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CHAPTER 1: INVESTIGATION SCOPE

1.1 THE RELEASE OF CESIUM-137

The release of cesium-137 from a radiation source at the Radiation 
Sterilizers, Inc., (RSI) facility at 2300 Mellon Court, Decatur, Georgia, is 
known to have begun sometime between April 28, 1988, and June 5, 1988. On 
April 28, a sample of the water from their pool was analyzed by the Georgia 
Institute of Technology and was found to have an activation level of 48 
picocuries per liter. This reading was consistent with data available in 
records which began in June 1986 showing no presence of cesium. All of the 
cobalt irradiation sources previously used by RSI had been removed from the 
facility, and production operations were normal, using 252 cesium-137 
irradiation capsules leased to RSI by the Department of Energy (DOE).  

On May 21, 1988, the facility source movement log states that the "area 
radiation monitors were above the set point' at 6 a.m." This safety system 
activation was cleared, and operations continued. A similar indication was 
recorded at 6:25 a.m. on May 27, 1988, which was similarly cleared, and 
operations continued. From product contamination screening conducted after 
the cesium release was confirmed on June 6, packaging on four cases of the 
product that was irradiated on May 27 was found contaminated with cesium.  

Radiation alarms were recorded at 4:39 a.m. and again at 7:58 p.m. on June 2, 
1988. Both of these alarms were cleared, and operations continued. The log 
indicates, however, that the operators "had trouble clearing [the] alarm" for 
the 7:58 p.m. activation. No further alarms of this nature were recorded 
until June 6, 1988.  

At about 8:39 a.m. on June 6, Messrs. Claude Beecher and Ricardo Atkinson 
received another radiation alarm. Mr. Beecher was the supervisor, and Mr.  
Atkinson was the loader of this two-man crew shift that began midnight, June 
5. Mr. Beecher cleared the alarm and entered the irradiation cell ahead of 
Mr. Atkinson to evaluate conditions. The radiation detector being calried by 
Mr. Beecher rose from the background reading of 0.1 to 0.9 mrem/hr. Both 
individuals quickly left the cell area.  

Mr. Tom Fisher, the plant Radiation Safety Officer, began the notification 
process by first calling Allan Chin, President of RSI. After nearly an hour, 
Mr. Chin notified DOE by calling Ms. Sylvia Wolfe, his primary contact for the 
management of the capsule lease. While this notification was taking place, 
Mr. Fisher notified Mr. Thomas Hill, the State of Georgia regulation officer 
for the RSI facility.  

Contamination evaluations conducted after the facility shutdown indicated that 
three employees--Messrs. Claude Beecher, the first individual into the 
shutdown cell; Chris Stinson, a member of the shift immediately prior to Mr.  
Beecher's shift; and Ricardo Atkinson, the loader on Mr. Beecher's shift and 
the second person into the cell after shutdown-- were contaminated with small 
amounts of cesium. In addition, contamination was found in a variety of 
locations in the irradiation facility office area, the operations areas of the 
irradiation facility, the warehouse for RSI, and on the seat of an automobile



belonging to Hr. Hike Sheppard, a member of the shift which ran from noon to 
midnight on June 4.  

1.2 INCIDENT BACKGROUND 

It should be noted that in this report the use of the organizational term 
"Department of Energy" (DOE) refers to the present Department and its predecessor organizations, the Atomic Energy Commission and the Energy 
Research and Development Administration.  

In a similar fashion the term "Hanford contractor" refers to the Atlantic Richfield Hanford Company for the period 1967 to 1977, to the Rockwell Hanford 
Operations for the period 1977 to 1987, and to the Westinghouse Hanford 
Company from 1987 to the present. The Pacific Northwest Laboratory (PNL) is used to represent the present Laboratory or the Battelle Northwest Laboratory 
(BNWL).  

While the release of cesium-137 from its containment constitutes the 
triggering event of this investigation, the path of the cesium to the commercial irradiator was systematically evaluated to uncover the root causes, 
both administrative and physical, of the incident in response to the 
investigation group charter presented in Chapter 8 of this report. The sequence begins with the cesium as a radioactive constituent of large volumes 
of liquid waste on the Hanford Reservation of DOE.  

Between November 1974 and September 1983, the radioactive cesium was 
encapsulated by the Harnford contractor. It was converted chemically to cesium 
chloride and encapsulated into 1,577 double-walled cylinders at: the Waste 
Encapsulation and Storage Facility (WESF). These WESF capsules, which now 
contain an average of approximately 50,000 curies each, were placed in a carefully regulated water pool at Hanford where they were expected to remain in interim storage while the activity decayed. A review of the design basis 
and capsule development is presented in Section 3.1. Capsule manufacture is presented in Section 3.2 of the report, along with a discussion of the 
conditions of storage at Hanford.  

In 1983, as a result of a perceived lack of cobalt-60 and an apparent cost 
advantage for cesium-137 for commercial irradiation purposes and with support 
from the PNL and the Hanford contractor, DOE advocated leasing the stored WESF 
capsules. In a July 1985 Federal Register Notice, DOE announced the leasing program with the provision that the applicant possess a valid license from the 
NRC or an agreement state for this material. On April 8, 1985, NRC amended 
the license of the RSI facility in Westerville, Ohio, to permit the use of WESF capsules. Two RSI leases were executed by DOE-Oak Ridge Operations (DOE
OR). The June 13, 1985, lease covered 248 capsules, and the February 4, 1986, lease covered an additional 186 capsules. A review of the leasing program 
with RSI and other companies is presented in Section 3.5 of the report.  

On October 23, 1985, NRC-Headquarters advised the agreement states that 
licenses for the WESF capsules in commercial wet storage irradiator facilities 
could be considered. The testing process, which was carried out by DOE

2



contractors to evaluate the capsule design and to support this ruling, is 
discussed in Section 3.3 of the report.  

On January 6, 1986, the State of Georgia amended the license of the RSI 
facility at Decatur, Georgia, to permit the conditional use of WESF capsules 
subject to temperature monitoring. The temperature monitoring condition was 
removed in a license amendment dated March 12, 1986. The RSI facility was 

initially licensed for operation with cobalt-60 capsules on February 2, 1985.  
A review of this licensing process is discussed in Section 3.4 of the report.  

The capsules were shipped to RSI in NRC certified and DOT approved shipping 

containers, and they began irradiation operations with WESF capsules at RSI

Decatur in April 1986. The operating conditions were regulated by the Georgia 

license and the constraints of the lease of the capsules. A brief discussion 
of the shipping conditions and the RSI operating conditions is presented in 
Section 3.6 of the report.  

With the discovery of the cesium-137 leak from a capsule, discussed in greater 
detail in Section 3.7.1, various emergency responses were initiated. Section 
3.7.2 discusses these responses. The cleanup of the facility, the difficult 
path to locate the leaking capsule, and the removal of this capsule are not 

discussed in this report. Section 3.8 presents the results of non
destructive testing conducted at the Oak Ridge National Laboratory (ORNL) on 
capsules removed from the facility. The results of additional tests and 

analyses conducted at the Pacific Northwest Laboratory (PNL) have been 

examined, and the unique information is also included in Section 3.8.  

The results of the ORNL testing and our evaluation of the WESF cesium capsule 
history suggest a variety of potential capsule failure modes, none of which 
are scientifically verified at the time this report is being prepared. Work 
is continuing at PHL in an attempt to resolve this uncertainty. This work 

will include capsule disassembly and detailed analyses of the components.  

Section 3.9 discusses the roles and responsibilities of the organizations and 
individuals involved with the WESF capsules.  

1.3 SCOPE OF THE INVESTIGATION 

This investigation evaluates the cause of the specific incident described 
earlier, the management and administrative matters including leasing and 
licensing, the capsule design and manufacture, and the capsule qualification 
process. As a result, only two post-incident activities are discussed in the 

report. The first is the administrative characteristics of the early incident 
response, and the second is the results of the evaluation to date of the 
failed and other capsules from the RSI facility. It should be noted that 
facility cleanup was nitiated at the State of Georgia's request, under the 

management of DOE by its contractors. The State of Georgia provided 
considerable on-site assistance and coordination.  

Two separate investigations of the incident were conducted. Mr. Joe La Grone, 

Manager of DOE-OR, initiated this Type B Investigation by his June 21, 1988, 
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memorandum, which is included in Chapter 8. Governor Joe Frank Harris of Georgia appointed an investigating group of state and NRC officials. The charters of these two investigations were complementary, and communication between Mr. Jim Setzer, chairman of the Georgia group, and Dr. Ron Hultgren, chairman of the DOE group, has been complete, cooperative, and cordial. The report of Governor Harris' investigation team has been published' and deserves 
attention.  

The DOE report, Cesium-137: A Systems Evaluation. EncaDsulation to Release at Radiation Sterilizers, Inc., is an interim report of the DOE investigation group. The destructive evaluation of the failed WESF capsule has been delayed by potential seismic damage concerns in the event of an earthquake in the ORNL evaluation facility. For several months, the investigation group believed that the ORNL facilities would be restarted quickly. With the prolonged shutdown and the decision to transfer the capsule to PNL, now is an opportune time to present the early findings of the group. The group believes this report includes the entirety of its findings with respect to the incident description, the capsule manufacture, the licensing process, the capsule leasing process, the administration of the early release response, along with the management aspects of these activities. The physics of the actual failure of the two containment packages of the capsule remain undetermined. Many theories have been posed by a variety of respected individuals and have been considered by the investigation group. We have elected to await scientific verification of one or a combination of these theories instead of speculating at this time. Steps are under way to gain this information. When this evaluation is complete, the investigation group intends to issue a final report that will describe the causes of the capsule failure.  
The DOE investigation group has communicated with many people from many organizations in the course of this investigation. The recorded testimony of a number of these people is included as Appendix C, while the investigation itinerary is described in Appendix B. In every case, we have received cooperation, and we were pleased by the universal desire to determine the causes of the incident. The professionalism of the parties was impressive.  

J. L. Setzer. "Sumary - First Interim Report: The Radiation Sterilizers. Inc. (RSI) Incidents." June 30, 1989.
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I 
CHAPTER 2: SUMMARY 

Sometime between April 28, 1988, and June 5, 1988, a 22-inch long by 2.625
inch diameter doubly encapsulated cesium-137 irradiation source began leaking 
in the RSI-Decatur, Georgia, irradiation facility. By November 1988 when the 
source was isolated, between 7 and 8 curies (0.4 grams) leaked. This source 
was one of 1,576 produced at Hanford to isolate the highly radioactive 
elements of wastes stored in single-walled tanks there. The capsule was 
designed for long term storage id a benign controlled pool environment on the 
Hanford reservation. Based upon data supplied by DOE, which was generated at 
the PNL and other DOE facilities, the NRC approved the use of these c~psules 
in commercial irradiation facilities. The Decatur facility was licensed by 
the State of Georgia. The sources were made available to commercial interests 
as a result of the byproducts utilization program managed by DOE Headquarters 
(DOE-HQ) through a lease developed and negotiated at DOE-OR.  

The RSI operation subjected the sources to over 7,300 thermal cycles of 
unmeasured temperature range between April 1986 and June 1988. These 
conditions were drastically different from those for which the capsules were 
designed and the RSI predicted conditions. These conditions also had 
important differences from development test conditions.  

The root cause of the capsule failure was that DOE did not utilize a systems 
approach to management of this program. The discipline of this program, 
including the container design, its manufacture, the testing program to 
qualify it for use, and the surveillance of the user facilities, was not 
commensurate with the ramifications of placing 10 megacurie quantities of 
radioactive material into commercial irradiators.  

The cesium compound selected for encapsulation was based upon cost and package 
compatibility rather than safety conditions, and the manufacturing process was 

initiated without a pilot operation. The quality of a crucial structural 
element of the capsule, the weld between the cylinder and the end caps, was 

unverified to the degree mandated by the potential hazard. Crucial chemical 
impurity data needed to determine the response of the encapsulated material to 
thermal conditions different from the expected storage environment was not 
measured. The conditions of the tests used to justify the use of the capsules 
were not "worst case" and mismatched actual use conditions in important 
variables. All of these conditions are believed irrelevant if the capsules 
had remained in the Hanford storage facility. Removing these capsules was a 
DOE policy decision which, in simple dollar terms, returned about $1 million 
in lease fees at a cost of about $30 million in cleanup costs.  

The DOE lease of the capsules had inadequacies resulting from no serious 
review by the involved technical community. This further revealed a lack of 

coordination of communication among the participating groups. The paper trail 

of the NRC acceptance process of the capsules unveils an unexpected lack of 

tenacity in pursuing the bases of the various test data and their 
applicability to the expected capsule use. The licensing of the Decatur 
facility displayed a lack of technical verification and disregard of tbe 
possibility of-capsule failure.  

5



Operation of the Decatur facility was conducted without regard for capsule failure. The operator conceded failure could occur in his license application, and, from information provided by the Hanford contractor, he knew DOE was developing expensive systems to minimize the effects and recover from a capsule failure. Communications during the entire licensing process were characterized by an operator striving to minimize his obligations to assure safety. Removal of exhaust air HEPA filters, removal of temperature measuring systems, and no contamination monitoring of people and product are examples of this. There is little doubt that the lack of product monitoring delayed the discovery of the cesium leak by at least one day and possibly as long as ten 
days.
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I 
CHAPTER 3: FACTS 

3.1 CAPSULE DESIGN AND DEVELOPMENT 

3.1.1 Background 

The chemical reprocessing of irradiated nuclear fuels in the Hanford Chemical 
Separations areas generated significant volumes of high-level, liquid, 
radioactive wastes. These wastes were stored as alkaline slurries in 
underground, single-shell tanks. As a part of closing out the use of single
shell tanks for high-level waste, a program was developed to accomplish the 
following: 

"* Separately remove the high-heat producing strontium and 

cesium from the liquid high-level waste.  

"* Convert the strontium and cesium liquids to solids.  

"* Encapsulate the solidified strontium and cesium.  

"* Provide interim pool storage for the strontium and cesium 
until such time as a permanent geological repository becomes 
available.  

Facilities were built on the Hanford reservation to accomplish these goals.  
The primary facility is the WESF. It was designed for 24 hour/day operation, 
producing about 360 cesium capsules and 170 strontium capsules annually. A 
Safety Analysis Report for WESF2 was revised August 4, 1984, and approved 
December 31, 1984.  

3.1.2 Design Basis of Cesium Encasulatien 

The end use, cost, and physical characteristics of the materials involved are 
usually the prime causes for a design configuration. The designer mixes these 
cause ingredients with his risk assumptions to yield the geometry fulfilling 
the needs. For cesium, the destination, as seen by the designer, was long
term interim storage in an environment that the designer could influence, as 
in the WESF. Thus, the environment was created to be as benign as possibla 
and the storage package as impervious as costs would permit. Section 3.2.5 
discusses the WESF storage conditions, and Section 4.6 analyzes their 
differences from the conditions in the commercial irradiation environment 
where some of them were ultimately used. This planned use in commercial 
irradiation was described as early as July 1969 in a PNL interim report 3 that 

2 R. 6. Sewell. "Waste Encapsulation and Storage Facility Safety Analysis Report." SD-IW-SAR-005.  

August 6. 1984.  

3H. H. Van Tuyl. H. T. Fullam, and L. K. Nudge, "Interim Report on Low-Cost Cesium Radiation Sources 

from Hanford Waste Management Program." BNWL-CC-2245, July 1969. p. 19.
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stated: "The goal is to use all of the Hanford Waste Management Program cesium as radiation sources." Thus, two destinations were described, WESF and irradiator facilities. The design of the capsule, however, proceeded on the basis of WESF storage. Significant encapsulation package design differences are required to make most efficient use of the cesium-137 as a useful 
irradiation source.  

Three selection criteria were used to pick the form of cesium for storage in 
the WESF: 

1. Compatibility of the cesium compound and the package for up to 100 
years.  

ResulJ: The largest quantity of corrosion data was for the 
chloride form which extended up to 9 years in duration in a stainless steel container.  

2. Development time required for the preparation of the compound.  Design was scheduled to begin in mid-1969, and little time was available to develop new techniques.  
R•ul.t: Cesium chloride preparation chemistry was well understood, 

and no unusual difficulties were foreseen.  

3. Cost of preparation and packaging.  

Reist•: Experience with cesium chloride was extensive, and costs 
were judged to be lowest.  

The PNL report' that describes the selection is quite explicit concerning the lack of a risk criterion: 

In the preceding discussion, there was one factor which was not included as a basis for evaluation; that is, compound water solubility as it related to safety and radionuclide containment.  In making the selection of the primary candidates for encapsulation, it was assumed that water solubility was not a criterion for comparison, that sufficient protection would be achieved through double encapsulation and nondestructive testing techniques. If safety considerations negate this assumption, then water solubility does play an important part in compound selection and the compounds chosen should have a low water solubility. The secondary compounds chosen as backups to the two primary compounds were picked in a large part because of their low water solubility.  
Cesium diuranate (Cs U20,) was chosen as the "secondary compound" as back-up to the primary cesium chloride compound. Preparation chemistry, disturbing results from compatibility tests, and higher than expected preparation costs 

4 H. T. Fullam and T. S. Sone. "An Evaluation of Strontium and Cesium Compounds for Waste Packaging," BhWL-CC-1695. June 26. 1968. p. 4.
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made cesium diuranate a less desired option. Various metals tested with 
cesium diuranate at 400'C and 1000"C for 2,190 hours showed considerable 
attack. At 1000C some of the 125 mils thick test samples were completely 
consumed." The report, however, concluded that cesium diuranate could 
probably be safely contained at 400"C for long periods. A large variety of 
other cesium compounds was evaluated, and all suffered from the high 
solubility problems of cesium chloride and/or were very difficult and costly 
to prepare.  

The recognized disadvantages of cesium chloride were its very high solubility 
and the phase transition that occurred at about 450"C, which caused an 18% 
volumetric expansion. The original encapsulation design evolved from the 
original criteria and the following supplemental criteria: 

1. Control the centerline temperature.  

2. Minimize the total number of capsules to reduce costs.  

3. Manufacture the capsule parts from standard-size raw materials to 
reduce costs.  

Since the existing materials compatibility data, especially the nine-year-long 
life data, were with stainless steel, it was natural for the designer to stick 
with this proven material. Tests of compatibility were conducted with 
Hastelloy C, Hastelloy C-276, and 316L stainless steel. Both an impure non
radioactive cesium chloride salt mixture (Table A-i) and an impure radioactive 
cesium chloride salt mixture (Table A-2) were used to simulate the WESF salt.  
These tests were conducted at elevated temperatures and continued for up to 
three years. Stainless steel 316L was verified as showing the least level of 
attack. The study concluded that 316L was the best material to contain cesium 
chloride waste. Short-term tests at 400"C revealed corrosion of 0.3 to 1 
mils/year for 316L material (Table A-3) and 2 mils to 40 mils/year for 316L 
welds (Table A-4). This short-term data was extrapolated using a parabolic 
rate equation to predict long-term metal corrosion. The report concludes that 
at 400"C, the wall corrosion should not exceed 25 mils in 600 years.  

Upon heating, pure cesium chloride undergoes a phase change from a body
centered cubic to a face-centered cubic lattice structure at about 450"C.  
This phase change temperature can be altered if impurities are present.  
Inherent with this phase change is a volumetric expansion of 18% for the pure 
cesium chloride. The amount and characteristics of the expansion during 
heating and subsequent contraction upon cooling are altered in a complex 
manner by impurities. Pure cesium chloride has a melting point of 645"C and 
undergoes an additional 10% expansion at this temperature. This melting point 
temperature and the expansion characteristics can also be altered by various 
impurities.  

H. T. Fulla, "Coumpatibility of Cesium Chloride and Strontium Fluoride with Containment Materials." 

ONWL-1673 UC-70, October 1972. po. 57-60.
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Since the cesium chloride produced in the WESF was known to contain 
impurities, the property variations are important. The variations are great, and even data for the pure cesium chloride phase transition have a degree of dispute. When a nonradioactive mixture was created to simulate the material 
in a WESF capsule, a 343'C phase transition and 452C melting point were determined. The composition of the mixture is shown in Table A-5. In addition, as shown in Table A-6%, substantially lower temperatures for each parameter are attained with different possible impurity contents. Tables A-7 and A-8 also show that the degree of expansion decreases slightly when the impurity levels increase. The impurities also significantly influence the time required for the cesium chloride to undergo the phase change upon heating and to reverse the change upon cooling. When potassium chloride is added, the rate of phase change decreases upon heating. The phase change of pure cesium chloride occurs over a substantia. temperature range when heated at a fixed 
rate, with the range growing as the heat rate increases.  

These expansion characteristic variations were taken into account not by the design of the capsule but by the manufacturing process. It was reasoned that by filling the capsule with already expanded liquid cesium chloride and its impurities at a temperature higher than any future operational temperature, adequate space would be available for any possible future salt expansion.  

The earliest thermal analyses found by the investigation group' showed a cesium chloride centerline temperature of about 420C with a capsule outside surface temperature of about 235C. This analysis was based on an inner cylindrical capsule of 0.095-inch thickness and an outer capsule 0.109 inches thick. The outer cylindrical capsule diameter was an independent variable in the analysis, but the results cited here are for the 2.625-inch outside diameter selected for the WESF capsule. The analysis of the capsules placed in contact with one another in an array, and with gamma heat disposition included, showed the centerline temperature rose to about 5254C. The surface temperature was calculated to be about 295C. In all of these calculations, the capsules were assumed to have their longitudinal axis vertically oriented 
in 25"C ambient air.  

Temperature analyses continued throughout the history of the program with changing degrees of sophistication and base environmental assumptions. The December 1989 study by Eyler and Dodge' of the RSI-Decatur capsules calculated a "best estimate of worst case" centerline temperature of about 4700C with a surface temperature of 289C. This analysis is based upon a 149C ambient 
temperature.  

H. T. Fullam. "Cesium Chloride Compatibility Testing Program Annual Report. FY 1982." PNL-4556 UC
70. December 1982. p.40.  

7 Van Tuyl et al., "Interim Report," p. 9.  

a L. L. Eyler and R. E. Dodge. "Cesium Capsule Thermal Analysis," PNL-7196. December 1989.  
pp 5-22.  
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Manufacturing requirements provided the remaining considerations that led to 
the capsule geometry discussed in Section 3.2.1.  

In May 1973, Braski and Lin of ORNL, published a paper" discussing the 
behavior of cesium chloride salt contaminated with potassium chloride. They 
point out in the abstract that the salt 

showed evidences of structural transformation which varied with 
the temperature and composition....  

In the low KCI range (0-3.2 wt X or 0-7 mole X), the 
transformation from the low-temperature cesium chloride structure 
to the high-temperature NaC1 structure was accompanied by a sudden 
increase in the volume and in the coefficient of linear thermal 
expansion. There was a tendency for the low KCl-cesium chloride 
mixture (including pure cesium chloride) to retain and accumulate 
significant portions of residual expansion at room temperature 
when the mixture was subjected to thermal cycling through the 
solid-phase transfor'mation temperature. This problem was most 
serious with pure cesium chloride. Such behavior could lead to 
rupture of the cesium-137 chloride gamma source capsule if not 
properly designed.  

The kinetics and mechanism of the solid-phase transformation in 
the cooling step are governed most remarkably by the moisture in 
the gaseous atmosphere, and to a lesser extent by the composition 
and temperature. The extremely slow solid-phase transformation on 
cooling in a dry atmosphere (-2 x 10' Torr) was demonstrated by 
the 20 mole Z KCl-cesium chloride mixture in which approximately 
40% of the high-temperature (NaCl) structure was retained at room 
temperature even after 600 hr. In contrast, exposure of the same 
mixture to air (40% relative humidity) upon cooling to room 
temperature completed the transformation within 20 sec.  

The paper ended with the admonition that "conditions that tend to increase the 
temperature beyond the transformation temperature or to induce thermal cycling 
should be minimized." The presence of potassium chloride reduced the amount 
of residual thermal expansion but decreased the transformation temperature.  
This paper offers additional subtle warnings in the numerous citations of the 
complexity of the material behavior and the lack of understanding of why the 
transformations were occurring as they were.  

0. N. Braski and K. H. Lin. "Anomalous Behavior in the Kinetics of Phase Transformation in CsCI-KCI 
System." DRNL-4872, May 1973, p. 1.
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3.2 MANUFACTURING

3.2.1 Manufacturing - General 

After the completion of the package design and compatibility testing of the cladding and end cap materials for the encapsulation of cesium chloride for long-range storage in the WESF pool, capsules were manufactured according to the process flow diagram of Figure 3.1 and configuration of Fgure 3.2.  

The American Society for Testing and Materials (ASTM) Type 316L tubes were ordered to Hanford Works Specification (HWS) 8835. Seamless, annealed tubes were required as follows; 

"* Chemical Analysis (0.035% max carbon) 

"* Grain Size ASTM 1 1/2 plate II - 5 or smaller 

"* Corrosion Resistance ASTM-A-262, practice B 

"* Annealed Mechanical properties at room temperature and 1000° F 

"* Flattening Test per ASTM-A-450, paragraph 4 

"* Flaring Test 

"* Hydrostatic Test 

I Ultrasonic Testing 

"* Straightness - 0.017 inch TIR 

"* Marking - Each cut length was marked with the following: 
a. Manufacturer's Identification 
b. Alloy Type 
c. Spec. HWS 8835 
d. Heat Number 
e. Lot Number 
f. Mill Length Number 

Dimensions 

The dimensions of the capsule tubing changed through the manufacturing period as shown in Table 3.1.'0 (Note: Quantities are approximate and do not include the 20 WESF capsules with large cesium chloride weight not available to the 
leasing program.) 

106. L. Tingey. E. J. Wheelwright. and J. N. Lytle. "A Review of Safety Issues That Pertain to the 
Use of WESF Cesium Chloride Capsules in an Irradiator," PNL-5170 UC-70, July 1984. p. 32. (Note: Beginning and end dates changed from September 1974 and October 1983 to November 1974 and September 1973 based on a memorandum of May 17, 1990, Type B Investigation Interim Report on Cesium Capsules from R. E. Gerton to R. 0. Hultgren. Enclosure 2. p. 10.)
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The capsule end caps were machined from ASTM grade 316L stainless steel plate 
stock to fit the tubes. Capsule end plate was required as follows: 

The plate material for parts 3 and 4 (cuvers) shall be 
ultrasonically inspected per ASNE code section 5, including 
article 23, SE-214 Ultrasonic testing by the reflection method 
using pulsed longitudinal waves.  

TABLE 3.1 Changes in Capsule Tubing Dimensions 

TYPE 1 -- 216 CAPSUJLES TYPE 2 -- 165 CAPSULES TYPE 3 -- 1174 CAPSULES 
O 1974 TO MAY 1977 MAY 1977 TO MA 1979 NMA 1979 TO SEP 1983 

L&R CAPSUIL 

OD 2.230" * 0.005" 2.250" 0 0.005" 2.255" 0 0.010" 
WALL 0.095" ± 0.009" 0.103" 0 0.009" 0.136" - 0.012" 
LE W..TI . ............................ 19.7M" ..................  

OUTER CAPIAEU! 

10 2.4071 * 0.006" 2.40'" + 0.006" 2.385" , 0.015" 
WALL 0.1090 + 0.009" 0.119- ; 0.009" 0.136" ± 0.012" 
LE GNT . . ............................. . 20. M I ..... ...............  

The material was delivered, inspected, and stored in a segregated location.  
No special controls were placed on the storage security or environment.  

At the 200 West Area, before loading the inner capsule with cesium chloride, 
one end of both the inner and outer tubes was capped and welded, i.e., the 
"cold" weld, in a nonradioactive environment." The welds were then visually 
inspected, dye penetrant inspected, and, to assure weld penetration, 
ultrasonically inspected. The end of the tubes associated with the welding 
after cesium chloride fill, i.e., the "hot" weld, were machined to a wall 
thickness of 100 mils for a length of 0.25 inches ip early capsules."' As a 
part of the weld improvement program and to accommodate a cam follower welder, 
the length machined was increased from 0.25 to 0.78 inches. These machinings 
are shown in Figure 3.3. After the above "cold" end welds and machining of 
the opposing tube ends, the capsules were delivered to WESF for 
filling/assembly. Recovery, concentration, and purification of cesium was via 
batch ion-exchange and chemical processes in B Plant. The cesium carbonate 
Droduct from B Plant was produced in 800 to 1,200 gallon lots and stored in 
product tank TK-38-8. The cesium was then transferred to tank TK-39-3.' 3 At 
WESF the cesium carbonate was transferred to tank TK-D! in 15-20 gallon 
batches. The purified cesium carbonate solution was then converted by the 

11 C. S. Sutter. -SF Capsule tastdling Flow Sheet.' PFD-E-905-00001. December 7. 1983. p. 9
.  

02 D. E. Scully. -Outer Capsule Veld Evaluation Program. 65480-83-067. March 31. 1983. p. 18.  

R. B. 0eIolef I1. -Summary: Cesium Final Preparation in 6 Plant.- SD-4-ER-010. August 1985.  
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addition of hydrochloric acid to a cesium chloride solution. The cesium 
chloride solution was evaporated to dryness in an induction furnace and melted 
at a furnace temperature of 730" to 750"C. An induction furnace where the 
molten cesium chloride was siphoned into thq capsules was used initially but 
proved troublesome and was replaced by a tilt-pour furnace on January 1, 1978.  
The chamber was tilted, and the molten cesium chloride salt was poured into 
seven inner capsules. The system geometry and pouring conditions were 
designed to fill the capsules to the desired level with molten cesium 
chloride. In some instances, however, the batch was too small to fill all 
capsules. In these cases, after the initial salt had solidified, additional 
molten cesium chloride from znother batch was added to the partially filled 
capsules. The temperature conditions of both the cesium chloride and the 
inner capsules being filled could vary greatly depending upon the operators 
and the location of the inner capsule.  

After cooling, a porous stainless steel sintered disk was placed in each 
capsule, and the capsule and disk were helium purged for 15 minutes to allow 
the disk to absorb helium for the ensuing capsule leak check. There was a 
requirement that the inner capsule upper end cap be welded within 45 minutes 
of the helium purge to assure the helium was retained. This gas tungsten arc 
weld, performed remotely in a radioactive environment, i.e., a "hot" weld, was 
then visually inspected using documented acceptance criteria. The capsule was 
next immersed in water for a gross/bubble leak test and then, finally, helium 
leak checked. The inner capsule "hot" weld was not ultrasonically inspected 
because the inner capsule was considered a corrosion barrier, not a pressure 
vessel." 

Following helium leak testing, as a decontamination measure, the inner 
capsules were cleaned in demineralized water and the surfaces electropolished 
for 40 minutes maximum. The capsule surface contamination was limited to 200 
counts per minute above background prior to placement in the outer capsule.  

After decontamination/electropolishing, the inner capsule was placed in the 
outer capsule and the "hot" weld of the outer capsule accomplished.  
Specifically, the outer capsule and cap were tack welded, and a 380" 
autogenous weld was made in the hot cell. The weld was made with an argon
hydrogen gas mixture with the capsule oriented in the horizontal position.  
The capsules were then visually inspected for defects and ultrasonically 
checked for weld penetration and defects. The outer capsule "hot" weld was 
not helium leak tested because the outer capsule was considered a pressure 
vessel, not a corrosion barrier.'s The capsule was now considered complete 
and after a contamination check and cleaning, if required, was transferred to 
the WESF storage pool. 16 

f4 Curtis Stroup. Appendix C. p. C-304.  

Stroup. Appendix C. p. C-304.  

is C S. Sutter, WESF Capsule Handling Flew Sheet."
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3.2.2 Manufacturing - Variations 

While the above process covers fabrication of most of the WESF capsules, many changes to the manufacturing specifications and practices evolved during encapsulation program. The more significant of these changes were: 
The method of casting the cesium chloride into the inner capsule was changed to keep the weld zone of the tubes free from cesium chloride because even a small speck of the salt would cause a weld failure.  

* Capsule venting was changed from a hole in the end plate to notches 
in the side.  

"Hot" weld position for inner capsules changed from vertical to 
horizontal.  

"* The weld shielding gas was changed many times before the 95% argon5% hydrogen mixture was used starting in June 1979.  

"* The specification for weld penetration of the tube-to-end-cap weld was reduced from 75% to 55%. When this change was made, a large number of capsules became acceptable that had previously been 
rejected.  

"* The ultrasonic equipment wds changed from a circumferential scan to a scan perpendicular to the end cap. While this change was a significant improvement, the test was still not capable of indicating some defects through the weld-because of the detector-to
defect orientation.  

" Tube dimensions were changed along with the volume of the annulus between the inner and outer capsules and the machined length on the ends of the tubes as shown in Table 3.1.  

3.2.3 ManufacturLng - Problems 

When the cesium encapsulation program was begun, it moved directly from a laboratory scale activity to full production. No funding or time was provided to run pilot-level operations. This led to a prolonged activation period and revisions to or replacement of all of the original manufacturing process equipment. Thus, significant manufacturing development had to be conducted during the production phase. Not unexpectedly, manufacturing problems drove these changes. The two areas of greatest concern were the capsule "hot" welds and the inspection techniques used for these welds.  

The "hot" weld reject goal was 2% to 3%. The rate was much higher. Limited data (Figures 3.4 and 3.5) show during portions of the encapsulation program reject rates up to 20% for inner WESF capsules and up to 36% for outer WESF

18
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capsules." G. J. Funnell, who was involved in the welding development 
activities during the entire encapsulation program, stated that inexperienced 
welders had to be trained to do the welding at WESF during production.,8 

Improvements to lower the reject rate and improve weld quality were as 
follIows: "•o•' 

"* Adding a second vent hole to the end caps.  

"* Eliminating welding vent holes.  

"* Increasing the torch gap.  

"* Modifying the weld schedule.  

"* Using a cam follower welder.  

"* Changing (mid-1979) the shielding gas from 92% argon and 8% hydrogen 
to 95% argon and 5% hydrogen to reduce/eliminate weld porosity.  

"* Introducing measures to improve weld surface cleanliness.  

" Reducing the requirement for outer capsule weld/wall penetration 
from 75% to 55% (retroactive to March 1979 to coincide with 
increased wall thickness).  

