 
is 87.35%, so thec,--isotope can be determined: 

• 4?'.19 ENTt 
• 872:5 X 

~isotope 

~2 

8.4148 tU 

8.1721 tn 

o--isotope 

2.5296 ENH 
.8735 X 

2.2896 *** xz 
4.8824 Ut 

:a-isotope 

I <r2 

• 8459 ENH 
,87J5 X 

fl.84&1 Ut 
t.:6 
,i-""' 

\ . 



SUBJECT LIMIT OF ERROR NO. KM-NC-15-56, Rev.: 

L.E. 
element 

isotope 

PAGE 13 OF 33 
DATE 8-28-85 

Then, the limit of error for each individual drum can 
be calculated: 

a4749 ENTT" 2. 5296 ENT·t .0459 ENTt 
1. 9600 X L.E. 1.9688 X L.E. 1.96B8 x 
0.9308 .u:+: element 4.9580 *** element 8.B986 *** 

.41BB ENTt 2. 21efi ENTt . 0408 ENT1· 
1.960@ X 1. 9608 X 

@. 8ff36 t:+::+: isotope 4.3316 *** isotope 0.8784 *** 

The limit of error would be as follows: 

Drum #1 Element 8.503 ± 0.93 grams 
Isotope 7.427 ± 0.80 grams 

Drum #2 Element 3.442 ± 4.96 grams 
Isotope 3.007 ± 4.33 grams 

Drum #3 Element 0.159 ± 0.09 grams 
Isotope 0.139 ± 0.08 grams 

But would be rounded and reported as follows: 

Drum #1 Element 9 ± 1 grams 
Isotope 7 ± 1 grams 

Drum #2 Element 3 ± 5 grams 
Isotope 3 ± 4 grams 

Drum #3 Element )Limit of Error not 
Isotope )required for values ;. 1. 0 gram 
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2. Calculate the total limit of error for the shipment. 
This can be done using the H.P. 97 programmable 
calculator: 

Push the F key, and the C key. Then enter the 
rs- 2 element for each drum with the C key. 
After entering all the o- 2 's, push the D key. 
This prints the following: 

2 .2255 GSBG 
6.3988 GSBC 

• BB21 GSBC 
GSBD 

I t:r-2 6. 6264 ~:i;::+: 
~ 2.5742 H:;,: 

L.E.element 5.0454 u:+: 

Multiply the L. E. Element by .8735 to get 
L. E. Isotope: 

I 
5. 8454 ENT·r-

• 87J5 X 

:L.E.isotope 4. 4872 ,.-i.,~ 
I 

Shipment totals, then are: 

L. E. 
L. E. 

Report: 

L. E. 
L. E. 

Element 
Isotope 

Element 
Isotope 

12.104 
10.5730 

± 5.0454 grams 
± 4.4074 grams 

12 ± 5 grams 
11 ± 4 grams 
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B. Suppose a Uranium Plant inventory or shipment with the 
following items: 

Counted trash (packages) 3, 2~ 1, 5, 4, grams 235u (3%). 
2.83% 235u enriched solids (packages) 4, 2, 1, 6, 5 
grams 235u. 
3 drums non-line trash. 
Assume 2.83 % packages weigh 2000 grams. 
Assume .0636 g 235u/gram. 

1. Calculate the overall limit of error: 

a. Counted trash - follow I.A.I. and I.A.2 •. 
(NOTE - If the material is 3% 235u enriched, 
the r:r- U and ,r- 2u can be found by pushing the 
F key and the D key. 

<r- 2 23su 
235 U 

g-- . 

GSL 
3.BB88 !+ 
2. 88@8 .i:,"!-

1. 88B8 .!+ 
5.8Bft8 Z+ 
4.8880 !+ 

GSBE 

5.000ft l#:tt 
15.68&6 U.,: 
55. BBB8 t:t:.,: 

225.BBfJB i;:u 

1.5811 *** 
8.5270 n:i;: 
fJ.2778 *** 
8.2222 *** 
0.4714 t,:i 

12.3£11 Ut 

3.5158 *** 
i;sBd 

a-- u 
2 ~,,u 

117.1946 .th 

1J734.5679 *** 
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b. 2.83% 235u enriched solids - follow I.A.land 
I.A.2 .. 

GSB,, 
4.[iJfj[i :Z+ 
2. fj[i[ift :Z + 
6.888& :Z+ 
1. BBB@ :Z+ 
5.B888 !+ 

5.0008 U:t 
18.8880 ui;: 
82. BBBB *:,;::,;: 

2.B?J6 ui;: 

B.576B *** 
ff. 3318 *** 

B.2654 U:+: 

0.5152 *** 
21. 6J2? •t;;: 

4.6511 ui;: 

£NH 
.B28J 

i64.3498 a-- u 

0--2 u 27018.8455 

H:t 
xc: 

ni;: 

NOTE: · ·a· 235u b 2 83% di vi 1.ng c-- y • o to 
get er-- U. 
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The value assigned to non-line. trash drums is 0.25 grams 
235u. This is based on some assumptions, one being that 
there is an average of 7500 dpm/100 cm2 on all surfaces. 
This is (assuming a 50% counter efficiency) 3750 cpm. 

Following I.B.: 

i) v n =1\13750 
3750 

= 0.0.0163 

ii} 0.28 X .0163 
= .0046 

iii) N 3 drums x • 0046 

= 0.117<r235u 
= o. 014 cr-235u 

0.117/.03 
= 3.90<r9U 
15. 213 crU 

d. Scales 

(3% 235u enriched} 

See attached sheet 
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Dried Solids 2.83% 

Weight Limit of Error 

Weight Error 
/ 

Use check weight nearest to average net weight of packages 
and calculate mean of the check weights. 

Mean= IX. = 
~ 

1899.9 grams (Assume 10 check weighings 
and X = 18999 9rams) 

Std.Dev.=1Nl:Xi2_ (IXi)2 = 1(_.!Q_)x 3609620.01) - 360962001 = .lOOOg 
t,J N(N-1) ~ 90 

Random Wt. Error= Std. Dev. x~= .1 x 1.41 = .141 g 
]-,: 

Sys.Wt.Error ='~Std.Wt. -Mean Std.Meas. ) 2+(Std.Dev. )2 +(R.W.E. f x # PkgsJ

2 

L # Times of 
Ck. Wt. 

= 

= 

[i 1900 18 9 9 . 9 )
2 + ( • 10 0 f + ( • 141 ,2 X -2_ l ~ 

10 j 

t O. 01 + .001 + .099I' _ 0.332 g 

0.332 g x .0636 g U/g = .0211 g U 
Lab. Ana. ~ 

.0211 g U X .0283 = .000598 g u235 
% Enrichment ~ 

Scales Error Negligible 

= .000445 

er- 2u235 = .00000035 
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e. Totals 

For the 2.83% 

Element = 1.96 
Isotope = 1.96 

For the 3% 

Counted Trash 
Non-Line Trash 

2 = z rs-

er- = 

Element= 1. 96 

DATE 8-28-85 

x cr-U = 1. 96 x 164. 3498 = + 322 grams 
xa-235u = 1.96 x 4.6511 = + 9 grams 

~ 2 u c-
2

235 U 

13734.5679 12.3611 
15.213 0.014 

13749.7809 12.375 

117.25946 3.517 

X 117.25946 = ± 230 grams 
Isotope= 1.96 x 3.517 = ±_ 7 grams 

Shipment Totals 

2 u 
? 

a-- ~ -235 u 

2.83% 27010.8455 21.6327 
3% 13749.7809 12.375 
z c;:s- 2 = 40760.62640 34.0077 

er- = 201.89 5.83 

Limit of Error, Element= 1.96 x 201.89 = ± 396 
Limit of Error, Isotope= 1.96 x 5.83 = ± 11 
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This manual describes the methods for reducing raw source 
data to measurement random and systematic errors about these 
data. Also presented is the means to propagate these errors 
for obtaining a term called LE(ID) This term is the limit of 
error of the inventory differences for I.D. The limit of 
error, LE, represents a 95% confidence level where the ID 
represents the difference between a period's ending book 
balance and the period's ending physical inventory. A 
period's book balance is that period's beginning physical 
inventory plus succeeding receipts minus shipments. 

The source data for generating the errors arises from three 
types of measurements. 

1. Standards: This refers to materials made up of certi
fied weights. This collected data supplies information 
for calculating short term systematic errors and their 
corresponding biases. Certified weights also supply data 
for random errors and long term systematic errors 
{KM-NP-15-46). 

2. Waste Samples: Mutiple sampling of waste materials 
furnishes data for evaluating random error contributions 
arising from waste material variabilities. {KM-NP-15-46). 
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A. Scale and Balance LE 

This section describes the manner in which to calculate 
random and systematic errors for those scales and bal~nces 
used for weighing special nuclear materials when making 
transfers between material balance areas or for inventory 
purposes. 

1. Random Errors 

The data for the calculations comes from making many 
weighings of reference weights on each scale or 
balance. Reference weight magnitudes represents 
typical values seen by that scale or balance. Each 
scale or balance may have one or more reference 
weight. These calculations apply to each reference 
weight value for each scale. The reference weight 
values are traceable to certified or standard weights. 

a. Error 

Let W0 
value. 
values 
weight 

represent a given reference weight's 
For period j we have k measurements 

W1, W2, •• , Wk giving an average 
of: 

1 
W. = k z: Wi, i = 1, 2, ... , k 

J 

of 

( 1) 

:h:::) ~a r:,w:~ 1~ (::) \ standard deviation of : ( 
2 

) 

[ K (k-1) j 
In order to obtain the total random error for a 
weight, use the assumptions: 

i) Tare and gross weights are rounded to the 
same place. 

ii) Tare and gross weights have the same random 
error. 

iii) No co-variance condition exists between the 
tare and the gross weights. 
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From these conditions the net random standard 
deviation is: 

s (R) f{2 s (w) 

where 

s (w) 

( 3) 

( 4) 

where t represents the number of periods under 
consideration,t < 30. 

2. Systematic Error 

a. Short Term 

The short term systematic error is: 

s(Sk) = I wj • woJ ( 8 ) 

This error applies to those weights repiesented 
by period k· 

b. Long Term 

The average of averages is 
= 1 -
W = i IW j , j = 1 , 2 , • • • , 9, 

kc 

s(W) = ftr w2 - (Iw/ l 
2 

t Q, ct - 1) J 
The long term systematic error is 

a(T) = [cw - W )
2 + s 

2 + s
2

(W) + 1::.
2
]~ 

0 0 ~~ ~ 

R. 12 

where s 0 represents the error of the check 
weight, and 6 the units rounded to. 

B. Assay I.D. 

( 9) 

(10) 

(11) 

During Standby Operations, only low level waste material 
will be produced as a result of decontamination work. 
Should any material sampling become necessary the assay 
work would be done by an outside Laboratory and an I. D. 
for that assay would be requested as part of the assay 
report. 
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1. Fissile Analysis 

Fissile assays, g fissile per g element, are treated 
in the same fashion as for assays. 

When more than one fissile isotope exists it is 
assumed they are independent measurements and the 
combined fissile standard deviation for each error 
term is 

s(F) • [:<F2~9) + s2(F
241

)]~ (40) 

C. Errors For Algebraic Sums 

This section describes the methods for calculating errors 
for plantwide receipts or shipments, receipts or shipments 
occurring during an inventory period and for inventoried 
items. rn· the expressions below a term, ai, is used 
which can only have values of +1, 0 or -1. The rules to 
determine which values to use is covered in C.3. 

1. For Element Conditions 

For those conditions for obtaining errors for the 
total element. 

a. Random Weight Variance 

For each scale, i, there exists a random 
variant s2(Ri}, see equation 3. Each item 
will have an assay of Aj(i). Here j(l) implies 
a set of j assays for scale i• The net random 
weight variance is ••• 

s2(Rn) = z::i[o:j(i)aj(i/Aj(i) 2)i s2(RiJ (42) 

Form the sums over j(i) first then those over i· 

b. Short Term Systematic Weight Variance 

Similarly for each scale i, period k for 
scale i k(i), and item j for scale i 
period,, j(ik} we have Ehe net variance. 

/(Sn)• 'iik(i{'j(ik)aj (ik)Aj(ik~ \(i)
52

("k(i))} i 

See equation 8 for s(Sk(i)} 

(43) 
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c. Net Element Limit of Error 

The net element stand~rd deviation is 

s(En) =[s
2

(Rn) + s
2

(Sn)] 

The limit of error 

LE(en) = 1.96 s(En) 

2. For Fissile Conditions 

(54) 

(55} 

For those conditions where fissile errors are needed. 
If only one fissile isotope exists, U-235, the 
isotopic value for that isotope is the fissile assay. 

F + I (U-235) 

If two isotope fissile exist then 

F + I(Pu-239) + I(Pu-241) 

(56) 

(57) 

The first two items are similary to those for element 
errors. The prime serves to identify isotopic data. 

a. 

b. 
2 

s (SI )= 
n 

c. 

~an.~om Wei[ght Var~ance 
2 

]
2 2 

J 
s (Rn)= Ii (Ij(i)ai Fj(i) Aj(i) )is (RiJ 

Short Term Systematic Weight Variance 

Ei~k(i) Ej(ik)aj(ik)Fj(ik)Aj(ik~
2
k(i)

52
(Sk(i)~ i 

Net Fissile Limit of Error 

( 5 8) 

( 5 9} 

The net standard deviation for the fissile mass 
is. 

s(F ) = ~
2(R' ) + s 2(S' )]~ 

n L n n 
(72) 

The limit of error is ••• 

LE(F) = 1.96 s(F) 
n n 

(73) 

3. Evaluation of ar 

The values used for ar depend on whether it re
presents a plantwise receipts or shipments, receipts 
or shipments during an inventory period or inventory 
items. 



SUBJECT LIMIT OF ERROR 

a. Plantwise Shipments 

NO. KM-NC-15-56, Rev.~ 
PAGE 25 OF 33 
DATE 8-28-85 

This data furnished the data needed for such items 
as ACE-741 forms. 

ar = 1, for all items. 

b. Shipments During Inventory Period 

ar = 1, for all items received. 

ar = -1, for all i terns shipped. 

c. Inventory Items 

a= o Items present on the previous inventory or 
items on inventory unchanged from what was 
received by that process area. 

a= 1 All other items. 

Each inventory is considered as independent of all 
others. 

D. Inventory Differences - I.D. 

Whether in terms of element or fissile the ID is 

ID= BI+ (R - S) - EI 

Where. 

Bi Beginning Physical Inventory 
R Material Received 
S Material Shipped 
EI Ending Physical Inventory 

( 7 4) 

For element conditions use equation 54: equat~on 72 for a 
fissile condition. Then .•• 

LE( ID) element = [ LE
2 

(En)Bl + LE
2

(En)S-R + LE
2 

(En)E~ ', ( 75) 

or • • • 

(76) 

Where S-R represents combined limit of error for ship
ments and receipts. 
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APPENDIX I 

ERROR PROPAGATION MODELS 

This appendix summarizes the methodology for propagating errors for 
shipments, inventories and the inventory differences. Each error 
type is propagated individually then all the error types are added 
together as variances. 

The 

E 

i 

j· 

k 

a: Covariant Condition, 

plant 

) : 

: 

: 

: 

= 0 When item present on previous inventory, being 
unchanged on present inventory, 

or 

when present in a process area in same form as 
received, 

or 

item represents a shipment in or out of a storage 
area, this prevents counting the error twice. 

= 1 When an inventory is not present on the previous 
inventory and unchanged, 

= -1 

or 

when item represents a receipt into a process 
area. 

when item represents a shipment from a process 
area. 

as a whole will represent a process area. 

Expected value of variable in ( ) . 
Individual item weighed for a given scale. 

Scale used. 

Scale short term period. 
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.R, : 

L 

m 

n 

p 

R 

s 

var () : 

X 

y 

0 ) : 

A. 

B. 

c. 

D. 

Measure assay • 

Long term systematic error. 

Assay material type. 

Assay method short term period. 

Process variability. 

Random error. 

Short term systematic error. 

Variance of the variable in (). 

Weight variable. 

Assay variable. 

DATE 8-28-85 

Standard deviation of variable in(). If the test s2 
is considered as the best unbiased estimate of the 
variance (5'" 2. 

Random Weight Varance 

2 2 2 var(IxR) = E.(I.a. E (y).).a- (R). 
J l.l. l.JX J 

Long Term Systematic Weight Variance 

2 2 var (Ix
1

) = I.(I.a.E(y) . . 0- (L). 
J l.l. l.JX J 

Short Term Systematic Weight Variance 

var (Ix)= I.[Ik(I.a.E(y)./ka-
2
(S)k]. 

S J l. l. l. X ·. J 

ID Variance 

var(ID} = var(Ixy} beginning inventory. 
+ var(Ixy) shipments-receipts. 
+ var(Ixy) ending inventory. 
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b 

B 

BI 

Ej(i) 

Ej(ik) 

EI 

F 

DATE 8-28-85 

GLOSSARY 

Covariant Condition: Distinguishes between items re
ceived and inventoried unchanged, those present on 
the previous inventory or between those shipped or re
ceived. All these have random variable contributions: 

Convariant Condition: Same as Ai except applies to 
long term variences for measurement type j item i· 

Convariant Condition: Sarne as Aj(i) except applies 
also to the short term periodk. 

Covariant Condition: General expression for Ai, 
Aj(i) and Aj(ik)• 

Bias: Difference between the average of a set of 
measurement and the true value for an assay method. 

Bias: Difference between the means of means and the 
mean of a set of assays measured from reference 
samples. 

Factor: Value used when not using an actual measured 
quantity. 

Beginning Inventory: A period's beginning physical 
inventory mass balance. 

Element Mass: Calculated mass present as determined 
by assay method type i, j items exist all having 
the same assay. . · 

Element Mass: Sarne as Ej(i) except it represents 
the kth short term period. 

Ending Inventory: A period's ending physical inven
tory mass balance. 

Fissile Assay: Gram fissile isotopes present per gram 
element. 
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F239 Fissile Assay: Same as F except for Pu-239 isotope 
only. 

Fj(i) 

Fj(ik) 

I 

ID 

Ij(i) 

Ij(ik) 

I(Pu-239) 

I(Pu-241) 

I(U-235) 

j 

k 

.Q,. 
1. 

Fissile Assay: Same as F except for Pu-241 isotope 
only. 

Fissile Assay: jth fissile assay represented by 
scale i· 

Fissile Assay: Same as Fj(i) except it represents 
the scale kth short term period. 

Integer: For indexing say a single item. 

Inventory Difference: The book balance and inventory 
time minus the physical inventory. 

Fissile Mass: Calculated mass present as determined 
by assay method type i, j items exist all having 
the same assay. 

Fissile Mass: Sarne as Ij(i) except it represents 
the kth short term period. 

Fissile Assay: Gram fissile isotope Pu-239 only per 
gram plutonium. 

Fissile Assay: Gram fissile isotope Pu-241 only per 
gram plutonium. 

Fissile Assay: Gram U-235 isotope per gram uranium. 

Integer: For indexing say a single set of data. 

Integer: For indexing say a specific period, or 
describing the number of results being treated. 

Integer: For defining the number of periods of items 
being considered. 

Integer: Number of measurements represented by the 
ith measurement. 
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LE{En} 

SE(En)s-R 

LE(Fn) 

LE(Fn>s-R 

LE(ID) 

LE(ID) 

rn. 
l. 

n 

n· l. 

DATE 8-28-85 

Limit of Error: 95% confidence limit for the net 
element mass. 

Limit of Error: Same as LE(En} except for the be
ginning inventory only. 

Limit of Error: Sarne as LE(En) except for the 
ending inventory only. 

Limit of Error: Same as LE(En) except for shipment 
and receipts only. 

Limit of Error: 95% confidence limit of error for 
the net fissile mass. 

Limit of Error: Same as LE(Fn) except for the be
ginning inventory only. 

Limit of Error: Sarne as LE(Fn) except for the 
ending inventory only. 

Limit of Error: Same as LE(Fn) except for ship
ments and receipts only. 

Element: Limit of Error: 95% confidence for the 
element mass inventory difference. 

Fissile: Limit of Error: Same as LE(ID) element 
except for fissile mass. 

Integer: Number fissile samples represented by the 
ith measurement. 

Integer: Number of items. 

Integer: Number of items for the ith measurement. 

Integer: Number of items for the jth period. 

Receipts: Mass of material received. 
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S(En) 

s(F) 

s(F239) 

s(F241) 

s(Fn) 

s(R) 

s(Rn) 

s(R'n) 

s < sk < i > > 

s(Sn) 

s(S'n) 

s(T) 

Standard Deviation: 
weight. 

Standard Deviation: 
mass. 

Standard Deviation: 

Standard Deviation: 

DATE 8-28-85 

Represents that of the check 

Net e~ror for the net element 

Net error for a fissile assay. 

Error for plutonium 239 isotope. 

Standard Deviation: Error·for plutonium 241 isotope. 

Standard Deviation: Net error for the total fissile 
mass. 

Standard Deviation: 

Standard Deviation: 
cific scale. 

Standard Deviation: 
bution. 

Standard Deviation: 
of fissile mass. 

Weight random error. 

Same as s(R) except for a spe-

Net weight random e1~or contri-

Same as s(Rn) except in terms 

Standard Deviation: Weight short term systematic 
error for period k and scale i· 

Standard Deviation: A weight short term systematic 
error for period k· 

Standard Deviation: Net weight short term systematic 
error contribution. 

Standard Deviation: Same as s(Sn) except in terms 
of fissile mass. 

Standard Deviation: A weight long term systematic 
error. 
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s(Ti) Standard Deviation: Same as s(T) except for a 
specific scale. 

s(Tn) Standard Deviation: Net long term systematic error 
contribution. 

s(t'n> Standard Deviation: Same as s(Tn) except in terms 
of fissile mass. 

s (w) 

= s (W) 

s 

= w 

Standard Deviation: Pooled estimate of a set of 
weight standard deviations, s(Wj). 

Standard Deviation: Weight error for a mean of means. 

Standard Deviation: Error made from a set of check 
weights made during period j· 

Shipped: Mass of material shipped. 

Mean of Means: Mean off1a set of mean weights, Wj. 

Reference Weight: Certified value of a reference 
weight. 

Weights: Individually made weights. 

Mean Weight: Mean of a set of reference weighings 
made during period j• 

Weight: Weight made on scale i during period j· 

Weight: kth individually made weight. 

Increment: Decimal increment value of a given weight 
made. 
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PURPOSE: To provide a conservative estimate of contamination 
levels in combustible LSA waste that cannot be easily 
surveyed with alpha detection instrumentation. 

I. Equipment Used 

A. Ludlum Model 2500 Scaler Raterneter. 
B. Two - 5 inch photomultiplier tubes. 
C. Plastic scintillator - 5 inches in diameter and 36 

inches long. 
D. Drum turn table. 
E. Lead lined pit. 

II. Equipment Settings 

f A. Ludlum Model 2500 

1. High voltage~ 7.30 ~ 2000 volts. 
2. Window - in - 0.70. 
3. Threshold - 1.90. 
4., Energy Multiplier - 100 KEV. 
5. Timer - clock - 5.6 minutes - 13 revolutions of 

drum for each count. 

III. Sources Used 

A. ~.1 mCi csl37 Source #1597 G. R. 
B. 1 mCi Ra226 Source# None. 
C. 0.4688g Pu Standard (FFTF pellet encased in brass). 
D. 245 cpm 2pi Pu239 Source #P-1819 to document 95% confi

dence level of Hewlett-Packard Model #5560A automatic 
sample counter. 

E. Source #P-1959, P-5983, P-5565, P-1819, P-3029, and 6896 
to document Hewlett-Packard automatic sample counter 
effeciency from 3 dpm to 1,866,000 dpm. 

F. ~ 2,000,000,000 dpm collected on~ 4,000 air sample 
filters and counted with Hewlett-Packard automatic sample 
counter.· These air samples were placed in packages of 
100 or 50 samples and sealed in plastic using the bag 
sealer. 
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IV. Counter Response 

Rl H.V. - 7.30 window in - 0.10 E.M. - 100 KEV count time 
1.0 minute. 

82.7 NCi/g in 125 lbs. standard drum. 

R H.V. - 7.30 W - 0.1 E.M. - 100 KEV Count Time 1.0 Min. 
1 

Bkg. 82.7 NCi/g in Ratio 
Threshold CPM 125 Lbs. std. drum Net counts/bkg. 

0.10 358235 494025 
0.20 120398 175314 
0.30 60735 98463 
0.40 40274 66494 
0.50 23300 39219 
0.60 10870 28292 
0.70 8338 20779 
0.80 6884 16470 
0.90 5632 13370 
1.00 4738 11318 1. 39 
1.10 4012 9708 1. 42 
1. 20 3444 8650 1. 51 
1. 30 2840 7928 1. 79 
1. 40 2374 7472 2.14 
1. 50 1953 6798 2.48 
1. 60 1777 6064 2.41 
1.70 1473 5725 2.88 
1. 80 1243 5213 3.19 
1. 90 1056 4651 3.40 
2.00 926 4054 3.38 
2.10 754 3735 3.95 
2.20 672 3289 3.89 
2.30 618 2904 3.70 
2.40 534 2416 3.52 
2.50 508 2163 3.26 
2.60 464 1912 3.12 
2.70 422 1568 2.72 
2.80 335 1317 2.93 
2.90 356 1178 2.31 
3.00 342 956 1.79 
3.10 345 883 
3.20 311 749 
3.30 282 644 
3.40 290 588 
3.50 272 542 
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Bkg. 82.7 NCi/g in Ratio 
Threshold CPM 125 lbs. std. drum Net counts/bkg. 

3.60 284 461 
3.70 282 413 
3.80 273 434 
3.90 280 373 
4.00 253 369 
4.10 244 306 
4.20 260 328 
4.30 280 313 
4.40 272 339 
4.50 247 315 
4.60 240 298 
4.70 236 315 
4.80 236 302 
4.90 2,26 270 
5.00 230 287 
5.10 272 322 
5.20 248 292 
5.30 291 310 
5.40 243 290 
5.50 269 292 
5.60 242 286 
5.70 268 311 
5.80 260 290 
5.90 279 348 
6.00 251 289 
6.10 306 392 
6.20 613 901 
6.30 1596 1892 
6.40 2922 3411 
6.50 4542 4936 
6.60 5979 6438 
6.70 7968 8092-
6.80 9409 9642 
6.90 11054 11203 
7.00 12584 12853 
7.10 13789 13987 
7.20 14380 14488 
7.30 14433 15008 
7.40 14677 14924 
7.50 14731 15126 
7.60 14782 15088 
7.70 14547 14998 
7.80 14488 14882 
7.90 14683 14828 
8.00 14655 14750 
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Bkg. 82.7 NCi/g in Ratio 
Threshold CPM 125 lbs. std. drum Net counts/bkg. 

8.10 14580 14698 
8.20 14632 14598 
8.30 14185 14444 
8.40 14115 14467 
8.50 14150 14228 
8.60 13820 14108 
8.70 13618 14052 
8.80 13567 13793 
8.90 13467 13631 
9.00 13461 13734 
9.10 13475 13600 
9.20 13355 13327 
9.30 13007 13302 
9.40 12900 13205 

I 9.50 12717 13002 
9.60 12851 12968 
9.70 12846 12783 
9.80 12455 12872 
9.90 12350 12629 

From this data a threshold setting of 1.90 and a window 
setting of 0.70 was selected. 

V. Detector Linearity 

H.V. - 7.30 window in - 0.70 threshold 1.90 Energy 
Multiplier - 100 KEV. 

0.488g Pu standard - FFTF pellet encased in brass placed in 
1/2" thick 9 inch long lead colurnniator. See Figure #1. 

VI. Construction of Dummy Loads of Combustible Waste 

A. Assume uniform distribution of radioactive material in 
each waste drum. To simulate this with our standards 
each drum was divided into six load zones. See Figure #2. 

B. Four dummy loads were constructed using plastic, pvc pipe, 
cardboard, tape, and wipes to fill in between these load 
zones with a net weight of 75 lbs., 125 lbs., 175 lbs., 
and 225 lbs. Each of these drums was then loaded from 
2 NCi/g of waste to 100 NCi/g of waste and calibration 
curves plotted. See Ffgures #3, #4, #5, and #6. 
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C. To document response from a point source in zone A, B, 
and C the 125 lbs. standard was loaded with~ 20 NCi/g 
of waste. Source #42 and #43 were used containing 
238,575,384 dpm alpha. 

Zone A - center of drum - 9,459 net counts 
Zone B - center of drum - 18,094 net counts 
Zone C - center of drum - 19,750 net counts 

D. After considering this data all combustible drums of waste 
will be packaged to a minimum of 75 lbs. and a maximum of 
225 lbs. To ensure that the value assigned to each drum 
is in fact less than 82.7 NCi/g we will use the most re
strictive calibration factor which was obtained from the 
75 lbs. standard drum. 

Instructions for Packaging LSA Waste 

A. KM-NC-10-82. 

B. All packaged trash will be sorted with an Eberline E-SOOB 
with an open window GM tube. AlJ packages with 0.3 mr/hr 
or greater will be handled as TRU waste. All packages 
less then 0.3 mr/hr will be handled as LSA waste. 

C. To prevent shielding problems, metal and combustible waste 
must be separated. All metal will be surveyed with an 
alpha survey meter and all combustible will be counted in 
the LSA drum counter. 

VIII. Instruction for Use of LSA Waste Drum Counter 

A. Each day that the LSA waste drum counter is to be used: 

1. The drum turn table must be timed to ensure it making 
13 complete revolutions in 5.6 minutes. 

2. Five source counts must be taken using the 78.4 NCi/g 
- 75 lbs. standard to verify the count system is 
operating properly and within a 95% confidence level 
twice daily. 
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3. Three 5.6 minute background counts with a 0.0 NCi/g -
75 lbs. standard on turn table and the turn table 
rotating will be taken and averaged. This background 
will be used for all drums·counted that day. 

4. Pu Plant waste drum counter count sheet will be used 
to record all drum counts. See Figure #7. 

S. New counts times calibration factor will be equal to 
NCi/g of waste. This will be multiplied by actual 
grams of waste in drum and converted to total g Pu. 

6. At the first of each month a new CHr2 control chart 
will be made. 

7. After repair and at least yearly, a calibration to 
obtain a new calibration factor for this counter 
shall be required. 

8. All drums will be counted before being compacted 
and the net counts above background will be added 
to arrive at a value for the compacted drum. See 
Figure #8. 
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Figure 3-1 

LSA WASTE DRUM COUNTER 7-30-85 
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Pu PLANT LSA WASTE DRUM COUNTER COUNT SHEETS 

DRUM NUMBER DATE ------
DRUM GROSS WT. lbs. ------- OPERATOR--------

TARE WT. lbs. -------
NET WT. lbs. X 453.59 g/lbs = grams ------- --------

H. v. 7.30 WINDOW O. 70 THRESHOLD . 1. 90 ------- ------- __ .c.;...;_~----
E. M. 100 KEV COUNT TIME 5. 6 MINUTES -------- -------
BKG. - 1 

BKG. - 2 

BKG. - 3 

TOTAL • 3 = AVG. BKG . ------- -------
GROSS COUNT - 1 

GROSS COUNT - 2 

TOTAL 2 AVG. COUNT -----------
AVG. BKG. ------------

NET AVG. COUNT ----------
CAL. FACTOR X NET AVG. COUNTS ---- -----.0028 NCi/g ------

(78. 4 Max.) 

GRAMS X NCi/g = NCi TOTAL ------- -------

NCi X 10-9 

1.12 Ci/g 
------ g Pu or 

--------- g Pu 

Figure 7 



Pu PLANT LSA DRUM COUNTER COMPACTED DRUMS 

DATE -------

COUNT II 

DRUM NUMBER OPERATOR -------

NET AVG. COUNTS GROSS WT. 

TARE WT. 

NET WT. ---------

TOTAL 

TOTAL NET WT. ----- lbs. X 453.59 g/lb. =--------GRAMS 

.0028 CAL. FACTOR X TOTAL NET AVG. COUNTS ------- ----- NCI/g -----
(78.4 MAX.) 

GRAMS X NCi/g = NCi TOTAL ------- ------- -------

NCi X 10-9 = 
1.12 Ci/g 

------ g Pu 
or 

Figure 8 

--------- g Pu 
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1.0 EXECUTIVE SUMMARY 

In late 1975, Sequoyah Fuels Corporation ( SFC) * announced 

its intention to suspend operations of its Cimarron 

Plutonium Fuel Fabrication Facility and to place the 

Facility in a standby status pending development of fur-

ther activities. SFC, using non-destructive assay ( NDA) 

measurment techniques, measured the residual plutonium 

held-up in the plant process equipment to establish a 

standby inventory hold-up baseline. The NRC' s Off ice of 

Inspection and Enforcement assembled a team of various 

government experts that independently 

plutonium hold-up, using NDA techniques. 

measured the 

In 1979, SFC elected to 

operation for purposes of 

terminating the NRC license. 

decontaminate the plutonium 

decommissioning the site and 

Care was taken throughout the 

* SFC became the owner of the Cimarron Facility in 1983, 

when Kerr-McGee Nuclear Corporation was divided into SFC 

and Quivira Mining Corporation. 

-1-
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decontamination program to accurately measure the 

plutonium content and identify the origin of over 28,000 

individual packages of contaminated equipment removed from 

the plant. The final measurement data for these smaller 

packages were compared with the results of the 1976 

baseline measurement program. 

This report compares the results of the 1976 baseline 

inventory data and the NRC team's data with the final 

measurement data obtained during the decon tami nation and 

decommissioning (D & D) effort. 

The summary of the three independent measurement programs 

is shown in Table 1. 

Inventory 

Measurement 

Baseline 10,818 

NRC Team 7,960 

Final D&D 9,210 

( 1 ) 95% Confidence Level 

TABLE l 

SUMMARY 

GRAMS OF PLUTONIUM 

Lower Limit u;e;eer Limit 

7,843 13,793 

4,850 11,810 

8,796 9,624 

-2-

Limit-of-

Error 

±2, 9 7 5 

+3,850 
-3,110 

±414 

( l) 

0780S 



2.0 INTRODUCTION 

Sequoyah Fuels Corporation's (SFC) Cimarron Plutonium Fuel 

Fabrication Facility was constructed in 1969 for the 

primary purpose. of manufacturing plutonium-uranium mixed 

oxide fuel pins. The process consisted of coprecipitating 

plutonium and uranyl nitrate solutions into mixed oxide, 

pressing the mixed oxide into fuel pellets, and loading 

the finished pellets into fuel rods. The process also 

included complete scrap dissolution and recycle 

capabilities as well as necessary laboratory facilities to 

support production activities. 

During the period 1970 through 1975, more than two million 

grams of plutonium were received in the form of plutonium 

nitrate and were converted into fuel pellets. The pellets 

were used in various governmental research and development 

programs, including the Zero Power Plutonium Reactor and 

Fast Flux Test Facility programs. 

Since the plant equipment included more than 30,000 ft
2 

of glovebox process area and almost one mile of process 

piping, methods were developed by SFC for conducting 

-3-
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in-place non-destructive assay ( NDA) measurement programs 

to determine the inventory of plutonium hold-up in the 

process equipment. The methods developed by SFC during 

the 1973-1975 period for measuring inventory hold-up were 

used in early 1976 to establish a baseline inventory for 

purposes of placing the facility on standby status. 

of Inspection and Shortly thereafter, 

Enforcement assembled 

NRC' s Off ice 

a team of experts from various 

government laboratories to verify SFC's measurements. The 

NRC Audit team used independent instrumentation and devel

oped specific techniques and procedures for their in-place 

NDA of the Plutonium Fuel Fabrication Facility. 

