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NATIONAL ACADEM Y OF SCIENCES - NATIO NAL RESE ARCH COUNCIL 
DIVISION OF E ARTH SCIENCES 

COMMIT TE E O N  WASTE DISPOSAL 

REPORT O N  DISPOSAL OF RADIOAC TIVE WAST E O N  LAND 

Ab stract 

A committee  of geologists and geophys ic ists was e stablished 
by the National Academy of Sc ience s - National Re search Council at 
the reque st of the Ato mic Ene rgy Co mmis s ion to cons ider the pos s i
bilitie s of dis po s ing of high level radioactive waste s in quantity 
within the continental limits of the United State s .  The group was 
charged with as s e mbling the e xisting geologic info rmation pertinent 
to dispo s al,  delineating the unans we red problem s associated with the 
dispo s al sch emes pro po s e d ,  and point out areas of re search and de 
velopment mer iting first  attention; the committee is to se rve as con
tinuing advi s e r  on the geological and geophysical aspects of disposal 
and the rese�rch and de velopment program. 

The C ommittee with the coope ration of  the Johns Hopkins 
Unive rsity organized a conference at P.rinceton in September 1 9 55. 
After the Princeton C onfe rence members  of the committee inspected 
dis posal installations and made individual studie s .  T wo year s ' con
sideration of the disposal problems leads to certain gene ral conclu
sions . Waste s may be dispo s e d  of s afely at many s ite s in the United 
State s but,  conversely, the re are many large areas in which it is  
unlikely that disposal site s can be found, for example , the Atlantic 
Seaboard. The research to ascertain feas ib ility of dispo sal has for 
the most part not yet been done. Disposal in cavities mined ih s alt 
beds and salt dome s is sugge sted as the pos sib ility promising 'the 
mo st practical immediate solution of the problem. Disposal could 
be greatly s implified if the waste could be gotten into solid form of 
relatively insoluble character .  In the future the injection of large 

. volume s of dilute liquid waste into porous rock strata at depths  in 
e xc e s s  of 5, 000  feet may become feasible but means of rendering the 
waste solutions compatible with the mine ral and fluid components of 
the rock must first be developed. The main difficultie s to the injec 
tion method recognized at pre sent are to prevent clogging of pore 
s pace as the solutions are pumped into the ro ck and the prediction or 
control of the rate and direc �ion of movement. 

This initial report is  pre sente d  in advance of research and 
de velopment having been done to determine many scientific , engi
neering and economic factors , and, in the ab sence of e s sential data , 
r epre s ents conside red judgments subject to ver ification. 
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2 .  

REPORT ON DISPOSAL OF RADIOACTIVE WASTE O N  LAND 

The C ommittee on Waste Disposal was set up at the reque st of 
the Atomic Ene rgy C ommi s sien to study the pos sibilitie s of dispo s 
ing of radioactive waste mate rials on land and to indi cate what re 
search was needed  to dete rmine feasib ility . 

In Septemb e r  1 955 a conference was held at Princeton which 
include d repre s entative s of AEC , members  of the Department of 
Sanitary Enginee r ing of Johns Hopkins , representative s of the U. S .  
Geological Sur vey, industry and many individual s cienti sts compe 
tent in relevant fields . Infor med opinions we re rendered at the con
fe rence on the que stions asked by AEC so the pre sent general report 
can be a brief summar y of the main conclu�ions .  The factual data 
re sulting from the conference are included in this  report as ap
pendice s . 

As an outgro wth of the conferenc e s  {the preliminary one s at 
Johns Hopkins and the comprehensive one at Princeton) numerous 
reports have been made by individuals and committee s  dealing with 
the waste problem. In particular the summary by Dr s .  Hatch and 
Liebe rman for the NAS- NRC "Study Group on Dispe r s al and Di spo sal 
of Radioactive Waste s "  cove rs  in adequate form much of what might 
have been included in a report of the pre s ent committee .  

The C onfe rence an d  the sub sequent studie s o f  the Committee 
made it obvious that the re is  no specific answer to such a que stion 
as "How shall we dispo se  of radioac tive waste ? "  On the o ther hand , 
given a specific geographic site and specific type of waste , a spe 
cific ans we r  as to feasibility and cost of waste dispo s al  become s pos 
sible . It is  then a chemical enginee ring, geological and economic 
inve stigation with definite paramete rs  for which a definite answe r  or  
serie s of  ans we r s  can be s ought. 

The C ommittee has cons ide red the complex and varie d prob 
lems of waste disposal on land and can expre s s  considered opinions 
on various .of the problems and the resear ch neede d  to deal with the 
problems .  The Committee has in no sense done the research s o  that 
such expre s sions of opinion as are contained he rein are predicated on 
the as sumption that the re s earch will be done before any final conclu
sion is  reached on any type of waste dis posal. 

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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Unlike the disposal of any other type of waste, the hazard 
related to radioactive waste is so great that no element of doubt 
should be allowed to exist regarding safety. Stringent rules must 

3. 

be set up and a system of inspection and monitoring instituted. Safe 
disposal means that the waste shall not come in contact with any liv
ing thing. Considerin/ half-lives of the isotopes in waste this means 
for 600 years if Cs13 and sr9° are present or for about one-tenth 
as many years if these two isotopes are removed. 

The Committee has heard a number of descriptions of the 
waste disposal operations at Hanford and O ak  Ridge and several com
mittee members have visited the O ak  Ridge Installation. Some ques
tions exist at this time in the minds of most members concerning the 
long-term safety of waste disposal as practiced on these sites if con
tinued for the indefinite future. A great deal of work has been done 
at each of them by competent men, but it is not possible to say ex
actly what may happen to the waste and how its component �lements 
may disperse. The above statements should in no sense be regarded 
as criticism of officials responsible for the operation of these instal
lations. They were constructed during the exigencies of a war so 
that plant location with respect to waste disposal could not be an 
over-riding consideration. They are in isolated localities far from 
population centers so that the hazard has been minimized in this re
spect, and in addition, continuing control is being maintained by the 
operators. 

The Committee is con�inced that radioactive waste can be 
disposed of safely in a variety of ways and at a large number of 
sites in the United States. It may require several years of research 
and pilot testing before the first such disposal system can be put 
into operation. Until such time storage in tanks will be required for 
waste. 

The cost of safe waste disposal will probably be relatively 
high until a great deal of research has been done and experience 
gained. Transportation costs have to be added to over-all disposal 
C\)sts. For this reason site selection for any chemical proces!5ing 
plant where large quantities of highly radioactive waste will be pro
duced, must be based on availability of a disposal area within eco
nomic transportation distance. Economic balance will exist between 
length of cooling time in tanks at the site of waste production vs. 
cost of transportation in shielded carriers -- the thickness of the 
shielding required being dependent on cooling time. 
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4 .  

It will not b e  po s s ible to di spose  safely of large quantitie s  of 
high-level waste in many large sections of the country . This cir 
cumstance may dictate that it will not b e  e conomically feasible to 
place tho se type s of power re actor s  or other  nuclear facilitie s which 
produce liquid waste s in large quantity in such unfavorable sections 
of the country . We have on s eve ral occasions been aske d  s uch que s
tions as "Whe re can waste be di spo sed  of within 25 mile s of T arry
town , New York ? " The answe r almost ce rtainly i s  that waste cannot 
be dispo s e d  of s afely anywhe re near this site . We stre s s  that the 
ne ce s s ary geologic inve stigation of any propo s e d  s ite must b e  com 
pleted and the decis ion as to a s afe di spo s al means e stablished before 
autho rization for construction is given . Unfo rtunately such an inve s 
tigation might take seve r al ye ar s and c ause emb ar ras sing delays in 
the i s s uing of pe rmits fo r construction . Thi s situation can only b e  
handled b y  starting inve stigation now o f  a large numbe r  o f  potential 
future site s as well as  the complementary laboratory inve stigations 
of di spo s al methods . 

With the example of T ar rytown mentione d above it might be re
marke d that the prob ability of finding a s afe ultimate dispo s al means 
at the Savannah Rive r plant appe ar s equally gloomy . This only 
s e rve s to emphasize the need fo r conside r ation of dispo s al before a 
s ite is  cho s en . 

A discus sion of the various po s s ibilitie s for waste di spo s al may 
b e  found in Appendice s C and D ,  the Repo rts of the Committee s  fo r 
" deep" and " shallow" di spo s al ,  respectively . 

The most promi s ing method of dispo s al of high level waste at 
the pre s ent time seems to be in s alt depo sits  ( s e e  Appendix F by 
He roy) . The  great advantage he re is  that no  wate r can pas s through 
s alt . F r actur e s  are self- s e aling . Abandoned s alt mine s or cavitie s 
e specially mined to hold waste are , in e s s ence , long - enduring tanks . 
The po s s ibility of making c avitie s in s alt by pumping in wate r and 
removing b rine i s  not favo red (except fo r waste in solid form ) unle s s  
the siz e  and shape o f  such a c avity can b e  accurately controlled . The 
majo r element of potential risk in di spo s al in s alt is  that the cavity 
will collapse , structurally , in time . Salt is  a weak mate rial and will 
flow . Hence r e s e arch i s  nee ded on size and shape of opening s which 
can b e  relied upon to b e  structurally stab le . The cavitie s should be 
at relatively shallow depth to avoid high confining p re s sure s . Salt 
beds and mine s are abundantly available along the south s ide of the 
Great Lake s from New Yo rk to M ichigan and al so  in the form of s alt 
dome s along much of the Gulf Co ast . Smalle r s alt depo sits are 
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available at a numb e r  of othe r site s . 

The second most promising method se ems to be in fo rming a 
silicate brick or slag which would hold all elements of the waste in 
virtually insoluble blocks . The s e  could be stored in sheds on the 
surface in arid areas or in dry mine s .  

Separation of the Cs and Sr isotopes from the waste and their 

storage in small packages or surface tanks would of course greatly 
simplify the gene ral problem of waste disposal . Resear ch on the 
feasibility of such separation should be pushed . 

s. 

Finally, disposal of waste in porous media such as sandstone s 
at comparatively great depth may eventually be po ssible . Unlike 
oil, the waste would be denser than the normal saline water contained 
in such beds provided the heat generated by radioactive decay after 

emplacement ie not sufficient to rever se the density relationship . 
Instead of concentrating in and being immobilized in tops of anticlines 
it would sink to floors of synclines . Deep syncline s with clo sure 
would be preferred as disposal structures inasmuch as they would 
largely immobilize the waste if it was not allowed to b ecome too hot . 
The great difficulty with this potential method is that the character 
of the waste fluid would have to be drastically changed to permit y to 
disperse in the porous medium without clogging the po re space.!. 
Acid aluminum nitrate wastes would almost certainly form a gel-like 
aubstance if pumped into a sandstone. Extraction of the radioactive 
elements from the much larger bulk of aluminum nitrate appear s at 
present to be a prohibitively expensive proce s s . If proces s es we re 
changed to produce waste without this unfavorable character deep 
disposal would become much more reasonable . The pos sibility that 
great dilution of aluminum nitrate waste fluid might alleviate pore 
•pace. clogging should be investigated though it doe s not seem likely 
that the problem will be solved in this way. Folded rocks containing· 
porous beds in which suitable structure s could be located are widely 
distrib�ed in the United States. 

The above remarks indicate the mo st promi sing avenues on 
which research should be pressed . Besides the se, it is nece s s ary 
to train a numb e r  of geologists in the attributes of the wastes and the 
possible solution of the problems of their dispo sal .  Geological in
vestigation of a large number of potential site s fo r processing plants 

!f Edwin Roedder (USGS) (1956) Dispo sal of high aluminum radioac-

tive waste solutions by injection into aquifers . 
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b. 

or reactors producing liquid waste should be undertaken without delay. 
The question should not be phrased: "How can we dispose of waste at 
X site?" but should be: "Can or cannot waste be disposed of at X 

site?" The possibility of the negative answer should always be con
sidered. 

SPECIFIC RECOMMENDATIONS ON DISPOSAL 

1. Storage in tanks is at present the safest and possibly the 
most economical method of containing waste. 

2 .  Disposal in salt is the most promising method for the near 
future. Research should be pushed immediately on the structural 
problem of stability vs. size of cavities at a given depth; on the 
thermal problem - getting rid of the heat or keeping it down to ac
ceptable levels - and on the economics of such disposal. (Appendix F 
by Heroy) 

3. Next most promising seems to be stabilization of the waste 
in a slag or ceramic material forming a relatively insoluble product. 
This could be placed in dry mines, surface sheds or large cavities 
in salt. 

4 .  Disposal of waste in porous beds interstratified with im
permeable beds in a synclinal structure is a possibility for the more 
distant future. This is of particular interest for disposal of the 
large volumes of waste to be expected in the future. Very difficult 
and complex problems have to be solved before it will become feasi
ble. The reaction of the waste with connate waters or constituents 
of the rocks soluble in the waste solution will have to be studied. 
The composition of the rocks and the connate waters are both variable 
as will be the composition of the waste solutions so that an almost in
finite variety of circumstances result. In general acid aluminous 
waste would almost certainly tend to form precipitates which would 
clog pore spaces. The problem would have to be solved first for a 
given bed at a given site for a given waste solution at a given dilution. 

5. The removaJ of Cs137 and Sr9° from the waste would make 
disposal somewhat easier for the waste free of these isotopes but 
does not change qualitatively the recommendations made in the report. 

6. In the complex relations between (a) storage time of waste 
for cooling, {b) transportation cost in shielded carriers and (c) dis
tance to disposal site, the last of these factors must be considered 
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7 .  

befo re locatio n of any plant produc ing large quantities of waste, 
re me mbering that there are large sectors of the country whe re dis 
pos al is  not po ssible . 

7 . C o nti nuing dispo s al of certain /large volwne I lo�v level 
waste in the vados e  water  zone , abo ve the wate r tab le ,  is of li mited 
applic at ion  and probably involve s unacceptable long te rm ris ks . 

GENERAL REC OMM ENDATIO NS ON COROLLARY PRO BLEMS 

1. The mo vement of gro s s  quantitie s  of fluids through porous 
media is  reasonab ly well understoo d by hydrologists and geologists ,  
but whe the r this is  accomplished by fo rward movement of the whole 
fluid mas s  at low velocity or whether the transfer is  accomplished 
by rapi d flow in "ribb ons ", is  not kno wn. In deep dispo s al of waste 
in porous media it will in many cas e s  be e s sential to know which of 
the se conditions e xists . This will be a difficult proble m to solve. 