These actions illustrate the frequent pattern of weld change through the 
manufacturing period, which required new tooling and techniques to improve 
weld quality and consistency.  

Additional problems were associated with the ultrasonic testing (UT) of the 
welds., especially the "hot" welds. Specifically, concerns existed that UT 
could not reliably determine/assure the depth of weld penetration at WESF 
capsule end caps. Weld penetration is Illustrated in Figure 3.6, which also 
contains the mathematical definition of penetration percentage. As discussed 
in Section 3.3.4, the WESF UT testing did not produce accurate results and 
would overestimate or underestimate the depth of weld penetration. Due to the 

17 D. L. Lmmberd. "Welding Improvement Program WESF Interim Report No. 2," Appendices 1-3. RHO-CD

1046, July 1. 1980.  

is Gordon Funnell. Appendix C.  

Is Laisberd. "Welding Improvement Program." 

SScully. "Outer Capsule Weld Evaluation Program." 

21 Stroup. Appendix C.  

SH . R . G a r d n e r a n d 0 . J . O a k l e y , " R e c l a s s i f i c a t i o n o f C e s i u r C a p s u l e s , " W • iC - S D - ¶W 4 - T I - 4 0 9 .  
December 1989, p. 8.

21



FULL PENETRATION 

WELD NUGGET 

ff ALIGNMENT ERROR 

4-LOW PERCENTAGE 

NCT TO SCALE 

% Y~d P'*rotftn - Ax 100

Figure 3.6 WELD PENETRATION *

* laachard, Apmodz A,. pP S

(



problems associated with the UT equipment, it was recommended that an improved 
UT system be purchased and installed to re-examine WESF capsule welds prior to 
shipment to commercial irradiator facilities.Y 

As an example of the problems associated with measuring weld integrity, it was 
noted that an unacceptable capsule could have full weld penetration. However, 
if the weld was not properly aligned at the tube/end cap joint, a capsule of 
poor integrity would still result. UT inspection, although very limited in 
accuracy, would tend to interpret misalignment as a lack of penetration. An 
illutstration of this problem is presented in Figure 3.6.  

An internal Hanford contractor letter24 noted that these cncer-ns/prohlems 
existed from the beginning to the end of the encapsulation program.  

3.2.4 Ouality Assurance (OA) 

Although the encapsulation of cesium chloride started in 1974, there was very 
little formal QA involvement until 1979. At that time, QA personnel 
independently reviewed all testing and production documents of work done prior 
to their direct participation.  

While the QA performed in this program falls short by today's Nuclear Quality 
Assurance (NQA)-1 standards, a basic program existed. Audits were performed, 
and records were maintained. A fairly complete QA manufacturing record of all 
the capsules can be found. The record copies of the ultrasonic traces, 
however, are in many cases indistinct and difficult to interpret. A more 
formalized QA program was phased in during 1981-1982.  

No evidence is available which indicates that QA source inspection or vendor 
visits were conducted. The quality of the capsule tubing and end cap material 
was confirmed by Hanford contractor receiving inspection. Upon receipt of 
vendor-supplied materials at Hanford, testing and inspections were performed 
to assure that the tubing and end cap plate were in accordance with design 
requirements (H-2-66760).  

A review of purchasing/vendor data (Purchase Order #W8N-XBB-67115) revealed 
one approved supplier discrepancy report (SDR-67115-2) requesting deviation 
from marking requirements per HWS 8835, Rev. 8, Para. 5.1. The specification 
required that characters shall be applied using Reactor Development Technology 
(RDT) certified inks, halogen free, less sulphur and lead pigmentation.  
However, the product delivered was marked with electron-etching. Although 
there were no other deviations from requirements, a sear.hi of records did turn 

SJ. 
P. Hauptmann, "WESF Ultrasonic Inspection Proposal," October 8. 1984.  

24 J. p. Hauptmann, "Internal Hanford Contractor Letter to 1. E. Reep." 65350-84-249. October 8.  

1984.
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up a waiver for the ferric sulphate-sulfuric acid test for detecting susceptibility to inter-granular attack in stainless steels.5 

The only WESF specification/impurity limit for the material to be encapsulated was that the molar ratio of the sum of the sodium, potassium, and rubidium contents to cesium content be less than or equal to 0.15. Experiments also showed that certain impurities, such as the chlorides of iron and chromium, would be expected. These impurities were known to have a detrimental effect on capsule corrosion and could also significantly alter the expansion characteristics of the cesium chloride and the temperatures at which they occur, even when present in low concentrations. There was, however, no specification limit for impurities other than sodium, potassium, and rubidium, (e.g., iron and chromium). Before transfer of cesium from B-Plant to WESF, the cesium was sampled and analyzed for impurities until 1978 when the B-Plant sampling location became contaminated and inaccessible. Transfer of cesium back to B-Plant after it was transferred to WESF was extremely difficult. A PNL report indicates that the cesium chloride produced at WESF was also not routinely analyzed for impurities prior to encapsulation.26 However, when the impurity content was known and was out of specification, product not meeting the purity requirements was accepted and encapsulated. In these cases, a memo was placed in the QA record of the capsule, noting that the cesium chloride had impurities out of specification. Impurity content ratios at least as high as .174 were accepted by waivers. These waiver acceptances were printed on the bottom of the form repo~rting impurity content. Data from analysis of the cesium from opened capsules and an estimate of the impurities in WESF cesium are presented in Tables 3.2 and 3.3. Note, due to the high radiation levels of the cesium, large dilutions are required prior to analysis using the lightly shielded available equipment. Typical accuracy for the individual impurities listed in Table 3.2 was -50% to +100% of the nominal value 
determined by analysis. 2' 

3.2.M Capsule Storage Conditions at WESF 

The WESF capsule storage area includes eleven water basins. Ten of these are 4 feet 5 inches wide by 21 feet 9 inches long by 15 feet deep. A surveillance basin is 8 feet 9 inches by 21 feet 9 inches by 15 feet deep. These basins are lined with Type 304L stainless steel. Eight of the basins are designated as capsule storage pools, and each can hold 494 cesium capsules and 169 strontium capsules. The water is cooled by a recirculating water system and treated by a common demineralizer system. All pool cell water temperatures are maintained below 50C, and the exiting water from the heat exchanger is 

26 E. N. Bowers. "DOE Memorandum to R. 0. Hultgren: Answers to Quality Assurance Questions Asked by the DOE Type B Inspection Team," September 22. 1988.  
2 G. H. Bryan. "Cesium Chloride Compatibility Testing Program: Fin•l Report," PNL-7133 UC-721, 

November 1989. pp. A.5-A.12.  

27 8. T. Kenna and F. J. Schultz. "Characterization of an Aged WESF Capsule," SANOIA83-0928-TTC-0434 
UC-71, July 1983, p. 23.
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Table 3.2 WESF Cesium Impurities Detailed Analysis (VT %)

CsCl 
IMPURITIES\SOURCE

WESF' TEST2  CAPSULE CAPSULE CAPSULE CAPSULE CAPSULE CAPSULE CAPSULE CAPSULE 
SAMPLE CAPSULE C-117 C-17' C-73" C-744 C-130' C-134' C-2064 C-3664

AlCl 3 

CaC1 2 
CdCl 2 
CoCl 2 
CeCl 3 
CrCl 3 
CuCl 2 
FeCl 3 
KCl 
LaCl 3 MgCl2 
MnCl 2 

NaCl 
NiC12 
PbCl 2 
PdCl 2 
RbCl 
SiCl 4 
SrCl 2 
TiCl 4 
ZnC1 2 
ZrC12 

TOTAL 
IMPURITIES 

CsCl 
(K+Na+Rb)/Cs

8.40 

1.43 
2.77 

.82 

1.10 
1.51

.98

1.78 
.73 

1.88 

.74 
42.34 

.33

64.81 

68.66 
.14

.69 1.48 

.45 1.29 

.83 10.61 
.14

.03 

.22 

4.26 

HIGH 
1.30 

7.12 
.22 
.19 

1.27 
.04 
.28 
.06

.10 
6.50 

.06
9.90 

.17

.04

.30 

.42 
1.45 

.19

.30 .90

.30 2.30

.01 
.11 .02 

.13 
.51 .80 
.22

.14° 

.55 
3.80 

.22

.50 

.13 
9.10 

.08 

.30 

.60 
1.30 

.13 

.10 

.13

.03 
4.70 7.80 

.03 .06

.10 

.10 

.02" 

.30 

.04

.20 

.60 

.04 

.07" 

.30 

.13

7.30 
.06

.50 
.06 

4.90 
.53

.02 
.60 1.50 

.60 4.70 
1.30 

.02 
.02 .20 
.04" .32 

.11 
1.80 .80 

.04 3.32

.03 

.03 
30.25

.17
.20 

.07

.08 

.02

.10 

.04

.10 

.07

1.20 
.01 
.10 

.07

16.96 47.24 8.49 17.98 12.37 5.39 9.37 10.63 19.66

83.04 
.28

58.27 
.03

85.00 87.00 95.00 91.00 77.00 82.00 72.00 
.03 .13 .03 .01 .01 .06 .07

1 Tingey et al., "A Review of Safety Issues.' 
2 Tingey et al., -A Review of Safety Issues'; and Fullam, 'Cesium Chloride Compatibility Testing Program." (FeCl 3 is not included in total, and CsCl is 

calculated by subtraction.: 
3 Kenna et al.. -Characterization of an Aged WESF Capsule.' (CsCl is calculated by subtraction.) 
4 D. J. Sasmor, J. 0. Pierce. G. L. Tingey. H. E. Kaarmo, and 0. C. NcKeon. 'Characterization of Two WESF Capsules after Five Years of Service.- SAN086

2808 UC-23, April 1988. (BaCl 2 from CsCl decay is not included.) 
Values are for MnCl. rather than MnC12.  

Note: Several references identified only the metal component of the impurities; for consistency, this table, using the logic and methodology 
of reference 4 assulreo all metals except boron were present as chloride salts.
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TABLE 3.3 Total Impurity Content* 

CAPSULE TOTAL IMPURITMES CsCl 

C-530 21.00 79.00 

C-540 18.00 82.00 

C-1216 31.00 69.00 

C-1226 29.00 71.00 

C-1411 23.00 77.00 

C-1414 24.00 76.00 

C-1511 21.00 79.00 

C-1512 25.00 75.00

*Tingey et al.. "A Review of Safety Issues."



maintained at 35"C. Thirty-inch thick concrete cover blocks are installed 
over each basin for radiation shielding purposes in an emergency condition.  

An in-line radiation monitoring system using Geiger-Mueller detectors is 
installed in the constantly recirculating coolant line for each of the 
equipped storage basins. These detectors are capable of detecting low-level 
concentrations of beta-gamma activity and are located as near the pool water 
exit as possible. The output data detectors are connected to a continuous 
multi-point recorder.  

The pool water is sampled weekly for purity and radioactivity. The limits for 
each sampled variable are described in Table 3.4.  

TABLE 3.4 Water Purity 

VARIABLE UMT 

Total Beta 0.005 microcuries/milliliter 
Chloride ion 10 parts per million 
Conductivity 4.5 micromhos/cm 
Cesium* 0.0006 microcuries/milliliter 

* Cesium is sampled only if the total beta exceeds its 
limit.  

Pool water level controls are in place, and cell water temperature is 
monitored at four locations. The temperatures are recorded on continuous 
multi-point recorders. The conductivity probe provides continuous output to 
the facility control room and is located in the ion exchange column discharge 
line, which is in constant use.  

The feasibility studya for the storage basin recovery system safety 
upgrades for the WESF presents the basis for the water quality standards.  
Water quality is controlled to ensure capsule longevity. Stress corrosion is 
kept under control by keeping the chloride content to 10 parts per million and 
the pool at a low temperature.  

The ventilation system provides 8,000 cfm of 70"F air to the storage pool 
area. About 240 cfm of this is delivered to the space between the cover 
blocks and the pool surface. The exhaust air is discharged through a stage of 
8% National Bureau of Standards (NBS) filters, a stage of 35% NBS filters, and 
two stages of High Efficiency Particulate Air (HEPA) filters. The HEPA 
filters have a dioctyl phthalate (DOP) rating of 99.995%. The NBS filters are 
roughing filters used to hold rather large particles. The DOP filter rating 
is the percent of particles larger than 3 microns in diameter retained by the 
filter. A backup system is in place to maintain a negative gauge pressure in 

26 R. N. Orme. "A Storage Basin Recovery System for the Waste Encapsulation and Storage Facility," 

RHO-CO-1548. Part 2. September 1981, p. 29.

27



this facility. Since WESF is considered a potential surface contamination area, all people who exit the facility are required to pass through portal monitors to check for contamination.  

3.2.6 Emer ency Response 

3.2.6.1 Background 

Regardless of the controls of the environment of the WESF storage pool, the care in the manufacture of the capsules, and the variety of tests conducted on the capsule design, there was full cognizance by the DOE and by the Hanford contractor at all management and functional levels that the capsules could leak, even though the probability of a leak was considered to be very low.  Thus, instrumentation to monitor pool radioactivity was in place as described in Section 3.2.5, safety analyses were written to develop responses, and tools were under development to handle a failed capsule. The tools are of special interest since RSI referenced them in their license application. The funding expended in this area is an ample measure of the concerns felt by the Hanford contractor and by DOE management responsible for the safe storage of the cesium (and strontium) capsules in the WESF.  

3.2.6.2 Safety Analysis and Response 

The WESF Safety Analysis Report (SAR) systematically evaluated a variety of credible accidents in the facility. Pool contamination due to capsule leakage was considered to be caused by a capsule weld failure, corrosion, or mechanical damage. In every case the likelihood of capsule failure was very small, but the severity was very large. The risk (being the product of the severity and the likelihood of occurrence) was considered small and hence was not discussed in the evaluation of high risk safety problems.  

The very high severity of a cesium chloride leak was discussed at length in an October 1, 1981, evaluation of the need for special systems to locate a leaking capsule, isolate it, and restore the facilities to conditions existing before the leak. A sequence of 23 steps to recover from an incident of this character is presented, and concern is expressed that, in the event of a very large release of material, operators might not be able to accomplish 16 of the steps due to the exposure to high radiation levels. All of this is presented, however, in the light of the very low probabilit4 that a capsule would fail in the WESF pool environment. Mr. Reep's statement with regard to the expected likelihood of capsule failure in the WESF pool conditions also places the development of safety systems for capsule leakage into the priority perspective of the Program Engineer for the Waste Fractionization and Encapsulation program.  

Safety problems considered to have a high risk are associated with various facility equipment failures. Vent-ilation system failures leading to collected 

Eugene Reep. Appendix C. p. C-238.
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hydrogen beneath the lar-ge concrete storage pool cover blocks were considered 
for the capsule storage area. The procedural response' to this situation was 
to have all electrical power turned off to avoid ignicion of the hydrogen.  
Another event that was considered was the loss of poo) cell shielding water.  
A back-up system quickly provides an alternate source of demineralized water.  
This WESF SAR has been updated, but the version pertinent to this 
investigation was the one in existence at the time the capsules were leaving 
the WESF.  

In the July 11, 1985, "WESF Capsule Storage Area Flowsheet," the response to a 
leaking capsule is stated. First, one would locate the leaking capsule with a 
manual search using the specially developed equipment. The capsule, once 
found, would be isolated in another piece of specially designed equipment, 
returned to the hot cells, and reworked.  

3.2.6.3 Tool Development for Leaking Capsule Response 

The SAR does not consider a capsule failure to be a high risk event.  
Regardless of this finding, the WESF contractor, in October 1981, noted the 
very high severity of a release in the pool and proposed a leaking capsule 
location device, a device to isolate the leaking capsule, a remotely operable 
crane, installation of optimized demineralizer columns, installation of 
optimized decontamination columns, and a detector mounted inside a specially 
designed demineralizer column to provide a much earlier detection of a capsule 
leak. The cost of the system to locate the single leaking capsule, the 
isolation system, and the improved detection/alarm system was estimated to be 
$625,000 in a March 30, 1981, letter." In Hr. Reep's statement to the group, 
he says that ultimately several millions of dollars were spent on improving 
WESF safety.  

The development of systems to locate and isolate the leaking WESF capsule was 
begun but was not considered successful. The leaking WESF capsule detector 
was designed to also locate a leaking strontium capsule, and the detection 
instrument for this purpose provided significant developmental problems. The 
isolation system was unsuccessful since it could not adequately deal with a 
potential hydrogen generatiop problem within the constraints of the WESF 
building. Both systems were configured specifically for the WESF with no 
attempt to make them applicable for any other facility. Preliminary models of 
this equipment were available for Allan Chin, President of RSI, to see during 
his inspection of the WESF prior to leasing the capsules. Drawings of the 
systems were provided to RSI and to Applied Radiant Energy Corporation (ARECO) 
in Lynchburg, Virginia. 3 ' ARECO leased 25 capsules. While RSI did not 
provide these safety systems for their Westerville or Decatur facilities, 
ARECO did for their facility. While ARECO had the Hanford contractor designs, 

J_ 0. Homeyman. -internal Hanford Contractor Letter to 6. 0. Vright. 65411-81-080. March 30.  

31 K. A 6asper. -anford Contractor Letter to Allan Chin: Additicnal Vaste Encapsulation and Storage 
racti'ty (ASrI CA;S'e .tand - 1nf, '-at"cn, 23M20.1. .anuary 24, 1985
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their systems are of ARECO design and were not based on the Hanford information. The ARECO leaking capsule detection system, capsule isolation system, and an emergency response demineralization system were all functionally ready during the 1988 tour by the investigation group. The units are relatively simple and had been successfully tested by techniques that avoided the possibility of introducing contamination into the pool water or the equipment.  

Although two systems were not completed, the WESF did receive safety upgrades.  These are discussed in the statements of Mr. Stevenson.3 The improved detection capability was in test at the time of the interview, and the pool cell flushing capability was installed.  

3.3 TESTING 

Testing conducted on WESF capsules prior to, during, and subsequent to their manufacture can be categorized as follows: 

1. Drastic abuse testing 

2. Manufacturing QA testing 

3. Long-term geology repository compatibility testing 

4. Radiation source durability testing 

Drastic abuse testing was characterized by conditions such as those that might be experienced during transportation or handling: very high temperatures (fire), dropping, or shearing. Manufacturing QA testing included capsule weld integrity evaluation by destructive examination and the assessment of the UT for determining weld integrity. Long-term geological repository compatibility testing focused on determining inner capsule wall corrosion rates under moderately high temperatures. Radiation source durability testing concentrated on learning iuner capsule wall corrosion rates and outer capsule stress corrosion cracking under the relatively low temperature and thermal cycling conditions expected in commercial irradiator facilities.  
The earliest testing results were reported in 1971 for capsules similar but not identical to the final WESF design. All other tests were conducted on actual WESF production capsules, on WESF capsules filled with nonradioactive cesium chloride, or on empty WESF capsules.  

N. Stevenson. Apendix C.  
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M
3.3.1 High Temperature Thermal Cycling Tests 

These early tests,3 were part of a series that were designed for the 
"demonstration of integrity of double-walled metallic capsules under drastic 
abuse conditions... [and] required for safe transfer and storage of the 
packaged wastes." Secondary purposes of the testing were to "ensure against 
failure from accidental mishandling and to permit future use of the waste 
capsules as radioactive sources...." The test conditions were based on 
standards in use at the time at ORNL, which was recognized as the DOE expert 
in encapsulating radioisotopes.  

Thermal cycling tests were conducted on capsules similar to.WESF capsules. The 
inner test capsules had a 2.000 inch outer diameter (OD) and a .i90 inch wall.  
A WESF Type 3 inner capsule has a 2.250 inch OD and a .136 inch wall. The 
outer test capsules had a 2.250 inch OD and a .218 inch wall. A WESF Type 3 
outer capsule has a 2.625 inch OD and a .136 inch wall. The inner test 
capsules were 316 stainless steel, and the outer capsules were 304 stainless 
steel. WESF capsules were manufactured from 316L stainless steel. The 304 
stainless steel outer capsule material was used due to its early availability.  
(The report recommends that confirmatory tests should be run with the same 
material as the production capsules.) Two inner, one outer, and one assembly 
were tested. The test capsules were filled with high density salt to 70% 
theoretical density of the compound. The report hints that radioactive cesium 
chloride was not used. It does not indicate if the test capsules were filled 
with molten cesium chloride or powdered cesium-chloride. The capsules were 
subjected to ten thermal shocks. The capsules were heated in a horizontal 
position to 270" to 300"C for five hours and then dropped into 210C water.  
The results presented in Table A-9 show 0.01 mil to 23 mil distortion. The 
report indicates the possibility that the impact the capsules experienced 
during the drops into the quench may have accounted for some of the 
distortion. All capsules successfully completed the above testing without 
developing leaks, thus giving assurance to the design.  

3.3.2 Special Form Testing: Transportation Requirements 

Capsules were tested with non-radioactive cesium chloride to the requirements 
of Special Form Material given in ERDA Appendix 0529, Part 1, A.15.b (June 14, 
1973).' Specifically tested were one mock-up WESF capsule assembly (XC-8 
inner and XC-10 outer) and one mock-up WESF inner capsule (XC-12). Capsules 
were Type 2, spec rev. 5. The XC-8/XC-IO assembly weighed 7,337 grams 
(approximately 2,211 grams of cesium chloride). The XC-12 inner capsule 
weighed 4,851 grams (approximately 2,732 grams cesium chloride). Test 
requirements and actual tests are presented in Table 3.5.  

3J. Dunn. "Letterfrom BNKW. to G.L. Borsheim of ARHCO: Physical Evaluations of Cesium Chloride and 
SrF Capsules." January 11. 1971.  

34 J. E. Haunond. "Cesium Chloride Capsules for Special Form Qualification." ARH-C0-440. August 29, 
1975. p. 4.
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As a result of the heating test, tube bulging near both ends of all the capsules was noted. At the largest bulges, the diameters of XC-8, XC-10, and XC-12 increased 22 mils, 52 mils, and 46 mils, respectively. The bulging of XC-8 was insufficient to touch outer capsule XC-l0. The bulging of XC-12 was insufficient to touch an outer capsule had one been used. In addition, no tearing or cracking of the weld beads due to the heat tests or other tests was found.  

TABLE 3.5 Test Requirements vs Actual Tests 

ERDA 0529 ReQuirements 

Temperature 8020 C/1475°F (10 min) 8710 C/1600° F (90 min) 
Percussion 3 lb. 3.8 lb.  

1 inch diam. steel rod I inch diam. steel rod 
40 inch drop 59 inch drop 

Capsule Drop Test 30 feet 32.8 feet 
Immersion 24 hrs. in water 24 hrs. in water 

Based on both a WESF capsule assembly and an unprotected inner capsule successfully passing the above tests, DOE-RL concurred that the cesium chloride WESF capsule met Special Form requirements.' 

3.3.3 WESF Capsules: Lona-Term TestinQ/Low Tef eratures 
Management considered encapsulated cesium chloride as a candidate for use in private irradiation facilities from the birth of the design concept. A demonstration involving the use of 15 WESF cesium chloride capsules for irradiation of sewage was conducted beginning in April 1979. The demonstration at the Sandia National Laboratory in Albuquerque involved construction of a dry storage/dry use pilot scale irradiator, which became known as the Sandia Irradiator for Dried Sewage Solids (SIDSS). The Capsules were mounted horizontally with 1.375 inches between capsules and 300 cfm air flow. Operating temperatures at the cesium chloride/metal interfaces were calculated to be 140" to 180"C. Capsule C-117 was removed after 28 months of service in SIDSS in August 1981, and capsules C-73 and C-74 were removed after 5 years of service in April 1984 for examination.  

3P. G. Rhoades. "DOE-RL Letter to G. T. Stocking of ARHCO: Shipment of Cesium Chloride Capsules in the NRBK-43 Cask." October 23, 1975.
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In the examination of these capsules,'" 7 the following results were reported: 

1. C-117 showed corrosion of less than 3 mils. (Appendix C of 83-0928 
UC-Ti notes that corrosion was less than 0.4 mils. PNL-5170 UC-70 also 
reports that the reported 3 mils is a typographical error and that the 
correct number is 0.3 mils.) 

2. C-73 showed corrosion of 0.5 to 1 mils.  

3. C-74 showed corrosion of 0.4 to 0.6 mils.  

Sandia 86-2808 UC-23 indicates that 1 mil of metal was typically lost during 
the molten fill of the WESF capsules. An analysis of the cesium chloride from 
WESF capsules numbered C-117, C-73, C-74, and five other WESF capsules was 
also performed, and the results are presented in Tables A-10, A-li, A-12, and 
Tables 3.2 and 3.3.  

A comparison shown in Table A-13 of the tensile properties of sections from 
the used C-117 capsule with those of sections from unfilled/unused WESF 
capsules shows 16% to 21% lower yield and ultimate strengths for the C-117 
capsule.  

The results may be summarized as follows: 

1. At 140" to 180"C cesium chloride to metal interface temperatures for 
five years, corrosion was both too low to measure and not visually 
evident.  

2. Yield and ultimate strength of the capsules were 15% to 20% 
lower than for unused 316 stainless steel.  

3.3.4 Outer Capsule Weld Evaluation Testing 

During the summer of 1980, an evaluation of the WESF outer capsule weld 
integrity was conducted.' The evaluation had the following primary 
objectives: 

1. Detemine the minimum weld penetration required to match a specified 
wall strength.  

2. Determine the accuracy with which the UT scan shows weld penetration.  

Kenn&, "Characterization of an Aged WESF Capsule." 

370. .J. Sasmor. J. 0. Pierce. 6. L. Tingey, 44. E. Kjarmo. and 0. C. McKeon, "Characterization of Two 
WESF rapsules after Five Years of Service." SAND86-2808 LC-23. April 1988.  

3 Scully, "Outer Capsule Weld Evaluation Program." 
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Original specifications for WESF capsules required 75% penetration of end cap welds. Due to problems in consistently achieving the specification, a test program was initiated to determine the acceptability of revising the 
specification to 55% penetration. The revision was to be considered 
acceptable if the weld strength at 55% weld penetration was still greater than 
or equal to the side wall strength of the capsule, i.e., the revision would 
not result in lowering the internal pressure at which a capsule would fail.  

Outer WESF capsules were hydrostatically tested to failure. Tested were 20 Type 3 WESF outer capsules with 0.25 inch tube end cutback and with weld 
penetrations ranging from 50% to 80%. Results (Tables A-14, A-15 and A-16) showed that, in most cases, weld strength decreased to less than side wall strength when weld penetration was reduced to 50% to 60%. This was considered validation of the acceptability of a minimum penetration of 55%. Also tested were nine WESF outer capsules with a 0.78 inch tube end cutback. For these, however, weld strength was less than the side wall strength even when weld 
penetration was 70% to 80%. Probability of weld failure before side wall failure for 0.25 inch and 0.78 inch tube end cutback capsules is illustrated 
in Figure 3.7.  

Concern existed that UT could not reliably determine/assure the depth of weld penetration at WESF capsule end caps. Weld penetrations were determined by 
two different UT operators and two different UT machines.  

Results (Tables A-17, A-18, A-19, A-20) show that the UT operators both overestimated and underestimated the weld penetration. Operator errors (optical percent weld measurement minus operator UT percent weld measurement) 
ranged from -41% to +42% (+3.4% average with a standard deviation of 19.4%) for one operator, and from -40% to +56% (-8.4% average with a standard 
deviation of 15.4%) for another operator. Different UT operators measured the weld differently when both used the same machine. The same operator also 
measured the welds differently when using different machines. The report 
concluded: 

The determination of weld penetration using the current UT method 
likely does not yield results that are accurate enough to be 
useful.  

A post-incident evaluation by a qualified Hanford contractor ultrasonics QA 
engineer reviewed the UT data of a sample of the production capsules. He summarized the concerns that "the validity of the original ultrasonic test results performed to determine weld integrity on the cesium chloride capsules 
is highly questionable in my view."' 

3.3.5 WESF Capsules: Long-Term Testina/Hiph TemDeratures 

In FY 1982, a five-year program was initiated to verify that the 316L 
stainless steel WESF capsules would be suitable for the conditions that would 

E. A Proudfoot. "Internal Metrandum to P. 8- Bourne." July 26. 1988.
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be encountered in a geologic repository. Secondary objectives of the program 
were to: 

1. Determine the effects of impurities in the WESF-produced cesium chloride 
on the corrosion of the stainless steel and identify the reaction 
mechanisms involved, and 

2. Determine the effects of the impurities in the WESF-produced cesium 
chloride on the melting point and solid-solid phase transition of 
cesium chloride.  

The program test environment was designed to allow six WESF capsules to self
heat in insulated containers to a calculated 450"C cesium/metal interface 
temperature. The outside of the capsules self-heated to temperatures of 3209C 
near the ends and 410"C at the middle. This resulted in calculated inner 
cesium/metal temperatures of 350"C and 460"C at the ends and middle, 
respectively. Capsules were removed and analyzed after 2,208 hrs, 4,392 hrs, 
8,784 hrs, 17,554 hrs, 28,268 hrs, and 51,432 hrs (0.25 yr, 0.50 yr, 1.00 yr, 
2.00 yrs, 3.22 yrs, and 5.87 yrs).  
Thermal aging began in April 1982. Results from all of the data in Table A-21 
describe average corrosion rates of: 

CORROSION RATE TEMPERATURE 

2.0 mils/year 375°C 
3.6 mils/year 420C 
4.8 mils/year 4300C 
3.8 mils/year 4500C 

In discussing the results the author stated:4 

The increase in corrosion with exposure time is obvious. There 
are indications that the attack mechanisms may be changing with 
time. Intergranular attack was much more apparent in the longer 
tests, while pitting and surface dissolution appeared to 
predominate in the shorter tests.... If metal corrosion at the 
higher temperatures (above about 400"C) continues at a linear rate 
for an extended period of time, it has serious implications for 
the geologic disposal, and possibly the potential utilization, of 
"he WESF cesium chloride capsules.  

Bryan points out that these tests quantitatively deal with time and 
temperature as the independent variables, yet he feels the corrosion rate is 
primarily dependent upon the impurity content of the encapsulated material.  
This and the unknown character of the salt to stainless steel contact were 
believed to be the prime contributors to the data scatter around the linear 
relation of time and corrosion depth which Bryan attempted to-fit. Attempts 
to identify the corrosion reactions from the samples and thus to identify the 

G. H. Bryan. "Cesium Chloride Compatibility Testing," pp. 16-19.
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impurities by scanning electron microscopy were unsuccessful due to 
insufficient samples. Thus the secondary objectives of the program were not 
realized.  

3.3.6 Sealed Source Testing: Irradiator Requirements 

Tests required by American National Standard (ANS) N542-1977/NBS July 1978, 
entitled."Sealed Radioactive Sources Classification," are as shown in Table 
3.6. A comparison of American National Standards Institute (ANSI) N542 
Class 6 requirements and tests successfully passed by WESF capsules are 
reported in PNL 5170 UC-70" (July 1984) and are shown in Table 3.7. In some 
instances, e.g., the temperature tests, this report only redocuments tests 
previously passed in the course of special form testing.  

The ANS N542-1977 also requires that if a source exceeds acertain 
radiotoxicity/quantity, specific usage, design, and specifications of the 
source must be further evaluated/considered on an individual basis. If the 
activity does not exceed a certain radiotoxicity/quantity, the tests may be 
used without further consideration of radiotoxicity or solubility. The ANS 
test "limits" for cesium chloride sources are 30 curies; WESF sources now 
contain approximately 50,000 curies. ANS N542-1977 also requires 
consideration of corrosion, environment of use (e.g., thermal cycling) and a 
"good" QA/QC program.  

Based on previous Special Form testing and the above, DOE reqLusted via 
discussion on October 6, 1983, and a letter• that the NRC certify WESF 
capsules as sealed sources for use in irradiators.  

3.3.7 High Temperatures/Over-Fil Tests 

Since cesium chloride expands significantly on heating and melting, molten 
cesium chloride was used to fill the WESF capsules during manufacture.  
Therefore, when the molten cesium chloride contracted during cooling, there 
would be residual space in the inner capsule. This residual space was assumed 
to be available to accommodate any re-expansion of the cesium chloride that 
might occur during subsequent re-heating of the capsule in storage, transport, 
or use.  

In the pouring of molten cesium chloride into WESF capsules, occasionally a 
capsule was partially filled during a manufacturing run, allowed to cool, and 
then additionally filled on a subsequent run. Runs were normally initiated 
every 24 hours, but longer intervals were not uncommon. Because of the 
contraction of cesium chloride during the cooling period, a capsule filled by 
multiple pours could be over-filled, and as a result, have insufficient space 
for expansion during re-heating to a high temperature.  

" Tingey et al.. "A Review of Safety Issues." 

J. Jicha. "Letter to Baggett of NRC," October 7, 1983.
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Table 3.6 Classification of Sealed Source Performance Tests* 

Test_ Class 
1 2 3 45 6 X 

Temperature No Test -40.C (20mln) -40.C (20min) -40,C (20min) -40.C (20min) -40.C (20min) Special 
+80,C (lh) +180,C (lh) +400*C (lh) +600.C (lh) and +800-C (lh) Test 

and thermal thermal shock thermal shock 
shock 400-C 600.C to 20,C 8000C to 200C 
to 20oC 

External No Test 25 kN/m 2 abs. 25 kN/m 2 abs. 25 kN/m 2 abs. 25 kN/m 2 abs. to 25 kN/m 2 abs. Special Pressure (3.6 lbs/in2) to to 2 MN/rn2  to 7 MN/m 2  70 MN/m 2  to 170 MN/m 2  Test 
atmosphere (290 Ibs/In2) (1,015 lbs/in=) (10,153 lbs/in2) (24,656 Ibs/in=) 

abs. abs. abs. abs.  
Impact No Test 50 g (1.8 oz) 200 g (7 oz) 2 kg (4.4 Ib) 5 kg (11 Ib) from 20 kg (44 lb) Special 

from 1 m (3.28 from 1 m from 1 m 1 m from 1 m Test 
ft.) and free 
drop ten times 
to a steel 
surface from 
1.5m (4,92 ift) 

Vibration No Test 30 mln 30 mlin. 25 to 90 min. 25 to Not Used Not Used Special 
25 to 500 Hz 50 Hz at 5 g 80 Hz at Test 
at 5 g peak peak amp. and 1.5 mm amp.  
amp. 50 to 90 Hz at peak to peak 

0.635 mm and 80 to 2000 
amp. peak to Hz at 20 g 
peak and 90 to 
500 Hz at 10 g 

Puncture No Test 1 g (15.4 gr) 10g (154 gr) 50g (1.76 oz) 300g (10.6 oz) 1 kg (2.2 1b) Special 
from I m (3.28 from I m from I m from I m from I m Test 
ft.) 