The independent audit team 

Higenbotham of the Brookhaven 

was directed by w. 

National Laboratory. 

members and their professional affiliations were: 

A, 

The 

Don M. Sikes - ERDA, Division of Safeguards. and Security 

Martins. Zuker - Brookhaven National Laboratory 

David M. Gordon - Brookhaven National Laboratory 

Richard Machnowski - Brookhaven National Laboratory 

James W. Tape - Los Alamos Scientific Laboratory 

Michael L. Evans - Los Alamos Scientific Laboratory 

Norbert Ensslin - Los Alamos Scientific Laboratory 

Richard Siebelist - Los Alamos Scientific Laboratory 

-4-
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The results of the audit team's work were summarized by J. 

W. Tape in what has since become known as the "Tape 

Report". 

Given the state of the art in early 1976, the experimental 

methods used, and the inherent difficulties of the task, 

the "Tape Report's" conclusion was that the results of the 

two independent measurements were in substantial agreement. 

In 1979, SFC elected to decommission the plutonium fuel 

plant. Measurement data were collected throµghout the 

subsequent decommissioning program for correlation and 

comparison with the data from the two measurement programs 

conducted in 1976. 

This report discusses the methods used and the results 

obtained. It also provides detailed summaries of plant, 

room, and specific equipment measurements. 

-5-
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3.0 BACKGROUND 

3.1 PLANT LAYOUT 

The process area, shown in Figure 1, consisted of 

separate rooms for the major activities and was sep

arate from the laboratory and administrative areas of 

the plant. Figures 2 through 8 depict each primary 

process area and the location of specific equipment 

in each of the areas. The primary process areas were: 

Room 128 - Coprecipitation and Oxide Production 

BO - 2 - Solution Storage and Blending 

Room 124 - Pressing, Sintering, Grinding, Pellet 

inspection 

Room 123 - Rod Loading and Welding 

Room 121 - Final Inspection and Product Storage 

Room 127 - Scrap Processing 

BO - 1 - Scrap Dissolution 

BO - 5 - Solvent Extraction 

Al 1 process equipment 

forty-one gloveboxes of 

was totally 

various sizes 

enclosed in 

and dimen-

sions. The solvent extraction glovebox, for example, 

was three stories tall and took up three walls of a 

robm as shown in Figure 8. 

-6-
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The gloveboxes represented approximately 30,000 ft 2 

of surface area. In addition, approximately 4,500 

linear feet of various piping connected the pro

cesses, ventilation ducts, solution holding tanks, 

and other process related items throughout the plant. 

3.2 NDA PROGRAM 

Sequoyah Fuels' NDA Program was developed over a two 

year period during production operations. This pro

gram generally involved a thorough clean-out of 

visual materials from gloveboxes, acid rinsing of 

pipes, and, in some areas, filter changes. Original

ly, acid washing of glovebox surfaces was accomp

lished prior to measurement; however, routine acid 

washing proved to be detrimental to the equipment. 

Removal of all containerized plutonium materials and 

a good thorough sweep down of the gloveboxes proved 

to be an acceptable method without degrading the 

confidence in the data. 
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The procedure was to establish a fixed set of repre

sentative measurement points to be measured each time 

an inventory was made and to extrapolate the measure

ments over areas not measured. Fo~ example, the full 

length of a forty foot long pipe was not measured. 

One accessible spot was measured and the data 

extrapolated over the forty feet. 

Report #4 in this series, Non-Destructive Assay (NDA) 

Techniques and Procedures, identifies the equipment, 

techniques and procedures used to measure and calcu

late the quantities of plutonium heldup in the system 

for both semimonthly inventory purposes and SFC's 

early 1976 standby inventory measurement. 

Figure 9 shows a typical arrangement of assay equip

ment during an NDA measurement of a glovebox. 

3.3 STANDARDS DEVELOPMENT 

Calibration standards traceable to the National 

Bureau of Standards with isotopic distribution simi

lar to the plutonium materials in the plant were not 

available from any known source. 
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To calibrate and maintain confidence in the instru

mentation used in the measurement program a set of 

calibration standards was developed by SFC from 

production materials. 

as follows: 

These standards were prepared 

o A specified quantity of mixed oxide ( 1. 936 grams 

Pu) was mixed with a clear acrylic paint resin. 

o The resin mixture was spread on paper towels 

( 10-1/2" x 12") in a thin layer as uniformly as 

possible. 

o The saturated towels were dried and encapsulated 

in 0.012" thick plastic packets. 

was made; however, two A group of 13 packets 

discarded because they contained small areas 

spots). highly concentrated activity (hot 

were 

of 

The 

remaining 11 packets were then compared to Brookhaven 

National Laboratory and Los Alamos Scientific 

Laboratory standards and were determined appropriate 

for use. 

During the NRC audit team's preparation for inde

pendently measuring the hold-up inventory, SFC's 
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standard packets were measured by the team. The 

results of both Sequoyah Fuel's measurements and the 

audit team's measurements are shown on Table 11. 

Except for K-M #7, the values determined by the audit 

team were within+ 10% of Sequoyah Fuel's values. As 

the audit team noted in their report, local non

uniformities in the distribution of Pu within the 

packet could lead to large errors in the calibration 

count rate if the sources were viewed at close range. 

However, viewing the sources at greater distances 

tended to average out the non-uniformities and to 

make the calibration count less sensitive to the 

exact positioning of sources relative to the detector. 

Additionally, the audit team did not correct for self

attenuation of the sources. Any self-attenuation 

would reduce the observed count rate and measured 

mass which would have brought the observed results 

into even better agreement. 

-10-

0780S 



Packet Number 

l 

3 

4* 

5* 

6 

7** 

8 

9 

10 

12 

13 

* Measured Twice 

TABLE 2 

STANDARDS EVALUATION 

SFC Value 

(Grams Pu) 

l. 934 

l. 937 

1.944 

1.944 

1.932 

1. 932 

1. 930 

l. 938 

l. 932 

1. 928 

1. 940 

1. 939 

1. 941 

Audit Team Value 

(Grams Pu) 

1.80 ± 0.15 

1.82 ± 0.15 

l. 88 ± 0.15 

l. 88 ± 0.15 

l. 89 ± 0.15 

1.88 ± 0.15 

2.03 ± 0.16 

l. 58 ± 0.13 

l. 85 ± 0.15 

1. 84 ± 0.15 

l. 74 ± 0.14 

l. 98 ± 0.16 

1. 75 ± 0.14 

** Number 7 was not used for calibration purposes. 

-11-

0780S 



4.0 STAND-BY INVENTORY (1976} 

4.1 PREPARATION 

In preparation for placing the Facility on standby 

status, steps were taken to recover plutonium heldup 

in the process equipment. By March of 1976, all 

gloveboxes and pipes had been manually cleaned, all 

pipes had been flushed with acid, all glovebox fil

ters had been replaced, all gloves had been removed 

from the gloveboxes, and all gloveports had been 

sealed with plastic covers. The remaining holdup 

plutonium was not accessible without removing the 

equipment as the plutonium was spread out in a very 

thin layer over the inner surfaces of the boxes, 

pipes and equipment or was retained in small amounts 

in pockets or crevices. 

4.2 METHODOLOGY 

The equipment, methods, and calculations employed for 

the in-place measurements are provided in detail in 

Report No. 4, Non-Destructive Assay (NDA} Techniques 

and Procedures, of this series. 
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The in-place non-destructive assay measurement pro

gram was difficult because of several design features 

of the plant. As shown in Figures 2 through 8, the 

process rooms were relatively small and allowed only 

enough room for technicians to operate the equip

ment. Additionally, most of the gloveboxes witnin 

each room were joined by a series of pass-through 

tunnels. These features prevented isolation of .. the 

item or area being measured; therefore, background 

radiation from adjacent equipment was present. 

During the · 1973-1975 development 

strated that the setup of the 

period, SFC demon

equipment could be 

consistently reproduced, the influence of background 

could be adequately shielded and the sensitivity of 

the instrumentation could be maintained. Thus, whe!l 

the plant was placed on standby, SFC 's NDA measure

ment program had been employed for some time, and 

confidence in the data was well established. 

4.3 1976 Inventory Measurement 

The 1976 inventory measurements conducted by SFC are 

shown in Tables 3 through 11. 
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TABLE 3 

1976 IN-PLACE INVENTORY 

ROOM - 128 COPRECIPITATION AND OXIDE PRODUCTION 

Box 8 and 10 
Box 8 Filter 
Box 10 Filter 
Box 6B 
Tunnel (10-6B) 
Tunnel (6B-6A) 
Calciner 
Box 6A 
Box 6A Filter 
Box SB 
Tunnel (5A-6A) 
Box 5A 
Box 3A 
Box 3B 
Box 3B Filter 
Ducts 

TOTAL ROOM 128 

LIMIT-OF-ERROR 

Mill and Blend 

Calciner Out (Oxide) 

Calciner In (ADU) 

Filtrate 

Precipitation & Filter 
Nitrate Solution Unloading 
Nitrate Solution Unloading 

-14-

Grams Plutonium 

241 
5 
4 

21 
5 
4 

37 
146 

3 
78 

2 
176 

32 
28 

79 

861 

±237 
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TABLE 4 

1976 IN-PLACE INVENTORY 

ROOM B0-2 SOLUTION STORAGE AND BLENDING 

Box 1 
Tanks 145-146 
Box 2C 
Box 2A-2B 
Wall Storage Tanks (40) 
DP Cells 
Box 4 
Piping 

TOTAL B0-2 

LIMIT-OF-ERROR 

Storage Tank Pumps 
Vacuum receiver tanks 
Vacuum Receiver 
Vacuum Pumps 
Solution Storage 
Tank level indicators 
Solution Weigh Station 

-15-

Grams Plutonium 

58 
72 
12 

6 
292 
220 
643 
393 

1,696 

± 358 
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TABLE 5 

1976 IN-PLACE INVENTORY 

ROOM 124 - PRESSING, SINTERING, GRINDING 

Box llB 
Box llB Filter 
Calciner 
Tunnel 
Box llA 
Box llA Filter 
Box 12 
Box 14A 
Box 14B 
Box 15C 
Box 15C Filter 
Box l5B 

Filter 

Filter 

Pressing and Granulating 

Boat return 
Slugging Press Box 

Overhead tunnel 
Sintering Furnace Inlet 
Sintering Furnace Outlet 
Centerless Grinder 

Outgas Furnace Inlet 

Outgas Furnace Outlet 

Outgas Furnace 
Press Trollys 
Press Trollys 

Box l5B 
Box 15A 
Box 15A 
Box 16 
Box 13A 
Box l3B 
Filter 
Duct 
Portable Powder Carts (3) 
Harper Furnace 

TOTAL ROOM 124 

LIMIT-OF-ERROR 

-16-

Grams Plutonium 

382 
10 
65 
36 

557 
8 

39 
109 

43 
283 

7 
50 

1 
5 

9 
2 
4 
4 

127 
51 

203 

1,995 

± 549 
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TABLE 6 

1976 IN-PLACE INVENTORY 

ROOM 123 - ROD LOADING AND WELDING 

Box 17 
Box 18 
Box 18 Filter 
Duct 

TOTAL ROOM 123 

LIMIT-OF-ERROR 

Grams Plutonium 

Tunnel from 15A to Pellet storage 1 
Stack Make-Up 36 

-17-
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Box 45 
Box 45 Filter 

TOTAL ROOM 116 

LIMIT-OF-ERROR 

TABLE 7 

1976 IN-PLACE INVENTORY 

ROOM 116 - MAINTENANCE 

Maintenance Glovebox 

-18-

Grams Plutonium 

18 

18 

±5 
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TABLE 8 

1976 IN-PLACE INVENTORY 

ROOM 127 - SCRAP PROCESSING 

Box 23 Pellet Inspection 
Box 23 Filter 
South Calciner 
Tunnel South Calciner 
Box 24A 
Box 25 
Box 25 Filter 
Box 44 
Box ·4 4 Fi 1 t e r 
Box 31A 
Box 31B 
Box 31C 
Box 31B:31C 
Box 32 
Box 32 Filter 
Box 33A 
Box 33A Filter 
Box 33B 
Box 33B Filter 
Tunnel (24A-25) 
North Calciner 
R Tunnel Calciner 
2 Portable I-X 
Duct 
Tank Farm 

TOTAL ROOM 127 

LIMIT-OF-ERROR 

Calciner exit box 
Dissolution 

Fume Scrub 

Resin Column 
Surge Tank 
Evaporation Hood 

Precipitation 

N. Calciner Entrance 

N. Calciner Exit 

-19-

Grams Plutonium 

106 
26 

162 
30 
23 

217 
14 
48 

l 
301 
167 

39 

31 
4 

30 
9 

28 
14 
29 
51 
30 
13 
49 
72 

1,494 

±411 
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Box 40 
Box 39 
Box 26 
Box lA 
Box 21 
Tunnel (36-39) 
Box 36A 
Box 36 Filter 
Box 38 
Tunnel (36-38) 
Calciner 
Duct 

TABLE 9 

1976 IN-PLACE INVENTORY 
ROOM B0-1 SCRAP TREATMENT 

Aqueous Recovery 
Dissolution 
Washables 
Liquid transfer, 
Decon Dissolver 

HEPA Filter Treatment 

HEPA Filter Treatment 

Wall Storage Tanks (20) 
DP Cells 
Piping 

TOTAL ROOM B0-1 

LIMIT-OF-ERROR 

-20-

Grams Plutonium 

158 
140 

90 
116 

83 
9 

14 
7 

55 
2 

17 
17 

8 98" 
447 

1,071 

3,124 

± 565 
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Box 27A 
LIMIT-OF-ERROR 

TABLE 10 

1976 IN-PLACE INVENTORY 

ROOM B0-5 SOLVENT EXTRACTION 

-21-

Grams Plutonium 

1,592 
±438 
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Room 128 
Room B0-2 
Room 124 
Room 123 
Room 116 
Room B0-1 
Room 127 
Room B0-5 

TOTAL 

TABLE 11 

1976 IN-PLACE INVENTORY 

SUMMA.RY - ALL INVENTORY 

Coprecipitation & Oxide Production 
Solution Storage & Blending 
Pressing, Sintering, Grinding 
Rod Loading & Welding 
Maintenance 
Scrap Treatment 
Scrap Processing 
Solvent Extraction 

LIMIT-OF-ERROR 

-22-

Grams Plutonium 

861 
1,696 
1,995 

38 
18 

3,124 
1,494 
1,592 

10,818 

±2,975 

0780S 



5.0 FINAL MEASUREMENT 

5.1 METHODOLOGY 

SFC elected to de con tarni na te the plutonium fa ci 1 i ty 

by cut ting the process equipment into srnal 1 pieces 

(i.e., less than 15" by 15") which could be packaged 

into 55-gallon drums for shipment to an off-site 

disposal area. The small pieces were counted with a 

Ludlum 2500 unit with a 2" X 2" NaI detector which 

was set-up and calibrated to view each item. 

In total, 28,357 packages were measured. Care was 

taken during the decontamination activities to segre

gate and document the origin of each piece for 

correlation of the early 1976 baseline measurement 

with the more accurate measurements of the 28,357 

packages. 

Several operational and administrative circumstances 

precluded correlations for all cases. First, some 

decontamination operations could not be conducted in 

a manner that allowed precisely assigning 
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recovered plutonium to the original location. For 

example, a special large glovebox was modified to 

contain a plasma arc cutting unit used to cut equip

ment, including entire gloveboxes. Small portions of 

contaminated material (from the cutting operations) 

being cut up in this special glovebox lost identity 

and could not be assigned to the source box. 

Similarly, plutonium contained in pipes which may 

have crossed through rooms and airborne particulates 

trapped in absolute f i 1 ter s during cut-up activities 

could not be precisely assigned to a specific 

location. 

Second, the period between the 1976 baseline measure

ments and the completion of the decontamination acti

vity measurements was some 10 years. Over this 

period, administrative and · personnel changes 

occurred; consequently, some individuals who had per

sonal knowledge about various procedures and 

activities and who developed the raw data were not 

available to aid in the interpretation or explanation 

of questions about specific operations. 
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In Tables 12 through 21, the data f rorn the two sets 

of measurements are provided and reflect the above 

limitations. 

Of particular note is the apparent transposition of 

the 1976 data for the ~all storage tank measurements 

in Rooms B0-1 and B0-2. The final measurements indi

cate the earlier data were either recorded in

accurately or mislabeled during the 1976 inventory 

period. 

Grams Plutonium 

1976 
Inventory 

B0-1 W9 ll Tanks (20) 898 
B0-2 Wall Tanks (40) 292 

Final 
Measurement 

288 
1,045 

The audit team estimated the total plutonium for all 

60 storage tanks and did not distinguish the 20 tanks 

in B0-1 from the 40 tanks in B0-2; therefore only SFC 

data are available for review. That the data were 

mislabeled is strongly supported by the fact that the 

B0-2 tanks were used to store concentrated production 

solution, whereas the B0-1 tanks were used to store 

waste solution. 
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TABLE 12 

ROOM 128 COPRECIPITATION AND OXIDE PRODUCTION 

Grams Plutonium 

1976 Final 
Inventory Measurement 

Box 8 Mill & Blend 241 153 
Box 8 Filter 5 
Box 10 Filter 4 
Box 6B Calciner Out 21 62 
Tunnel (10-6B) 5 4 
Tunnel (6A-6B) 4 25 
Calciner 37 18 
Box 6A Calciner In 146 157 
Box 6A Filter 3 
Box SB Filtrate 78 25 
Tunnel (5A-6A) 2 
Box SA Precip. & Filter 176 161 
Box 3A Nitrate Unloading 32 29 
Box 3B Nitrate Unloading 28 23 
Box 3B Filter 2 
Ducts 79 40 
Tank 63 
Cement Box 
Box 27C 1 
Not Assigned 33 

TOTAL ROOM 128 861 733 

LIMIT-OF-ERROR ± 237 ±135 

NUMBER OF PACKAGES MEASURED 3,201 

For contamination control purposes, the cleaning and cut 

up operations on powder boxes 8-10 were performed with the 

exhaust air passing through the calciner tube into box 6A; 

therefore, the comparison of the 1976 va·lue(s) with the 

final value can only be compared as a group (Box 8-10, 6B, 

6A, and calciner and tunnels) rather than individually. 
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TABLE 13 

ROOM B0-2 SOLUTION STORAGE AND BLENDING 

Box 1 
Tanks 145-146 
Box 2C 
Box 2A-2B 
Wall Storage Tanks 
DP Cells 
Box 4 
Piping 

Tank 195 

Tank 196 

TOTAL ROOM B0-2 

LIMIT-OF-ERROR 

Storage Tank Pumps 
Vacuum Receiver Tanks 
Vacuum Receiver Box 
Vacuum Pumps 
Solution Storage (40) 
Tank Level Indicators 
Solution Weigh Scales 

Flocculation Tanks 
Not Assigned 

Wash Pumps 

Cubicles & Floor 
Process Pipe 

NUMBER OF PACKAGES MEASURED 

Grams Plutonium 

1976 
Inventory 

58 
72 
12 

6 
292 
220 
643 
393 

1,696 

Final 
Measurement 

137 
294 

23 
36 

1,045 
177 
409 

46 
62 

l 
18 

4 
1 

2,253 

± 268 

7,855 

The shielding involved with the raschig ring and liquid 

filled vacuum receiver tanks #145 and #146 resulted in a 

poor 1976 inventory measurement. 

It appears that the 1976 value assigned to the B0-2 wall 

storage tanks was probably the B0-1 wall storage tank 

value. 
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TABLE 14 

ROOM 124 PROCESSING, SINTERING, GRINDING 

Grams Plutonium 

1976 Final 
Inventory Measurement 

Box llB Pressing & Granulator 382 332 
Box llB Filter 10 
Calciner 65 35 
Tunnel 36 
Box llA Slugging 557 355 
Filter Box llA 8 
Box 12 Tunnel 39 15 
Box 14A Sintering Furnace 109 147 

Inlet 
Box l4B Sintering Furnace 43 85 

Outlet 
Box 15C Centerless Grinder 283 224 
Box 15C Filter 7 
Box 15B Outgas Furnace Inlet 50 14 
Box 15B Filter 1 
Box 15A Outgas Furnace Outlet 5 11 
Box 15A Filter 
Box 16 Outgas Furnace 9 
Box 13A Calciner Exit 2 3 
Box l3B Calciner entrance 4 
Int. Filter 4 17 
Duct 127 82 
Powder Carts 51 55 
Harper Furance 203 150 
Not Assigned 7 

TOTAL ROOM 124 1,995 1,532 

LIMIT-OF-ERROR ±549 ±195 

NUMBER OF PACKAGES MEASURED 3,161 

The significant increase in the intermediate filter from 

the 4 grams to 17 grams is attributed to movement of 

materials during the cut-up operations. 
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TABLE 15 

ROOM 123 ROD LOADING AND WELDING 

Grams Plutonium 

1976 Final 
Inventory Measurement 

Box 17 Tunnel room l 
Box 18 Stack Make-Up 36 19 
Box 18 Filter 
Duct l 2 

TOTAL ROOM 123 38 21 

LIMIT-OF-ERROR ±10 ±8 

NUMBER OF PACKAGES MEASURED 151 

-29-

0780S 



TABLE 16 

ROOM 116 MAINTENANCE 

Box 45 
Box 45 Filter 

TOTAL ROOM 116 

LIMIT-OF-ERROR 

Maintenance Glovebox 

NUMBER OF PACKAGES MEASURED 

-30-

Grams Plutonium 

1976 
Inventory 

18 

18 

±5 

Final 
Measurement 

16 

16 

±28 

230 
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TABLE 17 

ROOM 127 SCRAP PROCESSING 

Box 23 

Box 23 Filter 
South Calciner 
Tunnels. Calciner 
Box 24A 
Box 25 
Box 25 Filter 
Box 44 
Box 44 Filter 
Box 31A 
Box 31B 
Box 31C 
Box 31B -31C 
Box 32 
Box 32 Filter 
Box 33A 
Box 33A Filter 
Box 33B 
Box 33B Filter 
Tunnel (24A -25) 
North Calciner 
R. Tunnel Calciner 
2 Portable IX 
Duct 
Tank Farm 
Cut -Up Box 
Not Assigned 

TOTAL ROOM 127 

LIMIT-OF-ERROR 

Calciner Entrance 
Glovebox 

Calciner exit 
Dissolution 

Furne Scrub 

Resin Column 
Surge Tank 
Evaporation Hood 

Precipitation 

N. Calciner Entrance 

N. Calciner Exit 

NUMBER OF PACKAGES MEASURED 

Grams Plutonium 

1976 
Inventory 

106 

26 
162 

30 
23 

217 
14 
48 

1 
301 
167 
•3 9 

31 
4 

30 
9 

28 
14 
29 
51 
30 
13 
49 
72 

1,494 

±411 

Final 
Measurement 

478 

69 
26 

103 
287 

4 

191 
40 
29 
55 

120 

54 

71 

69 
16 
23 
40 
18 

38 

1,731 

±203 

3,559 

Material generated and unidentified from clean up of scrap 
area gloveboxes, calciner and tunnels was collected in 
glovebox #23. The tank farm was used as part of an ion 
exchange clean up system for glovebox decon solutions 
between the 1976 measurement and the final measurement. 
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TABLE 18 

ROOM B0-1 SCRAP TREATMENT 

Box 40 
Box 30 
Box 26 
Box lA 
Box 21 
Tunnel (36-39) 
Box 36A 
Box 36 Filter 
Box 38 
Tunnel (36-38) 
Calciner 
Duct 

Aqueous Recovery 
Dissolution 

Decon 

Wall Storage Tanks (20) 
DP Cells 
Pipe 
Cubicles & Floor 
Not Assigned 

TOTAL ROOM B0-1 

LIMIT-OF-ERROR 

NUMBER OF PACKAGES MEASURED 

Grams Plutonium 

1976 
Inventory 

158 
140 

90 
116 

83 
9 

14 
7 

55 
2 

17 
17 

898 
447 

1,071 

3,124 

±859 

Final 
Measurement 

180 
154 
187 
103 
216 

33 

39 
29 

l 
288 
335 

7 
21 

1,593 

±169 

4,239 

It appears that the 1976 value assigned to the B0-1 wall 

storage tanks was probably the B0-2 storage tank value. 
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TABLE 19 
. 

ROOM B0-5 SOLVENT EXTRACTION 

Box 27A 

LIMIT-OF-ERROR 

NUMBER OF PACKAGES MEASURED 

-33-

Grams Pluto'nium 

1976 
Inventory 

1,592 

±438 

Final 
Measurement 

1,274 

±144 

4,044 
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Laboratory 

LIMIT-OF-ERROR 

NUMBER OF PACKAGES MEASURED 

TABLE 20 

LABORATORY 

-34-

Grams Plutonium 

1976 
Inventory 

Final 
Measurement 

57 

±28 

1,917 
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TABLE 21 

SUMMARY - ALL INVENTORY 

Room# 

128 
B0-2 

124 
123 
116 
B0-1 
127 
B0-5 

Coprecipitation & Oxide 
Solution Storage & 

Blending 
Pressing & Sintering 
Rod Loading 
Maintenance 
Scrap Treatment 
Scrap Processing 
Solvent Extraction 
Laboratory 

LIMIT-OF-ERROR 

NUMBER OF PACKAGES MEASURED 

Grams Plutonium 

1976 Final 
Inventory Measurement 

861 

1,696 
1,995 

38 
18 

3,124 
1,494 
1,592 

10,818 

±2,975 

-35-

733 

2,253 
1,532 

21 
16 

1,593 
1,731 
1,274 

57 
9,210 

± 414 

28,357 

Difference 

128 

( 557) 
463 

17 
2 

1,531 
( 2 3 7) 

318 
( 5 7) 

1,608 
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6.0 AUDIT TEAM 

6.1 GENERAL 

SFC's Cimarron Facility was the first fuel cycle 

facility to apply non-destructive assay methods for 

measurement of hold-up of plutonium in a processing 

plant. The measurements performed by the audit team 

were also a first NDA audit of a private firm by a 

government agency. 

Because its purpose was independent measurement, the 

audit team could make no assumptions concerning the 

location of the plutonium either within a room or a 

glovebox. When coupled with the need for precise 

measurements sufficient to allow a meaningful compar

ison of results, the audit team was required to 

perform many more measurements on some significant 

items than were performed by SFC for its inventory. 

The techniques, instrumentation, results obtained and 

a discussion of start-up and operational problems 
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encountered by the audi·t team were provided to the 

NRC in a document entitled Measurement of Plutonium 

in Processing Equipment at Kerr-McGee Plutonium Fuel 

Fabrication Facility, May 28, 1976. 

The audit team's strategy was to make careful 

measurements on the equipment expected to have the 

most significant plutonium hold-up and to supplement 

those measurements with semi-quanti ta ti ve surveys of 

the entire process equipment to insure that no signi

ficant hold-up quantities had been missed. The 

strategy included the following considerations: 

o The measurements of equipment would be very care

fully made and with sufficient precision to permit 

meaningful comparisons with SFC 's values for the 

same items. 

o The measurements would be sufficiently extensive 

to encompass the great majority of the retained 

plutonium, thereby permitting a confident extra

polation of measured results into a tot a 1 plant 

hold-up. 
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The bulk of the quantitative assay work was carried 

out using an Eberline Stabilized Assay Meter (SAM), a 

self-contained high-voltage supply, an amplifier, a 

single channel 

coupled to a 

analyzer 

NaI(Tl) 

and a scaler, which were 

photomultiplier detector 

sensitive to the characteristic gamma radiations from 

plutonium. The surveys were performed using a hand

held NaI(Tl) detector-ratemeter instrument. 

In those cases where the gamma-ray attenuation was so 

high as to make corrections unreliable, a semi

directional neutron detector was used to take advan

tage of the increased pen et rabi 1 i ty of the neutrons 

from plutonium. 

A new concept in hold-up measurements was tried on an 

experimental basis for the first time. A non

directional neutron detector was used in an attempt 

to assay the total hold-up in a given room, without 

the detailed and laborious measurements and calcula

tions required by the gamma measurements. 
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A new type of gamma ray detector, a cadmium telluride 

(CdTe) diode, was also used experimentally for the 

first time as a survey instrument for the special 

case of hold-up in pipes. 

6.2 ITEMS MEASURED 

Initially, the entire process area of the plant was 

surveyed using a lead shielded 2.5 cm by 2.5 cm 

NaI (Tl) gamma ray detector attached to a ratemeter. 

This preliminary scan permitted the identifi~ation of 

"hot spots" (i.e., places where higher concentrations 

of plutonium appeared to be located). In the 

remaining time, the audit team measured g loveboxes, 

pipes, and tanks identified in the preliminary survey 

as having measurable quantities of plutonium. 

Time limitations prevented the quantitative measure

ment of every pipe, filter, and glovebox in the 

plant. It was therefore necessary to extrapolate 

from the measured quantities to obtain an estimated 

value for the entire facility. This extrapolation 

-39-

0780S 



was guided by the results of the early preliminary 

gamma ray scan and was confirmed by the overall 

neutron survey made with the large detector. 

Table 2 2 shows the audit team's measured quantities 

of plutonium and the extrapolated values for differ

ent broad categories of equipment. Twenty gloveboxes 

were not directly measured. From the results of the 

preliminary gamma ray scan and quantitative results 

for gloveboxes with small amounts of material, the 

unmeasured gloveboxes were estimated to contain 

between zero and 50 grams of plutonium. The 

"estimate" value was obtained by assuming 30 grams 

per glovebox not measured and the "upper" and "lower 

limits" by assuming 50 grams per box and zero grams 

per box, respectively. 

A similar exercise was followed to obtain values for 

plutonium in the pipes. After the pipes identified 

as having the largest residual plutonium were 

measured, an average pipe residue of 3.3 x 10-3 

gm/cm was estimated for the remaining pipes, then 

multiplied by the approximately 10
5 

pipe that was still unmeasured. 
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The measured filters and ducts proved to have 

relatively little plutonium in them: thus the results 

of this extrapolation do not significantly affect the 

plant total. 

An extrapolated value for the wall storage tanks 

embedded in 4' thick, heavily reinforced concrete 

walls was obtained by comparing these tanks with 

tanks in the plant that had held similar solutions. 

The 40 wall tanks in room B0-2 are similar to the 

weigh 

tank. 

tanks in Box 4 which averaged 10 grams per 

The 20 wall tanks in Room B0-1 do not have an 

obvious measurable counterpart; however, no measured 

tanks of that size exceeded 17 grams per tank. 

Allowing for a possible higher hold-up in these 

tanks, an average value of 30 grams per tank was 

assigned. The lower and upper limits were obtained 

by assuming values equal to one-half and twice the 

estimated values. 

The gauges not assayed by the audit team were 

measured by SFC subsequent to the inventory and were 

accepted by the audit team, given the good agreement 

on other measurements. 
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TABLE 22 

AUDIT TEAM RESULTS 
TOTAL PLANT PLUTONIUM HOLD-UP 

GRAMS PLUTONIUM 

LOWER UPPER 
ITEM ESTIMATE LIMIT LIMIT 

Gloveboxes Measured 4,650 3,000 6,590 
Glove boxes Not Measured 600 1,000 

TOTAL GLOVEBOXES 5,250 3,000 7,590 

Pipes Measured 630 475 790 
Pipes Not Measured 330 _.175 600 

960 650 1,390 

Filters Measured 30 15 EO 
Filters Not Measured 50 _.12 100 

80 30 160 
Wall Tanks 
(Not Measured) 1,000 500 2,000 
Gauges (Not Measured) 670 670 670 --

TOTAL INVENTORY 7,960 4,850 11,810 

-42-

0780S 



7.0 COMPARISON OF MEASUREMENT DATA 

7.1 GENERAL OBSERVATION 

As noted previously, three sets of measurements were 

taken on the plutonium hold-up in the process equip

ment at the Cimarron Facility. SFC performed the 

first non-destructive assay measurement in early 

1976, followed by the NRC's NDA. The third measure

ment occurred during the final packaging of plant 

equipment as it was loaded as small cut-up pieces 

into drums for shipment to an off-site disposal area. 

The data from these sets of measurements are in 

Tables 23 through 31. In evaluating these data, 

several considerations are important to note: 

First, SFC's 1976 procedure resulted from several 

years of testing, calibrations and experience and 

involved a significant number of repetitive measure

ments. Due to time constraints and other reasons, 

the audit team's 1976 measurements were less 

extensive and greater reliance was placed on extra

polation of measured data to unmeasured equipment. 
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Second, SFC' s final inventory measurements were con

ducted on much smaller and relatively standardized 

packages, which yielded a much smaller limit-of-error. 

Third, in order to reduce the potential of airborne 

contamination, decon solutions were used on the 

gloveboxes prior to cut up and the plutonium in the 

decon solutions lost identity when the decon solu

tions were cleaned by ion exchange. 