Z. The educatio n of a considerable number of geologists and 
hydrologists in the characteristic s of radioactive waste s and its 
disposal proble ms is going to be neces s ary . 
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8.  

APPENDIX A 

HISTORY OF 

COMMITTEE ON DISPOSAL OF RADIOACTIVE WASTE ON LAND 

Following discussions between representatives of the Atomic 

Ene rgy Commission and the National Academy of Sciences - National 
Re search Counc il ,  contract number AT ( 30-l )-1788 was signed o n  
Fe bruary 28, 1955 . The scope of the agreeme nt was stated as 
follows : 

1 .  The Contractor shall furnish personnel, facilities , and 
equip ment , and do all things nec e s s ary fo r the purpose of conducting 

a program of res earch pertinent to the methods of disposing of radio 
active waste materials in geologic structures. The work shall con
s ist of the following: 

a. Setting up a Steering Committee of leading scienti sts 
who will prepare and arrange for confe rence s  o n  
disposal metho ds; 

b. Conducting the confe rence s ;  

c .  Reporting to the Commis sion on the proceeding s and 

comments of the se conferenc e s ;  

d. Evaluating all suggestions and resear ch to date on 
dispo sal methods that involve land surface or  unde r 
ground site s ,  including the s urface and underground 
water on the co ntinents but excluding the oceans. 

e .  Reco mmending programs of res earch that should be 
carried out. 

The Steering C o mmittee appointed in March 1955 consisted  of 

Harry H. He s s , Chair man ,  John N. Adkins, John C .  Frye , M. King 

Hubb e rt ,  Che ster  R .  Longwell , Richard J. Rus sell , and Charles V. 

Theis. In the fall of 19 55, Dr. Longwell resigned because of ·the dif
ficultie s in attending committee me etings from his location in 

Ca lifornia , and William E . Bens on and William B. He roy were ap

pointed. 
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At the first meeting of the Steering Comm ittee, held April 15, 
1955, at Ames Hall of the Johns Hopkins University, seven members 
of the Committee met with eight members of the Sanitary Engineering 
Department and one representative of the Reactor Development Divi
sion, AEC. The entire problem was described and the previous gen
eral studies of disposal reviewed: a conference had been held in 
August 1954 at Woods Hole to explore with oceanographers the possi
bility of disposal in the oceans, and another had been held in 
Washington in November 1954 with geologists to consider underground 
disposal. 

At the November 1954 conference the following plan was pro
posed anticipating the signing of a contract with AEC: a steering 
committee was to secure a proper definition of the problem (includ
ing as much technological data as was possible within the restrictions 
of security classification) and conduct two conferences with the guid
ance and assistance of the AEC and Hopkins group. The first meeting 
would have as its objective the generation of ideas and cataloging of 
suggestions for underground disposal of wastes, and the second would 
be to appraise critically the ideas, documenting the advantages and 
disadvantages, arranging the suggestions in order of apparent feasi
bility, and indicating the lines of research needed to arrive at reliable 
answers to the more pressing problems. The willingness of the 
Hopkins group to perform staff functions for the Committee was stated 
especially as regards compiling the unclassified technological data. 
The AEC relationships were summarized, and the desirability of the 
Committee visiting Oak Ridge was discussed. The minutes of this 
meeting were prepared by the Hopkins group. 

During the summer of 1955 arrangements were made to hold 
the first conference at the Graduate School of Princeton University, 
Princeton, N. J., on September 10-12. Participants were selected 
and invited, and those who accepted the invitation were sent a digest 
of the essential data entitled "Radioactive wastes in the atomic energy 
industry" compiled by A. B. Joseph and J. M. Morgan, Jr., of the 
Hopkins group. The "graybook" summarized the information gener
ally available up to March 31, 1955 on the kinds of waste, treatment 
and disposal methods, and the projected magnitudes of high level 
wastes and their disposal problems. 

The Princeton Conference was attended by 65 persons repre
senting many scientific and engineering disciplines, active in a vari
ety of capacities in universities, research institutions, private 
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companies, and government scientific agencies. The participants 
are listed in Appendix E. 

During the afternoon and evening of September l Oth, the con
ferees heard and discussed eleven informal talks which presented 
in considerable detail the various technological, economic, and the
oretical problems of waste disposal . During and after the Geneva 
Conference on the Peaceful Uses of Atomic Energy (Jul y 1 9 5 5) a 
great deal of heretofore classified information was released: the 
Princeton Conference benefited from the unexpected availability of 
data on chemical processing and nature of waste solutions pertinent 
to the conference topic. After the conclusion of the eleventh talk on 
the morning of September 11th, a lengthy period of general discus
sion and review followed. Two committees were then appointed to 
examine carefully the waste problem from two points of view; see 
Appendix B, page 7 5 .  The committees worked independently through 
the balance of the morning, the afternoon and evening of September 
11th. The conference reconvened on September 1 2 th and heard sum
mary reports from the Chairman of each committee. (See Appendix 
B, pages 7 6 -81 . )  The Committee reports are given in Appendices C 
and D. This completed the work of the conference and it was ad
journed at 11:30 a.m. 

The conference deliberations were recorded by the stenotypist, 
Miss Jean Burleigh, and by a tape recorder provided by the Hopkins 
groups and operated by Mr. A. B. Joseph. The edited condensation 
is presented in Appendix B. The minutes of the Committee meetings 
were prepared by volunteers and are given in Appendices C and D. 

The Steering Committee met on September 12th to consider the 
next steps to take in the light of the results of the conference. It was 
decided that it was not necessary to hold a second conference because 
the first had succeeded in both generating and evaluating ideas as 
well as could be expected within the limitations of existing knowledge 
-- significant improvements on the ideas expressed could be made 
only by direct investigation, not by additional exchanges of opinions. 
Until the deliberations of the Conference were available, the Commit
tee could do little to document the suggestions or prepare a report: 
the preparation of proceedings from the stenotype record was given 
first priority, and the manner in which the talks were to be edited, 
verified by the speakers, and distributed to the Committee was out
lined. 
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11. 

The next meeting of the Steering C ommittee was held in New 
Orleans on November 9, 1955. By that time the proceedings were 
complete with one exception . (See Appendix B ,  page 27). The con
sensus of the C ommittee was arrive d at on the main points to be 
embodied in the report,  and general premi s e s  on which it was to be 
based . 

Some members  of the C ommittee made independent inquirie s 
on such topics as (a) the dis tribution , location , and annual inc re 
ments to mine workings in salt depo sits , (b) economics  and tec h
nology of power transmis sion , (c)  enginee ring procedur e s  in oil field 
injection ,  (d) hydrology of deep aquifer s , and (e)  effe ct  of carbonate 
wallrock on simulated was te solution . It was found gene rally that a 
great deal more specific information i s  availab le than was pre sented 
at the C onference but that the additional data do not simplify the prob 
lema nor point to pos sib le solutions that had not been mentioned 
heretofore . The utilization of cavitie s  in salt deposits for s torage 
and dispos al  of waste s aroused considerable interest at the C onfe rence 
so the location of the main salt mine s  and distribution of the principal 
salt depo sits were documented by M r . He roy along with his study of 
the production and availab ility of mine wo rkings in s alt . 

In this period the name "Steering C ommittee" became inappro 
priate , so the Division of E arth Scienc e s  refe rred to the group at the 
Committee on Was te Disposal.  Memb e rs of the C ommittee visited 
the AEC installations at Oak Ridge and B rookhaven , as follows: 

Oak Ridge - Feb . 15-16, 1956: W .  E .  B enson , W . B . Hero y ,  M .  K . 
Hubbe rt ,  R .  J. Rus sell ,  C .  V. Theis , and W .  R .  
Thur s ton , Secretary . 

Brookhave n - March 29, 1956: R .  J. Rus sell and W . R .  Thur s ton , 
Secretary; April 19, 1956: J .  N .  Adkins ,  W . E .  
B enson , W. B .  He roy ,  and M . K . Hubbert .  
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14 .  

PROC EEDINGS O F  THE PRINC ETO N  C ONFERENC E 
ON TH E DISPOSAL OF RAD IOAC TIVE WAS TE PRODUC TS 

SATURDAY AFTERNOON S ESS ION 

Septe mbe r 10, 1955 

The Conference on Dispo s al of Radioactive Waste Products 
convene d in the Commons Room of the Graduate College , Princeton 
Unive rsity , at Z o 'clock.  

DR . RICHARD J. RUSS ELL : On behalf of  the Divi sion of  Earth 
Scienc e s  of the National Acade my of Science s - National Re se arch 
Co uncil , I am happy to welcome yo u to this  Confe rence and to see  
thi s mee ting so  well attended .  We have been wo rking with people at 
Johns Hopkins and with people from the A. E .C . since last Nove mbe r 
to prepare for this  confe rence and plan fo r anothe r one . We have 
c alle d togethe r a heterogeneo us gro up of people fro m  many different 
fie lds and discipline s with a c umulative total of a tre mendo us amount 
of e xperience. 

The main o bjective in this Confe renc e ,  as far as the Divi sion of 
Earth Science s  is concerne d ,  is to generate and list ideas for the 
unde rground dis po s al of high level was te s .  That is o ur mi s sion . 

The ground rule s  have changed fro m  t ime to time on the pro ble m, 
and it has been ve ry difficult fo r tho se as sociated with it to kee p  up 
wi th development s  in the che mic al pro c e s sing which dete rmine the 
nature of the mate rials we have to de al with. We have had the fee ling 
seve ral ti me s  that the pro ble m has shifted co mple tely from one area 
ove r to ano the r; we believe that in this conference you will get  a hint  
of the varie d nature of the pro blems before us . 

The preparation of this confe rence and the o rganization of the 
report which we will s ub mit unde r  the contract with the A.E .C ., is  
unde r  the direction of  Harry He s s , who has  s e rve d as Chai rman of  
the Ste e ring Co mmit tee , and who will pre s ide at the s e mee t ings • 

• • • Dr. H. H. He s s  as s ume d the Chair • • •  

C HAIRMAN HESS: I would like to welco me yo u here on behalf of 
Prince ton Unive rs ity. I am ve ry happy , as Chairman of the Ste e ring 
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15.  

Commit tee , to  see  how many of  yo u re sponde d  to  o ur reque st to 
participate in this conference . I know it is a se rio us matter to leave 
yo ur no rmal activitie s and devote seve ral days to o ur problem , and 
I am delighted to see  that so many of you have come .  

The pro blem we have to de al with i s  a ve ry comple x one . This 
firs t day will be spent dete rmining what the components are : they 
change rather rapidly ; the whole problem has change d since o ur first 
mee ting of las t s pr ing. We will have to get the nece s sary bac kground 
to know what sort of a pro blem we are dealing with , and I hope before 
the mee ting is  ove r the re will be s o me specific s ugge stions that can 
be loo ked into and that will lead at leas t in the direction of the solu
tion o r  seve ral sol utions , howeve r it  may develop. 

Mr.  Gor man , of the A.E .C ., has agreed to make the introduc 
tory re mar ks de s c rib ing the Reactor Divis ion ' s  conc ept of the proble m. 

Mr. Gorman! 

M r. A . E. Go rman , 
Re ac tor Development Division 
U. S. Atomic Ene rgy Commi s sion , 
Building TS, 
1901 Consti tution Avenue , 
Washington ZS, D .  C .  

MR . GORMAN: On behalf of the Reactor Division of the A . E  . C ., 
I want to take this occasion to thank yo u all for giving us yo ur time 
and valuable assis tance to dis c us s  one of o ur ac ute problems ,  and 
also to thank the University fo r i ts  courte sy in providing s uch e xcel
lent acco mmodations for us . 

The Reac to r Division is  sponsoring the contrac ts  with the 
National Ac ade my of Scienc e s  and Johns Hopkins Uni ve rsity to evalu
ate proble ms connec ted with the dispo s al of high and low level radio 
ac tive was te s .  

At this confe rence we are confining o ur attention t o  dispo s al of 
the high level waste s ,  which in A.E.C .  we feel is  a real s e rio us 
pro ble m. Bec aus e atomic ene rgy work was begun during the war 
pe riod ,  o ur plants we re e s tablished in mo re or le s s  di s tant and iso 
lated plac e s , and a s  pro blems of was te disposal aro s e  they we re not 
too difficult to take care of be cause of this i solation. Now , howeve r ,  
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16. 

under the rapid growth of opportunitie s  unde r the Atomic Energy Act 
of 1954 for privately-owned competitive indus trie s to enter the field 
of atomic energy ,  some re al pro blems are being posed. It seems 
inevitable that the industry will  move toward more populated areas. 

Our dis c us s ions with repre sentative s of  industry make it  evi
dent that they envision bui lding reac tor s and fuel proce ssing plants 
near the ir markets . When a new industry move s into a community 
which i s  already we ll integrated and well organize d ,  it finds that its 
prede c e s sors have c e rtain e s tablished rights . The new industry 
wants to be a good neighbo r. In the field of atomic energy we have 
to face the pro blem that the e s tablishe d re gulatory agencie s (which 
could take almos t  any industry and its waste pro blems in its stride ) ,  
are not familiar with radiation as a contaminant , nor with the mate 
rials and the tec hnology of the industry. Ob vio usly , if the industr y  
is t o  grow in a healthy way , it m ust be a "good ne ig hbor , " and that 
means having harmonio us relations with the re st of the comm unity 
and the re g ulatory agencie s . 

The gro up at  Johns Hopkins Unive rsity and the A.E .C . staff 
have been struggling with this waste pro blem fo r a numbe r of ye ars . 
To some e xtent , because of o ur geograph ically iso lated locations , it 
has been po s s ible "to swe e p  the pro blem unde r  the r ug , "  so to spe ak. 
But tho s e  of us who are clo se  to it are convinced that we must face up 
to the fact that we are confronted by a real pro blem . I am s ure that 
when yo u hear the details of the situation from tho se  who fo llow me on 
today ' s  pro gram yo u als o  will be convinced. 

When we tried to e valuate the prob lem in the early phase s  of the 
atomic ene rgy program , we c alled upon the U. S . Geolo gical Survey , 
the Weathe r Bureau, and many othe r governmental agencie s ,  and 
many unive rs itie s fo r as sistance , b ut the pro blem of the dispo s al of 
high leve l was te is a long way from being re solved. It is one which 
caus e s  dee p conc e rn  because of the danger of contaminat ing local 
wate r s upply , o r  having an unfavorable affect on natural re s o urce s .  
The volume s of waste are large but they are not e xc e s sive ,  compared 
with o ther indus t rie s . The main conc e rn is the fact that some of  the 
cons tit uents of the was te s  have long half-live s which require that the 
was te be ke pt unde r control fo r many , many year s .  