Tingey et al.. OA Review of Saiety Issues.!
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Table 3.7 Comparison 
Class 6 (National 

Conditions Used

of Test Conditions Required by ANSI N542 
Bureau of Standards 1978) with Test 
for WESF Cesium Chloride Capsules*

(a) The internat pressure test is used in place of the reduced externaL pressure test and exceeds the 
requirement in terms of force per unit area experienced by the capsule.  

(b) Tests performed by J. Ounn (Kenrma 1982, p. 24).  

Wc) Test exceeds the requirements of ANSI 1i542 CLass 3 but does not meet the requirements of ANSI W542 CLtss 
6. Tests meet or exceed ANSI 1U542 CLass 6 requirements In aLL other cases.  

(d) The momentum at impact of 89 kg-r/s for the ANSI U542 requirement is fully met by the UESF capsule test 

mmentum, which was 102 kg-m/s.  

* Tingey et at., NA Review of Safety Issues,* p. 34.

TEST ANSI N542 CLASS 6 WESF CAPSULE 
REQUIREMENTS TEST CONDITIONS 

Temperature +8000 C (1 h) 871°C (90 min) 
-40%C (20 min) N/A 

Thermal Shock 8000 C to 200C 8000 C to 200C 
10 times (b) 

Pressure 
External 25 kN/m 2 abs to 103 kN/m 2 to 

170 MN/m 2 abs 4.8 MN/m 2 abs (b.c) 
(0.24 to 1677 atm) (1.0 to 47.3 atm) 

Internal -- 46.7 kN/m 2 to 
52.8 MN/m 2 

(0.466 to 544 atm) 

Impact 20 kg (44 lb) 5 kg (11 lb) weight 
weight dropped dropped from I m 
from 1 m ( (22 kg-m/s); also free 
(89 kg-m/s) (d) drop of filled (7.3 kg 

or 16.3 lb) capsule 
from 10 m 
(102 kg-m/s) 0d) 

Vibration Not used No test performed 

Puncture 1 kg (2.2 Ib) pointed Complete capsule 
rod dropped onto (>7 kg) dropped from 
capsule from height height of 4.6 m onto 
of I M pointed rod (b)



The following test' was designed to investigate the rupture potential of over-filled capsules. A type III WESF capsule was filled with 2,854 grams of non-radioactive salt to a density of 3.1 grams per cubic centimeter through multiple pours and heated to approximately 810C for 90 minutes. in this test, the simulated cesium chloride had a high iron and other impurity content." Previous test data indicated that this mixture should not exhibit a phase change and that it should exhibit relatively low volumetric expansion.  It should, however, melt at a relatively low temperature. These test data thus do not represent as severe a condition of the constituent salt expansion characteristics as a typical WESF production capsule. The inner capsule failed over a 900 area of the upper weld as a result of the expansion of this salt. The inner capsule bulged 150 mils in the area of the failure and tightly wedged against the outer capsule. No bulging of the outer capsule was evident, and the test did not result in failure of the outer capsule. Post mortem examination showed the weld as 100% penetration, corrosion of 10 mils in the weld area, and corrosion of 8 mils in the wall area.  

Based on the assumption that WESF capsules that contained a large weight of cesium chloride may have been overfilled via multiple pours, a PNL report'4 
predicts that after being heated to 800C: 

1. About 1,010 of the inner capsules available for leasing should not 
experience swelling.  

2. About 504 of the inner capsules available for leasing could 
experience swelling.  

3. About 42 of the inner capsules available for leasing could experience 
swelling sufficient to fill the annulus between the inner and outer 
capsules.  

This report, which was a part of the lease, states that DOE will reserve approximately 20 of the most heavily loaded capsules for other purposes and will not make them available for leasing. A later review' of the manufacturing records, however, showed that, of the total quantity of WESF capsules mlanufactured, 100 or less were multiple pours and could possibly be overfilled rather than the larger number reported by PNL.  

G3 G. L. Tingey, W. J. Gray, R. J. Shlppell, and Y. B. Katayama, "WESF Cesium Capsule Behavior Ps High Temperature or During Thermal Cycling." PNL-5517 UC-7O. June 1985. pp. 3-24.  

"Table A-22. Appendix A.  

46 Tingey et al., "A Review of Safety Issues." 

H. R. Gardner and D. J. Oakley, "Cesium Capsule Bulging Phenomena Interim Report." WHC-SD-WN-TI
405. Rev. 0. September 1989. p. 26.
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3.3.8 Low Temperature Thermal Cycling Tests

Thermal cycling testing'7 consisted of cycling capsule C-105 (Type 1, 2,904 
grams, 266 watts) and capsule r-903 (Type 3, 2,737 grams, 263 watts) for 3,845 
cycles. A cycle consisted of 60 minutes of self-heating in air to equilibrium 
temperature and 90 seconds of quenching in 200 C water. The objective of the 
test was to investigate the effect of thermal cycling on the outer capsule, 
especially as related to weld crack propagation.  

The centerlines of the capsules were horizontal in orientation and 1.5 inches 
apart. The exterior surfaces reached 102" to 1920 C (1020 to 1320 C at weld 
areas) in air and were cooled to 230 to 280 C (230 to 260 C at weld area) in 
water. The maximum temperature difference existed at the weld areas and was 
1070 C.  

Capsule C-903 was examined subsequent to cycling. No evidence of any effect 
(0.04 to 0.08 mil crack detectability limit) from the stress of thermal 
cycling was evident. The horizontal orientation matches the operating 
position used in SIDSS and in the lotech commercial irradiation facility but 
not in the RSI facilities.  

3.3.9 Westerville Capsule Testing 

As a condition of the lease, DOE could remove one WESF capsule each year from 
each facility for evaluation. One capsule removed from the RSI-Westerville 
facility constitutes the entire testing program. WESF capsule C-1526 (Type 3, 
2,590 grams) was !-hipped to Westerville, Ohio, August 16, 1985. The 
temperature of the capsule during shipping was required to be less than 4000 C 
at the outer surface, which extrapolates to 435"C by calculation at the cesium 
chloride/metal interface. C-1526 was in use over 15 months from August 19, 
1985, to December 4, 1986. The equilibrium temperature in the capsule during 
operation was estimated as 100" to 125"C at the outer capsule lower weld.  
This temperature was derived from the measurements made at the facility as 
discussed in Section 3.4.3 of this report and from calculations. The 
temperature of the capsule during storage in water was estimated to be 
approximately 30'C, i.e., a 95"C temperature difference for thermal cycling.  

During the 15 months of operation, the capsule was thermally cycled 3,327 
times. Of the total cycles, 2,188 cycles had operation times in air of 30 
minutes or more. Equilibrium temperatures are estimated to require about one 
hour for attainment. Examination of the capsule" showed 0.2 to 0.7 mils wall 
corrosion and no intergranular corrosion. No evidence of weld corrosion was 
noticed. There was no evidence of thermal stress damage. Some pitting (18 
mils across and 6 mils deep), attributed to electropolishing during 
fabrication, was noted on the outer surface of the inner capsule. The capsule 

Tingey et al., "WESF Cesium Capsule Behavior." 

44 H. E. Kjarmo and G. L. Tingey. "Characterization of a WESF Cesium Chloride Capsule after Fifteen 

Months Service in a Dry Operation/Wet Storage Commercial Irradiator," (Draft) PNL-UC-70, June 1988. p. 15.
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was not distorted in any way typical of the failed capsule from the Decatur 
facility.  

3.4 LICENSING 

Four irradiation facilities were licensed to used cesium-137: the lotech facility in Northglenn, Colorado; the ARECO facility in Lynchburg, Virginia; 
and the two RSI facilities. The following discussion treats only the RSJ 
facilities.  

On December 7, 1984, the State of Georgia licensing authority issued RSI a license for its Decatur irradiation facility, which was limited to the storage of cobalt-60. On February 2, 1985, the license was amended to permit the use 
of cobalt-60 as an irradiation source. On April 8, 1985, RSI was granted an amendment to the license of their Westerville, Ohio, facility by the NRC that permitted the use of WESF capsules subject to supplemental temperature 
monitoring, a thermal cycling limit, and capsule evaluation conditions. On January 6, 1986, the Georgia licensing authority approved an amendment to the Decatur license, allowing use of WESF cesium-137 capsules with a temperature monitoring system; and on March 12, 1986, another amendment approving the use of WESF capsules as radiation sources was issued that removed the requirement 
for the temperature monitoring system. Active use of cesium-137 as a 
radiation source began at Decatur in April 1986.  

3.4.1 Licensing Background 

During the early 1980s, when the WESF encapsulation program was .nearing 
completion, two conditions caused DOE to begin activities that ultimately resulted in the lease of WESF capsules to commercial irradiators as 
gamma sources: 

1. Increased interest and encouragement on the part of several individuals 
and organizations (including Congress) about the expanded use of gamma irradiation facilities, particularly for the sterilization of food, and 

2. A perceived shortfall in the supply of cobalt-60 sources (almost exclusively supplied by the Atomic Energy Commission, Ltd., of Canada) 
to service the gamma irradiation demand.  

In response to these conditions DOE, in 1983, announced "a policy.. .to encourage widespread use of byproducts"' including cesium-137 and requested 
that the NRC evaluate the registry of WESF capsules as sealed sources 
according to its standard process. The registry evaluation request was 

"DOE Plan for Recovery and Utilization of Nuclear Byproducts from Defense Wastes." DOE/OP-0013.  
Vol. 2. August 1983.  
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supported by a safety evaluation of the WESF capsules in 1982.Y The safety 
evaluation was based on several years of successful operating experience at 
SIOSS and supplemental testing at other DOE laboratories conductea in 
accordance with the ANSI standard for sealed sources.  

3.4.2 Application Standards 

The State of Georgia, as an "agreement state", is delegated the licensing 
authority for irradiation facilities such as the RSI facility at Decatur by 
the NRC. While the licensing requirements for an agreement state need not be 
identical to those of NRC, they are generally very similar.  

The standard licensing process for gamma irradiators is a two-step process: 

1. Register the sealed source as governed by the applicable ANSI standard.  

2. License the facility/process as governed by the applicable ANSI standard 
with appropriate reference to the registered sealed source to be used.  

While these two steps are not totally independent and there are provisions for 
special situations, no system analysis including a safety analysis, risk 
assessments, or environmental impact analysis is required by the licensing 
process.  

The RSI facility at Decatur is categorized as a Panoramic, Wet Source Storage 
Gamma Irradiator (Category IV) and as such is covered by two ANSI standards: 

1. ANS N43.10, 'Safe Design and Use of Panoramic, Wet Source Storage Gamma 
Irradiators (Category IV),* approved January 13, 1984.  

2. ANS N542, "Sealed Radioactive Sources Classification,* approved 
November 9, 1977.  

3.4.3 Use of WESF Capsules 

Based on previous Special Form testing and the aforementioned interest, 
encouragement, and perceived shortfall of cobalt-60, in October 1983, the DOE 
requested that the NRC certify WESF capsules as sealed sources for use in 
irradiators."' In response to the DOE request, the NRC began a lengthy 
evaluation process. Early in the process, the DOE-HQ and the NRC were briefed 
by PNL and the Hanford contractor on *Integrity of Cesium Chloride Capsules." 
The briefings took place on February 22, 1984, at Germantown, and on February 
23, 1984, at Silver Spring, Maryland, respectively. During the briefing with 
NRC, concerns were raised on thermal cycling, solubility of cesium chloride, 

9. T. Kerna. ESF •'-Cs Gaumw Ray Sources.- SAJOIA82-1492 UC-71. October 1984; Negistry of 
R:dioactive Sealed Scoures and Oevices: Safety Evaluation of Sealed Source." June 1. 1982.  

ST J 1cha. 'Letter to 5a.ett
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and expansion and contraction of cesium chloride during phase transformation.  
Methods for detecting and recovery from a failed capsule were also discussed.  
Minutes of the meetings, including a list of references, the briefing outline, 
and a list of attendees are included in the miscellaneous correspondence of 
Appendix D.  

Based on information presented during the February 23 briefing and during 
other meetings with DOE staff, the NRC determined, in April 1984:' 

1. The WESF capsules would not be registered (certified) for use in 
commercial irradiation facilities per the standard process.  

2. The NRC would work with commercial irradiators to license one facility 
as a prototypical demonstration.  

3. Pending successful demonstration of at least one year's duration under 
careful monitoring and with supplemental capsule testing at DOE 
laboratories, other license applications would be considered.  

The NRC evaluation of WESF capsule use in Category IV irradiators during 
April-July 1984 is characterized by persistent urging on the part of RSI'," 
and DOE-HQ" based upon technical data provided by PNLe' and others." It is 
also characterized by concern on the part of NRC of the thermal c cling that 
would occur in the wet storage/dry irradiation mode of operation.  

In October 1984 NRC outlined the license conditions which would be imposed on 
a Category IV demonstration facility. m An attached internal NRC memo ' 
reiterated the NRC concern about capsule corrosion rates, cesium solubility, 
and thermal cycling: 

R. E. Cunninghm. -Letter to Jicha." April 3. 1984.  

8Allan Chin. 'Letter to Wang." April 3. 1984.  

54 Allan Chip. "Letter to Bassin." July 23. 1984.  

J. J. Jicha. "Letter to Cunningham." July 25. 1984.  

J. L. McElroy. 'Letter to Whte." July 16. 1984.  

5 Tingey et &I.. 'A Review of Safety Issues".  

54 J. 0. Craord. "Letter to Chin." July 3. 1984.  

Nathan Bassin. "Letter to Chin." June 26. 1984.  

go Singer. "Letter to Chin." October 15. 1984.  

In J. E. Ayer. "-C Letter to V. J. Adim: Cs Sources In the Form of WESF capsules in Dry Irradiators 
Vet Storage Facilltips." Septmber 14. 1984.  
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NRC decided not to register the WESF capsules as sealed 
sources.... The WESF capsule has mechanical eroperties to meet 
American National Standard for Sealed Radioactive Sources for Use 
in Category III and IV Gamma Irradiators.  

There remains the open question of corrosion Probability....  
Corrosion rates on capsules held at an estimatr4 interface 
temperature of about 150" C for up to six years show insignificant 
attack on the inner capsule at the cesium chloride-316 interface.  

Experiments on capsules held at an interface temperature of about 
450" C for up to two years show variable but significant corrosion 
rates at the cesium chloride-316 interface. These findings are in 
the absence of long-term thermal cycling that would take place ir 
the (Category IV) dry-irradiator/wet storage mode.  

Based on the above concerns, the NRC memorandum went on to provide details on 
license conditions required for a Category IV irradiator demonstration 
facility: 

0 The demonstration must include periodic sampling and 

destructive testing of WESF capsules including: 

1. An approved sampling plan, 

2. A commitment to test both inner and outer capsules for 
the effects of corrosion and to report test results, 

3. An approved action plan and action levels based on 
test results.  

a The demonstration must include proof of operation of 
capsules at s 300"C operating surface temperature at the 
most restrictive location with a thermal cycle limit of 
12,000 cycles air-to-water oter the lifetime of the 
capsule.  

a The demonstration must address the ultimate disposition of 
the spent capsules including: 

1. A commitment to transport from location of use 
to location of receipt, 

2. A commitment to receive spent capsules.  

a The demonstration must address emergency procedures and 
systems including: 

1. Impervious water storage pool liner, 

2. A storage pool cleanup system with provisions 
for shielding,
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3. Continuous monitoring of gamma radiation 
emanating from cleanup resins.  

4. A plan for disposal of contaminated resins, 

5. Procedures for operation of cleanup systems 
under contaminated conditions.  

In a November 1984 replyU to the NRC letter which outlined Category IV irradiator conditions, RSI stated their intention to use the Decatur facility 
as the demonstration unit. When informed by NRC3 that licensing of the Decatur facility would be handled by the State of Georgia as an agreement state and subsequent to being notified that the State of Georgia would not consider licensing the Decatur facility for WESF capsules until satisfactory operation with cobalt-60 had been demonstrated," RSI informed NRC that plans had changed and that Westerville would be the demonstration facility." 

In February 1985, NRC reiterated in an internal memo" that the acceptability 
of WESF capsules in a Category IV irradiator facility had not yet been demonstrated to the satisfaction of NRC-HQ but that, based on experience at the SIDSS, WESF capsules were considered suitable for a dry storage/dry 
irradiation facility (such as the Jotech facility).  

In an early April 1985 exchange of letters,"," RSI agreed to the NRC temperature monitoring requirements and requested that both the Westerville 
and Shaumberg, Illinois, facilities be approved for WESF capsule use.  

On April 8, 1985, RSI was granted an amendment to the license of their Westerville and Shaumberg facilities to serve as the WESF capsule 
demonstration facilities subject to supplemental conditions, including 
installation of an acceptable capsule temperature monitoring system and a program for periodic capsule removal and evaluation by the DOE. (As rJted in 
Section 3.3.9, one capsule was removed from the Westerville facility and evaluated.) In addition, the license specified that the maximum skin temperature of the outer capsule wall should not exceed 300*C, the maximum temperature differential experienced during a thermal cycle (skin temperature in air minus storage pool water temperature) should not exceed 200"C, and the 

4 Allen Chin. "Letter to Ayer." Nove•Ier 8, 1984.  

83 . J. Singer, 'Letter to Chin," Decemrber 10. 1984.  

84 T. E. Hill. "Letter to Chin." November 14, 1984.  

U Allan Chin. "Letter to Singer." November 14. 1984.  

UR. E. Cunningham. "Letter to Nussbaumer." February 1. 198S.  

J. V. N. Hickey. "Letter to Chin." April 4. 1985.  

a Allan Chin. "Letter to Hickey." April 4. 1985.
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total number of thermal cycles would be limited to 12,000. In a July 1985 
letter to NRC,* RSI requested that Westerville be considered as the 
demonstration facility but that loading of WESF capsules be permitted in other 
RSI facilities (Shaumberg or Decatur) immediately after the Westerville 
loading was completed. This would require relaxation of the one year 
successful demonstration stipulated by NRC. RSI stated that this relaxation 
was necessary in order to avoid an interruption in the WESF capsule shipping 
schedule and "considerable perturbations in the DOE Hanford operations and 
potentially large additional financial costs to RSI." NRC denied the 
request." WESF capsules were placed in the Westerville facility in August 
1985, and irradiation using 8,800,000 curies of cesium-137 was initiated at 
that time.  

Subsequent to issuance of the license amendment permitting use of WESF 
capsules at the RSI facility at Westerville, correspondence between RSI and 
NRC regarding the need for and value of the capsule temperature monitoring 
system continued until May 1986. RSI continued to insist that capsule 
temperature monitoring was not required"-'" because: (1) a lack of need 
based, initially, on theoretical calculations and, later, on temperatures 
measured by the monitoring system, and (2) perceived hazards to the operating 
continuity which could result in large financial losses to RSI.  

Even though NRC did not concur that the temperature monitoring system posed a 
threat to operating continuity, 74 NRC-HQ expedited the evaluation of the 
capsule temperature monitoring system at Westerville in response to: (1) the 
continuing RSI insistence, (2) a request from NRC-Region III'S to justify the 
requirement for temperature monitoring, and (3) a request from DOE-HQ7' to 
review the NRC-HQ position.  

The temperature monitoring system installed at Westerville consisted of a 
copper cylinder approximately the size of a WESF capsule, with an attached 
thermocouple, inserted between WESF capsules in the source rack at a location 
intended to represent maximum capsule service conditions and another 
thermocouple located in an adjacent position on the source rack. The exact 
locations of the thermocouples and the copper cylinder were not ascertained by 

SAllan Chin. "Letter to Hickey." July 22. 1985.  

J. W. N. Hickey. "Letter to Chin," July 25. 1985.  

Allan Chin. "Letter to Hickey." July 31. 1985.  

,72 Allan Chin. "Letter to Axelson." August 19, 1985.  

F3 Allan Chin. "Letter to Axelson." October 7, 1985.  

74 J. L. Lynch. "Letter to File," October 24. 1985.  

W. J. Adam, "Letter to Hickey," September 3, 1985.  

J. J. Jicha. "Letter to Cunningham," September 6, 1985.



the investigation group. The thermocouple wires were connected to a potentiometer located in the maze area, and temperatures were periodically read and recorded. Questions concerning the validity of the temperature monitoring results;, which included concern that the system was malfunctioning because it recorded a rise in capsule temperature when the sources were lowered into the pool, prolonged the NRC-HQ evaluation.  

By early 1986, NRC-HQ had been convinced that the capsule operating temperature could be correlated to the air temperature near the rack and that the air temperature had been lowered by modifications to the cell ventilation system and installation of shrouds in September 1985.a NRC did not approve removing the copper cylinder and thermocouple wire until DOE reported the results of their temperature monitoring evaluation. DOE-HQ reported the following results (Table 3.8) to NRC-HQ"o in late January 1986, with their 
recommendation to remove the copper cylinder.  

TABLE 3.8 Temperature of the Copper Cylinder and Cage 

Steady State Air Temperature 
Date Cu Cylinder Temp. "C Near Cage. "C L .  

08/14/85 126 49 77 09/20/85 111 32 79 09/26/85 106 29 77 10/12/85 114 32 82 10/27/85 110 29 81 11/30/85 88 19 69 12/14/85 87 17 70 12/26/BK 110 28 82 

DOE-Richland Ozerations (DOE-RL) followed in April 1986 with a recommendation to allow RSI to modify the temperature monitoring system based upon information provided by PNL." The license amendment allowing removal of the copper cylinder and thermocouple was approved by NRC in May 
1986.  

V. L. Miller. "Letter to Axelson." October 21, 1985.  

?a W. L. Axelson. "Letter to Adam." January 15. 1986.  

W. C. Rimini, "Letter to Hlckey." January 28, 1986.  

sJ. D. White. "Letter to Huesser," April 2. 1986.  

aI 6. L. Tingey, "Letter to Jarrett," March 31. 1986.
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3.4.4 The Licensing Process at Decatur

On March 19, 1984, an Application for a Radioactive Material License was 
submitted to the State of Georgia licensing authority by RSI for an 
irradiation facility to be constructed in Decatur. The license application 
requested authorization to use either (or both) cobalt-60 and cesium-137 as 
radiation sources. An attachment containing several sections of supplemental 
information accompanied the application.  

Upon receiving the license application from RSI, the assigned licensing 
officer for the State of Georgia, Thomas Hill, sought advice from the NRC 
Region II office in Atlanta because the facility to be licensed was the first 
of its kind in the state. After receiving comments? on May 31, 1984, from 
NRC Region II, Mr. Hill responded" to the license application on June 19, 
1984. The response stated that licensure for use of WESF capsules would not 
be considered inasmuch as no documentation was available demonstrating that 
the WESF capsules had been approved for use in Category IV irradiators. The 
response also requested additional information and clarification of 
information provided with the license application. This ultimately resulted 
in approval for storage only of cobalt-60 on December 7, 1984. A license 
amendment issued February 2, 1985, permitted the use of 500,000 curies of 
cobalt-60 as an irradiation source. Statements offered by Mr. Hill indicate 
that his reluctance to issue the license was overridden by his management and 
that he was feeling pressure from his management to issue the license. On 
January 6, 1986, an amendment to the license permitted the use of WESF 
capsules (an additional 12,300,00 curies of cesium-137) with a temperature 
monitoring system. The requirement for temperature monitoring was removed by 
a license amendment dated March 1Z, 1986.  

Extensive correspondence between the State of Georgia regulatory agency and 
RSI occurred during the two-year period between the original application and 
the amendment approving unrestricted and unmonitored use of WESF capsules.  
This correspondence, provided by the Georgia regulatory agency, is included in 
Appendix D. Throughout the licensing process, RSI expressed reluctance to 
provide design and operational details to Georgia because of concern about the 
release of proprietary information. In one response, RSI implied millions of 
dollars of liability to the State of Georgia." 

3.4.5 Emergency Response Requirements 

The overall emergency procedures guidance provided in ANSI Standard N43.10 for 
Category IV irradiators is as follows: 

A2 R. L. Woodruff. "Letter to Hill," Hay 31. 1984.  

83 T. E. Hill, "Letter to Chin." June 19, 1984.  

M Allan Chin. "Letter ,o Hill." January 17, 1985.
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Emergency procedures should be written for each type of emergency 
that may reasonably be encountered. These should be concise, easily followed instructions. They should describe what will be indicative of a situation requiring emergency action, spec-fy the immediate action to be taken to minimize radiation exposure to 
persons in the vicinity of the irradiator, and include the name and telephone number of the person(s) to be notified to direct 
remedial action.  

More specific guidance is provided in the event of a damaged or leaking 
source: 

Removal, transfer, or disposal of the sealed source may become necessary or desirable. These procedures shall only be performed 
by, or under, the supervision and in the physical presence of, an 
authorized person.  

The appropriate method of removal, transfer, or disposal of a damaged or leaking source will be dictated by circumstance, but 
the following procedure is generally applicable: 

If an actual or suspected source leak has occurred, terminate use of the irradiator and close down its water circulation and air ventilation systems to prevent the spread of contamination and exposure of personnel. Isolate the area and contact the following 
for assistance: 

1. The pertinent regulatory or controlling 
authority.  

2. The manufacturer of the device.  

3. The supplier and the installer of the source 
(if different from the manufacturer of the 
device).  

4. A person authorized to remove the defective 
source. Special permission to remove and 
transport the source shall be obtained from the 
pertinent regulatory or controlling authority.  

Removal of the defective source should be prompt once the decision is made and shall be performed by, or under the supervision and in 
the physical presence of, an authorized person.  

The State of Georgia regulatory agency did not impose supplemental emergency response requirements beyond those outlined in the applicable ANSI standard.  They did, however, ask for clarification of how RSI intended to meet the requirements. Clarifications provided by RSI are covered in Section 3.6.4.
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3.5 REVIEW OF LEASING ARRANGEMENTS

The DOE-OR entered into the following leases for WESF capsules: 

Lease Effective No. of Quantity Term of 
Company Number pate Capsule of Curies Lease

Radiation 
Sterilizers, Inc.  

Radiation 
Sterilizers, Inc.  

lotech, Inc.  

lotech, Inc.  

Applied Radiant 
Energy Corp.  
(ARECO)

85418 

85419 

10674 

S-100

86-09-047

6/13/85 248 

2/04/86 186 

2/12/85 248 

11/05/86 61 

10/07/86 25

12,000,000 10 years

9,000,000 10 years

12,000,000 10 years

3,000,000 10 years 

1,250,000 10 years

The total operating revenue billed during FY 1986-1989 is sumarized below.  
This revenue excludes such items as material preparation costs, shipping 
preparation, and penalty and interest charges:

Company Name FY 1986

RSI 
Iotech 
ARECO 
TOTALS

$174,423 
97,100 

"$0$T7_1,523

FY-1987 FY 1988

$170,412 
!19,065 

9,918 
$299,395

The total cost incurred to date and 
associated with cesium-137 cleanup, 
DOE-RL is shown below:

FY 1989 TOTAL

$166,493 
116,327 

9,960 
$292,780

$ -0
113,652 

9,467 
$123,119

$511,328 
446,144 

29,345 
$986,817

projected for the remainder of FY 1990 
recovery, and capsule return by DOE-OR and

Field Office FY 1988

$1,702,000 
1.730,000 

$3,432,000

FY 1289

$10,270,000 
5.416.000 

$15,686,000

Projected for 
FY 1990 

$ 3,700,000 
6.400.000 

$10,100,000

TOTAL

$15,672,000 
13.546.000 

$29,218,000

3.5.1 History of Lease Oevelowient for Costum-137 

During the early planning for the use u- cesium-137 as comnercial irradiator 
material, consideration was given to th; outright sale of the capsules to the
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irradiators rather than a lease arrangement. However, due to concern expressed by various people and organizations--Congress, environmental groups, and the NRC--over areas such as transportation, handling, and primarily eventual disposal of the radioactive material, the decision was made by DOE-HQ to supply the material to the irradiators by long term lease. Thus, DOE retains title rather than transferring title in an outright sale.  

In an October 5, 1984, meeting at DOE-HQ in which several organizations were represented, including DOE-RL, DOE-Albuquerque Operations (DOE-AL), DOE-OR, DOE-HQ, Hanford contractor, PNL DOE/DP-122, DOE/DP-123, and ORNL, an agreement was reached that DOE-OR and ORNL would have the responsibility for drafting 
the lease for the cesium-137.  

In a DOE-HQ memo," the official assignment for preparing the cesium leases 
was given t: DOE-OR/ORNL.  

3.5.1.1 Drafting of the Lease Agreement 

The lease arrangement for the WESF capsules was drafted by personnel at the ORNL for use by DOE-OR. Personnel at ORNL used the standard lease for their isotope sales/lease program as a major source document in drafting the cesium lease. It is noted that the ORNL isotopes program principally involves the sale/lease of isotopes in small quantities for Research and Development (R&D) and medical purposes. The risk and potential for a major health problem in connection with the ORNL isotopes program is insignificant when compared to the leasing of million-curie quantities of cesium to commercial irradiators.  The original lease was drafted and reviewed by the following organizations: 

DOE-HQ personnel: Mr. William C. Rimini provided verbal comments to 
the ORNL by phone but nothing in writing.  

* DOE-AL: no record of comments.  

* DOE-RL and Hanford contractor reviewed the draft lease primarily from the viewpoint of the physical process of providing and shipping the cesium capsules and did not include the legal, contractual, or cost provisions of the agreement. Written comments were provided to DOE-OR by DOE-RL on their review of the draft lease.  

DOE-OR's operating contractor (Martin Marietta Energy Systems, Inc.) legal and isotope sales office: no record of comments.  

* DOE-OR legal and program offices: review documented with no 
comments.  

The records do not show that anyone in Environment, Safety, and Health (ES&H) or QA from either DOE-OR, DOE-RL, or DOE-HQ ever reviewed the draft or final leases. Also, the records do not show that any management effort was given to 

tR. V. Cochran. "Internal DOE Memorandum to Joe La Grone." OP 123, December 20. 1984.
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transferring the background and technical concerns which had been developed 
and raised at DOE-RL to DOE-OR where the leases were being drafted. These 
concerns are described in internal Hanford Contractor correspondence as 
follows: 

A reliable UT system will be necessary for (1) re-examination of 
the Cesium capsules prior to shipment off-site, (2) the 
possibility of rework due to discontinuities discovered during re
examination .... " 

This concern was repeated in Hauptman's, October 10, 1984, weekly briefing 
report and in the following extracts from an October 1984 letter to Gasper:` 

" The environmental conditions to which the capsules will be 
subjected must not jeopardize capsule integrity as 
identified in the CsC1 and SrF. compatibility studies....  

" All materials that come into contact with capsules must not 
jeopardize capsule integrity as identified in the CsCl and SrF2 
compatibility studies....  

" The anticipated inner capsule corrosion rate must be evaluated 
for each capsule service as it relates to maximum operating 
temperature, maximum shipping temperature, maximum storage 
temperature and the length of time at each of the said 
conditions. Also, the anticipated thermal cycling each capsule 
will experience must be addressed....  

"* Emergency procedures should be in place to respond to a loss of 
capsule integrity at all irradiation facilities that will be 
utilizing WESF capsules.  

"* DOE-RL (Rockwell) must have and maintain a traceability system 
for each capsule shipped. This traceability system would 
include tracking of capsules relocated between facilities and 
would have the requirement to report any abnormal conditions or 
events which might adversely affect capsule integrity.  

3.5.1.2 Negotiation of Leases 

The first WESF capsule lease was negotiated and signed between DOE-OR and 
lotech, Inc., on February 12, 1985. All of the subsequent leases for cesium
137 were copied from the lotech lease with only minor changes, except for the 
number of capsules, quantity of curies, and cost ceiling for the capsule 
preparation charges.  

0J. P. Hauptmann. "Letter to Reep." October 8. 1984. p. 2.  

J. C. Fulton. and M. W. Stevenson. "Hanford Contractor Internal Letter to K. A. Gasper: Technical 
Issue: Concerning the Use of WESF Capsules," 6592t-84-142. October 15. 1984, pp. 1-2.
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The only significant changes negotiated into the leases between DOE-OR and the lessees after they were drafted were the provisions establishing a cost ceiling for capsule preparation charges (Item B.14 of the Terms and Conditions in all the leases) and a revised indemnification clause, which was negotiated into all the leases except 85418 with RSI (Paragraph B.10 of all the leases).  RSI proposed the new language for lease number 85418 but the DOE Contracting Officer as of this report date has not agreed to put the new provision into the lease. The old "hold harmless" clause (still in 85418) reads as follows: 

The lessee agrees to indemnify and hold harmless the United States Government, the Department, and persons acting on behalf of the Department against any and all liability (including third party liability) associated with or resulting from the use and possession (including transportation) by the lessee or by persons (including carriers) acting on behalf of the lessee of the WESF Capsules provided by the Department under this Agreement during the period in which the said WESF Capsules are in the care and custody of the lessee as defined in Paragraph 8.6. herein.  

3.5.2 omaosition of the Lease 

The leases as currently written are composed of five major sections as follows: 

1. General Paragraph: Gives date of lease, parties entering into the 
lease, and lease number.  

2. Section A - DESCRIPTION: This section describes material to be leased, number of capsules and curies being leased, term of lease, purpose, and locations at which the material can be used.  
3. Section B - SPECIAL TERMS AND CONDITIONS: This section consists of 14 areas and deals with such things as shipping, return, indemnification, formula for the annual operating charge, and the cost ceiling for the capsule preparation charge.  

4. Signature block.  

5. DOE Form ER-391 - Isotope and Technical Service Order Form: The front page of this form duplicates a lot of information already contained within the basic lease. The back of the form contains the 
general provisions of the lease.  

The leases in Section A.1 incorporate by reference PNL-5110. This document reviewed, evaluated, and summarized potential failure mechanisms of the WESF 
capsules.  

