
ORNL/TM-7044 

Involvement of the ORNL Chemical lechnology Division in 
Contaminate! Air anil Water Handling at the 

Three Mile Island Nuclear Power Station 

R. E. Brooksbank 
L. J. King 

OAK RIDGE NATIONAL LABORATORY 
O P E R A T E D BY U N I O N C A R B I D E C O R P O R A T I O N • FOR THE D E P A R T M E N T OF ENERGY 



0RNL/TM-7044 

Contract No. W-7405-eng-26 
CHEMICAL TECHNOLOGY DIVISION 

INVOLVEMENT OF THE ORNL CHEMICAL TECHNOLOGY DIVISION IN 
CONTAMINATED AIR AND WATER HANDLING AT THE 
THREE MILE ISLAND NUCLEAR POWER .STATION 

Compiled by: 
R. E. Brooksbank 
L. J. King 

Contributors: 
J. E. Bigelow 
D. 0. Campbel1 
F. R. Chattin 
E. D. Collins 
F. E. Harrington 
R. D. Seagren 
W. A. Shannon 
J. W. Snider 
C. E. Waddel1 
0. 0. Yarbro 

-NOTICE-

any wimnty, cxpwi « ta>p««». <* " " " ^ J J ^ S £iai„ „ rapowMMy I" 
rSi.*-*"* tafonmuon,.ppwu*I«*f " 4bdo«l.« repltientt tot It. «« no. I infringe priwlely •<«>"»• 

Date Published: August 1979 

<t 
OAK RIDGE NATIONAL LABORATORY 
Oak Ridge, Tennessee 37830 

operated by 
UNION CARBIDE CORPORATION 

for the 
DEPARTMENT OF ENERGY 

distribution o f W i s docukekt >s m w & ^ p 



CONTENTS 
Paige 

ABSTRACT 1 

1. INTRODUCTION 2 

2. EXTENT, NATURE, AND CHRONOLOGY OF THE INVOLVEMENT 3 
2.1 Extent of On-Site Involvement 4 
2.2 Nature and Chronology of Involvement 5 

3. CONTAMINATED AIR HANDLING 14 
3.1 Status of Off-Gas Systems Following the Accident . . . . 14 
3.2 Modifications to the Off-Gas Systems 16 
3.3 Results 19 

4. CONTAMINATED WATER HANDLING 21 
4.1 Status of TMI Liquid Fallowing the Accident 21 
4.2 Treatment of Low-Activity-Level Water 24 
4.3 Treatment of Intermediate-Activity-Level Water 26 
4.4 Treatment of High-Activity-Level Water 27 

4.4.1 Conceptual Design of the Tank Farm 30 
4.4.2 Evaporator Studies 31 
4.4.3 Flowsheet Concepts for Treatment of HALW 34 

5. MISCELLANEOUS ASSISTANCE 45 
5.1 Decontamination 45 
5.2 Assistance In Data Evaluation 46 
5.3 Transportation Study 46 

6. CONCLUSIONS AND RECOMMENDATIONS 49 
6.1 General 49 
6.2 Air Handling 51 
6.3 Water Handling 51 
6.4 Treatment of Contaminated Water 52 

7. REFERENCES 55 



1 

INVOLVEMENT OF THE ORNL CHEMICAL TECHNOLOGY DIVISION IN 
CONTAMINATED AIR AND WATER HANDLING AT THE 
THREE MILE ISLAND NUCLEAR POWER STATION 

Compiled by: 
R. E. Brooksbank 

. L. J. King 

ABSTRACT 

The President's Commission on the Accident at Three Mile Island 
requested that Oak Ridge National Laboratory (ORNL) generate documents 
concerning two areas in which ORNL personnel provided on-site assistance 
following the accident on March 28, 1979. These are: instrumentation 
diagnostics, and the treatment of radioactive wastes and liquid effluents 
stemming from the accident. This report describes the involvement of 
the ORNL Chemical Technology Division (CTD) in contaminated air and 
water handling at Three Mile Island (TMI). 

The CTD became official ly involved with the TMI accident on March 
30, 1979, when an ORNL response team was formed at the request of the 
U.S. Nuclear Regulatory Commission. The CTD was assigned to provide 
technical guidance that might be required in chemical engineering, 
especially in the area of effluent control. Eventually, ten CTD staff 
members became involved as technical advisors to the Waste Management 
Group of the TMI Recovery Team. 

The major involvement of CTD personnel at the TMI site was in the 
131 

areas of (1) stopping the release of , J I I to the environment,(2) pro-
viding conceptual designs for water storage and treatment, and 
(3) providing technical guidance for surface and equipment decontamina-
tion. 

Conclusions and recommendations of the CTD staff members are 
presented. 
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1. INTRODUCTION 
1-3 This document contains information specifically requested by the 

President's; Commission on the Accident at Three Mile Island. In these 
requests, Oak Ridge National Laboratory (ORNL) was instructed to generate 
documents concerned with two areas: instrumentation diagnostics, and 
the treatment of radioactive wastes and liquid effluents stemming from 
the accident. This report attempts to respond to the latter category and 
describes the involvement of the Chemical Technology Division (CTD) in 
this broad area. 

Basically, the specific responsibilities directed by the Commission 
to ORNL was to answer the following questions: 

1. What were the problems? 
2. Who requested the assistance? 
3. What was done by the ORNL staff? 
4. What were the results? 
5. To whom were the results transmitted? 

In addition to answering these questions, ORNL was also instructed to des-
cribe the circumstances that aided or hampered the efforts by ORNL personnel 
and to suggest ways in which such efforts could be improved in the future. 

In order to adequately respond to the aforementioned objectives, this 
report has been divided as follows: Section 2 discusses the extent, nature, 
and chronology of the involvement as abstracted from log books of CTD per-
sonnel assigned to the recovery effort. Sections 3 and 4 review the status 
of the Three Mile Island (TMI) Nuclear Power Station at the time of the 
accident relating to effluent control. The modifications made to minimize 
the release of radioactivity effluents to the environment are described, 
and results of these modifications are outlined. Section 5 summarizes the 
miscellaneous assistance given relative to decontamination, data evalua-
tion, and transportation. Finally, Sect. 6 offers a series of conclusions 
and recommendations as an outgrowth of the experience gained from the 
involvement. 
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Members of the ORNL staff continue to provide assistance that is re-
quested. The areas of waste management in which ORNL remains active are 
analytical chemistry support and flowsheet development for treatment of 
radioactive water. The development of suitable flowsheets for the decon-
tamination and disposal of high-activity-level water, which is an integral 
part of TMI's present recovery effort, has been briefly covered in this 
report as a means of providing continuity to the input of Information to 
the Commission. Also, R. E. Brooksbank serves as a member of the Techni-
cal Advisory Group (TAG) to the Waste Management Group (WMG) at TMI. 

2. EXTENT, NATURE, AND CHRONOLOGY OF THE INVOLVEMENT 

Radioactive waste handling was one of the areas 1n which ORNL provided 
on-site assistance following the accident at TMI Unit 2 on March 28, 1979. 
This includes gaseous and liquid effluent control, surface decontamination, 
and storage and treatment of radioactively contaminated water. The on-
site assistance provided by the CTD consisted of efforts by ten staff 
members who visited the TMI site during April, May, and June 1979. 

The CTD became official ly involved4 with the TMI accident on March 30, 
1979, when an ORNL response team was formed at the request of the U.S. 
Nuclear Regulatory Commission (NRC). The CTD was assigned to provide 
technical guidance that might be required in chemical engineering, es-
pecially in the area of radioactive effluent control. R. E. Brooksbank 
was assigned the overall responsibility for this activity, with the option 
to call upon other CTD personnel as needed. 

On Sunday, April 1, F. L. Culler, President of the Electric Power 
Research Institute (EPRI), called Brooksbank to solicit CTD's assistance 
in the area of effluent treatment as the result of a request from H. Dieckamp, 
President of the General Public Util it ies Corporation (GPU).5 Culler briefly 
outlined the status of the conditions at TMI and requested Brooksbank1 s 
presence at an Industrial Advisory Group (IAG) organizational meeting to 
be held at the Pennsylvania National Guard Armory 1n Middletown, Pennsyl-
vania, that afternoon. Both CTD Management6 and the Department of Energy 
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(DOE)7 approved this activity; therefore, charter f l ight arrangements were o 
made. 0. 0. Yarbro was asked to accompany Brooksbank to address the prob-
lems concerned with iodine releases through the off-gas as the result of 
the accident. 