In summary, the above observation is provided to 

emphasize that 

attached tables 

the significant data shown in 

are room totals as opposed 

specific glovebox or equipment measurements. 
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TABLE 23 

ROOM 128 COPRECIPITATION AND OXIDE PRODUCTION 

1976 FINAL 
INVENTORY MEASUREMENT 

Box 8-10 241 153 
Box 8 Filter 5 
Box 10 Filter 4 
Box 6B 21 62 
Tunnel (10-6B) 5 4 
Tunnel (6A-6B) 4 25 
Calciner 37 18 
Box 6A 146 157 
Box 6A Filter 3 
Box SB 78 25 
Tunnel (5A-6A) 2 
Box SA 176 161 
Box 3A 32 29 
Box 3B 28 23 
Box 3B Filter 2 
Ducts 79 40 
Tank 63 
Cement Box 
Box 27C l 

TOTAL MEASURED 861 700 

NOT ASSIGNED 33 

TOTAL ROOM 128 861 733 

LIMIT-OF-ERROR ± 237 ± 135 

AUDIT 
TEAM 

113 

60 

122 

295 

410 

705 

+ 360 
- 250 

Room 128 was difficult to measure by NDA techniques 
because of the large size of the gloveboxes within 
the room, the influence of the wall storage tanks in 
the wall adjacent to the room, and the density of 
equipment within each glovebox. Of note is that the 
audit team's extrapolated values for gloveboxes and 
pipes not measured were within only a few grams of 
Kerr-McGee's measured values. 
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TABLE 24 

ROOM B0-2 SOLUTION STORAGE AND BLENDING 

1976 FINAL 
INVENTORY MEASUREMENT 

Box 1 58 137 
Tanks 145-146 72 294 
Box 2C 12 23 
Box 2A-2B 6 36 
Wall Storage 292 1,045 

Tanks 
DP Cells 220 177 
Box 4 643 409 
Piping 393 
Flocculation Tanks 46 
Tank 195 1 
Wash Pumps 18 
Tank 196 
Cubicles and Floor 4 
Process Pipe l 

TOTAL MEASURED 1,696 2,191 

NOT ASSIGNED 62 

TOTAL ROOM B0-2 1,696 2,253 

LIMIT-OF-ERROR ± 466 ± 268 

AUDIT 
TEAM 

72 
45 
11 

128 

128 

+ 404 
- 332 

Several anomalies should be noted. First, flushing 
of tanks 145-146 was not as effective as had been 
anticipated. These tanks contained boron raschig 
rings which apparently masked the radiation. Second, 
Box 1 was primarily a series of pumps, valves, and a 
manifold which would be difficult to NDA under any 
circumstances. The primary difference between the 
two Kerr-McGee inventories was the apparent 
mislabeling of the wall storage tank hold-up data as 
noted earlier. 
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TABLE 25 

ROOM 124 PROCESSING, SINTERING, GRINDING 

1976 
INVENTORY 

Box llB 382 
Filter llB 10 
Calciner 65 
Tunnel 36 
Box llA 557 
Filter Box llA 8 
Box 12 39 
Box 14A 109 
Box 14B 43 
Box 15C 283 
Box 15C Filter 7 
Box 15B 50 
l5B Filter 1 
Box 15A 5 
15A Filter 
Box 16 9 
Box 13A 2 
Box l3B 4 
Int. Filter 4 
Duct 127 
Powder Carts 51 
Harper Furnace 203 

TOTAL MEASURED 1,995 

NOT ASSIGNED 

TOTAL ROOM 124 1,995 

LIMIT-OF-ERROR ± 549 

FINAL 
MEASUREMENT 

332 

35 

355 

15 
147 

85 
224 

14 

11 

3 

17 
82 
55 

150 

1,525 

7 

1,532 

± 195 

AUDIT 
TEAM 

333 

249 

236 

123 

1 
451 

1,393 

2 

1,395 

+ 435 
- 595 

Several obvious differences exist in the individual 

item data shown for Room 124. The SFC data are 

fairly close between inventories. An explanation for 

the individual differences in the audit team's 

results is not readily apparent; however, the overall 

room total is in reasonable agreement. 
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TABLE 26 

ROOM 123 ROD LOADING AND WELDING 

1976 FINAL AUDIT 
INVENTORY MEASUREMENT TEAM 

TOTAL MEASURED 38 21 
TOTAL ASSIGNED 10 

TOTAL ROOM 123 38 21 10 

LIMIT-OF-ERROR ± 10 ± 10 +20 
- 0 

The audit team did not survey Room 123. 
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TABLE 27 

ROOM 116 MAINTENANCE 

1976 
INVENTORY 

TOTAL MEASURED 
TOTAL ASSIGNED 
TOTAL ROOM 116 

18 

18 

LIMIT-OF-ERROR ±5 

FINAL 
MEASUREMENT 

16 

16 

The audit team did not survey Room 116. 
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TABLE 28 
ROOM 127 SCRAP PROCESSING 

1976 FINAL AUDIT 
INVENTORY MEASUREMENT TEAM 

Box 23 106 478 
Box 23 Filter 26 
South Calciner 162 69 42 
Tunnel 30 26 45 
Box 24A 23 103 88 
Box 25 217 287 207 
Box 25 Filter 14 
Box 44 48 4 
Box 44 Filter 1 
Box 31A 301 191 410 
Box 31B 167 40 
Box 31C 39 29 
Box 31B & 31C 55 
Box 32 31 120 72 
Box 32 Filter 4 
Box 33A 30 54 40 
Box 33A Filter 9 
Box 33B 28 71 110 
Box 33B Filter 14 
Tunnel (24A-25) 29 
North Calciner 51 69 6 
R. Tunnel Calciner 30 16 
2 Portable IX 13 23 44 
Duct 49 40 
Tank Farm 72 18 
Cut-Up Box 

TOTAL MEASURED 1,494 1,693 1,064 

NOT ASSIGNED 38 150 

TOTAL ROOM 127 1,494 1,731 1,214 

LIMIT-OF-ERROR ±411 ± 203 +455 
-450 

Given the number and size of gloveboxes in this 
room, the correlation of the data among the three 
independent inventories is remarkable. The major 
difference was in Box 23 where 478 grams of plutoni
um were measured in the final decommissioning 
inventory, and only 106 grams were measured in the 
1976 NDA inventory. Material generated and un
identified from cleanup of scrap area gloveboxes, 
calciner and tunnels was collected in glovebox #23. 
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TABLE 29 

ROOM B0-1 SCRAP TREATMENT 

Box 40 
Box 39 
Box 26 
Box lA 
Box 21 

1976 
INVENTORY 

158 
140 

90 
116 

Tunnel (36-39) 
83 

9 
14 

7 
Box 36A 
Box 36 Filter 
Box 38 
Tunnel (36-38) 

55 
2 

17 
17 

Tanks 898 
447 

1,071 

Calciner 
Duct 
Wall Storage 
DP Cells 
Pipe 
Cubicles & Floor~~~ 

TOTAL MEASURED 

NOT ASSIGNED 

3,124 

TOTAL ROOM B0-1 3,124 

LIMIT-OF-ERROR ±859 

FINAL 
MEASUREMENT 

180 
154 
187 
103 
216 

33 

39 
29 

1 
288 
335 

7 

1,572 

21 

1,593 

± 169 

AUDIT 
TEAM 

18 
68 

141 
59 

10 

17 

26 

339 

339 

+ 261 
- 94 

The apparent mislabeling of the wall tank recordings 

contributes significantly to the difference between 

the two Kerr-McGee inventory results. The apparent 

discrepancy in the audit team's results cannot be 

reasonably explained; however, for those items 

measured by the audit team, a close overall correla

tion with those items measured by Kerr-McGee in 1976 

is shown. 
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TABLE 30 

ROOM B0-5 SOLVENT EXTRACTION 

Box 27A 

LIMIT-OF-ERROR 

1976 
INVENTORY 

1,592 

±438 
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FINAL 
MEASUREMENT 

1,274 

±144 

AUDIT 
TEAM 

850 

+404 
-332 
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TABLE 31 

SUMMARY - ALL INVENTORY 

1976 FINAL AUDIT 
INVENTORY MEASUREMENT TEAM 

MEASURED 

Room - 128 861 700 295 
Room - B0-2 1,696 2,191 128 
Room - 124 1,995 1,525 1,393 
Room - 123 38 21 
Room - 116 18 16 
Room - 127 1,494 1,693 1,064 
Room - B0-1 3,124 1,572 339 
Room - B0-5 1,592 1,274 850 
Laboratory 57 

Pipes Measured 630 
Filters Measured 30 

TOTAL MEASURED 10,818 9,049 4,729 

ASSIGNED 

Room - 128 33 410 
Room - B0-2 62 
Room - 124 7 2 
Room - 123 10 
Room - 116 
Room - 127 38 150 
Room - B0-1 21 
Room - B0-5 

Gloveboxes Not Measured 600 
Pipes Not Measured 330 
Filters Not Measured 50 
Wall Tanks Not Measured 1,000 
Gauges Not Measured 670 

TOTAL ASSIGNED 161 3,222 

TOTAL 10,818 9,210 7,951 
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8.0 SUMMARY AND CONCLUSIONS 

8.1 SUMMARY 

Table 32 summarizes the key data from the three 

independent inventory measurements. Notably, the 

final inventory measurements fall within the upper 

and lower confidence levels of both 1976 in-place 

measurements. 

The data suggest several methods and various pieces 

of equipment not specifically designed for that pur

pose can be useful tools to measure hold-up in 

process equipment. Additionally, the data suggest 

that a program involving repetitive measurements over 

a period of time would develop a higher level of con

fidence in the results. 

Given the state of the art in 1976 and the difficulty 

of conducting an in-place measurement program within 

a plant not specifically designed to accommodate 

in-place measurements for inventory purposes, the 

techniques developed by Sequoyah Fuels and the audit 

team produced remarkably comparable results. 
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An acceptable limit of error can be achieved for 

determining plant hold-up for inventory purposes with 

in-place NDA measurements. 
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TABLE 32 

INITIAL Y.M NDA 

FINAL KM NDA ~----------~3/10/76 INVENTORY REPORT ERDA-DSS TEAM NDA 
GRAMS LO ER UPPER GRAMS LOWER UPPER ~S LOWER 

I ROOM NO. Pu LIM 

sx 

123 

124 

Laboratory 

116 

127 

128 

B0-1 + Pipe 

B0-2 + Pipe 

*Gloveboxes not measured 

*Pipes not measured 

**Pipes measured 

*Filters not measured 

**Filters measured 

*Wall tanks not measured 

*Gauges not measured 

PLANT HOLDUP 

VAULT 

TOTAL PLANT INVENTORY 
(3/10/76) 

1,592 

38 

1,995 

18 

1,494 

861 

3,124 

1,696 

10,818 

657 

11,475 

1, 

1, 

1, 

2, 

1, 

7,8 

IT 

54 

28 

16 

l3 

13 

!4 

;5 

10 

-
3 

* Extrapolated Estimate by ERDA-DSS Team 

LIMIT 

2,030 

48 

2,544 

-
23 

1,905 

1,098 

3,983 

2,162 

-
-
-
-

-
-
-

---
13. 79] 

Pu LIMIT LIMIT 

850 630 1,145 

10 0 20 

1,405 810 1,840 

- - -
- - -

1,215 765 1,670 

705 455 1,065 

340 245 600 

125 95 250 

600 0 1,000 

330 175 600 

630 475 790 

50 15 100 

30 15 60 

1,000 500 2,000 

670 670 670 

-- -- ---
7. 960 4 .850 ll.810 

Shipped to 6/10/87 

**Measured by ERDA-DSS Team but not identified by room location 

***Limit of Error of Inventory Difference 

Pu LIMIT 

1,274 1,130. 

21 13 

1,532 1,337 

57 29 

16 0 

1,731 1,528 

733 598 

1,593 1,424 

2,253 1,985 

- -
- -
- -

- -
- -

- -

- -
--·- --
g_210 8.796 

9,907 

UPPER LIMIT OF INVENTORY *** 
LIMIT ERROR DIFFERENCE L.E.I.D. 

1,418 ± 144 - 318 ± 36 

29 ± 8 - 17 ± 6 

1,727 ± 195 - 463 ± 59 

85 ± 28 + 57 ± 28 

44 ± 28 - 2 ± 3 

1,934 ::!: 203 + 237 ::!: 28 

868 ::!: 135 - 128 ± 23 
I 

1,762 ± 169 -1, 531 ±162 

2,521 ± 268 + 557 ± 66 

- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -

-- -- --- --
9. 624 ± 414 -1.608 ± 72 

-1, 568 

The final NDA total of 9,210 grams removed from the Pu-plant does not include an estimated 4 grams of Pu in low level waste that will be 
produced by the decontamination work remaining to be completed. 

The discrepancy between the Plant Holdup Inventory Difference of -1608 grams and the difference of -156B grams from comparing the 
3/10/76 inventory to the shipment records is due to repackaging and NllA of the material that was in the vault on 3/10/76. 

NUMBER OF 
PACKAGES 

I 
I 

8,357 
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ABS.TRACT 

This final report is a summary of the events tha.t completes the 

decontamination and decommissioning the Cimarron Corporation's 

Mixed Oxides Fuel Pla.nt (formally Sequoyah Fuels Corporation and 

formerly l<err--McGee Nuclear Corporation .... all three wholly owned 

subsidiaries of th~ terr-McGee Corporation). Included are details 

dealing with tooling and procedures for performing the unique tasks 

of disassembly decontamination and/or disposalw That material which 

could not be economically decontaminated was volume reduced by 

disassembly and/or compacted for disposal. The contaminated wa.ste 

cleaning solutions were processed through filtration and ion 

exchange for release or solidifiec1 with cement for L .. S.A. waste 

disposaL 

The L.S.A. waste was compacted, and stabilized as required in drums 

for burial in an approved burial facility~ T.R.U. waste packaging 

a.na shipping was completed by the end of July 1987, this material 

was sh:Lppea to the Hanford, Washington site for d.isposaL 

The personnel protection and moni.tori.ng measures and procedures are 

discussed along with the results of exposure data of operating per

sonnel. 

The shipping containers for both T .. R.U .. and L.S.A. waste are de

scribed .. 
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The result.s of the decommi'ssioning operations are reported in six 

reports which are ti tl·ed' as .follows: 

Report No. 

Report No. 

1 

2 

- Design and use of Plasma Arc cutting equipment. 

Technipal recommendations in the desig11 and 
operation of a plutonium fuel fabrication 
facility to facilitate decontamination and 
decommissioning .. 

Report No. 3 ~ Technique for liquid deoontamihation of equip
ment. 

Report No. 4 - Nondestructive Assay (NDA) techniques and pro
cedures. 

Report No. 5 - Determination of the quantity and locations of 
the plutonium retained in the Cimarron Fuel 
Plant Systems .. 

Report No. 6 - Decontamination and decommissioning of the Kerr
McGee Cimarron Plutonium Fuel Plant. 

The personnel protection and monitoring measures and procedures are 

contained and discussed along with the results of exposure data of 

operating personnel in this final Report No, 6. 

All of the above six reports were prepared by Walter H. Spencer, Sr. 

Project Engineer Cimarroh Facjlity. 
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EXECUTIVE SUMMARY 

Cimarron corporation {formerly Rerr- McGee Nuclear Corporation and 

formerly Sequoyah Fuels Corporation) has essentially completed the 

clec.ontaroina t:i..'on and decommissioning of the Cimarron Mixed Oxide 

Fuel F~hrication Plaht.) This plant contained the chemical process 

apparatus and manufacturing tooling and procedures to fabricate 

mixed oxide(Pub2U02J fuel pi.ns for the (ZPPR) Zero Power Pluto

nium·Reactor and the (FFTF) Fast Flux Test Reactor programs. The 

plant also contained the necessary analytical and inspection capa-

1:i.ties for performing the required quality control functions. 

T.he process started w:ith plutonium nitrate feed solution provided 

by the Department, of Energy(DOE) and uranyl nitrate solution provided 

by Kerr-McGee. The nitrate solutions were weighed and mixed in 

proportion, processed into powder, compacted into shape(right cylin

ders) and sintered into ceramic pellets, The pellets were ground to 

ze, inspected and loaded into tubes and encapsulated by welding end 

plugs in the tubes which completed the pins. The completed p.ins were 

inspected for a multitude of attributes, the accept.able pins were 

suppliec1 to others for (wire wrap) further fabricat:ton and assembly 

into fuel elements or bundles for installation into the reactor. 

These campaigns were successfully completed .. 
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lNTROOUCTIQN 

This .report presents the, res,ults of decontami,nation and deoomtttiss

ion±ng prografu at the Cimarron Mixed Oxide Fuel Fabrication Plant. 

IT'he pr·imary purpose of this report is to describe the operations and 

provide ;lnform~tion and procedures used to safely decommission a mix .... 

ed oxide plantt and to provide pertinent information of interest to 

,the Department of Energy whi'ch funded these reports. 

Decontamination and decommissioning of the Cimarron Facility can be 

defined as the measures taken to terminate the fac'iiity's nuclear 

operations and decontaminate the building and grounds for other en

deavors that are of interest to the Kerr McG~e Corporation. 

The Cimarron Facility is located 1/2 mile north of the Highway junc

tion o'f 33/7·4 which i .s five miles south of Crescent, Okla!)oma. The 

mixea oxide plant was in operation approximately five years, auring 

that time the ZPPR and FFTF fuel pins were fabricated. Those con

tracts were successfully cornpletea. When follow-on contracts were 

not obtained the plant was shut down in 1975. Currently the decon

tamination ana decommission.ing operations are nearing completion. 
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The Department of Ene~gy .(;OOEJ is inter,ested in the technology of· de"'"'. 

contaminat3_on and aecommf.s.sJoning(D~D) of this ana other pl·ant·s. 

The DiO~E. plans to apply the technology developed during the D&D of 

this plant to other similar D .. o. E. installations.. The:r.e is ;limited 

information ·and expe:rienoe available in mixed oxide fuel fabriation 

plant decommissioning. The Cimarron plant was unique because it had 

the added apparatus for coprecipitation of the nitrate solutions of 

Plutonium and Uranium. This requl:rea 1':i.quid handling equipment 

rather than the sophisticated dry mixing equipment required for 

powd·er blending. Powder blending is a complicated process for 

oxides of Plutonium and Uranium because the oxide pa.rticles are 

clinker sh.aped, they do not flow or mix well, plus they are abrasive. 

Inconsistent mixed powder produces hot spots in the fuel pins during 

operat:ion due to non-homogeneity of the powder. The blending of 

batches of coprecipitated powder is not as difficult because each 

powder particle is a combination of the solutions which were mixed 

p,rior to the coprecipitation phase of the manufacturing process. 

This is the last in a series of six reports which were prepared 

in accordance with terms and requirements of the United States 

Department of ~nergy Contract No. DE-AC06-85RL10382. This report 

deals wi.th decontamf.naticfo and decommissioning of the tooling', 

building,and site to acceptable levels of radioactivity iti accor

dance with NRC r.equiremehts for unrestricted use of the dedorrunis

siohed facility and ptopertf. 
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HISTORY 

!{err-McGee acc,ruitea uranium ore claims and mines in northeast Arizona 

in 1952, by 1963 Kerr-McGee held an AEC license for Special Nuclear 

Mqt~rial .. Early in 1970 the oompany had completed the construction 

o.f a Mixed Oxide Fuel Fabrication plant; installed the processing 

equipment and assembled a trained staff of opera.ting personnel 

mc,l.nufacturing mixed oxide U/Pu fuel for power reactors .. The AEC 

authorized the operation of the plant in April 1970a 

The plant is located on a 1,000 acre site overlooking the Cimarron 

River which is the north boundry. The entrance to the plant is on 

Highway 74 one-half mile north of Highway Junction 33/74 five miles 

south of crescent, Oklahoma .. A current map illustrating the property 

lines and buflding locations.(Vicinity map) is attached. (Figure 1) 

The Mixed oxide plant is constructed of precast, prestressed concrete 

exterior walls and roof panels. A concrete floor was poured in place 

after the precast panels were erected. The roof construction is 

mopped on asphalt with build up felt roofing insulation plus gravel 

cove1~. The building panels are of sandwich construction with in

sulation ·cast in place. The walls are erected on grade beams 

suppo:rted on drilled and belled piers. A.11 exterior and interior 

joihts in the precast structure are felted and caulked to make 

the building air tig·ht. 
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PROCESS DESCRIP~ION 

Block outline, figure 3 illustrates the production system sequ.en

tially so that the logic of the operations can be visually under-

stood, however there are some subtle features that are better .under

stood by aescriptiort: Fo;r example, it was discovered that weighed 

and blended solution perf,ormed much better through the coprecipation 

ana filtration process when the solution was allowed to age in the 

wall storage tanks a day or more. It was also discovered that uni

form powder wa,s required to control pellet density and size. Powder 

from several batches mixed with powder reprooessed from clean scrap 

operations usually had different pressing characteristics due to 

variations in particle size and other attributes, as a result it was 

nec~~sary to add the ·operations of pressing this powder into bis

cuits or slugs and then granulate these green powder slugs into a 

more uniform powder particle size for production press feed stock~ 

It waB also developed that processing the slugging press pellets 

through a warm calciner 1000c + 100 with dry nitrogen purge gas 

was beneficial in driving off any moisture that may have accumulated 

in the green powder slugs. Virgin powder batches did not always 

require these added operations. 

The completed pellets were batch loaded in molybdenum boats for sin

tering in a (cracked amonia) hydrogen-nitrogen reducing atmosphere. 
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Tbe sintereo pellets groUnd to diameter on a centerless g.tinder 

(no coolant) utiliziir,g q~antond g~ipding wheels.. The pellet:.s we:ce 

inspected using a rnicromete,r and other dimensional inspection 

equiprnent. The pellet otttgas operation was a batch type operation. 

The retort was loaded with b~skets of pellets, evacuated to app:ro~ .... 

imately 5 x 10-s tor:r heated to above 1000c and, held 1..1r1tll the 

vactrnrn stabilized. Final inspection consi'sted of dimensions, weight 

and visual inspection for cracks, chips, and other discontint1ities .. 

The satisfactory pelle.ts were laid out in a V tt·ough to measure 

stack lengths. 

Pallet loading in the fuel tube was a unique operation, the tube had 

one e11d plug welded as a sub assembly and inspected in accordance 

with all app
1

licable specfications. The open end of the sub assembly 

was fitted with a plaatic loading bushing (used only once) which pro

tected the end of the tube from contamir1atioh fr.om the pellets. The 

tube with the sacrifical bushing was inserted into a sphincter seal 

in the end of the loading glovebox .. tr.'he pellet stack and other hard

ware in the V trough were slid into the tube, when the loaded tube 

was withdrawn from the sphincter seEtl, the contaminated plastic 

loading bushing stayed inside the glovebox .. The loaded fuel tube 

was surveyed for contamina.t.i.on and decontaminated if nece.ssary. A 

p;tastio end cap with a very small hole through the center of the cap 

was placed over the end of the loaded pin to retain the contents 

until the pin was rea.dy to be 0 welded 0 • 
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The weldi·ng wa,s performed in a glovebox equipped with a high speed 

oil diffusion. vacuum pumping system and · an orbit arc welding head 

dri ven by a p,rog:rammed t1ransiS.torl z·ed welding power supply~ The 

fuel pin to be welded was . . assembled in. a fixture in the vertical: 

pos:tt.d.on. 

The plastic end plug was. c:fisc6\rded after evacuation in the weld box 

and the end plug to be welded was installed. A horizontal electrode 

tr~veled around the periphery of the assembly which was fixtured to 

ma±btaift alignrn~ht durihij the welding operation.· The Aequ~nce of 

events for the welding operation were : 

A. Loaded pins to be welded were placed in a gatling gun 

magazine from the fuel loading operation. 

Bo The filled g·atling gun was placed in a weld box canister. 

C. The weld box canister was positioned and attached to the 

bottom of the weld box. 

D. The box and can.ister unit we·re eve.cu a ted and pumped down. 

(Approxim~tely 5 x 10~6) torr. 

E. The weld box system was back filled with helium. 

F. A destructive we1d sample was ma.de and inspected. 

G.. Fuel pins were welded complete one at a time in the orbit 

arc welding system-

lL A destructive weld sample was made after each hour of 
p r oduction. 

I. When all pin~ were welded comp:lete r the canister was re· 

moved from the weld box. Welded pins were inspected, 

cleaned,. surveyed and advanced to the ·next . operati.on .. 
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ae:f.ore protluction welding started, destructive weld samples were 

we.lded... Addi.tio.nal s~mples were made each hour of operation and 
! 

at the end each batc.h. These samples were sectioned and etched 

for macro e~amination of a cross section of the weld fusion ione. 

Vis'Ucil qppea:ran.ce and x .... ray examination do not always reveal de

fective welding. Secttl.oning ana etching the polished cross sectdon 

and exam.:Lning the et.abed surfade with a metallograph allows d.imen ... 

sional inspection of the fusion zone .. When the fusion zone 

dimensions start to change, corrective action was initiated before 

defective product was produced. ~elding an acceptable sample each 

hour of operation verifies the welds produced during that time frame. 

The welds made during the Iast hour before a defective test. weld. w.as 

made would be the only welds suspect of subs~andard qua.lity.. Sus

pected pins. would be destructively tested and examined in reverse ta 

the sequence of welding one by one until the last acceptable pro

duction weld made was found and examine.a. This would verify pa.st 

production welds. ·Production welding would not resttme until cor

reati ve act:Lon had been implemented and satisfactory test welds had 

been made to verify the resu 

Statistical control of the dimensions of the fusion zone in the 

welding process eliminated the need to destructively test large 

numbers of production pins to verify specif;ication welding. 

Inspection of the completed pins included the following, 

A. X-ray of full length pin to reveal placement of inter

nal components, o:radks in welds (if any). 

B. Autoradiography 

pellets. 

fuel column to verify homogenity 
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c. lHmensional inspection of all attributes. 

D. concentracity. 

E. Visual inspection for scratches and di-scoloration . 

F. ;Profilometer inspection for surface f'inish. 

G • . Helium leak testing of the pins for leaks. 

The complete manufacturing operations of the fuel pins we.re under 

the survelance of the customers inspectors at all times. However, 

final acceptance of the finished pins was dependent upon the success

ful completion of recel.ving inspection at the customer facility . 



·PROC~DUlJES Al'1b. ElQU!J?MENT USED lN 'l.1llE DECONTAMINATION AND 
DECOMMISS!ONtrNG .OPE:RATIONS 

The procedures and tooling used in the Decommissioning operations 

were developed as required in advance of need so that sufficient 

tool tryout coUld be performed prior to actual commitment to con

tamin,;lted operations. This proved to be beneficial in several 

ways; f :i.rst it gave operations experience in the use and operation 

of special tooling and/or procedures. Second, it gave us an oppor

tunity to modify or change as required any tooling or procedure that 

would improve or expedite the operation .. The third thing which wa~ 

most beneficial was it required advance planning which called atten

tion to details that may have been·overlooked if advance planning had 

not been implemented. Examples of the tooling that was developed and 

used is described as follows: 



This han.d held powei tool ti,tilizes conventi,or1al hacksaw bla.de·s, 

ana is µsed to cut framing, p.i ,ping, sheet metalt and almost 

anything that:: allows acoess only from one sic1e. This ver

satile air operated tool proved to be a rea1 work horse with 

a .nmlti'tude of applicatio·ns .. 
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Plasma Arc, Cutting 'rorch 

The plasma arc tox:-ch was originally developed for cutting non

ferrous meta.ls using inert gases(.Argon-Helium, etc.)q In order 

to expand the applications of the process, modifications to the 

equipment were made anc1 parameters for various gases were de

veloped .. 'I'he developed equipment can produce plasma flame 

temperatures estimated to be 10,0000C to 14,000oc. This 

broadens the list of metals that can be cut and accelerates 

the cutting speed. The quality of the cut of some materials 

may not be suitable for some production applications, but the 

long list of materials that can. be cut and the fast cutting 

speeds(exarnple: cutting speed fOr 3/8" stainless 20" per 

min.) makes this a good tool for decommissioning. 



The pla~ma ,arc torch, when us.ed i.nsioJ$ a well ventila·ted glovehox can 

rectu.of} s.ectl.qns of gI.o;r.el:mxea,, tooling and machines t.o. small pieces 

su:i.tqblE! fxJ:r: s:ma.tl. p..i~oe aEt$ay ( 14 11 h:Lgh cyli.nd:rioa1 $)1qpea packc1g.es 

at good ptoch.tct.ion ~at.es. 

A plas,r.na cr,r¢ cuttin:g tbrch wi;is installed in one conventional glove

box fo~ the cut up of too,1.ing and equipment that had been sectioned 

into pd.ea.es that could be manipulated by hand for cutup. Another 

operation.was a plasma a:rc torch installed in a large cutup bo;x 

equipped with a crane, where smaller gloveboxes could be maneuvered 

over and lower.eel into the cutup box for slabbing off sections and 

cutting ,the sections into pieces for packaging and assay. The 

slabbing off operation started at the bottom of the item being cut up 

and the item was lowered as the cut up operation advanced upward 

until the item being cut up was cohsumea. The taping of the edges 

of the cut t;1p pf.eces and the hag. out operations were. performed in 

one end of the big cutup hox as the $ectioned off pieces cooled to 

hand1.ing t~mperature. 

Another plasma a.rq torch was fitted to a modified pipe beveling 

machine for sectioning the pipe and tankclge in the solvent extraction 

glovebo¥ operation.. This g.lovebox and apparatus had contained 

tributyl phosphate and dodacane solvents. rrne atmosphere. in the s.x. 

glovebox was. ine;rt:ed wit:h nitrogen g~s and the apparatus was cut dbwn 

a.nd sectioned using nitrogen gas plasma and nitrogen cov.er gas. The 

details' of the operation are explained in D.O.E. Report No. L 



Wach's Portable Powered.Saw 

A portable hydraulic operated power hacksaw was rnooified to fit 

ana operate inside a small wheel mounted glovebox removing 

and sectioning the verticle storage tanks which were suspended 

in the wall of the vault and scrap recovery rooms. The glove-

box was positioned ove;r the tank to be removecll>- A jacking de

vice was placed in the floo:r; cubicle in the basement under the 

ta.nk to be cut up.. A 30 ton jacking sy.stem was used to make 

first lift because sorne of the tanks had been driven into 

steel lined sleeves in the concrete during plant construc

tion 19 years ago. Acid fumes from production operations had 

caused ruating and corrosion and tightening of the tanks in 

the wall. After the initial lift was made ahd the.tank being 

removed was reasonably free to ~ove in the hole, a yoke type 

jacking device with pipe wrench type jaws, was used at the top 

of the hole to lift the tank up through the bottom the out 

up box. A collar type clampibg aevice was used for safety to 

secure the position of tank at all times. Each tank was 

in approximately 25 sections and the average cutting time 

per sectioh was about 16 minutes, All 60 tank~ were cut up 

safely without any major contamination problems. Special 

plastic caps were obtained to cover each out end of the pipe 

sections to prevent the burrs on the pipe ends from snagging 

and cutting glov.es and/or fingers. The plastic pipe ends 

proved to be more economical than tape for this operation due 

to savings in time and the reduction in tape usage. 
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Use of Zip Strip, Clear Coat and Other Strippable co~t1ngs 

Zip Btr:i..p 

Zip strip i.s a product of the ·s.tar Bronze Company. It is a jelly

like material, that when applied to a painted ot finished surfaoe 

with a brush or r.oller and allowed to soak for 20 to 30 minutes, 

the f i'ni:sl) peoomes S'Oft, :i, t C:rinkles up and becomes strippable with 

a putty knife or scraper. 

During the years the plant ~a~ in operation when painted surfaces 

showed signs . of wear and stain from shop soil, they would be re

painted, as a result those areas of least wear developed a build up 

of paint layers. Decommissioning operations required the removal of 

these layers of built up :paint which rnay have contained traoes of 

contamination. In the eQrly months of decommissioning Zip Strip 

was used tc r ,ernove much of this paint, however when some of the 

chemicals contained in Zip Strip appeared on the E.P.A~ list of 

hazardous ·materials we were required to stop the use of Zip Strip 

and were required to develop other methods of removing paint and 

paint type coatings. We are currently using mechanical(abrasive) 

methods for paint removal s1.ich as: sandblasting, vacu-blasting, 

using steel shot and various machines that use a rotating drum 

which contain carbide flails that impact and abrade the surface 

being decontamir1ated and prepared for survey. When the decontami

nation survey has been completed the abraded surface is usually 

sui t a·ble for the reapplication of paint or other suitable coa.tings . 
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Clear Coat 

Clear ooa,t ls a, trade name .of the Oaki te corporation~ This cl.ear 

pi;tirit. type coating was used to cover and contain c.ontamination cm 

the. itisiae: and other surfaces of g 1oveboxes during sectioning for 

cut up and packaging for dispo·sa:1. In order to contain and n-ot 

spread conta·mination to the atmosphere in the production areas, 

the inside· of~ cleaned glovebox to be sectioned is spray palnted 

,with Clear· Coat, usually 2 or 3 a.ppl.ications.. Drying time between 

coats varies due to how thick it is applied, but it usually dries 

in several hours in a. well ventilated glovebox. Thls coating will 

adh.ere to the glovebox $Urfaces and .retain any contamination that 

may be p17,esent. Sectioning a glovebo:x npens joints and exposes 

cross .sections of the glovebox which requires another app1ication 

of Clear Coat, consequently each titnE::i a portion of a glovebox was 

cut away the disturbed ~rea would he given another application of 

Clear Coat. 

When these large sections were being further cut up inside a out 

up box for packaging, the clear coat would be scrapea off in the 

area of th~ plasma arc cutting :path to reduce smoke. Rxcessive 

smoke impares vision ihside th~ cut up bo~ atid will clbg the H.E.PLA~ 

filters, to reduce this problem we installed inexpensive furnace 

filters as pre-filters to increase the production time between 

H.E .. P ·.A. filter changes .• 
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Tent Design and Ventilation 

The sectioning g1oveboxes :ts performed inside a te.mporary plastic 

tent which is constructed around the glovebox to be dismantled. The 

tent is connected to a negative ventilation system which causes the 

ai:tt flow to be from the :room to the tent to the suction of the ven

tilation system This assures a negative on the tent atmosphere and 

should a contamination leak occur it would still be confined to the 

tent. The glovebox being sectioned is maintained on negative atmo

sphere as long as practical also. The tent and glovebox arrangement 

is illustrated in Figure 7, Report No. 1. 

Page 22 



Disasserribl:y and Dismantling of a. G.1.0vebox 

A typicaJ sequence of operations for dismantling a standard glovebox 

i s as follows: 

1. The area supervisor complebes a Special Work Permit. See 

Figure 4 Forn1 I(M 2420-)3 . This form requires written re.:

sponse to the f ollowing: 

Location 
Job Description 
Job Safety Analysis 
Radiation Conditions 
Protection Equipment Required 
Any special insttuction 
Signatures of all people involved in the job. 

Thig is to assure that everyone ihvolved reads and under

stands the tasks that must be clone to complete the job. 

The gloveboxes in the wet end of the process were per~ 

meatea with nitric acid which has long dried up and 

traces of nitric crystals are preBent in various joints 

ana crevices. (the gloveboxes have been out of service 

and on negative ventilation since the plant ceased oper

ations in 1976) 

2. - 'I'he inside of these 'gloveboxes are steam cleaned with a 

strong alkaline solution consisting of(Turco Power Steam 

Cleaner No .. 121256) and water . This solution, after use 
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is proOess,ed through filters ana ionization columns to 

recover the r aBioactive material a:nd to make the. wast e 

water suittrb:le for release. When the waste water haf3 

been processed and meets release limits it is piped to a 

hypalon lined evaporation pond. 

3 . The gloveboxes· in the d ry end of the p r ocess are scrubbed 

on the .:tnside with wipes .saturated with 1, 1, 1 Trichloro

ethane.. The cont.arnina,ted wipes a11d accumulated material 

were collected and arranged on the floo r of the glove-

box to dry . IDhe flow through ventilation in the glove

box will dry the wipes in a short time. The dried 

wipes are packaged and bagged out for survey in the 

TRU waste counter and placed in a drum for disposal. 

4~ When all high level smear.able contamination is removed, 

the inside of the glovebox is clear coated. A glove or 

window may be removed to allow access for this painting 

operation. 

5.. Whert the glovehox is ready for rernoval to Box 4 for cut 

up, or if it is t o be s ectioned in place a tent is er~ct

ed over the work area for containmefit . Incoming ventila

t i on is establish~d in the tent to prevent room contami

nation and an air monit oring alarm system is installed to 

bontinuously s~mpla the atmosphere to warn the ope~ator 

should airborne contamination occur. 
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6. When all contaminated su.rfaceE; have b'een olea~ ooated, the 

wincfows and gloves a:re ;relnoved, all newly exposed surfaces 

are clear coated to prevent airborne c0ntamiriation. 

7. Oper~tors outfitted with supplied air and two s.uits of 

clothing, (oute.r set diaposa,.ble paper) perform the dis

mantlirtg anc1 m.1t up ope,:-ations, tZJ.pe all edges of the 

sectioned pieces ana hag each piece in plastic for bag 

out. 

8.. 'l'he bag out operation consists of a hag port in the side 

of th~ tent. A ~iapped and plastic covet~d piece ready 

for bag out is placed in the bag attached to the bag pbrt 

in the side of the tent. The bag attached to the bag port 

containlng the wr~pped piece is gathered and twisted 

closed (~otse-tailed), the horsetail section is wrapped 

with tape to ke~p it closed. The horsetail is s~ctioned 

l~aving half with the bag port and half with the bag. The 

out end on both halves is carefully tapea to prevent con

tamihation spread. Th~ sectioned piede in the bag is now 

ready for transfer to a cut up box for further size 

reduction or if suitably small. to the T .. R.tJ. waste assay 

counter and disposal in T.R.U. waste drums A new bag is 

attached to the bag port over the horse- tail section . left 

from the previous bag. The remnant horse tail is then 

removed and is contained i.n the new bag which is ready to 

redeive another piece of hardware~ 
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9. 'The operators leave the out up tent through an anti-room 

attached to the tent entrance. The first layet of paper 

.disposable. clothing is removed .. The second layer of cloth

ing is surveyed and if contamination free, the operator 

steps out into the room. !'f spot contamination or a small 

area of contamination is revealed the contaminated a;rea 

may he cleaned by touching the spot with the stJckey side 

of a piece of tape to remove the contamination from the 

operators garrnent. It may also be necessary to remove 

the second layer of clothing .. 