In addition t o  the con s ide ration o f  s afe ty there i s  also the q ue s 
tion o f  cost . The handling o f  waste in o ur ins tallations i s  cos ting  tens 
of mil lions of dollars a year. The magnitude of this it�m is s uch that 
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it could be a s e rio us dete rrent to the deve lo pment of a compe titive 
industry ,  the refo re , it me rits  a goo d deal of attention. In effe ct , in 
A.E . C .  we feel it i s  o ur re sponsibility to find economical solutions 
before we can expect an indus try to be deve lope d, and to do so , we 
know we nee d  a lot of help . 

The problem has really two maj o r  cate go rie s :  1 ) whe re and 
how can we put waste s into the gro und economically and unde r  con
ditions which wi ll no t jeopardize the rights  of o the rs , e s pecial ly in 
populated areas ; and 2) what can we do with the large volume of 
waste s that have been and are yet to be produce d at o ur pro duction 
plants , partic ularly tho se  which are being ac cumulate d in unde r
gro und tank s  at the Hanfo rd Works in the State of Washington . Al
mo st eve ry year appropriations must be made to build mo re and 
large r tanks , but this  cannot go on foreve r. At le ast , we ho pe it wi ll 
not go on fo reve r. We are looking to this group fo r more rational 
scheme s di rected toward dis posal  to the gro und . 

Some of o ur diffic ultie s have b een de sc ribed to the oceano g 
raphe rs and marine biolo gi s t s  in meeting s which Dr. Re nn will re 
view .  They have given us good advice : much of that advice indicate s 
that we o ught to conside r furthe r  me ans of under ground dispo s al . 
(Laughte r) It seems to us , purely on the basis  of economics , that 
ground dispo s al sho uld be m uch cheape r  than ocean dis posal .  

After the repre sentative s of  o u1' contracto r and o ur o pe rations 
and field office rs have briefe d  you on the characte r of the was te s 
and the c urrent and fo re seeable pro blems , we hope yo u will be able 
to make recommendations to us as to what methods have ho pe of 
being reasonably effective , and what type of res earch and develo pment 
should be carrie d o ut in o rde r  to evaluate the se po tentiali tie s .  

The pro blem i s  e xtremely comple x .  It take s  te am work ove r 
a wide s pe c tr um in o rde r to pu� the pro blem be fore you in the pro pe r  
light s o  that yo u may evaluate all as pects . If you c an  indicate to us 
the directions in which we sho uld encourage re search and develo p
ment , we would be in a sound po sition to go to o ur bu dget peo ple and 
as k for appro priations to s t udy tho s e  approache s that have some 
pro bability of yielding posi tive solutions . 

It is  no o rdinary re s ponsibility to take part in the early phases  
of  the growth of  a new industry .  Loo king bac kward we know of the 
mistake s  that many industrie s made in as s uming that di s po s al of 
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waste s was s imply a b ackdoo r problem that anybody could handle . 
But in this  new atomic ene rgy industry hazards are magnified greatly 
by the unique potentialitie s of the wa ste s .  

We have great hope s that as  a r e s ult of your deliberations we 
can start an evaluation of the problem that will le ad to final and eco 
nomic dispo s al of high level radioactive waste s . B y  final , I mean 
returning tho se waste s to nature in some place whe r e  they c an  be 
held fo r ve ry , ve ry long pe riods of  time without jeopardy to our  en
vironment o r  prope rty . We know that we can extract from some of 
the se waste s c e rtain long half-life radioi sotope s ,  but if thi s is done , 
you still have to keep a reasonable control ove r the u s e  and sto rage 
of the se  mate rial s . So the problem cannot be  evaded by simply milk 
ing the waste s of the ir  highly objectionable constituent s . 

I think , Dr . He s s , that is  about all I want to s ay by way of in
troduction , because  I know all of you are anxious to get down to the 
me at of the problem which tho se who follow me will be  able to pre 
sent to you . 

CHAIRMAN HESS : Dr . Renn , of Johns Hopkins will continue 
the introduction .  

Dr . Charle s Renn , 
Department of Sanitary Enginee r ing & Water Re source s ,  
Johns Hopkins Unive r s ity , 
B altimore  18, Md . 

DR . C HARLES RENN : Five point s  we re made at the mo st re 
cent confe rence on ocean dispo s al of radioactive waste s which I think 
will inte rest  you . Thi s meeting wa s held on June 22-24, at Woods 
Hole , M a s s achusetts . 

Fi r st , it is  impo rtant to define the proble m in terms of the 
volume s and characte ristic s of the diffe rent waste s so that the ocea
nographe r can conside r the variety of  ways of  di spo sing of mate rials  
in the seas . 

For example , the coa stal wate r s  above the middle Atlantic 
continental shelf exchange , roughly , in a year and a half . Thi s  pro 
vide s a relatively long growth interval fo r any c rop to be  in contact 
with waste s;  there is a sub stantial hazard to comme r cial fi she rie s if 
the waste material is  relea s e d  even in dilute fo rm ove r the continental 
shelf . 
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That b rings up the que stion of dilution . A popular idea i s  that 
dilution i s  easy to obtain if you have large mas s e s  of water .  How
eve r , the larger the mas s e s  of wate r; the more unpre dictable the 
me chani sm of dilution b e come s . Ac cording to some evidence , s aline 
waste s dumpe d in the ocean will move as thin ho rizontal layer s  thou
sands of  time s as rapidly as on the ve rtical plane , so that concentra
tion of high o rde r will be  maintaine d ove r thi s  horizontal b and .  The re 
is  a great hazard of isotopic movement and concentration along the s e  
bands . Tho se who a r e  familiar with the dilution of industrial waste 
in larger rive r s  and harbo r s  know the tendency of the se  waste s to 
move in narrow and uncontrolled streams , particularly along the 
edge s . It take s a special circum stance to make available fo r dilution 
the full volume of a large mas s of wate r .  The re are large gaps in 
our knowledge of the mixing me chanisms in oceanic mas se s . 

The que s tion of s eque ste ring waste in the ocean came up . 
Whe re i t  i s  impo rtant to note the value of detailed knowledge of the 
oc ean floo r  and of the wate r column . We have in the last ten years  
acquired a ve ry extensive history of the vertical stratification of 
wate r ,  but the re are ve ry few areas whe re the stations have b een suf
ficiently close  togethe r ,  and the me asure ments  made with sufficient 
preci sion to ac curately bound the wate r mas s and dete rmine the rate 
of water exchange . The measurement s  are clo s e  togethe r in the study 
of the Carribean deep s , and include recent ,  ve ry precise me asur e 
ments . The se de eps have some ide al characte ri stic s .  The de ep i s  
bounded by a natural e s c arpment , and has a single entrance an d  exit . 
It allows the oceanographe r to as say the rate at which wate r ente r s  
and leave s the area . The re i s  po s s ibility of confinement , and it 
should be po s sible to predict the rate of eventual exchange within thi s  
confined ma s s . 

A special hazard had to be  considered :  when the heat content 
of pos sible waste loads wa s examined ,  the the rmal stability of thi s  
area was found t o  be  -- as far as we know - - ve ry close t o  th e  lim it 
required fo r containment . It will require a mo re careful analysis of 
the si tua tion to be  ce rtain whethe r we can introduce the heat at the 
bottom of the s tratified wate r or not. 

A ve ry important point was b rought up in the dis cussion of the 
tendency of planktonic organisms and their  predators to concentrate 
the mo re ac tive and trquble some frac tions of waste . Fo r example , 
the long -life elements are taken up quite appreciably by filte r-feeding 
plankton. We simply don 't know what the rate of concentration beyond 
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2 0. 

the planktonic forms would be. Presumably, at each stage of pro
duction we would gain concentrations of activity where initial con

centrations are high, and lose where initial concentrations are low . 
This represents a very considerable gap in our knowledge of the 
course of events following dilution and dispersion of dissolved and 

suspended wastes in the ocean. But this is not an insoluble problem. 
The oceanographer and the marine ecologist can make approxima

tions to determine theoretical standards for the allowable concentra
tion of isotopes. This would force the ecologist to examine all the 
important variables that enter into the marine environment. 

The geologists presented an interesting discussion of ground 

water: it was suggested that it might be possible to enter some ar
tesian aquifer that discharged at sea on the edge of the continental 
shelf. This would make it possible to introduce waste off the shelf 
into deep water without large disturbances. It would be much more 
convenient than transport by ocean vessel. 

The question of packaged waste was considered. A common 
concept that many specialists in the field of atomic waste disposal 

have, and which has been considered at one time or another, is that 
packaged waste can be dumped in the deep, and that it will sink in 
the bottom oozes. A careful survey of such dumping ground would 
be required. The ideal condition a naturally enclosed area in which 
there is a deep bed of mud. Oceanographic and marine geological 
research indicates that suitable pockets of mud exist not far from 

shore on the Atlantic shelf , these would not involve deep sea opera
tions , but might affect commercial fisheries, for example , those in 
the Gulf of Maine • 

The oceanographers are not in agreement on rates of exchange 
between surface and deep waters. One group represents the view 
that the deep waters are roughly 2000 years old. The supporting data 
depend largely on carbon 1 4 measurements which are not wholly con
sistent. Another group contends that the rate of turnover of the deep 

is much more rapid, that the data from the oxygen distribution pattern 
and thermal stratification indicates relatively rapid movement. 

This is a summary of the thinking in the field. We were very 
happy indeed to find that the oceanographers had seriously worked 
over the material that was presented as raw data, and that a large 

amount of diligent work had been done. They discussed the problems 
vigorously, and generated well developed philosophies on the waste 

disposal problem. 
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DR . M .  KING HUBBER T: M r. Chairman, I would like to refer  
to the "graybook" of March 31, 1 955. In view of the oceanographic 
dis cussions , I would like to comment on one statement that struck 
my attention: i t  was s ta ted  that if was tes we re put in the deep water 
that they wo uld have to be  monitored by pe riodic ob servations , b ut 
that no major cab le company would guarantee a cable two mile s long 
for more than one or two trips. 

That s tatement s t ruck me as being odd, and I chec ked with the 
Schlumbe rge r C ompany , who regularly lowe r things on cable s  do wn 
oil wells as much as fo ur mile s deep , and I asked them what the life 
of a cable is , and they said they are good for about ZOO round- trips . 

DR . R ENN: I am glad you b ro ught that up , Dr. Hubbe rt , be 
cause one o f  the points made by a small gro up of men was this : that 
the si tuation as far as monitoring i s  concerned has improve d greatly. 
Firs t of all , plas tic s have been developed which have low adso rption 
characteris tic s  fo r fis sion products. Metho ds of signalling that pe r
mit a high de g ree of leakage have b e en developed ,  so that deep wate r 
systems would no t be come vulne rable to small leaks of sea wate r .  
Ins trumentatio n i s  improving rapidly and the pre sent emphasis  i s  on 
inc re asing the sensitivity of the equipment. The conditions for hand
ling sampling gear at s e a  diffe r from those  of o il well lo gging. The 
weights  are greate r ,  and the re are sudden s trains due to ship and 
boom heaving , with the newe r signal systems , longer effec tive life of 
cable s is  pos sible , howe ve r .  

CHAIRMAN HESS : Are the re any o the r que stions you wo uld like 
to bring up while Dr . Re nn is s till he re ? 

DR . TRUMAN P.  KOHMAN: I would like to ask a lit tle mo re 
abo ut ge t t ing mate rial into the ocean f1 .Jm coas tal ins tallations . We re 
you refe rring to unde rwate r? 

DR . R ENN: This point was di s c us s e d  mo re in de tail by Dr . 
Ewing. He offe re d i t  purely as a possibili ty. The que s tion unde r  di s 
cus sion a t  that time was h ow to get  the was te ac ro s s  the c ontinental 
she lf and out into deep oce an. His s ug ge s tion was simply that the re 
mus t  e xi s t  a numb e r  of s t rata which incline seaward ,  below the s ur
face of the continental shelf ,  and inte rcep ting the continental s lope .  
The density of the introduce d  wa s te being highe r than salt water,  i t  
would fo rce the s tream ahead and would eventually s e e p  out below the 
edge of the shelf. 
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DR . KOHMAN : In othe r wo rds , there are no such exi sting 

rive r s  that flow unde rground in the sea against the mo re dense s alt 
wate r ,  but the ide a i s  they would create one ? 

DR . RENN: No , the implication was that these structure s  do 
exi st . For example , in the C he s ape ake B ay we have arte sian spring s , 

and the picture I get is that such inclined strata probably exi st and 
break through the sloping face s  of the shelf .  

CHAIRMAN HESS : Are there any othe r que stions ? 

If not , Dr . Christy ,  of Hanfo rd , will tell us s ome of the prob 
lems they have out there in waste dispo s al .  

I have to apologiz e to Dr . Christy . He did not know he was 
coming to discus s these problems until a few days ago , and he didn ' t  
know h e  was going to be a spe ake r until lunchtime . 

Dr . J o s eph T .  Christy ,  
Hanford . 

DR . JOSEPH T .  CHRISTY : Hanford i s  the name of an Atomic 
Ene rgy C ommi s sion s ite in the no rthwe ste rn part of thi s  country , on 
the C olumbia Rive r in s outheaste rn Washington . A s chematic b reak
down of the ope rations will pe rmit the pre sentation of a generalized 
view of the plants , within the limitations of s e curity clas sifications . 

The C olumbia Rive r forms one boundary of our site , and the 
re acto r s  are along the rive r . The major radioactive waste problem 
at Hanford doe s not involve the wate r s  of the Columbia Rive r which 
i s  tappe d fo r flow through the re acto r s , and is returne d to the river 

to dis sipate he at gene rated in the reactor . The radioactivity is negli 
gible b e c ause the wate r i s  not recirculated and the re is no concentra
tion of activity ; furthe rmo re , there is  no significant contamination by 
fuel element s from rupture .  The major waste problems are in the 
chemical s eparations plants . 

E arly Hanfo rd consi sted of reacto r s  and three major chemical 
proce s s ing plants , of which only two we re operated initially. A 
fourth plant was not completed except for waste tanks , and the third 
plant became a stand-by . At e ach one of the se plants , s eparate stor 
age facilitie s we re provide d fo r many thousands of gallons of waste . 