Under Section B - Special Terms and Conditions, the leases address in detail the preparation, loading, and shipping requirements of the WESF capsules; proper control of the WESF capsules while in the lessee's facility; seven conditions under which the capsules can be returned and who pays the costs 
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associated with the return of the WESF capsules; payment formula and other 
necessary understandings of a financial and contractual nature.  

Paragraph B.11 of the leases provides authority within a mutually acceptable 
schedule for DOE or persons acting on behalf of DOE to enter the lessee's 
facility for the purpose of observation and verification of the application of 
the terms and conditions of the lease.  

The lease does not address operating procedures, physical control and 
protection, nor inventory requirements from the standpoint of potential theft, 
sabotage and/or destruction from the misuse of the radioactive capsules. The 
lease does contain some generic standards of care provisions, however.  

3.5.3 Lease Deficiencies 

In Section A.2 of each lease, the specific number of capsules and the 
approximate number of curies of cesium-137 are given. However, there was no 
place--lessee, DOE-OR, DOE-RL, nor Hanford contractor--where we were able to 
identify which WESF capsule belonged to which lease. The specific WESF 
capsules by identification number can be identified to a specific lessee site 
and even down to a specific location within each rack where the capsules are 
stored within the lessee's pool, but they are not controlled by lease number.  

After comparing sort plans and shipping records furnished by the Hanford 
contractor, the group was able to identify each WESF capsule with a specific 
lease number and to determine that the 252 WESF capsules at RSI-Decatur and 
the 180 WESF capsules at RSI-Westerville were shipped under the respective 
leases as follows: 

Number of Number of 
Capsules Capsules 

Lease Number Facility Leased Shipped 

85418 Westerville, OH 180 180 
85418 Decatur, GA 68 68 
85419 Decatur, GA 186 184 

Total: 434 432 

Although numerous concerns had been expressed by various people over the 
safety and monitoring of the capsules under the control of private lessees, 
there were no specific design requirements, operating constraints, or 
procedures stated either within the lease or incorporated by reference on what 
DOE considered to be a safe operating environment for use of the capsules by 
the commercial irradiators, nor were minimum requirements established for 
installation of safety monitoring and detection devices. DOE is relying 
solely upon state licensing authorities and the NRC for the operdting controls 
and the safety of these megacuries of radioactive material.
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While DOE did not establish any operating procedures within the lease, Mr.  
Chin was given a tour of the Richland WESF facility and, at his request, was 
furnished substantial data." Gasper's letter pointed out to Mr. Chin that 
there was no guarantee that any of the procedures or components would operate 
in the RSI facilities. It was also pointed out that no procedures existed for 
disposal of a leaky capsule.  

3.6 SHIPPING AND RSI OPERATIONS 

3.6.1 ShiDting 

DOE-HQ gave to DOE-RL and DOE-OR an overall allocation allotment of cesium to 
the potential users of the WESF capsules. DOE-RL, at DOE-HQ direction, then 
developed a "sort m plan to distribute the available inventory of capsules to 
the commercial irradiators and other users. DOE-RL, using the WESF Cesium 
Capsule Database Management System and a set of computer programs, allocated 
the individual capsules to the various users. The major criterion used in the 
allocation of the WESF capsules was the heat content of the individual 
capsules. Each user received capsules containing varying levels of curies per 
capsule and did re.:eive its total lease quantity of curies and number of 
capsules.  

The capsules were shipped by RSI from Hanford to Decatur using three trucks, 
each containing three casks that were built for and owned by RSI. The casks 
were based on a licensed design, and each cask contained a rack that can hold 
five WESF capsules. This rack represents a modification from the original 
design that holds four capsules. The Hanford contractor, however, refused to 
load more than four WESF capsules in a cask, believing that the 400*C 
temperature limit for shipping could potentially be exceeded with a loading of 
five WESF capsules.  

Shipping of capsules to Decatur began on January 21, 1986, and was completed 
on March 28, 1986. A total of 21 truck-trips were required. Radiation 
monitoring of the casks at Decatur verified that all capsules reached the RSI 
facility intact, with none leaking." 

After the capsules were leak checked by radiation monitoring, the casks were 
lowered into the storage pool through an opening in the roof of the shielded 
area. The capsules were then unloaded from the casks and placed in temporary 
storage racks in the bottom of the pool from which they were later transferred 
to the source racks. The unloading tools were of RSI design. The tool used 
for most WESF capsule unloading consisted of a long shaft with a cylindrical 
fixture on the end that had a flat lever arm that could be moved by screw 
threads. The procedure was to lower the cylindrical fixture over the WESF 
capsule, which stands upright in the rack or cask, and then tighten the lever 
arm against the capsule until the capsule could be lifted clear. The capsule 

64 K. A. Gasper. "Rckwell Letter to Allan Chin of RSI." January 24. 1985.  

Tom Fisher. Appendix C, p. C-6.
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was then transferred, insprted in the storage or source rack, and released.  
This tool was heavy and afforded the user no feedback coticerning the force he 
was exerting on the capsule. Toward the end of the cesium shipments, another 
tool with a cable loop at the end of the long shaft was used and found to be 
more convenient.  

3.6.2 FacilitY/Process Descri~tton 

The following facility/process description was abridged from the RSI license 
application to the State of Georgia for the Decatur facility: 

This facility is designed to sterilize prepackaged medical device 
products for the health care industry utilizing a controlled 
radioisotope source. The basic components consist of a biological 
shield, a source system, a safety system, and a conveyor system 
for transporting the material through the cell. The system is 
highly aufomated and controlled by a Texas Instruwents 
programmable controller.  

The biological shield is designed to meet the requirements of a 
non-controlled area, with radiation emission rates less than 0.25 
mtvhr. It consists of a concrete cell and an entrance maze to 
allow access by a continuous overhead conveyor. A 24-foot deep 
pool below floor level is used for isotope storage.  

This facility has been designed to operate with either cobalt-60 
or cesium-137 radioisotope.  

The cobalt-60 source elements are double encapsulated, welded 
stainless steel pencils approximately one-half inch in diameter 
and 18 inches long. Typically, they would be AECL C-188 source 
elements although similar sources could be used from other isotope 
vendors. These elements are delivered to the RSI facility in DOE
approved shipping casks from the fsotope suppliers.  

The cesium-137 source elements are double-encapsulated, welded 
stainless steel capsules, 2.625" diameter by 20.77" long. They 
are supplied by the US/DOE.  

Professional crane operators transfer these casks from truck 
trailers to the bottom of the 24-foot deep storage pool via an 
opening in the roof of the gamma cell. The source elements are 
removed from the cask'and loaded into the source racks while under 
the protective layer of water.  

With cobalt-60, up to ten source elements are loaded into a module 
prior to transfer to the storage racks. This facility utilizes 
four source racks, each approximately 7.5 feet long, 13 feet high 
and 5 inches thick. Stainless steel guide wires are used on 
either end of the source racks to control their positions.  
Electric winches, located on the roof of the gamma cell, raise and
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lower the sources. Micro-switches control the vertical position 
of the source racks. In the event of an electrical failure, the 
winches will automatically lower the sources to the bottom of the 
pool using an auxiliary power supply.  

When the facility is in use, the source racks will be.cenAered 
vertically on the product carriers. Access to the room is 
obtained by lowering thV source racks to the bottom of the pool.  

The storage pool is 25 feet long, 24 feet deep and 6 feet wide.  
It is constr - - of reinforced concrete with an 0.125-inch thick 
stainless steel liner. The water in the pool will be de-ionized 
and filtered by circulating it through a water treatment system 
located adjacent to the cell. The level in the pool is controlled 
within preset limit.s with abnormally high and low level warning.  
All penetrations in the pool lining are within the top two feet.  

The components within the pool are constructed of stainless steel 
to minimize corrosion. Some of the external plumbing will be 
plastic.  

The safety system has been designed to meet or exceed all of the 
requirements for facilities of this type.  

Material to be processed is conveyed through the cell on three
tiered carriers supported by an overhead power and free conveyor 
system. The product is loaded into metal tote boxes which in turn 
are loaded onto the bottom shelf of the three-tiered carrier. To 
obtain maximum dose uniformity to the product, each tote passes 
through the radiation cell three times, once at each shelf level.  
The totes are automatically elevated one level after each pass 
through the cell. After the third pass, they are automatically 
removed from the carrier and transported to the unloading area.  

One aspect of the facility design which was never made clear to licensing 
agencies, DOE, FNL or the Hanford contractor, as far as the investigating 
group could determine, is the source rack design, specifically the 
compartments which hold the irradiation sources. The compartments are tilt
out sheet metal (presumably stainless steel) boxes which are open on the top 
and partially open on the front and rear. Six WESF capsules were loaded, 
side-by-side in the vertical position, into each compartment. The dimensions 
of a compartment are such that the capsules were held in intimate contact with 
each other. Cooling of the capsules, when in the raised position, was by air 
circulation.  

3.6.3 RSI OR'ratton at Decatur 

The RSI facility at Decatur began operation using cobalt-60 capsules as the 
radiation source. In April 1986, after the WESF capsules were received and 
loaded into the source racks, a mode of operation began, where at times both
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cesium and cobalt were used as radiation sources, and at other times only 
cesium was used.  

Water quality in the storage pool was not monitored continuously for activity 
and conductivity. Activity was checked by sampling whenever there was a cask 
loaded into the pool or at six month intervals (as required by the license 
provisions), whichever occurred First. The demineralizer system had an in
line conductivity probe; but, because the demineralizer was used only after 
additions of makeup water to the pool, conductivity monitoring was also 
periodic. The ion exchange column is not in the irradiator cell but rather is 
in a low/no radiation area. Makeup water was added directly from the 
municipal water supply. Water temperature was not closely controlled, but a 
15-ton water chiller was used in an attempt to maintain the temperature below 
75SF.w Pool water readings in the range of 50 picocuries/l were considered 
normal for activity, and readings of 10 micromhos/cm or lower were considered 
normal for conductivity. Design capacity of the air ventilation system was 
4000 cfm.  

At no time during the plant operation was there a continuous air monitor in 
service; but during the early period of operation, the exiting air was 
filtered through a HEPA filter. With the original design, ambient air 
temperature in the shielded area proved to be uncomfortably high for personnel 
in the shielded area. Therefore, the HEPA filter was replaced with a roughing 
filter, and ventilation improved. The removal of the HEPA filter was done by 
a license amendment and hence had the full approval of the State of Georgia.  
Neither product nor personnel were routinely monitored for radiation 
contamination upon leaving the shielded area. No special attire was provided 
for entry to the shielded area.  

In the early stages of operation, the temperature at the product container 
surface was high enough to char cardboard, so shrouds were installed between 
the radiation sources and the conveyor carrying the product. Neither the 
temperature of the WESF capsules nor the air temperature in the vicinity of 
the capsules was ever monitored at the Decatur facility as a result of the 
March 12, 1986, license amendment issued by the State of Georgia.  

Operations with cesium capsules were characterized by frequent shutdowns 
requiring that the source racks be lowered into the pool. The ventilation 
system was routinely operated for one minute after the sources were lowered 
into the pool in order to purge the ozone from the shielded area. Periods 
when the capsules were in service (in the raised position) ranged from minutes 
to days as did the periods when the capsules were in the pool. During the 
approximately 26 months of cesium capsule service, the capsules experienced 
over 1,300 thermal cycles or approximately one thermal cycle every 2.5 hours 
on the long-term average. These shutdowns were caused largely by the lack of 
mechanical reliability in the conveyor system that carried the product through 
the shielded area.

59

Fisher, Appendix C.



60

Thermal cycling might have been even more frequent except for the ingenuity 
displayed by the RS! operators and discussed during interviews.` It was possible to avoid automatic shutdowns by the safety system by performing a 
manual shutdown by tripping the circuit breakers that control the product 
conveyors. Restart was accomplished by re-setting the circuit breaker without the attendant potential problems caused by the clearing of safety alarms. The use of this stop/restart process could mask high radiation readings in the 
shielded area that were monitored only when the sources were lowered into the 
pool.  

3.6.4 Emergency Response Procedures 

In November 1984, Allan Chin visited the Hanford contractor facilities, 
including the WESF. One of his purposes was to become familiar with the emergency procedures and equipment used for WESF capsules. As a follow-up to that visit, RSI was provided2 additional WESF capsule-handling information, 
including current information/status relative to in-line beta detectors, a 
failed capsule locator, pool cell clean-up procedures, and disposal procedures 
for leaky sources.  

As discussed in Section 3.4.5, the emergency response requirements for 
Category IV irradiators specified in ANS N43.10 is vague. In considering WESF 
capsule use in Category IV irradiators, the NRC expressed the following 
concerns9 regarding proposed leak detection/emergency responses associated 
with a license application for the RSI irradiator facility at Westerville, 
Ohio: 

The effects of loss of capsule integrity can be significant due to 
the solubility of cesium chloride and the specific activity of Cz
137. Therefore, the application must address emergency procedures 
and systems that anticipate this unlikely occurrence. These shall 
include: 

1. A storage pool cleanup system, including shielding, that is 
capable of removing cesium from pool water; 

2. Continuous monitoring of gamma radiation emanating from 
cleanup resin columns; 

3. A plan for disposal of contaminated resins; 

4. Procedures for operation of cleanup systems under 
radioactive conditions.  

OR Ray. Appendix C. pp. 32-33.  

a K. A. Gasper. "Letter to Chin." January 24. 1985.  

SB. J. Singer. "Letter to Chin." October 15. 1984. p. 6.



The following response* was provided to NRC by RSI: 

Source Leak - Cesfum-131 

The probability of a leak in a WESF capsule is far less than for a 
cobalt-60 source. The major reason being that the WESF 
encapsulations are each 0.136N thick compared to 0.020N to 0.030" 
thick encapsulation for cobalt-60. The cesium is in the form of a 
fused cesium chloride which is water soluble. Tests have 
indicated that tha diffusion of cesium chloride through small 
holes in double encapsulations is slow. Monitors at the ion 
exchange column will detect low level leaks in the capsule. If 
this occurs, ion exchange techniques successfully used to clean 
up cesium from Three Mile Island will be used to decontaminate the 
pool water.  

The leaky source will be identified and removed and returned to 
the DOE....  

Two types of capsule failure are anticipated. The first is a 
small leak due typically to a weld failure or crack. In this 
situation, the problem will be detected through early warning 
gamae or beta detection of the pool water. Leakage rates will be 
low enough to permit personnel access to the shielded cell with 
the sources in the water storage position.  

Ion exchange resin columns, shielded by casks or concrete will 
continually remove activity from the water while operations to 
identify the leaking source are in process.  

Techniques similar to those developed by the DOE at Richland for 
detecting and removing leaky sources will be employed. Each 
capsule will be loaded into a sealed closed loop system filled 
with water. The recirculating water will be monitored for 
activity buildup indicating a leaky source.  

Once the leaky source is identified, it will be sealed into a 
container and loaded into a shipping cask for return to DOE. The 
second type of capsule failure would be termed catastrophic and 
result in radiation levels above the storage pool which would 
prevent personnel access. This type of failure would typically be 
caused by mechanical failure of both capsule walls, thereby 
exposing large quantities of cesium chloride to the pool.  

In this situation, shielded ion exchange columns would be used 
external to the cell to remove the activity from the water. The 
contaminated exchange resins would be treated as solid waste and 
buried in commercial sites.  

9 Allan Chin, "Letter to Ayer." November 8. 1984. p. 32.
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When the activity in the cell has been reduced to safe levels, the procedures described for a small failure will be followed.  

In both instances the facility will be decontaminated as necessary 
prior to resumption for operation....  

In the original license application of March 19, 1984, for RSI-Decatur, the design safety analysis discussed the procedure for removal of leaking cobalt60 sources but did not address leaking WESF capsules. Because consideration 
of licensure of WESF capsules was denied in the initial response to RSI by the State of Georgia, the licensing file is silent concerning emergency procedures regarding WESF capsules until December 10, 1985. Then supplemental information" addressing leak detection/emergency response for the RSI-Decatur 
irradiator was provided: 

A mode 501A Digital Area Monitor (or equivalent meter) will be 
installed adjacent to the resin tanks for continuous monitoring.  
The monitor will be set to provide an audible alarm between .1 and .2 mr/hr. This alarm will alert the operator to shut off the 
recirculating system and to initiate emergency actions.  

Two types of capsule failure are possible. The first is a small leak due to a weld failure or pin hole. In this situation leakage rates will be very low and personnel would have access to the cell 
for limited periods of time where the radiation levels are 0.1 to 
0.2 mR/hr.  

Ion exchange columns encased in concrete will be used to 
continuously remove the activity from the circulated pool water.  
Concurrently the leaky source will be located using the equipment 
developed by the DOE at Hanford, or similar. This equipment 
consists of a closed loop system which Includes a container into which a cesium capsule may be loaded. The activity of the water 
in the closed loop is monitored. The leaky source will be 
indicated by an increase In activity with time.  

The leaky source will be sealed into a container, which in turn 
will be loaded into a shipping cask for return to Hanford for 
inspection and/or disposition.  

The concrete shielded resin columns will be used for final removal 
of the residua? cesium from the pool water.  

The second type of capsule failure would be termed catastrophic 
and result in radiation levels above the storage pool which would prevent personnel access. This type of failure is highly 
unlikely.  

UAllan Chin, "Letter to State of Georgia," December 10, 1985.
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In this event, concrete shielded resin columns would be used to 
lower the pool activity to levels where personnel access to the 
pool is permitted. Once this level is reached, the clean up 
procedure would be as described above.  

The contaminated concrete shielded resin columns will be disposed 
of via shipment for burial to a commercial waste disposal site.  

Any alarm of the radiation monitor located adjacent to resin 
columns will be treated as a suspected radiation incident. The 
operator will confirm the radiation levels with at least two (2) 
operating survey meters after shutting off the recirculating pump.  
If the levels are not confirmed, the incident will be treated as 
false alarm, and operations resumed after resetting the radiation 
monitor.  

If the levels are confirmed, the operator will shut down the 
system, evacuate all personnel from the plant, and notify the RSO.  

The RSO will be responsible for any and all subsequent emergency 
responses based upon the specific conditions existing....  

These monitoring and cleanup procedures have been accepted by the 
NRC prior to granting us license to load and use cesium in 
Westerville.  

This response satisfied the State of Georgia's concerns on emergency handling 
of leaking since no further dialogue on the subject ensued as far as the 
investigating group could determine.  

If the system shuts down due to a safety system alarm, the Decatur facility 
emergency procedures" further state: 

The shift supervisor will make a preliminary investigation to 
determine the cause. An operable survey meter will be carried at 
all times when entering the cell. If, after a thorough check of 
Lhe system, there is nothing obviously wrong or the problem was 
found and corrected, the system can be restarted. If the safety 
system still shows a violation, the shift supervisor should stop 
operations and notify the RSO (Radiation Safety Officer) or his 
alternate. Any indication of radiation leakage at the entrance to 
the maze after the system has been shut down should be treated as 
a suspected radiation incident and the following action taken: 

1. Confirm the presence of radiation with a second operable survey 
meter and note levels.  

2. Make no attempt to enter the cell.  

Allan Chin. "RS1 Applicetlon for Material." March 19. 1984.
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3. Notify the RSO of the incident.  

4. Close and lock the doors at the entrance to the maze.  

5. Shut off ventilation fans and water circulation pumps.  

3.7 THE INCIDENT 

3.7.1 Detection of the Cesium Release 

Operation of the RSI facility continued in an apparently normal mode until the morning of June 6, 1988. On duty at that time were Claude Beecher and Ricardo Atkinson. Mr. Beecher was the supervisor, and Mr. Atkinson was the product loader of the two-man crew shift which began midnight, June 5. At approximately 8:30 a.m. the product elevator jammed. An elevator jam does not cause the system to shut down unless the jam cannot be cleared within ten minutes. After the jam was cleared, the circuit breaker that raises the sources was inadvertently hit instead of the circuit breaker that restarts the elevator. Since the sources were already in the raised position, this resulted in a motor overload alarm that caused the system to shut down, lowering the sources into the pool. Inspection did not reveal any problem, so the alarm was cleared and restart attempted. Restart was unsuccessful because another system alarm was received at approximately 8:39 a.m. This was a radiation alarm indicating activity above the set point in the shielded area.  The alarm was acknowledged, and Mr. Beecher shut off the circuit breakers that controlled the source rack and entered the maze with an exposure meter. In the vicinity of the control panel, the exposure meter reading rose from background (0.1 mrem/hr) to a reading of 0.9 mrem/hr, at which point Mr.  Beecher and Mr. Atkinson, who had also entered the shielded area, immediately exited the maze, closed the door, and notified the nearest manager who in turn notified the RSO. The RSO, Tom Fisher, entered the cell, obtained a grab sample of approximately 0.5 gal of pool water, and returned to the maze where the grab sample activity was measured at 3.8-4.0 mrem/hr. This was later confirmed by analysis at the Georgia Institute of Technology to be from cesium-137. At approximately 9:00 a.m., Mr. Fisher called the RSI president, Allan Chin, and informed him of the problem. Subsequently, the emergency response procedure was put into operation and is discussed in the next 
section.  

Examination of the RSI operation records revealed that the last verified day of operation without cesium-137 contamination in the storage pool was April 28, 1988, when a water sample was taken and sent to the Georgia Institute of Technology for analysis. The operations records (facility source movement log) also revealed that radiation alarms were received on May 21, 1988, at 6:00 a.m.; on May 27, 1988, at 6:25 a.m.; and on June 2, 1988, at 4:39 a.m. and again at 7:58 p.m. All alarms were cleared and operation resumed although the log indicates that the operator "had trouble clearing [the June 2, 7:58 p.m.] alarm." 

The activity measurement of pool water taken shortly after facility shutdown indicated approximately 4 curies of cesium-137 radioactivity had dissolved in 
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the pool water. An additional 2-3 curies was estimated to be elsewhere in the 
shielded area--primarily on the shroud. Cesium-137 continued to leak from the 
capsule after facility shutdown.  

The cesiu~n-137 leakage rate, which was determined to be approximately 25 
microcuries/hr, remained constant until the period October 7-12, 1988, when it 
increased to 600 microcuries/hr. The cause of the increase was not 
determined, but the rate decreased over the next several days and stabilized 
at 150 microcuries/hr. Leakage remained at that rate until November 29, 1988, 
when capsule 1502 was isolated from the Fool water. The release rate of 
cesium-137 into the pool water then dropped rapidly to less the 40 
microcuries/hr. This release rate was attributed to leaching of cesium-137 
th3t had been deposited on the pool and rack surfaces. This was confirmed 
since the release rate gradually decreased with time and continued operation 
of the demineralizer. The total cesium-137 leaked during this period 
contributed an additional 0.5 curie for a total estimated release from the 
leaking capsule of 7 to 8 curies. This amounts to a 0.4 gram quantity of pure 
cesium chloride which would fill a cube about 0.2 inches on a side. The total 
amount of cesium chloride in the failed capsule was 2,701 grams.  

The RSI personnel, facility, and immediate surroundings were surveyed for 
radiation. Three employees had small amounts of contamination on their 
person, clothing, or in their homes, and the front seat of a fourth person's 
car was found to be contaminated. No contamination was found on the owner of 
the car or his clothing. The contaminated employees were Mr. Beecher and Mr.  
Atkinson, members of the June o midnight-to-noon shift; and Chris Stinson, a 
member of the June 5 noon-to-midnight shift. The employee whose car seat was 
contaminated, Hike Sheppard, a member of the June 4 noon-to-midnight shift, 
was later determined to have been working on his car at the RSI facility on 
June 5 with the help of one of the shift members.  

All contaminated personnel were decontaminated, and contaminated items were 
recovered and stored at the RSI facility. No evidence of contamination was 
detected in the immediate surroundings of the facility, but several 
contaminated areas were detected within the facility, including the carpet in 
the administrative area, the operations area, and the warehouse area. All 
product sterilized after April 28, 1988, and shipped from RSI was traced to 
its original destination, and the packages still remaining in inventory were 
surveyed. Approximately half of the product for customers within the State of 
Georgia was still in inventory. No figures are available on the fraction of 
product still in inventory in other states or countries. No trace of 
contamination was found on any product or product packaging in customer 
inventory. Of the product on hand at the RSI warehouse, no contamination was 
found on packaging of product sterilized before June 5 except for some 
packaging contamination (four cases out of one thousand) on product sterilized 
May 27. Contamination was found on the packaging of product sterilized on or 
after June 5. The only product with contaminated packaging that was found 
outside the RSI facility was sterilized on June 5 and was on a truck destined 
for Jacksonville, Florida. This product was returned to the RSI facility and, 
along with the other contaminated material, was later disposed of as low-level 
radioactive waste.

65



3.7.2 Early Incident Administrative Response

Shortly after 9:00 a.m. on the morning of June 6, 1988, the RSI facility at 
Decatur was shut down and locked. Access was controlled, with Tom Fisher, the RSO, being the primary entrant to the shielded area. At approximately 10:30 a.m., the president of RSI called Sylvia Wolfe, the DOE-OR administrator of 
the WESF capsule lease, and informed her of the problem. At about the same time, the RSO called the State of Georgia regulatory officer, Tom Hill, and 
informed him of the problem. Georgia regulatory officials responded promptly 
with a site visit during the afternoon of June 6.  

A description of the sequence of events concerning the ad~hoc nature of the 
activation of the DOE response is presented in the statement of Mr. E.  
Goldberg, Deputy Manager of DOE-RL. 7 

Later in the day, both DOE-RL and Hanford contractor personnel were contacted 
by both RSI and DOE-OR. A decision was made on the evening of June 6, 1988, 
by DOE-RL to dispatch two Hanford contractor WESF capsule storage experts to assist with what they understood at that time to be contaminated storage pool water at Decatur. The contractor experts departed for Decatur on the earliest 
available flight, which was during the morning of June 7, 1988. On 
June 8, 1989, the Hanford contractor personnel reported to DOE-RL that the contamination at Decatur was more widespread than they had understood and that the RSI people wanted assistance from them with control procedures and monitoring. The Hanford contractor people asked for guidance on how to 
proceed.  

The request for guidance precipitated a series of telephone conversations 
between high management-level DOE officials at Richland, Oak Ridge, Savannah 
River, Headquarters, and NRC. The first call was from DOE-RL to Savannah 
River (DOE-SR) to see if they were providing assistance. DOE-SR stated that 
they had offered assistance to Georgia, but Georgia had indicated they didn't need any help. DOE-RL asked DOE-SR to persist based on the assessment of the 
situation by the Hanford contractor personnel at Decatur. DOE-SR reported 
back about an hour later concerning an inability to contact the Georgia 
people.  

A conference telephone call between DOE-RL and DOE-OR resulted in a decision to ask DOE-HQ to contact NRC-HQ. DOE-HQ reported back that NRC-HQ was under 
the impression "that DOE was right on top of the situation and everything was 
okay." After learning that the only DOE presence at Decatur was two Hanford 
contractor personnel who were asking for guidance, DOE-HQ escalated the matter 
further with NRC.  

Georgia regulatory officials and NRC personnel visited the RSI facility on the 
evening of June 8, 1988, and ascertained that no risk existed outside the building and therefore no public health problem existed. No formal report of 
this finding was found by the investigation group.

66

67 Appendix C. pp. 139-142.



A joint federal/state task force, consisting of the Georgia Department of 
Natural Resources (DNR), the Georgia Department of Human Resources (DHR), and 
NRC, was established to assist with the RSI situation. Based on the task 
force recommendation and with concurrence from RSI, on June 11, 1988, the 
State of Georgia formally requested that DOE: 

1. Manage the effort to identify the leaking WESF capsule(s).  

2. Develop a plan for the safe removal of the leaking WESF 
capsule(s).  

3. Manage the removal of the damaged WESF capsule(s).  

4. Oversee the cleanup and recovery activities at RSI.  

The request and acceptance of the request occurred during a conference 
telephone call between the involved parties on June 11. A management plan, 
complete with a detailed statement of responsibilities, was developed and 
agreed to by the State of Georgia, DOE, RSI, and Chem Nuclear Systems, Inc., 
on June 20, 1988.  

A presence has been maintained by DOE contractors at Decatur since shortly 
after the incident occurred. Total expenses, exceeding $29,000,000 through 
September 3O, 1990, are expected to be incurred by DOE-OR, DOE-RL and thelir 
contractors in accomplishing the recovery effort, the nondestructive testing 
at ORNL, the PNL investigation efforts, and in relocating the capsules to DOE
RL from Decatur and Westerville.  

The Type B Investigation Team was formed June 21, 1988, and began its 
investigation in Decatur on June 27, 1988.  

3.8 FAILED CAPSULE EVALUATION 

The nondestructive evaluation of the failed capsule (1502) and a capsule 
(1504) that was seriously bulged but not leaking was conducted in the 
facilities of the ORNL by employees of Martin Marietta Energy Systems, Inc., 
the DOE operating contractor for the laboratory. As a quality control process 
for the examination, ',xtailed procedures were prepared for every examination 
step, which were subject to a peer review. These procedures were then 
approved by facility managers. Quality assurance personnel witnessed every 
test and verified data entries to ensure that procedures were correctly 
followed. The results are summarized in three interim reports,' and a final 
report is expected to be written that will capture all of the data generated 
during the examination. Other capsules were evaluated in the course of this 
incident, but the results of the two most severely damaged capsules are most 
pertinent. The two capsules were delivered to ORNL on December 20, 1988.  

Oak Ridge National Laboratory. "Interim Reports of Capsules 1502 and 1504." January 17. 1989; 
February 23. 1989; and August 25. 1989.
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Four reports published by PNL analyze the results of the ORNL testing, some 
early test data, and additionai results generated at PNL. '900.10 1 '. The 
discussions by PNL point out that, due to the differing thermal histories, 
cesium chloride content, cesium chloride purity levels, and the variations in 
capsule manufacturing parameters, each capsule is basically a unique member of 
the population. It is thus difficult to generalize the findings of one or 
even a small group of capsules to the total population. Cesium capsule 1502 
is confirmed to be the source of the radioactivity leak by four conditions: 

"* The level of cesium in the RSI pool began to decline when 1502 was 
removed.  

"* The interior of the container used to ship 1502 from Decatur to ORNL was 
contaminated with cesium.  

"* A general region of cesium chloride leakage was found on 1502.  

"• Analysis of the gas in the space between the inner and outer capsules of 
1502 indicated that water had been present.  

3.8.1 Metrology 

Figures 3.8 and 3.9 provide a visual presentation of the swollen end of the 
1502 capsule. Measurements using a precision dial indicator on a 0.5 inch 
axial grid and a 30 degree longitudinal grid were made, and the results are 
summarized as a part of Table 3.9. Measurements were repeated after leak 
check measurements of the capsules. During the leak checks, the outer capsule 
convective cooling was eliminated. Three heating thermal cycles with 1502 and 
1504 resulted where they were placed in a pressurized exterior helium 
environment. Two additional heating cycles on 1502 resulted when the capsules 
were placed in an exterior vacuum. The vacuum environment raised the capsule 
outer cladding temperature by about 168"C to a peak temperature of about 
285"C. It should be noted that, while this exterior temperature is 
significantly below the temperature at which pure cesium chloride experiences 
a phase change, the interior of the inner capsule could be above the 
transition temperature. Low exterior temperatures of 16"C were encountered 
when the capsule was placed in a water bath for leak detection purposes. The 
water bath temperature drops occurred six times in the course of the 
examination. Six temperature cycles deviating from ambient air temperature 
in the examination cell were thus experienced during the course of the leak 

H. R. Gardner and D. J. Oakley, "Cesium Capsule Bulging." 

00H. R. Gardner and 0. J. Oakley. "ReclassificatIon of Cesium Capsules." 

101 H. R. Gardner and 0. J. Oakley. "Special Form Condition of Stored and Used Cesium Capsules," WK
SD-•M-TI-410. January 1990.  

lo H. R. Gardner and 0. J. Oakley. "Status Report Evaluation of Encapsulated Cesi$ m Chloride 
Condition by Gamma Scanning," WK-SO-WM-TI-414. January 1990.
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I
Table 3.9 Nondestructive Test Data

Metrology I50Z 1504

Approximate start of swelling 

Approximate end of swelling 

Location of maximum swelling 

Growth in outer capsule diameter 

Maximum Surface Contamination 

Beta-Gamma (mrem) 

Alpha (disintegrations/min)

5/8 

8 

4 

0.224 inches

130 

20,000

1 1/8 inch from end 

8 inches from end 

3 1/2 inches from end 

0.150 inches

4.0 

50,000

Manufacturing Data

Date of Manufacture 

Wt. at fabrication (grams) 

Wt. in exam. cell (grams) 

Wt. of cesium (grams) 

Heat (watts) 

Radioactive Content (curies)

July 1982 

8,882 ± 10 

8,895 ± 2 

2,701 

268.2 

55,800

July 1982 

8,700 ± 10 

8,715 ± 5 

2,311 

246.6 

51,300

Notei Capsule 1504 was filled with cesium batch run 82-23. which had a (rodium + potassium + 
rubidium)/cesium mole ratio of 0.17. which is over the specification limit of 0.15. Capsule 1502 was 
partially filled with cesium batch run 82-Z| and later topped with batch run 82-43
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tests. Five were heating cycles, and one was a cooling cycle. The metrology 
changes for the 1502 capsule after this handling are presented below: 

1. The slope of the deformation pattern between the maximum 
deformation point and the deformed end was increased as shown in 
Figure 3.10.  

2. The slope of the deformation pattern between the maximum 
deformation point and the undeformed end was decreased as shown in 
Figure 3.10.  

3. A small bow (about 7 mils) was introduced into the WESF capsule.  

4. The WESF capsule maximum deflection pattern in the circumferential 
direction became more circular and less elliptical. The 
circumference of the maximum deflection cross section appeared to 
grow, but the amount was less than the accuracy of the measurement 
system. The maximum diameter of the capsule was not measurably 
changed.  

The results for the 1504 capsule were very similar, except that no bow or major shape changes developed in the capsule. These deformation changes may 
have resulted from the handling that the capsules received. The single 
azimuth shape change, however, can be interpreted as an equilibrium of the 
hoop stress, resulting in a more circular cross section but without any 
capsule growth.  