10. Tent Disposal 

The tent is fabricated out of a roll of plastic sheet. 

(clear .. 004-.006" thick) 

The frame work that supports the structure is on the out

side of the plastic sheeting which prevents the frame 

from becoming contatnit1ated . This simplifies the task of 

disassembly which is to detach the plastic from the frame, 

collapse the tent with filtered negative air pressure, and 

fold the plastic carefully toward the center of the tent 

and Wh~n the package is as small as practical it is placed 

in a drurn for assay ana disposal. The size of the tent 

may require sectioning the plastic into more than one con

tainer f O·r disposal. When a section of the tent if more 

soiled or contaminate~ than another, such as the floor, 

that section may be spray coated with clearcoat and pack

aged separately to meet packaging requirements. 
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Build~tig surtaoe Decoptaminatioh 

The building surfaces such as walls and ceilings were shot blasted 

with a vacu..,...bla,st machine which,was rnooified for this service. The 

modification cons:istea of cin additional cyclone and filter wn!Lch wa·$ 

added to the dfscharge air. stream before it exha~sted into l:)ui;Lding 

ventilation .discharge air system .. 

D~aontamination of the production and laboratory -floor presented an 

u-nusual problem because the floor coating was art epoxy material which 

was applieo by pouring a quantity on the floor and allowing it to 

f.low out leveL DUe to the irregularities in the floor, the ooating 

varied in thickness,(as much as 1/2"), the resilience of the material 

virtually eliminated the effectiveness of vacu~blastlng which m~rely 

impacted the surface. Several removal methods were tried such as 

grinding, which loaded tip the grinding wheel to the point where it 

would quit cutting. Removal by heat was not a practical approach 

because ,experitnental work revealed that the material would off-gas 

when heated and the off-gas was combustable. Scabbling with impact

ing pistons was reasonably successful, hut very slow. The method 

wh~ch gave us the best results was~ macihine which used a rotating 

drum with milling cutter type flails which contained tungsten carbide 

blades. The scarifier action of this machine would appear to mow the 

floor covering away, along with a skin laye~ of concrete. An 

i;1.md liary vacuum system with a H. E. P.A. filter box and exhaust tube 

to the building ventilation di.scharge system completes the arrange.

ment. 

This machine has a working width of 8", weighs about 100 lbs., uses 

a 3 H.P. motor and scarifies 400 sq . ft. per hr. 
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Eleot»±d vers~o~ 0£ 
F1oor scabbler 

Pneumatic version and conversion 
of hand held machine to a walk 
behind floor machine. 



Bottom view hatid held 
machine ~howing air 
mbtor arid d:rum wilith 
special mi11itig cutters 

'11op view hand 
he l 'd- rn.achine 

Photos also show floor g,,urface produced by this equ.i.pn,ent . 
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Bui 1 o!ng . $urfa ce De con tamir)at!on 

·The yaqu-bl-ast ,mEtch.n.ne ts a sand or shot blasting. mach~~e .ot:.ha.t. has a 

nozz·le arr&ngement for ·,racuumi.ng u.p the spent shot and dabri f -r ,om 

blasting ·ope1tatinn as it .occurs. The machine separates the debi-l 

fr-b~n the shot, cleans the shot a.hd returns it to the feed hop_petr " 

The dust and ,iparlnt flake~ are co·llected in a cyclone aust collector 

and lter sys.te.m.. The final filte.r for the dischar ge air is a 

H..E"l? .. 1L filter.. ·This machine will prepare about 14 sq .. ff .. per 

honr of wall or ceiling . Cima.rr·on has 4 units in service 

Jc,_,·.~.·--·· . · . -.. · - /' . 

DMl 
TIFi 
Movr 

M 



Needle s·cale:r used in corners and :ether ar~as whlch wer:e inaccessible 
for dru~ type madhine • 

. Photo shows shot b last ed wa.11 surfa ces before an.d after·~ 
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Whe. :t7em.ov:Lng con.tamination ftoin the walls, .. floor, cubicles 

are. 'i.ll~strateda ht the following, photog:ravhs. 
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vault wall 

f l oor exhaust ai r f i l t~r box 
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Pu Plant Laboratory Drain system 

The laboratory drain system consisted of two separate drain 
sy·stems . The u:ranciutn laboratory room drain system was located in 

Room 14,0 and exited t.he. building through the east wall ana term
inqted lfl. the 10, 0·00 gallon collect.ion tanks. Th:i;s system aonsi.sted 
of approxima ·tely: fifty two feet of two inch du.rcon pipe under the 

floo.r , ·of Room 140.. 11he Plutonium laboratory rooms drain system 

serv.i.ced most ,of the lahora.tory area •and exi tea through the build

irigs north wall and tertninatea in the 10,000 gallon collection 

tanks.. ·This system consisted of approximately 335 feet of two inch 

durcon p:lpe. 

Since the uranium drainage system was contaminated to approxi

mately 500 dpm/100 err? .smearable and was concentrated in one room 
we decided that it would be easier to remove this small system 

(Figure #1) .. This was accomplished by using a doncrete saw to cut 

around the up risers, breaking out the concrete, and digging up the 

pLpe. We perfo~med a release survey on all concrete that was re

moved. All dirt was drummed as it was removed. 1',11 joints were 

inspected !or leakage and surveyed for detectable contamination. 

~fter the pipe was removed each hole was surveyed with an Eberline 

PRM-5 with PG-2 gamma probe and soil samples were taken.. Since no 

contafu~natioh problems were detected the dirt was then returned to 

the hole, 

Our initial plan was to clean and survey the Pu drain system 

( figure #2 and #2A). To .accomplish this, we s.aw the need to acquire 

some special detecto~s and to ptove that this system was leak proof. 

We initially removed a portion of this system outside of the build-
; 

ing between the building and the 10,000 gallon tanks and installed a 

sight glass riser on the, pipe at the lower level outside of the 

building (Fi'gure #3) .. We proceeded to £ill the entire system under 
the building with water to t,he floor level and marked the water level 

in the sight glass riser. 
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The results our ird.tia1 test indicated a leak of 

approximately 0 .. 5 gallons of Wc\ter per minute in this remaining 
system. :tn ah attempt to looate this leak We deed.dad to remove the 

line .from under rooms 141, , 143, 140, and since we already 

had access under the floor in room 140~ We also decided to cut a 

hole in :the northwest corner of room 129 and to separate the d:raih 

line there for our next leak test (figure f4). 

our second leak test consisted of the remaining drain .system 
in the laboratory area. only. We installed two standpipes, one in 
the northwest corner of room 129, ana the other in room 132 north

west corner {Figure f,4}. After filling this portion of the drain 

system with water, we still indicated a leak rate of approximately 
I 

0.5 gallons per minute. Beoause of the results of this leak test we 

continued to remove Pu drain line until we found a wet area in room 

135. This we,t dirt. was drummed separately and labeled as possibly 

contaminated dirt (Figufe #5.) As we continued to remove dirt at 

this location we fou.nd an elbow at approximately 6 feet below floor 

level with the back of the elbow broken out. Since there was only 
approximately 35 feet of this drain system left in the labor~tory 
area, we decided to complete removal of this system from the labo

ratory area. ( Figure # 6). our third leak test consisted of the drain 

line :from tne northwest cornet of room 129 to the north wall of the 

Pu bulding (Figure #7}. After this portion of the system was filled 

with water and left 24 hours it indicated no leakage from this part 

of the .system. This is a stra:i.ght run of approximately 82 feet of 

two inch duroon pipe that runs through the exhaust ventilation 
tunnel ana unaer the production hall thru room 127 (Figure #7). 
Initial smearable results ind.:Loated approximatley 1000 dpm/100 cm2 

smearable in this pipe .. We usec1 a rotating steel brush with a water 
flush to clean this pipe to s than 20 dpm/100 cm2 sm.earable. 
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We built a cylinderc.ial gas proportional alpha detector to 
pull through this line for our direct survey. Our initial survey 

indicated approximately 50% of our readings were 11 above 100 
2 2 dpni/100 oIT\ and a maximium of 408 dpro/100 cm After recleaning 

the pipe with a brush hone our results were all less than 100 
dpfu/l00 orn2 direct ana less than 20 dpm/100 cm2 srnearable .. 

W. A .. Rogers 
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Housekeeping and ·safety 

Spreading contamination by cateless operations would make the ta.sk 

of aecontamfnation more ai.ff.icuJ.t, increase the potential for per

sonnel exposure, and generat.e excessive waste which requires expen

sive di~posal costB. During the decommissioning operations, any 

disarray or contamination spread caused by disassembly and cut up 

operations were cleaned up by the decommissioning crew as they 

occurred .. 

The PlUtbnium Plant housekeeping plan included a list of regular 

tasks pe.rformed by the utilities group of peopleQ These tasks in

cludea routine mopping of the hallway corridors and service areas 

as well as shiftwise surveillance of the building's negative air 

system requiring attention to fans, filters and flow control damper 

actuators .. 

In addition to routine contamina.tion surveys by the Heal th Physics 

'I'echnic:i.ans, a monthly inspection ( see Figure 5 ) was performed by the 

Health Physics Supervisor on a surprise schedule. This method was 

used to help maintain orderly working areas .. An important part of 

this inspection was to look for safety hazards or unsafe work 

practices which might result in an injury. 



DATE: - ----·--------

MONTHLY WALKTHROUGH HOUSEKEEPING' .AND SAFETY INSPECTION 

( Write deficien,;:Les. d~tect,:ed and specify a,:ea iu space provided below each item to be c.h.eckecL: 

! .. General ,Ordiirliness (u:nneces.s.arr clutter) 

A. Floors and Aisleways: 

B. Woxk Areas - Table., Power Tools 

C. Scrap o:r Trash (.should have been removed) 

II. Safety 

A, Clear Access Io Fire Exting:uishe.rs 

B. Clear Access To Emergency Ex.its 

·c. Clear Access To El:~ctrical ·Swit~h Boxes 

D. Containers Labeled 

Ill. Health Physics 

A. Survey Instruments Readily Available At Work Locations 

B~ Respirato~s Properly Stored 

IV. Comments or Additional Items 

FIGURE 6 



The last 1.5 hours of each Friday was used for a short work ~tation 

safet~ .meeting by the ar~a supervisor~, the remainder of the time 

was used for a total' shop housekeepi·ng detail. In addition, a 

monthly safety rneetlng with all personnel was conducted by t);le 

Health Phy,Sios Supervisor.. All .of this attention to safety and 

housekeeping was to emphasize the importance of minimizing oontami~ 

nation and persbnnel exposure~ 
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DATA COLLECTION 

The following procedur,es are .included in the Appendix of this report 

because they defi.ne the work that was performed, the way it was 

acc.ornplished and the accuracy of the results. 

These procedures were included in DOE Report No. 4, but rlre repeated 

here because they are examples of the way tasks and problems were 

solved at the Cimarron Facility. Data collection .and the accuracy 

of the .tesu1.ts are an .important part of this final :report. 

Procedure KM-NC-10---83, Rev. 3 4-1-87 

PLUTONIUM PLANT L.S.A . WASTE DRUM COUNTER. 

Procedure KM-NP-10-89, Rev. O 4-12-84 

PLUTONIUM PLANT N.D.A. COUNTING OF T .. R~U. WASTE 



.DRUM LDAOlNG - COMPACTION ~ . SH!PPING CONTAINERS 

L~ S~A. drum loading are accomplished in the vault wher e· a series of 

open top DOT 17-B dr.ums are sel.ectively filled With packages as they 

are aocunmlated from the deco11.hafuinat;io:n operations. An inventory 

sheet is mai'·ntained on each drum,,. When several drums a.re fi.lled and 

tb'e materia'ls cont~ine·d qre comp;ressaJ~le" example~ (wipes - rags -

plastic, e.tc .. ) three or four clrums full of this material are com-

pa into one drum usin9 a shop made compactor~ The Photos 

i11.\1strate the 17H ·drums and the con,pactor cabinet .. 

Page 40 



Hold disas 

the • in 

oomp,resaecl, usua.lly 

during 

side'wall 

or three 

Pacr~ 41 

stic wipes 

drum hold the 

e hold discs are used in 



The T.R.U 

A drum 

con following: . 

.. o O thick is placed a lJOT 

9:alvanizea chromate treated drum. dru.m li.ner filled. 

the is shut. The lic1 

is and g.askete:d down and the compression is bolted 

and ed with a jam and cable seal. 

The lled drun, is transported an N- shippit19 container. 

Kerr .... McGee owns ( 38) t.hi.rty eight N-55 containers which have 

made two Hanford T R.U. 

repository 



the photos bel .. 

Page 43 



HEALTH AND SAFEmY PROGRAM 

Safety Meetings a-nd Related subjects .. 

The weekly safety meeting consis.ts of a topic of interest such as the 

use of ladders;- or high-jackers when the next work week may oontain 

t .asks where a ladder or scaffold would be :requited. Wheti a new tool 

is obtained, i .t becomes the topic of a safety meet.ing where proper 

use and operation are d'iscussed and dernonstratedo Safety meetings 

a:re also used to discuss shop problems where decommissioning oper

ations may cause a temporary or permanent change in an established 

routin~ . Safety meetings are conducted by the area supervisor or a 

person he has ,designated to prepare a presentation on a specific 

topic4 Safety meetings are also used to discuss hear misses wher~ 

quick thinking ana evasive action prevented an accident. 

The topic of the weekly s ·afety meetings. and the supervisor's obser

vation of the effect of the meetings are reported in the supervisor's 

monthly progress report to management. 

FIRE AND EMERGENCY EVACUATION 

EacI-l cale'ndar quarter an emergency evacuation is conducted where 

everyone evacuates to the designated area. The attendance board 

is carried out by the first person leaving the building .. When all 

personnel are accounted for and surveyed for conta~ination, the 

evacuation procedure is reviewed and a scenario of a potential emer

gency is discussed and a dottrs~ of adtion is described whicth wduld 

apply to the emergency. Such topics as how to handle an inju:tea 

contaminated person and the use of the ·emergency bu.ilding and its 

facilities are typical o'f these sessions. 



shows a at the 
building .. 



~he Cimarroti Facility has deveaoped th~ capability to cope ~ith fire 

emergenoy.s involving' Class A, '.£3' and c fires plus the -unique problems 

as~ociated with radioactive materials. 

Enriched Uranium and Plutonium pose problems from their radioactive 

contaminatibn · and toxicity potential plus the possibility of a crit

icality. A criticality incident may result from a fire or improper 

fire fighting'techniques. Water, in some cases, can cause a nuclear 

r eaction to occur.. A change in ·shape by melting or settling due ·t:o 

fire is anothar criticality risk~ 

Work place f;i.res are job and property loss potentials.. Good house

keeping and the use of proper work procedures and maintenance, along 

with properly trained people and good emergency equipment are essen

tial in a fire loss prevention program. The fire action plans of 

Kerr-McGee and the Cimarron Facility are designed for these con

tingencies. 

Page 46 



.Accidental Release of .Radioactive Materials 

TWQ large loose leaf binders full of health physics proodures, emer

gency procedures, and contingency plans all a.dd to the ability to de

tect and oope with an accidental release of radioactive materials .. 

For brevity sake appropriate for th report Procedure KM,-NP~l0-81 

"Plutonium out of Confinement - Leaks, Spilles, etc." is included. 

This procedure provides instruction in a summary form for proper re-

spons~ to situations involving,accidental releases. 

In addition, sections of our contingemcy plan and emergency 

procedures are attached which describer 

a. the ventilation containment system: 

b. instrumentation and alarm systems for release detection; 

c. emergency procedure training; 

d. contingency classifications, notifications and actions1 

e. recovery plans; and 

f. administrative controls . 



S0MMARY EXPOSURE DATA FOR Ol?ERATING PERSONNEL 

D & D of the Cimarron Facility plutonium plant resulted in a total 

whole body penetrating dose of 10 m9-nRem spread over 26 people dur

ing a nine year period. The maximum total whole body penetrating 

dose received by any incliv.i.dual was 9 . 37 Rem for the entire nine 

years. The average total dose received fa~ the nine year period was 

2 .. 6 9 Rem or an average of O • 3 Rem per year per ind iv i dua 1.. ·The 

administrative staff exposure was much lower and as a result was 

hbt factored in the average total dose of any of the charts as this 

would bias the averages low. 

B!OASSAY REPORTS 

Routine bioassay (u~ine) sample results were below the detection 

limit of .01 dpm/sample volume .. Special samples, requested after de

tected r~leases of ai~borne contamina~ion showed positive r~sults 

in four cases, involving nine people 

Maximum for a six day total voiding (fecal and urine) was 1245 .. 2 dprn 

for one incident. The other totals for a six day voiding ranged 

from 7.32 dpm to 324.8 dpm . In all cases, subsequent samples 

have been 0.1 apm per sample volume. 

In-VIVO lung counts have never shown detectable depositions of Pluto

.nium. 



1 .. 
2 .. 
3. 
4 . 
5 . 
6 . 
7. 
8 . 
9 .. 

10 .. 
11. 
12. 
13. 
14 .. 
15. 
16 .. 
17. 
18. 
19 .. 
20. 
21 .. 
22 .. 
23. 
24 .. 
25. 
26. 

PEnSONNEL FILM BA.DGE R:ESULtPS FOR DECOMMISSIONING 
PU-PLANT l ·0/79 to 9/88 EXPOSURES REPORTED IN REMS 

MAX. 9 .37 
AVE,. 2 .. 69 
MIN., 0.18 

BEGINNING ENDING 
LiitETIME DATE. LIFETIME DATE 

7.28 10/7"9 13.08 8/88 
4 .. 72 10/79 7 .. 73 8/88 

.17 10/79 4~99 4/84 
0 10/79 2 .. 23 8/88 
0 10/79· 1.. 22 6/81 

3,27 10/79 3 .. 65 8/88 
.23 l0/l9 3 . 87 8/88 
.19 10/79 Ll2 8/88 

3. ,99 10/79 5.81 8/88 
.11 10/79 2.65 8/88 

3.20 5/80 4.55 8/88 
7.37 5/80 . 10.25 8/88 

• 1'2 9/80 7.76 8/88 
0 1/81 2.23 8/88 
0 7/81 2.60 8/88 
0 8/81 1..22 8/82 
0 9/81 .. 83 8/88 
0 9/81 2.83 8/88 
0 9/81 462 8/88 
0 10/81 1. 92 6/88 
0 10/81 9" 31 8/88 
0 12/83 .18 4/85 
0 2/$5 l .. 91 8/88 
0 5/85 3.10 7/88 
0 5/85 2 .69 8/88 
0 12/85 1 • 99 9/87 

Paqe 49 

TOTAL 
5.80 
3.02 
4.82 
2 .. .2 3 
.L 22 

.38 
3 .. 64 

-93 
1. 82 
2.54 
1.35 
2 .. 88 
7 .. 64 
2 .. 33 
2 . 60 
1.22 

.. 83 
2.83 

.. 62 
1. 92 
9" 37 

.18 
1,91 
3 .. 10 
2.69 
L99 

69.86 



INTERNAL EX·POSURE 

The table below shows. exppsure estimate assignments, by .. year 
for the Cimarron Fac:tl±.ty Plutonium Plant decomm!issioning·. 

YEAR 

1~n9+ 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
19sa++ 

NUMBER OF 
PEOPLE 

8 
9 

19 
21 
20 
19 
22 
19 
18 
18 

WOTAL 
Ml?C-HRS 

17.20 
179.72 

5.~6 
534. 3·0 

2'2·0 ,O·. 4 7 
1563. 60 

20,6 .• 80 
420.70 
453 .. 00 
17.00 

AVERAGE MPC..,HR PER PERSON 
FOR THE YEAR PER.WEEK 

2 .. 15 
19 . 97 

0 .. 31 
25044 

110 .. 02 
82 .. 29 

9 .. 40 
22.14 
25 .. 17 

0. 94 

0 .. 17 
0.3B 
0.10 
o .• 49 
2 .. 12 
2 .. 74 
0 .. 18 
0 .. 43 
o.48 
0.10 

During the total time of 464 weeks, a total of 2~ individuals 
received a total of 5,59B.65 MPC hours resulting in an average 
of 215.33 MPC hours per individual .for the 464 weeks or an 
average o.f 0 ... 4 6 MPC hours per week .. 

+october through December (13 weE=ks) 
++Janµary through August (35 weeks) 

* Exposure Estimates Assignments Basea on Air Samples O .. lxMPC 

The table below shows the total exposure estimate assignments 
for the 26 people engaged in the decommiss:i.oning activities 
over a nine year period. 

Worker MPC-.HRS Worker MPC-HRS Worker MPC HRS 
A 228. 92 j' 25 .. 08 s 60 .. 86 
B 22'9. 85 K 212 .. 19 T 347.48 
C 225.35 L 465.19 0 625.71 
D 83.43 M 475 . 39 V 4.10 
E 80 .. 07 N 366 . 02 w 62,40 
F 207.81 0 BL. 99 X 73 . 80 
G 224.54 p 108 .. 24 y 47.80 
H 1-4., 40 Q 113.37 z 54 .. 50 
I 194.90 R 985.26 

As can be seen, the ,maximum exposure esti:mate assignment to a 
single individual was 985.26 MPC-HRS ... This is an average of 
2~12 MPC-HRS .. per forty hour week over the total time. 

This data compiled by Ronald L. Fime. 

,... ___ C!'f't 



Air Effluent Monitoring 

Exhaust staok sample .results are shown below by calendar quarter .. 

The table show the total gros.s alpha released as well as the concen

t~ation in microcuries per millil 

1979 n1C:i/ml 
Total mc:i. 

1980 mci/ml 
'l1ota. l mCi 

1981 mCi/ml 
Total mCi 

1982 roCi/rnl 
Total mci 

1983 mci/ml 
Total mCi 

1984 mCi/ml 
Total mCi 

1985 mci/ml 
'l'otal mCi 

1986 mCi/ml 
Total mCi 

1987 rnCi/ml 

1988 

'11otal mCi 

mci/ml 
Total mCi 

1.28 E-14 
1.95 

8.8 E--15 
0.87 

5.18 E-15 3.54 E-15 5.25 E~ls 1.08 E-14 
0.81 0.66 1.04 2.17 

2,59 E-14 6.59 ~-15 3.03 E-15 5.80 E-15 
4.45 1.22 0.61 1.08 

4.24 E-15 4.93 E-15 4.22 E-15 8.99 E-15 
0.73 0.92 0.79 l.~7 

1.51 E-14 7.57 E-15 3.59 E-15 1.28 E-14 
2.58 1.40 0.67 2~54 

3. 03 E-14 4. 76 E-15 2 _. 83 E-15 5. 52 E-15 
4.76 0~89 0.53 1,03 

1.15 E-15 3.95 E-15 9.72 E-16 2.11 E-15 
O.li 0.73 0 18 0.39 

1.56 E-15 9.32 E-16 4.969 E-15 1.60 E-15 
0.25 0 .. 17 0.93 0.30 

4.06 E-15 2.24 E-15 1.67 E-15 3.13 E-15 
0.48 0.34 0.22 0.32 

9.39 E-16 
0 .. 08 

4.85 E-16 
0.06 



Liquid Effulent 

Decontaminat.:i.on solutions were cleaned up by filtration and ion 
I 

exchange methods to < 0 .1 MPC, or cementea for burial as LSA 

waste. No liquid effluent. was released from the Pacility . 

Domestic waste water and !decontam;inati.on ·solutions < 0 .. 1 MPC 

( < 4. 0 x 10-7 rnci/ml} were pumped to sa_ni tary lagoons 

(evaporation ponds with no outlet). subsequently, the dry sludge 

was removed from the sanitary lagoons and shipped as LSA wast~o 

Samples of the ·dry sludge showed a range of 2. 89 to 17. 7 p.:lcocuries 

of plutonium per gram witb an average concentration of 10.7~ pico

curies/gram. · 



A.NNUAL ENVIR,ONMENTAL SAMPLE R,ESULTS 

The annual environmental sample results for the Cimarron Facility 

are included for review . These reports include both the Mixed 

Oxide Plutonium Plant and the Uraniux:n Oxide Fuel Plant. The 

reports included are for the years 1983 through 1988 and include 

the analyticql r~sults of tne weekly air samples and the locations 

where the samples \vere taken. Reports which show the results of 

the annual samples for surface water~ well wate r, surface soil, 

subsurface soil and veget~tion are also included. There were no 

appreciable Variations in any of the results obtained during the 

decommissioning. 

The reports for prior years when the plant was on standby are on 

file. They show no significant changes and were not considered 

pertinent to this report, 
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WEEK 
NlJ}fB.IDR 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23, 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
l,O 
ld 
42 
43 
44 
'15 
t; 6 
47 
l1.8 
t,·9 
50 
51 
52 

CINARHON fACILITY 
1983 ANNUAL ERVllH'lNMENTAL S!MPLBS (~i(L 

AnalyE>is - Gross Alpha (µCi/ml E-14) 

NOR'faWESl' !~ Ml.LE 
SAMPLE NO. 1101 

O.S7 
1,,6 
~-8 
2.7 
* 

2 .. 2 
.3 .• 9 
1. 6 
lqO 
L3 
l. 8 
l.1 
1..1 

* 
1.2 
L2 
L3 
0~60 
1.6 
o. 75 
0.7§ 
0.88 
1,. 4 
1.3 
0.41 
1. 0 
LO 
0.90 
1.0 
1-3 
* 

LO 
l. 2 
0.64 
1. 4 
1. 5 
0.63 
1.2 
1..2 
1 5 
LS 
* 

0,52 
L4 
o. 76 
0.94 
3.0 
0.58 
0.24 
0.42 

0.16 

KN LAKE EAST 
SA.Mt1LE NO • 110.2 

0 .. 64 
2.4 

B 
2 
* 

2~1 
4.0 
LB 
L2 
L7 
2 .. 3 
L6 
.3. 8 
* 

L5 
Ll 
1. 6 
1 7 
L4 
0.69 
1.1 
0.66 
1.1 
L3 
0.78 
0.79 
LS 
o.86 
l. 2 
o. 53 
0.87 
1.4 
1.8 
0.84 
1.3 
1.9 
0.58 
0.89 
1.1 

7 
l.6 

0.64 
1. 3 
0.88 
2,8 
0.53 
0.70 
0.67 
0.56 

0.36 

JUNCTION HWY 33./ 7 4 
SAMPLE NO.~ 11. 0 3 

LO 
1..9 
L4 
1.2 

* 
1.4 
2.7 
1.2 
1.6 
1. 2 
LO 
1.1 
1.2 

* 
0-74 
* 

1.1 
0.97 

* 
* 

1.4 
0.69 
0.93 
0.68 
0.44 
0.89 

* 
1.3 
0.93 
Ll 

* 
1.0 
LI 
o. 75 
1.7 
L5 
o. 79 
0.28 
L4 
1.8 
1. 3 

* 
0.48 
J..4 
0.80 
LI 
0, 73 
0.39 
l. 0 
0.76 

* 0.35 



SN-1PLE LO CATION ---··------
Snrfaec Water ----··------
River - Upstream 
River - Do'WTl.S trea-m 
Pend NW o.f Plant 
Pond West of Plant 
KM Lake East 
Pond ~1r/. of Incinerator 
Stream NW of oid Pond 2 
KM Lake West 
Sanitary Lagoon East 
Sanitary Lago·on West 

Well Water 

North of Plant 
SW of Old Pond l (dry) 
Fann SE. of Plant 
1\~? of Old Pond l (dry) 

of Old Pond 2 
SE of Old Pond 2 (dry) 
Junction Hwy 33 and 74 
NE of Old Pond 2 (dry) 
SW of Old Pond 2 (dry) 
South of Old Pond 2 (dry) 

Vegetation 

North 11 
North U Fence L:lne 
South U Fence Line 
South ~1 Mile 
East 1~ Mile 
West ~ Mile 
Covered Pu Pond 
Covered Pond 1 
Covered Pond 2 
Old.Burial Pit 
North Pu Fence Line 

SAMPLE 
NutffiER ---

1201 

1203 
1204 
1205 
1206 
1208 
1209 
1212 
1213 

1301 
1302 
1303 
1304 
1305 
1306 
1307 
1308 
1309 
1310 

15.0l 
1502 
1503 
1504 
1505 
1506 
1507 
1508 
1509 
1510 
1511 

·· - C~ .... ,. .. a{Ul\ ...... ..;LLJ.. ... ..._ 

1983 ANNUAL ENVIRON~lENTAL SAMPLES 

DATE 
(1983) 

06/14 
06]16 
06/22 
06}14 

06/17 
06/15 
06/15 

15 
06. 
06/15 
06/14 
06/I5 
06/15 
06/15 

06/25 
06/14 
06/21 
06/24 
06/21 

GROSS 
ALPHA 

(pCi/1) 

<10 

< __ 

<IO 
<10 
160 
<10 
<10 

90 
14 

<10 

<10 

<10 

GROSS 
BETA 

(pCi/1) 

<20 
<20 
<20 
<20 
<20 
160 
<20 
<20 
<20 
<20 

<20 

<20 

1.350 

<20 

Pu-239 
(pCi/1.) 

o .. 01s ± 0~001 
0 008 ± 0.011 
0. 019 ± 0 .013 
0.006 ± 0.006 
0 .. 00 3 ± 0. 004 
0~008 ± 0.007 
0.004 ± 0 . .004 
0.009 ± 0.006 
0.010 ± 0.008 
0 .. 004 ± o .. 004 

0 • 017 ± 0 .. 015 

0.009 ± 0 .. 006 

0 .. 007 ± 0 .. 006 

0.011 ± 0.007 

(pGi/g) 

0.0004 ± 0~0004 
0 .. 001 ± 0 .. 0004 
0.0007 ± D .. 0006 
0.0009 ± 0.0004 
0.0004 ± 0.0003 
0.0006 ± 0 .. 0004 
0.0006 ± 0 .. 0004 

± 0.0003 
0.0007 ± 0.0004 
0.006 ± 0.004 
0 .. 001 ± 0.0005 

Revised 4-30-84 

u 
(mrJ.2-l 

0 014 
0,.005 
0 .. 004 
0 .106 
o. ooti. 

0.011 

0.004 

0.004 

J.l!.g/q) 

0.18 
0.08 
0.18 
0.19 
0.18 
0,.19 

0.04 
0.13 
0.18 

F 

Jm&lhl 

0~4 
0.4 
0.3 
~3 
0~4 
3.0 

0 .. 8 
_..;.---~ 

0 

4 

0.5 

6. 

<L 
<L 

5 .. 
<L 

<L 
<L 
<l. 
11. 