Es s entially all of the waste fr om the initial plants was sto re d ,  because 
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no other aafe diapoaal method was known . In time , under an accel
erated program , atorage space was exhausted so another set of tanks 
waa installed . Included in initial waste s was a considerable amount 

of material for which there was uae and which required recovery . 
The atand-by plant was re -equipped and placed into operation and the 

waste from moat of the tanka was processed . In the chemical proc
essing for recovery the waste fed to the recovery plant was added to , 
resulting in more waste to store . 

The handling of radioactive wastes at Hanford involved stored 
quantities measured in many millions of gallons , in underground 

tank farms separated from two to six miles , and extensive transfer 
pipe shielding .  In initial plant operation , there were several types 
of waste to handle : a) a high level waste from which a valuable con
stituent waa recovered by reproces sing ; b ) an intermediate waste , 
active enough to necessitate storing ; and c) a low level waste which ,  
after being pas aed through a series of tanks arranged in a " cascade" 

syatem , could be fed into a cribbed excavation and allowed to seep 
into the ground; by this arrangement , most of the radioactivity of the 

low level waste is concentrated in sediments that fall out in the tanks • 
The radioactive material appears to adhere to c,rtaiD. types of solids . 
If the initial solution is of relatively low activity it can be disposed of 
through criba in the ground . A plant producing this type of waste is 
still operating and the waste is being handled es sentially in this fash
ion . The high-level waste is being reprocessed after storage in tanks 

for a period of a year and a half to two years . After recovery , nickel 
ferrocyanide is uaed as a scavenging agent on the resultant wastes to 
remove two major fiaaion products ,  cesiwn 1 3 7  and strontiwn 90 . 
The nickel ferrocyanide is added to the waste before it leaves the 
plant . The nickel ferro cyanide forms a precipitate , and the presence 
of the phosphate ion aids in aoU retention for cribbing the supernatant . 
The low level supernatant is allowed to seep into the ground but tanks 
are required to hold the aludges . The intermediate -type waste has 
been concentrated in the past by evaporation but the ferrocyanide 
treatment has proved effective and is now being uaed in lieu of evapo 
ration . 

DR . DAVID T .  GRIGGS : Was the reason for the evaporation 
because the sludge settled and put the water on top ? 

DR . CHRISTY : The evaporator was actually a concentrator . 
All the evaporator would do is evaporate , the "overheads" were crib 
bed and the "bottoms" we re transfe r re d  to storage tanks . The same 
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re sults can be gotten by the s imple addition of some small quantitie s  
o f  a cheap chemical , eliminating the costs o f  steam and manpowe r 
in e vapo ration . 

DR . T .  P .  KOHMAN: Doe s the ferrocyanide combine ? 

DR . CHRIST Y :  The nickel fe rrocyanide fo rm s  "floc" and pro 
motes sedimentation . 

DR . KOHMAN: I s  the nickel salt adde d separately ? 

DR . CHRIST Y :  The nickel and the salt are added s eparately . 

DR . H .  C .  THOMAS : Are you at lib e rty to say what the rela
tive value s of the se waste s are ? 

DR . CHRIST Y :  This is the sort" of thing I would rathe r not com 
ment on . 

DR . KOHMAN: Was this precipitation method the result of a 
hundred diffe rent tests? 

DR . CHRIST Y :  No . The o riginal compound de veloped in the 
laboratory was copper ferrocyanide . Hanford optimized the technique , 
and learned that nickel was a lot bette r than copper . More i s  being 
learned . It has been found that calcium n itrate added to the mixture 
give s  more efficient clean-up of liquors.  

MR . WILLIAM LINDSE Y :  I think , while Hanfo rd had a very 
low wate r table , the waste was permitted to ove rflow and the soil held 
all other fission products. 

This  precipitation only retains some fi ssion-products .  Some 
fis sion products flow over the tops  of the tanks and into the soil . 
This would be a s e r ious matte r except for the soil conditions at 
Hanford which permitted it . As time went by , thi s proce s s  proved to 
have quite a few limitations ,  one .being the fact that we couldn 't  r e 
cove r the de sired element . So another plant was built and i s  being 
ope rated today , which we will call the S plant . Thi s plant had a tank 
farm and quite recen.tly another large farm had to be added . (Mr .  
Gorman mentioned tens of millions of dollars in tanks . ) 

DR . CHRISTY : The the rmal heat gene rated by the radioactive 
decay of fis sion products i s  used to some degree s ucce ssfully to 
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self- concentrate currently the Hanford waste s .  Heat , howeve r ,  
builds up in the acc•1mulated sludge s of the se huge tanks and there  is  
pe riodic burping . This burping create s pre s surized conditions which 
must be taken into account in future tank construction . Burping i s  
being controlled b y  agitation . The re is an agitation system in the de 
velopment stage , which , combined with stronge r ve s s els , shows prom
ise of being able to control the burping . 

I might point out that waste storage tanks are all unde rground , 
and that they are conc rete tanks , mild steel lined and capped . 

Anothe r  new proc e s s  has been developed and a new plant built 
which pe rmits recove ry of the de sired elements  without secondary 
proce s sing ; this greatly reduces  the quantity of waste s produc e d .  
This  improvement make s i t  po s sible t o  be optimistic about develop
ing a self-concentration program . 

I want to emphasize thi s point : the new process  gives better 
recove ry and le s s ens the quantity of waste but it  doe s not eliminate 
the dispo sal problem ; the difficultie s and expens e s  of storage are 
still great . 

DR . J .  W .  WATKINS : Was it your statement that this waste 
shouldn ' t  be proc e s sed for around three years without the addition of 
nickel fe rrocyanide ? 

DR . CHRISTY :  We we re discus sing a proce s s  which is  in use 
today but is  becoming ob solete . The waste from one particular proc 
e s s  has to be  age d ,  mainly so that the recove ry proce s s  will work . 
This proce s s  was developed for an aged waste , and then it was found 
that the nickel ferrocyanide could be used on thi s particular waste 
afte r recove ry . With the se  othe r funaged) waste s it appear s that 
self- concentration will be the answe r .  

MR . WILLIAM B. HEROY : Your diag ram shows a waste line 
from one plant feeding into anothe r plant ; as one plant become s ob s o 
lete doe s the othe r automatically bt'COme ob solete ? 

DR . C HRISTY : Afte r recovery is  complete the subject plant 
will be ob solete ? 

MR . HERO Y : In the se rie s of tanks where the ove rflow from 
one cascade s into the next , what happens to the sludge of precipitated 
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fer roycanide ? Doe s  that just ac cumulate in the bottom of the tank ? 

DR . C HRISTY : That is corre ct . 

DR . R .  H .  WILHE LM : On self- evapo ration what type of waste 
do you get in the distillate , the "ove rhead ? "  

DR . CHRIST Y :  It is  e s s entially water .  

DR . T. P .  KOHMAN : Doe s the uranium get into one of tho se 
three waste s ?  

DR . CHRIST Y :  An insignific ant amount . 

DR . KOHMAN: But not the bulk of the uranium ? 

DR . CHRIST Y :  No , not the bulk . 

DR . KOHMAN: I s  the amount of nickel fe rrocyanide sufficient 
to carry out all of the strontium ? 

DR . CHRIST Y :  I would say ,  e s sentially all . Nickel ferrocya
nide i s  a highly efficient scavenging agent . 

DR . KOHMAN: The re is  always aluminum . 

DR . CHRISTY : This is  something I didn 't  mention . Coating 
waste s in the e arly days used to be added to the intermediate waste s . 
When this proc e s s  was develope d ,  the coating waste s we re diverted 
into s eparate tank s  so that it wouldn 't  interfe re with the chemistry 
which make s this proce s s  po s sible . Today there is  no alte rnative 
but to store the coating waste s . 

DR . KOHMAN: Fis s ion products too ? 

DR . C HRIST Y :  Fis s ion products too . So we have to store all 
our j ackets or coating waste s . 

DR . H .  C . THOMAS : Isn ' t  it like the Irishman building a hole 
to put the dirt into . Now what are you going to do with all the nickel 
fe r rocyanide ? 

DR . C HRISTY : That is  a part of the prob lem b eing considered 
by this group , I unde rstand . 
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DR . DAVID T .  GRIGGS : I would like to ask a que stion about 
costs . We are given in the Johns Hopkins repo rt a cost of 3 5 cents 
to $Z a gallon for waste of this gene ral type . Of course , you named 
a great variety of waste , and I wonde r if we could have a cost on the 
last two that you talked about . 

DR . CHRISTY : Nickel ferrocyanide ? 

DR . GRIGGS : Nickel fe rrocyanide , and then you spoke of a 
new plant . 

DR . C HRISTY : On the cost of tank installation , the more tanks 
that are built the lowe r are the unit cost . The re are als o  ways to in 
c rease the capacity of the tank s , and in doing thi s , the cost is reduced 
as the tank de sign and the numbe r of tanks are constructed are opti
mized . 

DR . GRIGGS : Then I ask about concentration . You talked about 
a new proc e s s  that results in greater concentration . 

DR . C HRISTY : I don 't  have with me the cost of the e s sential 
material which would be needed for the nickel fe rrocyanide . But on 
storage , unit volume waste storage co sts are down in the range of 
ZO  cents a gallon . Howeve r , when you self- concentrate as is the cur 
rent development , condensor equipment and c rib s are added costs . 
So I would s ay the re is som e  inc rease in that Z O  cents a gallon which 
would be po s sibly five to ten cents . 

DR . GRIGGS : On the othe r hand , you have le s s  gallons to store 
because you have concentrated it . 

DR . C HRIST Y :  That is  right . 

DR . GRIGGS : Could you s ay what final waste storage costs will 
be pe r gallon using s elf- concentration and nickel fe rrocyanide . 

DR . CHRIST Y :  I would like to repe at that both of the se  develop
ments are in their infancy , and anything said will be ve ry preliminary . 
But I would gue s s  that something on the orde r  of Z5 to 3 5  cent s  pe r 
waste space  gallon will be the cost by utilizin b s elf- conc entration . 
Ther e  is  yet to be develope d an ideal way of agitating the sludge s in 
the se huge tanks , so we can ' t  calculate what the final cost  will be . 
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DR . GRIGGS : This seems to be  a small cost compared to the 
one given in the Johns Hopkins report . 

DR . CHRIST Y :  Thi s looks like a mo st promising development . 

DR . GRIGGS : Suppo se all the radioactive products in the 
stored mate rial had complete d their disintegration , what would b e  
the re coverable value pe r gallon for the aluminum nitrate an d  othe r 
salts if you could simply mine the se depos its as though they were 
natural depo sits ? Is  it  de sirable to dispo se of the waste so they 
could be recove red at a later date ? 

DR . TRUMAN P. KOHMAN: Fir st of all , you couldn 't possibly 
wait for all the radioactive mate rials to de cay .  Sometime s it i s  mil 
lions of ye ar s . But I think the re are s ome elements for which it 
might be worthwhile to mine the se depo sits . There are two othe r 
elements be side s plutonium - - technetium and neptunium . 

DR . C HRISTY : The mining ope ration unde rtaken recently to 
recove r an element from the s ludge proved to be difficult and haz ard
ous . The s e  unde rground tanks had to be ente red with remote equip 
ment such as pumps to s luice out that mate rial to transfe r it to anothe r 
tank , and it is  a difficult operation . Only the extremely high value of 
the element involved made it economically pos sible to support the op
eration . The mining of anything in the se  tanks became more difficult 
as time pas s e s  be cause it develops into fairly solid material . 

Our hope is to make use of the nickel fe rrocyanide treatment 
and make s elf- concentration fully effective so  that eventually we won 't  
have to  b e  too conce rned ab out how long the s e  tanks will last . It is  
felt that a slurry will be produce d ,  then a semi - solid mas s in each 
ve s s el , and then , if tank spac e  is again require d ,  the supe rnatant 
above the sludge may be treated with something which should not be 
difficult for the chemists to come up with , something which would 
give a r e sult similar to nickel fe rrocyanide . 

DR . J .  W .  WATKINS : C an you tell us anymore about the char 
acte ristic s of c rib s  and units that prevent contamination of the river ? 

DR . CHRIST Y :  The crib s  are rathe r simple . They started out 
to be  just a hole in the ground be low surface . Our ground wate r table 
is quite deep - - on the orde r  of 3 50 feet - - and the se  c rib s we re con
structed clo se  to the surfac e . The top was just a timbered structure , 
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so that the waste was pumped into the c rib and s e eped into the soil . 
Considerable s afety factors have b een added to limit activity seep
age . Ove r a hundred wells we re drilled for monitoring plants , soil , 
and the underground regions . 

The c rib s  unde r construction are filled with rock , and gravel 
of varying size s , and then a wate rproof pape r cove red with a topping 
of soil . The waste is discharged into the central zone . The rock 
and g ravel fill is  simply a cheap way to maintain a cavern; timbering 
is costlier . 

CHAIRMAN HESS : Are there two long - life elements going into 
the crib s  in any appreciable amount ? 

DR . CHRIST Y :  No , not in any appreciable amount . 

MR . LINDSE Y :  I would like to elucidate this a little mo re . 
Tho s e  fi s sion products that do go overboard have this  column of soil , 
Z S O  or 3'0 0  feet high , to filter through before they get to the wate r 
table , and the te sts that we have run indicate that thi s soil has very 
good ab sorption propertie s for picking out all the elements remaining . 
The c rib is us ed until the monito ring picks up the first trace of the 
first salt coming through in the wate r table ;  the use of that c rib is  
then discontinued .  In some case s a conc rete cap is  put on top of the 
crib area so no surface water can pe rcolate down through this column 
of soil to absorb fis s ion products . 

At Hanford we have a deep column of soil with excellent absorp 
tion qualitie s  and we c an  dispo se  the refore of large quantitie s of low 
level waste as a routine procedure . What we need now is a proc e s s  
which will dispose o f  the high level waste s , an d  that will remove the 
elements that have long life , and remove those that are not ab sorbed 
readily by the soil . 

DR . HENRY C .  T HOMAS : Have any studies been made of the 
distribution of the ab s o rbed elements unde r the crib ? To do this , 
would you have to sample eve ry s ix feet and dete rmine the change in 
the compo sition of the mate rial ? 

MR . LINDSE Y :  I would like M r .  Lieberman to answer that . 