Measurements made on the end caps farthest from the bulge for both 1502 and 
1504 showed they were flat to within 2 mils. This deviation was also measured 
on end caps of undeformed capsules. The cap of the end of 1502 nearest the 
bulge showed that it was convex in shape (bulged outward) with the center 
about 25 mils out of the plane of the circumference. The 1504 cap nearest the 
bulge was convex with the center about 20 mils out of the plane of the 
circumference.  

If one assumes the end cap is a circular plate with fixed edges of 1.176 inch radius, the material properties of stainless steel (elastic modulus of 26.06 million pounds per square inch, poisson's ratio of .284) at 260'C and a 0.4
inch thickness, a uniform pressure of about 5,000 psi is required to deflect 
this plate I mil elastically at the center. This deflection yields a maximum 
stress of about 53,000 psi in the plate.'0 

Taking the outer capsule as a simple, long, thick-walled tube (135 mil wall 
and 1.176 inch inside radius), the maximum wall stress at this pressure is 
calculated to be about 46,500 psi.'0 These stress calculations predict that 

50 S. Ttmo$hemko and S. woinowsky-Krieger. Theory of Plates and Shells. 2nd ed. (New York: McGraw
Hill. 1959). p. 55.  

Fred G. Smith and James 0. Smith. Advanced Mechanics of Materials. 2nd. (tew York: John Wiley 
and Sons. Inc.. 1959). p. 300.
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the measured deformations require a combination of large forces and reduced 
material properties existent in the failed capsule. The yield strength of 
used capsules as reported in Table A-13 indicates that the capsules were 
deforming plastically at these deformation levels.  

The gaps between the ends of the inner and outer capsules of 1504 were 
measured. At the undeformed end the gap was less than 20 mils, while at the 
deformed end this gap was about 200 mils. Fabrication specifications show the 
entire nominal gap is 250 mils. In 1502, the deformed ends of the inner and 
outer capsules are butted together, while a gap existed at the undeformed end.  

A total of 12 capsules used by RSI were found to be swollen to varying 
degrees. In at least three of these capsules, the outer diameter had 
measurably increased near one end. In all of the RSI swollen capsules, the 
inner capsule had swollen to the extent that it would not move with respect to 
the outer capsule. Eleven of the twelve were in the RS1-Decatur facility, and 
the other was at the RSI-Westerville facility. Ten of the eleven Decatur 
sources were in the same rack of c&psules. Figure 3.11 is a diagram of the 
teii swollen capsule locations in one of the Decatur racks. The weight of the 
cesium chloride in these capsules varies by over 550 grams. Capsule 1502 was 
the only multiple-poured capsule of the 12.  

3.8.2 Surface Contamination 

Surface contamination measurements were made on the capsules after transfer 
into the examination cell. The alpha counts of 50,000 dpm for cesium WESF 
capsule 1504 and 20,000 dpm for capsule 1502 appear large but are 
representative of the cell environment. The readings are so different for the 
two capsules because the facility hot cell surfaces were wiped with a wet 
cloth prior to the transfer of 1502 but not before the transfer of 1504.  
While cesium-chloride was found between the inner and outer capsules of 1502 
when the bulged end was penetrated, contamination offered no clue to a 
definitive leak site location but did result in an area to be avoided during 
the removal of the outer capsule at PNL.  

3.8.3 Weig 

Capsule weights are presented in Table 3.8 and the differences between the 
weight at fabrication in WESF and the weights in the ORNL examination cell are 
believed insignificant due to the instruments involved in both locations. The 
1502 capsule is about 180 grams heavier than the 1504 capsule.  

3.8.4 Gamma Scan 

Gamma scans have been accomplished at PNL and ORNL. PNL reports data' from 
24 different capsules. In all of the bulged capsules (12) tested, cesium 

lg H.-R. Gardner and 0. J. Oakley, "Status Report of Encapsulated CsCl." pp. 3-9.

74



Shroud Covered Area >1 
Top 

Figure 3.11 LOCATION OF SWOLLEN CAPSULES IN RSI RACK 
VIEW FROM PASSING PRODUCT* 

** eubacte Ceshm COPOtL 
*E Nwieu -OWL Review meetkg SIubt44, May 31 Mon.

J



chloride is in contact with the inside of the inner capsule. Four undeformed 
capsules were evaluated. These capsules had a gap between the cesium chloride 
and the inside of the inner capsule. Significant data gaps exist which 
prevent an accurate determination of the changes in cesium chloride geometry 
within the inner capsule from the time of manufacture to the time of the test.  
A variety of calculation techniques have been attempted to define these 
changes, but the accuracy of the results is poor." 

At ORNL, gamma scans were made by translating the capsules behind a 17-inch 
long 0.06-inch diameter lead collimeter and recording the count rate of the 
characteristic cesium decay gamma ray as a function of axial displacement.  
The encapsulated cesium chloride salt location from the capsule end was found 
by placing a small source above the outer capsule and 1.8 inches above the 
inner surface of the inner capsule.  

For both capsules a large activity peak occurred at the bulged end. This peak 
was more exactly located so it could be avoided in any cuts through the 
capsule during destructive evaluation.  

3.8.4.1 1502 Scan Results 

About a 6.25-inch void exists above the cesium salt below the top of the inner 
capsule. The lower swollen end of the capsule is closest to the shop-welded 
ends of both inner and outer capsules. The ends of both the inner and outer 
capsules farthest from the bulged end were welded in the hot cells of the 
WESF.  

The upper surface of the cesinis chloride is uneven, and the salt of the inner 
capsule follows the bulge on the outer capsule. It is thus expected that the 
inner capsule is also bulged. A partial salt void of variable length exists 
in the salt below a block of salt whose thickness varies between about 1.0 and 
1.5 inches. This instrumentation te,.nnique showed no apparent interface 
between the two salt pours which filled this capsule in the WESF. Some cesium 
chloride is in the sintered disk just below the top of the inner capsule. ihe 
localized peak of activity near the machined step in the outer capsule was 
further investigated. The activity is outside the inner capsule and will be 
avoided during the destructive tests of the capsule.  

3.8.4.2 1504 Scan Results 

About a four-inch void exists above a 1.4-inch long salt block in the inner 
capsule. This block is loose in the inner capsule and rests about 1.3 inches 
above the top of the main salt mass. In this capsule, the shop weld of the 
Inner capsule is closest to the bulged end, but the cell welded end of the 
outer capsule is closest to the bulge. The main salt mass contour follows the 
contour of the outer capsule wall, indicating the inner capsule is also 
bulged. There is no cesium chloride apparent in the sintered disk. There is 

O. J. Oakley, "Personal Corniunication with R. 0. hultgren," June 5, 1990.
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evidence that activity is outside the inner capsule of this source at roughly 
the same location as in 1502. Further evaluation when the outer capsule is 
removed will verify this finding.  

3.8.5 Leak Detection 

Capsule 1504 has no leak greater than 5x]O" standard cubic centimeters/second 
from two tests lasting 4 and 50 hours respectively in a 50 psi helium 
environment. This leak limit is the lowest detectabie by the test.  

Two external helium pressurization tests indicated 4 leak of about 1x105 cubic 
centimeters/second in capsule 1502. Later tests with this capsule led the 
investigators to believe that either the assumed volume within the capsule 
communicating with the leak site was grussly overestimated or the leak had 
been either plugged or reduced~below the sensitivity of the instruments, 
because the test results could not be duplicated. The undeformed end of 1502 
was later penetrated, and the annular region pressurized with 50 psi helium.  
Data from two tests indicated the leak rate was less than 1x1O4 standard cubic 
centimeters/second from the undeformed end out of the capsule. This leak 
limit is the lowest detectable by the test. When the deformed end of 1502 was 
later penetrated and pressurized, a communication rate of about 3x10- standard 
cubic centimeters/second to the undeformed end was determined. Gas samples 
from the volume between the inner and outer capsules further verified the 
communication between the bulged and undeformed ends of both 1502 and 1514.  

To determine the site of the 1502 leak, contamination profiling was done on 
the capsule. Smear tests (one inch axial by 90 degree circumferential) showed 
evidence of activity area at the bulged end weld and another in a band between 
two and three inches from this end. When a wet cloth was mapped onto the 
capsule, an area of high leachable cesium activity was found in the bulged 
region below the location of maximum outer capsule deformation. The discrete 
high activity spots are grouped within a four-cm diameter circle corresponding 
to an array of distinct pits evident in the visual examination of the surface 
about 3-k inches from the bulged end. No leak path could be determined from 
dye penetrant tests or from immersing the capsule, pressurized with helium, in 
a water bath.  

3.8.6 Gas SamDles 

When the ends of the 1502 capsule were penetrated, the gas existing in the 
annular region between the inner and outer capsules was sampled and analyzed.  
The results are presented in Table 3.10. The data are consistent with water 
having been present in the annular region. An analysis of capsule 1504 
demonstrated there was no evidence that water was in the region between the 
inner and outer capsules.
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Table 3.10 Comparison of Gas Mixtures in Capsules

Gas Dr" Air 2150 

Nitrogen 78.1 14.7 89.0 

Oxygen 21.0 1.9 4.8 

Argon 0.9 1.4 1.5 

Carbon Dioxide 0.03 0.02 0.15 

Heiium 0._005 12.7 0 

Hydrogen 0.00005 68.5 4.6 

NOTES: 1. Values are mole percent.  

2. Prior to inner end cap welding, a sintered stainless steel disk was installed and then 
saturated with helium, and the space above the salt was flooded with helium.  

3. The end-cap welding gas was a mixture of argon and hydrogen.  

3.8.7 Surrogate Salt Studies 

A series of tests were run with reagent grade cesium chloride salt. When the 
salt was heated to 750"C in a stainless steel beaker (0.85 mm thick), it fused 
to the inside of the beaker, and large cracks formed in the salt. When 
reheated to 750"C in the beaker, this pattern repeated. The salt was heated 
to 500C and held there for two hours to allow the body-centered-cubic to 
face-centered-cubic phase transition to occur. Test data indicated 
that this phase change began occurring at 476C (melting occurs at 642*C). At 
500"C it was noted that the cracks had closed but were still present when 
cooled to room temperature. Cesium chloride at 750C was then added to the 
beaker to fill the cracks. When this was heated to 500C, held for three 
hours and cooled, the beaker diameter had expanded by about 0.66% and the 
bottom of the beaker had become convex. After this testing, the cesium 
chloride had measured densities that ranged from 3.19 to 3.43 grams/cubic 
centimeter.  

In another simulation, 750"C reagent grade cesium chloride was poured into a 
room temperature stainless steel beaker. The salt, when cooled to room 
temperature, left an annular gap between the salt mass and the beaker of about 
70 mils at the top of the salt and -about 51 mils at the bottom of the beaker.  
The salt mass had an approximately 100-mils-thick outer layer that had a 
smaller grain size and was brittle compared to the interior salt. Both the 
layer and the interior salt were the low density structure, i.e., body-
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centered cubic. In another test, cesium chloride was melted and poured into 
three room temperature beakers. These beakers and their cesium chloride were 
heated to 450", 550%, and 600"C, respectively. Only the 55C'C material 
expanded the beaker diametar, and the amount was about 0.25%. In only the 
600"C material had the appearance of the salt changed. It was elo-igated, the 
ends were convex rather than concave, and the diameter of the salt had shrunk.  

3.8.8 Temperature Profiles 

Temperature profiling measurements of capsule 1502 in a vertical position in 
free air were completed. The average axial temperature ranged from 58"C at 
the undeformed end, increasing to 127"C in the vicinity of maximum bulge, and 
dropping to about 107/C at the bulged end cap. The equilibrium surface 
temperature of this capsule in vacuum was measured to determine the upper 
range of temperature extremes to which the capsule had been subjected during 
leak testing. This was measured Lo bi approximately 285"C at the maximum of 
the bulged region after four hours in the vacuum vessel. Thus, during the 
testing of the capsules, the temperature of the surface ranged from a low of 
approximately 16"C in water to a high of about 285"C in vacuum.  

3.9 ROLES AMD RESPONSIBILITIES 

The leasing process of the WESF capsules to commfercial irradiators involved 
many organizations. The roles and responsibilities of these organizations are 
derived from the correspondence associated with the program because there is 
no formal management plan that the investigation group was able to find.  

The primary DOE organization was the R&D and Byproducts Division of the Office 
of Defense Waste and Byproducts Management in Washington, D.C. This division 
was directed by Mr. John J. Jicha and was responsible for coordinating the 
efforts of the DOE-RL and DOE-OR and provided the informational interface to 
the NRC for capsule and facility licensing. As such, this Division was 
responsible for the capsule testing program to meet the NRC requirements, for 
the marketing program to lease the capsules to commercial irradiators, and for 
the terms and conditions of the leases of the capsules.  

The DOE-RL has contractual responsibility for the Hanford site and was 
responsible, through its contractors, for the manufacture of the WESF 
capsules, for the testing that supported the licensing of the WESF capsules, 
and for the shipment of the WESF capsules to the commercial irradiators. The 
staff of the manufacturing effort changed considerably during the duration of 
capsule manufacture, but Ken A. Gasper served as the program manager while the 
capsules were being considered for use by commercial irradiators and during 
the shipment of the capsules. Mr. Eugene Reep provided considerable support 
to the DOE during the licensing process as Activity Manager responsible for 
safety analysis, QA., and other activities. PNL supplied most of the data for 
commercial use of the capsules. This effort was led by Dr. Garth L. Tingey of 
the Ceramics Technology and Nuclear Byproducts Section. Dr. Tingey has been a 
strong supporter, among others, for the use and safety of the WESF capsules.
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He has made a number of presentations, the latest of which was May 24, 1988, 
to the U.S. NRC Irradiator Workshop in Arlington, Texas. They were concerning 
safety studies of WESF capsules.  

The DOE-OR acted as the lessor of the WESF capsules and served as the 
contractual contact to the commercial users of the WESF capsules. The lease 
document was based upon a standard lease of radioactive isotopes used by ORNL.  
This lease was modified at ORNL, primarily through the effort of Charles L.  
Ottinger, and provided to DOE-OR. Sylvia Wolfe, a member of the staff of the 
Research Division directed by Lester A. Price, performed the Contracting 
Officers Technical Representative's role and served as the prime contact with 
the capsule users. Robert Lynch, Deputy Director of the Procurement and 
Contracts Division, and Peter Dayton, Director of the Procurement and 
Contracts Division, served as the contracting officers for the leases. The 
statements presented in Appendix C by the above individuals illustrate the 
various understandings that existed'regarding the conduct of the lease 
preparation and its management.  

The NRC licensed the irradiation facilities of RSI in Westerville, Ohio, and 
of ARECO in Lynchburg, Virginia, and conducted the activities that allowed the 
WESF capsules to be used. The Division of Fuel Cycle and Material Safety, 
directed by Richard E. Cunningham in the Office of Nuclear Material Safety and 
Safeguards was the primary interface for the WESF capsules and authorized 
their use by commercial irradiators. When this group was satisfied that the 
WESF capsules were reasonably safe, they notified their Region III office in 
Glen Ellyn, Illinois, whose Materials Licensing Section was responsible for 
ensuring that the facilities in Region III met standards. This assurance was 
derived apparently from the aata supplied by Mr. John Jicha, Director of the 
DOE R&D and Byproducts Division. His assurance rested on the test results 
compiled and analyzed by Dr. Tingey, PNL. John Hickey of the Material 
Licensing Branch, Division of Fuel Cycle and Material Safety, NRC 
Headquarters, signed the RSI-Westerville facility license while subsequent 
amendments were signed by Region III licensing personnel. In any amendment.  
regarding capsule safety, such as the elimination of the temperature measuring 
system from the capsule array at Westerville, Region III relied upon NRC 
Headquarters' judgement.  

The NRC also provided information concerning capsule and facility safety to 
the two states, Colorado and Georgia, which also licensed cesium-137 
irradiation facilities. In Georgia, the Radioactive Materials Unit of the 
Radiological Health Section of the Georgia Department of Human Resources 
carried out the licensing of the RSI facility in Decatur. While Mr. Thomas E.  
Hill was the prime interface with RSI and signed the amendments to the 
original license, Ms. Carol Connell signed the original license for cobalt-60 
at the RSI-Decatur facility. From recorded testimony, the interface to the 
state of Georgia fromthe NRC was provided by Richard L. Woodruff, the State 
Agreements Representative.  

The State of Colorado Department of Health Radiation Control Division licensed 
the lotech, Inc., facility in Northglenn. Mr. Lawrence A. Doerr served as the 
primary interface to lotech. Unrecorded conversations with Mr. Doerr and 
Robert Dart, Jotech manager, display a long-standing relationship. The
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Colorado regulators were brought into the lotech irradiator facility planning 
at an early date and followed the Facility to the production start.  

We found evidence to show that serious technical concerns and questions had 
been raised over the potential leasing of cesium-137 as discussed in Section 
3.5.1.1, but we did not find that any type of system risk analysis of the 
progra. was ever performed. As used here, the term "risk analysis" is the 
conscious evaluation of possible accident scenarios and their consequences.  

For several reasons, DOE-HQ wanted to get the cesium-137 into the hands of 
private lessees for productive use. DOE on August 9, 1972, published a 
Federal Register Notice stating its desire to make available for sale cesium
137. Later, the Byproducts Utilization Program was created at DOE 7HQ with a 
stated policy of finding applicztions for the cesium-137 capsules as well as 
other byproducts. Due to the hedvy response from the private sector, some of 
the DOE field organizations were asked to assist Headquarters. Another 
Federal Register Notice was published on July 31, 1985, establishing some 
qualification criteria and guidelines for the potential users of cesium-137.  
There was much interest and encouragement by several members of the U.S.  
Congress to get cesium-137 into the private sector for commercial irradiator 
use. Congressional hearings were conducted in July, 1984, by the House Energy 
Research and Production Subcommittee of The Science and Technology Committee.  
The subject of the hearings was food irradiators, and many of the key 
participants in the testing, production, and licensing of the cesium-137 
testified at those hearings.  

The cesium was excess to DOE and cost money to retain and store. A successful 
leasing program would have reduced the storage costs for DOE for some period 
of time.  

DOE-OR was directed in a memo"W dated December 20, 1984, to lease capsules to 
the irradiators for $0.10 per curie per year. This figure was based upon a 
sales price published in a 1972 isotope sales catalog and was substantially 
below cost as shown in an DOE-OR memo' dated February 21, 1984. Risk/cost 
assessments and total cost recovery apparently were never a major factor in 
DOE-HQ's decision to go forward with the WESF capsule lease program. Getting 
the byproducts into productive use, however, and gaining public acceptance of 
the peacetime use of nuclear energy were more important considerations than 
cost recovery.  

R. W. Cochran. "Memorandum to Joe La Grone." December 20, 1984.  

10 J. A. Lenhard. "Internal O0E Memorandum to Elizabeth E. Smedley." AO-434: WIN. February 21. 1984.
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CHAPTER 4: ANALYSIS

4.1 MANAGEMENT OVERSIGHT AND RISK TREE (MORT) METHODOLOGY 

The leaking WESF capsule incident was analyzed by use of Management Oversight 
and Risk Tree (MORT) methodology. Analysis begins with the inception of the 

WESF encapsulation program. It includes the management, development, 
manufacturing, testing, licensing, and leasing of the WESF Capsules for the 

eventual use in the RSI irradiator facility at Decatur. It concludes with the 

actions/circumstances immediately following the discovery of the leak. It 

does not include an analysis of the long-term cleanup operations still being 

conducted at Decatur.  

The general and relevant MORT findings, supported by the facts and detailed 
analysis contained in the body of the report, are as follows: 

I. MANAGEMENT SYSTEMS - LESS THAN ADEQUATE (LTA) 

A. Risk Assessment - LTA 

1. DOE performed no program risk assessment/analysis. Yhe risk 
analyses done for storage in WESF or use in DOE irradiators 
were not applicable to the use by RSI and did not adequately 
evaluate the consequences of a leak at an RSI facility. DOE 
realized the possibility of a leak. No program risks to DOE 
were identified or assumed by DOE.  

"2. NRC performed/required no risk assessment/analysis. NRC 
realized the possibility of a :leak. NRC assumed the risks to 
public health and safety were acceptable.  

a. rechnical information systems for use of snurces in 

irradiators - LTA 

b. Hazard analyses process - LTA 

c. Standards for use of sources in irradiators - LTA 

d. Safety program review/licensing - LTA 

3. RSI performed no risk assessment/analysis. RSI realized the 
possibility of a leak. RSI assumed that the consequences of a 
leak could be managed and were acceptable.  

a. Hazards analysis process by RSI - LTA/nonexlstent 

b. Safety program reviews by RSI - LTA/nonexistent 

I 
/
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I
B. Imolementation of orogram management by DOE - LTA 

1. Development for use by RSI - LTA 

2. Manufacture for use by RSI - LTA 

a. Cesium impurity control - LTA 

b. Contro'i of amount of cesium poured into capsules - LTA 

c. Welds - LTA 

d. QA - LTA

II. SPECIFIC CONTROLS - LTA 

A. Barriers and controls - LTA 

1. Barriers - LTA 

a. WESF capsule containment of 
LTA 

2. Controls - LTA 

a. WESF capsule leak detection 

b. Containment controls at RSI

cesium under RSI conditions 

system of RSI - LTA 

- LTA/nonexistent

III. AMELIORATION 

A. Immediate response by RSI - Adeouate 

1. No second accident 

B. Recovery by RSI - LTA 

1. Capsule leak identification capability - LTA/nonexistent 

2. WESF capsule shipping overpack - LTA/nonexistent 

The sequence of events/facts and the MORT findings have also been combined in 
the following events and casual factors charts to graphically illustrate the 
course of the Incident and the cause and effect relationships:
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4.2 CAPSULE DESIGN AND DEVELOPMENT

4.2.1 Findings 

The capsule geometry that was developed and manufactured was based upon 

storage in the WESF pool as the intermediate use. The sources cited in 

Section 3.1.2 are very clear in this respect. At the working level, this 

design basis is reflected in the October 15, 1984, memo written to Hanford 

contractor management expressing significant concerns for use of the capsules 

outside of the WESF.  

The use of, cesium chloride as the compound for encapsulation was based upon 

the capsule's being an impermeable container since no safety criteria were 

used for the selection. It is also obvious that encapsulation cost was a 

major selection criterion for the compound to be used. The solubility and 

movement capabilities of the chloride were well understood by the designer.  

The secondary selected compound, cesium diuranate, was a virtually insoluble 

compound whose preparation, development, and compatibility testing would have 

taken a long time and would have been more expensive than the chloride.  

The WESF pc~l conditions were set to minimize any corrosion of the stainless 

steel containers of the cesium WESF. Thus it is clear that design 

coordination existed between the capsule design and the WESF pool design.  

Safety equipment was designed to detect any cesium leakage at a very early 

stage, to isolate the leaking capsule, and to remediate the facility. The 

production of the safety equipment required considerable effort and major 

funding expenditures and was done to fulfill a perceived need. The high 

severity of a leak was the apparent cause of these facility upgrades, even 

though the capsule leak probability in the WESF pool, as expressed in the 

safety analysis, was low. The feasibility study for these safety systems 

describes the capsule failure concerns in a well-balanced presentation.' tm 

The cesium chloride expansion properties were accommodated during manufacture 

by simply filling the capsule with material hotter than it was expected to be 

during storage. It was believed that if the hot material volume could be 

accommodated, lesser temperature material could also be accommodated. There 

was no evidence that the design agency ever thought that a container partially 

filled with cesium chloride would bulge rather than have the volume expansion 

accommodated by the open surface of the material rising in the container.  

Early thermal analyses indicated a maximum expected cesium chloride 

temperature of 420*C for the expected irradiator conditions. Based on .p'ase 

change data available at the time, it should have been understood that it was 

possible that, under certain salt impurity conditions, some material would 

undergc a phase change.  

10 Ora., 'Storage Basin Recovery Systsm.- pp. b-30.  
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4.2.2 Conclusions

From the beginning of the design concept, high levels of management in DOE and 
in the Hanfcrd contractor organizations contemplated two interim uses for the 
capsules prior to final disposal in a repository: 

1. For intermediate-term storage of radioactive cesium.  

2. For product irradiation by private industry.  

Only one of these uses, storage, was communicated in a meaningful way to the 
designer. The designer was also empowered to influence the storage 
environment. The criteria for storage were the least demanding.  

The capsule designer and developer produced an excellent design with adequate 
safety margins for the sole use that he expected for the design. Similarly, 
the WESF prol design and operational criteria were carried out to ensure the 
existence of the conditions for which the capsules were designed. The systems 
coordination of the container design and of its storage environment was 
excellent. The benign storage environment is perfectly suited to the capsules 
and vice versa.  

Since the designer expected a benign storage environment, his developmental 
testing could be minimal in character, thereby reducing costs and achieving a 
primary criterion of the encapsulation. The developmental testing and 
analysis conducted is believed adequate for the use ,xpected, WESF pool 
storage. The designer never considered the condition of cesium chloride 
expanding locally, which the ORNL found during the failed capsule evaluation.  
It was never understood that a container partially filled with cesium chloride 
would bulge rather than have the volume growth accommodated by a rising, 
unconstrained top surface under certain thermal conditions.  

The ernvironment in which the capsules were used at the RSI-Decatur facility 
was unexpected by the capsule designer. In particular, the frequency of 
thermal cycling was unexpected and was a revelation to the design agency and 
to the test group even in 1988 when the failure occurred. A best estimate of 
the worst case thermal conditions at the RSI-Decatur facility was published 
December 1989 and showed a maximum temperature of 468"C for the cesium 
chloride. This temperature is high enough for a cesium chloride phase change 
and even for melting to occur if the impurity content were sufficiently 
adverse. For this environment, the design criteria and developmental testing 
were obviously inadequate. Capsules bulged as they weren't expected to do, 
and cesium chloride leaked from one of them.  

The choice of cesium chloride as the encapsulated compound was consistent with 
the expected use. Its solubility and movement capability are so high that, in 
spite of the extremely low probability of a leak occurring, as cited in the 
facility SAR, the Hanford contractor requested and the DOE committed millions 
of dollars for developing equipment. This equipment was designed (1) to 
detect any leak, (2) to determine the location of a leaking capsule, (3) to 
isolate the capsule, and (4) to remedlate the WESF pool. This concern for 
these capsules, even in the benign environment of the WESF pool, is consistent
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with the working level engineers' concerns about the lick of safety criteria 
in selecting cesium chloride in the first place. These concerns clash with 
management's "charge-ahead attitude" for rirst, the encapsulation, and, 
second, the leasing program.  

It is clear that management encouraged the use of the capsules for irradiation 
by private industry, but it did not enforce the required design and evaluation 
strategy necessary to achieve this use. Costs were crucial to encapsulation 
program success, and a more conservative design/development philosophy was 
unacceptable. As a result, the design did not match the use in the RSI 
facilities.  

4.2.3 Needs 

The cesium chloride capsules were designed for i particular environment.  
While this environment may exist in facilities other than the WESF pool, 
management attention must be exercised to assure systematic matching of design 
criteria, design developmental verification by test and/or analysis, and the 
ultimate use. These principles apply to WESF capsules; they apply to all 
systems.  

4.3 MANUFACTURING 

4.3.1 Findings 

The accelerated schedule for encapsulating the cesium waste at WESF caused the 
manufacturing efforts to move directly from the laboratory to the production 
phase without a formal pilot production effort. Manufacturing equipment 
placed in the hot cells required many changes to be fully functional at the 
rates and with the quality desired.  

The "hot" weld joints were an area of constant concern and received a constant 
stream of improvements in both the equipment and the weld parameters. In 
addition, the inner capsule "hot" weld was not ultrasonically tested. The 
inspection technique also changed considerably for the outer capsule weld, and 
the individuals most expert in this technology had the least confidence in it.  
Highly skilled welders place high reliance-on the visual appearance of the 
weld for quality evaluation. This with UT gives a better degree of 
confidence. The welding done in WESF, however, was done by newly trained 
individuals who did not have much experience on which to base these judgments.  
Results obtained from UT were variable and not reliable. [his unreliability 
was due to the varying capabilities of operators and the equipment used. An 
audit of the available UT records, by a highly regarded expert in this area, 
shows low confidence that all capsules had the necessary good welds.  

The "cold" welds performed in 200 West Area were made without the difficulties 
associated with cesium chloride contamination of the weld area and without the 
difficulties associated with the use of manipulators. In addition, the "cold" 
welds were visually inspected at close range, were dye-penetrant tested, and
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were inspected by ultrasonic testing equipment in an environment free of 
radiation. "Cold" welds, however, were not helium leak tested.  
Quality assurance records were kept and were readily accessed by the Hanford 
contractor. The configuration control process for manufacture allowed much 
room for change and was capable of determining, after extensive data reviews, 
how each capsule was made. The data were reasonably complete for the use 
expected of the capsules by the manufacturing'staff. It was seen, however, 
that no materials inspection and control were provided after receiving 
inspection for the stainless steel tubes and end plates.  

While test data showed that cesium chloride compatibility with stainless steel 
was greatly affected by impurities in the salt, the determination of these 
impurities was limited to the sum of three elements, omitting entirely an 
evaluation for iron. Iron content significantly alters the salt properties.  
In addition, the salt impurity level was routinely waived when it was over the 
established limit; it was waived so routinely that the waiver form was a part 
of the chemistry evaluation report, and the quality assurance notice which 
went into the quality file kept for each WESF capsule was a letter copy.  

4.3.2 Conclusions 

While a formal pilot manufacturing effort was not included in the 
encapsulation of cesium chloride, an informal pilot program did, in fact, 
occur. The long start-up program, resulting in major process and equipment 
changes, was the pilot program. By mixing this with the production run, it is 
believed that the encapsulation program produced capsules of lower quality 
than it would have if the formal pilot production program had been run 
followed by a production run.  

The "cold" welds performed in the 200 West Area are believed to have 
acceptable strength, although there exists the possibility of pinhole leaks.  
"Hot" weld quality of WESF capsules is not verifiable to the degree of 
certainty believed necessary for the approximately 50,000 curies of a highly 
soluble salt in each capsule to be placed in private industry with few 
restrictions on use conditions. Inner and outer capsules exist with "hot" 
welds of unproven quality. The uncertainties involved with the UT inspection 
technique and the large number of weld changes point inescapably to this 
conclusion.  

Critical parameters necessary to fully ascertain WESF capsule life in an 
uncontrolled environment over the length of the lease were not measured during 
production. The lack of knowledge of the c:hemical parameters of the 
encapsulated material and the routine acceptance of over-specification 
material seriously compromised the applicability of the data taken to measure 
long capsule life. The expansion characteristics and the corrosion potential 
of the encapsulated material are unknown.  

WESF capsule raw material control was weak for this encapsulation application.  
The uncontrolled storage areas for stainless steel tubes and sheets could have 
been used for other similar materials, allowing the WESF capsule makers to
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unsuspectingly use the wrong materials. There was no inspection of the raw 
materials immediately prior to use to assure they were correct.  

The quality assurance, configuration management, and raw material control 
programs are not commensurate with the use of the WESF capsules in an 
environment of unknown character in private hands without monitoring the use 
conditions. In this case, the severity of a failure is great ($30M cost and 
rising at the time of this report), and the potential loss of public 
credibility is very serious. These consequences require a degree of positive 
product control beyond that exercised in WESF production. This was recognized 
by elements of the Hanford contractor staff who expressed the need for WESF 
capsule review before they were shipped off the Hanford site. The recognition 
level was at the high-expertise level within the organization. Responsible 
members of the production and quality team were not aware how their product 
was going to be used.  

The QA program and the configuration management activities are acceptable if 
one assumes that the WESF capsules woul be stored in the benign pool 
environment at Hanford.  

4.3.3 Needs 

In programs in which high production rates and quality are mandated, time must 
be permitted for peoduction operations to be piloted. Laboratory techniques 
are inadequate for simple extrapolation to full production. When a product is 
manufactured, management must ensure that the production staff, its processes, 
equipment, and records are compatible with the product use. The production 
staff must be aware of the use in order to become a willing partner in 
achieving success.  

4.4 TESTING 

4.4.1 Findings 

After WESF capsule production began, testing was conducted to verify the 
previous short-term, cesium chloride/metal compatibility tests at temperatures 
related to geological disposal of the capsules. These tests indicated that 
above a 400"C cesium chloride/metal interface temperature the metal corrosion 
has serious, unresolved implications for either safe geological disposal or 
potential utilization in irradiators.  
Testing was also initiated to verify the suitability of the capsules for use 
in irradiator facilities. Tests related to the use in irradiators included: 

* Cesium chloride/metal compatibility 

* Special form and sealed source 

* High temperature/over-fill
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u Thermal cycling

* Weld strength 

Significant findings relative to these tests are as follows: 

Lu The cesium chloride/metal compatibility tests indicated that, at 
the 140" to 1804C temperatures expected at irradiator facilities, 
corrosion was too low to measure and not visibly evident. Analysis 
of the impurities in the cesium chloride associated with these 
tests indicated, in some instances, relatively high concentrations 
of iron. Due to the iron, these capsules could have jeen likely to 
exhibit corrosion.  

* The special form and sealed source tests were for the purpose of 
demonstrating the integrity of the capsule under general/defined 
accident environments. Capsules were unequivically able to 
withstand impacts or drops. On heating to 871"C, however, bulging 
of the capsules was noted. Nevertheless, as no rupture of the 
capsule resulted, i.e., the capsules passed the test, no attempt 
was made to investigate the implication of capsule bulging relative 
to safe capsule operations in an irradiator or to investigate the 
temperatures at which bulging would occur.  