When Brooksbank and Yarbro arrived in Middletown, the IAG meeting was 
already in session, and the group was being briefed on the status of the 
site by members of the Metropolitan Edison (operators of TMI) and GPU staff. 
During the meeting, Mr. Hendrie, Chairman of the NRC, and Mr. Denton, the 
NRC Site Representative, outlined the problems affecting the safety and 
welfare of the general public. At the close of this session, the groups 
were divided into various areas of expertise. The WMG was formulated, and 
ORNL personnel were assigned the role of handling al l plant effluents 
(solids, liquids, gaseous). Because of his concern about the imnediate 
impact on the public and the environment, Dieckamp suggested that the ORNL 
personnel be located closer to the site so that they could become involved 

Q 

in coordinating the details of daily operation. For this reason, Yarbro 
and Brooksbank moved to a trai ler at the TMI observation site and subse-
quently to a trai ler on the island. In addition to the involvement of 
ORNL personnel in effluent control, Brooksbank was subsequently asked10 to 
"float" about the site to alert Dieckamp to potential problems. 

The major involvement of CTD personnel at the TMI site was in the 1 Ol 
areas of (1) stopping the release of I to the environment, (2) provid-
ing conceptual designs for water storage and processing facil i t ies that 
were adequately contained, and (3) providing guidance for surface and 
equipment decontamination. 0ff-s1te assistance to TMI continues within 
CTD in the areas of solid waste transportation logistics, flowsheet develop-
ment for processes proposed for use 1n decontaminating the water, and as-
sistance to the TAG as required. 

2.1 Extent of On-Site Involvement 

The ten CTD staff members assigned to TMI to assist with containment 
and treatment of effluent expended approximately 32 man-weeks of effort 
during the period April 1 — June 30, 1979. Approximately 7 man-weeks of 
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effort were expended by CTD staff members at ORNL in support of these 
individuals. This does not include the assistance provided by the ORNL 
Analytical Chemistry Division in analyzing TMI contaminated water. 
Figure 1 lists the names of those individuals assigned to the site 
during the period of involvement. Basically, at least one CTD employee 
was on-site from April 1 through June 22, 

2.2 Nature and Chronology of Involvement 

The nature and chronology of CTD's involvement in TMI's recovery 
effort are sumnarized in Table 1. In keeping with the Commission's 
desires, both the lead CTD individuals and the organizations through 
which CTD information was funneled are clearly identified. This infor-
mation was abstracted from the rough log books maintained by each of the 
CTD participants. The overall input of the CTD effort may be reviewed 
in summary form as presented in a document̂  prepared for the TMI recovery 
team by Burns and Roe, Inc. Table 1 also presents the efforts that con-
tinue at ORNL in support of the TAG. 

CTD personnel provided technical support to the WMG (of the TMI re-
covery team), whose primary concern was "to make certain that nothing 
reaches the environment that would be detrimental to the health and gen-
eral welfare of the general public." CTD personnel were strongly com-
mitted to this objective. CTD and ORNL Management, DOE, NRC, and 
Mr. Dieckamp (GPU) clearly expressed their wishes in this regard. Ex-
cept for this special commitment, CTD personnel were fully integrated 
with the WMG in that they functioned as peers in the meetings and inter-
acted continually with supervisors of the WMG groups concerned with 
liquid effluents, gaseous effluents, and construction. They served in 
areas of their own expertise and provided liaison with experts both at 
ORNL and elsewhere. 
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TMI on-site involvement of Chemical Technology Division 



Table 1. Chronology of significant events concerning Chemical Technology Division's Involvement at TMI 

Date (1979) Description of the Involvement ORNL persons Involved 
Contact and 
Organization 

March 30 NRC alerted ORNL. Response Team at ORNL fonned; CTD assigned chemical engineering 
responsibility. 

April 1 CTD requested for on-site assistance. 

On-site organization meeting of Industrial Advisory Group. CTD assigned role of 
effluent control. 

Formation of Waste Management Group; off-gas surveillance init iated by CTD. 

April 2 Assignment of TMI-1 architect-engineers to Haste Management Group. 

April 3 Request for J. U. Snider to join Waste Management Group to address water handling 
problems. 

Briefing of Pennsylvania State agencies on the status of effluent releases to the 
environment. 

F. R. Mynatt 
R. E. Brooksbank 
D. E. Ferguson 

R. E. Brooksbank 
D. E. Ferguson 

R. E. Brooksbank 
0. 0. Yarbro 

R. E. Brooksbank 
0. 0. Yarbro 

R. E. Brooksbank 
0. 0. Yarbro 

R. E. Brooksbank 
0. E. Ferguson 
J. U. Snider 

R. E. Brooksbank 

In i t i a l ORIGEN Code run on computer to ascertain fission product estimate* based on 
reactor operating conditions. 

D. E. Ferguson 

F. L. Culler . 
J. A. Lenhard 

H. Dleckampg 
M. Levenson 

0. McConneli0 

R. Williams 

E. Wagnerd 

F. Palmere 

Pennsylvania 
Dept. of Health, 
Education, and 
Welfare; Dept. 
of Hater Qual-
i ty ; Dept. of 
Public Health 

S. Porter* 
J. ColllnsS 

H. Levenson' 



Table 1 (continued) 

Date (1979) Description of the involvement ORNL persons Involved 
"Contact and 
Organization 

April 3 
(contd.) 

April * 

April 5 

Recommended that empty fuel receiving basin be used as a holding system for storage R. E. Brooksbank 
of waste vater. 0. 0. Yarbro 

Design engineers from ORNL reported to Haste Management Group to address water J. W. Snider 
storage and handling problems. E- Harrington 

Recommended that sodium thiosulfrte be used as an iodine fixation agent. 0. 0. Yarbro 

Recomnended replacement of existing charcoal traps. Requested In-depth surveys of R. E. BrooksDank 
radiation levels In charcoal traps within off-gas trains. Recomnended continuous 0. 0. Yarbro 
monitoring device be used In place of existing stack-monitor (HPR-219). 

Assignment of two engineers to assist in the area of off-gas and water handling. R. E. Brooksbank 

Reviewed request by GPU to permit venting of primary loop off-gases from gas storage R. E. Brooksbank 
tanks to the containment vessel. Following review, reccimiendatfon was made to proceed 
with venting operating as soon as feasible. 

Assisted In the location of the replacement traps (300) for off-gas trains to permit 0. 0. Yarbro 
changeout. 

Made unsuccessful attempt to install zeolite sorbers in stack monitor to improve 0. 0. Yarbro 
Ig monitoring capability. 

Briefed NRC on the status and efficiency of the off-gas system. R. E. Brooksbank 
0. 0. Yarbro 

Briefed and oriented members of Nuclear Safety Associates on the effluent situation R. E. Brooksbank 
at TMI. Nuclear Safety Associates assigned role as consultants to GPU on the down- 0. Yarbro 
stream effects of releases. 

F. Palmer „ 
J. McConnell 
R. Williams0 

F. Palmere 

F. Palmere 

R. Williams0 

r . Palmere 

J. McConnellc 

E. Uagnerd 

H. Vann*> 

D. M11sonc 

J. McConnellc 

J. McConnellc 

J. Collins9 

W. Rogers1 

J. Lieberman1 



Table 1 (continued) 

Date (1979) Description of the involvement ORNL persons Involved 
Contact and 
Organization 

April 5 
(contd) 

April 6 

April 7 

Hade responsible individuals aware of the seriousness of the Iodine problem and R. E. Brooksbank 
recocmeiided that a backup system to the existing off-gas trains be Installed. 0. 0. Yarbro 
Drafted criteria for new system. 

GPU Management alerted concerning iodine off-gas problem as a critical issue. R. E. Brooksbank 

Recommended that GPU expedite the acquisition of the supplemental off-gas system and R. E. Brooksbank 
that approval chains be modified to accomplish the Installation. 

Prepared formal proposal to install Epicor-II ion exchange process in the Chemical J. V. Snider 
Cleaning Building. 