MR . JOSEPH A .  LIEBERMAN: The re has been a little of that 
done . We are dealing only with the low level waste from which the 
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cesium and strontium has not been remove d completely . The fe rro 
cynide method is  excellent , it is  relatively new , and is  more effe c 
tive with cesium and strontium than other methods . The proc e s s  and 
procedure us ed in dispo sing of the supe rnatants containing the rest 
of the fi s sion product s is  based on labo rato ry expe riments : soil col 
umns are made up to simulate the soil profile and then the actual 
waste is pas sed through ; from this is dete rmine d how much waste can 
be pas sed through the column before a contaminant will "b reak 
through" at the specific deposits unde r conside ration . Strontium is  
usually the c ritic al element.. Let ' s  say five column volumes of this 
waste are in the laboratory column eut in the field . We will put in the 
equivalent s ay ,  of two columns of waste . (The s e  are not ne ce s sarily 
the figure s or propo rtions actually use d . )  I unde rstand the re is some 
strontium put in the ground in Hanfo rd , howeve r ,  no strontium has 
been detected in the ground wate r .  If, by chance ,  some contaminant 
pas sed through the exchange columns and down to ground wate r ,  its 
half-life must have been short and by the time it travele d to the 
Columbia Rive r its effe ctivene s s  must have disappeared .  

To answe r your que stion specifically , the re i s  lab o ratory info r 
mation o n  the point you make , but in the field , i t  i s  ve ry difficult to 
get comparable data . It i s  mo re a case of dete cting activity at differ 
ent levels rathe r than getting the spectrum . Ruthenium is expected to 
b e  at the bottom , strontium close  to the top , and the othe rs  appe ar 
b etween; this distribution has been e stablished as a result of laboratory 
work . 

DR . DAVID T • GRIGGS : There  has b e en mention of longer life 
elements : doe s that refe r  to the fis sion p roducts that we re mentioned ?  

long . 

DR . C HRISTY : C onside r plutonium . 

DR . GRIGGS : Are the re any longe r  life fission products ? 

DR . CHRIST Y :  Plutonium is  of mo st conce rn . 

DR . GRIGGS : Will that information be available ? 

DR . C ULLER : Sure . The re are a lot of them . The list is  quite 

DR . C HRIST Y :  Othe r chemicals pre sent in the se  waste s ,  in ad
dition to the fi s s ion products ,  are the follow ing : 
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Na2 u2o7 
Na2co2 
NaN03 
Fe (OH) 3 
Na2so4 

NazC r04 
Na.AlOz 
NaOH 
NaNOz 
Na5i03 

3 1 . 

DR . A .  RODGER DENISON: You mentioned solids in some of 
the se waste s . Do all the waste s have solids as they go into the tanks ? 

DR . C HRISTY :  Yes , they do . 

DR . M URRAY HAWKINS : Are thes e  Type 1 waste s you are 
talking about ? 

DR . C HRIST Y :  C e rtain of the se will b e  found in e ach of the 
waste s that we have . For example , some will in the coating waste s , 
s ome in the fir st cycle , second cycle , and third cycle and some in the 
waste s from the new plants . 

CHAIRMAN HESS : Are there any furthe r que stions ? 

DR . J • W • WATKINS : I would like to ask if you are not con
ce rne d with technetium because of the low energy . 

MR . J .  A .  LIEBERMAN: I don 't know that I can answer that 
que stion spe cifically ; maybe some of the othe r men can give a hand . 
As a biological hazard it i s  of much lower magnitude than strontium 
or ce sium . Whether it has intrinsic value as an element I don ' t  know; 
I think there has been some mention of recovering it for its value . 
But from the biological standpoint , to my knowledge it has never been 
given as a neuclid to be conce rned about . 

DR . H .  C .  T HOM AS :  I was just looking in the book to see  if I 
can find it . I don 't  believe that the re i s  any biological haz ard given 
with it . 

DR . T .  P . KOHMAN: B e c ause of its long half-life , its activity 
is quite low . It form s a mino r fraction of the total fis sion product 
activity . 

CHAIRMAN HESS : Are the re any othe r que stions ? 

DR . L .  B .  RILE Y : What i s  the rate of he at production from the 
nickel sludge , the high level sludge ? Is it 1 to 3 Btu /hr I gallon given 
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in the handbook ? And how doe s  heat output vary with the half-life or 
with the life of  radioactivity ? Is  it  maximwn at the start and doe s 
it fall off with time ? 

DR . C HRISTY : The heat follows the s ame trend as the radia
tion . It decline s along the s ame curve , e s s entially . 

MR . W . LINDSE Y :  Regarding the heat figure s :  the high level 
wastes that we allow to boil , will continue to boil for a pe riod , of 
roughly ten years be'fore the heat gene ration falls to a point where 
heat los s e s  to the ground will stop the boiling - - and the boiling is 
fairly brisk . 

CHAIRMAN HESS : Are there any furthe r que stions ? 

We have one more s peaker this afte rnoon , but we have gone fo r 
an hour and a half . Let ' s  take a ten-minute b re ather and come back • 

• • • Rece s s  • • • 

tHAIRMAN HESS : I would like to c all on Dr . Culler of Oak 
Ridge , as  our next speaker . 

Dr . Floyd L . C uller , J r . , Director 
Chemical Technology Division 
Oak Ridge National Laborato ry 
P .  0 .  B ox P 
Oak Ridge , Tenn . 

(Dr . Culle r presented an informal review of principle s 
and proce s s e s  involved in reacto r s  and chemical proces 
sing . The types of reactors  and fuel purification proc e s ses  
are nwnerous and yield a varied as sortment of  waste solu
tions , each with somewhat different dispo sal characteri stic s .  
The relationship between the predicted optimwn siz e s  of 
powe r reactors and fuel proce s sing plants sugge sts  that the 
mo st economical arrangement would be for one chemical 
plant to proce s s  the material from 5 - 15 reacto r s ; this would 
localize the principal production of waste but require well 
shielded transportation of fuel elements . ) 

(The information given by Dr . Culle r has been cove red in 
the references given below , and in the works refe rred to in 
bibliographie s contained in the se refe rence s . )  
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Culle r ,  F .  L . ,  J r . , The nature and magnitude of radio 
active waste s as influenced by type s of reactors  and 
fuel proc e s sing - pre s ent and prospective , ORNL 
C entral File s Numbe r  5 6 - 5 - 2 , May 4 ,  1 9 56 , Oak 
Ridge , Tenn . 

Repo rt of the C ommittee on the Di spo s al and Di spe r s al 
of Atomic Waste s to be publi shed by the NAS - NRC as 
one of its s e ri e s  of scientific and te chnical mono 
graph s . 

Culle r ,  F .  L . ,  J r . , and B ruce , F .  R . , The proce s s ing 
of uranium - aluminum fuel elements , Inte rnational 
Confe r ence on the Peaceful U s e s  of Atomic Ene rgy , 
A/CONF . 8 /P /54 1 USA 2 0 July 1 9 5 5 . 

Zeitlin , H .  R . , Arnold , E .  D . , and Ullmann , J . W . ,  
Proce s s ing requirement s , buildup of fis sion product 
activity , and liquid radiochemic al waste volume s in 
a predicted nucle ar power economy , ORNL C entral 
File s Numbe r  56- 1 - 1 62 ,  January 3 0 ,  1 9 56 , Oak 
Ridge , T enn .  
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SAT URDAY EVENING SESSION 

September 1 0 ,  1 9 5 5  

The meeting reconvene d at eight o ' clock , Dr . He s s  pre s iding . 

CHAIRMAN HESS : We start the evening s e s sion with a good 
many people , judging from what I have heard since the last s e s s ion , 
who are doubtful whethe r we have ve ry much of a problem or any 
problem at all . M any of. the thing s that s e emed to be prob lems have 
dis appeared as the chemical proce s sing of waste s has improved . 

Dr . Lieberman of the AEC is  the next speake r and he will 
point out what problems we really have to solve he re and how serious 
they are . 

Dr . J o seph A . Lieb e rman 
Sanitary Enginee r  
Atomic Ene rgy Commi s s ion 
Washington 2 5 ,  D . C . 

DR . LIEBERMAN: I certainly hope that I can disabuse you of 
the idea that we have any s olution that will solve immediately the prob
lems of waste dispo s al . We feel hopeful that improvements  in tech
nology will , as the nuclear industry develops , reduce the complexity 
of the problem , pe rhaps through following some of the approache s al
re ady de s c ribed o r  pe rhaps along line s on whic h research is  just start
ing . The whole problem i s  divis ible into two major categorie s ,  one of 
immediate c oncern ,  lasting at least five , ten , or maybe more years , 
and the othe r ,  a longer range problem subject to much e stimating of 
future powe r requirements and production , much spe culation about the 
propo rtion of powe r we will be getting from nuclear fis sion , and much 
debate about what kind of reacto r s  will be the b e st . 

The amount of fis sion products p roduc e d  i s  a rather s imple 
arithmetic al calculation . When a gram of uranium fis sions , 24 , 000  
kilowatt hours , or  one megawatt day , of heat ene rgy are  produced and 
about one gram of fi s sion pro duct s re sult . The total quantity of fi s s ion 
products ac cumulate d at any time depends on the output of ene r gy being 
produced by nuclear fis sion , how long the nuclear reacto rs have been 
operating , and othe r factors  related to chemical proc e s sing of nuclear 
fuels . M r .  Davis , Directo r of the Reacto r Divi sion , has e stimated 
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that by 1 98 0  the�e would be 1 7  5 ,  0 0 0  megawatts of ele ctrical ene rgy 
produce d  by nuclear fis sion . There are othe r e s timate s based on 
other as sumptions . The basic data for calculation given in the 
" graybook" , prepared by the Hopkins group , are probab ly as good as 
we can get . Obviously , the quantitie s change as  proce s s e s  change , 
but from what we now know , it looks as though we have to conside r  
th e  fis sion product waste s o f  the imme diate future with activity con
centrations ranging in the hundreds of curie s pe r gallon . The heat 
content is  of the orde r  of 1 to 3 B T U ' s  per gallon-hour . In Idaho 
there are waste tanks where , roughly , 1 0 0 , 0 0 0  gallons of high level 
waste s are sto red , and a cooling system must be provided c apable of 
removing something like 3 0 0 , 0 0 0  B T U' s  per hour . That is just fo r 
the first tank . If we can't do anything el se  with the s e  waste s , we have 
to plan for the time when we may have to build additional tanks to con
tain waste s that will continue to be produced .  

We are still building tanks , and as far as anyone c an  see , more 
will have to be built . The se  tanks are physical structure s and have a 
finite life . A tank manufacturer may guarantee the integrity of the 
tank for ten ye ar s , maybe twenty , maybe fifty years but the re i s  a 
limit and thing s can go wrong . If we put the se  fis sion products in a 
tank and since they have an effective half-life reckoned in te rms of 
hundreds of year s , we or the people that come after us have to be con
ce rned about that tank and its environment for a long time . In other 
wo rds , as  pre sently practice d , tank storage of high-level waste s i s  
not actually di spo s ing o f  the se  mate rials . 

As s anitary enginee r s  familiar with expe rience s in othe r indus 
trie s , we know that thing s  don ' t  always go the way the flow sheets in
dicate they should . Day-to - day ope rations of a plant are sometime s 
affected by practice s  that do not enter into conside ration of the labora
tory procedure s .  It is  not a case of anything being ove rlooked ;  it is  
me rely that many steps and stage s do not exist in  the laboratory that 
are e s sential parts of industrial operation . 

One thing that should be emphasized has to do with the utiliza
tion of the fis sion products . I think it i s  worth pointing out , that , to 
my knowledge , there has been no practical fab ric ation of fi s sion prod
uct source s .  Much has been and is being done in the laboratorie s by 
many people on the effect of radiations on foods , in chemical reactions , 
cold ste rilization of antibiotic s ,  and all so rts of po s s ible use s ;  all 
this work is extremely important . If we find ways of extracting and 
utilizing radioactive c e s ium and strontium , we merely po stpone the 
date of dispo s al of the s e  two fis s ion products .  Afte r being used they 
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return , somewhat decaye d ,  fo r eventual dispo s al . We are going to 
have to put tho s e  s ome plac e and have somebody conce rned about 
them fo r an extended pe rio d of time . 

This focus e s  attention on the proce s s e s  de sc ribed earlie r which 
may be characte rized  as " pulling the teeth" of the se  waste s . Thi s 
refe r s  to the s elective and e s s entially quantitative removal of the 
C e s ium 1 3 7  and the Strontium 90 isotope s .  If and when the "teeth" 
can be remove d ,  practic ally and economically , from the mixture s of 
fi s s ion products , two diffe rent problems are c reated . The fir st has 
been mentioned . The effective half- life of the mixe d products obtained 
from fi s sioned uranium has been e s timated to be of the order of hun 
dreds of year s . If strontium and cesium are remove d ,  the effective 
half- life of the remaining mixture is reduced by pe rhaps a factor of 
ten ; thus the remaining mate rial might have an effective half-life fig 
ure d  only i n  tens o f  year s but indi sc riminate return to the environment 
of mate rial with such radioactivity is , neve rthele s s ,  unthinkable . 

The po s s ibility of fixing the s e  radioactive mate rials  on an earth 
carrie r is  being studied . At B rookhaven the radio active ions have 
been fixe d on montmo rillonite clay p rimarily by ion exchange ; then , 
by he ating the clay , the exchange re action i s  made ir reve r s ible . 
Thi s "hot" clay could be stored in special loc ations that would prevent 
the radioactive mate rial re -ente ring the human environment . 

A . E . C . employee s  who labor daily with this  problem are faced 
with the constant que stion , "When can we stop building tanks ? or , 
When can we do s omething with the s e  waste s othe r than putting them 
in tanks ? "  The chemical te chnologists , the physical chemists , the 
biologists , and many other di scipline s have a part to plan in finding 
the solutions . What are the fact s in the earth science s field that bears 
on the po s s ibility of putting the s e  waste s in the ground ? Then , just 
how do we go about dec iding whethe r it is  po s sible to put this stuff in 
the ground and at which loc ations ? Then , just how do we go about put
ting the s e  waste s in the ground ? Specifically , the que stions to be an
swered are as follows :  

a .  What are the problems , environmental and geological , asso
ciated with putting thi s  mate rial in the ground ? 

b .  As suming that unde rground di spo s al is  feasible , whe re can 
we do thi s , and unde r what conditions ? 
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And then pe rhaps c :  If the re are que stions that are still unan

swe re d ,  what do we have to do to get answe rs to them ? 

B e c ause of the re strictions of classification and because of 
ce rtain detailed technologic al data that have not yet been pinne d down , 
the re may be at the moment a lack of clear definition . Thi s  doe s  not , 
howeve r ,  make the problem any le s s  real or le s s  s e rious . It i s  not 
an academic problem . 