N03 
(~!_l} 

9 
ti. 
l 
2 
2 

220 
2 
2 
.6 

10 

8 

170 

10 



SAMPLE LOCATION 

Soil_ Surfag_e 

North~ Mi.le 
North U Fence Line 
South U fence line 
South 1-z Mile 
East ;1 Hile 
t~e s:t !.2 Mil~ 
Ngrth 1 Nile 
South 1 Hile 
Ens t 1 }A"_j_le 

l~est l M;i.le 
Northeast 1. Mile 
Northwest 2 Miles 
S-ou thwes t 2 Miles 
S011theast 2 Mil~s 
North 3~5 Mil-es 
North 5 Miles 
North 10 }files 
North Pu Fence Line 

Soil Sub-.Surface 

North !2 Mile 
North U Fen~e Line 
South U Fenc.e Line 
So11th ~ Mile 
Ea.st Mile 
West !1 Mile 
North 1 Mile 
South 1 Mile 
Ea$t l Mile 
West 1 Mile 
Northeast l Mile 
Nor:thwest 2 Miles 
Southwest 2 Miles 
Southeast 2 Miles 
North 3. 5 Mil-e$ 
North -5 Miles 
North 10 Miles 
Nnrt:h Pu Fence Line 

S.M1PLE 
NUMBER 

1401 
1402 
H03 
1404 
1405 
1406 
1407 
1408 
1409 
14W 
14.U .. 
1412 
llt:_13 
1414 
1415 
lll16 
1417 
1418 

1401 
1402 
1403 
1404 
1405 
1406 
1407 
1408 
lu09 
1410 
1411 
1412 
1413 
1414 
1415 
1416 
1417 
)/tl ~ 

CU-il\.RRON f ACTLITY 
1983 ANNUAL ENViROl!MENTAL SANI'LES 

- --··- ... ---· ·---
DATE 

(19:83) 

06/l6 
06 /-15 
06/25 
06/15 
06/21 
06/24 
06/21 
06/25 
06/1-6 
06/26 
06/21 
06121 
06/21 
06/24 
06/2:I 
06/2_1 
06/21 
06/ 25 

06/16 
06/15 
06/25 
06/15 
06/21 
06/24 
06.l21 
06/25 
06}16 
06/26 
06/21 
06/21 
06/21 
06/24 
06/21 
06/21 
06/21 
06/25 

I 

U-238 
J.11_g_L_g) 

0.5 
1.0 
2.0 
9 .• 0 
0.6 
0.9 
0.3 
-g .. o 
0.9 
LO 
LO 
1.0 
LO 
LO 
LO 
LO 
0.6 
0.2 

0.6 
2 .. 0 
2 .. 0 
0.6 
0.6 
0.6 
0.3 
9.0 
0 • .3 
LO 
LO 
LO 
1 .. 0 

1 .. 0 
LO 
1.0 
LO 
l . fJ 

Pu-239 
(pci/g) 

0.001 ± 0.001 
0.0008 ± 0.0007 
0.001 ± 0.001 
0.0008 ± 0.0005 
0 .. 002 -± 0. 001 
0.001 ± 0 0008 
0.00ff7 ± 0 .. 0006 
0 ~0009 ± 0.0005 
0 .. 0007 ± 0.0006 
0 .. 0007 ± O.Q006 
0.001 ± 0 .. 0007 
o.oooa ± 0 .. 0007 
0.0006 ± 0.0005 
0.001 ± 0.0008 
0 .0008 ±· 0,. 0006 
0.0004 ± 0.0003 
o.~ 001 ± o .. 0001 
0 .OOl ± 0~0007 

0 .0006 ± o. 0004 
0.0002 ± 0.001 
0. 003 ± 0. 0008 
0 . 003 ± 0.008 
0.001 ± 0.0007 
0. 001 ± o, 0005. 
0.0007 ± 0.0006 
0 .:001 ± o. 0007 
0~0008 ± 0.0006 
0.0006 ± o.ooos-
0.0.007 ± 0 . 0005 
0 • 001 ± 0 (}006 
0 - 0007 ± 0 .-00_05 
o. 0008 ± o. 0006 
0. 001 ± 0. Ob06 
O. OOL ±. O. 0007 
0. 0.006 ± o. 000/1 
o. ond7 ± o. oonr, 

Revi_s ·ed 4-30-84 

F 
(ug/g) 

130 
T"3t) 
130 
350 

7"8 
9.0 
28 

100 
90 
89 
70 
88 

lQO 
2.2.0 
190 

46 
67 
9S 

77 
160 

82 
3$0 

45 
87 
37 

130 
90 
8:7 
H 
92 
92 

220 
25 
26 
88 
80 



WEE;K 
NUMBEK 

l 
2 
3 
4 

5 
i:. 
7 
8 
9 

10 
li 
l'.: 
.lJ 
14 
1$ 
16 
17 
18 
19 
20 
21 
22 
n 
24 
2S 
26 

· 27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
49 
46 
47 
4.8 
49 
so 
51 
52 

i;:IMJ\JU~QN FACILITY 
1 'J84 ANNUAL E~;\1J'RONMENTl\L SA11PLBS 

-~----~- )At_R_.l ___ _ 

Analysi.s ~- Cil."OS$ Alpha 
(µti/lnl £.-14} 

N0.!\'1'Il1~S'J' 1.. _ HlLE 
;;11.MPL[; NUHBBF\ 1101 

}1',J,1 LJI.KE Eli.ST 
.SMff~L.B NlJMBEJ{ 110 2 

t1.'.JS 
Ll 

LJ 
(I , 70 
4,6 
4,8 
6 . 3 
9.1 
r:... 7 

o. 29 
(), 86 
(), 36 
o. 38-
;J. 55 
,J. 79, 

1.1 
0.57 
o.S4 
0,64 
1.0 
0.75 
o. 71 
o.67 
l. 2 
LO 
~ 

0.40 
1. 5 
0,65 
0.81 
1,8 
o., $6 
0.57 
0. 61 
0,61 
0.9 tl 
0,50 
2,4 
l. 2 

·'t 

0.12 
0.48 
(l.80 

0.50 
0.56 
0,67 
0.49 
o. 51 
o. :rn 

(;. 07 
3.3 

5.5 
1. 5 
Q.45 

l. 6 
8.3 
LS 
1,5 
5.9 
1.1 
1 ., 

0,6.3 
0~79 
1. l 
LJ 
L2 
0.70 
0.5;! 
0.83 
1.2 
1.0 
l. 3 
Ll 
1. 2 
l. l 

* 
1.2 
1.9 
Ll 
l.5 
L7 
l. l 

0,95 
0.90 
0.91 
1.1 
Ll 

0,46 
Q,91 

0.55 
0.59 
0.92 
1.2 

j 

0.43 

JUNCTION HWY 33/74 
SA.Mrx~E NUMBE-R 110J 

0.55 
1.6 

·Ir 

t'.6 
(i. 93 
1.5 
l.2 
l,4 
l. 2 
1. 7 
9,3 
9,3 
(l, 83 
(1, 72 
l,0 
0,74 
0.7B 
0.93 
1.1 
1.4 
0.52 

* 
0.88 
1.4 
0.96 
1.2 

* 
0.85 

* 
L4 
0 , 50 
o. 73 
0.01 
:? • 6 
l. 4 
0,87 
LO 
0,65 
0.95 
l,4 
1.0 
0.57 

* 
o. 36 
0.68 
0.52 
0,32 
o. 31 
0.55 
t.),42 
0,24 
o. 37 



SAHP LE _LU!2ATIO N 

:;ui f.2.:1.t.::e Wu ter 

l.{iv1~r - Up£tream 
i:-' .. i vt.~ r - D:iwnstream 

JJond Northwest of Plant 
Pond West of Plant 
Kerr-McGee Lake East 
Pond NW of Incinerator 
Stream NW of Old Pond 2 
Ken:-M.cGee Lake West 
Sanitary La.goon East 
Sanitary Lagaon West 

\foll ~·rater 

North of Plant 
SW of O·ld Pond 1 {dry J 
F'arm Southeast of Plant 
NW of Old Pond l (dry-) 
N\-.J of Old Pond 2 
SE of Old Pond 2 (d:r:y) 
.,lunct ion Hwy 13 and 7 4. 
NI:; of Old Pond 2 (dry) 

SW Of Old Pond 2 (dty) 
Soqth of Old Pond 2 (dry) 

Vngetation 

Ne1rth ~ Mile 
North U Pence Line 
South U Fence Line 
South ~ Mile 
East. J1 Mi le 
West ~1 Mile 
Covered Pu Pond 
Covered Pond 1 
Covered P-ohd 2 
t1Jd ·Burial Pit 
North Pu Fence Line 

SAMPLE 

NUMBER 

1201 
1202 
1203 

1204 
1205 
1206 
1208 
1209 
l212 
12-13 

1301 
1302 
1303 
1304 
1305 
1306 
1307 
1308 

1309 
1310 

1501 
1502 
1503 
1504 
1505 
1506 
1507 
1508 
1s-og 
1510 
1511 

CIMARRON FACILITY 
1984 ANHUl\I..i ENVIRONHENTJ\J. SA~1PLES 

GROSS GROSS 
DATE ALPHA BETA 
(;l.984) J.E<;i[l.J_ (pCi/l) 

6/22 17 <20 
6/22 38 <20 
6-/22 16 <20 

6/22 14. <20 
6/22 <10 <20 
6/22 Dry 

.._ __ 
6/22 Dry 
6/22 <10 <20 
6/22 33 <20 

.6/22 35 <20 

6/22 10 <20 
6/22 
6/22 <10 <20 
6/22 
6/2.2 260 790 
6/22 
6/22 <1.0 <20 
6/22 
6/22 
6/22 

6/20 
6/12 
6/21 
6/21 
6/21 
6/21 
6/22 
6/22 
6/22 
6/22 
6/ 22 

Pu-239 
(pCi/l} 

0.007 ± 0.006 
0 .. 0 :07 ± 0.006 
d ... 021 ± 0~009 
0.003 ± 0. 0-04. 
0.006 .± 0.005 

Dry 
Dry 

0.021 ± 0 .. 009 
0.004 ± 0 .. 005 
D:~007 ± 0.006 

0.015 ± 0.007 

0.009 ± 0.006 

0~01.2 ± 0.007 

0.008 ± 0 •. 007 

u 
(tng./l} 

0.01.8 
0.048 
O.OlO 
0·5009 
0~008 
----~~ 
Q_OQS 

0.010 
0.008 

0.009 

0.008 

0._007 

0.002 

{pCi./g) (µ.9/9) 

0.0011 ± 0 .. 0009 
0 ... 0003 ± 0.0004 
0 .• 0044 ± o. 0019 
0.0003 ± 0.0004 
0.0012 ± 0.0007 
0.0003 ± 0.0003 
0.0018 ± 0.0008 
0.0003 ± 0.0004 
0.0003 ± 0.0004 
0 .. 0003 ± 0.0004 

0.52 
0.62 
0~.29 
0.29 
LO 
0 .. 24 
0.05 
0.24 
o_os 
0--14; 

0.0-003 ± 0 ! 0004 0 .. 34 

F 
(nig/.1) 

8 
~1 

8 
-<l 
<l 

Dry 
Dry 

<1 
<1 
<1 

15 

<1 

<1 

<l 

(µg/g) 

8 

31 
11 
<5 
<5 
<5 
<5 
f .l 
12· 
11 
28 

N03 
(mg/1) 

<1 
12 

2 

1 
<l 

<l 
l 

<l 

2 

<1 

120 

2 
_....;.._ 



ClMARJ:{ON' FACILlTY 
1984 ANNUAL ENVIRONMENTAL SANPLES 

SAMPLE DATE U-238 Pu""--239 F 
:~.l\14J!LI·: UJ CAT I1 )Tl NUMBER (1984) {ug/ g} (pCi/ g) (µg/ g) . ..,_, _ .. .._.,,., -

Soil Surf <-H.: e ---------·· 
North !5 t-1i l e 1401 6/ 20 0.88 0 .. 002 ± 0 .. 001 470 North tJ Fcw>e Line 1402 6/ 22 4.8 0.002 ± 0.001 380 
Sout:h ti f-\ ~m=e Line 1403 6/21 4.7 0.001 ± 0 .. 0007 23_0 
South \ Mi h: 1404 6/21 0.68 o.oo:i ± 0.0006 530 East ;, Mile 1405 6/21 0.71 0.001 ± 0 .. 0007 170 
West 1l. Mi le 1406 6/21 0.58 0.007 ± 0 .. 001 320 
tbrth J Mile 1407 6/20 0 .. 49 0.006 ± 0 . 002 180 
South 1 Hile 1408 6/21 1.3 0.012 ± 0.002 250 
East l Mile 1409 6/21 0.97 0 .. 009 ± 0.002 240 
West l Mile 1410 6/20 0 .. 83 0.001 ± 0.001 180 
Northeast] Mile 1411 6/ 20 0. 74 0.007 ± 0.002 190 
Northwest 2 Miles 1412 6/20 0.78 0.005 ± 0.004 240 
Sc:iu thwes t 2 Miles 1413 6/ 21 OAS 0.004 ± 0.002 240 
Southeast~ Miles 1414 6 / 21 0.90 0.002 ± 0 .. 001 260 
North 3.5 Mtles_ 1415 6/ 20 L3 0 .. 004 ± 0.002 81 
North 5 MiJ es 1416 6/ 20 0.53 0~003 ± 0.001 140 
North 10 Mi l es 1417 6/ 20 0 .. 62 0.009 ± 0 . .003 160 
North Pu Fence Line 1418 6/22 L3 0~003 ± 0.001 150 
Soil Sub~surf~ce 

North ~ Mile 1401 6/20 0.94 0.002 ± 0.001 280 
North U Fence Line 1402 6/22 3.8 0.003 ± 0.003 250 
South tT Fence Line 1403 6/21 LO 0.002 ± 0.002 260 
S0t1th ~ Mile 1404 6/21 Ll 0.010 ± 0.003 44'0 
East ~ Mile 1405 6/21 1.2 0. 005 ± o. 002 140 
\.vest ~ Mi le 1406 6/21 L2 0.002 ± 0.002 230 
l~orLh l Hile 1407 6/2U 0.56 0.003 ± 0 .. 001 1 10 
South l ~-tile 1408 6/21 1.2 0.005 ± 0.002 150 
East 1 Mile 1409 6/ 21 0.60 0.006 ± 0.003 120 
West l Mile -- 1410 6/20 0.32 o.oo~ ± 0.002 l40 
Northeast 1 Mile 1411 6/ 20 0.69 0 .. 008 ± 0 . 003 110 
Northwest 2 r,1iles 1412 6/20 0.69 0.-009 ± 0 .. 003 1.20 
Southwest 1 Miles 1413 6 / 21 Ll 0.002 ± 0~002 210 
Southeast 2 Miles 1414 6/ 21 1.0 0 .. 002 ± 0.002 250 
North 3. S Miles 1415 6/20 LI 0.002 ± 0 . 002 76 
North 5 Mj les 1416 6/20 0.63 0.011 ± 0.004 73 
North 10 Miles 1417 6/20 0 .. 74 0 .001. ± 0 •. 001 140 
Nor th Pu Pence Line 14l8 6/22 - L2 0 .. 005 ± 0.002 220 



Week 
Number 

01 

oz 
03 
04 

05 
06 

07 

08 

09 

lO 

1t 

12 

13 
14 

15 

16 

n 
18 
19 
20 
21 
22 
23 
24 

25 

26 

Northwest i Mt I e 
Sample 1 lOt 

0.89 

1.8 
0.84 
1.,9 

* 
J .. Q 

0.9 
0 .. 99 
2 .. 3 

0.94 
Q .. 84 
o.so 
0.81 

o .. sz 
0.76 
1 .1 

0 .. 64-

0.63 
2 ... 4 

0-42 

0.53 

* 
2..3 
o .. 48 
1 .2. 

* 

* No Sample .. 

KM Lake Easi

Samp I e 1102 

2 .. 1 

2.5 
1.5 
1 ... 2 

* 
1.5 

0.99 
0 .. 56 
0.84 

5 .. 0 

1.,2 

1 .. 2 

1.3 

0 .. 85 

1.0 
1 .. 5 
0.43 

1.0 
8.9 
o.66 
2 ... 8 

* 
Q.52 
0 .. 86 

0 .. 78 

* 

CIMARRON FACILITY 

1985 ANNUAL rnv I RONMENTAL SAf.'f'LES 

(AIR) 

Ana J ysls. - Gross Alpha 
(uCl/ml x E-14) 

Junctlon Hwy 33174 
Sample 1103 

Week 
Number 

0 .. 86 

2 .. 2 

0.91 
1 ., 7 

* 
0 .. 54 

0.42 
Q .. 93 
0.96 

0.60 
0 .. 11 
o.49 

0.52 
0 .. 66 
0 .. 46 
0.21 
1 .1 

1 .. 9 

I • 1 
0-15 

-ii" 

• 
* 

l ,.5 

1 ... a 
* 

27 
28 

29 

30 
31 

32 

33 

34 
35 
36 
37 
38 
39 
40. 
41 
42 
43 

44 
45 
46 

47 
48 
49 
50 

51 

52 

Northwest 4 Mt I e 

Sample 1101 

0.79 
Q.96 
1.0 
0,69 

o .. .s6 
0 .. 83 

0.21 

0.27 
o.t5 
2.0 
0.27 

0 .. 24 

0.29 
0.27 
0.20 

0.35 
0 .. 15 

0 .. 18 

0,.10 
0.25 

0.10 

0.20 
0.20 
0.41 

0 .. 21 
o .. t5 

KM Lake East 

Sample 1 t02 

0.90 

o.9o 
J .o 
1.0 
1 .2 

0.64 
0 .. 75 
o. 79 

0 .. 75 
0.28 

0 • .39 

1.e 
0 .. 68 

0.36 
0.36 

1.2 
0.39 
o.42 
0 .. 10 

o .. so 
0.14 
0 .. 64 
0.34 
0 .. 32 

1 "1 

Junctlon Hwy.3-3174 
Sarople 1 103 

1 • J 

1 .9 

l.5 
·o.93 
0.58 
o.63 
0.66 

0.70 

0.93 
o .. 97 

0.21 
o.w 
0,,47 

0.19 
o ... 2a 
0 .. 67 
0.40 
0 .. 41 
0 .. 20 
0 .. 69 

0 .. 61 

o.Ja 



Sample Loca·rton 

RT ver - Upsi-ream 

Rlver - Oowns1Team 
Pond Northvest- ot Ptan-t 
Pond Wes-t of Plant" 

Kerr-McGee Lake East 
Pond NW of Incinerator 

Stream NW of Old Pond 2 
Kerr-McGee Lake West 
Sanitary Lagex>n East 
Sanitary Lagoon West 

Sample 

Number 

1201 

1202 

1203 
1204 

1205 

lZ06 

1208 

1209 

1212 
1213 

CIMMRON FACILITY 

i 985 ANNUAL ENV I RONMENT AL SAf.f'LES 

Date 
C 1985) 

06/22 

06/22 

06/12 

06/22 

06/22 

06/22 

06/22 

06/22 

06/22 

06/22 

Surface Water 

Gross 
Alpha 

(pCi/J) 

<10 
23 
18 

22. 

16 

195 

<10 

<10 
<10 

18 

Gross 
-Beta 

tpCI/1 J 

<20 

22 
<20 

<20 
<ZO 
216 

<20 
<20 
<20 

<20 

Pu-239 
CpCl/1 l 

0 .. 007 + o .. oos 
0 .. 003 + 0.002 

0.003 + 

0~007 + 

0 .005 + 0 .. 003. 

0 .. 002 + O .. Q02 

0 .. 002 + 0.002 

o.ooa + 0.004 
0.009 + 0.004 
o ... oo, + 0.003 

u 
(mg/I) 

0.005 
<0.002 
<0.002 
<0.002 

<0.002 
0 .. 15 

<0.002 

<0 .. 002 

0 .. 005 

0 •. 011 

F 

(mg/ I l 

<0.2 
<0-2 
<0 .. 2 

0 .. 4 

o.3 
4. 
0.6 
8,.1 

Q.,6 

2,. 

NO 
CmJ1, 

<5. 
<5. 
<5. 
z. 

<0.2 

130:. 

0.6 
43. 
o.a 
0 .. 1 



Sample Location 

North of Plant 
Sou+hw-est of 01 d Pond 2 

Farm Sou-theasi- of PlanT 
Northwes-t of Old Pond l 
Northwest of 01 d Pond 2 

Southeast of Old Pond 2 
Junctlon Hwy 33/74 
Nort"heas t of O I d Pond 2 

Southwesi" of Old Pond 2 

South of Old Pond 2 
South of Landt i I I 
West of Land"fl 11 
North of Landi I J I 
Souto ot Buri a 1 PH 

North of Bur la l PIT 
Northwest of Burial PlT 
North of Burlal Pt't 

Sample 

Number 

1301 

1302 

1303 

1304 

1305 

1306 

1307 

1308 

1309 

1310 

1.311 
t312 

1313 

1314 

1315 

1316 
1317 

Cl MARRON FAC IU TI 
1985 ANNUAL ENV fRONMENTAf.. S,A.1,FLES 

Dafe 

{1985) 

06/23 

07/02 

06/27 

07/02 

07/02 

07102 

06/23 

07/02 

07/02 

07/02 

06/21 
06/21 

06/21 

07/02 

07/02 
07/02 

07/02 

Wei I Water 

Gross 
Alpha 

(pCI/D 

<10 · 

Dry 
<10 
Dry 
37 

Ory 
<10 

Dry 
Ory 
Dry 

lO 

2.200 
453 

<to 
3,125 

200 

20 

Gross 
Beta 

lpCl/f l 

<20 
Ory 
<20 
Ory 
124 
Dry 
<20 
Dry 
Dry 
Ory 

31 

8,.275 

l,.512 
<20 

189 
<20 

27 

Pu-239 
tpC1/0 

o .. 01s + o .. ooa 
Dry 

0.003 + 0.002 

Dry 
o.ooa ...- o.oos 

Dry 
0 .. 014 + 0.001 

Ory 
Ory 

Dry 
0 .. 01 s + 0 ... 001 

0.020 + o.oos 
Q.003 + 0.:003 
0.007 + 0 .. 003-

0.019 + o.oos 
0.020 + o .. ooa 
0.003 + 0.003 

tJ 
<mg] I) 

0.009 
Dry 

<0.002 
Dry 

0.006 
Ory 

<0.002 
Dry 
Ory 

Dry 
<0,..002 

0 .. .26 

0 .. 010 

<0.002 
5.56 

O.l9 
<0 .. 002 

F • 

Cmg/1 l 

0.1 

Dry 

Dry 
9. 
Dry 
0.3 

Dry 
Ory 

<0.2 

83 
120. 

<0.2 
<0 .. 2 
<0 .. 1 

N0
3 

Cmg(ll 

<0 .. 2 
Dry 
2 

Ory 
23-.. 

Dry 
5. 

Or-y 
57. 

<20 .. 

<s .. 

11. 
11 Q 

25., 



CIMARRON' FACIUIY 

1985 ANNUAL ENVlRONMEtff AL SAfRES 

Surface Sot I 

Sample DaTe Pu-239 u F. 
Sample Location Number ( 1985) CpGl/g) (ug/g) (ug/g) 

North 4- Ml le 1401 07/02 0.01 + 0.001 0.59 150 .. -
North fence 1402 06/26 0.012 + 0.002 6.6 l50. -South Fence 1403 07/03 0.002 + 0.001 0.-85 100. -
South 4 Mi Je 1404 06/22 0.005 + 0.001 <0.03 360. -
East f Ml re 1-405 06/26 0.001 + 0 .. 001 0.07 110 •. -
West i MJ le 1406 07/02 0.014 + 0.002 0.29 120. -
North 1 Ml le 1407 06121 0.005 + 0.001 0.42 73. -
South l Ml .le 1408 06127 0.003 + 0.001 0 .• 03 160. -
Eas-t 1 Mlle 1-409 07/02 0.003 + 0.001 0..-16 9:4. -
West t Mlle 1410 07/03 0.-008 +- Q.Q03 0 .. 20 130. -
Northeast 1 Ml le 141 J 06/29 0 ... 006 + 0 .. 002 0.21 89. -
N:orthwest 2 MI les 1412 06/29 - 0.004 + 0.001 0-63 130. -
Southwest 2 MI t es 1413 06/29 0.003 + o.cm <0.03 170. -
Southeast 2 Ml res 1414 07/02 0.006 + 0.001 0 .. 13 290. -
North 3.5 Ml les 1415 06/29 o.oot + 0 .. 001 <0.03 63. -
North 5 Mt las 1416 06/29 0.002 + 0.001 o.45 330--
North 10 Mt les 14l7 06/29 0 .. 004 + 0 .. 001 0 .. 13 l20o -
North Pu Fence 14\8 01103· 0 .. 003 + 0.001 Q.;33 120~ 



Sample Locatlcm 

North i Ml le 

North Fence 

South Fence 
Sou-th i Ml le 

East~ Mlle 
West l Nl le 

North 1 Ml le 
SoU'th 1 Mf le 

East l Ml f e 
West 1 Mt le 
Northeast t Ml le 

Northwest 2 MUes 

Southwest 2 Mlles 
Southeast 2 Miles 
North 3.5 MJ les 

North 5 Mi ies 

Nor-th 10 Mlles 
North Pu Fence 

Sample 

Number 

1401 

1402 

1403 

1404 

1405 

1406 

1407 

1408 

1409 

14JO 

1411 
1412 
1413 

1414 

1415 
i 4i6 

1417 
1418 

CIMARRON fACJUH 

l985 ANNUAL ENVIRONMENTAL SNPLES 

Subsurface Soll 

Date 

0985} 

07/02 
06/26 

07/03 

06/22 
06/26 
07/02 

06127 
06121 

07/02 
07/03 

06/29 

06./29 

06/29 
071'02 

06/29 

06i29 

06/29 

07/03 

Pu-239 
(pCl/g) 

0.001 

0 .• 001 
0 .. 003 

0.010 

0.006 
o.ooa 
0,005 
0.003 

0.004 
0.006 
0 .. 002 
0 .. 002 
0.009 

0.003 
0 .. 001 

+ 0.,001 

+ 0 .. 001 

+ 0.001 
+ 0.002 
+ 0.001 

+ 0.002 
+ 0.002 
+ o.oot 
+ 0.001 
+ 0.001 
+ 0 .. 001 

+ 0.001 

+ 0.003 
+ 0.001 
+ 0.001 

0~02 + 0.001 
0.0010 + 0 .. 0005 

0.002 + 0 .. 001 

u 
{ug/g) 

0 .. 85 

3.5 
l.2 
0.98 

<0.03 
o.53 
o. 71 

0 .. 21 

1.2 
0.36 
0.72 
0,.86 

<0.04 
1 .. 14 

<0.03 
0.16 

<0.,03 

0 .. 33 

f 
(ug/g) 

200 .. 

160. 
120. 
:,,o .. 
110. 

130. 
78. 

160 .. 

130. 

64 .. 
97,, 

130. 

260 .. 
51. 
42<> 

160 .. 
120 .. 



crMARRON FACILlT)' 

1985 ANNUAL ENVIRONMENTAL SAWLES 

Vegetation 

Sample Dat-e Pu-239 u F 
Sample Locatloo Number U985) ( pCJ/g ) (ug/gl· (ugrg} 

North f Mile 1501 06/23 0 .. 0002 + 0.0002 0.02 6. -North Fence 1502 06/26 0.0002 + 0.0002 0 .. 01 5. -
South Fence 1503 07/03 0.002 + Q.001 0 .. 03 l. -
South i Mt !e 1504 06/23 0 .• 0003 + 0.0002 o.os 5 ... -
East{: Mlle 1505 06/2.3 0.0002 + 0.0002 0.,03 4. -
West i Ml le 1506 06/23 0 .. 0005 + 0.0003 0 .. 04 5. -
Covered P~ Pond 1507 07/03 0.0005 + 0.0003 0,.05 4. -
Covered Pond 1 1508 06/26 0.0011 + 0.0004 0.03 5. -
Covered Pond 2 1509 06/26 0.0005 + 0.0003 Q.04 6 •. -
Old Burfat Ground 1510 06/23 0 .. 003 + 0-.001. 0.01 3. -
North Pu Fence 1511 07/03 o.oooj + 0.0002 0;.06 6 .... 



Week 
t!IJml2.e.r 

01 

02 

03 

04 

OS: 

06 

07 

08 

09 

TO 

11 

12 

\.3. 

14 

'15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

~ 

Northw~st l/2 Hfle 
Sample J JO] 

1.2· 

o. 14 

<0. 1 

11 

L2 

0.52 

0 .. 48 

l.D 

LO 

0.48 

(J.84 

l. l 

1.Z 

D.92 

o. 72 

D .. 84 

a 

• 

0 . 96 

L4 

0.64 

0.55 

0.78 

0.83 

Q12Z 

~No Sample~ 

KM Lake East 
samoJe 1102-

1.s 

1.4 

2-7 

1.2 

1.5 

1. 1 

L4 

L2 

1. 0 

0 .• 56 

0.84 

. 
0.76 

0.84 

0.96 

0.84 

1.2 

o_so, 

0.52 

0.72 

0~68 

0.6'1 

0.60 

0.64 

o.~§ 

, " - ··1955 ANNUAt ENVIRONMENTAl SAMPLES 
AIR 

Analysis - Gross Alpha 
{UCifmJ x E-14> 

Junction Hwy. 33 /74 
SM,p] e 1103 

(0. 1 

Lt 

1.8 

L2: 

0.92 

1.2 

l.6 

LS 

LO 

0.56 

L-4 

L3 

0.96 

1.2 

0.80 

1. 1 

0.88 

~ 

0.68 

Cf. 52 

0.88 

0.B2 

0.63 

0 .. 42 

o.so 

Week 
~ 

27 

28 

29 

30 

31 

32 

33 

3-4 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

- 52 

Northwest l/2 Hile 
Sa11!l2] ~ lU l . 

0.50 

0.80 

0-47 

o. 75 

J.Z 

0 .• $4 

0 .• 30 

0 . 4-8 

O .21 

0.22 

0.51 

• 

0.41 

0 •. 92. 

1.2 

0.83 

0.71 

0~20 

0.47 

0.37 

0.91 

0.42 

0 .. 65 

0.27 

0.2§ 

l<M Laf(e East Junction ttwy 33174 
Sam~,~- puz Samr21e -ll!2J 

~ " 

0.67 0.66-

0."$7 0~57 

0.28 1LS3 

0. 7-3 0»81 

0.28 0'..57 

0.55 0.,32 

L2 0.55 

(LJ4 0.36 

o. 16 0.44 

0.26 o.sz 

0 . 29 0~34 

.... . 
f) .,q1 0 • .59 

0.79 0.74 

L6 L7 

0.74 LO 

0 , 86 0.63 

0.7-0 8.54 

0 .8,7 1.,0 

0.9'1 0.58 

0.44 0.94 

0-42 0.2-3 

0.36 0.14 

IL34 0.34 

0.52 0236 

06-13( 



Sample Location 
Sample 
~ 

River - ,Upstream 1201 

River - Downstream 12:02 

Pond Northwest of Plant 1203 

Pond West of Plant 12'14 

~err-"H<:Gee Lake East l205 

Pond NW of incinerator 1206 

Stream HW of Old Pond 2 1208 

Kerr-:HtGee Lake Wes.t 1209 

Santtary Lagoon East• 1212 

Sanitary ta.goon wese 1213 

New Sanitary Lagoon 1214 

1t:tagoon not ln use 

Date 
.Ll2ill. 

06/28 

06/28 

06/28 

06/28 

06/10 

06/28 

06/28 

06/10 

06/28 

CIMARRON FACILITY 
198£ ANNUAL ENVIRONMENTAL SAMPLES 

SURFACE WATER 

Gross 
Alpha 

IJ2Ql.ll 

<10 

(11} 

<10 

{10 

(10 

130 

46 

<10 

230 

Gross 
Beta 

<t>CH1 > 

2.l 

<20 

<20 

<20 

<20 

199 

600 

(20 

n 

Pu-:239 
rpc,;n 

<0.1 

<0.1 

<0.1 

<O. 1 

<0~1 

{0.1 

(0.1 

<0.1 

<D.1 

u 
.!.milll 

0.004 

0 .. -004 

0~005 

0.006 

0_002 

o.n 
0.008 

0.002 

0.21 

F 
1Jngfil 

0.3 

0,3 

Oal 

0.4 

0.3 

3-4 

18 

0.4 

l.J 

Nth 
.LI!!9i.l1 

4 

4 

<1 

(l 

21 

15 

1 

1 

06l3l:: 



sampJe Loc~tion 
North of Plant 

Sample 
~ 

1_301 

Southwest of Old Pond 2 1302 

Farm Southeast of Plant 1303 

Northwest of Old Pond 1 1304 

Northwest of Old Pond 2 t 305 

Southeast of Old P-ond 2 1306 

Junction Hwy 33/74 l:307 

Northeast of 01 d Pond 2 l'308 

Southwest of Old Pond 2 1309 

South of Old Pond 2 l310 

South of Landn 11 1311 

West of Landfl 11 1312 

North bf Landfill l313 

South of Burial PH 1314 

North of Bur1a1 PH 1315 

Northwest of Burial P-tt 1316 

North of Burial Pit 1317 

Leo's Corral l31B 

·ory well 

"'1'tl,Je11 out of service 

Dat-e 
illlli 

06/26 

06/28* 

06/28** 

06/2-8"' 

06/26 

06/26--

06/28 

06/26. 

06/26· 

06/26"'" 

06/26 

06/28 

06/28 

06/26 

06/26 

0-6/26 

06/26 

06/25 

1 ._ i, 

CIMARRON FACILITY 
1-986 ANNUAL ENVIRONMENTAL SAMPLES 

WELL WATER 

Gross Gross 
Alpha Beta Pu-239 

l 12Ci Ll l CpCi/1) [ 12c, ll l 

<20 <50 (0_. 1 

36 l96 ~0.1 

15 <20 <0. l 

<10 <20 <0.1 

94 1300 <0. i 

l30 3000 <0. 1 

<10 <20 <0.1 

S400 740 <0. 1 

608 140 <-0. l 

<10 21 (0.1 

<10 <20 <D. l 

u 
1m9L.ll 

0.016 

0.0117 

0.002 

0.003 

O.Ol7 

0.077 

0.002 

7.0 

L6 

o.oz 

0.004 

F 
1mgfil 

1.0 

2.4 

0.2 

0.4 

59 

157 

L5 

1LS 

0.8 

OA 

0.4 

N03 
.{mgfil 

17 

S7 

87 

1310 

690 

9 

s 

4 

8 

2 

06UE 



CIMARRON FACILITY 

19S6 ANNUAL EHVIRONHENTAL SAMPLES 

SURFACE SOIL 

Sample Date Pu-239 u f 

sarrro1~ Locat1:,on ~ (1986} (pCi/H lwll.91 ~ 

North 1/2 M\le l401 06/28 (0. l 0.70 100 

North Fence 1402 06/30 <0. 1 35 350 

South Fence 14{]) 07/02 (0. l 4.5 118 

South 1/2 Hile 1404 06/28 <0. 1 0.92 363 

East 1/2 Hile 1405 07/02 <0~1 0.68 1l7 

West l/Z Hile 1406 06/21J <0.1 0~98 135 

Horth 1 Htle 14-07 06/28 cO.l 0.59 9& 

South 1 Hile 1408 06/27 <0.1 0.91 167 

East l Mile l409 06/18 <0-l 0.85 97 

West T Hile 1410 07/0l <0.1 0.72 116 

Mortheast 1 Hile 1411 06/27 <0.1 D~88 80 

Northwest 2 Hiles 14-12 ()6/28 <0.1 0.78 117 

Southwest 2 M11es 1413 06/27 <0.1 1.0 J69 

Southeast 2 Hiles · 1414 06/27 <0.1 0 .. 85 291 

North 3 sS Hiles 1415 06/27 <0. 1 OT51 78 

North 5 Hiles 1416 06/27 (0.l 0.75 60 

ffortn 10 Miles 1417 06/27 (0.1 0~92 82 

North Pu Fence 1418 06/30 <0 .. 1 0.82' ll l 



Sample Locat1on 

North 112 Hile 

Horth fence 

South Fence 

South l/2 1111 e 

East l/2 Mile 

West 1/2 MHe 

North l Mi1e 

South T Mile 

Ea.st 1 Mile 

West l Mtle 

Northeast 1 Mile 

Northwest 2 Hfl es 

Southwest 2 Hiles 

Southeast 2 Hiles 

North :Ls Hn es 

Norths Miles 

North lo Hiles 

North Pu fence 

Sample 

~ 

1401 

1402 

i40J 

1404 

140S 

1406 

1407 

1408 

1409 

1410 

1411 

1412 

1413 

1414 

1415 

1416 

l4l7 

14-JB 

CIMARRON fACil.lTY 

1986 ANKU-AL ENVlRONHENTAL SAHPl£S 

~RFACE SOIL 

Date 

{1986} 

06/28 

06/30 

07/02 

06/28 

07/02 

06/28 

06/28 

06/27 

06/28 

07/02 

06/27 

06/2! 

06/27 

06/27 

06/27 

06/27 

06/27 

06/30 

Pu-239 

£ oCi /1 > 

(0. l 

<0.1 

(0_ l 

<0.1 

(0. l 

<0.1 

(0.t 

(0.1 

(0. 1 

<0 t 1 

<0~ 1 

<0.l 

<0-.1 

<0.1 

d3.1 

<0-1 

<0. l 

<0.l 

u 

~ 

0.58 

14 

2.0 

0.72 

L6 

0.76 

0.58 

0.96 

0.89 

0.12 

0.91 

0.95 

.3 

048S 

0 •. 67 

0.72 

0.92 

1.2 

F 

i.U9.L9l. 

ll7 

401 

l4Z 

369 

l64 

136 

93 

160' 

98 

129 

89 

117 

118 

291 

79 

68 

80 

na 



CIMARRON FACILITY 

19S-6 ANNUAL.. t.NVIRONHENTAL SAttPLES 

samole Location 

North 1/2 Hfl e 

North Fence 

South fence 

South 1/2 Hile 

£ast 1/2 Hile 

West 1/2 H11e 

Covered Pu Pond"' 

Covered Pond 

Covered Pond 2 

Old Burfa1 Ground 

North Pu fence 

Sample 

Number 

15-01 

15.fJ2 

1503 

1504 

1505 

1506 

1507 

1508 

1509 

1510 

1511 

•tocati on of New SanHary Lagoon 

Date 

.Ll.illl 

06/28 

06/30 

07/02 

06/28 

07/02 

06/28 

07/02 

07/02 

07/02 

06/30 

VEGETATION 

Pu-239 

CpCi/11 

(0 ... 1 

<ll..1 

<O.t 

<041 

(0. 1 

<0. 1 

<.0.1 

<0.1 

<0. l 

<0.1 

u 

!l&lgl 

0.02 

0.41 

0.11 

o. n 

0.03 

0.07 

0.10 

CL 14 

0.14 

0. 14 

f 

ll!.9.L.91 

0.9 

1.,.5 

2.5 

26 

DA 

0.9 

L3 

Ll 

1:.1 

1.0 

0001s 



\.leek Northwest 1/2 Mile 
~ samoJe 1101 

01 

DZ 1.7 

03 

04 

05 

06 

07 

0-8 

09 

10 

n 
12 

ll 

14 

15 

16 

n 
18 

19 

20 

Zl 

22 

23 

24 

25 

2,6 

"lo Salflple. 

L.3 

0 .. 79 

0.95 

L2 

1.:2 

L2. 

1.3 

2.2 

1.6 

0.1n 

Ll 

LO 

1..5 

1.8 

1.4 

0.97 

0.91 

0.58 

O.S2 

0.78 

0.31 

0.45 

o.ss 

KM take East 
Sample Jl oz 

LS 

2.2 

~ 

LJ 

0.91 

0.82 

LS 

LJ 

L3 

l.3 

L7 

Ll 

0.15 

Ll 

0.86 

L2 

1. 1 

1.2 

1.3 

0.69 

o.as 
0.32-

0.44 

0.40 

0.18 

0.48 

CIMARRON FACILITY 
1987 ANNUAL ENVIRONMENTAL SAMPLES 

AIR 
Analysis - Gross Alpha 

(uC'i/ml x E-14) 

Junction Hwy. 33/74 
Sample 1103 

1.1 

L9 

0.94 

1. 0 

o. 7l 

1.1 

Ll 

Ll 

l. 2 

0 •. 84 

l. 1 

LO 

0.63 

0~61 

o_sa 

1.3 

l.6 

1. 1 

1.4 

O.Jl 

0.21 

0.28 

0.43 

0. 71 

Week 
liY[l.t!M_ 

V 

28 

29 

30 

31 

32 

:n 

34 

35 

36 

37 

38 

39 

48 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

Northwest 1/2 Hile 
sample 1101 

0.62 

0.8S 

0~32 

0.27 

0.3S 

0.4S 

1.2 

LJ 

1.0 

1-4 

0.59 

L7 

1.5 

:0.36 

o. 72. 