Briefed NRC on the iodine release problem and potential downstream effects. R. E. Brooksbank 
0. 0. Yarbro 

Briefed Advisory Committee on Reactor Safety on TT1I effluent situation. R. E. Brooksbank 

Reviewed contact radiation readings of charcoal traps in off-gas trains and reaffirmed R. E. Brooksbank 
requirement for supplemental systems. 0. 0. Yarbro 

Calculated heat-up rate of primary coolant caused by fission products. D. E. Ferguson 

Prepared chemical makeup procedure for the use of sodium thiosulfate as a holding 0. 0. Yarbro 
reductant for iodine in sumps and Auxiliary Building floors. 

F. Palmer"; 
W. Cobean" 

J. HcCornell 
J. HerbienJ 
R. Arnold,c>j 

H. Dieckampc 

(•*. Palmere 

W. Hal1erk 

W. Cobean* 

H. Denton? 
H. D1eckampc 

W. Rodgers' 
0. Lieberman' 

S. Lawroskil 

B. Lee® 
F. Palmere 

R. Williams0 

E. Wagner" 

F. L. Culler® 
H. Dieckampc 



Table 1 (continued) 

Date (1979) Description of the involvement ORNL persons involved 
Contact and 
Organization 

April 8 

April 9 

April 10 

Requested analytical assistance from ORNL for TMI water samples. 

Prepared formal proposal to install storage vessels In Pool A. 

Discussed and reviewed potential long-range plans for high-activity-level 
water treatment and storage. 

Reviewed Eplcor water treatment procedures. 

Prepared criteria for hlgh-activity-level water tank farm in spent fuel storage basin. 

Recommended Improvements to ion exchangers to permit improved radioactivity containment. 

Assisted in the preparation of the procedure for safely shipping TMI primary loop 
sample to ORNL. 

Initiated conceptual design studies on the containment of the Chemical Cleaning Building 
to house the Epicor-II cleanup system for treatment of intermediate-activity-1 evel water. 

Briefed GPU management on status of off-gas releases. 

Recommended that an evaporator study be initiated as a potential method of volume reduc-
tion and decontamination of water. Initiated a search for potential units. 

R. E. Brooksbank 
W. D. Shults 

J. H. Snider 

R. E. Brooksbank 

3. W. Snider 

F. E. Harrington 

R. E. Brooksbank 

R. E. Brooksbank 

J. W. Snider 

R. E. Brooksbank 

J. H. Snider 

F. Palmere 

F. Palmere 

H. Haller* 
W. Cobean<* 

F. Palmere 

F. Palmere 

F. Palmer® 
H. Haller" 
F. Pattl" 

R. W1U1amsc 

S. Porter^ 

r . Palmere 
B. White" 

H. Dleckanpc 

R. Arnoldc»j 
H. Denton9 

W. Hallerk 

F. Palmere 

R. W1111MISC 
R. McGoeyc 

Received sample of primary loop TMI water for analysis at ORNL. N. 0. Shults 



Table 1 (continued) 

Date (1979) Description of the Involvement ORNL persons involved 
Contact and 

April 10 Activity release In diesel generator room. CTD requested to provide "hands-on" 
(contd) assistance to TMI. Initiated request for ORNL process supervisor. 

April 11 Replacement for R. E. Brooksbank. L. J. King arrived with arrangement for period 
(2 days) overlap to provide continuity to ORNL's Input to TMI. 

April 12 Reconmended that water residing in Reactor Containment Building not be brought into 
the Auxiliary Building because of 13'I content and potential release to the environment. 

April 13 Supplied ORNL shipping containers(five) to TMI for sample shipments off-site. 

Briefed Chem-Nuclear Systems, Inc., on water treatment problem. 

Conducted safety analysis of shipment of charcoal trap to Ohio State airport. 

April 15 E. D. Collins arrived to replace 0. 0. Yarbro. 

April 16 Estimated quantities and levels of water to be treated for Unit 2 recovery. 

R. E. Brooksbank J. 
D. E. Ferguson R. 
W. A. Shannon B. 
J. R. Parrott 

R. E. Brooksbank 
L. J. King 

R. E. Brooksbank H. 

R. G. Nlcol K. 
R. E. Brooksbank 

J. H. Snider E. 
R. E. Brooksbank L. 

J. 
L. 
R. 

R. E. Brooksbank S. 
J. 

E. D. Collins 
0. 0. Yarbro 

J. W. Snider 0. 

J. Lenhardb. 
Arnold1>J IppK 

ft. Williams0 
S. Kr«ftc 

M. Rossc 

D. 6arman$ 

A. Larson5 

C. Edwards1 

R. Michaels 



Table 1 (continued) 

Contact and 
Organization Date (1979) Description of the Involvement ORHL persons Involved 

April 20 

April 23 

April 25 

Nay 6 

May 15 

Hay 16 

May 17 

May 18 

May 24 

May 25 

Provided written recommendation on TMI recovery for guidance to GPU. 

ORNL process supervisor assigned to decontamination group. 

Provided guidance on record keeping of water movements. 

Provided calculations of burnup and power history of TMI fuel. 

NRC review of Iodine and cesium In Reactor Containment Building. 

Reviewed status of ORNL recomnendatlons to TMI. 

R. E. Brooksbank appointed to the Technical Advisory Group (TAG) for waste management. 

Reconmended experimental chemistry program for the establishment of suitable ion 
exchange media for water cleanup. 

Provided analysis of selected TMI tank water. 

Received composite sample of TMI primary loop water at ORNL for hot-cell studies to 
assist in the selection of sorption studies of various ion exchange media. Distr i -
bution coefficients (Kj) established. 

Provided emergency assistance to TMI as the result of an alleged rapid buildup of water 
within the containment shell. Inspected steam j e t eductors for compliance with design 
requirements and conducted an operational review of tank farm transfer system. 

R. E. Brooksbank B. 

W. A. Shannon J. 
R. E. Brooksbank 

E. D. Collins J. 

A. Croff M. 

J. W. Snider V. 
J. 
B. 
J. 
R. 
S. 
C. 

R. E. Brooksbank B. 

R. E. Brooksbank C. 

D. 0. Campbell B. 
R. E. Brooksbank C. 

U. D. Shults 

D. 0. Campbell 
H. D. Shults 

P. E. Brooksbank R. 
F. R. Chattin B. 
J. W. Snider J. 
C. E. Waddell R. 
D. E. Ferguson 

Seellnger1 

Levenson* 

Stello3 

. . Collins' 
B. Brines' 

Lee9 
Rusche" 
lawnnaP 
Montgomery 

B. Rusche" 

Ice0 

Ice0 

ro 

Egli" 



Table 1 (continued) 

Date (1979) Description of the involvement ORNL persons Involved 
Contact and 
Organization 

May 31 Estimated the radiation dose to Ion exchange beds and resultant overpressure to be J. E. Blgelow May 31 
expected. 

Blgelow 

June 1 Provided written review and sketches for the Improvement of water handling system in J. H. Snider R. Tooled 
tank farm system. F. R. Chattln R. McGoeyC 

June 2 Presented data concerning Ion exchange studies as the result of work done in ORNL hot R. E. Brooksbank J. Masse/1 

cell (Barnwell, S.C.). 0. 0. Campbell L. Draus™ 
C. Ice0 

J. Helton*) 
R. HellerS 
R. Wallace1* 

June 14 - Conducted a series of kinetic Ion exchange runs to establish column Information for L. J. King C. Ice0 

July 2 scale-up. E. D. Collins R. Uallacer July 2 scale-up. 
D. 0. Campbell 
M. H. Lloyd 
P. B. Orr 

June 25 Provided Information concerned with the logical transportation routes for the removal R. D. Seagren R. Williams0 

of solid wastes from TMI to commercial burial sites. R. E. Brooksbank 

August 3 Assisted 1n preliminary design review concerned with high-level water treatment R. E. Brooksbank A. Williams') August 3 
(AGNS, Barnwell, S.C.). J. Masse/1 

C. Ice0 

D. Hclntyrec 

D. Garmans 

"Electric Power Research Institute. United Engineers and Constructors. "independent Consultant to CPU. 
''Department of Energy. W l e a r Safety Associates. pBabcock ft Wilcox, Inc. 
cGeneral Public Ut i l i t ies Services Corporation. ^Metropolitan Edison Corporation. ''Allied-General Nuclear Services. 
d6urns and Roe, Inc. kDuke Power Company. ""Savannah River Laboratory. 
eConMnwealth Edison. 1Advisory Comittee on Reactor Safety. sG11bert Associates, Inc. 
fPorter-Gertz Consultants, Inc. mChem-Nuclear Systems, Inc. 
^Nuclear Regulatory Commission. "South Carolina Energy Research Institute. 
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3. CONTAMINATED AIR HANDLING 

The f i rst priority task for the WMG was to reduce to the TMI technical 
specifications the radioactive content of the gaseous waste that was being 
released. ORNL personnel had a major role in determining the extent and 
nature of this problem and in instituting corrective action to resolve i t . 