CHAIRMAN HESS :  Thank you . 

Doe s anybody have a que stion he would like to ask ? 

DR . M . HAWKINS : I wonde r if it would be  po s s ible to have a 
de s c ription of the cooling system in the tank s  in Idaho which Dr . 
Liebe rman refe r s  to . 

DR . LIEBERMAN: It i s  s imply a c ooling coil which is  put into 
the tank . M r . Culle r c an give a more detailed answe r . 

DR . F .  L . C ULLE R :  The re are two systems . When the tanks 
we re fir st built it was not known that aluminum nitrate would attack 
the weld in type 347 stainle s s  steel , and it was s uppo s e d  that the heat 
would be removed during boiling by refluxing the wate r . The tank was 
a standard API tank with a lowe r course  going up to an umb rella type 
roof . Inside it was an octagonal concrete structure . Afte r  ab out a 
year and a half of exhaustive s olution te sts  in the laboratory , it was 
tentatively concluded that a knife line would form along the center of 
the type 347 stainle s s  steel , unle s s  the tempe rature of the s olution in 
the tank was kept below 1 5 0 degree s Fahrenheit . This meant that boil
ing cannot be  tole rated and cooling mu st be accompli she d with reflux
era . M an-hol e s  around the pe riphe ry of the tank provide acce s s  fo r 
dropping type 347 2 - inch c oils into the tank . Wate r was circulated 
through the coils , pumped through an exte rnal cooling structure , down 
the umb rella , and then allowed to trickle down the outside of the tank . 
Thi s  kept the walls cool even if the cente r of the tank was hot . The re 
was a recirculating wate r system to pump extra wate r into the cooling 
system if a leak occurred . There was no connection with the wate r 
supply . So , it i s  a plain s e condary he ating circuit , somewhat unfo rtu
nately de signe d ,  but effe ctive and ope rating . 

QUESTION : How thick are the conc rete wall s ? 
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DR . C ULLER : About two feet ; they are uniformly 1 8  inche s 
in s ome places . 

DR . W . B .  HE ROY :  What i s  going to be  the life of that tank ? 

DR . C ULLER : It i s  at least five year s , and probably longe r .  

DR . HERO Y :  What i s  the rate of corrosion of the tank by the 
nitrate solution ? 

DR . C ULLER : The lo s s  i s  all in the welds . If you ave rage out 
the coils , or if you inte rpret inche s pe r year to total area , it is a 
negligible lo s s . 

DR . HEROY : In othe r words , if it we re a seamle s s  tank and 
cooling coils we re provided ,  the tank might last indefinitely ? 

DR . C ULLER : If you could get a tank with no welds you would 
have no se rious trouble that we know of . Some new mate rial we have 
received may have adequate resi stance but it has not been te sted yet . 
The pres s notice s s ay it is  pretty good . 

CHAIRMAN HE SS :  Are the re any further que stions ? 

DR . H .  C . THOMAS : As I unde r stand it , one of the most suc 
ces sful ways o f  dealing with the mode rately high level waste i s  by 
pWllping to the ground . The reason it i s  succe s sful at Hanford , i s  
that you have a homogeneous soil with no peculiar structure s ,  no di 
rect o r  rapid dis charge t o  the rive r , and favo rable ion exchange prop
e rtie s . It would be nice to do thi s in othe r plac e s . How difficult is  
it  to  survey the region immediately around the percolation c rib and 
dete rmine the nature and extent of the chang e s  in the soil ? If you 
pumpe d  1 00 , 000  gallons of active mate rial would you get unifo rm and 
predictable expansion of waste in the hole ? It is  po s sible to de cide 
that such would take place ? 

MR . LIEBERMAN: The waste s being put to the ground at Hanford 
are not mode rately high level ; I would s ay they are relatively low level 
waste s and the steps us e d  in their di spo s al are being taken ve ry slowly 
and cautiously . 

Diagrammatically , the procedur e i s  as follows : the waste s to 
to a 3 0  by 3 0 -foot c rib . The c rib and a s s ociate d piping i s  3 00 to 400 
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feet above the g round wate r table . The volume of waste that goe s 
into thi s crib i s  C:ete rmined by labo rato ry te sts , and the te sts are 
extrapolate d ,  with adequate s afety factors , to an actual field instal
lation . The re is  an elaborate system of wells around the c rib to 
detect the pre s ence of radioactivity away from the crib installation . 

DR . JAMES GILL UL Y :  What about under it ? 

DR . LIEBERM AN :  Well , they can tell what is  getting in the 
ground wate r .  

DR . GILLULY : I wouldn 't  expect anything to move late rally 
300  feet above the wate r table . I wo uld expe ct the change s  to take 
place unde r the c rib . 

DR . LIEBERM AN :  The monitor wells might be on the orde r  
of 3 0  or  5 0  feet away from the crib , and activity has been dete cted 
in the s e  wells . When field installation is  made , only the volume of 
soil in the 3 0  by 3 0 - foot column unde r the c rib down to the water table 
is conside red;  the ope rato r s  feel they are getting the benefit of a big 
ge r volume as far as exchange capacity i s  conc e rne d . It is  known that 
an element like ruthenium will go right through the column , but it i s  
also known that ruthenium h a s  a half-life o f  one year an d  that the travel 
time of the water from the bottom of the crib to the C olumbia Rive r 
is  of the order of magnitude of tens of years or hundreds of year s . 
The rate of flow i s  the subject of debate among the ground wate r geol
ogi sts , b ut in any case , they are sure that before this wate r which 
might be contaminate d with ruthenium get s to a place whe re somebody 
c an use it , it will have de c ayed to the point whe re it i s  no longer harm 
ful. 

I am sure that the people who are involve d in this work a.t Hanfo r d  
would be the fir st one s t o  s ay that we c an 't take the results that w e  are 
getting he re and apply them to any othe r place . Obviously , it i s  a 
que stion of environment , eve ry location on its own merits . 

DR . H .  C .  THOM AS :  It is  true , then , that no spot othe r than 
Hanfo rd has actually been inve stigated from thi s po int of vie w ?  

DR . LIEBERM AN :  That i s n ' t  quite true . Thi s afte rnoon D r .  
Struz:ne s s  and M r . M o rton will s umm arize the inve stigative wo rk being 
done at Oak Ridge in conne ction with surface pits that Floyd C ulle r 
mentione d e arlie r . B ut on a routine p roduction b a s i s , s hall I s ay ,  at 
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no place within the Commi s sion jurisdiction are high level waste s 
being dis charged to the ground . Relatively low level waste s  are 
going to crib s  at Hanford . 

DR . KOHMAN : I wonde r if s omeone would please define a 
c rib . 

DR . LIEBERMAN: We call them c rib s  or cave rns . They are 
simply excavations that might be 3 0 - foot square s in plan , and as 
much as 30 or 40 feet deep . They are filled with coar se  broken rock . 

DR . KOHMAN : I s  it lined ?  

DR . LIEBERMAN : No . Previously there was a c rib -like 
structure of timbers  to hold the exc avation . The purpo se of the 
rock i s  to distribute the waste so as to take advantage of the full 
c ros s - s e ction of the column when the waste is  pumped in . The top 
of the pit is covered with some impe rvious membrane which is in 
turn cove red with the natural soil ; the piping into the pit may be cov
ered so it is  s afe to walk ove r , and the memb rane sheds what little 
precipitation there i s  in the area . 

It i s  a ve ry rough structure , but it i s  surprising how expensive 
it is to build a lot of the se  c rib s . It co st s  from a tenth of a cent to 
one c ent pe r gallon to discharge the relatively low level waste s into 
the ground at Hanford . 

DR . GILLULY : The statement has been made several times 
that this i s  so il . It i s  difficult to pe r suade me that the re are 3 50 or 
400 feet of soil at Hanfo r d :  there i s  an abundance of C olumbia River 
lava , the re are gravels , and the re are jointed rocks , all of which 
provide channel s  to car ry the solution through or diffuse it • .  I would 
like to have Dr . Pipe r explain the hydrology . 

M r .  A . M .  Pipe r , Staff Scientist , Pacific Northwe st 
U .  S .  Geological Survey 
Box 3 4 1 8  
Po rtland 8 ,  Ore . 

CHAIRMAN HESS : I was going to call on you late r ,  M r . Pipe r . 
Would you like to pre s ent your views now ? 

MR . PIPER : A crib i s  me rely a shallow excavation supported 
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bz rough timbers  into which s ele cte d end prod�ts are discharged 
Lfroducts with only a low level of radioactivity I .  The wate r table 
is 2 5 0  or more feet below land surface , and ove r mo st of the Hanford 
area the unsaturated interval is occupied mainly by glacial outwash 
-- silt , sand , and some gravel . A few areas adjacent to old c rib s  
(where dis charge of waste s has been te rminated) have been te sted by 
sinking hole s at inte rvals around them , s ampling the earth mate rial , 
and analyzing it . This has delineated ,  beneath the crib s , roughly 
pear - shaped zone s in wh�ch fis s ion products have been adso rbed by 
the earth mate rials . I know of no case where the total quantity of 
fis s ion products fixed in the pear - shaped zone can be shown to be a 
major part of the products that we re in the total volume of fluid dis 
charged into the ove rlying crib . 

MR . M . HA WK.INS : Whe re did the r e st of it go ? 

DR . D .  GRIGGS : Is  that statement based on the wate r removed 
in the survey ? You didn 't find fis sion products in solution- - is that 
what you meant ? 

MR . PIPER : The earth mate rial was not saturated when te st
drilled .  It was not dry in the sense that it contained no wate r .  Ex

cept for a thin zone near the land surface ,  probably all this material 
naturally contains that amount of wate r which it can retain against the 
force of gravity , and e s sentially all the fluid added to the c rib s must 
go on down and ultimately re ach the water table . We can conclude 
that all the fis sion products put into a c rib eithe r are trapped in the 
underlying area or have gone down somewhe re . 

B efo re some of the late r crib s  were put into use , ob s e rvation 
wells we re drilled adjacent to them and some hole s we re angled b e 
neath th e  axis o f  the crib . 

DR . J. GILL UL Y :  What sort of a drill did you use ? 

MR . PIPER : C able tool . The mast was canted , a guide casing 
was s et ,  and the hole was drilled carefully and with fair succe s s  in 
getting unde r the axi s . 

DR . T .  P .  KOHMAN :  What kind of mate rial ? 

MR . PIPER : Glacial outwash largely . Ove r mo st of the area 
no basalt highs we re cut above the wate r table . 
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DR . KOHMAN :  How was the wate r table related to the 
Colwnbia Rive r ? 

DR . L . F .  C URTISS : Is  it diffe rent from the level of the 
rive r ? 

MR . PIPER : If you wish to defe r  that for a moment , I would 
like to come to it late r .  I would like to caution against any inte rpre 
tation that we can show conclusively in wells  of this sort what happens 
to the fluid : it  pas s e s  down largely in an unsaturated state and a te st 
hole may penetrate the zone of .percolation and not collect a s ingle 
drop of flui d . Similarly with we ll s ampling of the wate r at the ground 
wate r table : contaminated water may b e  c aught or it may go by un
detected . 

I doubt that the pre s ent practice of dis charging low-level waste s 
could be continue d ove r the centurie s ,  and wouldn 't  for a moment 
conside r adopting thi s practice in a populous area . I feel the problem 
of waste -product dispo s al is far from solved . 

The re is  anothe r aspect to dispo s al in c rib s at Hanford . M o st 
of the waste c rib s  are roughly in the center  of the area bounded by 
a large bend of the C olumbia Rive r . The diagonal ac ro s s  this area 
measure s about 40 mile s . The water table doe s not slope uniformly 
ac ro s s  the are a .  A couple of inte rmittent stream s  di scharge into the 
area from the hills to the we st , and have fo rmed a natural ground 
wate r ridge . The ridge merges with a rathe r gentle ground-wate r 
slope and induce s  a gene ral radial movement of grounq water in the 
central are a ,  toward the rive r . This natural patte rn has been com
plicated by dispo s al of cooling wate r in the plant area , which has 
built a couple of rude ground- water  mounds , po s s ibly several tens of 
feet higher than the natural wate r table . The se two mounds act e s 
sentially a s  dam s t o  the movement o f  wate r and , for the moment , they 
hold back the water that i s  beneath the cribb ed are a .  We can ' t  s ay 
definitely what the condition may be 2 5  ye ars from now .  

DR . C URTISS : What i s  the nature o f  the ground ? C an  you give 
us a c ro s s - s ection or rough sketch . 

MR . PIPER : On the we st side of the area the re i s  a ridge of 
basalt , 1 50 0  or  2 000  feet high . From its base , a rudely te r raced 
plain de s c ends to the rive r . The wate r table i s  relatively steep at 
the we st ·  side , then flattens bene ath the central plain . 
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DR . M .  HAWKINS : Do mate rial s  fo rming the terraced plain 
re st on b as alt ? 

MR . PIPER : The basalt pas s e s  underneath , and the re are 
some irregularitie s in its upper surface . We haven 't  the data to plot 
the rock profile . The ove rburden i s  outwash and some material that 
may be  non-glacial . 

DR . HAWKINS : What would b e  the normal rate of water move 
ment toward the rive r if the mounds we re not pre s ent ? 

MR . PIPER : That i s  the sort of que stion a ground-wate r man 
never answe r s . ( Laughte r) Regardle s s  of the ave rage rate of move 
ment , we know that in othe r areas contaminating (but non- radio
active ) fluid move s largely by displacement , as though floating . The 
great unce rtainty i s  that there is no indication of impending trouble 
until the contaminant suddenly appear s . The average rate of move 
ment is  no measure of the movement in the mo st pe rmeable threads . 

DR . GILLULY :  In a laborato ry test  of the soil column , solu
tions can be pas s e d  through s ample s in a beake r or diffusion column 
without duplicating the conditions in nature ;  in nature the re are going 
to be high permeable channel s  through which the flow will be concen
trated . The natural conditions are far from homogeneous and ve ry 
different from the condition s ancl re sults one is  apt to get in a te st in 
a laboratory . 

MR . PIPER : That i s  ve ry true . Any test  in a cylinde r of re 
stricted size i s  difficult to extrapolate to natural c onditions . For one 
reason the re i s  a boundary effect in any cylinde r of laboratory size 
that may gre atly di stort the r e s ults . The lack of homogeneity i s  shown 
by the te sts made around some of the c rib s :  I sketched a s moothly 
bounde d zone I of fi s sion-p roduct ads orption / but they are not all that 
way by any means . In the ideal case  the s olutions moved down through 
unifo rmly pe rmeable mate rial ; whe re the pe rmeability i s  dis continuous 
there is  cons ide rable irre gular late ral spre ading . You c an get all 
sorts  of queer  detail s refle cting local inhomogeneity . Yet , on the 
whole , the m ate rial is  permeable throughout . 