0.46 

(0.29 

0 .. 5 l 

OAS 

0.44 

o.so 

0.38 

0.53 

0.34 

0.09 

KH Lake East 
Samo1e 1101..... 

0.49 

0.86 

0.71 

0. 7J 

0.59 

0.27 

1.3 

1. l 

l_8 

2.2 

1.2 

0.89 

1.5 

D~5S 

2.3 

0.87 

0.56 

0 .. 69 

0.37 

0.74 

0.51 

0.36 

1.4 

?, 

0.43 

0.30 

Junction Hwy 33/74 
Sfiln.ltl.e_ 1..,_l-03,__ 

- .. 0 .41 

O~Sl 

0.62 

0.65 

0~22 

0.2G 

0.76 

0.89 

l. 0 

l.1 

1 .. 0 

0~50 

0.53 

• l 

L4 

l.2 

0.66 

0 .. 81 

0.59 

0.&2 

0. 3.3 

0.49 

0.62 

0_33 

0.18 

0613£ 



sa,:nol e -toc.auon 

River - Upstream 

River ...,. Downstream 

Sampl~ 
ID..!!J:lb.et. 

1201 

1202 

Pond Northwest of Plant- 1203 

Pond West of ~lant 1204 

Kerr~HcGee Lake East 1205 

Pond NW of tnctn~rator l20G 

Stream NW of Old Pond 2 1208 

JCerr--McGee Lake W¢st 1209 

Sanitary Lagoon £ast1'1' 

Sanitary Lagoon West .. 

Hew Sanitary Lagoon 

1212 

1213 

1214 

Date 
.l1M11 

t;l6/l6 

06/16 

06/16 

06/16 

06/16 

06/16 

06/16 

06/16 

• P-ond washed out in October 1986 flood. 

Gross 
Alpha 

(pCi/ll 

(10 

14 

<10 

<10 

27 

<lO 

{.10 

180 

170 

170 

OMAROON FACilIYv" 
1987 ANNUAL ENVIRONMENTAL SAHPlES 

SURFACE WATER 

Gross 
Beta 

l oCi/J l 

<20 

<20 

<20 

<20 

<20 

<20 

<20 

99 

98 

93 

Pu-219 U F 
(pCjfJ > J.mgfil J.mgfil 

0.002 ± 0~002 0.-01-0 0.4 

0~019 ± 0.005 0.021 0.4 

0 .Oll4 ± 0 .003 

0 ~ 0 l1 ± 0 ~ 0 04 

O.OQZ ± 0.0-02 

0.013 ± 0.007 

0.012 ± 0.004 

0~002± 0.002 

0.022 ± 0.006 

1). 0 14 ± 0 . 0 05 

<0.005 

<0.005 

0.039 

<0 .• 005 

(0.005 

0.18 

0.15 

op 11 

0.3 

0.3 

l.4 

0.8 

0.2 

0.9 

t). 9 

1. 1 

N03 
1.m9L11 

<1 

l. l 

Z.4 

2.0 

5.7 

2.6 

1~0 

1. O 

<1 

<1 

Ra-22.4 
1.~Ci/ll 

OaOZS ! 0.035 

0 .56 :t :(J. l5 

0 .. 027 .:!. 0 .014 

0 ± 0,071 

0,072 ± 0.044 

0 .. 025 ± 0.022 

0.061 :t;· 0.070 

0.019± 0.006 

0.047 ± 0.078 

0.059 ± 0 .12 

061~t 

Ra~ZZ6 
C.oCi/11 

0.12 ± 0 .. 04 

0.1S±O.l5 

0.060 ,t OAJ14 

0 .2.4 :t O .05 

0.077 :!: 0;041 

O • O 5.2 ± O • 0 21 

0 ... 06 ± 0.006 

0.06 ± 0~006 

0.16 ± 0 .• 09 

0~025 :t 0.13 



Samo 1 e Locat.j an 

North of Plant 

Sample 
~ 

1301 

Southwest of Old Pond 2 1302• 

Farm Southeast of Plant 1303"'"' 

Northwest of Old Pond 1 

Horthwes t of' Old Pond 2 1305 

Southeast of Old Pand 2: 1306. 

Junction Hwy 1307 

Northeast of Old Pond 2 1:1os• 

Southwest of Old Pond 2 1309 

South of Old Pond 2. 

South of Landfill 

West .of La.ndfil 1 

North of Landfill 

South of PH 

131-0"' 

UH 

1312 

1313 

1314 

Mortti of Burt al Pit 1315 

Northwest of Bortal Pit 1316 

North of Burial Pit 1317 

Leo•s Corral 1318 

l.2 

•ory well 

nwell out of service 

Oate 
1..l1m 

06/16 

06/lS 

0.6/16 

06/15 

06-/16 

06/16 

06/16 

06/15 

06/16 

06/lS. 

06/15 

06130 

<10 

{10 

<10 

<10 

( 10 

<10 

41 

84 

(10 

3850 

'110 

13 

l1 

CIMARRON FACILITY 
1987 ANNUAL ENVIRONMENTAL SAMPLES 

Gross 
Beta 

c oCjll l 

<2.0 

<20 

<20 

<20 

c20 

<20 

65 

ZS 

<20 

2450 

300 

<20 

<20 

W&J.L WATES 

Pu-239 
CoCi/1 l 

0.0-03 ± 0.002 

0. 0.08 :t O _004 

0.002 ± 0.002 

0-009 ± 0.004 

ILOOl ± 0.002 

0.010 i. 0.005 

0.002 ± o.oo:z 

0.004 ± 0.003 

0.029 :t 0.067 

0.005 :t 0.003 

0.002 + 0.002 

8.00l ± 0.002 

0.003. + 0.002 

0 .13 ± (I. 02 

Ra-226 
CpCi.Lll 

0.08 :!: 0.022 

0.008 ± 0.028 0.21 ± 0.04 

0.034 i 0.043 0.16 ± 

0.007 ± 0.018 0.061 ± 0,;.025 

.ll ± 0.12 0.24 ± 0.1S 

0.010 ± 0.005 Ow28 ± 0.06 

0.29 ± 0.012 o.sa ± 0.02 

0~35 ± 0.12 0.18 ~ 0.13 

a.os1 ;t 0.019 0.20 ± 0 •. 02 

0 • 0 36 :t O .l 3 0 • 12. ± 0 • t 5 

O.lD ± 0.033 0~03 ± 0.03 

0.10 ± 0.DI 0-22 ± 0.01 

0.079 .t 0.006 0.09 ± 0~007 

u 
1m9.Lll 

<0.005 

0.06 

0.006 

O~OOS 

0.006 

o.oos 

0.045 

0-078 

0.005 

4_9 

0.54 

D 010 

F 

im9L.U 

0.4 

l.2 

Cl .. 2 

·0.2 

0.4 

18 

1io 

L3 

o~6 

0~6 

O*l 

(1 

L7 

2.8 

19 

34 

6211 

450 

4.8 

6. 

L'Lo 

2..2 

0.2 



CIMARRON FACILITY 
l 9B7 ANNUAL E)l,VIRONMENTAl SAMPLES 

SURF A~E SQU, 

Sample Oate Pu-239 u F Sample Lqcat1 on Numlli .lll!W. <oCifg> 11.!wtl 11.!9.i.9.l 
North l/2 Hil.e Jtl01 06/09 0 .. 01 i ± 0.002 0.80 180 

North Fence l402 06/ 15 -0 . 013 ± 0.006 21.3 llD 

South Fence MOJ 06/12 0.002: ± 0~001 2.S MO 

South 1 /2 Mile 140q 06/12 <0.001 LG 330 

East l/2 t1ne 1.qos 06/12 0.003 ± 0.001 1.4 110 

West l/2 Hile 1406 06/09 0.015 ± 0.002 LS 150 

North l Mile 1'107 06/09 0.001 ± 0 . 001 0.36 53 

South 1 Mile l408 06/12 0.001 :t 0.001 L2 170 

East l Mile l409 06/12 0.002 :t 0.001 0#.96 \JU 

West l Hile 1410 06/09 0.004 ± 0.001 1.1 130 

Northeast 1 11ile l q 1.1 06/09 0. 001 :t O. 00 I ,. 0 56 

~ort.hwest 2 Miles 1412 06/ 09 0.002 ± 0.00l LS 94 

Southwest 2 Hiles 1A 13 06/12 0.001 z 0.001 l .6 215 

Southeast 2 Hiles 14 l.4 06/12 0.002 ± 0.001 LS 270 

North 3.5 t1Hes 1415 06/09 0.002 ± 0.001 0.68 36 

North 5 Hiles llH6 06/09 0.015 ± 0.00'2 0.56 <19 

Piorth lO Mil es. l4i-] 06/09 0.002 ± 0.001 0,79 165 

Nort,h Pu Fence l4 l8 06/lS 0.01)1 :± 0.001 l. l 120 

07tJ4E 



CIMARRON FACILITY 
1987 ANNUAL ENVIRONMENTAL SAMPLES 

SUBSURFACE SQII. 

Samp1e Date Pu-239 u F Sample Location Y..!Jml2fil: illlli ( pt:l lg) 1.l.t9:L.9.l l.l.is:Lsl 
'North 1 /2 HHe l•ro .1 06/ 09 0.003 ± 0_002 4~8 13 0 

North fenc.e 1402 06/ 15 0. 005 .±. (}. OOT 3.4 440 

South Fence 1403. 06/12 0.002 .:t 0.001 2.4 190 

South 1/2 Mile 1404 06/12 0.013 ± 0 . 002 1.2 320 

£ast l/2 Mile 1405 06/12 0.015 ;t 0.002 1.2 130 

\,Jest 112 Mile 1406 06/09 0.001 ± 0.001 1.4 160 

North l Mile lti07 06/09 0.002 ± 0.001 0 .. 98 100 

South 1 Hile 1408 06/12 0.002. ± 0.001 1.3 155 

East 1 Mi.le l409 06/U 0.002 ± 0.001 0.88 lGQ 

West l Mile 14)0 Oo/09 0 . 001 ± 0.001 1.4 140 

Northeast 1 H-1 le 1411 06/09 0.0-07 ± 0. 002 0.82 S l 

Hortt)west 2 Hiles 1412 06/09 <0.001 0.91 84 

Southwest 2 Mtles H\3 06/12 0.001 ±. 0.00) LJ 280 
Southea~t 2 Hiles 1414 06/12 0.006 ± 0.002 Ll 250 

North 3 . 5 Hiles 14 lS 06/09 o.ooz- ± 0.001 0.67 45 

North 5 Mi les l416 06/09 0.003 .:t 0.001 0.61 52 

tfor-th to Hiles l~l.7 06/ 09 Q.~ 002 .:t 0.002 D .. 89 160 

Narttl Pu Fence 14 18 -06/15 0 . 005 :t 0.001 l .4 115 

079.l!E 



Samele Location 
North 1/2 Hile 

North Fence 

South Fence 

South l/2 ti'\le 

East l/2 Mile 

West l/2 Mile 

Covered Pu Pond" 

CQvered Pond 

Covered Pond 2 

Old 8urial Ground 

North Pu Fence 

CIMARRON FACILITY 
1987 ANNUAL ENVIRONMENTAL SAMPLES 

YEGETATION 

Samp1e 
~ 

1501 

1502 

lS03 

1504 

1505 

1506 

1507 

1508 

l509 

1510 

1511 

Date 
illlli 

06/09 

06/15 

06/12 

06/12 

06/12 

06/09 

06/12 

06/12 

06/12 

06f15 

?u-239 U 
c pCi I a > i.u9.L.u. 

0_0014 ± 0.0004 1.0 

0.0004 ± 0.0002 <0.2 

0.0005 ± 0.0003 (0.2 

0.0022 ± 0~0007 (0.2 

0.0012 ± 0.0004 (0.2 

0.001 ± 0.0004 <0.2 

0~002 ± O.OOJ 

0.0-003 ± 0.0002 

0.003 ± o.oo, 

0.0015 ± 0.0005 

0~24 

<0.2 

<0.2 

<0.2 

.. Location of New Sanitar""y Lagoon 

F 

1YWU 

<:lO 

88 

68 

39 

no 

200 

60 

34 

49 

16 

0794£ 



Week 
of 
1988 

01* 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 

.18 
19 
20 
21 
22. 
23 
24 
25 
26 
27 

I.,,_.,; 

CIMARRON FACILITY 
1988 ANNUAL ENVIRONMENTAL SAMPLES 

AIR 

NW 1 / 2 Mile 
Sample 1101 

2 .. 4 
1.5 
1.1 
1 .. 7 
1 .. 5 
1.6 

.42 
1.1 

.. so 
.. 97 

1 .. 3 
1..1 

... 91 

.48 

.86 

.62 

.47 

. 75 
· .. 69 
~55 
.;. 6 
.. 36 
.46 
.26 
.51 
.. 05 

Analysis-:- Gross Alpha 
(uCi/ml x E-14) 

KM Lake East 
Sample 1102 

09 
1.9 
1.1 

.88 
2 .. 7 
9.8 
1.1 

11.5 
.90 

1.7 
2.0 

.84 

.85 
1.5 
1.6 

.. 91 
L.l 

.85 
« 78 
.. 40 
.37 
.30 
.7 
• 45 

.• 31 
.35 

Samples not collected due to incliroate weather 

Jct.Hwy. 33/74 Nb
Sample 1103 

lol 
1.2 

.74 
• 45 

1 .. 8 
.95 

1.1 
1-•. 4 

.23 

.. J.3 

.88 

.. ·40 

. 61 
,.:41 
~98 
.49 
~52 
.. 76 
.93 
.38 
.. 59 
.RO 
~55 
.45 
. .-42 
.. 21 



CIMARRON FACILITY 

l9-S8 ANNUAL ENVIRONMENTAL SAMPLES 

SURFACE WATER 

~ple Location 

Lver - Upstream. 

Lver -- Downstream 

)nd-NW 0£ Plant* 

:md - W Of Plant 

If Lake -- East 

)nd - NW of Inc. 

tream NW Old 41,2 

111 Lake - West 

mi tary Lagoon....:E 

~nitary Lagoon~w 

Gross Gross 

Sample Date Alpha Beta 

No (1.988) {pCiLl) (pCi/1) 

1201 06/24 11 <20 

1202 06/24 14. <20 

1203 06/ 24 

1204 0.6/24 23 <20 

1205 06 / 24 < 10 <20 

1206 06/24 330 150 

1208 06/ 24 < 10 <20 

1209 06/24 < 10 <20 

12.12 06/24 170 40 

1213 06/24 110 80 

~w Sanitary Lagoon 1214 06/24 200 <20 

*Pond washed out in October 1986 flood. 

Pu-23-9 

(pCi/1) 

0.009+0.004 

0 .. 003+0. 002 

--
0 .. 002+0.002 

0 .. 003+0 .. 002 

0 .. 003+0.002 

0.004+0.003 

0. 003+0 * 0:02 

0.003+0.002 

0 .. 002+0.002 

0.006+0 . 003 

U--238 F NO 
3 

(mg/1) (mg/1} (mg/1) 

0.018 

0.018 

0. 0-29 

0.005 

0.39 

0.007 

0.005 

0 .. 13 

0.130 

0~11 

< l 

< 1 

- --

< 1 

< 1 

2.7 

< 1 

< 1 

1.3 

1 .. 2 

L,,3 

<l 

<l 

1.7 

<l 

36 

<l 

<1 

<l 

14 
<l 

Ra-224 
(pci/1) 

0.021+0..037 

o • 021 +o • o,6 6 

0.010+0.002 

0 +0.13 

0 .. 143+0.064 
;.... 

0.020+0.079 

0 .. 0.08+0~ .. 013 - -- -

0 .006+0 _. 027 

0.072+0.013 

0.014+0 .. 074 

Ra--Z.26 
{pC±/l) 

0.117+Q.034 . 

0. 088+0. 0-6-0 

o. 025+0. 0·01 

0.211+0- 594 

o. 035+0 .. 040 

0.039+0.088 

o. 070-J-Q. 0-1$ 

0.024+0.03l 

0 .. 072.+0 .. {Jl4 

0.064+0 .. 084 



CIMARRON FACILITY 

1988 ANNUA.L ENVIRONMENTAL SAMPLES

WELL WATER 

Gross Gross 
Sample Date Alpha Beta 

tmple Location No. (1988) (pCi/1) (pCi/1) 

>rth of Plant 1301 

1 of Old Pond #1 1302 

[ of Old Pond #1 1304 

06/30 

06/30 

06/30 

? of Old Pond f2 1305 -06/30 

~. of Old Pond 12 1306 06/30 

:t HWYS & 74 & 33 1307 09/06 

~ of Old Pond t2 13 

if Of Old Pond i2 1309 06/30 

of Old Pond #2 1310 06/30 

of Landfill 1311 

of Land£ill 1312 

of Landfill 1313 

of Burial Pit 1314 

of Burial Pit 1315 

v of Burial Pit 1316 

of Burial Pit 1317 

::o's Corral 1318 

Plant Yard 1319 

06/30 

06/30 

06/30 

06/30 

06/30 

06/30 

06/30 

06/30 

< 10 

WELL 

WELL 

< 10 

12 

< 10 

WELL 

< 10 

< 20 

DRY 

DRY 

< 20 

< 20 

< 2 0 

DRY 

< 20 

WELL DRY 

< 10 

90 

61 

< 10 

3800 

378 

105 

< lO 

< 20 

231 

24 

< 20 

989 

116 

< 20 

< 20 

Pu-239 
(pCi/1) 

0.002+ 0 .. 0020 

0 .. 010 + 0.004 

0 •· 0 l O + 0 "'· 00 6 

0 .. 004 + 0.003 

Ra'"'-224 
(pCi/1} 

Ra.;,-226 
(pCi/l) 

U F No3 
(mg/1) {mg/lJ (mg/1) 

0.22 + 0 .. 08 0.37 + 0.08 0 .. 006 < 1 < 1 

0 .. 01 + 0.19 0.16 + 0 .. 22 0.007 2.7 25 - -
0.23 + 0.2s 0 .. 29 + 0 •. 26 0.009 -<l <1 - -
0.079 + 0.002 0 + 0.002 o. < 1 < 

0.002 + 0.007 0.35 + 0.24 0.23 + 0 .. 24 0.005 < 1 24 

0.008 + 0.004 

0 .. 012 + 0 .. 005 

0 •. 006 + 0.003 

0,.002 + 0.002 

0.002 + 0.002 

0.012 + 0.005 

0.002 + 0.002 

0.012 + 0.005 

0.04 + 0.10 

0 .. 41 + 0.02 

0.12 + 0.12 

0.07 + 0.12 

0.21 + 0 .. 40 

0.06 + 0 .. 05 

0.03 + 0.13 

0.28 + 0.22 

0.21 + 0.11 

1 .. 09 + 0 .. 02 

0.29 + 0 .. 11 

0.23 + 0.11 

0 .18 + o. 44' 

0.06 + 0.04 

0 .. 11 + 0 .. 12 

0 .. 20 + 0.17 

0 --005 

0.144 
0.128 

0 .. 007 

4 .. 83 

0.30 

0.128 

0.009 

<l 

22 

3.1 

1. .. -8 

<1 

< 1 

< 1 

< 1 

38 

480 

570 

12 

< 2 

12 

< l 

4.5 



Sample Location 

North 1/2 Mile 

North Fence 

South Fence 

South 1/2 Mile 

East 1/2 Mile 

West 1/2 Mile 

North 1 Mile 

South 1 Mile 

East 1 Mile 

West l Mile 

Northeast 1 Mile 

Northwest 2 Miles 

Southwest 2 Miles 

Southeast 2 Miles 

North 3.5 Miles 

North 5 Miles 

North 10 Miles 

North Pu Fence 

CIMARRON FACILITY 

1988 ANNUAL ENVIRONMENTAL SAM,PLES 

SURFACE SOIL 

Sample 

Number 

1401 

1402 

1403 

1404 

1405 

1406 

1407 

1408 

1409 

1410 

1411 

1412 

1413 

1414 

1415 

1416 

1417 

1418 

Date 

(1988) 

07/05 

07/05 

07/05 

07/05 

07/05 

07/05 

07/05 

07/05 

07/05 

07/05 

07/05 

07/05 

07/05 

07/05 

07/05 

07/05 

07/05 

Pu-239 

(pCi/g) 

0 + 0.01 

0 + 0.01 

0 .. 02 + 0 .. 01 

0 + 0 . 01 

0 + 0 .. 01 

0 + 0.01 

0 + 0.01 

0 + 0 .. 01 

0 + 0.01 

0 + 0 .. 01 

0 + 0.01 

0 + 0.01 

0 + 0.01 

0 + 0 .. 01 

0 + 0.01 

0 + 0 .. 01 

0 + 0.01 

0 + 0 .. 01 

u 
(Ug/g) 

0.83 

9.2 

0 .• 76 

1.3 

0.99 

o •. 67 

0.44 

L.O 
L.2 
1.2 

0 .. 61 

Oo98 

1 .. 8 

L.4 

0.72 

0.40 

L.l. 

lo9 

F 

(Ug/g) 

250 

260 

16.0 

310 

160 

70 

170 

150 

140 

70 

70 

3.20 

50 

95 

140 



Sample Location 

North 1/2 Mile 

North Fence 

South Fence 

South Mile 

East Mile 

West 1/2 Mile 

North l Mile 

South 1 Mile 

East 1 Mile 

West 1 Mile 

Northeast 1 Mile 

Northwest 2 Miles 

Southwest 2 Miles 

Southeast 2 Miles 

North 3 .. 5 Miles 

North 5 Miles 

North 10 Miles 

North Pu Fence 

CIMARRON FACILITY 
1988 ANNUAL ENVIRONMENTAL SAMPLES 

SUBSURFACE SOIL 

Sample 
Number 

1401 

1402 

1403 

1404 

1405 

1406 

1407 

1408 

1409 

1410 

1411 

1412 

1413 

1414 

1415 

1416 

1417 

1418 

Date 
(1987) 

7-5~88 

7-5-88 

7-5-88 

7-5-88 

7-5-88 

7-5-88 

7-5-88 

7-5-88 

7-5-88 

7-5-88 

7-5-88 

7 .... 5-aa 
7-5-88 

7-5-88 

7-5-88 

7-5-88 

7-5--88 

7-5-88 

Pu-239 
{pCi/g) 

0 + 0 .. 01 

0 + 0.01 

0 + 0.01 

o ... + 0.01 

0 + 0.01 

0 + 0 .. 01 

0 .. 02 + 0.01 

0 + 0.01 

0 + 0.01 

0 + O.Ol 

0 + 0 ... 01 

0 + 0.01 

0 + 0.01 

0 + 0.01 

0 + 0.01 

0 + 0 .. 01 

0 + 0.01 

0 + 0.01 

U-238 
fUg/g) 

0.64 

4.9 

2.0 

2.0 

0.98 

1.2 

0.83 

1 .. 3 

1.5 

L.2 

0 .. 82 

0 D 97 

lQ5 

L,5 

0 .. 60 

0.39 

0 .. 78 

1.,4 

F 
(Ug/gJ 

100 

39.0 

150 

270 

140 

:t-60 

80 

160 

220 

145 

60 

80 

210 

310 

70 

50 

130 

140 



Sample Location 

North Mile 

North Fence 

South Fence 

South 1/2 Mile 

East 1/2 Mile 

West 1/2 Mile 

Covered Pu Pond* 

Covered Pond 1 

Covered Pond 2 

Old Burial Ground 

North Pu Fence 

CIMARRON FACILITY 
1988 ANNUAL ENVIRONMENTAL SAMPLES 

VEGETATION 

Sample 
Number 

]501 

1502 

1503 

1504 

1505 

1506 

1507 

1508 

1509 

1510 

1511 

Date 
(1988) 

06/24 

06/24 

06/24 

06/24 

06/24 

06/24 

06/24 

06/24 

06/24 

06/24 

Pu-239 
(pCi/g} 

0.0-02 + 0.002 

0.0002 + 0.0002 

0.0002 + 0.0002 

0.0002 + 0.0002 

0.0002 + 0.0062 

0.0002 + 0.0002 

0.0003 + 0.0001 

0.0006 + 0.0003 

0.0005 + 0.0003 

0.0009 + 0.0004 

*Location of New Sanitary Lagoon 

u 
(Ug/g) 

0 .. 049 

0.110 

0 .. 049 

0.013 

0.026 

0'""005 

.065 

0.044 

0.069 

0.048 

F 
(Ug/g) 

< .10 

< 10 

< 10 

< 10 

< 10 

< 10 

< 10 

< 10 

< 10 

< 10 



CONCLUSIONS AND RECOMMENDATIONS 

1 .. As the decontamination and decommissioning operations prog

ressed it became clear that we should have scheduled the 

deconunissionings at a faster pace to take advantage of lower 

burial c6sts. Burial costs and change in packaging require~ 

rnents have grown progressively more expensive since 1979 when 

the price for L .. S.A. waste was $7 .. 50 per cu. ft., the current 

burial cost is $52.50 cu. ft. 

The burial costs for T.R.U. waste was estimated at $100/ft. 

ea;rly in the program, but when we obtained apprbval to start 

shipping the burial cost had risen to $207 cu. ft. and 

climbed to $265 cu. ft. by mid 1987 when we shipped our last 

loaa,. The current price is approximately $400. per cu. ft. 

Cimarron shipped 9,035.4 cu. ft. of T.R.U. waste and 15,188 

cu. ft. of L.S.A .. waste We have conunited $6,846,244 to 

date, our e.stimated total amount will be $7,480,361. Early 

estimates indicated we would spend $111 per sq. ft. for 

the D & D, however since then burial costs have escalated 

which raised our costs to $288 per sq. ft •. 



2. We should have taken advantage of cpmputer data collection 

and retrieval metl)ods early in the program which would have 

improved our record keeping by simplification, plus it would 

have made more data available by cqrnpute!' retrieva L ·-'This 

was reoogn:i.z.ed too late to be cost e£feotive after the pro

gram was well under way and manual methods had been estab

lished. 

3. Decontam.ination of the glove boxes would have been less 

diffi lt if the building had been designed with more floor 

space. The building should have been large enough,to allow 

installati.on of the glove boxes with access to all sides. In 

same ca.ses it. was necessary to combine operat .. ions during 

production in one glove bo~ as well as place one side of a 

glove box against the •Wall, this made housekeeping difficult 

and decontamination more difficult, it also made decommiss

ioning much rnor.e difficult because of the restricted access .. 

4 .. The piping system proved to be a problem, during produc

tion it was di.scovered this system contained low spots that 

were difficult to drain. This made N.D-A.(non-destructive 

assay} difficult. During decommissioning these low spots 

became a bigger problem that required very careful planning 

to prevent contc1rnination spread and excessive exposure to 

.aeco:mmissioning personnel. 

5. This plant was equipped with good tooling, the process was 

aourta .and the product produc~d was of excellent quality. It 

has been very difficult and disheartening to decommission 

th~s plant and dispose of equipment that was nearly new in 

condition, yet obsolete by 10 years of ag~ .. 
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SUOJCCT IlEALTH rursrcs GUTDfr 

' RADIATION JI CAl/rH ANO SAFETY 

PLUTONll.lM OW!' OF CONFJNE}lENT ... LEAKS, SPILLS t etc Q 

I. INTR.ODUGTION 

Uncontuinod plutonium, outside the confinement of glov_ebox1:,s 

and slot hoods, is a potential hazard to perso.nr5 in a. room 

with such a condition. Inhalation, ingestion; :i.n,'ect:i.on 01.· 
\'' 

nbsorption of plutonium into the body can causo radiation . 
.. 

damage to the ~body tissues, fluids, organs and boue. 

The detection of plutonium in the? ,v-orking envi -ronMont cnn be 

by visually seeing a spill of material 1 or by finding an 

opening in the cor,Eincmont system. An automatic air sampler 

D 1 a rm or a 1 iquld level ala rm may be heard. Tho use of 

f.Urvcr in.strum0nts is one or' the best means of detection, 

Air siunplc counting is ant>ther means to disctovci' pltrtonium 

out..-of .. control. Air pressure gaµge$ o.ncl air flow indicators. 

on the confinement systems can indicate the pos.sib:i.lity 
I 

that ·a J.enk of plutonium contuminut:i.on has occur1~ed .. 

Upon dctc:r:tion or plutonium out of confirt'cmcnt1 it is 

i!llpc.,r-tcnt that po:r.·f:onnel prornptly protoct themselves, ohtniu 

H12:alth Physi ts so1·v:i.c~ uncl r:id thcmfre1 vcs of nn.y pc.rsnnal 

c.ontn1nitH)tlon. Invosti.gntion ·o.£ t~lic cnuse an<l evnlur,tion 
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$UDJECT 

I NO. I~M-Nrt. .. 1 o ... u 1 ;RQ ;~, ~ 
llW\LTH PHYS I.CS GUIDD l'AC,E 2 or- 3 . 

• 'DATE 1.,,15 ~ 82 

of the extent of the problem with subsequent correction, clen.n..,. 

up, nnd final rcc:ovc:ry must then be a<:c·o111plishod~ If the 

incident or spill is of great enough sevcri ty, formul r-eports 

to Conqrnny Management and the Nuclear Regulatory Commission j are 

required~ 

It is the purpose 0£ these instructions to provide plutonium 

plan,t perso1\nel, particula!·ly Health ,Physics personnel, with 

guidance for proper respon~e to situations involving 

plutonium t
1out-of-confincrnent." This guide , does not give 

instructions concerning releases of hazardous materials 

where tot2l building evacuation is necessary 1 where the 

general public would 1;,e potentially exposed or other such 

serious incidents as are covered in otir Emer~ency .Manual o 

I I. Tim INSTRUCT I ON TABLES 

Tables, Nos. 1, 2 and 3, are included which show· a list of .. 

actions to consider depending upon the contamination problem 
. . 

encountorecL The problom(s) are ·defined in tho. scope of 

ef!ch table. In the columns marked •.•priori tyn thorn a:re 4 

c n .te go r Le :S 1 as f o 11 o \·J s ; 

l. VATY prompt action - 1st pri6rity 

2. Within minutes after 1st pr,iority action 

3. Within hours after l.st prj ori ty net ion 

4" Wlth}n ,lays nftcr 1st priority nctloh 



SUOJ £CT 
' . . , ~ 

' ··, J 

HEALTH PIP{SlCS GUIDE 

p • • 

No. 1(M- NP ... l o·~HJ, nc-v .1 . 
Pt\U 3 or ,J 
DATE 1-1s .. s2 ', ,., .. ,._.,# ___________________________ ..;......, ________ _ 

I 

lla TUE INSTRUCTl:ON TAD4HS ... cont,inuod 
-., 

An attempt has· bc.·on mode to list the actions with tho 1st 

priority at the top of the list and the least priority at· 

the bottom. rn many incidents not every action listed will 

need to be .done, Ea.ch should be considered, :however., 

I 

The ttResponsibtility'' columns includes the "1st pcrsonA'' The 

ttlst :pcrsontt ma)' be more than one person, however he is 

usually the first to detect a problem and spread the al.arm9 

The "ll.P. 11 column lists actions or duties !LP,, technicians 
I 

can be expected to perform as well as duties _:other heal th and 

) safety pei:sonnE?l mny perf·orm .. Persons other thn.n the 1st 

person or lL P .. personnel are also listed. These may he persons 

involved in an incident or they may be persons used for the 

recovery from an incident. 

11he final ~column includes special qualifying ,"notes" oT instructions 
. . 

and re.f erences. to procodu,rcs.. The.se "notes" aTe numbered and 

the numbers correspond to numbers in the ''priori tyn columns 

adj nccnt ' to the speciffc 'action 'listed in thi; 1st column. 
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TABLE #l 

Scope: C-ontar.ii nation -foun9 on body,. <:>r cl othi'ng >500 <5, 000 d/m - Probe 

Actions to Consider 

~h~n Ap~licable 1 

?~r: ·i ori ty 

2 3 

Ca.l"i H.P. far Assistance Ix!_ 1· • I 
?ersonnel Survey f~--r-1 

C 
b ,._ 
V, a. 

41..J.> .!-... • 
, V'Jl!J= 
,,_;......~ 

X 

X X 

~€_1::cve & bug ccntam~ clothes \ ;-I \. ] x l 

Responsibilit;r 
Others as Listed 

Others Involved 
tl u 

AJ. LM.\.,Hl•.1..;:;..1.1 ! .l V il.i'\..._,,.,.J - tJ - ,.: ..1 

Notes and 

Ref ere nc·es 

1 • K}~ ... f·.~:P- l0-67 

2. Use Table U if 
_o~'te_: in 1fos~ S\-ti pes L2.L~ _J ___ l_:_~1

8
-x-rJ--11--- ---.-,------i------c-o_n __ ,l..-,.-~.-f.'-.;.;.....i-r~-a-t_1_o_n __ _ 

i'1;:·somiel· ~!2c~nta;~ination I xl_~f _L~_Jx 11 11 >5,00·0 d/ia is found. 

Locct~ Con-ca.m1nat1on Source __ ~ IH_l x 

:£'::.1 ck f h of ca.use -~l j7l r crs on ( s) assigned L 3. Give_ .. DTFA -i_· ___ f Kos e 
DTP.~ Trea-t~ent l~~I - I x [ P ers·-on { s) in need I. Std pe > SO c/m 
;;ound Count I 14 j Ix I Person{s) in need I K!-l-t:P-i0-9D 

_ '.:~c?:1b1~inate Surfaces if Needed \ Fl-~-LJ-]x Person(s) assigned · 

x t l x I l Others Involved ~ _0:r:1;, 1_ e ·t .. ~ Locaticn Cards 4. KM-NP-10-&7, ~se 

rr!7tl~xl -11 
H i (;fffergency f:!c.!l:Jal i7 !ntervi~w fo~ more D~tails 

Bio--~~sc!.Y ~ampJlng-· ~ _·· ·_ -H=fil t·_ . _· -5 _·_x x l Person{s) in" need- • -- · .· mf:dlc:al .help --1s 
P c: rt 1 c 1 e S 1 z e of Con-tam 1 r. ant j .. 6 , x n ~ e d,e:d -

~:c1~~bjl ity of Cc1.tamioant l, I 1 6 l 'X '5. If pcsi'tive i~('SE 

'
1 1n-'Jivo11 Count {S .. chedule) I l i 7 X X Person{s) ln need $\::ipes \•:ere 7[\Ufld 

fir>_-~1. Fix . o. f Cause 1 ·K=.· _x_. ·· l__l Perso,n{s) assigned I -. K.M-l:P-1.0--67. 
F i na 1 S u rv ey { s } I x f x 
C 9 ~n;; i 1 e D a ~-a l 1-l~ r --x--,---"'-'--x-+----------__ --"'-------+--6--.-(-,-l_f ____ p_o-,-~?-s_i_!:J_J_E_) __ .;.;;..~~-<t_t_· =---. 

Hri--:e & ui.s ~ri bute Report ts} J._-L_ x· l__ ~ -- po _sit h,-e ~fose S.;-:~ i. ~s 

·-------------------.,.i __ L __ r.J ·- .J . !•}~are f<:·und ___ ~-- ·--:-
___ _ ---·. -· _ -- . -.- ~---~ J__J ____ ~_L[ r I _ _ -··· --- -·- _. r: tl_o Jf !XLPA 1_.J_'.; .. '.til':.f. 
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1. 
2 .. 

Sr ~ .:,o• ~ '"""----·r'·- -- - ~• 
4. 