* The high temperature/over-fill tests were in response to specific 
concerns raised related to the use of WESF capsules in irradiator 
facilities. The tests demonstrated that an inner capsule that was 
over-filled with a quantity of cesium chloride via multiple pours 
could rupture due to re-expansion of the cesium chloride during re
heating to high temperatures (810"C). This failure occurred after 
the cesium chloride expanded sufficiently to rupture the inner 
capsule and tightly wedge the inner capsule against the outer 
capsule. The inner capsule expanded sufficiently to bulge the 
outer capsule. Up to 100 of the WESF capsules may be over-filled 
sufficiently to at least bulge an inner capsule. The safety 
implications were realized relative to continued operation of a 
capsule in an irradiator after it reached 810C and an inner 
capsule ruptured. No attempt was made, however, to define a 
temperature less than 810"C at which a rupture could be expected, 
nor was any attempt made to define the minimum overfilling where 
rupture could occur. (As discussed in Section 3.6.1, the 
temperature that was allowed during transport of the capsules could 
result in expansion of cesium chloride mixtures due to either a 
phase change and/or melting.) In addition, inspection of the test 
methodology indicates that the test capsule could have been filled 
with an even greater weight of cesium chloride if the conditions 
while filling the capsules resulted in all the cesium being in the 
high density state. Also, greater expansion of the cesium chloride 
mixture during heating would have resulted if the impurities in the 
cesium chloride were different. "Worst case" conditions possibly 
could have resulted in the outer capsule also rupturing. "Worst
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case* conditions could have existed during the encapsulation 
program.  

" The thermal cycling tests were conducted specifically in response 
to NRC concerns. In one test, two capsules oriented with 
horizontal longitudinal axes were allowed to self-heat 60 minutes 
to equilibrium and then were subjected to a 90 second, 20"C, water 
quench for 3,845 cycles. As an answer to the NRC concerns, post
test examination indicated that thermal cycling would not be 
detrimental to an outer capsule to end cap weld. Because the water 
quench lasted only 90 seconds, it is doubtful if either the cesium 
chloride itself or the inner capsule experienced any significant 
thermal cycling. Also, the orientation was different from the use 
in the RSI facilities. In another test, an inner capsule and an 
inner-plus-outer capsule assembly w;ere heated in the horizontal 
position to 270" to 300" C and dropped 10 times into 21"C water.  

" The weld strength tests were to investigate if the ability of a 
WESF outer capsule to withstand internal hydrostatic forces would 
be reduced if allowable weld penetration was reduced from 75% to 
55% and/or if the capsule cutback was changed from 0.25 inch to 
0.78 inch. The data, documented in Scully's Weld Evaluation 
Program,"° indicated that, for WESF outer capsules manufactured with 
50% to 80% or greater weld penetration and a 0.25 inch cutback, 
there would be approximately a 40% probability that the ultimate 
strength of the capsule would be slightly reduced. For WESF outer 
capsules manufactured with 50% to 80% or greater weld penetration 
and a 0.78 inch cutback, there would be approximately an 80% 
probability that the ultimate strength of the capsule would be 
slightly reduced and that the weld would fail before the side wall.  
An analysis of the data, however, by the Hanford contractor 
resulted in the conclusion that both a 55% weld penetration and a 
0.78 inch cutback were acceptable.  

4.4.2 Conclusions 

The tests conducted to support this program were not a result of a systematic 
analysis to define all tests and test conditions necessary to ensure safe 
operation in an irradiator facility.  

Considering the uniqueness of each WESF capsule, due to manufacturing 
variations and impurity content variations, the number of capsules tested was 
inadequate. Generally, tests were ad hoc in nature, limited, not 
representative of "worst cases' conditions, and/or were for the purpose of 
qualifying the capsules for use in irradiators. Examples include the 
horizontal orientation of capsules In the thermal cycling tests as compared to 
the vertical orientation at RSI, the external heating as opposed to self

110 Scully. "Outer Capsule Weld Evaluation Program.-
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heating used in the high-temperature thermal cycling Lests, the limited number 
of impurity mixtures used to simulate WESF cesium chloride, and the testing 
that supported the weld penetration reduction and the 0.78 inch cutback. In 
addition, the results of the tests were not examined relative to possible 
unreviewed/unasked safety questions. Subsidiary conclusions are presvnted 
below: 

1. At the 140" to 180"C cesium chloride/metal temperatures expected in 
irradiators, corrosion should be non-existent/minimal even if 
considerable impurities are present in the cesium chloride.  

2. WESF capsules are very resistent to external damage from impacts or 
drops.  

3. WESF capsules at cesium chloride/metal temperatures exceeding 400'C 
for extended periods could experience unacceptable corrosion.  

4. The mininium temperatures at which WESF capsules, with different 
levels of impurities in the cesium chloride and/or filled via 
multiple pours in a "worst case" scenario, experience bulging have 
not been determined.  

5. The minimum amount of -esium chloride in the capsule that could 
sult in inner capsule failure from expansion has not been 

u cermined.  

6. If an inner capsule does not move freely within an outer capsule or 
if an outer capsule exhibits bulging, it is possible that the inner 
capsule has ruptured.  

7. The effect on the inner capsule of thermally cycling the cesium 
chloride is poorly understood.  

4.4.3 Needs 

1. A systematic analysis should be performed to define all tests and 
test conditions necessary to ensure safe operation of capsules in an 
irradiator facility. In addition, and in an iterative manner, the 
results of the tests defined by this analysis should be examined for 
new, unreviewed/unasked safety questions.  

2. Due to possible corrosion problems, further study/testing is required 
before utilization of capsules at cesium chloride/metal temperatures 
exceeding 400"C for extended periods.  

3. Further study/testing is required to define, for "worst case" 
variations in the manufacturing process, the minimum temperatures at 
which inner and/or outer capsules experience bulging and/or failure.  

4. All capsules in irrddiators should be examined relative to the 
ability of the inner capsule to freely move within the outer capsule
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and for outer capsule bulging. Capsules without the ability of the 
inner capsule to freely move or that exhibit bulging should be 
removed from service.  

5. Thermal cycling of capsules should be minimized until the effect of 
thermally cycling the cesium chloride and/or the inner capsules is 
well understood. Until this understanding is available, the capsules 
should be periodically evaluated as noted in 4. above. The period of 
this evaluation should be derived from the recommendation of DOE-RL 
and their contractors.  

4.5 LICENSING 

4.5.1 Findings 

The RSI facility at Decatur was the first (and only) Category IV facility 
licensed by the State of Georgia licensing agency. As a result, the State of 
Georgia drew heavily on NRC licensing experience with similar facilities.  
Because the use of WESF capsules had not been approved by NRC at the time of 
the Decatur license application, Georgia initially considered only cobalt-60 
sources. Although Georgia was unable to enforce some recent NRC rule changes 
that had not yet been promulgated in Georgia, the Decatur licensing followed 
the standard process as nearly as possible and focused on the facility itself 
since the cobalt-60 sources were registered as sealed sources.  

In regarding subsequent license amendment requests to approve the use of WESF 
capsules at Decatur, the State of Georgia czatinued its reliance on NRC. The 
license amendment approving WESF capsule use followed NRC advice to agreement 
states. However, the licensing process failed to recognize the vast 
difference in heat load permitted at Decatur (500,000 curies of cobalt-60 Dlus 
12,300,000 curies of cesium-137) as compared to the Westerville demonstration 
(8,800,000 curies of cesium-137) and approved waiving the requirements for 
capsule temperature monitoring.  

The investigation group could find no evidence that either the Westerville 
facility demonstration with WESF capsules or the Decatur facility with WESF 
capsules was analyzed as a 'system." No formal risk assessment, safety 
analysis, or environmental impact analysis, which should have pointed out the 
increased risk associated with the use of WESF capsules, was ever prepared.  
Instead, the use of WESF capsules was authorized based on a forecast of 
expected capsule integrity under operdting conditions at Westerville, which 
was in turn based on laboratory testing and operating experience at other 
(non-Category IV) irradiation facilities. Thus, the licensing of WESF 
capsules as a substitute for cobalt capsules concentrated on comparative 
capsule integrity and did not evaluate the consequences of failure. The 
licensing process failed to recognize the increased risk associated with the 
use of cesium-137 capsules as radiation sources as compared with cobalt-50 
capsules. As a result, the following precautions were not taken: 

* Continuous pool cell water monitoring for radiation levels was not 
required, even though, in the event of WESF capsule failure, rapid 
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dissolution of the cesium chloride salt could be expected due to its 
high water solubility.  

"* Continuous monitoring for radioactive particles was not required for 
air exiting the pool cell even though it could be expected that, if 
the capsules failed in air, cesium chloride aerosols would result.  

"* Without regard for public safety, the requirement for HEPA filtering 
of air exiting the pool cell was removed through amendment to the 
license at the request of RSI to increase air flow without increasing 
the blower capacity of the ventilation system.  

"* Without regard for public safety, neither routine nor continuous 
monitoring of product packages exiting the pool cell was required, 
even though it could be expected that airborne cesium chloride would 
contaminate the cardboard product containers.  

"* Routine monitoring of personnel and clothing for contamitiation was 
nit required even though the product containers were manually removed 
from the product conveyor system.  

During the licensing activities, the NRC and the State of Georgia asked for 
details about failed WESF capsule recovery equipment and procedures but were 
satisfied with the license applicant's general responses that minimized the 
consequences. Similarities between cobalt and WESF capsules were emphasized, 
and the existence of in-place recovery equipment and procedures was implied.  
The investigation group found no evidence that either the capsule manufacturer 
or the capsule leasing agent were involved in setting operating condition 
limits or evaluating emergency response adequacy.  

The operating conditions sDPcified by NRC, and finally agreed to by RSI, at 
the Westerville demonstration were based primarily on concerns about capsule 
corrosion. However, this investigation has revealed that the operating 
conditions were not strongly correlated with capsule testing results and did 
not have as large a safety margin as should have been required by the 
uncertainty of thermal cycling effects.  

The validity of capsule temperature monitoring conducted at the RSI facility 
at Westerville as part of the WESF capsule demonstration is questionable. It 
was pointed out early in the process that the temperature of the copper 
cylinder would be biased low because it was not a heat source. RSI ignored 
this fact when presenting the data as justification for its removal. It also 
is not clear whether properties of copper as an excellent heat conductor, 
which would further bias the temperature readings on the low side, were taken 
into account. Recent heat transfer studies, which simulate the RSI-Decatur 
conditions using computer modeling,"' predict that capsule temperatures 
substantially Lhighr than those reported at Westerville during the 
demonstration are very likely.  

III Eyler and Dodge. "Cesi*a Capsule Thernal Analysis."
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Even though the license of the Westerville facility required capsule temperature monitoring, a limit on thermal cycles, and periodic removal and examination of WESF capsules, there is no evidence that all special conditions were verified by the licensing agency. Similarly there is no evidence that the ability of the computer-controlled safety system to handle multiple events 
was ever tested.  

The licensing process failed to require a formal plan which specifies recovery 
procedures in the event of a failed cesium capsule: 

"* Equipment and procedures for locating and isolating a failed capsule 
were not developed or available.  

"* No provisions for transporting a failed capsule to a DOE site, which would normally include a readily available shipping cask and the 
appropriate authorizing documentation, were developed.  

"• Provisions for receipt and storage of a failed capsule were not 
developed by either the leasing agent (DOE-OR) or the manufacturer 
(DOE-RL).  

"* Procedures for decontamination of personnel, equipment, and the 
facility were not in place.  

4.5.2 Conclujion 

Although the planned demonstration period at Westerville was shortened from one year to two months before other license applications were allowed to be considered, the investigating group could find no direct causal relationship between the shorter demonstration period and the actual failure at Decatur.  It is likely, however, that the apparent degree of confidence concerning the use of WESF capsules implied by NRC in shortening this period influenced the State of Georgia licensing agency. This and increased pressure from RSI and other State of Georgia agencies involved in promoting new businesses appear to have resulted in an accelerated licensing process with a reduced depth of 
analysis.  

The licensing process for Category IV Irradiators, using unregistered 
radiation sources, is Inherently weak, especially when the similarity of an Irradiator facility using WESF capsules to an interim high-level waste storage facility is recognized. The standard licensing process, which treats radiation sources and facilities somewhat separately, does not lend itself to substitution of one type of capsule for another type since it does not demand 
a "systems* analysis.  

The licensing agencies did not assure that the general operating conditions (e.g., emergency procedures, safety system capability for multiple alarms) or special conditions imposed on the license (e.g., temperature monitoring, number of thermal cycles, and periodic source removal for examination) were 
met.
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In addition, the case-by-case facility licensing process places increased 
reliance on the technical expertise of the licensing agent. While the 
standard process emphasizes strict enforcement of compliance to a well
developed set of licensing rules, the case-by-case analysis may require 
specific technical expertise which the licensing agent does not possess, 
particularly in the case of agreement state licensing staffs. For example, it 
would not be surprising to find a very technically competent licensing agent 
who specializes in health physics but does riot have the background to 
adequately assess the implications of vastly different degrees of solubility 
of source materials (e.g., cobalt metal vs. cesium chloride).  

It was recognized by the licensing agencies and by Tom Fisher, RSI, that a 
distinct vulnerability existed in the computer logic of the safety systems.  
These systems were checked by the designer for response to single-cause 
events. The response of the system to multiple-cause events was not checked.  
Thus the possibility of system "confusion" due to these multiple-cause events 
was unknown. Chezking all possibilities of a large number of cause events 
would have been a daunting task, but at least the response of the system to 
some sample of likely multiple events should have been checked.  

The relationship of an "agreement state' to the NRC is a potential weak spot 
in the licensing process. An "agreement state" licensing agent may request 
advice or assistance from the NRC, but is not required to do so. Particularly 
in the case of Category IV irradiators using unregistered capsules, the 
process has several deficiencies: 

"* The promulgated rules in an *agreement state" may lag the NRC rules 
(e.g., the State of Georgia permits a lag of up to three years).  

"* The "agreement state* licensing agent does not obtain advice and 
assistan:e directly from the NRC Headquarters staff but is 
procedurally required to work through an NRC regional office, thus 
increasing the probability for inaccurate or incomplete 
communication. The failure of Georgia to recognize the potential 
consequences if operation at Decatur with a substantially higher heat 
load than at the Westerville demonstration illustrates this problem.  

4.5. 3 &1"ea 

1. All license applications for Category IV irradiators using non
registered :ources should be evaluated and issued by NRC-HQ rather 
than NRC regional offices or "agreement state" licensing 
authorities.  

2. All license applications for Category IV irradiators should include 
a safety analysis and environmental impact analysis as part of a 
systems analysis.  

3. The capsule manufacturer (and the capsule supplier, if different 
from the manufacturer) should be directly involved in the licensing 
process, particularly with respect to evaluation of emergency
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response adequacy and the setting of general and special operating 
conditions.  

4. The licensing agency should verify that the recovery equipment and 
procedures are in place and tested and that all operating conditions 
are met.  

4.6 LEASE 

4.6.1 FindinQs 

The leases were drafted from a standard commercial isotope lease where the 
risks are minimal. The leases were written without due regard and 
consideration for the higher risks involved with the high radioactivity levels 
contained by the WESF capsules. Special clauses addressing areas of concern 
should have been written into the leases before leasing large quantities of 
highly reactive cesium-137 material. Some areas of concern that should have 
been addressed were equipment and plant design, operation parameters, physical 
property controls, ES&H (to include worker safety and a proven system for 
immediate detection, recovery, and shipment of a leaking capsule), and 
liability and insurance.  

The cesium-137 leases were inadequately reviewed by DOE-HQ, DOE-OR, and DOE
RL. In a Hanford contractor internal memo dated October 15, 19 84 ,"* several 
serious and valid concerns were raised by the technical staff to their 
management in view of the planned off-site leasing of large numbers of WESF 
capsules. During the review of the lease, we found no evidence that the 
Hanford contractor technical staff who raised these issues in 1984 ever raised 
the issues again or were questioned by anyone during the review of the lease 
documents. The leases were never reviewed by ES&H or QA people at any 
location. This has special relevance at DOE-RL because they had the in-house 
expertise concerning the suitability of the WESF capsules for lease. It was 
also at DOE-RL that the operating constraints and other safety controls should 
have surfaced before the commercial leasing program began. The leases do not 
define, either directly or by a reference such as a letter, the role of the 
DOE oversight representative, except the right to visit the lessee's premises.  
DOE, even though owner and ultimately responsible for this property, simply 
chose to "walk by faith" and let NRC and the state regulators provide whatever 
control and oversight was to be provided.  

The leases neither directly nor by any reference document identify which WESF 
capsule belongs to which lease. A serious problem would develop to determine 
responsibility if one or more of the capsules were lost, stolen, or damaged.  
Also, DOE-RL made no record such as videotape, photograph, oe other 
description of the physical condition of the WESF capsules at the time of 
their shipment to the irradiators. The leases were written to lease a 
specified number of capsules containing a specified quantity of cesium-137 
curies. Each cesium capsule, both inner and outer, contains an identification 

Fulton and Stephenson, "Haford Con-r.ctor Internal letter to K, A G3Nner." pp. 1"2
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number. The failure to identify each capsule with a specific lease by the 
identification number can pose legal, contractual, and physical control 
problems, as DOE is facing with RSI-Decatur, where DOE has two leases with 
different terms and conditions. Lease number 85418 contains the "hold 
harmless" provision which was negotiated out of all the other leases. After a 
detailed search of other records at Richland, it was found that the leaking 
capsule 1502 was leased under 85418.  

4.6.2 Conclusions 

The drafting and final formulation of the lease documents for the lease of 
WESF capsules for commercial irradiation purposes was inadequate. The leasing 
of cesium was managed from DOE-HQ in a very informal manner, with the tasks 
being divided principally between DOE-HQ, DOE-RL, and DOE-OR. DOE-RL had the 
responsibility for testing, manufacturing, and shioping the capsules. DOE-OR 
had the responsibility for drafting, n!'•tiating, and executing leases with 
the irradiators. DOE-HQ had the prircipal contact with NRC and was the 
integrator for the total program. The capsule integrity and operational 
issues that had been raised by the Hanford contractor at Richland over leasing 
of cesium-131 to commercial irradlators never surfaced during the review of 
the lease at DOE-RL, DOE-OR, or DOE-HQ. Also, the physical condition of the 
WESF capsules at the time of shipment was not recorded, exposing the 
Government to additional risks as a result of possible abuse to the capsules 
while in the custody of the lessee. In our discussion with Pete Dayton and 
Bob Lynch, contracting officers for the leases, this investigative group was 
told that they relied on Sylvia Wolfe, the DOE-OR Technical Manager of the 
program, for the adequacy of the technical review.  

The lack of a well-defined management plan from DOE-HQ resulted in an ad hoc 
management system. This fragmented the roles and rqsponslbilities so loosely 
between Headquarters and the participating field cifices that the control 
normally obtained through a good system of checks And balances was, to a great 
extent, lost. A better drafted lease would neither have corrected nor 
compensated for inherent technical deficiencies, but with proper review, 
especially by ES&H people familiar with the technical program, the problems 
wculd likely have surfaced and brought appropriate management attention to 
them.  

Since DOE-HQ retained the overall control for the program, the group noted a 
lack of ownership and responsibility, both at DOE-OR and DOE-RL, for the 
overall success or failure of the lease program. The fragmented management 
system that separated the leasing function (contractual, legal, and financial) 
from the testing, manufacturing, and shipping of the capsules without strong 
management interface between DOE-OR and DOE-RL was the major contributor to 
the findings.  

4.6.3 ftl" 

It is premature at this time to make any definite assessment of what changes 
should be made to the existing cesium leases. However, should 0OE decide to
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continue to lease cesium-137 for commercial irradiation purposes, then DOE 
management should give serious consideration to addressing, within the lease or by reference document, the following areas for all leases, including the 
ones currently in existence: 

"* Define in the lease what constitutes the safe operating environment 
for the WESF capsules, including the facilities and equipment for 
shipping, handling, and operating the capsules.  

"* Define in the leases the necessary equipment and operating 
procedures, addressing all aspects of the ES&H and QA concerns.  

"* Provide in the lease for a broader and more comprehensive role by DOE 
for technical monitoring and oversight of the irradiator leases until 
DOE is confident such monitoring and oversight is being provided by 
some cognizant oversight group.  

"* Assign the capsules by property number to their respective leases and 
provide for strict physical control of them.  

"i Record on videotape or some other record the physical condition of 
the WESF capsules at the time of shipment and maintain that record at 
DOE-RL.  

"* Identify emergency response procedures and responsibilities in the 
lease.  

4.7 OPERATIONS 

4.7.1 FindInus 

Although it was verified that all capsules reached the RSI-Decatur facility 
without leaking, the effect of shipping o'o the WESF capsules is unknown at this time. Unloading of the WESF capsules from the cask into the source racks 
using the RSI-designed tool introduced another unknown into the capsule 
service history. The tool design permits exertion of unknown high pressure on the capsule wall during its use, although the group could find no direct 
causal relationship between use of the tool and the 1502 capsule failure.  

There were important differences in operation at RSI and WESF. At WESF the 
capsules were stored cohtinuously in 50"C water that was carefully monitored 
and controlled for radioactivity and purity. The WESF pool area was 
ventilated with 8000 cfm of 70'F air that exited through a HEPA filter.  
Personnel leaving the storage area were monitored for contamination.  
Operation at Decatur frequently cycled the capsules between air and the pool water. Capsule temperature in air was unknown. The pool area was ventilated 
with 4000 cfm of ambient air which exited through a roughing filter.  
Personnel leaving the pool cell area were not monitored for contamination.  

The only apparent similarity In operation at the facilities was the vertical 
orientation of the capsules, but even here there was a difference in spacing
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and cooling. At the WESF the capsules were held in a source rack at the pool 
bottom and were spaced apart while the capsules were touching in the 
confining RSI source racks.  

At RSI-Decatur, there was a lack of continuous radiation monitoring on the 
pool water, exiting air, and sterilized product as well as a lack of frequent 
contamination monitoring of personnel. In a facility that contained a large 
quantity of highly soluble radioactive material, this approach should not have 
been utilized, even though it satisfied the requirements of the license.  

Early operation of the RSI-Decatur facility, which resulted in charring of the 
cardboard product boxes and prompted installation of shrouds on the source 
racks and the replacement of the HEPA filter with a roughing filter, indicates 
that the capsules were operating at high temperatures. However, the 
corrective actions in the facility were solely aimed at solving product 
quality problems.  

Operation in Decatur resulted in shutdowns nearly ten times more frequent than 
originally anticipated. This resulted in a mode of operation where repeated 
attempts to clear safety alarms from the computer control system occurred 
before an inspection was conducted to determine the physical cause. The 
order-of-magnitude higher thermal cycling frequency and its potential effect 
on the capsules was not of apparent concern to RSI.  

It is clear that the emergency response procedures enforced by the licensing 
agency at the RSI-Decatur facility were aimed at protecting the public health 
only. While the licensing agency did express concern that leaking capsule 
equipment, procedures and/or agreements were needed to address a leaking 
capsule quickly, their concern and responsibility was not with the resumption 
of operation. The assurance provided by RSI that they could recover from a 
capsule leak and thus not pose a permanent threat to public health was 
sufficient to satisfy the licensing agencies.  

4.7.2 Conclusions 

It is probable that loading and unloading of WESF capsules did not contribute 
to the release of cesium, although because of a lack of records, their 
contribution will never be determined.  

It is far more likely that the operating temperature history, the capsule 
orientation, and the frequency and total number of thermal cycles to which the 
WESF capsules were subjected will prove to be significant contributors to the 
failure. While the lack of temperature monitoring during operation serves as 
a deterrent to establishing thermal cycling as a probable cause, the 
destructive examination program for the 1502 capsule may provide insight into 
the capsule operating conditions.  

The investigation group did not perform a detailed heat transfer analysis of 
the WESF capsules in the Decatur source rack configuration. However, 
conditions existed which were far more severe than most capsule test 
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conditions and likely resulted in extremely high capsule temperatures.  
Examples of these conditions are: 

* Intimate contact of capsules with each other.  

Inhibition of cooling air circulation by the compartment that held 
the capsules.  

"* Close proximity of shrouds, which reflected heat back onto the 
capsules and also caused a heat build-up from bottom to top of the 
source rack from a "chimney" effect.  

"* Operation with a total heat load in the facility of well over twice 
that being used in the Westerville demonstration facility (12,300,00 
curies of cesium-137 plus 500,000 curies of cobalt-60 vs. 8,800,000 
curies of cesium-137 only).  

A responsible facility operator should not have ignored these conditions when 
the consequences of capsule failure are so serious.  

4.7.3 Neets 

Safe operation of a Category IV irradiator with cesium capsules requires the 
following: 

a Shipment in approved casks with capsule temperature maintained 
below limits set by the manufacturer.  

* Verification of capsule integrity after shipment and unloading.  

* Handling of capsules with tools and procedures approved by the 
manufacturer.  

v Continuous capsule temperature monitoring (frequency and duration 
of thermal cycles as well as temperature differentials) and 
temperature control.  

* Continuous radiation monitoring of exhaust air and pool water.  

* HEPA filtering of exhaust air.  

* Contamination monitoring of personnel and product exiting the 
shielded area.  

4.8 THE INCIDENT 

4.8.1 Findings 
This part of the Investigation was hampered because of the delay in chartering 
the investigation group. When the group arrived on the scene on June 27, 

102



1988, several remedial actions had commenced, such as removal of the 
protective shrouds from around the source racks. While this was necessary in 
order to reduce the pool cell radiation levels so that search for the leaking 
capsule could proceed, it removed a valuable source of data.  

Although the onset of capsule leaking occurred sometime between April 28 and 
June 5, it was not detected until the morning of June 6. Several factors 
contributed to the delay in detection: 

"* The absence of continuous pool water radiation monitoring.  

"• The absence of continuous exhaust air radiation monitoring 
coupled with the practice of purging the radiation zone before 
personnel entry.  

"* The absence of product contamination monitoring.  

"* The absence of contamination monitoring of personnel exiting the 
shielded area and the product unloading area.  

While the presence of adequate radiation or contamination monitoring would not 
have prevented the release of cesium from a capsule, early detection would 
have reduced the amount released and the contamination spread. Even though 
the State of Georgia found the spread of contamination outside the facility to 
be minimal, it was more a matter of luck"3 rather than good radiation control 
because the facility shutdown was caused by operator error in clearing the 
elevator jam, not a radiation alarm. The radiation detection system only 
prevented the facility restart after shutdown from another cause. Without the 
elevator jam, or shutdown for some other unrelated reason, cesium release 
would have continued for an undetermined time. Contamination spread, which 
would have threatened public health, could have occurred.  

Upon detection of the elevated radiation in the shielded area, emergency 
response procedures were followed. The licensing authority responded promptly 
and determined that the contamination spread was under control and public 
health not threatened.  

Recovery from the incident has been very slow, including: 

a Identification of the leaking capsule 

* Removal of the leaking capsule 

a Facility cleanup 

M Analysis of the leaking capsule 

As of this report, two years later, the recovery is not complete, even though 
less than 0.02% of the cesium-137 leaked from one of the capsules.  

13 Fisher, Appendix A, p. C-43.
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There was a complete lack of readiness to cope with recovery from a leaking 
capsule at Decatur. None of the followinq was readily available: 

* Pool cleanup equipment 

* Failed capsule locator 

a Effective capsule isolation method (overpack) 

4.8.2 Conclusions 

The open provision in the RSI lease for return of damaged WESF capsules to DOE contributed to the delay: "Both parties mutually agree that, in the event 
that any of the WESF Capsules are not in proper condition for transport for any reason whatsoever, such arrangements as required to effect return of such capsules.. .to the Department's control shall be made under a separate 
agreement." 

The amount of contamination spread is a direct result of inadequate radiation 
monitoring and control. Continuous pool water and exhaust air radiation 
monitoring and frequent product and personnel contamination monitoring should 
have been required by the license. If not required by the license, the facility operator should have protected himself against facility contamination 
and prolonged shutdown from a failed capsule unless he knew a failure was impossible. Only in the event that monitoring is not required by the license 
or provided by the operator should the capsule lessor make the monitoring 
conditions a lease requirement. The length of recovery time and related 
expense are a result of: 

a The amount of contamination 

* A complete lack of recovery procedures and equipment 

The investigation group found that the Hanford contractor equipment 
development effort never progressed past the prototype testing phase. This 
condition existed despite the fact that a 1985 report stated that detection 
and recovery equipment had been developed. Furthermore, even if it had been completed, the design was specific to the storage pool at WESF and would have had no usefulness in the event of a cesium-137 source leak at any commercial 
facility.  

However, no follow-up ever occurred to make sure that WESF equipment would 
work at the RSI facilities or be available. No alternate equipment was designed, fabricated, or tested. This was found by the group to be in great contrast to recovery readiness at another WESF capsule lessee facility, ARECO, 
where recovery systems were designed, fabricated, tested, and in place.  

The lack of recovery procedures and equipment appears to be consistent with 
the RSI corporatepolicy of self-insurance inasmuch as recovery procedures and the conceptual design of recovery equipment for WESF were ultimately provided 
to RSI for recovery from this incident.
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4.8.3 Needs

Continued leasing of WESF capsules should be contingent upon: 

1. Verification by the licensing authority that adequate radiation 
and contamination monitoring systems are installed and 
operating.  

2. Verification by the licensing agency and DOE that all leaking 
capsule recovery equipment and procedures appropriate to the 
lessee's facility are in place.  

4.9 FAILED CAPSULE EVALUATION 

4.9.1 Findings 

Capsule 1502 is the only unit that leaked cesium-137 into the RSI facility as 
demonstrated by the pool activity level history and by the leak detection, 
contamination evaluation, and gas sample evaluation (from the volume between 
the inner and outer capsule) results at the ORNL. This leak through the outer 
capsule was very small, releasing only seven to eight curies until its 
November 1988 removal from the RSI pool. While some surface pits have hinted 
at a site of the leak on the surface of the outer capsule, the exact path 
through this capsule, whether by connection of material flaws, tube stress 
failure, or some other condition is presently unknown. This leak now appears 
to be plugged since ORNL could not replicate an earlier leak detection result; 
however, physical movement and thermal cycling may change this condition.  
There is no evidence available concerning the cause of the failure of the 
inner capsule of 1502.  

A definite bulge exists near one end of capsule 1502 in both the inner and 
outer capsules, which is atypical of the population, but which is not unique.  
Other capsules are available with varied deformations, i.e., some have only 
the inner capsule bulged against the outer capsule with no externally apparent 
deformation and show no leakage. As shown by the gamma scan, this bu.ge was 
caused by the expansion of the cesium chloride and created large deflections 
in the steel capsule end cap and wall. In order to bulge both the 0.4-inch
thick bottom disks and the 0.136-inch-thick sides of the inner and outer 
capsules to the measured extent while leaving the other end basically 
undisturbed, the capsule's physical properties (elastic modulus and/or yield 
strength) had to be modified and great physical forces applied. The 
deformation pattern of the capsule and disk is of special interest since the 
1504 capsule had no apparent physical contact between the end disks of the 
inner and outer capsules at the room temperature conditions of the capsule in 
the evaluation cell.  

The data presented in the referenced Braski and Lin report of May 1973, which 
was well distributed to the DOE and contractor community involved with the 
capsule design, manufacture, and tcstlng, offers a strong basis of concern for 
salt expansion effects on the capsule. The lower management level designers 
and manufacturers expected their product would be used in the benign
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environment of the WESF pool. Therefore, it is easy to understand why they did not change their design basis. It is more difficult to understand why the contractor and DOE management level, who expected that the capsules would be used by commercial irradiators, did not account for the lack of knowledge of the unusual and unexpecte6 behavior of cesium chloride containing impurities.  

The analysis of the gas between the inner and outer capsules of 1502 provides 
conclusive evidence that water penetrated into this region. The hydrogen content is more than an order of magnitude higher than dry air or gas taken from this region of other nonleaking capsules.  

Strong evidence exists that large capsule deformations result from a complex combination of factors: The vertical orientation of the capsule longitudinal axis, thermal cycling, and temperature extremes. Tile effect of temperature extremes is further dependent upon the impurity content of the encapsulated 
cesium chloride.  

4.9.2 Conclusions 

The temptation is great to speculate on the single exact cause of failure of the 1502 capsule. This investigation group, however, will let the researchers provide further scientifically supportable evidence before the cause of failure is described. For this interim report, the group can only agree that the behavior of cesium rhloride salt containing a variety of impurities in a large radioactive environment under mixed thermal conditions is not well understood. Data published by the ORNL in May 1973 gave an ample warning to the entire cesium chloride community of this complex behavior, which was a 
known phenomenon but inadequately comprehended.  

The bulge in the capsule was possibly caused by the cesium chloride salt expanding under repeated thermal cycles. This activity was demonstrated in a simple beaker with surrogate salt in the ORNL evaluation and is further 
substantiated by the fact that the 12 available deformed capsules had cesium 
chloride contents that varied by over 500 grams. The amount of cesium chloride available in the capsule is not important in this distortion mode.  The failure data that has already been generated and the data which will be gathered from the destructive evaluation of WESF capsule 1502 cannot be extrapolated to other WESF capsules. The values of the prime variables that are believed to interact in WESF capsule failure are largely unknown. They either were not measured at all, or the measurements that were made do not 
have high validity.  

4.9.3 Needs 

The crucial information concerning the leaking capsule is not available for 
this report. A thorough metallurgical evaluation of the inner and outer capsules is required to evaluate the leak paths and to give information concerning the temperature attained by the capsule. The state of the welds of the capsules is of great interest and also deserves metallurgical evaluation.  The state of the cesium chloride salt requires thorough evaluation, including 
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-vJ its physical appearance, the chemical composition, lattice structure and 
density as a function of location within the capsule, the state of the 
interface with the inner capsule, and its phase change temperature. Physical 
parameters of the staialess steel cylinders should be determined, including 
possible corrosive attack.  

An accurate thermal analysis of the 1502 capsule in relation to other capsules 
is required to relate the interior salt temperature to the outer wall 
temperature and hence to the temperature of the environment. This can then be 
compared to the temperatures detected by the metallurgical evaluation and can 
offer clues concerning the unique failure attributes of the 1502 capsule.  

When the other capsules which are bulged but which have not physically failed 
are returned to Hanford, they should each be examined by gamma scan to 
determine whether the cesium densification is the same as it is in the 1502 
capsule.  

Valuable data can also be gathered from sources other than the failed 1502 
capsule. These sources include capsules which are very early in the 
deformation process, capsules which are very similar in manufacturing history 
to deformed capsules but which are not deformed, basic materials studies, and 
more accurate analyses of the environment of the capsules at RSI. A test plan 
including all of these sources subjected to a thorough peer review should be 
developed by PNL to gain an understanding of the failure mode.  