MR . S .  G .  LASKY : Why do you s ay that the test  holes at the 
ground wate r table may not pick up any radioactive mate rial ? 

MR . PIPER : A well is  drille d to the wate r table for the purpo se 
of dete cting the pas s age of a contaminated fluid . The re i s  water in 
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the bottom of the well . How much pumping is  nece s s ary to be sure 
that you exhaust the fluid in the bore hole of the well and that you do 
get a s ample of what is going by ? It is not nearly as simple as it 
seems to be . 

DR . HUBBERT . How are you going to get a s ample in the 
wells around the c rib s ? 

MR . PIPER : The re may o r  may not be  s ome seepage from the 
pe rcolating waste . B ut you c an have fluid go right by the end of a 
well and not collect a drop . It i s  the harde st  thing in the world to 
s ample fluid moving in uns aturated mate rial . 

DR . GILLULY : You s aid this pe ar - shaped area of poisoned 
soil doe sn 't  contain anywhere ne ar a major  fraction of the material 
that was fed into it . What happened to the re st of it ? Whe re did it 
go ? 

MR . PIPER : Som e of the mi s sing material may be tied up in 
sludge in the bottom of the crib ,  and it is  physically impos sible to 
drill and s ample the c rib bottom to get a good quantitative measure 
ment of that sludge . B ut even making allowance for that , we haven 't  
demonstrated at Hanford that there is  anything like complete inte r 
ception b y  ads orption . 

DR . E .  W . ROEDDER : C ould you have relatively uncontami
nated mate rial underneath the pe ar - shape d mas s ?  

MR . PIPER : Yes . The bottom of the mas s i s  s ub stantially 
above the wate r table . 

DR . ROEDDER : C ompletely uncontaminated ?  

MR . PIPER : Ye s .  

DR . GRIGGS : I aske d a que stion as to whether contamination 
occurs in the ground wate r .  

MR . PIPER : Not directly unde r the areas of ab sorption that 
have been te sted by drilling . C ontamination has b een found in a few 
ground-wate r  s ample s .  

DR . HAWKINS : Whe re we re they located ?  
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MR . PIPER : Tho se that I am familiar with go back to war -time 
ope ration that was not well documented .  Just whe re it c ame from I 
he sitate to say .  

QUESTION : I s  there  a pattern in the amount of radioactive ma
te rial you found in the hole ? 

MR . PIPER : You mean areas of ab so rption . They are quite 
unlike . I sketched a pea r - shape d mas s , but actually each one i s  
rathe r irre gular . 

DR . A . B .  JOSEPH : Is  the s ampling adequate ? 

MR • .PIPER : Not entirely , no . The se mas s e s  aren ' t  too large . 
A Z OO - foot cylinde r would probably enclo se  one . Near its margins 
you get into mate rial of so low c oncentration that analytical methods 
are not sufficiently delic ate to be sure of the total quantity of adsorbed 
fis sian products . 

DR . R .  H .  WILHE LM : C an one get activity by putting an ab 
sorber ove r tlie hole ? 

MR . PIPER : An effo rt was made to as semble apparatus that 
would re - ente r s ome of the drill hole s , and take s ample s through the 
casings . I am not familiar with the re sults . 

DR . GRIGGS : I don 't  know if anybody mentione d it , but som e 
body may have gotten the impre s sion that some /waste products / may 
have gotten down to the ground wate r .  How do you reconcile the fact 
that the r� i s  no contamination beneath this pe ar - shape d area ? 

MR . PIPER : I am not sure that any reached the ground-wate r 
level imme diately bene ath any of the ab sorption zone s  that we re drilled 
out . I don 't  think we could prove so from /the existin8] sampling . 

DR . GILLULY :  What happene d to the stuff then ? 

MR . PIPER : Some could have gone down to the wate r table . 
We c an ' t  prove that it didn 't .  

QUESTION: W e re any s ample s taken below the surface of the 
ground-wate r table ? 

MR . PIPER : I c!on 't recall . Can you answe r , C .  V. ? 
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DR . C .  V. THEIS : The re we re .  s ample s taken in wells going 
down below the wate r table in thi s ai.V;a and they haven 't  shown any 
radioactive contamination . I belie.:v.:� I am right . 

QUESTION : How far below the wate r table ? 

DR . THEIS : Not deep enough , a s  far as  I am conce rne d . 
The s e  waste mate rials  at Hanfor d  are not shown to be of any higher 
spe cific gravity than wate r .  So you have mo re opportunity near the 
wate r table . And I might add to what M r . Pipe r s aid that they have 
taken soil s ample s below the s e  c rib s , and one of my difficultie s  has 
been that they have gotten too much activity in a small zone . 

DR . S .  LASKY : I would like to know , onc e strontium and ce 
sium have been remove d ,  how long it take s for the remaining stuff 
to get within tole rable limits . 

DR . J .  A . LIEBERMAN: Tens of year s , I think , would be the 
orde r  of magnitude . 

DR . HAWKINS : I s  there any conce rn of pos s ibly wanting to get 
at the s e  mate rials  once they are put in the ground ? Is anybody con
ce rne d ove r that ? 

DR . LIEBERMAN : I think the only basis on which one c ould 
answe r at this time i s  that strontium and cesium c an be extracted 
re adily . They are s ources  of radio ene rgy which may have value in 
the future . But the problem i s  not whethe r we c an get the stuff back 
but what can we do with it now that we have it . 

MR . RALPH H UNTER:  I wonde r if the acid material going down 
into the crib might be pre cipitating in the alkaline soil some strontium 
carbonate or s ome of the othe r carbonate s or pho sphate s which are 
holding fis s ion products . Has that been aswe re d ?  

MR . PIPER : I don ' t  know that it has been answe re d . 

DR . HUBBERT : M r . Chairman , the que stion just asked is  one 
that s eve ral of us have been di s c us s ing betwe en s e s sions . M r . Culler 
this  afte rnoon mentione d that all of the s e  waste s could be put into a 
liquid fo rm by the various me thods of extraction . When the po s sibility 
is  considered of taking the liquid waste and putting it unde rground , the 
que stion ari s e s  of whether or not a reaction between the mate rial in
j e cte d and the mine r als in the ground might immediately block all the 
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pore s . Of cour s e , the inje ction of liquids in the ground i s  quite com
mon and one of the practice s  that i s  quite e s sential in oil work is  to 
put up a plant so  that the wate r is  chemic ally treated in advance of in
jection . Howeve r ,  in the dispo s al of brine s  from oil wells , the whole 
obj ect is  to get the stuff in the ground . One of the most recent devel
opments in underground mechani c s  is  the deliberate fracturing of rocks 
by pre ssure and the inje ction of s and in the fractures to hold them 
open . Instead of having just the well bore , you have perhaps hundre ds 
of square feet of expo s e d  s urface . Plugge d pores  can be dealth with 
by using enough pre s sure in a prope rly de signed and executed maneuver 
to give controlled fracturing . Would it be nece ssary to reproce s s  the 
waste fluids to remove the constituent s  that might sub s equently precip
itate on contact with the rock mate rial to form plugs in the po res ? 

I think we have to dilute the mate rials enough to avoid forming 
"hot spots . "  To obtain dilution and at the s ame time keep the density 
high , we can use natural brine s . If the waste i s  placed in the bottom 
of the basin ,  diluted to dispe r s e  the hot stuff , and the density is kept 
higher than the surrounding wate r ,  we then have mechanical stability . 

CHAIRMAN HESS : Would you like to make a comment , Dr . 
Culle r ?  

DR . C ULLER : It is  going to be difficult to define a typical kind 
of waste • The kind of waste you get is high in aluminum nitrate , or 
in neutralized aluminum nitrate and contains as much as 40 pe r cent 
by weight of dis solved solids . C e rtain conditions in the rock might 
precipitate the aluminum nitrate as a heavy sludge and plug up the bore 
hole . If  you dis solve stainle s s  steel  in nitric acid and inject it into an 
alkaline laye r ,  the bed will plug with fe rrous oxide , which would be 
hard to unplug . Howeve r ,  I sus:)ect the chemical proce s sing people 
could remove ce rtain mate rials or the conditions of the systems ad
juste d so  the waste could be injecte d .  It i s  a matte r of deciding whe re 
the material is  to be injecte d ,  what the conditions are , and what would 
be det rimental to the proc e s s , and then having the s olutions prepared 
to fit the requirements . 

It i s  really difficult . Precipitation will be ?. problem . He at 
will be a problem . It might be nece s s ary to cool for pe riods of three 
or four year s , e gpecially in the case of waste s from the proce s s ing 
of stainle s s  steel which othe rwi s e  would require ve ry expensive neu
traliz ation . If the re is  concentr ation along restricte d bandS' in the 
rock o r  s oil the heat concentration might be ve ry se rious ; montmoril
lonite clay may act as a trap and prevent distribution . Removal of 
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cesium and strontium will help reduce the problem . 

DR . HUBBERT : In the s e  r emarks I am thinking about putting 
waste s down in a well which may be 1 0 ,  0 0 0  feet deep . It ·will be  
structurally a basin in shape . The rocks at that depth are always 
full of wate r .  If we inject into a s andstone at thi s depth , all the in
j ected fluid will do is flow out radially from the well . It is  quite im 
po rtant it doe s  not block the por e s  of the s andstone . Now , in a dilute 
fo rm aa far as the hot constituents are conce rned ,  many of them won't 
ac cumulate to form concentrations . 

DR . C ULLER:  But if the soil through which it pas s e s  has the 
capacity for an ion exchange it will solidify . You will have solids . 

DR . HUBBERT : At a depth of ten thousand feet , we do not have 
soil; we have rocks , and it is rocks I am thinking about . There may 
be rocks compo s e d  of montmorillonite clay . We don ' t  inject into 
tho se . But we may have sandstone s that have a pe rcentage of clays 
which may have impo rtant ion exchange prope rtie s . We might po s 
sibly b e  injecting into a lime stone . The mo st de sirable rock would be 
sandstone ; the clays we would avoid . The rock s  occur in laye r s . The 
sandstone is probably bounded above and below by clay stone , and the 
sandstone may be several hundred feet thick . If we inject  into the 
thick , clean s andstone , there will be comparatively little ion exchange . 
So , a part of the chemi stry would be to get the waste re ady for that 
kind of an injection . 

DR . A . R . DENISON : I should like to inquire if there has been 
any plugging in the s e  crib s . Have any of the s e  c rib s at Hanfo rd been 
abandoned ?  

MR . PIPER : One o r  two of the earlie r one s have been dis c on
tinued because of probable sludge in the base of the crib that may have 
been suspended in the fluid when it ente red the c rib . E s cape of fluid 
was conside re d hazardous and the crib s  we re abandone d for that 
re ason . I am not familiar with the ope ration of some of the late r c ribs . 

DR . DENISON : Is  there a plugging effect in the cribs ? 

MR . PIPER : The re definitely was in one o r  two of the e arlie r 
one s . 

DR . DENISON : Of s omething not going into the pr e sent c rib s ? 
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MR . PIPER : Y e s . 

DR . THEIS : Tanks colle ct mo st of the sludge , so the expe ri 
ence you may have with the s e  crib s  would not be a ve ry good indica
tion of what might happen in the wells . The Hanford low level waste s 
are not typical of the waste s we are talking about . 

DR . J .  W .  WATKINS : In the petroleum industry we have a 
half-million barrels of brine to dispo s e  of this  year . Ther e  are dis 
posal wells in we ste rn states  taking thous ands o f  barrels per day 
without treatment at all . So it depends on the location- - whether 
there is permeable rock or not . 

DR . DENISON: I think in e ast Texas they put b ack one barrel 
of water for each barrel of oil they take out . It all goe s by gravity . 
No fracturing is needed . 

DR . HUBBERT : This still depends on the fluid not blocking the 
hole s in the s and . 

DR . DENISON : You have to be s ure not to let the algae grow; 
they will block it up quickly . But keep the wate r clean and keep the 
air from it and it g,oe s  back in any quantity you want to put · in . 

DR . H UBBERT : Another thing , Dr . Culle r mentioned colloidal 
solids suspende d in this mate rial . That is  not tole rable if you are 
going to inject it in the ground . It has to go in as a pure liquid , no 
solids . 

CHAIRMAN HESS : Are the re any othe r que stions : 

We have two more speake r s  that we would like to get in in the 
next forty minute s .  

MR . F . A .  HE DM AN :  I would like to get a comment from Dr . 
Liebe rman . F rom the distribution of Hanford waste s , is  it likely to 
be practical to put up a plant that will generate high level waste s  at 
some place whe re you would have to transport the waste ? 

DR . LIEBERM AN :  I think it i s  very likely that problems would 
confront us , and the fe asibility of putting the waste in the g round might 
well dete rmine the type of proce s s  we would plan to use . 

Copyright © National Academy of Sciences. All rights reserved.

Disposal of Radioactive Waste on Land; Report
http://www.nap.edu/catalog.php?record_id=18527

http://www.nap.edu/catalog.php?record_id=18527


so . 

DR . HUBBERT : It may ultimately dete rmine where you put 
the reactor s .  

DR . LIEBERMAN :  We have had expe rience in transporting 
solid  fuel elements to a chemical proc e s sing plant , but the handling 
of the liquid waste from the chemical proce s s ing plant , assuming we 
want to put the waste in the ground , might dete rmine the location of 
the proce s s . 

MR . HEDMAN: Millions of gallons of waste is  something I 
wouldn ' t  want to handle . 

DR . LIEBERM AN :  Neithe r would I .  

CHAIRMAN HESS : If there are no othe r que stions , I would like 
to ask M r . M o rton , of Oak Ridge , to talk to us . 

M r . Roy J . M orton 
He alth Physics Divi sion 
Oak Ridge National Laboratory 
P . 0 .  B ox P 
Oak Ridge , T enne s s e e  

MR . MORTON: Dr . Liebe rman asked that Mr . StruXn.e s s  and 
I discus s our expe rience and our study program at Oak Ridge . As 
background information for M r . Struxne s s ' e di scus sion of high level 
waste problems , I will give a brief re sume of past activitie s and. de 
velopments , and a summary of the pre sent studie s .  