3.1 Status of Off-Gas Systems Following the Accident 

An assessment of the conditions of the various off-gas handling and 
treatment systems for the reactor and support buildings was started shortly 
after the accident, and was continued over a period of approximately 2 weeks. 
The immediate problem was that the gaseous waste being released contained 
1 on 

in excess of the TMI technical specification for routine operation, 
borne of the other important problems are discussed below. 

Gas storage tanks A and 6 were approaching capacity a few days after 
the accident, and the content was too radioactive for normal release. Dur-
ing normal operations, gases that evolve from the reactor coolant letdown 
system are stored in these tanks for a brief period to permit radioactive 
noble gases to decay to release limits. The tanks did not have adequate 
capacity to store the gases evolved following the accident. The tanks 
were subsequently vented into the Containment Building to resolve this 
problem. 

The radioactivity level of the air in the Auxiliary Building was 
above breathing tolerance relative to iodine and noble gases for the f i rst 
few weeks following the accident. The general background of airborne 
radioactivity and the fact that personnel movement was hampered in the 
building made i t extremely diff icult to detect any system leaks that 
might be contributing to the problem. 

The iodine treatment systems for Unit 2 are shown in Fig. 2. The 
charcoal adsorbers in the off-gas systems for the Auxiliary Building and 
the Fuel Storage Building were found to be ineffective (decontamination 
factor near 1) shortly after the accident. These beds had apparently been 
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• STACK MONITOR RADIATION 
INSTRUMENT IN HIGH BACKGROUND 

(R) RADIATION MONITOR 

(S) SAMPLE POINT 

Fig. 2. Status of TMI Unit 2 off-gas systems following the accident. 
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poisoned by chemical contaminants in the air that had passed through them 
during the months preceding the accident. 

The continuous monitors for iodine and noble gases on the charcoal 
bed Inlet and outlet streams, as well as the stack monitors, were not use-
ful shortly after the accident because of the high garana background in 
the Auxiliary Building where they were located. This situation delayed 
an accurate assessment of the status of charcoal bed efficiency and 
greatly reduced the accuracy and completeness of the record of releases 
from the stack. 

3.2 Modifications to the Off-Gas Systems 

Various modifications to the off-gas systems were initiated in the 
f i rst few days following the accident to decrease the total volume of ef-
fluents from the faci l i ty , to reduce the air activity in the Auxiliary 
and Fuel Storage Buildings, and to improve the data gathering capabilities. 
These modifications are shown in Fig. 3. 

A program was initiated to install a new set of charcoal iodine traps 
on the combined off-gases from the Auxiliary Building and the Fuel Storage 
Building downstream of the existing charcoal beds (see Fig. 4). The new 
system, which is instrumented with continuous monitors for iodine on the 
inlet and outlet streams, was put into operation approximately 5 weeks 
after the accident. 

An effort to replace the charcoal adsorbers in the existing treatment 
systems for the Auxiliary and the Fuel Storage Buildings was delayed because 
of high radiation levels (about 500 mR/hr) in the general area of the 
adsorber housings. The adsorber beds were presumed to be the source of 
the radioactivity; however, i t was discovered later that the radiation 
source was outside the housings and that the radiation levels inside the 
housings were low enough to permit replacement of the adsorbers. The 
replacement was started April 15, 1979. By April 26, both of the units 
in Unit 2 Auxiliary Building off-gas system (90 adsorbers in each unit) 
and one of the two units in the Unit 2 Fuel Handling Building (60 adsorbers 
per unit) had been changed, and all off-gas flow fro»> Unit 2 was being 
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Fig. 4. New charcoal adsorbers during installation at TMI Unit 2. 
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directed through the newly installed charcoal adsorbers. Throughout this 
entire period, a considerable effort was made to reduce off-gas flow rates. 
In addition, the floor areas suspected to be contaminated by iodine-contain-
ing solution were frequently wet with sodium thiosulfate solutions in an 
attempt to decrease the level of iodine activity in the Auxiliary Building 
atmosphere (and thus reduce the iodine release). 

3.3 Results 

The actions discussed above, along with a major effort to minimize 
transfer and/or leakage of solutions containing iodine and noble gases, 
led to a steady decrease in iodine release (Fig. 5). The most signifi-
cant reductions were achieved when the existing charcoal adsorbers were 
changed and when the new charcoal treatment system became operative. The 

131 
level of I release was about 0.05 Ci/day, twice the technical speci-
fication for routine operation, following the replacement of the existing 
adsorbers. When the new set of adsorbers was put into operation on May 3, 

131 the I release rate dropped to approximately 1 yCi/day. 
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Fig. 5. Iodine-131 release rates at TMI. 
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4. CONTAMINATED WATER HANDLING 

Contaminated water was continually being generated at TMI following 
the accident because of leakage through pump seals, flushing of sampling 
systems, and flushing of contaminated floor areas. The major concern 
relative to this water was that the quantity to be accumulated might exceed 
the storage capacity. There was also concern that the water level in the 
Containment Building might rise high enough to render inoperative some 
vital instruments. The eventual need to treat all of the liquids, includ-
ing the primary coolant and all decontamination solutions, was considered 
throughout the planning for water handling. 

4.1 Status of TMI Water Following the Accident 

The status of the liquid handling systems as of April 1, 1979, is 
shown in Fig. 6; the locations of pertinent areas are designated in Fig. 7. 
The primary reactor coolant loop contained 87,000 gal of highly radioactive 

131 
coolant with an I inventory of about 6,000,000 Ci. In addition, the 
Reactor Containment Building was estimated to contain about 225,000 gal of 
water which had been contaminated by a large volume of the radioactive 
reactor coolant. Some instruments were inoperative, probably because they 
were submerged. The tanks in the Unit 2 Auxiliary Building were becoming 
fu l l , and floor areas had become flooded with water that had overflowed or 
leaked from the tanks. Portions of this water were contaminated to varying 
degrees by water that had been transferred from the Containment Building 
sump before the Containment Building had been isolated, and subsequently 
had been transferred within the Auxiliary Building system during post-
accident operations. The Unit 2 Reactor Building went into containment 
approximately 4 hr after the accident and has remained in this state ever 
since. 

The Unit 1 Reactor, which had been shut down for refueling prior to 
the accident, was being brought up to operating temperature by the reactor 
coolant pump energy input prior to going crit ical . The available tankage 
within the Unit 1 Auxiliary Building was becoming f i l led with water due to 
normal leaks. 
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None of the Unit 2 water could be treated. The Unit 2 reactor coolant 
letdown stream could not be treated because of mechanical problems in the 
Unit 2 reactor coolant letdown evaporator. The other liquid wastes origi-
nating in Unit 2 are normally treated in the Unit 1 miscellaneous waste 
evaporator,which was out of service because a demineralizer bed was being 
changed. In any case, the transfer of Unit 2 post-event water to the 
Unit 1 Auxiliary Building was considered to be undesirable. 

Water inventories in both Auxiliary Buildings were increasing. There 
was an urgent need for additional storage and/or water treatment facil i t ies. 

4.2 Treatment of Low-Activity-Level Water 

Low-activity-level water (LALW) was originally defined as all water 
from Unit 1 and any pre-event water, as confirmed by analysis, in Unit 2. 
However, when analysis of the Unit 1 water revealed that some Unit 2 post-
event water had inadvertently been transferred into the Unit 1 Auxiliary-
Building vessels, the definition of LALW was modified to include any water 

131 that had an I activity of less than 0.1 yCi/ml and contained no actinides. 

A demineralizer system (Fig. 8) consisting of a f i l te r followed by a 
mixed-bed demineralizer for activity removal was set up on the west side of 
the Unit 1 Fuel Handling Building to process Unit 1 LALW.. This system was 
referred to as Epicor-I ( ini t ia l ly Cap-Gun-I) because i t was being operated 
by Capolupo & Gundal, Inc., a subsidary of Epicor, Inc. Two 20,000-gal 
Haliburton tanks were available for the decontaminated water. The f i rst -
pass decontaminated water went into one Haliburton tank and was sampled. 
I f the water had not been decontaminated sufficiently to permit release in 
one treatment cycle, the f i l ter and mixed demineralizer beds were changed 
and a second decontamination run was made. The second-pass decontaminated 
water was routed to the second 20,000-gal Haliburton tank. 