4.10 ROLES AND RESPONSIBILITIES 

"4.10.1 Findings 

The Byproducts Division of the Office of Defense Waste, and Byproducts 
Management in DOE-HQ failed to develop a formal management plan for the 
testing, manufacturing, shipping, and continuing surveillance of the WESF 
capsules that were leased by DOE into the hands of commercial irradiators.  
The program, for the most part, was managed on an ad hoc basis, with the roles 
and responsibilities of the participants being assigned through meetings, 
telephone discussions, memos, and letters.  

The lack of a management plan properly defining the respective roles and 
responsibilities of the major participants contributed greatly to a breakdown 
in the checks arid balances that should have been in place but failed due to 
the unstructured management system. For example, assigning PNL the 
responsibility for the test program and then permitting it to become one of 
the proponents for getting the capsules into the hands of the commercial 
irradiators seems to this investigative group a clear conflict of interest, 
resulting in a failure to give adequate emphasis to ES&H concerns which had 
been raised. The responsibility for lease preparation was assigned to DOE-OR 
by DOE-HQ simply because they had lease experience in an isotope sales/lease 
program for other isotopes. DOE-HQ assigned this lease preparation function 
to DOE-OR without assuring they had been made aware, which they were not, of 
all the technical issues and concerns which had been raised at DOE-RL. DOE-RL 
should have been assigned the responsibility for the technical, legal, and
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financial aspects of this leasing arrangement unless a management plan had been written to ensure that a transfer of the technical background and concerns was made available to DOE-OR. This resulted in a breakdown in the checks and balances which the technical, legal, and financial reviews would have brought to the contractual process. Furthermore, the group noted some instances at DOE-RL where serious technical concerns were raised by the Hanford contractor working staff, but their concerns never got elevated to an appropriate management level for action.  
The management of the Eyproducts Utilization Program did not evaluate highconsequence/low-probability events when judging if WESF capsules should be placed in the private sector. Even if the financial returns to the government are calculated over the full 20-year period of the leases (original period plus the expected extension), a cost/benefit analysis will show that a possible multimillion dollar cleanup invalidates the economic justification for the cesium-137 program. This conclusion is even more valid when the possible envirormental impact is considered. It is obvious that the capsule manufacturer, DOE-RL, and the DOE-HQ program office all knew that a low probability existed for capsule failure. Sufficient funds (millions of dollars) to develop leak detection equipment, leak isolation equipment, and leak mitigation equipment for the WESF were requested by the Hanford contractor, were evaluated and recommended by DOE-RE, and were supported and provided by the DOE-HQ Program Office, the Byproducts Division of the Office of Defense Waste, and Byproducts Management. This divisicn was led by John J.  Jicha. Data supporting this are derived from the past budgets of the WESF, the statements of Eugene Reep and Marc Stevenson, and a variety of program review documents published by the Hanford contractor.  

Although DOE exposed the NRC to a safety analysis that postulated failure of a WESF capsule, DOE-HQ continually stressed the safety of the capsules. Also, DOE-HQ did not urge establishment of recovery capability in irradiators, even though the Hanford contractor storing the capsules had an extensive development effort under way to recover from a capsule failure.  
RSI did not provide mitigation for high-consequence/low-probability events beyond that required by their license. RSI knew that a capsule failure could occur because it was aware that the Hanford contractor was developing equipment for failure mitigation at large cost to the government. RSI stated in its license application to the State of Georgia that this equipment or its equivalent would be used to mitigate a capsule failure in the RSI facility.  At the same time, RSJ conducted so little inquiry that they apparently did not know that this equipment was not operationall) available and could only be used at WESF. They never initiated actions to get the government's authorization for use of the equipment in an emergency situation.  
Otrer private irradiators, when confronted by the same capsule data base and licensing process, reacted very differently. ARECO of Lynchburg, Virginia, developed a system for use in its facility that can quickly detect a cesium leak and a separate system that can very quickly determine which of their 25 capsules is responsible and isolate (overpack) it. In addition, equipment to remove the leaked radioactive material from their pool is available for rapid deployment. The first cofmmercial user of cesium for irradiation, lotech, 
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designed and constructed a facility specifically for the cesium capsules in 
Northglenn, Colorado. This facility minimizes capsule thermal cycles, has 
instrumentation for rapid cesium leak dctection, and can quickly confine any 
leaked cesium material. Both of these companies also have contamination 
control efforts in place. Neither of these companies were compelled to do this by their regulatory agencies (NRC for the ARECO facility and the State of 
Colorado for lotech), yet both j,•.1ged these measures to be economically 
justified.  

The licensing agencies involved with the RSI-Decatur facility provided 
inadequate attention to high-consequence/low-probability eveats. There are 
over 1,500 capsules available to be Placed in private hands for an expected 20 years of operation in varied envirc.;mcntal conditions not clearly limited by 
lease or license parameters. It would thus appear prudent for a regulatory 
agency to require contingent equipment for capsule leak mitigation. The 
licensing authorities knew that the capsule manufacturer was developing leak 
detection, isolation, and mitigation equipment through documents provided by 
the DOE and by the response of RSI to license application questions. In every 
discussion that the group had with the NRC and the State of Georgia, it was acknowledged that the manufacturer of an item has the ý.c knowledge of its 
capabilities. However, this acknowledgement was never linked with the Hanford 
contractor equipment development to require the license applicants to 
seriously plan for potential capsule leak mitigation within their own 
facilities. With an applicant who met only the letter of the regulation, such 
as RSI, this was of crucial importance in this incident.  

Strong congressional interest in the commercial use of the capsules continued 
throughout the program as evidenced by several letters on behalf of the program and individual constituents. What influence, if any, the 
congressional interest had on expediting the testing, manufacturing, and 
licensing process is a matter of conjecture.  

4.10.2 Conclusions 

The above statements concerning DOE policy, congressional interest, and a lack 
of concern for risk/cost assessments are indicative of the environment and of 
some of the pressures in existence during the program. It wis an environment 
with little discipline and no well-defined program management plan to assist 
in bringing effective control to the program. Roles and responsibilities wele 
never adequately defined, resulting in several functiens never being properly 
performed. The fragmented and physically separate organizations added to the 
need for a better definod and controlled management structure.  

4.10.3 Needs 

As DOE continues to lease cesium to commercial irradiators, the following 
needs are identified:
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"* A strong program office, preferably at DOE-RL, should be assigned and given the task of developing a management plan that defirps riles and 
responsibilities of all participants.  

"* A total risk/cost assessment should be performed, giving 
consideration to all the objectives that the program hopes to accomplisih, including the potential costs to DOE for a capsule 
failure and ES&H concerns.  

"* The technical, legal, and financial leasing responsibilities should 
be transferred to the program office



CHAPTER 5: SUMMARY OF CONCLUSIONS

Five primary conclusions are drawn from the investigation into the use of 
WESF capsules at the RSI commercial irradiation facility at Decatur: 

1. The DOE program management was inadequate.  

2. The licensing process was weak.  

3. The safety of the RSI facility design is suspect.  

4. The RSI operation and management were characteristic o!- a risk taker 
intent on maximizing profit.  

5. The capsules were neither designed nor manufactured for use in an 
irradiation facility.  

Each of the above conclusions contributed to the overall failure to identify, 
evaluate, and minimize risk.  

Details of the findings, conclusions, and needs are presented in Chapter 4.  
Subsidiary conclusions are summarized below: 

" The capsule design basis assumed a less demanding use than that 
encountered in the RSI irradiation facility.  

" Capsules were manufactured with inadequate QA/QC for commercial use.  
Important capsule parameters were not adequately measured or 
controlled.  

"* Capsule test conditions did not match irradiator use conditions in 
several important ways. Testing was generally ad hoc in nature, and 
conditions were less demanding than commercial use conditiuns. The 
behavior of encapsulated radioactive cesium chloride salt containing 
a variety of impurities under mixed thermal conditions is poorly 
understood.  

"* Capsule and commercial facility licensing by the NRC and the State of 
Georgia discounted the possibility of capsule failure to the extent 
that public health and safety could have been conpromised. DOE 
elected to "walk by faith" with these regulatory agencies. The 
licensing conditions were thus established without a primary source 
of technical expertise. Verification and validation of license 
applicant promises by the regulatory agencies were Inadequate.  

"* The DOE lease was developed without the benefit of information from 
the technical community most familiar with the product and went 
unreviewed by the ES&H disciplines. The lease Is inadequate because 
it does not account for leased property, it does not specify critical 
operating conditions, and it is open relative to failed capsule 
response.
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* Facility operations, while within the license constraints, 
demonstrated a lack of concern for product, personnel, and environmental contamination. The high temperatures and frequent 
thermal cycles placed unanticipated demands upon the capsules.  

The existing facility safety systems allowed the failed capsule to leak for an undetermined time before it was discovered "by a fluke".  The unavailability of recovery systems lengthened the time to isolate 
the leaking capsule.  

The above conclusions are derived from the policy to place the cesium capsules in commercial irradiation facilities. It should be remembered, however, that, if the capsules had been used in the environment for which they were designed and manufactured, the leak probability and the cost of recovery (in terms of Departmental credibility and funds) would have been drastically reduced.  
For the use of interim storage in WESF: 

"* The design bases were compatible with the use conditions.  

"* Capsule manufacture control discipline was adequate.  

"* Capsule testing conditions were more severe than actual use 
conditions.  

"* The technical expertise was quickly available to solve problems.
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CHAPTER 6: BOARD CONCURRENCE

The investigation was conducted and the report was prepared by the 
undWe concur in the report as presented.  

Ronald 0. Hultgren, Chairman 
Deputy Assistant Manager, Enriching Operations 
Oak Ridge Operations 
Department of Energy 

Willis Davis 
Chief, Special Acquisitions Branch 
Procurement & Contracts Division 
Oak Ridge Operations 
Depart ofEe 

Roger Ob~ense n 
Consul tant 

Roger Jensen Consulting 
Dayton, Washington 99352 

Michael R. Jugan 

Accident Investigator 
Oak Ridge Operations 
Department of Energy
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CHAPTER 7 MINORITY REPORT 

This investigation group has no minority report.



CHAPTER 8: BOARD AUTHORITY

The Board was authorized by the June 21, 1988, letter to R. 0. Hultgren from 
Joe La Grone, Manager of the DOE-OR. Mr. Willis Davis replaced Bob Lynch as 
the Procurement and Contracts Division representative because Mr. Lynch served 
as the Contracting Officer for the RSI leases. Mr. Edward Wright replaced 
Gene Hoffman as technical advisor, and Mr. Donald Thress provided legal advice 
from the DOE-OR Office of Chief Counsel. Mr. Richard Chitwoad elected not to 
participate in this investigation.  

During the period when this report was written, Ed Wright was on a special 
assignment to Rocky Flats, Colorado. Ms. Penry participated in the initial 
phase of the investigation, but other assignments did not permit her 
participation in the final preparation of this report.
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0066 ago 

Inited States Government Department of Energy 

Oak Ridge Operations 

oATE: June 21, 1988 

AElY TO 

ArTNO : SE-33:Howard 

SUMBCT TYPE B INVESTIGATION: CESIUM-137 SOURCE LEAK 

TO R. 0. Hultgren, Director, Enriching Operations Division, EO-22 

You are hereby appointed Chairnan of an Investigation Board to 
investigate the June 1988, Cesiurm-137 incident at the Radiation 
Sterilizers, Inc. (RSI) commercial facility in Decatur, Georgia.  
Apparently, Cesium has leaked from encapsulated source pins into the 
storage pool water. The Cesium sources are owned by DOE and leased to 
RSI. Your assignment is to determine the cause of this incident and 
the adequacy of DOE's administrative control and incident response 
systems. The scope of the investigation consists of two areas. The 
first area deals with the specific incident and related issues 
(technical aspects, quality, safety analyses, control systems, 
response, etc.). The second area deals with management and 

..... administrative matters (lease agreement, contract administration, 
controls, financial arrangements, licensee operational commitmen:s, 
etc).  

The following persons have been appointed to serve as members of the 
Board: 

Roger Jensen, Westinghouse Hanford 
Mike Jugan, Trained Accident Investigator, ORO 
Bob Lynch, Procurement and Contracts Division, ORO 
Judy Penry, Planning and Budget Division, ORO 

To assist you, the following are appointed as advisors to the Board: 

Gene Hoffman, Materials Specialist, ORO 
Jim Foutch, Office of Chief Counsel, ORO 
Richard Chitwood, Office of Remediai Action & Waste Technology, HQ 

You are to perform a Type B investigation of this incident and prepare 
a r-port in accordance with DOE Order 5484.1 requirements. You are to 
work in cooperation with the facility owner and the State of Georgia 
for that part of the investigation involving the facility.



R. 0. iultgren -2- June 21, 1988 

Please submit a report of the investigation to me by July 28, 19M.  

Joe La Grone 
Mana&er 

cc: 
R. L. Egli, SE-30 
E. Goldberg, RLO 
J. Baublitz, NE-20 
G. Smithwick, M-2 
T. B. Hindman, DP-12 
R. W. Starostecki, EH-30 
J. Setser, State of Georgia 
A. Chin, RSI 
F. Peters, 5-3 
J. Alexander, M-4 
A. Knight, CP-33
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'Fullam, "Compatibility of Cesium Chloride and Strontium Fluoride," p. 28, 

A-1

TABLE A-1 NON-RAD)IOACTIVE CsCJ AND IMPURITY SALT M!XTURE" 

Element Cation Composition. Wt% 

K 2.0 

Na 0.1 

Rb 0.05 

Si 0.02 

Ba 0.02 

Cu 0.02 

M9 0.01 

A) <0.001 

Cs (by difference) 97.78



TABLE A-2 RADIOACTIVE CsCl AND IMPURITY SALT MIXTURE* 

Element Cation Composition, Wt%

CS 

Na 

K 

Rb

98.9 

0.05 

0.3 

0.7

* Fullam, "Compatibility of Cesium Chloride and Strontium Fluoride," p. 26.  
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TABLE A-3 CsC1 COMPATIBILITY TESTS WITH 316L MATERIALI

Radioactive Cesium Chloride

Waste 
Composti to

316L 
316L

Te'-erature __Depth of Metal Affected. mils
2.19G hrs

400 
1100

<1 
<1

"')76hrs

<1 
<1

1 
1

Nonradioactive

316L SS 
316L SS

Cerlum ChlorideS. .. .. . : - - r ! . . . .a s t . .

Waste 
Compositton 

B** 
C

Temperature 

400 
400

Depth Qf Metal Affected, mils 
2.10ha 4-380 hrs 8.760 hrs 17.520 hrs Z6.250 hrs

0 
0

0 
0

0 
<1

<1 
<1

I 
<1

* A CsCl 
** 8 89 mole % CsCl 
* C 80 mole % CsCl -

ii mole % BaCl 2 
20 mole %. BaCl 2

' Fullam, 'Compatibility of Cesium Chloride and Strontium Fluoride," p. 43.
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' Fullam, "Cesium Chloride Compatibility Testing Program," p.. 40.

A-5

TABLE A-5 COMPOSITION OF THE MIXTURE 
USED TO SIMULATE WESF CsCl" 

Component Wt% Component Wt% 

CsCl 90.0 FeCl. 0.2 

NaCi 4.5 CrC13  0.2 

KC1 3.0 NiC1 2  0.2 

RbCl 0.5 MnCl .  0.2 

BaCl 2  0.5 PbC1 2  0.2 

CaC12 0.5



TABLE A-4 CsCl COMPATIBILITY TESTS WITH 316L - WELDS'

First Series of Tests

Waste 
Composition 

A*

Metal 

31 6L

Temperature, "C 

400

Interaction Zone, mils 
3 months 

10

Second Series of Tests

Waste 
Composition_

B 

A 

A

Temperature. "C 

400

400 

400 

400

Interaction Zone, mils 
4 months 6 months

0 

0 

0 

0

<1 

<1 

<1 

<1

* A 80 mole% CsCl - 20 mole% BaC1 2 **B 89 mole% CsCl - 11 mole% BaCl.  

' Fullam, "Compatibility of Cesium Chloride and Strontium Fluoride," p. 31.

A-4

Metal

316L

316L 
(annealed) 

316L 

316L 
(annealed)

till,
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TABLE A-7

0 10 20 30 40 50 60 70 80 90 
CESIUM CHLORIDE CONTENT, WT%* 

The Effect of Composition on the Average Thermal Expansion Coefficient 
Between 25-300°C for the System CsCI-KCI and CsCI-NaCI

100

* KI T. FPga, "AywAg Ptoporty MeaUreaW* tG on CeGIM ChkrMo and C•,oaM Chlorido-AaN M.al Chdoride 8ystem," March 1971, p. 31.

(

55

(1

53 

51 

49 

47 

45 

43

0 
X 

o 

C 

C 

z 

Cl) 

a.

41



TABLE A-6 THE EFFECT OF IMPURITIES ON THE PHASE 
TRANSITION TEMPERATURE AND MELTING POINT OF CsCI" 

Start of the Minimum 
Phase Transition Melting Point 

System' MC PC 

Pure CsCl (ORNL) 451 

CsCl + 5% KCI 330 605 

CsCl + 5% NaCi 470 493 

CsCI + 5% KCl + 5% NaCi 332 478 

CsCl + 5% BaCl 2  475 557 

CsCl + 5% CaCl 2  468 610 

CsCl + 3% FeCl3  c 270 

CsCl + 3% CrC1 3  475 622 

CsCl + 3% PbCl 2  472 480 

CsCl + 3% MnC1 2  477 489 

CsCl + 3% NiCl 2  479 520 

CsCI + 3% Cs2O 494 

CsCl Mixtureb 343 452 

a Composition in Wt%.  
b See Table A-1 for composition.  
c Melting began before the phase transition was detected.  

* Fullam, "Cesium Chloride Compatibility Testing Program," p. 40.
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TABLE A-9 MAXIMUM DISTORTION FROM THERMAL SHOCK TESTING*

* Dunn, "Letter to Borsheim," January 11, 1971.

A-9

Capsule Type Single Thermal Shock Multiple Thermal Shocks 
CsC1 Inner +.0065" +.004" 

-. 0035" -. 001", 
CsCl Inner +.005" +.008" 

-. 005" -. 003" 

CsCl Outer +.012" +.023" 
-. 010" -. 015" 

CsCl Inner & +.015" +.013" 
Outer -. 017" -. 009"

V.
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TARI = Ask

z 
0 0 CsCI - NaCI 

X CsCI - KCI 
(0 

Iw 0 
(04 x 

W 4 

X. 3 
0 0 

z 
2 2 

z 
X 
4 1 

0 10 20 30 40 50 60 70 80 90 1g0 

CESIUM CHLORIDE CONTENT, WT%* 
Change In Linear Expansion at the Phase Transition with CsCI Content 

for the Systems CsCI-KCI and CsCI-NaCI

* Fpaj-. P!•hf Pv•w M..mnt, ,. 38.
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TABLE A-11 ELEMENTAL ANALYSIS OF IMPURITIES (WT%)"

Capsule Number 

Impurity C-74 C-73 C-206 C-134 C-17 C-130 C-366 

Ba 6.0 6.5 4.8 5.1 4.3 3.1 3.2 

2Ba [decay]* [5.3] [4.6] [3.9] [4.2] (4.3] [4.9- [2.0] 

Ca 0.03 0.06 0.02 0.02 0.02 0.01 0.19 

Cr 0.1 0.3 0.2 0.05 0.1 0.02 0 5 

Fe 0.2 0.8 0.2 0.2 0.1 0.04 1.6 

Mg b b 0.005 0.01 0.003 b 0.05 

Mn b 0.04 0.01 0.02 0.006 0.005 0.09 

Na 0.04 1.5 0.7 0.1 0.3 0.1 0.3 

Ti b b 0.03 0.02 0.04 0.02 0.03 

Zr b b 0.04 0.02 0.04 0.01 0.04 

Ni 0.06 0.1 0.02 0.06 b 0.02 1.5 

B 0.04 b b 0.01 0.03 b 0.02 

Mo 0.06 0.26 b b 0.06 b 0.05 

Al 0.1 b b b b b 0.1 

Ce b b b b b b 0.01 

K 0.7 b b b b b 0.7 

La b b b b b b 0.01 

Si b b b b b b 0.2 

Sr b b b b b b 0.005 

Total 7.3 9.6 6.0 5.6 5.0 3.3 8.6 

a Not included in total.  

b Analyzed elements that were nondetectable.  

"Sasmor et al, "Characterization of Two WESF Capsules," p. 38.
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TABLE A-1O SEMI-QUANTITATIVE ANALYSIS OF C-117 CONTENTS' 

E _ _ _m_ _,__t/_ gampn_- (Yin,)* 
Element__ _, Bulk Salt f Dark Powder

Al 

B 

Ca 

Co 

Cr 

Cs 

Cu 

Fe 

K 

Mn 

Mo 

Na 

Ni 

P 

Pb 

Pd 

Rb 

S 

Si 

'Sr 

Zn

3 

4 

0.5 

>0.2 

1 

530 

2 

5 

1 

0.5

!* 

1

0.2 

0.2 

bO 

50 

0.01 

0.8

8 

2 

1 

0.1 

2 

150 

0.3 

20 

2 

0.2 

0.6 

22 

3 

3 

_>0.2 

>0.5 

0.03 

20 

2 

0.04 

0.3

* Precision estimated as +100% to minus 50%.  
** Values probably high due to Na both in dilution water and 

glass containers.
leaching of

1 Kenna et al., "Characterization of an Aged WESF Capsule," p.23.  
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lABLE A-13 SUJMMARY OF TENSILE PROPLRTIES Of THE USED C-117 CAPSULE AND UNUSED WUSF CAPSULLS AT ROOM TEMPERATURE'

Sample 
Source/tocation 

Literature (Tubular) 

Outer Caosule - Unused 
Sample #I 

Upper end 
Lower end 

Sample 02 
Upper end 
Lower end 

Sample #3 
Sample 04 

AVERAGE:

Yield Strength 
--(MPa I* 

267 + 37 

336.8 ± 16.3 
346.5 + 29.3

321.5 
352.3 
307.6 
306.1

+ 16.3 
+ 4.5 
+ 30.0 
± 31.4

328.5 + 23.4

Used Capsule (C-117) 
Sample 01 

Upper end 262.4 + 13.1 
Lower end 260.7 1 13.0 

Sample 02 264.0 ± 7.0 

AVERAGE: 262.4 + 11.0 

Inner Capsule of C-117 
Sample #1 
(Limited Salt Contact)** 

Upper end 263.3 + 13.1 
Lower end 281.0 + 23.0 

Sample #2 
[Continuous Salt Contact]** 

Upper end 259.4 + 20.8 
Lower end 325.7 + 32.9 

AVERAGE: 273.8 + 19.3

Ultimate Strength 
(MPa)* 
558 + 48

670.5 ± 4.9 
680.6 + 11.3 

661.4 + 2.9 
665.7 + 3.2 
655.8 + 28.2 
643.9 + 27.4 

663.0 + 16.9 

569.7 + 28.5 
569.1_+ 26.3 
560.3 ± 13.0 

566.4 + 22.6 

572.9 ± 28.7 
575.0 ± 2.3 

545.1 + 45.1 

570.8 ± '2.5 

566.1 + 28.3

I ksi - 6.835 Ha 
" There is initial salt contact in the upper portion at the time 

There is contraction of the salt en solidification and the top 
with the CsCI r.ýss.

when the capsule is filled with molten CsCI.  
end does not maintain continuous contact

I Kenna et al.. 'jnaracterization of an Aged WESF Capsule," p. 16.

% Total 
Elonnat ion 

57 + 6 

55.6 + 2.8 
53.6 ± 1.J

Reduction 
An Are4 

63.1 ± 1.5 
63.0 + 0.7

53.0 + 
54.2 + 
54.5 + 
52.0 ±

1.8 
2.4 
5.3 
1.4

66.2 
65.8 
65.5 
62.0

+ 

+

1.1 
0. Fi 
6.8 
5.0

53.8 + 2.8

68. 1 
67.2 
61.5

±_1.8 
+I,.  + 5.7

64.3 + 3.6 

73.7 + 0.8 
73.8 ±0.9 
68.0 3.7 

71.8 + 1.8 

69.7 + 1.4 
70.2 ± 1.3 

74.0 + 6.0 

75.0 + 2.0 

72.1 + 2.9

65.6 + 2.9 

65.2 2.1 
62.1 ±6.4 

60.2 + 4.8 

49.8 ± 5.3 

62.0 + 6.1



TABLE A-12 IMPURITY CONTENT FROM ELEMENTAL ANALYSIS (WT%)" 

Iapsule Number 
Impurity 
Compound C-74 C-73 C-206 C-134 C-17 C-130- C-36 

-T f

BaCI1 

CaCl 

CrC13 

FeC13 

MnC1.  

NaC1 

TiCl.  

ZrC12 

NiCla 

BO.  

MoC13 

Al C1 

CeCl1 

KC1 

LaC1, 

SrCl, 

Total

9.1 

0.08 

0.3 

0.6 

a 

a 
0.01 

a 

a 

0.13 

0.13 

0.13 

0.5 

a 

1.3 

a 

a 

a 

12.4

9.9 

0.17 

0.9 

2.3 

a 

0.14 

3.8 

a 

a 

0.22 

a 

0.55 

a 

a 

a 

a 

a 

a 

18.0

7.3 

0.06 

0.6 

0.6 

0.02 

0.04 

1.8 

0.1 

0.07 

0.04 

a 

a 

a 

a 

a 

a 

10.6

7.8 

0.06 

0.2 

0.6 

0.04 

0.07 

0.3 

0.1 

0.04 

0.13 

0.03 

a 

a 

a 

a 

a 

a 

a 

9.2

6.5 

0.06 

0.3 

0.3 

0.01 

0.02 

0.8 

0.2 

0.07 

a 

0.10 

0.13 

a 

a 

a 

a 

a 

a 

8.4

1 1 1. I�..

a Analyzed elements that were nondetectable.  

Sasmor eta.], *Characterization of Two WESF Capsules," p.  

A-12

4.7 

0.03 

0.1 

0.1 

a 

0.02 

0.3 

0.08 

0.02 

0.04 

a 

a 

a 

a 

a 

a 

a 

5.3

4.9 

0.53 

1.5 

4.7 

0.2 

0.32 

0.8 

0.1 

0.07 

3.32 

0.06 

0.11 

0.5 

0.02 

1.3 

0.02 

1.2 

0.01 

19.6

39.

/ 
/
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TABLE A-15 RESULTS: HYDROSTATIC TEST RESULTS WITH .25 INCH CUTBACK AND 
WELD CURRENT REDUCED OVER TOTAL CIRCUMFLRENCE* 

Actual percent weld penetration as me d Burst Capsule Weld ampý Desired weld optically at octants on the weld pressure' 
Number high/low' penetration (1) locationt 

761-16 65/30 50-60 7825/EC 
761-17 65/30 50-60 -- 7350/EC 
761 -20 65/30 50-60 .. .. .. .. .. .. .. .. 7640/EC 
761-21 85/35 60-70 

-- 7950/EC 

761-22 85/35 60-70 .. .. .. .. .. .. .. .. 7950/EC 
761-24 85/35 60-70 62 68 72 71 70 66 62 70 8170/SW 
761-11 90/35 70-80 73 72 70 69 80 69 77 75 8500/SW 
761-12 90/35 70-80 73 70 69 76 71 75 63 68 8350/SW 
761-15 90/35 70-80 - -- -- -- -- -- -- -- 8175/SW 
761-25 60/30 50-60 52 54 48 50 51 50 48 54 7306/EC 

76i-26 60/30 50-60 54 48 48 44 48 46 43 51 6975/EC 

a Normal WESF production welding current is 140/70 amps with a desired weld penetration of 100% b This data not available for those capsules that burst at the end cap (except 761-25 and 761-26). End cap for 761-15 was apparently lost.  
c Burst pressure is in psig; burst location is either sidewall (SW) or end cap (EC) weld.

Scully, "Outer Capsule Weld Evaluation Program," p. 31.

U'
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Remaining three quadrants were welded at a current of 
80%.

90/35 with a desired weld penetration of 70% to

b Weld penetrations in parenthesis are at the middle of the low current quadrant. This data not available 
for those capsules that burst at the end cap (EC).  

c Burst pressure is in psig; burst location is either sidewall (SW) or end cap (EC) weld.  

Scully. "Outer Capsule Weld Evdluation Program," p. 20.

I-m!

TABLE A-14 RESULTS: WELD CURRENT REDUCED OVER ONE QUADRANT* 

Low current Desired one Actual percent weld penetration as measured Burst 
Capsule quadrant amps quadrant weld optically at octants on the weld pressure/.  
Number high/lowa penetration (I) locationC 

761-1 65/30 50-60 76 72 73 73 63 (65) 60 82 8100/SW 

761-2 65/30 50-60 -- -- - -- - -- -- 7750/EC 

761-3 65/30 50-60 74 78 75 77 73 71 66 (65) 8250/SW 

761-5 55/25 40-50 -- -- -- -- -- -- -- -- 7750/EC 

761-6 55/25 40-S0 .. .. .. .. .. .. .. .. 7400/EC 

761-7 55/25 40-50 .. .. .. .. .. .. .. .. 7950/EC 

761-8 85/35 70-80 77 78 76 69 73 71 72 (68) 8100/SW 

761-9 85/35 70-80 72 66 (63) 65 57 74 81 72 8750/SW 

761-10 85/35 70-80 (76) 69 66 83 80 75 72 71 8400/SW

a

I a MMOMMM .



TABLE A-17 PERCENT WELD PENETRATION: UT (WEST AREA MACHINE, 
OPERATOR-INTERPRETER 2) VS OPTICAL MEASUREMENTS 
(INTERPRETER A)*'

Capsule West Capsule West number Optical Area-2 Error number I Optical I Area-2 Error

761-1 

761-8 

761-9 

761-10 

761-11

76 
72 
73 
73 
63 
65 
60 
82 
77 
78 
76 
69 
73 
71 
72 
68 
72 
66 
63 
65 
57 
74 
81 
72 
76 
69 
66 
83 
80 
75 
72 
71 
73 
72 
70 
69 
80 
69 
77 
75

42 
50 
54 
50 
33 
58 
25 
46 
64 
61 
57 
64 
71 
68 
68 
71 
75 
61 
57 
36 
46 
50 
61 
57 
66 
50 
50 
50 
42 
62 
62 
42 
54 
71 
66 
58 
54 
66 
62 
62

34 
22 
19 
23 
30 

7 
35 
36 
13 
17 
19 
5 
2 
3 
4 

-3 
-3 

5 
6 

29 
11 
24 
20 
15 
10 
19 
16 
33 
38 
13 
10 
29 
19 
1 
4 
11 
26 
3 
15 
8

761-4 

761-13 

761-23 

761-29 

761-18

69 
72 
73 
76 
77 
74 
67 
73 
70 
76 
87 
75 
69 
69 
68 
69 
65 
67 
76 
79 
71 
78 
67 
71 
65 
70 
67 
70 
71 
80 
76 
69 
65 
73 
72 
63 
72 
63 
69 
69

79 
100 
82 
64 
68 
64 
64 
75 
58 
50 
54 
54 
71 
61 
62 
61 

10o 
100 
100 
72 
79 

100 
100 
100 
71 

100 
61 
59 
46 
43 
64 
64 

100 
100 

69 
62 
69 
60 
66 
81

-10 
-28 
-9 
12 
9 

10 
3 
2 

12 
26 
33 
21 
2 
8 
6 
8 

-35 
-33 
-24 
7 

-8 
-22 
-33 
-29 
-6 
-30 

6 
11 
25 
37 
12 
5 

-35 
-27 

3 
3 
3 
3 
3 

-12
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TABLE A-16 RESULTS: HYDROSTATIC TEST RESULTS WITH USE OF 0.78 INCH CUTBACK AND WELD CURRENT REDUCED OVER 
TOTAL CIRCUMFERENCE* 

Actual percent weld penetration as mejsured Burst Capsule Weld ampl Desired weld optically at octants on the weld pressureý Number high/low' penetration (%) location 

1 65/30 50-60 -- 7400/EC 

2 65/30 50-60 -- 6850/EC 
3 65/30 50-60 .. .. .. .. .... .. 7525/EC 

4 85/35 60-70 .. .. .. .. .. .. .. .. 7700/EC 

,> 5 85/35 60-70 .. .. .. .. .. .. .. .. 7650/EC 
on 6 85/35 60-70 59 73 61 60 58 55 54 60 8225/SW 

7 90/35 70.80 - -- -- -- -- - -- 7900/EC 

8 90/35 70-80 77 75 72 73 75 72 69 65 8200/SW 

9 90/35 70-80 -- -- -- -- -- -- -- 8100/EC 

a Normal WESF production welding current is 140/70 amps with a desired weld penetration of 100%.  b This data not available for those capsules that burst at the end cap.  
c Burst pressure is in psig; burst location is either sidewall (SW) or end cap (EC) weld.  