T A B l t. rr c:.\ . .../ 

Page 1 of -2 

A valid automatic air sampler alarm sounds, or 
A visible spil) ~s seen ,, or 
s~oke is notic~d~ or 
An O;Jening or void in the confinement system is easily seen, or 

\ / 
'-.._,,/ 

::,•. A survey shows >5"000 d/m (smearable on equipment) or on 2 person (ciirect) .. 

Actions to Consider 
H~~n App1icab1e 1 

Priori~y 
2 3 

C 
0 • 
ti) c... 

4,1-l-l L- ... 

V'l J; = 
r-• Ci.. 

R~sponsibtlity 
Others as Listed 

Notes and 

References 

;, 1 er t O th ecr s i n Ro om ~ ' ·· · · l x ] I · , I x · I ~ I l .. 'G i v e DTP A_· ____ i_f .. _ ~..,._-_,,__ 

Pv ": on Rt s pi rator I x l l x All Others Inv o 1 ved Nose Swipes > 50 ~/c. 
Ca1-:H.P. lxl-r G f I or- Air=2xlo-•C 

~3:;~ ~~ t~_p.~ or s ~op··· 1 e._a ~--~ f f O!.-~. n_d JS... _ _J __ L: __ o_th e~;; c~ or er_a tP . ~ c ij nrl -~. r . . -or Sir.rn~ e 
~ '! ~ t.. ~c Le _ and s tan d o u ~ s 1 de o T do or x J x JU 1 o th e rs I 11v n ].JLejj 1 n h 2. 1 e d , s ee 

;:i: !:; 0!:ne 1 Slit"Vey {x ~ ..!-2~ 1 n n 11 - l }G-~- n ?,- 10- ~o 
Re i::fl v.e & b a g co n t a lJ i n ate d c 1 .o th es I x >: I j( f 1

' 
11 1\ 

;; C'S~'! S\·: i p es I X X C X n II u I? • Cn JI nt u r: u r" c; - 11., 0 

? e r 5 0 ti rr e l De C O TI t am i n a ti O n & s u 14 V e y r X l >; I X 11 
II ., 1 K Vi ... n p - l O - 6 7 • l f 

XI I 
1-· 

X -

_t_J _ _J_~Jand 2.t 1 east one helped med1c~1 2-:tenticr. is 

--"---·--· < l i I l I hel oer! s) i ne,eded use E:-::2rg~ECJ 

--. --.-, r . -- - - - . .c i i_j i I heTnerl s\ l Manual PJ~ocecf::re..:.:_ 
-

Turn o n s p i 1 1 s \·Ji tc h I -I ; - · · \ 

C e 11 ~ct Ai r S a :'i p 1 e s X X _ 

Seal off rocm and/or post signs X X helper(s J 3 .. Use criteria in 

Co~fit Air Samples {1st co~nt): l X X d ioa S S.cy S-c ::ij) ting 

DT?A Treztr;:1ent _LJ 1 x 1'Person{s) in need proc:.edure r:I-;-:~?--1 C-6"j 

Hnunrl Count - LJ21 l fxf n n " \ 

!n ve s ti g a t e & S u r v ey Record Fi p di n g J x I _j_x--4-_______________ ----+--------------"---'"--------
.D:: d rle f-1Jrther action t·dth H.9..!!!t · I_J x _J_ !x JAporo_pdate Mnmt 4. Use crite:<•a_i_~ __ 

-G-·;·:dihouse for contat;1inaticn contrc]=:J_, _!~ · I Ix •P£rsor.(s) Assfan.ed K~-NP-lU-67 t~~ ~:sc 

,~~~ ..... 

---------------·- --- ·--------··----·· ·----



· Scope: 

A ct i ans to Con s i ·d er 

When Applicable l 

TAGLE: #2 co~rrINUE'n 

Page- 2 o:f 2 

Priority 

2 3 

c 
0 -
v') a.. 

41.._,~-'-
V'I O -

r-O.. 

R~sp~nsibility 

Others as Listed 

C 1 ea IT up Vi s i bl e sp i 11 { s ) . Hl _J x. l_l I l p ers d 11 ( s ) As s i g ne d 

Complete Lo:cation Cards \ xl J x I \ Person(s) Involv.ed 

;fotes a'.nd 

References 

, • 

sch e du 1 e . I n:--:'Li _v o 

if the D"i"PA ~rSl~~-

1;::t~t'view Personnel l f .. . I xl_L !x t u 
11 I nent \.1 c!S nee!:±~d • . 

r:.~~~~i-~~ti~nu.st ·. I I·· .. x j \2J1w&1S f.igr/Coordin .ator l 
.;J. ·~~ I i1,' tie ~xposur.e Tl me .t X. I~ l 
C~~-;;i ;:,e Res pi i~a to!' Factor r j x_-l_J __ l~__l . ··15. Use G r-_i t er i a j r! ~ 

_:;:::::;es:::~~ n :lr Con~ent ration . · 1 l .l x ~: I Per~on { s) in need . ~·:.t::;:~~:~.•· i·,~:: 
P.2~~tic1e Size of AerDsol t I I L.-=1_ x . Lab Kf.i;...NP~ l:0-67 for ~f:=:I-

So1 ubi l 'ity of Conta.minant LLI_. _I_· xJ_. _ . x l La·b 

Be;;i-n 81-dg _ & E~uip. Decontamination I l ' xl · ... P.2rson(s) P.ssigned 

Ee.gi il Permanent Fix _ I I xf u ,1------------~----------.,.,..--,---------
Fi n al Survey after Fi.x I \ ·.I 1 

Bio:assay results .. 

u 

X X 6. Incident report by HP 

In- Vi VP l ·1 1 \ 4 \ f x & C?:Per.ations SUJ:fe:r~,sor·s .-

I 0p ~.s e !':ork R.estristions · t · . l s! x /x t Supervision of & Ren..~rt to NRG by Car- _ --------'---------.,._-9-FJ-l I . Person ( s 1 -n v o 1 v ed ... -porate Staff !{ea.1th 

Li r-r. l __ f_J l el 



TA3LE #3 

·)c0pe: Detection of Pu by Stationary Air Sample Results Only -
Air Concentrat.ion >l HPC -· 

Act 1 O!"IS to Consider 

en Ap p li c ab 1 e 

Pr iOri :v Resoonsiilility 
l 2 3 4( °: 

:c 

\ 

Notes 2nd 

;;r,tify Suoervision j xi I · I L_ I,. As instru<;ted b.y H&S s.upe_r_~_·i_s_o_ .. r_· ______ _ 

-;-~rt-Room Re.quiring Respirators l xi \ l_Lx 12~ fa) <32 MF.C~hrs/v:k - caution eIBnlc·.reos to 

:::C'1lect ?.dditiona1 Air Srrmo1es ]1LLlfJ 
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L3.l Ventilating, Heating and Air Conditioning 

Basic S.z1stem 

The building ventilakion system is divided into thre·e different sub-systems .. 

The first consis.ts of the building suppJy air fans and contains the heating 

and cooling coils. The second consists of the room air exhaust fans. The 

third system cons.ists of the proces.s exhaust fans. The .process exhaust fans 
are further divided into four systems: the fir.st exhausts the air from the 
acid g1ovebox; the second exhausts the air from the solvent extraction plant 
g1oveboxes on1y; the third exhausts the air from al1 laboratory hoods and s1.ot 
boxes;. and the fourth exhausts the air from the g1oveboxes handling basic 

solutions. A schemati·c ventilation flow diagram for the Cimarron Plutonium 
Plant is shown on Figure 5. During stanclby, the acid and basic glovebox 
vent n at io.n systems are joined together. 

Geheral nesign Features 

Supply air and room exhaust air fan systems consist of three fans each, any 
two of which will supply and exhaust the required air through the interior of 

the building.. The third fan serves as a standby fan in each system and a1so as 
an emergency fan to increase the air flow in any given area when required. 

The ventilation system is designed for a air changes per hour, minimum, and 
for an emergency of 12. air changes per hour. 

The supp.ly and exhaust air fans are interlocked so that a failure of a fan in 

either system will shut down the corresponding fan in the other system. All 
supply and exhaust fans are installed with back flow preventers. An emergency 
generator is provided to power the glovebox exhaust fans and one each of the 
supply and room air exhaust fans in case of power failure .• 

The entire vent11ation system is equipped with instrumentation to detect 
abnormal operating conditions, such as excessive pressure drop through the 
absolute filters, loss of negative pressure in the spaces within the building, 
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or loss of :negative pressure within the gloveboxes.. A stack monitor with 

alarm is inst.a'.lled to pro·vide continuous sampling of the stack ·effluents .. 

Supply A.H~· 

A11 air ent~rfog t.he plant is supp.1fed by the supply air·fans .. These fans are 
preci;ded by filters and precipitators to remove al 1 dust. The heating and 
cooling coils are contained i1h the supply .air fans, and the fans supply heated 

or cooled air as required. 17he supply air fans are hous.ed in an ups.tair~ fan 

room Which is accessible only from outside the building. The heating and 

cooling cons are supp1ied by hot water boilers. and a chilled water unit in 

the ·mechanica·l room on the first floor of the building. Mixing boxes are used 
to mix hot air or cool ai'r as required by thermostats for the various spaces 
within the building. the office., reception and lunchroom area of the p1ant is 
heated and rnoled using a recirculated air system with 25% fresh air makeup .. 
All other portions of the building are heated and cooled with 100% fresh air. 

Room Air Exhaust 

A 11 air is supplied to the rooms through ducts and diffusers located in the 

roof or ceiling of the spaces~ The flow of air in the room is fr.om ceiling to 
floor ~nd a11 room air is exhausted through the floor into underground exhaUst 
ducts. The underground exhaust ducts connect in.to an underground exhaust air 

tunnel, which is connected to the room air exhaust fans, which are on the 
second floor tn a separate fan room. 

A differential pressure of approximately 0 .• 10 inches of wate:r is maintained 
r>etween the clec,.n and potent·ially contaminated areas. Airlocks are installed 
between the change rooms and a 11 process or 1 aboratory areas·. The change· 
rooms, office, reception ,and lunchroom operate at normal atroospher1c 
pressure. 

A roughing filter followed by an absolute filter is installed in the floor at 

the entrahce of the underground ducts. A bank of absolute filters is 
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installed in the upstairs fan room .ahead of the exhaust air fans. To protect 

the absolute filters from burning debris, stafo1ess steel wire mesh is 
installed in the riser through which an exhaust air must flow from the 
underground ducts to the upstairs fan room. 

Thus, room air is exhausted through a roughing filter and two absolute filters 
before being discharged through a stack to the at.mosphere .. 

Process Exhaust 

The g1oVebox exhaust system is designed to maintain a negative pressure of 

approximately 0,50 inches of water with respect to the room pressure with 3 
volume ehanges per hour. The air in the g1oveboxes is exhausted through three 
absolute filters before being distharged to the atmosphere. 

The first absolute .filter is located on the g1ovebox; the second absolute 

filter is 1ocat~d in the duct leaving the space; and the third absolute filter 

is in a bank of filters just ahead of the glovebox exhaust fans. Two fans are 
supplied for the g1ovebox exhaust system, one of which will adequately provide 
the normal air flow .. The second serves as a standby fan and as an emergency 
fan should an 1 ncr-ease in f1 ow pe required because of rupture of g 1 ove ports. 
The gloveboxes are supplied by room air which enters the gloveboxes through 
absolute filters. 

The open face hoods and slot type hoods in the laboratory areas are exhausted 
through the laboratory exhaust system. This system consists of two fans and 
is similar in operation to the glovebox exhaust system. Open face and slot 
type hoods have an average face velocity of at least 125 l 1near feet per 
minute. 

Installed ahead of the absolute filter in the g1oveboX is a roughing filter .. 

Afr leaving the glovebox exhaust fans is exhausted into the same stack as the 
room. afr exhaust fans. 
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2~0 ENGINEERED PROVISIONS FOR ABNORMAL OPERATIO~S 

2 .. 1 Criteria for Accomodation for Abnorma1 Operatfons 

2.1.l Process System.s 

The primary des1gn basis for process equipment used during the operating 
period' of the plant was to provicJe containment of ra.dfoactive materials for 
the prevention of air and surface contamination 1n areas occupied by 

personnel, All operations involving plutonium were conducted in glovebox 
enc1osures to prevent loss and spread of plutonium contamination. The 

gloveboxes were fabricated specifically for material containment. 

Properly designed, installed, and operated ventilation systems are 
necessary for the safe, efficient operation of a nuclear fuel processing 
facility and for protection of the environment around such a. facility, The 

) purposes of .these systems are to: 

Provide positive pressure gradients from clean areas to suspect area$; 
Prevent discharge to the environment of hazardous concentrations 

of radioactivity: 
Maintain comfortable working conditfons within the facility; 
Maintain particulate captive air velocities at all portals 

to contaminated vessels and enclosures, 
The ventilation systems wiH remain in operation during all 

forthcoming decontamination and dismantling procedures. 

2.L2 A1arm Svstems and Release Prevention· 

Ventilation System 
the following a1arms and indicators are provided to a.id in the proper 

operation and maintenance of the venti1atfon systems. 

Loss of negative pressure in any of the exhaust systems or in any of 
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the following rooms or areas results ·in the sounding of an aJarrn: 

health area, mafotenance room (llo). wet processing room {128), 

scrap recovery room (127), dry processing rooms (123) ~nd {l24}i 

and inspect ion and assemh1y room (121). 

Both the cold duct and the hot duct of the suspect area air supply 
systems is equipped with alarms against loss ·Of pressure ... 

The pressure d1fferentia l across each filter, or filter banks, is 

indicated. 

Manometers are installed at the door of each room in the process 
area indicates the direction of air flow when the door 1s opened, 

A11 intermediate and final HEPA filters are tested for leakage on a 
regularly scheduled basis. 

A monitor located 1n the main stack provides continuous monitoring 
of particulate radioactive ma.ter1a1. 

Criticality Detection 
A garr,na sensitive radiation detection system energizes clearly audible 

a.larms in the event of an accidenta1 criticality. Alarm trip settings are set 
at 15 mR/hr above the normal or operatfng background for each of the eight 
detector$ in the system. 

The detectors· are located in the main proces.s areas to provide plant 
coverage in accordance with the requirements of 10 CFR 70 .. 24. 

Signals from the detectors are fed to a centra1 control panel located in 
the p1ant reception area .. capabilities at the central control panel include 
visual mete.r readouts of the garrma dose rate at each detector location and 
visual warning pf detector malfunction and/or levels above the trip setting. 
Adjustable alarm trip settings for each detector and manual reset and control 
of evacuation alarm system is located on the detectors in the process area. 
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.Activation .of the e.vac.~atfon alarm requires at 1 east two detectors to 

excee.p' the ala.rm trip setting 1.imits .. The critica.lity detection system i s 

connected to the plant emergency power system in addition to normal power!i 

Contamination Detection 

Iar1y warning of high . level airborne contaminati cm i s achieved by 

operating oonti nuous air rnoni tors in the general 1 ab and in the process 
areas, f:ach monitoring device is equipped with a loca1 a1arrn and recorder. 

2. 1.. 3 Support Systems 

2.1.3.1 Structural Performances vs, Site Envh·onmenta1 Factors 

2.1.3.1.1 Severe ~atural Phenomena 

The necessity for protecting employees and the publi c from radi ation and 

other opera ti ona1 hazards is the key consideration i'n the design and 

construction of the GPF.. Sequoyah fuels engaged a consulting engineering firm 
to evaluate the tornado potentia·i. and credible consequences relative to the 

Cimarron Pluton;ium Facility . The report is included as Attachment II to this 
p'l an. 

2. l. 3 .. 1 .. 2 Accidents at Neighboring Activities 

The CPF is located in a relatively ,isolated area with the only activity 

in the area being service stations approximately 1/2 mile south and 1/2 mile 
north -0f the site. 

Activities other than CPF on the intnediate site include the Uranium plant 

whith has been put on standby and a kerr-McGee Tethnol ogy Di vision research 

') project i nv.olvi ng coal de- ashing·. · Credi bh accidents at these other 

activities are not. expected to be of such nature that the a.ctivities at the 

CPF could be interrupted or that plutonium materi a1 containment cou1 d be 
jeopardized. 
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2.1..3.2 Confinement Barriers and :Systems 

The primary design 'basis for the ventilation and exhaust systems 1s 
minimize and effectively contr.ol airborne contaminatfon.. Spare fans are 
pnovided to serve as a standby fan for equipment failure and also as a 

supplemental fa.n to increase the air flow to a minimum of 12 air change per 
hour in any given areas :when desired or required by emergency. The supply air 

is filtered to provide fresh. clean air for all plant areas. 

The a1r f1ow from ceiling to floor is considered the best design for· 
contamination control . and generally minimizes breathing zone airborne 
concentrations .. 

The air balance requirement to ensure air flow from areas of 
non-radioactivity to areas of hi.gher radfoactivity is to prevent 
contamination spread. 

The incoming air to gl.oveboxes is drawn through a high efficiency filter 
to limit the consequences of box pressurization. Glove box air pressure is 
maintained negative to the room pressure. This AP is 0,5 inch (water gauge)" 

The .high efficiency filtrations for the exhaust systems are provided 'to 
minimize operational losses of materia1 and to comply with regulatory 11mits 
by controlling the release of radioactivity to the unrestricted environment .. 

2 .. 1 .. 3 .. 3 Access and Egress of Operating Personnel and Emergency Response Teams 

For security purposes the entire Plutonium Facility 1s enclosed by 8 1 

chain link fencing with 3 strand barbed wire at the top. The fence11ne around 
the facility has two emergency exits on the west side and one on the south 
side in addition to a personnel and veh1cle gate located on the south side. 

There 1s only one personnel entrance which is at the front of the 

building and this gate is under continual surveillance by a guard located in 
the security area of the buildin.g entrance. 

I 
'I 

I 

I 
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Acc·ess of emergency response teams is neoessari ly 1 imi ted to -the 

personne1 entrance and subject.ed to the same security mea·sures as 

operating personne1 • Any member of an emergency response tearn not 
previ ousJy authori'zed for plant entry must be accompanied by an 
authorize~ person. 

2 .. 1. 3. 4 Fi re and ExpJ osi:bn Resi:stante and Suppress,·on 

The Cimqrron Plutonium Facility is sat'isfactorny protected against 

fire 1 oss or damage. The plant is never 1 eft unattended or unguarded. 
I 

The building is of fire-resistive construction (type A) with the 

structural materials being steel and concrete and conc-rete roofing. The 

facility is equipped wifh fire fighting equipment and personnel are 
instructed in fi.re fighting techniques required for this type .plant.. 

See section 1.3.1 of this plan for information on fire detectors~ 

Fusible salt heat detectors are located in g1ove boxes that wfll 

provi.de a fire alarm in th~ guard station where the location of the fire 
is shown on a panel board in the hallway. There are no detectors located 
in the spec ffi'ed areas for waste storage. Due to the cri tica 1 i ty hazards 

norma 11Y i riVo1 ved w1 th Pl utan i um sprink 1 er sys terns have not been 

installed, 

2.1.3.5 Shielding 

Radiation shielding was used only on gl-0ve boxes and glove box 
windows .when requlred to assure that who1 & body exposur,es to personne1 

would not exceed 3 rem for calendar quarter. 

Under the existing cohditions at the facility such shielding is no 

l anger used nor i S' it p.l anned for use during the decontamination 

procedures. 



2o 1..4 . Contr.0·1 Operations 

The criteria for controlling and maintaining the capabilities of plant 
engineer¢d systems to respond as planned to abnormal conditions are based on 
tne ,management philosophy ·of maximum protecti·dn of employees and the pub1ic 
from radiation and other operational hazards.. In order to maintain a 
"readiness'' status Hea ·lth Physics, Maintenance, and Security personnel are 
required to perform routine inspections and checks of all systems on a 
frequency determined necessary by management personne 1 to assure proper 

functioning of all equipment and procedures required for maximum response ·to 
emergency conditions. 
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2.2 Demonstration. of Engtneered Prov.is ions For Abnormal Operation 

2. 2. l Process . S.ystem.s 

As described in applications for license SNM 1174 and amer:idments 1 
through 4 all process systems have been cleaned of plutonium and are in the 
stages of fina.1 decontamination ahd dismantling,, The systems in use for 
decontamination such a.s washing, pressure spraying, solvent cleaning, 
painting, etc.. are established methods and are performed only afte.r 
extremely detailed planning. 

The ventilation systems, which have functioned properly since start of 

the operations in 1970 wi11 continue to function throughout the planned 
decorrrnissioning operations. 

2.2.2 Alarm Sxstems and Release Prevention Capability 

The alann systems described in. 2.1.2 are expected to continue to function 
satis.factorily. The major requirement for re1ease prevention in operations 

containing plutonium is the proper operation of the vehtilation s.ystems and 
the several redundencies in the alarm systems permit ample warning when 

misoperation has occurred. 

The uti1hation of multiple levels of contamination control almost 
precludes the accidental release of radioactive material. Personal surveys 
at the point of contact with radioactive materials (at the g1ovebox). 
continuous air monitors in the operating rooms, and continuous stack monitors 
will maintain control of accidental releases. Although an accidental 
crit1cal ity 1s considered an extremt:1,Y small possibH 1ty the detection alarm 
system will be maintained throughout the deconmissioning operations. 

The continuous stack sampler includes a recorder and alarm system 
located in the health physics office, with a h1gh 1eve1 alarm remoted to the 
guard station. 
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The ,mir:limunr df;tectfon leve·l of the· ~ontin4cius $tack monitor is 9£5 'MPC 
hours for ·solub .. le 239 Pti :at the · stack. This minimum :det~ctfon level is based 

on 'qn observed· increase .of l cqunts per min~t~ fo a time :period qf 15 minutes 
with the alarm. trip set for l5 counts/minute ~ 

lnst,r4~rit detection of a 5 cYm increas13 in a 15 minute period res.ults 

.from a concentr:ation of 2.3 X to~11 uCi/m1 at the stack :(383.3 MPC for soluble 
239P,u and 2-3 MPC for 1 nsolui:fle 239Pu) .- An increase to the a·l arm trip with in a 
15 minute period results from a concentration of 6119 X 10-11 uCi /m1 at the 
stack (1150-MPC for soluble 239P.u and 69 MPC "ror insoluble 239Pu)" 

A detailed stack sampl frig. progrc!Jll inc1udes specific requirements to 
proVide continuous monitoring of ridioattive particulates released into the 
air. 

The continuous sampler is ca ltbrated at least monthly with a 239Pu 
standard source.. A weekly· sample ls counted ,in a ~ewlett Packard (Mode.l 

5561A) or other $Uitab1e countihg system for the purpos~ of calculating the 

stack effluent .. 

Early warning of airborhe contamination in excess of concentration 

guidelines is achieved by operating continuous air monitors in the main 
process areas. 

Each monitoring device is eq,uipped wi.th a local alarm and recotder. These are 
the fixed filter type systEm1S with a minimum detection cap.ability in l hour Of 

at least 10 times the appl foab le 10 CFR 20 limits. 

· The continupus atr monitors are nortna.ny located downstream of the room air 

f'low from the work activity or location be1ng monitored 

The set point is variab.1e depending upon the radon•thoron b~ck.ground being 
encountered. and sever.al other variables depending on the work being 
performed. 

I 

· 1 



2.2.3 Support Systems 

2.2 .. 3 .. 1. Structural Performances vs. Site Environmental Factors 

The report referenced in section 2.1.3.Ll demonstrates that the Cimarron 
Plutonium Facility reflects through its design, construction and operation an 
extremely 1ow probability for tornado accidents that could result in the 

releases of significant quantities of ractioacti.ve materia1s. In addition, 
the site location and the engine.ered features included as safeguards against 
the hazardous consequences of severe meteoro1ogica1 conditions or tornadic 

Winds ensures a low r1 sk of publ i-C exposure. 

2.2.3.2 Confinement Barriers and Systems 

The vent11ation and exhaust systems previously described are anticipated 
to continue satisfactory performance in effective1y preventing release of 
radioactive materials to the environment. 

2~2 .. 3 .. 3 Access and Egress 

The past experience gained through training and drills for emergencies 
permits anticipation of continued sati$factory performance durfog abnormal 
conditions .. 

2.2.3.4 Fire Protection 

An important safety consideration involved in dismantlement activities 
is fire protection. 

Details of the aspects· of fire protection at the Cimar:ron plutonium plant 
are described in detai 1 in Section ,8 of the l foense application for standby 

operations dated August 7, 1976 and is included in this plan as Atta.chment 
III. The plant structure is constructed of fire ... resi stant concrete and stee 1. 
The building is ma.nned twenty-four hours per day with operational and security 
personnel who can detect fires or hazardous conditions~. G1oveboxes contain 



heat sensors and are connected to a fire detection alarm systemo The plant 
te ·lephone system can readi 1y trigger the P.lant~wide public addr-ess system to 

.announce the presence of a fire or other emergency. 

Pl,ant personnel are tr-.ained 1n the use .of fire ... fighting equipment and 

assigned to the fir·e brigade. Arrangements have 'been made with local fire 

·departments to provide off-site assistance in the event of a serious fireo 

Fire fighting and alarm equ·ipment is periodi'ca·11y inspected, ahd f'ire drills 

are held periodica,lly. Preparations have been made t.o prevent. detect !! 
control and extinguish plant fires-

2.2.4 Contre:il Operations 

The basic philosophy that each individual is responsible for his and his 

fe11ow worker 1s sa.fety is supplemented by health physics programs to assure 
and demonstrate that conditions 1n the plant and in the surrounding environs 
are safe. 

The health physics standards adopted for the Cimarron P1utonium Plant 
are consistent with those stipulated in the latest amended version of Title 

10, GFR 1 __ Part 20, Standards for Protection Against Radiation. Future 

amendments to .Part 20 wi 11 be incorporated into the hea 1th physics program as 

may be required. 

Stringent -0perattng precautions are taken and the process equipment is 
designed to prevent t.he spread of radioactive rnaterlalsa Radiation detection 
and measurement instruments are utilized to reveal the presence of plutonium 
cont~inat'ion so that the necessary steps may be taken to control or eliminate 
contamination. 

Details of the program elements are available for review in section 6 of 
the appl 1catfon for renewal of 1 icense SNM 1174 and is included 1n this plan 
as attachment rv. 
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3.0 CLASSES, DF RADIOLOGICAL CONTINGENCIES 

3pl C1a-ssi.fication System 

This radiological contingency p1an characterizes several classes of 
emergency situations and re1ates them to response levels . The syst:em of 
c1assif1ca.tfon used conS ·ists of 1arge1y mutJJal1y exclusive groupings and it 

qovers the entire range of c.redible· emergency situatfonso 

Specific implementing procedures have been prepared for emergency 

situtions and can be found in Attachment I to this contingency plane. 

3,2 Classification Scheme 

3.2.1 Notification of Unusual Event 

Unusual events are in process or ~1ave occurred which irtdicate a potentia 1 

degradation of the leve1 of safety of the plant. No releases of radioactive 
material requiring offsite response or monitoring are expected unless further 
·degr'adation of safety .syst~s occurs. 

The fo 11owing unusual events wi 11 fa 11 into this category: 

1. The release of radioactive materials to the unrestricted areas in an 
amount when averaged over a 24 hour period would exceed ten times the 

limits specified for such materials in Appendix a Table II of 10 CFR 
20. 

The above contamination would be determined by measurement of stack 

emissions assuming a. ·dilution factor of 1000 from the stack to the 

facil.ity boundary.. Releases of this level could b.e caused by 

moisture transfer of soluble contamination through final HEPA 
filters or partial faflure of final HEPA filters. 



2.. Failure .of :both H1coming e1ectrica1 power supplies and the emergency 
d iese ·l generator can not be started, or loss of the ma in power 
SW i tchgear.u 

3. Sudden increase in the liquid leve 'I in the sanitary 1agoons which 

would indicate inminent possibi1ity of overflow ~ 

4. Rumors of the possible gathering of peaceful demonstrators 

Licensee Actions 

l. Promptly notify Corporate Management (Appendix A of Attachment l). 

who wil1 prompt1y notify NRC Region III and/or Headquarters of 
nature of unusual condition as soon as discovered. 

2. Augment on-shift resources as needed . 

3. Assess and respond. 

4. Escalate to a more severe class, if appropriate. 

5. Close out ·with verbal surrrnary with NRC and any other offsite 
authorities with written report to follow within 24 hours. 

i 

I 
j 



a.202 .Alert 

Events are in .pro~ess or have ,occurred whiCb invo1ve 4n actual or 
potential substantial degradation of the 1evel of safety of the plant. Any 
releases are expected to b_e limit~d to .sma 11 fractions of the EPA Prot~ct ive 
Action Guideline exposur.e 1eve1s. 

The f.ollowing conditions w·i11 fall into this Alert category: 

L The release of radioactive materials to unrestricted areas whic.h 
appears to have been corrected and which the average concentration 
over a 24 hour pertod would .exceed 500 times the limits specified for 
such materials tn App~ndix a. Table II of 10 CFR Part 20. The above 
measurement would be made at the statk assuming a di1ution factor of 
1,000 from the stack to the facility boundary~ Releases of this 
level could be caused by failure of the final HEPA filters. 

2. Failure of both incoming electrical power supplies and the emergency 
diese1 generator can not be started, or loss of the main power 
switchgear, and it is apparent that the venti 1 at ion system wi 1l be 

inoperable for an extended period of timef 

3. Overflow of sanitary lagoon dikes . 

4. Rumors of the possible gathering of militant demonstrators, 

Licensee Actions 

l . Promptly not if:y Corporate Management who wi 11 proJTqJt 1y notify NRC 
Regioh III and/or Headquarters, and state and/or. local author1t1es 
of alert status and reason for alert as soon as discovered, 
(Appendix A of ,At tathment l) 

2. Augument resources and activate onsite operational support emergency 
facilities and equipment. Bring key emergency personne1 to standby 

status. 
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3.. As:sess and respond .• 

41)' 'Dispatch onsite monitoring teams and associated · cormiunicationso 

5. P.rovide periodic plant status updates to offsite authorJties~ 

6, Provide periodic meteororlogica 1 assessments to offs ite authorities 

and, if any releases are occurring, does est ,mates for actual 
releases. 

7o Escalate to a more severe class, if appropriate. 

8. Clos~ out or recorrrnend reduction in emergency class by verbql 
summary to NRC and . other offsite authorities followed by written 

suTJinary within 8 hours. 
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Events are in process or have occurred which involve ac:tua1 or likely maJo.r 
failures of plant functions needed for protection of the pub1 ic. Off site 

releases are not expected to exceed EPA Protective Action Guideline exposure 
levels except near site boundary. 

The following conditions wi 11 fa 11 into this category: 

1. A continuing release of radioactive materials to unrestricted areas 
which the average concentration over a 24 hour period would exceed 

500 times the limits specified for such materials .in Appendix B, 
Table II of 10 CFR Part 20. The above measurement would be made at 
the stack assumtng a dilution factor of 1,000 from the stack to the 
facility boundary. Continuing releases of this level could be 
caused by failure of fina1 HEPA filters with the continuous stack 
monitor alarm system malfunctioning for several days without the 
malfunction being detected by health physics personnel and without 
the change in delta pressure across the filters being detected by the 
utility operators. 

2. Comp1ete loss of electrica1 power and it becomes obvious that the 

secudty battery backup power wi 11 run down before norma 1 or 
eme.rigency gene.rater power is available. 

3. Breach of sanitary lagoon dikes because of events such as 
earthquakes or flooding. 

4. A gathering of demonstrators or any other threat with a potent1a 1 for 
an attempt to occupy or sabotage the plant .. This situation results 
in direct notificatioh of local law enforcement agencies and NRC 

security by plant personnel. 



Ltcensee~ctions 

1,. Promptly notify. Corp.ora.te Management who wi 11 promptly notify NRC 
Region UI and/or Headquarters, EPA. state and/or local offsite 
authorities of site area emergency status and reason for emergency 
as soon as discovered. (Appendix A of Attachment I) 

2. Augument resources by, activating onsite emergency response 

organization. 

3. Assess and respond~ 

4. Dispatch onsite and offs.ite monitoring teams and associated 
c ommu n i cat ion s 

5. Dedicate an individua1 for plant status updates to offsite 
authorities. 

6. Make senior technical and management staff available onsite for 
consu1tation with NRC and state on a periodic basiso 

7. Provide mateorologica1 and dose estimates to offsite authorities for 
actual releases via a dedicated individual or automated data 
transmission. 

e. Provide release and dose projections based on available plant 
condition information and foreseeable contingencies. 

9. Escalate to general emergency class, if appropriated 

or 

10. Close out or recorrrnend reduction in emergency class by briefing NRC 
Region III and/or Headquarters, EPA, state and/or local offsite 
authorities fo11owed by written surrrnary within a hours of closeout 
or class reduction. 
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3-2.4 GeMral Emergency 

Events ar~ in ;Jlrocess or have occurred which involve actual or irmiinent 
1oss of confinement integrity. Re 1eases can be reason ab 1y expected to exceed 
EPA Protective Action Guideline exposure levels offs1te for more than the 
immediate si ,te area. 

The following conditions win fall into this category:, 

L The release of radioactive material.s to unrestricted areas which the 

av.erage concentration a.t the point of release over a 24 hour period 

w9u1d exceed 5.,000 times the limits specified for such materials in 
Appendix B, Tab 1e I I of 10 CFR Part 20. The above criteria assumes a 
dilution factor of 1.000 from the stack to the facility boundary~ 

R.e1eases of this level could be caused by loss of containment walls. 
roof or final HEPA filters due to fire, explosion. tornado. 
earthquake, p,1ane crash, lightning~ or sabotage • 

2. Complete loss of electric:al power and it becomes obvious that the 
loss is due to sabotage by a subversive group that may have the 
intent to attempt a plant entry for theft or take over of the plant .. 

3. A confirmed critic.ality event. 

4. Take over of p1ant by radical group or theft of plutonium by stea1th8 

Licensee Act ions 

l. P:rofll)t ly inform Corporate Management who will profl1)t ly notify NRC 

Region II I and/or Headquarters. EPA., state and/or loeal offs 1te 
authorities of general emergency status and reason for emergency as 
soon as discoveted (Paral1e1 r,otification of state/local) il 
(Appendix A of Attachment r) 
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2. Augment resources by activating ans ite emergency response. 
organization. 

3. Assess and respond 

4, Dispatch onsite and offsite monitoring teams and associa.ted 

communicat1ons. 

5, Dedicate an individual for plant status updates to offsite 
authorities. 

6. Make senior technical and management staff available onsite for 

consultation with NRC and State personnel on a periodic basis. 

7. Provide meteorolog.ical and dose estimates to offs1te authorities for 
actual releases via a dedicated individual or automated data 
transmission .. 

a. Provide release and dose projections based on available pla.nt 
condition information and foreseeable contingencies .. 

9 .. Close out or recomnend reduction of emergency class by briefing NRC 
Regi.on III and/or Headquarters. EPA, State and/or Loe al off site 

authorities followed by written sumnary within 8 hours of closeout 

or class reduction. 
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3. 3 .Range ·Of Postulated .Ace idents 

The ;postulated events listed in s~ction 3a2 range from those events which 
indicate a potential degradation of safety in the unusual events class1-
ficatioh to those events Hsted under the general emergency e'lassification 
which indicate actual loss of confinement of radioactive materials~ 

The unusual events are considered most likely to occur and procedures for 
handling these events are incorporated into the plant Health Physics proce
dures and standards. 