The f i rst batch of water treated by this system required two passes 
to meet the technical specifications for release to the Susquehanna River. 
All subsequent batches required two cycles of treatment. The f i rst batch 
of water that was successfully vreated was released to the Susquehanna 
River beginning on the night of April 11, 1979. By June 6, a total of 
113,000 gal of water had been treated and released to the river. 
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Fig. 8. Epicor-I process flowsheet for processing TMI low-activity-level water. 
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ORNL personnel were not Involved in the Epicor-I process, except for 
following its performance for possible implications with regard to Epicor-II 
(discussed in the next section) and the overall water inventory. 

4.3 Treatment of Intermediate-Activity-Level-Water 

Most of the tanks in the Unit 2 Auxiliary Building appeared to con-
tain some post-accident water. This was verified by analysis of available 

131 
samples of the tank solutions, which confirmed the presence of I . 
Radiation readings generally ranged from low levels to a few hundred roent-
gens per hour (R/'hr); however, the dose rates near the three reactor cool-
ant bleed tanks exceeded 1000 R/hr. Thus, except for the water in the 
reactor coolant bleed tanks, al l of the water in the Unit 2 Auxiliary 
Building tank was referred to as intermediate-activity-level-water (IALW). 
The total volume of IALW was 150,000 to 200,000 gal. 

I t appeared that most of this water could be treated sufficiently 
using a modified version of the Epicor system to permit discharge to the 
Susquehanna River. A containment system would be required to prevent the 
release of radioiodine to the atmosphere, and additional shielding would 
be required for handling the loaded demineralizer beds. Further, such a 
processing system could later serve as a final process step ( i . e . , a 
polishing step) for the high-activity-level water that would be treated 
subsequently. 

A physical search of the Unit 2 facil it ies disclosed that the Chemical 
Cleaning Building could be used for housing a water treatment system. I t 
not only met the space requirements, but also contained two large tanks 
[one of 90,000-gal capacity (CC-T-1) and one of 120,000-gal capacity 
(CC-T-2)] which could be used. 

12 
A proposal to pursue this concept was submitted to the leader of 

the WMG at about 8:00 AM on April 6, 1979. By 10:00 AM, all the necessary 
approvals had been obtained, and the task was assigned to Burns and Roe. 
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The system and equipment, collectively, was referred to as Epicor-II; 
the conceptual process flowsheet is shown in Fig. 9. The features that 
distinguished Epicor-II from Epicor-I were the containment provisions, the 
addition of extra shielding of the loaded demlneralizer beds, and the addi-
tional stage of demineralization provided by a second demineralizer bed in 
series. The Chemical Cleaning Building was sealed by spraying the interior 
surfaces with several layers of vinyl paint and securing some ventilation 
louvers. A 20-ton monorail crane was provided for remote handling of the 
loaded demlneralizer beds; a remote control room was also provided. All 
process equipment was vented to the building atmosphere through HEPA f i l -
ters and a charcoal adsorber,and the building was equipped with a 8000-cfm 
off-gas system. 

4.4 Treatment of High-Activity-Level-Water 

The water in the Unit 2 primary reactor coolant loop, the Reactor 
Containment Building, and the reactor coolant bleed tanks was referred to 
collectively as high-activity-level water (HALW). The total volume of HALW 
is in excess of 0.5 million gal. its outstanding characteristic with re-

131 gard to treatment (or even transfer) was the very high I concentration, 
4 

which was estimated to be of the order of 70 nCi/ml. CTD personnel recom-
mended strongly that every effort be made to avoid disturbing any HALW 
until the radioiodine had been allowed to decay. Figure 10 shows the decay 
curves, based on an analysis of the primary coolant, for the radioactive 
nuclides that are of greatest concern in regard to treating that solution. 
I t was realized, of course, that there could be overriding reasons for 
moving some solution, such as ensuring the continued operability of instru-
ments that were vital to monitoring or controlling the status of the dam-
aged reactor. Fortunately, no movement of this water has been required. 

CTD personnel were involved in three major areas that are concerned 
with the HALW: 

1. Providing additional storage space for water from the 
Containment Building. There was considerable concern 
that the water level in the Containment Building might 
rise high enough to preclude operation of some instruments 
that were vital to monitoring and controlling the reactor. 
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2. Procuring an evaporator to reduce the volume of 
contaminated water. I t was presumed that the 
condensate would be sufficiently decontaminated 
to permit its discharge either directly or 
following subsequent treatment with the Epicor-I 
or Epicor-II system. 

3. Providing assistance, including some experimental 
work, in the development of ion exchange process 
flowsheets for treatment of the HALW. 

These areas were subjected to fluctuating importance relative to other 
high-priority projects. This was sometimes frustrating to the individuals 
involved but, in retrospect, was understandable and justified. 

4.4.1 Conceptual design of the tank farm 

Of the many concepts considered for providing additional storage 
capacity for Containment Building water, the installation of a tank farm in 
Fuel Storage Pool A in the Unit 2 Fuel Handling Building was selected. A 
variety of tanks that had been built for use at reactor sites under con-
struction by other ut i l i ty companies were sent to TMI in the days follow-
ing the accident. CTD personnel prepared a conceptual design for install-
ing 110,000 gal of storage capacity in Pool A using tanks that were avail-
able on-site. The design also included adequate off-gas and shielding. A 

13 
proposal was made to WMG Management on April 6, 1979. The time span 
in i t ia l ly set for this project was 90 days. 

This schedule was accelerated for a few days when the rate of leakage 
into the Unit 2 Auxiliary Building increased and when i t appeared that 
50,000 gal of primary reactor coolant might have to be transferred to one 
of the reactor coolant bleed tanks. However, two major leaks were repaired 
within 24 hr, and the transfer of reactor coolant was deemed unnecessary. 
As a result, the tank farm installation reverted to the original 90-day 
schedule. 
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The final tank farm system (Fig. 11) was comprised of six tanks 
having a total capacity of 110,000 gal. Two 25,000-gal-capacity tanks 
were installed near the bottom of the pool, connected to each other and 
to a standpipe, in which devices to be designed later would be installed 
for sampling and solution transfer. Figure 12 is a photograph of the 
25,000-gal tanks during installation in the fuel storage pool. Four 
15,000-gal capacity tanks were installed above the 25,000-gal tanks. 
These four tanks were also connected to each other and were connected to 
a second standpipe. Shielding was to be provided by concrete slabs on 
the top of the pool. 

Steam jet systems were designed for transferring solutions from the 
standpipes with the option to route them either to the Chemical Cleaning 
Building or to an evaporator or treatment system that was being considered 
for future installation in Pool B. Difficulties were encountered with the 
steam jets after their installation, and CTD personnel were requested to 
assist with this problem. After some problems in design and fabrication 
had been corrected, the steam jet systems became operable. Some design 
modifications were also suggested. A vacuum break—air purge was designed 
for the steam supply system to prevent solutions from being pulled into the 
steam lines when the systems cooled, and i t was suggested that temperature 
indicators be located in the je t discharge lines for use in monitoring the 
performance of jets. CTD personnel also reviewed and revised the operating 
procedures for the steam jet systems. 

4.4.2 Evaporator studies 

CTD personnel participated extensively in the evaluation of evapora-
tors for application to HALW treatment. Their earliest contribution was 
to provide drawings of the ORNL Intermediate Level Waste Evaporator that 
has been used successfully for many years. They also obtained a l i s t of 

14 
six available evaporators through contact with the Duke Power Company. 
Visits were made to the Nuclear Fuel Services, Inc. (NFS) Facility in 
West Valley, New York, to inspect their spare natural-circulation evapora-
tors and to the HPD Corporation near Chicago to discuss their forced-
circulation evaporators. 
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Fig. 12. Tank farm in the TMI Unit 2 fuel storage pool during installation. 
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In addition, CTD personnel consulted with Burns and Roe, Inc., in 
the preparation of a conceptual design to install the NFS evaporator in 
Pool B in the Fuel Handling Facility. In a parallel effort , Gilbert 
Associates, Inc., prepared a conceptual design to install a HPD forced-
circulation evaporator in the Model Room of the Unit 2 Handling Building. 