* Scully, 'Outer Capsule Weld Evaluation Program," p. 31.
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TABLE A-l8 PERCENT WELD PENETRATION: UT (WEST AREA MACHINE, 
OPERATOR-INTERPRETER 1) VS OPTICAL MEASUREMENTS 
(INTERPRETER A)* 

Capsule West Capsule West number Optical Area-i Error number Optical Area-1 Error

761-I 

761-8 

761-9 

761-10 

761-1l

76 
72 
73 
73 
63 
65 
60 
82 
77 
78 
76 
69 
73 
71 
72 
68 
72 
66 
63 
65 
57 
74 
81 
72 
76 
69 
66 
83 
80 
75 
72 
71 
73 
72 
70 
69 
80 
69 
77 
75

72 
72 
72 
75 
64 
81 
56 
78 
72 
78 
72 
78 
69 
72 
72 
78 
U6 
75 
81 
50 
86 
67 
81 
83 
78 
50 
69 
72 
67 
81 
81 
72 
75 
86 
86 
75 
78 
86 
81 
78

4 
0 
1 
2 

-1 
-16 

4 4 
5 
0 
4 
9 
4 
1 
0 

-10 
-14 
-9 
-18 
15 

-29 
7 
0 

-11 
2 
19 
3 

11 
13 

-6 
-9 
-1 

2 
-14 
-16 

6 
2 

-17 
4 
3

761-19 

761-4 

761-13 

761-23 

761-29

63 
66 
67 
65 
64 
61 
60 
61 
69 
72 
73 
76 
77 
74 
67 
73 
70 
76 
87 
75 
69 
69 
68 
69 
65 
67 
76 
79 
71 
78 
67 
71 
65 
70 
67 
70 
71 
80 
76 
69

100 
100 
98 
86 
92 
92 

100 
99 
86 
69 
89 
69 
75 
72 
83 
78 
81 
44 
31 
53 
72 
81 
81 
83 
100 
98 
98 
89 
86 
89 
99 

100 
75 
67 
75 
78 
62 
72 
69 
78

-37 
-34 
-31 
-21 
-28 
-31 
-40 
-38 
-17 

3 
-16 

7 
2 
2 

-16 
5 

-11 
32 
56 
22 

-3 
-12 
-13 
-14 
-35 
-31 
-22 
-10 
-15 
-11 
-32 
-29 
-10 

3 
8 
8 
9 
8 
7 

"9

I L I I I
A- 19



TABLE A-17 (continued) PERCENT WELD PENETRATION: UT (WEST AREA MACHINE, 
OPERATOR-INTERPRETER 2) VS OPTICAL MEASUREMENTS 
(INTERPRETER A)*' 

Capsule West Capsule West 
number Optical Area-2 Error number Optical Area-2 Error 

761-12 73 65 8 761-27 76 75 1 
70 65 5 73 100 -27 69 77 8 78 96 -18 
76 63 13 81 61 20 
71 57 14 71 64 7 
75 73 2 77 54 23 63 73 -10 72 64 8 
68 73 -5 78 68 10 761-14 59 100 -41 761-3 74 32 42 
72 100 -28 78 61 17 80 92 -12 75 61 14 
76 59 17 77 57 20 66 79 -13 73 64 9 
65 100 -35 71 64 7 67 100 -33 66 57 9 68 100 -32 65 71 6 761-19 63 100 -37 6 59 56 3 
66 100 -34 73 60 13 
67 93 -26 61 60 1 65 80 -15 60 58 2 64 82 -18 58 61 3 
61 86 -25 55 66 -11 60 100 -40 54 62 - 8 
61 89 -28 60 62 - 2 

8 77 61 16 
75 46 29 
72 57 15 
73 46 27 
75 43 32 
72 54 18 
69 54 15 
65 57 8 

*Data were taken at octant cuts.

Error - optical minus W. Area-2 
N - 136 (number of pairs) 
Average error - 3.4 
Range of the errors - -41 to 42 

Standard Deviation of the Errors - 19.4 

Scully, "Outer Capsule Weld Evaluation Program," pp. 37, 38.  
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TABLE A-19 PERCENT WELD PENETRATION: UT (WEST AREA MACHINE, 
OPERATOR-INTERPRETER 1) VS UT (WEST AREA MACHINE, 
OPERATOR-INTERPRETER 2)* 

Capsule West West Capsule West West 
number Area-1 Area-2 Error number Area-1 Area-2 Error

761-1 

761-8 

761-9 

761-10 

761-11

72 
72 
72 
75 
64 
81 
56 
78 
72 
78 
72 
78 
69 
72 
72 
78 
86 
75 
81 
50 
86 
67 
81 
83 
78 
50 
69 
72 
67 
81 
81 
72 
75 
86 
86 
75 
78 
86 
81 
78

42 
50 
54 
50 
33 
58 
25 
46 
64 
61 
57 
64 
71 
68 
68 
71 
75 
61 
57 
36 
46 
50 
61 
57 
66 
50 
50 
50 
42 
62 
62 
42 
54 
71 
66 
58 
54 
66 
62 
62

30 
22 
18 
25 
31 
23 
31 
32 
8 

17 
15 
14 

-2 
4 
4 
7 
11 
14 
24 
14 
40 
17 
20 
26 
12 
0 

19 
22 
25 
19 
19 
30 
21 
15 
20 
17 
24 
20 
19 
16

761-14 

761-19 

761-4 

761-13 

761-23

92 
69 
98 
81 
89 
100 
100 
100 
100 
100 
98 
86 
92 
92 

100 
99 
86 
69 
89 
69 
75 
72 
83 
78 
81 
44 
31 
53 
72 
81 
81 
83 

100 
98 
98 
89 
86 
89 
99 

100

100 
100 
92 
59 
79 

100 
100 
100 
100 
100 
93 
80 
82 
86 

100 
89 
79 

100 
82 
64 
68 
64 
64 
75 
58 
!e 
54 
54 
71 
51 
62 
61 

100 
100 
100 
72 
79 

100 
100 
100

-8 
-31 

6 
22 
10 
0 
0 
0 
0 
0 
5 
6 

10 
6 
0 

10 
7 

-31 
7 
5 
7 
8 

19 
3 

23 
-6 
-23 
- 1 

20 
19 
22 
2 
2 

17 
7 

-11 
1 
0

I I 5 1 1. i

A-21



TABLE A-18 (Continued) PERCENT WELD PENETRATION: UT (WEST AREA MACHINE, 
OPERATOR-INTERPRETER 1) VS OPTICAL MEASUREMENTS 
(INTERPRETER A)*'

*Data were taken at octant cuts.  

Error - optical minus W. Area-i 
N = 112 (number of pairs) 
Average error -8.4 
Range of the errors = -40 to 56 

Standard Deviation of the Errors = 15.4 

Scully, "Outer Capsule Weld Evalauation Program," pp. 39-40.
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Capsule West Capsule West number Optical Area-i Error number Optical AreaI Error 

761-12 73 83 -10 761-18 65 100 -35 
70 86 -16 73 92 -19 69 89 -20 72 72 0 76 81 -5 63 72 -9 
71 75 -4 72 72 0 75 78 -3 63 67 -4 63 81 -18 69 72 - 3 68 86 -18 69 83 -14 761-14 59 92 -33 761-27 76 83 7 
72 69 3 73 100 -27 80 98 18 78 98 -20 76 81 - 5 81 72 9 
66 89 -23 71 69 2 65 100 -35 77 67 10 67 100 -33 72 72 0 68 100 -32 78 81 3

4_-



TABLE A-20 PERCENT WELD PENETRATION: UT (EAST AREA MACHINE, 
OPERATOR-INTERPRETER 1) VS UT (G CELL C SCANNER, 
OPERATOR-INTERPRETER 1)*' 

Capsule East Capsule East 
number Area-i C-1 Error number Area-i C-1i Error 

761-14 85 75 10 761-23 67 85 -18 
62 43 19 65 46 19 
80 71 9 82 78 4 
85 71 14 82 78 4 
88 82 6 87 82 5 
100 78 22 90 54 36 
100 89 ]1 87 89 - 2 
100 89 II 80 89 - 9 761-19 90 43 47 761-29 77 75 2 

62 64 -2 57 46 11 
87 82 5 80 82 -2 93 82 11 77 75 2 
90 85 5 67 71 -4 
87 89 -2 75 68 7 
82 89 - 7 761-18 57 50 7 
82 85 - 3 77 29 48 .761-4 70 89 -19 70 61 9 
62 68 - 6 75 57 18 
80 82 - 2 67 57 10 
77 82 - 5 72 64 8 
77 82 - 5 77 68 9 
75 82 -7 98 82 16 75 82 -7 761-27 80 89 9 
77 89 -12 62 43 19 761-13 75 82 - 7 77 64 13 
70 82 -12 67 54 13 
77 82 - 5 70 57 13 
75 82 -7 70 57 13 
77 82 - 5 75 57 18 
82 82 0 77 68 9 
80 82 - 2 
75 89 -14 

• Data are "low penetration for the octant." 

Error = EA-1 Minus C-I 
N = 62 (number of pairs) 
Average error = 5 
Range of the errors = -19 to 48 

Standard Deviation of the Errors - 13.1 

' Scully, "Outer Capsule Weld Evaluation Program," p. 43.
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TABLE A-i9 (Continued) PERCENT WELD PENETRATION: UT (WEST AREA MACHINE, 
OPERATOR-INTERPRETER 1) VS UT (WEST AREA MACHINE, 
OPERATOR-INTERPRETER 2)*' 

Capsule West West Capsule West West number Area-1 Area-2 Error number Area-i Area-2 Error 

761-12 83 65 18 761-29 75 71 4 
86 65 21 67 100 -33 
89 77 12 75 61 14 
81 63 18 78 59 19 75 57 18 62 46 16 78 73 5 72 43 29 81 73 8 69 64 5 86 73 13 78 64 14 

761-18 100 100 0 
92 100 - 8 
72 69 3 
72 62 10 
72 69 3 
67 60 7 
72 66 6 
83 81 2 

761-27 83 75 8 
100 100 0 
98 96 2 
72 61 11 
69 64 5 
67 54 13 
72 64 8 
81 68 13

* Data were taken at octant cuts.  

Error = W. Area-i Minus W. Area-2 
N = 112 (number of pairs) 
Average error - 10.1 
Range of the errors = -33 to 40 

Standard Deviation of the Errors - 12.5 

' Scully, "Outer Capsule Weld Evaluation Program," pp. 41-42.
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TABLE A-22 SIMULATED WESF CsC1 HIGH TEMPERATURE/OVER-FILL TESTS*

-Nomi nal

Compound 
Formula I Wt%

A1,03. l OS i 02 

B201 
BaCl 2 

Ba 

CaCl.  

CdC1 2 

CsC1 
CoCl 2 

CrCl, 
Cue] 2 

FeC12 

KCI 

Mno2 
NaSo4 

NiCl 2 

Na3PO, 

Pbl2 
PdCl 2 

RbC1 

SrC12 

Ti•2 

ZnCl2

I~I.

4.84 

0.91 

7.75 

5.11 

0.13 

0.049 

63.45 

0.20 

3.92 

0.38 

4.26 

1.21 

0.074 

6.53 

0.20 

0.53 

0.17 

0.031 

0.026 

0.034 

0.11 

0.090

100.0

- -Element 
Symbol Wt%

Al 

Ba 

Ca 

Cd 

Cs 

Co 

Cr 

Cu 

Fe 

K 

Mn 

Na 

Ni 

P 

Pb 

Pd 

Rb 

Sr 

Ti 

Zn 

Cl 

0 

S 

Si

0.37 

0.28 

10.24

0.048 

0.030 

50.08 

0.091 

1.29 

0.18 

1.87 

0.63 

0.046 

2.34" 

0.092 

0.10 

0.13 

0.019 

0.019 

0.019 

0.067 

0.044 

22.24 

5.65 

1.47 

1.94

a Includes Na from Na3PO4 .  
b NA = not analyzed.  

"Tingey et al., "WESF Cesium Capsule Behavior," p. 5.  
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Analyzed 

First Melt, Last Melt, 
Wt% ý Wt%

0.50 

0.39 

8.8 

0.10 

0.03 

45.9 

0.076 

1.3 

0.17 

2.0 

0.5 

0.05 

2.9 

NAb 

0.1 

0.076 

NA 

NA 

0.053 

0.088 

0.058 

23.0 

NA 

1.1 

2.7

0.31 

0.15 

9.6

0.10 

0.03 

47.6 

0.065 
1.1 

0.17 

1.8 

0.5 

0.05 

2.4 

NA 

0.1 

0.071 

NA 

NA 

0.057 

0.067 

0.043 

22.6 

NA 

1.0 

1.5

Nominal



TABLE A-21 ESTIMATES OF METAL ATTACK IN THE THERMALLY AGED WESF CsCl CAPSULES* 

Ring No. 1 Ring No. 2 Ring No. 3 Ring No. 4 
Avg. Attack, Avg. Attack, Avg. Attack, Avg. Attack, Capsule Exposure Temp., Mil Temp., mil Temp., mil Temp., mil 

No. Hours 0C 4C _C 0C 

C-1266 2,208 423' 2.4 455 1.2 425" 1 1.2 384 1.4 

C-1365 4,392 430 4.3 449 3.2 400 3.4 350 2.0 

C-1451 8,784 4384 1.2 4586 1.2 417a 1.6 3574 0.8 

C-1486 17,544 431 7.9 45 10.2 428 6.3 386 1.6 

C-1351 28,268 432" 17.0 445 18.0 422' 14.0 386 1.4 

C-1272 51,432 436 2.4 449 1.2 422 5.5 380 1.6

a Temperatures changed between Bryan, PNL-6170, UC-70 
Report.  

....- Ring No. 1 4.3" from bottom of capsule 
Ring No. 2 8.7" from bottom of capsule 
Ring No. 3 13.4" from bottom of capsule 
Ring No. 4 17.4" from bottom of capsule

(May, 1987) p. 16 and November 1989

* Bryan, "Cesium Chloride Compatibility Testing," p. 5-19.  
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tI July 29, 1988 

August 16, 1988 

August 17, 1988 

August 18, 1988 

September 15, 1988 

September 16, 1988 

October 17, 1988

Chicago, IL 

Lynchburg, VA 

Westerville, OH 

Northglenn, CO 

Washington, DC 

Washington, DC 

Atlanta, GA

LOCATION

Davis 
Hultgren 
Jensen 
Jugan 
Wright

Davis 
Hultgren 
Jensen 
Jugan 
Wright 

Hultgren 
Wright

CONTACTS
DATE

NRC: 
J.  
P.  
J.  
S.  

R.  
H.  

DOE: 
W.  
R.  

J.  I.  
C.

J. Kendig 
Hickey 
Vacca 
.ubaneau 

Baggett 
Sjoblom 
Cunningham 
Thompson, Jr.  

Frankhaven 
Chitwood 
Baublitz 
Waldo 
Caves

NRC: P. Burks 
B. Cline 
R. Woodruff 

GEORGIA: 
J. Setser 
T. Hill 

ARKANSAS: Olkus 
OTHERS: 

B. Springsock 
R. Piccione 
B. Held 
V. Pressley 
C. Pinkerton 
J. Willis
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BOARD MEMBERS 

Hultgren 
Jensen 
Jugan 
Wright 

Hultgren 
Jugan 
Wright 

Hultgren 
Jugan 
Wright 

Hultgren 
Jugan 
Wright

NRC REGION III: 
M. McCann 
Jim lynch 
Bill Adams 
Patty Whiston 
Bruce Mallett 
Darrel Wiedeman 

ARECO: 
L. Barrett 
R. Lee Stocks 
J. Myron 

RSI: B. Fairand 

IOTECH: R. Dart 
R. Fourzan



/

APPENDIX B: -INVESTIGATION ITINERARY

SOAR �M EM B F S CCiTAC TS

June 23, 1938 

June 27-30. 1988 

July 7, 1988 

July 18-22, 1988

Oak Ridge, TN 

Decatur, GA 

Oak Ridge, TN 

Richland, WA

Hultgren 

Davis 
Hil tyren 
Jensen 
Jugan 
Fenry 
Wright 

Davis 
Hultgren 
Jugan 
Penry 
Wright 

Davis 
Hultgren 
Jensen 
Jugan 
Penry 
Wright

RSI: 'hin 

RSI: Fisher 
Beecher 
Ray 

NRC: Woodruff 
Georgia: Hill 

ORO: S. Wolfe 
L. Price 
P. Dayton 
R. Lynch 

RLO: P. Douglas 
A. Rizzo 
J. White 
E. Goldberg 
P. Carter 
E. Bowers 
G. Bracken 

WESTINGHOUSE: 
E. Reep 
J. Logston 
V. Blanchard 
C. Sams 
C. Stroud 
J. Fulton 
R. Gelman 
G. Funnel] 
M. Stevenson 
H. Kohl 
E. Proudfoot 

PACIFIC NORTHWEST 
LABORATORY: 
G. Tinqey

DATE LOCATION



INDEX TO APPENDIX C 

Introduction . . . .. . .. . . . . . . . . . . . . . . . . . . . . C-1 

Tom Fisher - Part I ......................................... C-3 
RSI - Decatur, Georgia 

Claude Beecher ............................. C-23 
RSI - Decatur, Georgia 

Robert Ray ................................. C-29 
RSI Decatur, Georgia 

Tim Fisher - Part If ........ ..... ........................ C-37 
RSI - Decatur, Georgia 

Thomas Hill ...... ............................. C-63 
Georgia Department of Human Resources 

Richard Woodruff ............................. C-81 
NRC Region I1, Atlanta, Georgia 

Sylvia Wolfe/Les Price ........ ....................... ... C-91 
ORO, Energy Programs Operation 

Peter Dayton/Bob Lynch ...... ..... ....................... C-123 
ORO, Procurement and Contracts Division 

Edward Goldberg/Elizabeth Bowers ...... ... .................. C-137 
Richland Operations Office 

John Fulton ............................................ .... C-143 
Westinghouse Hanford Company 

Gordon Funnell ........ ................................ C-163 
Westinghiouse Hanford Company 

Bob Gelman..... ... C-187 
Westinghouse Hanford Company 

Jim L ogston ...... ............................. ..... .. C-205 
Westinghouse Hanford Company 

Ed Proudfoot,/Harry Kohl ....... ... ....................... C-213 
Westinghouse Hanford Company 

Eugene Reep ....... ... ... ............................. C-223 
Westinghouse Hanford Company 

Marc Stevenson......C-259 
Westinghouse Hanford Company



UCATIOJ BOARD MEMBERS

January 31, 1989 Atlanta, GA Hultgren

YIN
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GEORGIA: 
Hardeman 
T. Smith 
W. Slocumb 
L. Justus 
G. Johnston 
T. Hill 
P. Burks 
J. Setser 

NRC: R. Woodruff 
M. Elliott 
B. Cline 
J. Lubaneau 

OTHERS: 
J. Willis 
J. Jolm 
D. Rinic 
J. Johnsrud

D•ATE CONTACTS



INDEX TO NRC REGION III FILES

Date From 

4/3/84 RSI (Chin) 

5/29/84 NRC (Adam) 

6/26/84 NRC (Bassin)

7/3/84

To Subject

NRC (Wang) 

RSI (Chin) 

RSI (Chin)

Climax (Crawford) RSI (Chin)

7/16/84 PNL (McElroy) 

7/23/84 RSI (Chin)

7/25/84 

9/14/84

DOE (Jicha) 

NRC (Ayer)

DOE (White) 

NRC (Bassin) 

NRC (Cunningham) 

NRC (Adam)

Amendment to license: I/day 
thermal cycling; [Letter 
Notes] solubility tests show 
low thru 1/8" holes; leaky 
capsule found by wipe test; 
pool water monitored; "currently preparing to 
modify" facility 

Encloses Amendment 03 
authorizing changes requested 
in 4/2/84 letter, Procedures 
and Certification Branch in 
Washington to authorize 
cesium-137 capsules 

Denies request to amend 
license 8 mil/year corrosion 
rate at 430"C; thermal cycling 
aggravates rate; more data 
needed 

Estimates 10,000 psi is max 
stress in a 150"C to 30"C 
cooling 

Explains corrosion data;' 
obviously prompted by Chin; 
very positive; rubs over a lot 
of data 

Refutation of early data and 
push to get on with licensing 

Pushes for license and states 
operating limits for capsules 
(Temperatures only) 

Licensing of capsules to 
proceed. Will use demo 
facility; worry about 
reliability; recognize 
solubility problem.

D-1



Curtis Stroup ............................ ........... C-281 
Westinghouse Hanford Company 

Viroil Blanchard........................................ C-313 
Westinghouse Hanford Company 

Garth Tingey . . . . . . . . . . . . . . . . . . . . . . . . . . . . C-326 
Pacific Northwest Laboratory, Richland



Subject

NRC (Cunningham) 

NRC (Hickey) 

RSI (Chin)

4/3/85 

4/4/85 

4/4/85 

4/8/85

7/22/85 RSI (Chin) 

7/25/85 NRC (Hickey)

RSI (Chin)

8/19/85 RSI (Chin)

NRC (Adam)

10/1/85 NRC (Axelson)

DOE (Jicha) 

RSI (Chin) 

NRC (Hickey)

RSI

NRC (Hickey) 

RSI (Chin) 

NRC (Hickey) 

NRC (Axelson) 

NRC (Hickey) 

RSI (Chin)

Capsule extraction, 
temperature monitoring, 
temperature limited to 300"C/ 
cycles <12,000, 25% 
penetration of wall by 
corrosion will be reason for 
recall of capsules 

Proceeding with review of 
application for WESF capsules; 
have not received letter from 
DOE 

Agrees to T/C on cage around 
sources, in compliance w/April 
4 letter 

License amendment - permit 
WESF capsules 

Further defines temp 
monitoring; requests immediate 
loading of Decatur after 
Westerville 

Requests more detailed temp.  
system; cannot use capsule in 
Illinois 

More detail on T/C but remove 
T/C after first read.  
Attachment: RSI's analysis of 
expected surface temp of 
135"C.  

Urgent request for amendment 
to license. Remove T/C after 
first measurement; load 
capsules elsewhere rather than 
wait for first capsule test 

Why is T/C required? 

Asks confirmation that 
installation of T/C hasn't 
created any problems

License amendment

NRC

7/31/85

9/3/85

10/1/85 NRC RSI

0-3

LO



TeQ SubJect

10/15/84 NRC (Singer) 

11/8/84 RSI (Chin) 

12/10/84 NRC (Singer) 

12/14/84 RSI (Chin)

RSI (Chin) 

NRC (Ayer) 

RSI (Chin) 

NRC (Singer)

Provides changes needed to 
resume processing of amendment 
to license which was for 
cobalt + proof of operation < 
200"C/ limit of cycles; clean 
up procedures. Appendix 
attached listing suggested 
changes to applications 

Provides changes to 
application in response to 
Singer's 10/15/84 letter: 
* Continues to hold Cs 
diffusion low 
* "leaky source will be 
identified and removed and 
returned to DOE" 
* Request max temperature 
increase to 3000 and delta 
temp. sensor 
* anticipate weld failure 
detected by pool water 
detectors (never expected air 
fail) - refers to Richland 
detection technique 

Since Decatur is deme, NRC 
will stop and RSI should work 
with Georgia 

Westerville is now the demo 
facility

PNL (Tingey) Sandia (Reuscher) Capsules at 100C for 34 
months, 200C for 69 months, corrosion less than 
.001; corrosion due to impurities rather than 
the CsCl; suggest 300" to 350"C as a max.  
temperature

NRC (Cunningham) NRC (Nussbaumer) Accepts capsules for dry 
storage, dry irradiation but 
Mat wet storage, dry 
irradiation

D-2

1/23/85

2/1/85

oate



SubJect

NRC (Adam) RSI (Chin) T/C removed per attached 
license amendment

D-5

5/21/86

From



Subject

10/7/85 RSI (Chin) 

10/21/85 NRC (Miller) 

10/21/85 NRC (Cunningham) 

10/24/85 NRC (Axelson) 

10/24/85 NRC (Lynch) 

1/15/86 NRC (Axelson)

NRC (Axelson) 

NRC (Axelson) 

DOE (Jicha) 

RSI (Chin) 

(Memo to Files] 

NRC (Adam)

Confirms T/C isn't a problem; 
still want to remove it; NRC 
pays if sources hang up 

Comments on RSI's amendment 
request: Still evaluating T/C 
- seeits safe - why does temp 
go up when sources lowered 
malfunction? 

T/C data to be evaluated by 
Rimini and Tingey. Will 
consider license applications 
for use of WESF capsules in 
wet storage irradiators 

Chin's request for amendment 
to remove T/C is being 
considered 

Don't see T/C entanglement 
with sources as a problem; RSI 
instructed to maintain temp 
monitoring system 

Temperature data shows 130"C 
max and 92" average but no DOE 
study so T/C stays on

1/15/86 NRC RSI License amendment

1/28/86 NRC (Adam) 

1/28/86 DOE (Rimini)

3/27/86 

4/2/86

NRC

DOE (White)

4/14/86 NRC (Hickey)

RSI (Chin) 

NRC (Hickey)

RSI

DOE (Heusser) 

NRC (Axelson)

T/C stays on until DOE/PNL 
study released 

Provides temp data formally to 
NRC - copper capsule 126'C 
max; recommend removal of T/C 

License amendment remove T/C 

Heat transfer calc. yields 
1800C 
[Transmittal of Tingey to 
Jarrett, PNL 
Byprod. Mngr.]

DOE recommends, T/C removal

D-4

Date From



Subject

10/18/84 (GA) Hill 

10/31/84 (RSI) Chin

11/1/84

11/8/84

(RSI) Fisher

(RSI) Chin

11/14/84 (GA) Hill

12/03/84 (RSI) Fisher 

12/07/84 (GA) Connell

(RSI) Chin 

(GA) Hill 

(GA) Hill

(NRC) Ayer 

(RSI) Chin

(GA) Hill

RSI

approval for use of cesium-137 
from NRC shortly 

Requests information on 
questions not answered in last 
letter 

Requested information provided 
in corrected copy of 10/4/84 
letter, dated 10/31/84.  
Letter enclosed from NRC 
regarding use of cesium. NRC 
not willing to license cesium 
at this time. Use of cesium 
at Decatur facility will be 
requested pending approval for 
use at Westerville, OH 
facility 

Regarding conversation of 
10/30/84 concerning RSI 
request for a temporary 
license to store cobalt 60 
until permanent license issued 

States intention to use 
Decatur facility as cesium-137 
demonstration unit with 
Westerville facility as second 
unit. Supplemental 
information included 

Reply to letters of 10/31/84.  
Will not consider licensing 
Decatur facility for cesium 
until RSI demonstrates 
operation with a good 
compliance history 

Information requested at 
11/30/84 meeting provided 
regarding storage of cobalt 60 

Radioactive material license 
for storage only of cobalt 60 
at Decatur facility issued by 
St. of GA
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INDEX TO STATE OF GEORGIA CORRESPONDENCE

A chronology of correspondence from the State of Georgia licensing file, which 
reflects the licensing activities, is summarized and presented below:

Date From To Subject

1/13/83 

3/19/84 

4/3/84 

5/31/84

6/19/84 

•=-• 6/26/84 

7/23/84

8/21/84

9/26/84

(NRC) Nussbaumer

(RSI) Chin

(RSI) Chin 

(NRC) Woodruff 

(GA) Hill 

(NRC) Bassin 

(RSI) Chin

(RSI) Chin

(GA) Hill

State Agreement 
Officers 

St. of GA 

(NRC) Wang 

(GA) Hill 

(RSI) Chin 

(RSI) Chin 

(NRC) Bassin

(GA) Hill

(RSI) Chin

NRC report on potential design 
hazard associated with large 
irradiators 

Application for license of 
irradiation facility at 
Decatur, GA 

Amendment to License 

Comments on RSI license 
application 

Response to license 
application denying 
consideration for cesium-137 
licensure; requests more 
information 

Denies 4/4/84 license 
amendment request until more 
information available on the 
effects of thermal cycling 

Addresses concerns raised in 
Bassin's 6/26/84 letter 

Additional information 
supplied; also states use of 
cesium capsules has been 
verbally approved by NRC 

State of Georgia awaiting 
information on cesium-137 from 
NRC. Requests additional 
information on license 
application

(RSI) Chin (GA) Hill Response to requested 
information. Expects to 
receive confirmation of

10/4/84



From
Sub.iect

4/4/85 (NRC) Hickey 

4/4/85 (RSI) Chin 

4/8/85 (NRC) Hickey 

5/15/85 (NRC) Woodruff 

6/5/85 (NRC) Axelson 

7/22/85 (RSI) Chin

7/25/85 

8/16/85

(NRC) Hickey 

(RSI) Chin

(RSI) Chin 

(NRC) Hickey 

RSI 

(GA) Rutledge 

(RSI) Chin 

(NRC) Hickey 

(RSI) Chin 

(GA) Hill

8/29/85 (NRC) Nussbaumer Chapell

A.,swer to 4/3/84 letter from 
Chin and many phone calls 
requesting license amendment 

Conditions of license 
amendment proposed by and 
agreed to by RSI 

License amendment 

Memo from St. of GA re NRC 
granting licenses to RSI to 
use cesium-137 capsules in 
Ohio and Ill. facilities 

Safety inspection conducted by 
NRC on 5/13/85. Report 
attached. RSI in non
compliance on some items 

Status report: executed leases 
with DOE; fabricated shipping 
containers; final approval 
from Rockwell; trucking 
contracts signed; plant 
modifications. Request permit 
to use cesium-137 in Decatur 
facility.  

Comments on 7/22/85 letter 

Request for amendment to the 
license to pernit use of 
cesium-137 at the Decatur 
facility. Cites NRC approval 
for cesium use at Westerville 
facility and includes related 
correspondence between RSI and 
NRC 

Asks for review of RSI request 
to authorize use of cesium 
capsules at Decatur

D-10
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12/o1084 (NRC) Singer

12/14/84 (RSI) Chin 

12/26/84 (GA) Hill

1/10/85 (RSI) Chin 

.< 1/10/85 Reynolds 

1/17/85 (RSI) Chin

1/23/85 (PNL) Tingey

2/1/85 

2/8/85

(NRC) Cunningham

RSI

(RSI) Chin

(NRC) Singer 

(RSI) Chin

(GA) Hill 

Pratt 

(GA) Hill

(Sandia) Reuscher 

(NRC) Nussbaumer

NRC

Subject 

Reply to 11/8/84 letter 
stating intent to use WESF 
capsules in a demonstration at 
Decatur facility. Instructs 
direct communication with 
State of Georgia and says no 
further action will be taken 
on request for license at 
Westerville 

Requests continued action on 
license for Westerville 
facility. Due to changes in 
plant schedules, RSI now plans 
to use Westerville facility as 
demonstration facility for 
cesium capsules 

Requests specific information 
to evaluate safety of design 

Additional information 
supplied as requested in 
letter of 12/26/84, concerning 
safety systems 

Informs Pratt how to handIe 
new account: RSI. They wili 
not provide normal service for 
the deionization equipment 
sold to RSI 

Provides additional responses 
to items requested in 12/26/84 
letter, not covered in 1/10/85 
letter, concerning operating 
procedures and training 

Examination of WESF cesium-137 
capsules used in SIMSS 

Evaluation and conclusions by 
NMSS staff re licensing of 
WESF capsules 

License amended to use Co-60

0-9
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10/21/85 (NRC) Miller (NRC) Nussbaumer

10/23/85 (NRC) Nussbaumer All agreement 

11/7/85 (NRC) Nussbaumer All agreement

12/2/85 (GA) 1ill

12/10/85 (RSI) Chin

12/17/85 Dahl

1/6/86 (GA) Hill

(RSI) Chin

(GA) Hill

(RSI) Chin

RSI

States intent to consider NRC 
applications for u•,e of cesium 
capsules at other irradiator 
facilities. Enclosure to DOE 
(Jicha) discusses liceatsing 
actions to date & 
understandings on which 
license granted to RSI.  
Notification that NRC will now 
consider license applications 
for WESF capsules in wet 
storage irradiators.  

Encloses Jicha letter (above) 
and announces change tn NRC 
policy to consider license 
applications for use in 
additional wet storage 
irradiators 

Asks that applications from 
states be coordinated with NRC 
through Regional States 
Agreements Officer 

Replies to letters of 10/30/85 
and 8/16/85 regarding use of 
ceslum-I37 capsules. Pending 
receip'. of additional 
information, will resume 
processing of amendment for 
.esium use at Decatur.  

P:vides information requested 
in 12/U/85 letter regarding 
emergency procedures for 
cesium capsules provided 

Notification on allocation of 
ORNI cesium. Requests 
additional information by 
12/27/85 

License amended to use cesium
137 with a temperature 
monitoring system
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3/12/86 (GA) Hill RSI Corrected license amendment 
for use of cesium at Decatur 
facility without a temperature 
monitoring system

1/16/87 (RSI) Fisher 

3/19/87 (RSI) Fisher 

4/30/87 (RSI) Fisher 

9/10/87 (RSI) Fisher

9/14/87 Consultant

9/25/87 (RSI) Fisher

11/11/87 (RSI) Fisher 

11/24/87 (RSI) Fisher

5/23/88 

6/6/88

(GA Tech) Kahn 

(RSI) Fisher

(GA) Ingram 

(GA) Ingram 

(GA) Ingram 

(GA) Ingram

(GA) Hill 
(Carter)

(GA) Ingram 

(GA) Ingram 

(GA) Ingram 

(RS;) Fisher

(GA) Hill

Revisions to license discussed 
on 12/29/86 concerning 
ventilation system.  

New procedure on manually 
lowering source racks during 
power outage.  

Request to amend key control 
policy.  

Request to increase time delay 
for safety system.  

Recommendation for 
improvements in radiation 
protection control at Decatur.  

Regarding request for "radiation emplcyees" only to 
wear film badges.  

Notification that changes have 
been completed to comply with 
non-compliance issue of 
2/18/85.  

Request to enlarge 
unrestricted area because of 
modification discussed in 
letter of 11/11/87.  

Water sample submitted on 
5/10/88 shows 48 picoc.jries/l 
cesium-137.

Notice that production has 
ceased and will not resume 
until cleanup completed.
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6/11/88 (RSI) Chin

7/1/88

7/28/88

(DOE) Hultgren

(GA) Hill

(GA) Hill

(DOE) I.afrone 

(DOE) Baublitz 

(RSI) Chin

(GA) Hill

(DOE) Hultgren

Request to allow DOE to 
operate under RSI license in 
recovery operations.  

Confirms Georgia's request on 
6/11/88 to DOE for assistance 
in managing recovery 
operations at De~atu'r.  

Requests advice on what to do 
about other irradiators with 
cesium-137.  

Requests permissioti for Type B 
team to visit Decatur.  

Requests additional 
information not obtained 
during Decatur visit 
concerning HEPA filters, 
temperature monitoring.  

Information requested in 
7/1/88 letter supplied.
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FromD3at 

8/83

T2
Excerpts from 
DOF/DP-0013, 
and Vol. 2

10/7/83 DOE (Jicha) 

2/27184 DOE (Reep) 

11/5/84 RSI (Chii)

NRC (Biggett) 

(Trip Report] 

DOE (Dayani)

Subject 

Recovery and use of '"'Cs 
from Defense Wastes: Policy 
Strategy.  

Re: Meeting with Tom 
Anderson, Byproducts Division, 
to discuss NRC registry of 
WESF Capsules.  

Briefing on integrity of 
cesium capsules, references on 
WESF capsules, actions 

Request for additional 
information

1/24/85 Rockwell (Gasper) RSI (Chin) Additional WESF capsule 
handling information
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