The general emergency c1ass ificat ion fs considered extremely un1ike1y to 
occur and procedures for the postulat~d events are presented in the at tached 
Emergency Manual. 
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8 ~·O RECORDS AND REPORTS 

a·.1 Recor.dE,; of .. lhCi dents 

A record .of ra,dio1'ogical c.onting~ncies described in secti.on 3 of this 

Ra.diologic~l Contingency Pl an as 11 Unusual Event, 11 "Alert, 11 11Site Area 
E'm·er.gency/' and 0Genera;1 Emer:gerrcy II wil1 be m~de by the H~a 1th Physics 

rrersonnel. A copy of the report wi 11 be provfcted to the Standby Manager, 

th.e Corporate Medi cal Di rector and the Di rector of t~he Corporate Emergency· 

Control' Organization. rhe original will be maintained in the health 

physics fi:le until after· the license is terminatedo The only exceptions 

are that the re.cords made by Security Personnel concerning security 
contfogencies will be maintained in the security file, and the "unusual 

event 11 reports wi 11 not be sent to the Corporate Medi cal Di rector or the 
Director of the Corporate Emergency Control Organization. 

The reports shall consist of a description of the contingency; the date; 
time and cause .of the contingency; corrective action taken to terminate the 

emergency; the action taken or planned to prevent a reocurrence of the 
event; the S'i gnature of the person who prepared the repo'rt; the date, ti me 

and who was notified of the event; and the distribution provided for the 

written report. 

ff.2 Reqordsof Preparedness Assurance 

The fo·11owing reco.r.d's ar.e maintained to confirm the maintenance. of 

·preparedness to respond to raoi ol ogica1 con ti nge:nci es. Attendance shtets 

with the signatures of those who attend training sessfons are maintained 

with the training records . 

1. Records -of the new ... hi:re and annual retraining on the radfologi-cal 

coni;i ngency plan and etnergen.cy procedure.s wi ·11 be maintained in the 

heaJth physics file. 



2.. Records of quarterly criticaHty evacuation training and dri1ls 
conducted bY heal th physics .personnel and quarterly fire brigade 
training and drills conducted by the Facility Fire Marsha11 are 

maintained in the health physics file. Records of quarterly .security 

training and dri 11 s conducted by the Standby Manager are maintained in 
the security fi 

3. Inspection, inventory and location records of fire extinguishers and 
emergency lights made by util 1tY -personne1 are ma iota ined 1n the 

Maintenance and Utility File. Inventory and location records of the 

emergency building equipment and supplies (listed in attached Emergency 
Manual) made by health physics personnel are maintained 1n the health 
phys its file. 

4.. Maintenance; Surven lance, and testing records on emergency equipment 

are maintained on record sheets showing the routines performed by 
Security, Health Physics; and Utility Personnel. The 1istfog below 
shows who performs the routines and maintains the records on various 
emergency• equipme.nt. 

Utility Personnel 
Emergency Vehicles 
Emergency Generators 
Vemtflation Equipment 
Fire Alarms 
Emergency Lights 

Health Physics Personnel 
Cr it icali ty A 1 arm System 
Exhaust Stack Al arm 
Room Ait Sample A1arms 
Emergency Bldg. Equip. 

Security Personnel 
Intrusion Alarms 
SNM Detectors 
Metal Detectors 
Explosives Detectors 
Corrmunication Equip. 

5. Records of agreements with outside support organ1za.tions (Local police 
and Fire Departments) are maintained on fi.1e by the Standby Manager. 

6.. Copies of revised radiological contingency plans a11d emergency 
procedures will be provided to offsite agencies affected by the 
change(s), A record· distribution of plans and procedures will be 

maintained. Revisions to the plan and procedures will be covered by 

documented train fog sessions for a 11 facility personnel affected by the 
change(s). 
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8. 3 Reporting ArrJ!.Ilgements 

Ra.di o1 ogi contingencies described in Section 3 of this Radi o1 
Conti ngenc:y Pl an as II Alert, 11 uSi te Area EMergency, 11 and t

1Genera 1 Emerger1cy 11 

wi 11 resu1 t in notification of the Corporate Medi ca 1 Di recto~ and the 

Director of the Corporate Emergency Gontrol Organization by the Cimarron 
Standby Manager. Corporate Management will notify the UoSo Muclear 

Regu1atory Cornmissi.on, U.S. Environmenta1 Protection Agency. and American 

Nuclear Insurers and state agencies \I/hen appropri • The only exception 

to this is the reporting of serious physical security events which are 
reported directly to NRG as \-Jell as corporate management by the Cimarron 
Standby Manager. 

Notification of the public on (1) the occurrence of ~n emergency condition, 
(2) its effect on the hea1th and safety of operating personnel, the public 

and the envitonment, (3) progress on its control, and (4) recovery from the 
emergency condition will be made by the Corporate Communications/Public 

lnformati on Department at the direction of the Director of the Corporate 

Emergency Control Organization. 
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Re.vi.sio.n 3 
susm:r :PLtJ'l'ON!tJM PB.ANT iLSA WASTE 

. . S,EQl1iJYAH ff/ELS dORPORAtlON DRUM COUNTER 

PAGE 1 .OF .5 

To ppovicle a consf;!itvcltiv~ e$tirnijte of oonta:minatipl) 
l~ve.'.Ls in combust:ibJ~ :r..si wa.ste, c.oncrete, . and sapd 
that cannot be easily surveyed with alpha detection 
instrumentation. 

A~ :Ludlum Model 2.500 Scaler Ratemeter~ 
B.. Tw.o .... S inch photomultiplier tubes~ 
c. Plasti:c scintillator .... 5 .i.nches in diameter ana 3 6 

inC!hes lo11g~ 
D. Drum turn table. 
E .. Lead lined pit .. 

II.. Equipment Settings 

A. Ludlum Model 2-500 

L High voltage~ a.2~~2100 Volts" 
2... Wino ow .... in - 0 •. 3 0 .. 
3 .. Threshold. - 0.90 .. 
4 .. Energy Multiplier .... 100 KEV~ 
5 .. Timer - clock - 4 .. 9 minutes - 10 revolutions of 

drum for each count .. 

III. Sources Used 

A .. 0.1 mCi csl37 Source #1597 G~ Ro 
B- 1 mci Ra226 Source# None. 
G. 0. 46.88g Pu Standard (.FFTF pellet encased in brass)~ 
D. 245 cpm 2pi P.u2 39 Source #P-1819 to document 9 5 % confi

dence level bf Hewlett--Paokard Model #5560A autornatio 
sampJLe counter .. 

E~ Sou.roe #P-1959, p .... 5993, P-5565, P-1Bl9, P-3029, and 6896 
to dooument Hewlett-Packard automatic sample counter 
effeciency from 3 dpro to 1., 866,000 dpm. 

F. ·r.<:";·i 2,000 r 000, 000 dpm coJ,leoted. on .. _:-~ 4,000 air .sample 
filters and counted with Bewlett.;;..Pac.kard automatic sample 
counter .. These air sa.mples were plgced in packages of 
1.00 or 50 samp.les and sealed in p.lastic using the bag 
s.ealer. 
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IV. Counter Respon~e 

H~V , - 8~20 window in - 0.10 E . M» - 100 KEV count t ime 
1.0 minute. 

73.2 NC1/g in 125 lbs~ standard drum~ 

H.V ... - 13.20 N - 0.1 E.M .. ·- 100 KEV Count Time 1.0 Mi n . 

'!1hreshold 

0.10 
0 .. 20 
0.30 
0-40 
a.so 
0 . 60 
o .. 70 
0.80 
0~90 
l. 00 
LlO 
1. 20 
L 30 
L 40 
L50 
1. 60 
L 70 
1. 80 
l. 90 
2 .. 00 
2 .10 
2 .. 20 
2 .. 30 
2. 40 
2 50 

Bk g . 
CPM -

150997 
60043 
42880 
30387 
10181 

6816 
4821 
3489 
25·98 
1845 
1400 
1110 
1140 

881 
722 
644 
630 
514 
554 
480 
446 
453 
411 
398 
400 

73.2 '.NCrl../g in 
125 Lbs. std» drum 

196956 
80254 
54403 
33047 
15189 
11280 

8979 
7095 
5433 
4333 
331'5 
2413 
1846 
1437 
1125 

857 
B01 
674 
587 
558 
556 
485 
478 
468 
433 

Rati o 
N~t couh t s/bko .. 

L86 
2o0 3 
2.09 
2 .. 34 
2.37 
2 ol7 
1.62 

From this data a threshold setting of 0 . 90 and a window 
setting of 0 .3 0 was selected. 
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V 

Detector Linearity 

H. V. - 8 .• 20 window in .... 0 .. 3 o threshold O. 90 Enetgy 
Mult'.ip.lier - 100 KEV •. 

0.488g PU sta,ndard - FFTF pellet encased in brciss plsc$d in 
1/2" thick 9 inch long lea.cl columniat:or. See Fig 1J ~L 

Construction of Dmruny Loaas of Combustible- Naste 

A.. Assume uniform ion o.f radioacti.ve ma 1 in 
each waste arum. simulate this with our ndards 
each drum was dividaa into six load ~ones. See Figure fZe 

B. Four dum..rny loads were constructed using plastic, pvc p.ipe, 
cardboard, tape, and ·wipes to fill in between these load 
zones with a net weight of 75 lbs., 125 lbs., 175 lbs~, 
and 225 lbs. Each of thes.e drums was then loaded from 
.-: .. ":? 2 NCi/g of waste to cc:::-: 90 NCi/g of waste stHi cali
bration curves· plotted. See Figures # 3 ,. # 4, # 5, and # 6. 

c. To document response from a point source in zone A, B, 
and C the 125 lbs. standard was loaded with~, 20 NCi/g 
bf waste. source #42 and #43 were used containing 
238,575,384 dpm alpha. 

Zone A - center of drum - 9,459 net counts 
Zone B - center drum - 18,094 net counts 
Zone c - center drum - 19,750 net counts 

D. After Gonsidering this data all combustible drums of waste 
will be packaged to a minimum of 75 lbs. and a maximum of 
225 lbs. To ensure that the value assigned to each drum 
is in fact less than 73.2 1'1Ci/g we will use the most re-
strictive calibration factor which was obtained from the 
75 lbs. standard drum. Each successive calibration will 
be done with 75 lbs. standard only. 

Construction of Dummy l1oads for Sand and Con.crete 

A. Assume uniform distribution of radioactive mat 1 in 
each waste drum To simulate this with standards 
each drum was divided into three load zones. 
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::s . 1~~o clu:r.my lo,sic1 s -were cchstructed us:.ng washed sand· for 
one an¢ 1 1;2, inch rqok for the o-.:tter with 4'' PVC pd,pe in 
t:ie c·ent-2-r, al.cng outer w.all, aDcJ half way in betwe€n to 
place st:.a.nda:-¢1 packs in .. 

c. Afte·r contdc1ering this d.at9 all concttd:.e and sand dru~~$ 
v;-ill he packaged · to less than 60 0 lbs. 1'o ensure tha·t 
the value assigned t.o each drum is in £act l.e·ss than 73.2 
NCi/g we will ·Use the tnost restrictive calibration facto'i: 
which weis .obta.inea from the sand standard .. Since our top 
end standard Was bnly 54 442 NCi/g we will repackage any 
drum inaicatin.g greater then 54 1a 42 NCi/g . 

D. Since the ,difference in baokg.rounds between sand ana 
gravel werei:;::-:.:2000 counts per 4.9 minutes and this will 
vary with origin of material we will assign 5 NCi/g to 
all drums that count 10 NCi/g or less, 

VIII. Instructions for Packaging LSA Waste 

A. KM-NC-10-82. 

B. .All packag,ed trash will be so.t· ted with an Eberline E-500B 
with an open window GM tube. All packages with 0.3 mr/hr

1 

or greater will be handled as TRU waste .. All packages 
less then 0.3 mr/hr will be handled as LSA waste. 

c. To prevent shielding prohleme, metal atid combustible waste 
must be sepaiated. All metal will be sur~eyed with ab 
alpha survey meter and all combustible will be counted in 
the LSA drum counter .. 

D. To prevent shielding problems concrete and sand may not 
be mixed with metal. 

rx. Instruction for Use of LSA Waste Drum Counter 

A~ Eadh day that the LSA waste drum counter is to be usea: 

1. The drum turn table must be timed to ensure it making 
1 O complete revolution a in 4 .. 9 minutes. 

2. Five source counts must be taken using the 73.2 NCi/g 
- 75 lbs. standard to verify the count system is 

operating properly and within a 95% confidence l~vel 
twice daily. 
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3" Three 4. 9 mim.1.te 1:>f;lckground counts w.i th a O ~ 0 NCi/g 
.... 75 lbs. standard. or sand standa:to on turn table 

anc1 the turn table rotating will be taken and aver
aged·.. This background will be used for all drums 
counted that dayJ 

4 b Pu Plant waste drum coirntt"=r count sheet will be U$ec1 
to record all drurn counts. See Figure #8 or 9 .. 

5, Net counts tim~s calibration factor will be equal to 
NC±/g of wasteo Tfii.s will be multi plied by actual 
g:i;am.s of waste in drum and converted to total g Pu .. 

6. At the first of each month a new CHI2 control chart 
will be made. 

7 .. After repair and at least yearly, a calibration to 
obtain a new calibration factor for this counter 
shall be required. 

8. All drums will be counted before being compacted and 
the net counts above background will be added to ar
rive at a value for tl1e compacted drum. See attached 
sheet Figure #10 ~ · 
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Count-, 

?u.··'P~~;1 L.~A D::':'C1·I ,cc·:.:::~,.;: w1. 
COM? 1c TED r, trJ~·::S 

,• 
t.4• o,,;: ... ,.. . ·., .. 

DRITH I: ,,;. .: _,·.\};,;;,~I . ,, _ _. ______ _ OP.Ea.ATOR: ------------
l~e.t Avg. Counts 

Io cal 

'I'o::a.1 Net Wt. Lbs. x 453,S'9 g/lb ~ 

C.?..L fa::tor ;r. ::o.:..al ne: av;. :ounr:s 

N:::i X 10-9 ,= 

2.. .. 12 Ci/g 

N:.i/g = ---------

,y Pu ---------
or 

GrOS$ Wto _____ ,.... _______ __ 
Tare 

Net WL 
_________ ..... ____ ...,.__ 

• 

;:r N~i/g 

Nd tot:al -----------



[ PROCEDURE J ---
BEQUOY.AE FtJELS CO~OlU.TlON 
BAO.IATION HEAL.TH .ANO SAFcTY 

CINAR.RON FAC!LITY 

DATE 

.SUBJECT Pu-PL.t'lNT NOA COUNTING OF 
'I'RU WAS TE 

PAGE l OF 6 

PURPOSE r·, Outl.ir1e a proven method £.or handling and counting line 
gener~ted waste in a safe a.nd ef.ficient rnann.er .. 

RESPONSIBILITY: 

Facility Manager and/or L 
His Desi gna,ted. .Al:t:ernate·( s.) 

Health Physics l. 
2. 
3 .. 
IL 

5 .. 

Decon Supervisors 1. 
2. 

3. 
4. 

5. 
6. 

Individual Employees L 

NPA Counter Operators I. 

2 .. 
3"' 

4. 

ACTION: 

Administratively responsible for 
the practic;:.,e of procedure 
conditions. 
Approve changes in prooedure~ 

Perform required surveys .. 
Inspect packages for defects. 
Suggest improvements in procedures .. 
Ma~ntain records of packages, NOA 
count results, MBA ledgers, and 
CHI2 results. : 
Perform at least a monthly audit 
of NDA records, count procedures 
used, and vault physical inventory 
to insure co;rredt counting and 
packaging of TRU waste .. 

Follow proc&dure conditions. 
Keep Health Phy'scis informed of 
unusual regui:rements. 
Ensure proper packaging of waste. 
Ensure that count procedures are 
strictly followed 
Train NDA counter operators. 
Initiate procedural changes. 

Observe procedure conditions. 

Strictly follow procedure 
con.ditions. 
Su.ggest improvements in procedu.res. 
Maintain records of packages 
counted. 
Inform decc:m supervisors and 
Bea.1th Physics of any problems. 



SUBJECT Pu-PLANT NDA COUNTING OF TRO WASTE NO, 'KM-NPi-10--8 9 
PAGE 2. OF 6: 

II. 

DATE Apd J L'Z, 1.984 

A... Ob$e:tve p.ll S-OL(Safe Operating :Limits) l?igns in area .. 

1... One unooun:t:ed ,packag~ p~r- shelf on transer carts .. 

3 .. ' Maximum of ten uncounted packages in any room (except 
Vau.lt.} 'I 

4. Two foot $pa,ci.ng, center to cente.r, .is to be 
maintained if packages are placed on the floor., 

6. All packages·~. 100 MR/hr shall be counted first and 
moved to the vault a$ quickly as pos},ible, to avoid 
unne0easary personrt~l e:x:posu:teo 

7.. The csl37 sources will be stor.ed it1 a lead shield 
when in the oount room and not being used to 
determine package density, to minimize personnel 
exposure. 

B .. At the end of each work dqy all counted packages, Pu 
chec.~ sources, PU standard so~rces, and csl37 
sources will be returned to the Vatllt for proper 
storage ... 

EQUIPMENT (Attachment #J.) 

A. Ludlum 25-00 Scaler Rate Meter .. 

l .. Set tings. 

a~ Hlgh voltage - adjusted to peak csl37 source 
at R;; 6 6 2 KEV • 

b .. Cs Threshold - 5.8 

c. Pu Threshold - 3 .. 2 

d . Window ~ 1 .. 3 

e. Energy Multiplier - 100 KEV 

f. count T.:Lme - O .5 minutes 

B. 2" x 2" NaI detector. 



SUBJECT Pu-PLA:NT NDA COUNTING TRO WAS'!1:C1 NO, KM-NP-10-89 

II[ .. 

Five - FJrrF rnixed 
veri f i,ed by ERDA., 

powder 

D. ~o,.... FFTF mixed oxide fuel powder 
.and verified by EEDA. 

E.. 1 O O ..t(. Ci cs13 7 source" 

F.. One - a'djustable package stand .. 

One - csl37 source stand. 

EQUIPMENT CHECX<S 

A Calibration~ 

PAGE 3 . OF 6 

PATE April l'i , 19 8 4 

assayed and 

sources assa'.}>'ed 

1. Will be done in accor~ance with proced~re KM-NP-1 48 
( sources # 2, ti7, and #.ll wi 11 not be used) Q 

2 .. Will be performed: 

a. At least yearly .. 

b .. After any equipment failure in the system. 

a. When daily checks wi 
confidence level. 

not maintain a 95% 

B. :A. car2 control sheet will be made monthly using the 
l.·934g Pu and 9 .. 68lg i.,u check sources that ,are stored in 
the vault to establish a 95% confidence level, 

c. Twice daily when the NDA count system is in use a check 
will be run using the L934g and 9.681g Pu check 
sources. Five counts will be taken with each s.ource and 
the results Will be plotted on the monthly control sheets. 

D. If. the counts taken do not fall within the limit.a on the 
control charts, no ~ackages may be oounted and Decon 
supervisor must be notified. 

IV. l?.ACKAGES 

A. All packages shall be double bagged., except for non~line 
trash, and must meet proper configuration standa.rds. 

1 .. Maximum length - 16 inches. 

2. Maximum surface area - 12 inches x 12 inches square 
to insure corneri are in count windpw. 
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\ 

NO, 

PAGE 
DATE 

Bq All packages must have a l?u ID card (l<M-3007 .... A) and 
.filled out be.fore NDA counting 6 (Attachment #2),. 

l.. Date .. 

2 Job No. -- (Room No. ar1d Box No .. } .. 

3. Material· Type .. 

4 .. MBA No. 

5 Ori,ginator .. 

6.. H. P. Release.· 

a. MR/hr.with E--500-B open window~ 

b. DPM smearable. 

c. Ha P. signature. 

10-89 
6 

, 1984 

V. COUNTING WASTE 

A. At the start of each day a Pu and Cs background and a 
cs137 source count will be run. (Attachment #3). 

1 .. Ludlum 2500. 

a. Take 10, 0,5 minute counts on PU threshold(3-2) 
with nothi.ng on the stahd. Average. the counts 
for Pu background. 

b. Change threshold to 5.8 and take 10, 0.5 minute 
counts and average them for the background .. 
Place the csl37 source in the center of rear 
stand and take 10 counts and average them for the 
csl37 source count. Subtract the Cs background 
from the cs137 source count to get the 
csl37:ro . : , 

c. Record all counts and average on the daily 
background check sheet. 

Bo Record all pertinent data on Pu Scrap Counting Worksheet 
(KM-4949). '(Attachment #4). 

1. Datea 

2 Operator signature. 



SUBJECT Fu-PLANT NDA COUNTING OF TRU WASmE 

3. 

4" 

l?U background .. 

csl37!o 

Series No. 

6.. Itero No. - Pu ID card No .. 

7. MR/hr. 

a. Calibration factor .. 

9. Typ~ of material~ 

10. Room the package 

11. Box the package 

from. 

from. 

KM-NP-10-89 
5 or 6 
t\.PZ'J.1 19 R4 

c. Place package on package stand at prop~r elevation so as 
to be centered with detector. ~ 

1. Take two counts on th& Pu threshold(3.2) and record 
on the w.orksheet. subtract the Pij background from 
each gross count to 9et the net count .. Add the two 
net counts and di~ide by two to get the fl average 
net count. 

2 .. Change threshold to Cs channel(S .. 8) .. Take two counts 
to get Cs background. Place csl37 source .in center 
of :rear stand and take two counts. Subtract the 
background from each gross count to get' net count. 
Add the two net counts and divide by two to get the 
average .. net count. Divide the average net: count by 
the csl37 I 0 to get the Ti fa.ctot of csl37 
fraction. Match this fraction w:ith the one on Pu 
correction factor sheet to get the PU correction 
factor. (Attachment #5). 

3. Mutiply .. the # l ave.rag·e net l?U counts times the 
calibration factor then divide by the correction 
factor to get the g Pu for side Jl. 

4 .. Turn the package laoo degrees and repeat steps 1-3 
to get the g Pu .for side #2. 

5. Add #lg Pu and #2 g Pu and divide by two 
average g Pu. 

get the 

a. For all packages rne$ting.propE;:r dimensions 
(Section IV, pa~agraph A) muitiply average g Pu 
by 1 to get total g Pu for package. 
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b. If cylinder calibration is us.ed mul·tiply average 
g Pu by the lehgth in feet to get total g Pu~ 

c .. If a plane surface calibration is used multiply 
average g .Pu by number of square feet to get 
total g Pu. 

6.. .After the package L!? ·counted the totz!.l g Pu is al.so 
recorded on the Pu IO card aJ.ong with the initials of 
the ND.A counter personnel. (Attachment #2). 

7 At the end of the shift, the NDA counter personnel 
should go to the vault and obtain from the vault 
custodian the location of eac·h package counted that 
day, by drurn No. , and record this on the bottom o.f 
the corresponding Pu Scrap Counting Worksheet 
(Attachment #4). This way the worksheets can be put 
in· "the appropriate file in the IL P .. office. 

8. If a package is counted at 9.680·:"g Pu, it is to be 
sent back and bagged into the same box it wa~ taken 
out of to be sp 1 it up so as to be < 9 .. 6 8 0 g Pu .. 

9. If a counted package doe~- not exceed the minimum 
detectable limit, it will be assign·ea a value of 1/2 
the minimum detectable limit() 
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Lead Shielding 

Cs. 'THRESHOLD 
WINDOW 

ATTACHMENT 111 

N.D.A.--••I 
PACKAGE SET- UP 

Cs.Source ""Package'': i ~l 
---~ ----~- -------. -~•--i--+-..---- _ __,_ __ 

I • l 
I I l , I 

' . 
.. 

* Adjust Height to Center 
11

Pockog1/ 

HIGH VOLTAGE 

Pu, THRESHOtD 
WtNDOW 

CALIBRATION FACTOR 

MINIMUM DETECTABLE LEVEL 

ASSIGN , TO ALL PACKAGES LESS THAN 
OR EQUAL TO G. Pu. 

MAXlMUM VALUE THAT CAN BE COUNTED G. Pu. ----



ATTACHMENT ll2 

NO. 60951 

PLUTDHIU.M IDENTIFJGATION GARD 
oA'rt 

./OB NP 

INE:T WCIGHT • \ 

ORIGINATOH 

mlr 

WASTE' COUNTER 
60UllCE 

OISPOSITION 

T ronsf erred ro Storoge on 
lnternol Transfer Number 

C1lil'IUl,B •. ~ 
A 

gms 



SERIES # --------
:a:. VI 

ATTACHMENT # 3 

Pti SCRAP COUNTER F1 0R.M 

DJlJLY CHECK SHEEW 

DATE: . ______ ......,...._,· ~ 

OPERATOR~ 
________ _,. __ 

csl37 To. Window ------ P\1 T. --------- -------- ----
Multi;pliel" ___ _ Recess ----------

1. 

4. 

5, 

6. 

7, 

8. 

SUM 

AVG 

Background 
Pu Channel 

Distance, Count Time min. ----......... ----

:Background 
da Channel 

100 uCi csl.37 
Ca Cha.tmel 

Avg, 100 UC·i csl37 • Avg. Cs Channel Bkgd • Cs ! 0 
Cs Io a -----

Avg. Pu Channel. Bkgd.• ----=--



PU SCRAP GOUNTl~G WORKSHEET 

W CVL.l!ibJll ,SH .... l' .C. LtNaTfl 

ft. 

O 0E'.GFH:E$ 
Bp..CKGAOUND I GROS$ I 

I 

Cl) 
t I-

1 

0 

z 
i 
U') 

c:i 
Average Net ,._ 

~ 
Averaoe Net II:\ 

0 
'lo ;: (T,)· 

Correction Factor =-

0 :b.EGAE..ES 
BACKGROUND l GFIOSS 

I 

i 
Ch ,] 

I- ' 
() I 

I 

~· : 

:E 
~ # 1 AverageNet c;:i 

:, 
ll,. 

Ii i AvQ. Nat x GalilJ. Factor :> · (tl1 ·G Pu} 
Correction Factor 

Package; b = 1 

Cylinder: b =#of Ft. 

Plane: b = # of Sq, Ft. 

24x24x12Filter: b.:1 

AVg. GPu 

I 

ATTAC}IMENT lt4 

I 

/' .CaHbrafion :Factor {GPul0.5 Mrn. Ct.) 
I 

:I lJF P'l..t.tt~ 5'HM•t:. U:NG'tH 

Inch.es X 

. 
NET BACKGROUND 

r 
t 

!· 
r 

. 
. 

NET 8ACKGROUNO 

I 5tl'lll::5 NO, 

I 
I IT£MNQ, 

l ' 

lnch~s Width -:-- 144 :: 

AU> /;1t!! DEGREES 
l 

GROSS I 

Average Net 

Average Net 
lo ::: (T,} 

Correction Factor::: 

90 DEGREES 
OF'IOSS-

I: I 
I .I ,. 

# 2 Average Net 

II 2 Avg. Net x Callo. Factor = (#2 GPU) 
Correction Faptor 

#1 GPtJ .. #2 GPu = 
2 Avg. GPu 

:: 
GPu 1n Paokng$ 

Sq-. Ft. 

NET 

i 
I 

i 
l 

, .. 

' NF:T 

1 
f 
I 

t 

' 



Pu WAS'rE COUNTING (): .. UDLUM. 25 & .2x2 NaI) 

:Pu Correctio'il rac.tor fo:t .Sel.f Ab$orption & l:ac.kage Density' 

~(Pu Corrected Counts) =<· Pu Oount.s 
C Orrec.tion Faction 

137 Pu . Gorrec ti·on 
Fraction Factor 

• 05 • 21 

.06 

.07 

.08 

.09 

.10 

.11 

.12 

.13 

.. 14 

.15 

16 

.17 

.18 

.19 

.20 

.22 

.24 

• 25 

.26 

.27 

• 26 

.2'7 

.29 

.30 

.31 

33 

• 35 

.. 36 

,37 

.39 

.. 40 

.41 

.42 

.43 

.44 

45 

.47 

.48 

,49 

.49 

.51 

06137 

Fraction 

• 29 

.. 30 

.31 

.. 32 

33 

• 34 

3 
.. 

Q ::> 

.. 36 

• 37 

.38 

.. 39 

.40 

.41 

.42 

• 43 

.44 

.45 

.. 46 

, 47 

.. 48 

~49 

.. so 

.. 51 

Pu .... Gorrect:1.on 
Fae.tor 

.52 

.53 

.54 

.55 

.56 

.57 

.. 58 

59 

.59 

.60 

.61 

.62 

.63 

.64 

.64 

.65 

• 66 ' 

.67 

.. 67 

.69 

.70, 

.70 

Cs1$7 
Frac.tion 

• .5 3 

.54 

.55 

~56 

~57 

.58 

.59 

.60 

.61 

.62 

• 63 

.. 65 

.66 

.67 

.68 

.69 

• 70 

,71 

'72 

,, 7'3 

• 74 

• 75 

EU • c·· .6!37 Pu i uorre.ction Do:rrec.t on 
Factor.,,· ·Fraction . F.ttt,t::.to:r 

.72 ~11 .£7 

., 73 

,,74 

.75 

q 75 

.76: 

. 77 

Q 77 

~78 

,79 

.79 

~ 80 

.81 

.81 

.82 

~82 

.83 

.84 

.84 

.85 

.85 

.86 

.,81 

.82 

8.3 

84 

.85 

86 

,.87 

.88 

.89 

.90 

.. 91 

.92 

~93 

.94 

~95 

.96 

.97 

.98 

.99 

.88 

.89 

., 90 

.90 

91 

91 

a92 

,92 

.93 

.93 

.94 

.95 

.. 95 

.96 

.96 

.97 

.98 

.98 

.99 

• 99 

.28 .. 52 ~71 .76 .87 LOO LOO 

NOtrE ~ For all Os 137 Ftae tions leas than O • .5 use • 21 as Pu Correc.tiQll Fae tor• 
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l0.,1 IntToduetton 

10,. Z 

kfter aic:t:ions tl;){l) tc,mi~ate the em.er gene;" cause, (Z) 
T'.eseue personnel, and. (3) secure the immediate area 
a.round the accident site·havo been a.r:comp1ished, a Jnor-, 
thorough d~age a.~sess~eut is to be made'. A careful 
eva.l,u.ation o·f remaining , h.a;ard$ . ls to be conducted.It 
M,etjlanic:al. ,ha,;a.rds may remain f;rom spi11~d chemicals and 
solvents, down~d electrical wire,s, brok~n gas pipes,, 
water pipes, a.nd ·c.~br.is •.. Radiological hazards may a.lso 
be $>resent in the form.of radioac:tivo mate?'ial :possibly 
contaminating a large ax.ea down wind of the accident site. 

Area Control 

In the event :rad.ioactive. contamination spreao. is li'.kely, 
the Heal th Physics survey team w.hich ma.de the preliminary 
survey for. re-entry and rescue purposes is to be assign~d. 

· to demarcate an exclusion ~rea for the protection of the 
general public • . wtthill the exclusion area a .,hot line" 
contamination eontrol point .is to be established near 
the pe,ri.lneter of the contamination spread area. . The 
exc:lusio~ J?'ea boundry i.s to be no less than SO yards 
fl"'om the contami.natioti. are.a. A path, such a,5 a roadway, 
w,ill be the only connection be,tween the exclusion area 
alld the ''hot linef', Ideally the "'hot line'• should be 

· upwind and up hill from th! ,cene of the ac:c:iden.t. 

Usually a:n 8 point radial survey is made, depending upon 
the situation._ For ,plotting purposes the fallowing 
rt)cordings a.re to. be 11tade; 

a. R~fe.rence, po :lnt, direction from re:ference, 
and ,distance from reference. 

b.. Distance of instrument de;tector f rom 
emitter, intensity, a.nd time of measui-ement. 

c: . Typ., of radiation detected, (a, s, -r) i by 
swtpe or direct. 

d. "Hot spot" lo.cation. 

---- ------····~---· __ .., ______ ..,_ __ _ _ __ ....,.. ___ ;- ·-· ..... ----- .. ----·-
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Air' ·sampl.es aTe to be take~ neitr and downwind of the 
exclusion. area .boundry. Tlte e~clusion ~rea bou'.l'ldry . . , 
wlll be: ~stabr!.ished and maintained by f:ield measurements 
to include: 

a.. All are~s ~ 1 MPC (See Section 7 o lo Sl12) o 

b. All .c:ont~inated areas > 500 d/m f!xed/60 . em% 
and/or ·~ l ,00 d/m sxnear~ble/100 cm · q . If the . 
uraniuulant only i-, involved,t all contaminated 
areas ··;- 132,0 d/m fixed/60 cm~ and/or7 220 d/m 
smearable/100 cn2. 

c. Alt areas~ o .• S mrem/hr111 

· Ma:ke a. xn.a.p o! the exclu.si:>n area. boWldry aJ:td a. copy to the Civil 
. po1~ce who will patrol outside the exclusion area. 

/ . . -pe.rim.etet if the need is established by the Emergency 
Director. · 

All peTsonnel auth9;rized to enter the haza.rd area are to 
do so by using the establlsh,ed path to the . "hot line". At the 
''hot line" two(2) personnel are assigned the duty of monitors, -
They will issue anti•C clothing, protective equipment 
and dosimeters to those entering. and monitor tliose ,who 
are leaving. and collect their anti-C c.lothing and equip• 
ment, Th~ monitors will maintain a log of all who enter 
and exit. They will also reea-rd the personal. dosimeter 
readings. 

If safe to use, the Emergency Building will be the contTol 
center and may also . be the ''hot linen location. .. If 
unsafe to use,. an alternate location will be established. 

10.3 Decontamination 

Several monitors will need to be assigned for a thorough 
suTVey of the affocted areas during decontamination. 
Alp.ha cannot be detected if the sur:faces ta be measured 
are wet • . If plutonium is the cont.mdnant, gamma. can be 
detected by suitable instruments .. 

A;rborne eon 1t.aminants may be reduced by using water. as a 
fi~ative agent bu~ care m¥st be exercised not to cause 
:run~off of contam1na,ted. l~quids •. 

--· -·· ---· .... 
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Earth moving and ha,ndling equipment may be needed 
to drurn contaminated soil and debris for subsequent 
proper burial. 

Hard surface decontamination is accomplished by 
us.i.ng various olean.i:ng me tl1ods such as vacuum, 
water; detergents, steam, solvents., acids and abra-
sion. Temporary. fixation . may . be accomplished by 
using tape or plastic patches, oiling t or· painting o 

10 .. 4 Release Limits 

10 .. 5 

Personnel performing decontamination work and tnoni
toring may cross the "bot-line" if they desire 
to leave the contamination area but do not desire 
to exit exclusion area: when monitoring shows less 
than: 

a. 500 d/m/60 cm2 fixed alpha and/or 100 d/m 
smeatable alpha, 

b. 2 mrad./h;r.beta and gamma. 

Personnel and their equipment may only ex~t the 
exclusion area when moni_toring sh_ows: 

a. <.20 d/m/100 cm2 , smearable alpha 

b .. (100 d/m/100 cm2 fixed alpha, 

c.<0.2 rnrad/ht' from fixed beta and gamma 
isotopes, 

It will be the duty of the "hot-line" monitors 
to ascertain from the individuals exiting the con~ 
tamination area if they also desire to leave the 
exclusion area.. They will monitor accordingly 
and .record the persons location ("in II or "out") 
of the exclusion area. They will maintain a log 
of who is in the contamination area. 

Outside Hel.2 
Ln the event of contamination spread beyond Kerr-
McG.ee property, the NRC is be promptly notified. 
This agency can supply any and all help, if 
needed including manpower and equipment.. This 
help could 
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be.gin arriving wicthin .3•4 hours from tho till'ie of not.ifit:ation.o 

Use the Outsid.e. Ass:btartct:t P1an portion of this manual tt, 
secure local. help and a..ssi.stance .from the NRC. See 
Append.ix A far tel.eph.one ~wnbers .. 
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