4.4.3 Flowsheet concepts for treatment of HALW 

Considerable effort has been expended by CTD personnel in considering 
the treatment of the HALW, which includes the water in the Containment 
Building, the water in the reactor coolant bleed tanks, and the primary 
reactor coolant. This effort included an evaluation of the available data 
in order to estimate the chemical composition and the radionuclide content 
of the water. Also, some experimental work was performed at ORNL to evalu-
ate ion exchange methods that seemed particularly suited to treatment of 
the HALW. The experimental studies included hot-cell work with samples of 
actual TMI primary coolant to determine distribution coefficients and 
laboratory experiments with synthetic solutions containing radioactive 
tracers to evaluate ion exchanger kinetics. 

Characterization of the problem. - In developing an efficient process 
for decontamination of the water, i t was essential that there be a defini-
tion of the boundary conditions — both the feed to the process and the 
specifications for the two products (a decontaminated water stream and a 
waste concentrate). The primary coolant had been sampled and analyzed, but 
no samples had been taken of the contaminated water in the Containment 
Building. Also, no technical specifications were available for listing the 
acceptable concentrations of radionuclides for Unit 2 water to be discharged. 
Further, the several samples of primary coolant that were analyzed contained 
different concentrations of some radionuclides. 

The conceptual flowsheet studies and the laboratory work were based 
on factors considered to be reasonable for adequately scoping the problem. 
I t was assumed that the radioiostope concentrations specified in Tit le 10, 
Code of Federal Regulations, Part 20 (10 CFR 20), Appendix B, Table I I , 
Column 2, would apply to plant discharges and that appropriate EPA specifi-
cations would apply to chemical constituents. 



35 

Regardless of the variations in estimates and analyses of water 
samples, the init ial problem may be stated to involve (1) removal of a 
very large quantity of cesium; (2) removal of a smaller, but substantial, 
quantity of strontium; and (3) removal of much smaller amounts of other 
radioisotopes, all from a solution that is essentially a boric acid— 
sodium borate buffer with a pH of about 8. Both cesium and strontium 

5 
must be removed by overall decontamination factors of about 10 i f the 
values stipulated by 10 CFR 20 are to be achieved. 

The scope of the problem may be changed after the treatment of the 
contaminated water begins, for example i f large amounts of radioactive 
solids are found, insoluble material is dissolved, or decontamination 
solutions of widely varying compositions are utilized. I t is important 
that careful consideration be given to the selection of processing methods 
for this part of the recovery operation, and that the situation be fol-
lowed closely and continually reevaluated. 

Conceptual flowsheets. - The HALW cleanup problem can be subdivided 
into four parts: 

1. Decontamination of the water in the Containment Building and 
the bleed tanks so that i t meets appropriate regulations for 
discharge to the environment, while at the same time concen-
trating the radioactivity into a reasonably small volume of 
stable fori.i suitable for storage until a decision is made 
about permanent waste management. 

2. Decontamination of the Containment Building i tse l f , including 
the washing out of insoluble radioactivity and removal of 
adsorbed activity from surfaces, with treatment of decontami-
nation reagents in accord with (1) above. 

3. Decontamination of the water in the primary loop without 
removing the boron (which must be present to ensure non-
critical i ty ) , by repeated circulation through a water 
cleanup system. 

4. Decontamination of the primary loop with respect to insoluble, 
precipitated, or adsorbed radioactivity. (Since some fuel is 
exposed, great care must be taken in the selection of these 
processes.) 
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Details of these operations cannot be described in advance because 
unforeseen problems may develop (e.g., those problems related to precipi-
tated fission products or fuel particles transported through the system). 

Several conceptual flowsheets were considered and evaluated chiefly 
for their ability to reduce the volume of high-level wastes to a minimum. 
The flowsheets were divided into two groups (illustrated in Figs. 13 and 
14) according to whether the chemical contaminants present in highest 
concentrations (sodium and boron) were discharged with the decontaminated 
water or whether they were removed from the water and combined with the 
high-level waste. The latter methods all require the process of evapora-
tion, which can effect no more than about a sevenfold reduction in the 
volume of high-level waste. Therefore, ion exchange was favored, and 
considerations were given to selection of a suitable type of exchanger. 

The organic ion exchange resins, such as those normally used for 
processing low-level radwaste solutions at nuclear power stations, must 
be limited to sorption of relatively small amounts of radioactive materials 
because of the ensuing degradation of the organic material by radiolysis, 
which produces gaseous by-products. I f the loaded organic resin were 
subsequently disposed of in a sealed container, the radiolytic gases would 
pressurize and possibly rupture the container. The relatively small amount 
of radioactive material that can be tolerated means that a large volume of 
resin(s) would be required (as illustrated in Flowsheet 1, Fig. 13). 

For the reasons given above, inorganic ion exchangers (such as zeo-
lites) are considered more suitable for the deposition of high-level ac-
t ivity. Laboratory studies were therefore directed toward inorganic 
absorbents*, however, several organic resins were evaluated for comparison 
and for potential use as polishing absorbers. 

Measurements of distribution coefficients (fy) with TMI water. - Nine 
materials were selected for testing in hot-cell experiments utilizing a 
sample of TMI Unit 2 primary coolant. The materials, which are briefly 
described in Table 2, were selected because they have been used previously 
in radwaste systems or they show substantial promise for such an applica-
tion. 
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Table 2. Ion exchange materials tested 

Organic Ion Exchange Resins 

HCR-S (Dowex 50-X8), H+ form 
Amberlite IR-200, Na+ form 
SBR-OH (Dowex 1-X8), OH" form 

Zeolite Ion Exchangers 

Zeolon-900 (mordenite); Norton Co., Akron, Ohio 
AW-500 (chamazite); Linde 
Clinoptilolite ZBS-14; Resource Ind. In t . , Denver 

Others 

Coconut charcoal 
Porous glass; Catholic University and NPD 
Sodium titanate; Cerac, Milwaukee 
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The results of distribution coefficient (Kd, the ratio of the concen-
tration of an isotope in the solid to its concentration in the water) tests 
with the sample of primary loop water, as received, are summarized 1n the 
upper part of Table 3. The results of similar experiments with enough 
sodium hydroxide added to give 4000 ppti sodium are summarized in the lower 
half of Table 3. 

The Kd values for strontium did not differ greatly for a given absorb-
ent at the two different sodium concentrations. Since they would be ex-
pected to differ at equilibrium, approximately in proportion to the square 
of the sodium concentration (or a factor of 16), the measured values ap-
parently do not represent equilibrium distribution coefficients, but rather 
are limited by kinetic or diffusion factors. I t is clear, however, that 
sodium tltanate is in a class apart from the others, with an exceptionally 
large Kd being achieved very rapidly. 

All the zeolites were reasonably effective for cesium, with K. values 
3 

of the order of 10 ; sodium titanate was relatively ineffective. The re-
sults with HCR-S are interesting because this hydrogen-form cation exchange 
resin removed sodium ion from the solution, replacing i t with hydrogen ion 
which formed nonionic boric acid. This resulted in a sharp decrease in pH 
when sufficient resin was present to remove all the sodium ion; in such 
cases, the Kd value increased to several thousand. 

Small-column loading tests. - Various ion exchange materials (both 
inorganic and organic) were tested to determine loading capacities for 
cesium and strontium from synthetic feed solutions having chemical composi-
tions similar to the TMI contaminated water. In each case, a 2-ml volume 
of resin was tested at a nominal temperature of Z5°C. Tracer levels On 137 
(125 yC1/Hter) of either Sr or Cs were used in the tests. The sodium 
concentration in the feed solution was 4000 ppm 1n most tests. At the 
time that the tests were made, the best estimate of sodium concentration 
in the Containment Building water was 4000 ppm. 

The inorganic zeolites, particularly AW-500 and Zeolon-900, were 
found to be the best absorbers for cesium (see Fig. 15). Of the three 
zeolites tested, AW-500 was the most effective for strontium removal; 
however, its performance was not satisfactory when the processing rate 



Table 3. Distribution coefficients (Kd) for primary coolant. 

Sr Kd Cs Kd Phase 
Second 

5 min 2 hr 
Second 

Final pH 
ratio 

Exchanger 5 min 2 hr pass 5 min 2 hr pass Final pH (ml/g) 

Primary water as received - « 160 ppm Na 
HCR-S 50 230 20 3700 8700 >330 3.6 27 
IR-200 120 * 2 9 0 28 85 2 0 0 250 8.3 71 
2 - 9 0 0 ~ 0 50 39 280 1800 1400 144 
AW-500 100 — 180 1300 — — 136 
Clino. 22 96 130 135 9 9 0 3 0 0 0 P.3 67 
Glass 96 250 54 160 4 4 0 4 0 0 8 .6 68 
Charcoal 20 50 6 0 0 0.7 2 8.7 4 2 

Primary water + 50% NaOH to give 4 0 0 0 ppm Na 

HCR-S 0 265 19 4 0 48 9 0 0 0 as /3 .7 56 
Z - 9 0 0 ~ 0 — 140 — — — 55 
AW-500 27 54 86 238 1400 2 2 0 0 9.7 54 
Clino. 20 42 4 0 75 4 0 0 1300 10.1 6 0 
Gloss 55 270 38 7 0 3 5 0 3 2 0 10.1 56 
Na Tltonate 1500 4 2 0 0 16 92 7 0 7 0 10.1 58 
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Fig. 15. Small-column loading tests of ion exchange materials with 
synthetic TMI Unit 2 primary loop water and T37cs tracer. 
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was such that the column residence time was 4 min or less and the feed 
solution contained 4000 ppm of sodium. 

Results of our tests showed that sodium titanate was the most effec-
O Q 

tive inorganic sorbent for strontium. The loading capacity for Sr on 
a 50:50 mixture of titanate and AW-500 Is illustrated in Fig. 16; however, 
the physical form of the titanate (a fine, soft powder) may be unsuitable 
for use in plant-size columns. The organic carboxylic acid resin, Amber-
l i t e IRC-50, ranked as the second best material for strontium absorption; 
i t would be the f i rst choice for use as a polishing resin. 

15-19 
Conclusions. - On the basis of literature information supported 

by these experiments, i t is concluded that the zeolites are very promising 
materials for the removal of cesium from the TMI water; however, strontium 
removal is less well defined. I t is anticipated that a high DF will be 
achieved for cesium at a reasonable flow rate for processing several hun-
dred to perhaps a thousand resin bed volumes. Strontium breakthrough would 
occur much earlier but could be delayed by using a lower flow rate. Al-
though sodium titanate has superior properties for removing strontium, its 
physical form may be inadequate for use in ion exchange columns. From the 
chemical point of view, a zeolite—sodium titanate mixture should provide 
efficient removal of both cesium and strontium. Following removal of near-
ly all the cesium and most of the strontium with inorganic ion exchange 
materials, organic resins could be used in a polishing step to reduce the 
remaining activity to the specified requirements. 

20 
This information was transmitted to the TAG for use in their deci-

sions concerning the actual selection of a water treatment process. 
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Fig. 16. Small-volume loading tests of 1on exchange materials 
with synthetic TMI Unit 2 primary loop water and 89sr tracer. 
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5. MISCELLANEOUS ASSISTANCE 

Other areas in which CTD personnel were specifically involved Include 
(1) decontamination, (2) data evaluation, and (3) waste transportation. 

5.1 Decontami nat1on 

The general involvement of CTD staff members in the effort toward 
decontamination of the Diesel Generator Building, the Auxiliary Building, 
and the Fuel Handling Building of Unit 2 began on April 13, 1979. The 
original priority given to the decontamination work was in support of the 
plans for installing additional decay heat removal systems. 

The prime contractor for construction of the decay heat removal 
systems was Westinghouse Nuclear Service Division, with VIKEM as a sub-
contractor concerned only with achieving the decontamination necessary to 
permit installation of the systems. However, since that time, agreements 
have resulted in a contract for decontamination that employs both Chem-
Nuclear, Inc., and VIKEM. 

The ORNL objective was to assist, guide, and advise personnel in-
volved in decontamination procedures that would result in cleaner build-
ings and, at the same time, control personnel exposures (internal and 
external) and limit contamination to the confines of the building. The 
extent of contamination ranged, in direct readings, to 1000 R/hr. Air 
contamination ranged to 10~6 yCi/cc. 

The CTD involvement, which ended on June 16, 1979, resulted in a 
21 

"Plan for Decontamination of the Auxiliary and Fuel Handling Buildings." 
I t was jointly prepared by representatives from the Babcock & Wilcox 
Company, the Electric Power Research Institute, and Oak Ridge National 
Laboratory. 
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5.2 Assistance 1n Data Evaluation 

Oata collection and evaluation had been somewhat disorganized during 
the period immediately following the accident. By the third week, CTD 
personnel and technical advisors from other groups were being rotated to 
relieve the original personnel, and the efforts of the WMG were changing 
in character. Crisis response was being replaced by management planning. 

Incoming CTD personnel undertook a concerted effort to collect the 
available off-gas flow rate and sampling data and to organize i t in a 
suitable manner. The f i rst result of this effort was presentation of the 
131 

I release rate data in graphic form (see Fig. 5). As a corollary to 
this effort, a schedule for periodic sampling was initiated. Previously, 
sampling had been done only at irregular intervals. 

Since the Fuel Handling Buildings serving Units 1 and 2 could not be 
isolated from each other, sampling of the off-gas from the Unit 1 treat-
ment system was instituted on a regular basis. This was considered es-
sential during a program to reduce air-flow rates in order to ensure con-
tinued air flow from the Unit 1 area toward the Unit 2 area and thus pre-
vent contamination of the Unit 1 area. 

CTD provided the WMG with a description of a tank inventory system 
that has been used successfully for 12 years at the ORNL Transuranium 

22 
Processing Plant. However, the WMG had already set up a status board 
for the purpose of monitoring water inventories and a solution transfer 
log for recording water movements. Data for these systems were extracted 
from the operating logs at regular intervals. 

I t is fe l t that these data handling methods provided an essential 
basis for subsequent operating decisions. 

5.3 Transportation Study 

Prospective routings for use in transporting waste containers were 
studied briefly to evaluate the factors that would have to be considered. 
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I t was anticipated that high-level waste would be transported from 
the TMI Nuclear Power Station to Richland, Washington, and/or to Barnwell, 
South Carolina, by motor vehicle in existing spent fuel casks or in new 
casks of similar design. The most direct routing to Richland, Washington, 
would be as follows: 

1. north to U.S. 15 to the intersection of Interstate 80, 
2. west on Interstate 80 to Salt Lake City, Utah, 
3. northwest on Interstate 80-N to Richland, Washington. 

The most direct routing to Barnwell, South Carolina, would be as follows: 

1. south on Interstate 81 to Staunton, Virginia, 
2. east on Interstate 64 to Richmond, Virginia, 
3. south on Interstate 95 to Barnwell, South Carolina. 

The routings (see Fig. 17) avoid most of the dense population centers 
of the country, with the exception of Toledo, Ohio; Chicago, I l l inois; and 
Richmond, Virginia. They are open to traff ic throughout the year, except 
for a few days in the winter. 
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Fig. 17. Transportation routes for TMI waste. 
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6. CONCLUSIONS AND RECOMMENDATIONS 

Several of the more significant conclusions and recommendations that 
have resulted from the participation of CTD personnel following the TMI 
accident are presented below. These conclusions and recommendations have 
evolved during discussions among the CTD participants and do not consti-
tute an official organizational effort on the part of either the CTD or 
ORNL. 

6.1 General 

One of the f i rst conclusions to be drawn is that the General Public 
Uti l i t ies Corporation and the Metropolitan Edison Company recognized the 
need for technical assistance early in the post-accident period. Had this 
not been the case, the severity of the situation would have had a more pro-
nounced effect on the environment. In areas affecting the health and wel-
fare of the general public, GPU Management was responsive to the advice 
and guidance provided by experts and translated this information into 
terms of hardware, regardless of the cost involved. The installation of 
the supplemental off-gas system to retain the iodine on the site at a cost 
approaching $5 million is an example of this responsiveness. 

I t is logical to conclude that nuclear power stations are not equipped 
to handle emergencies such as that which occurred at TMI; the expense in-
volved in maintaining a staff sufficiently large and diverse for this pur-
pose would be prohibitive. I t follows, then, that emergency staff teams 
should be made available to respond to such incidents in a prompt fashion 
within the United States. Because of the importance of this effort, the 
core of each team should function on a full-time basis during periods when 
not actively engaged in an emergency to study facilit ies and potential 
occurrences and to prepare responsive actions. Within the area of high-
level contaminated air and water handling (which would be involved in an 
emergency response), the unit operations involved are closely allied with 
activities within the spent fuel reprocessing area. Expertise in this 
area is currently restricted to the DOE-related sector, and no commercial 
reprocessing facil ity is in operation with high-level radioactive materials. 



50 

Future designs of nuclear reactors should involve a more careful review of 
the radwaste and off-gas systems as mandated from the TMI experience. 

Planning for emergency response to an accident such as the one at TMI 
should include provisions for the establishment of an information center 
to collect, evaluate, and distribute pre-accident information such as draw-
ings, technical specifications, operating procedures, and operational data 
concerning normal performance. The distribution of data collected in the 
post-accident period is also required to ensure that everyone has accurate 
information and is working on the same problem; i t also provides consider-
able opportunity for the data to be reviewed and verified. 

Technical advisors and the recovery staff at TMI were constantly 
changing. For this reason, new arrivals sometimes experienced considerable 
difficulty obtaining exact information concerning their areas of expertise. 
This was especially true of information that had been reported prior to 
their arrival since they usually had to obtain data from borrowed notes. 
This was not satisfactory since an individual who is not a specialist in a 
given technical field frequently will not be fully appreciative of the 
subtleties of the field and will fai l to record data with sufficient com-
pleteness and accuracy. 

Strenuous demands were placed on the existing supplies of up-to-date 
drawings and records and could not be satisfied. A solution to this prob-
lem is not immediately obvious, but the matter needs some consideration. 

I t would have been helpful, in several cases, to have had access to 
a set of photographs or videotapes of plant areas that could not be entered 
easily because of high radiation or contamination levels. 

Each individual involved spent a great deal of time seeking and ex-
changing data of dubious quality. A single, complete, authoritative, and 
accessible source of information would have eliminated at least some of the 
confusion during the early post-accident period at TMI. 
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6.2 Air Handling 

Instrumentation of the off-gas treatment systems should permit 
continuous assessment of the status of the systems even during accident 
conditions. I t should be possible to monitor ventilation system flow 
rates and pressure drops, concentrations of gaseous radioactivity, and 
dose rates of penetrating radiation. Provisions should be made for 
sampling for particulate radioactivity and for radioiodine content 
under accident conditions. 

Iodine adsorbers should be tested periodically to determine the 
removal efficiency for the various significant species of iodine. 
Equipment and procedures should be evaluated for ease of changing 
the iodine absorbing material (charcoal). Some installed charcoal 
adsorbers should be kept in standby for use in case of accident. 
Charcoals are easily poisoned against iodine retention. 

Air monitors (for radioactivity) with remote indicators or 
recorders should be placed in key locations in service buildings and 
should be designed to be serviceable during accident conditions. 

6.3 Water Handling 

The water handling equipment in the Unit 2 Auxiliary Building was 
not designed for handling the large volume or the high radioactivity 
levels of the water that was generated by the accident. Water that was 
released from the piped system contaminated large areas because there 
was no system of curbings to confine i t . The unit shielding was insuffi-
cient to provide satisfactory personnel protection for the high levels 
of penetrating radiation. Unfortunately, the control systems and 
instruments were located in areas that were quickly converted to 
high-radiation and contamination zones by the accident. 
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The cause of the problems was, of course, the transfer of the highly 
contaminated water from the Containment Building sump to the Auxiliary 
Building and the subsequent transfers within the Auxiliary Building. The 
proposed revisions to the containment instrumentation proposed by NRC to 
isolate containment on SCRAM should preclude a similar situation in the 
future. Thus, i t does not appear to be necessary to modify the water 
handling equipment to include all the features that are required in a 
radiochemical processing plant. However, TMI operating management should 
consider including in the water handling areas some of the features that 
are usually incorporated into radiochemical plant designs. Such features 
include curbings around tanks or systems to confine liquid leaks, unit 
shadow shielding to help isolate sources of penetrating radiation (and 
thereby minimize personnel radiation exposures), and unit containment areas 
to limit the spread of contaminated air streams. In addition, considera-
tion might be given to simplifying maintenance operations and procedures to 
reduce the time required and the radiation exposures received during normal, 
as well as during emergency, conditions. Sampling equipment might be in-
stalled in many places that would permit samples to be taken remotely. 
Such a system, i f installed, should be used for routine operations in order 
to ensure its operability during emergencies. 

6.4 Treatment of Contaminated Water 

Both the LALW and the IALW are essentially water that is slightly 
contaminated with radioactive nuclides. To ensure safety for operating 
personnel and the public, the handling and treatment of LALW and IALW must 
be performed by persons who have experience with water that is at least 
slightly contaminated. No unusual technical problems are anticipated. 

The HALW (the primary coolant, the water in the Containment Building, 
and the water in two of the coolant blead tanks) is significantly different 
from the low- and intermediate-activity wastes in chemical composition and 
content of radioactive nuclides. Its treatment will have to be more ex-
tensive a*d complex, and the equipment will require more sophisticated 
provisions for containment, shielding, and remote operation. The equip-
ment must be designed, installed, tested, and operated by persons and/or 
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organizations experienced in radiochemical processing techniques. No new 
techniques will be required. 

The studies and experiments described in Sect. 4.4 were not carried 
out for the purpose of deciding i f the HALW could be decontaminated. 
Rather, they were performed to verify and optimize process design and 
operating parameters. 

The HALW contains a large quantity of radioactive nuclides, and the 
chemical and radiochemical compositions are not known precisely. Samples 
of the primary loop water have given inconsistent results in that the con-
centrations of various chemical components and radionuclides varied both in 
absolute values and in relation to each other. This inconsistency may be 
due in part, to the difficulty in obtaining a representative sample; i t 
does not result from uncertainties in analytical chemistry techniques. The 
different samples almost certainly had different compositions. Also, sol-
ids containing significant amounts of radioactive nuclides were observed 
in two of the samples. 

These inconsistent results and the presence of solids in the samples 
suggest that measurable quantities of solids may appear during the water 
cleanup operations, and that these solids may contain substantial amounts 
of radioactivity from strontium, rare etrths, zirconium, niobium, ruthe-
nium, and other elements that are not soluble at a pH of about 8. Much of 
the water may be removed without resuspending such solids i f they have 
settled out or have become adsorbed on surfaces; however, at some point in 
cleanup operations the solids must be resuspended (or dissolved) and re-
moved in order to achieve adequate decontamination. The situation with 
regard to the water in the Containment Building ts even more uncertain 
because no samples of this water were taken during the 4 months fol-
lowing the accident and the volume of the water has probably increased. 
(Original estimates of the volumes were about 200,000 gal, but the present 
volume is estimated to be 500,000 gal.) 

At this time, we do not know what problems will arise with regard to 
HALW treatment during the decontamination of the primary reactor coolant 
loop and the Reactor Containment Building. 
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There is special concern about alpha-emitting nuclides, especially 
plutonium, that may have be<»n released from the damaged fuel elements. 
Plutonium, which would be insoluble in the reactor coolant at pH 8, has 
not been detected in recent samples of the coolant. However, any plutonium 
that has either settled out in solids or been adsorbed on surfaces might 
reappear at any time through resuspension of plutonium-containing solids 
or through dissolution in decontamination solutions. This could have 
significant impact on HALW treatment and on decontamination efforts. 
Existing volumes of HALW, solutions generated during decontamination, 
and protective clothing used later during the hands-on decontamination 
effort must be monitored constantly for alpha contamination. 

As the processing of the HALW progresses, i t is very likely that 
sequential batches of the HALW will have different compositions. There-
fore, processing parameters will have to be monitored closely, and pro-
cessing details may have to be changed to compensate for changing feed 
(HALW) characteristics. I t is v i ta l , therefore, that the operating per-
sonnel be permitted considerable freedom to adjus: process conditions. 
The task could be made unnecessarily diff icult and, possibly, more hazard-
ous i f process conditions were too narrowly confined. The task of treat-
ing the HALW must be performed by an organization or group having consider-
able expertise and experience in radiochemical operations, and the oper-
ating organization must be given adequate latitude to permit successful 
and safe operation. Further, the relationship with other TMI operations 
must be clearly defined, and liaison with TMI Management must be at a 
very high level. 
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