At Oak Ridge National Laboratory the waste studie s are carried 
on in the He alth Physic s Divi sion and wer e  o rganized in 1 948 . Until 
1 9 5 3 we we re conce rne d principally with low level waste s , with water 
de contamination problems , with stream surveys , and the needs , c ri
te ria , and technique s of laborato ry analysis . Tho s e  problems have 
not been solved completely but they have been given considerable at
tention and reporte d . The high level waste dispo s al problem became 
urgent , and in early 1 9 54 the section was reorganize d  as the Sanitary 
Enginee ring Re s e arch Se ction . Since that time our efforts have been 
devoted almost entirely to thi s  problem in anticipation of the peace 
time use s of nuclear ene rgy , particularly by the powe r industry . 

The e arly studie s  had to do with the waste s which could be dis 
charged from the Laborato ry into White Oak C reek and thence into 
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Clinch Rive r , and be dispo s e d  of by dilution . The re are seve ral 
type s of waste s . The principal type s are : s anitary s ewage which i s  
tre ate d s eparately ; cooling wate r which h a s  no opportunity for being 
contaminated with radioactivity and can be dis charged dire ctly to 
White Oak C reek ;  the slightly - contaminate d pro ce s s  water from lab 
oratory sinks , and the like , which , afte r b rief retention , i s  discharged 
into White Oak C r eek; chemical waste s ;  and metal waste s .  Chemical 
waste s , which we call inte rmediate , containing l / 3 00th to l / 3 0th of a 
curie pe r gallon , have to be dispo s e d  of with care ; and metal was te s 
have to be stored in tanks until r eproce s s e d  for re covery of the fuel 
materials . 

About 1 9 5 1  the intermediate radiochemic al waste s we re filling 
up the available conc rete storage tank s , de spite the use of the waste 
evapo rator , and the construction of new tanks had to be conside red .  
Prio r  to that a survey by a geologist  had indicated that a nearby bed 
of  C onas auga shale had a thickne s s  of at  least  1 50 0  feet . The shale 
is  relatively impervious and laboratory te sts  showed that it might be 
suitable for containing waste s of tl.i s kind . We fi rst  excavated an ex
pe rimental pit with a capacity of 2 0 0 , 0 0 0  gallons (Pit No . 1 } . After 
introducing 1 3 0 ,  0 0 0  gallons of evapo rator concentrate a b re ak-through 
to the surface occurred because  it was on a steep hillside . Sub s equent 
excavations have been located more carefully . Two additional pits 
have been dug , and anothe r is  to be started in Octobe r 1 9 55 ,  e ach hav
ing one million gallons capacity (Pit No . 2 , No . 3 ,  and No . 4} . The 
use of Pit 1 was dis continued after a few month s . 

Pit 2 and Pit 3 are s till in ope ration . Pit 3 i s  nearly full , Pit 2 
is two -thirds full , and Pit 4 will be in ope ration in time to relieve the se  
when they are full . We are trying to  evolve a s afe but economical de 
sign to get the maximum po s s ible effic iency from pits . Sinc e June 
1 9 52 , we have put two and a quarter million gallon s of inte rmediate 
level waste containing nearly 3 0 , 0 0 0  curie s of activity into the s e  pits . 
About 7 5  pe r c ent of the activity is  due to ruthenium , and about 2 0  to 
22 pe r cent is due to c e s ium . Three or four monitoring wells  we re in 
stalle d around each pit fo r making radiolog s  and taking s ample s in an 
effo rt to detect the unde rground movement of the waste . Sampling at 
a distanc e of  8 0  to 85 fe et showe d ,  after about a month and a half , 
ruthenium and nitrate s in the well . In the highe st concentration , the 
activity was about 7 0 , 0 0 0  counts pe r minute per millilite r and the 
nitrate s about 3 ,  000  parts pe r million . The activity of the waste as 
originally put into the pit was ab out a million count s per minute pe r 
millilite r ,  at 1 0  per cent counting efficiency , o r  about 1 0  7 disintegr a 
tions pe r minute pe r millilite r .  
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Afte r  about a year and a half the re was some breakthrough of 
ruthenium and nitrate s to the surface and into a small stream at a 
distance of 500  fe et . This was dete cte d by the monitoring program 
which included an occasional sc anning of the ground surface and the 
vegetation . Only ruthenium activity was found in any of the wells or 
seeps de spite the fact that cesium and small amounts of othe r radi o 
isotope s we re pre sent in the waste . During a ve ry dry pe riod when 
the stream was being fed solely by ground wate r s e epage , 1 5 , 000  
parts pe r million of  nitrate s wer e  found in the c re ek . During that 
summer of 1 9 54 turtle s we re found dead o r  in distre s s  in this creek 
apparently affe cted by the nitrate s .  It was known from the beginning 
that inve stigations of the problems of s anitation would have to include 
studie s of both the radioactive constituents and the chemical constitu
ents because the waste s are S ;llted and the nitrate s ,  and pe rhaps othe r 
chemicals , may b e  toxic . 

The construction costs was about $ 1 5 ,  000  per million gallons 
of pit capacity , including the monito ring wells . This doe s not include 
the expense of the special studie s ,  the time of the health physicists , 
the monitoring program , the collection of s ample s ,  and the analytical 
cost . The monito ring cost  is a continuing expense not related to the 
cost of construction . It has been e stimate d conservatively that the 
dis continuance of the evaporator and the othe r e conomie s ,  made po s 
sible by the us e of pits , have s aved the laboratory approximately 
$6 3 , 0 0 0  a year . The contribution of waste fluids to the natural drain
age has not caused local haz ards no r an apprec iable increase in the 
content of radioactive mate rial in the rive r . 

DR . KOHMAN: What i s  the s ize of the pit ? 

MR . MORTON : E ach pit i s  approximately ZOO feet long , 1 00 
feet wide , and 1 5  fe et deep , with a slope from the outside e dge s to 
the bottom . 

QUESTION : They will be above the wate r level ? 

MR . MORTON : For the most part they are above the wate r 
table which varie s in depth with the location and may fluctuate 5 or  6 
feet . In dry se asons the wate r level i s  below the pit but the bottom 
of the pit may be in the wate r some of the time . The surcharge up 
to 1 5  feet of liquid in the pit has to be conside red ,  of cour s e , because 
of its effe ct upon the wate r level . 
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DR . C .  V. THEIS : Do you keep putting liquids in the pit s ? 

MR . MORTON : Ye s . They we re transfe rred forme rly by tank 
truck , but a pipeline has been built and about 7 5 , 000  gallons are 
pumped to the pits eve ry two weeks . The chemi stry of the wastes i s  
diffe rent from tho se de s cribed b y  previous speake r s . The s e  wastes 
contain 2 5  to 3 5 pe r cent of di s solve d solids by weight . The principal 
bulk constituents are s odium and ammonium nitrate . The principal 
radioisotope s are ruthenium and c e sium . The re is only a small pe r
centage of aluminum • 

DR . GILL U L  Y :  What happens to the stuff ? Is  it diffused ? 

MR . MORTON : It appe ar s to diffus e g radually through the s oil , 
the nitrate s pre ceding eve rything else . The ruthenium diffuse s , but 
none of the other isotope s have been found in wells 50 to 7 5 feet from 
the pit . We have not detected strontium as yet , although strontium 
has been pre s ent in the waste going into Pit No . 3 s ince January 1 9 5 5 . 

DR . KOHMAN: What fraction of what you put in has s eeped out ? 

M R . MORTON : The total input to the pits has been over two and 
a quarte r million gallons , and the re are about one and a half million 
gallons in them now . The re has been los s  by s e epage but the exact 
amount is not known . In connection with the s e  pits we have trie d to 
colle ct data which will be of value in studie s on high level waste dis 
po s al and on further us e of pits for inte rmediate level  waste s .  One 
subje ct fo r inve stigation is the amount of s eepage in this particular 
fo rmation . Detailed explo rations have been made by the Geologic al 
Survey of the char acte r of the fo rmation , the structure , and the hy
drolo gy in this area to help dete rmine the amount of seepage . A care 
fully planne d s e rie s of ob s e rvations will be made during the next ye ar 
to determine the evaporation from a pit of this  configuration . If we 
know the waste input and the rainfall contribution , and c an e stimate 
the lo s s  by evapo ration , then we have a measure of the seepage . An 
approximate e stimate i s  that the evaporation lo s s  is  about 3 0  to 3 5 
inche s a ye ar and that rainfall contribute s about 50  to 5 5  inche s a 
ye ar . The liqu.id waste s adde d are about 3 5 , 000  g allons pe r week into 
the two pits . 

DR . KOHMAN :  The original intention was t o  have no seepage ? 

MR . MORTON: No . The s e  pits we re intended primarily to pro
vide inc reased sto rage volume . It  was as sumed the re would be s ome 

Copyright © Nat ional Academy of Sciences. Al l  r ights reserved.

Disposal of  Radioact ive Waste on Land; Report
ht tp: / /www.nap.edu/catalog.php?record_id=18527

http://www.nap.edu/catalog.php?record_id=18527


54 .  

seepage and the plan was to study it carefully to dete rmine whethe r 
the seepage c:reated a haz ard . So far we think it has not . The 
Ope rations Division is conside ring the use of, s ay ,  a total of five pits , 
the ide a  being that an ope rating s eepage system would contribute fluids 
continuously to the s oil ove r a large area and that the s eepage of fluid 
would balance the production of waste . That is the gene ral concept . 
If we find that it c re ate s a haz ard ,  we c an  put liner s  in the new pits 
to minimize seepage , o r  again start building storage tanks . Some 
people in the more arid are as are quite inte re sted in this concept be 
cause they do not have the unfavorable balance between rainfall and 
evapo ration which we have . We have more rainfall than evaporation 
but in many plac e s  it is the reve r s e . 

DR . KOHMAN: Why not build shed roofs ove r the pits ? 

MR . MORTON : That is  a po s sibility that has been dis cus sed 
with the Weathe r Bureau , but a roof will r e strict evaporation as well 
as the entrance of rainwate r and we might not gain much . 

The work of estimating the evaporation lo s s  is  being done with 
the collaboration of the Weather Bur e au ,  the U .  S .  Geological Survey , 
and othe r s . It include s measuring liquid tempe rature s at the surface 
and below the surface , air tempe ratures  and wind velocitie s ,  the chem
ical  content of  the waste liquid , and other measurements that the 
Weather Bureau people tell us are nec e s s ary in orde r  to calculate 
evaporation los s e s . 

DR . HUBBERT : What i s  the tempe rature of this  material ? Is  
it  hot ? 

MR . MORTON: No , it is  not hot ? h may be  above ordinary tap 
wate r te mpe rature s ,  but not much . 

Waste dispo s al re search at ORNL is  a coope rative program in
volving s everal agencie s :  the Public Health Se rvice ,  the U . S .  
Weathe r Bureau , the U .  S .  Geological Survey , the Tenne s se e  Valley 
Autho rity , and the U .  S . Engine e r s . The program take s into consid
e r ation the inte rests of many agencie s  be side s our own . For example , 
the U .  S .  Geologic al Survey and our own worke r s  are studying in de 
tail the geologic structure s and the hydrology at the site s which we 
propo se to us e for high level waste s dispo s al facilitie s .  The obje ctive 
is to s e e  whether or not the behavio r of waste s below ground can be 
correlate d  with the movement of unde r ground wate r .  The evidence 
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gathe red to date indicatP. s that it may be pos sible to correlate the 
data on waste with the data on wate r �  If this prove s valid ,  a reliable 
picture of the ground wate r movement may make it po s sible to pre 
dict in a given situation whether or  not a hazard would be created by 
the release or e s cape of waste s into the ground . 

DR . DENISON : Did you s ay your fir st two pits we re built on 
a knoll and you had a breakthrough at the base ? 

MR . MORTON : Y e s . 

DR . DENISON :  And you are now building one which won 't  have 
that hazard ? 

MR . MORTON : No , that i s  also being built on somewhat of a 
knoll in o rde r to keep the pit above the water table as much as po s 
sible . W e  plan to put fre sh wate r into thi s  pit and make ob s e rvations 
on se epage into the ground . The wate r can b e  pumpe d out and the 
waste put in late r .  W e  suspect that it will b re ak out but we fe el that 
in dealing with interme diate o r  low level waste we should take advan
tage of the capacity of the soil s o  long as we don 't get a breakout that 
is exc e s sive of hazardous . 

CHAIRMAN HESS : We will now hear from M r .  Struxne s s . 

M r . E .  G .  Struxne s s , Dir ector 
Waste Di spo s al Proj e ct 
Health Physic s Divi sion 
Oak Ridge National Laboratory 
P .  0 .  B ox P 
Oak Ridge , Tenne s s ee 

MR . STRUXNESS : In late 1 9 5 4 ,  afte r extens ive di scus sions , 
we s et out to formulate a practical c oncept of the reacto r  waste dis 
po s al problem . Calculations based on the Putnam pre dictions of 
powe r development in the next forty ye ar s yielded figure s that we re 
invariably lar ge . Afte r a year of study , we de cide d to let othe r s  
wo rry about the U .  S .  proolem and we would be content to develop a 
method of dispo s ing of ORNL waste s . Highly- radioactive powe r 
reacto r waste may b e  dispo sed of in pits , provided the re i s  complete 
retention and immobilization of r adionuclide s in the pits . For the 
dispo s al of low -level and inte rmediate -level waste , some combination 
of retention plus seepage might be useful . 
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The di spo s al of high -level waste s include s pre -tre atment to 
make them suitable for ground dispos al .  This may be conside red 
chemical proc e s s ing in the s ense that fis sion products having indus 
trial and medical use may be of sufficient interest to recove r . The 
critical i sotope s are : Sr 9 0 , y9 0 , Sr8 9 , y 9 l

t49 s l 37 ,  B a 1 37 ,  Ce 1 44 ,  
Pr l 44 , z r9 5 , Nb 9 5 , B a  1 40 , La 1 40 , and Pm • If thes e  c an  b e  re 
moved the problem of heat will largely dis appear . Chemical precip
itation and solvent extraction methods for removing some of the s e  
is oto pe s are being developed and the value o f  one o r  two isotope s 
might pay fo r the removal of the re st of them . 

To inc rease the effe ctive us e of pits , the geologic and hydro
logic conditions that seem to b e  mo st favo rable for the location of 
the pits are being studied .  In addition , the po s sibility o f  developing 
impervious line r s  i s  being explo red:  thi s include s mine ral llite rs and 
asphalt line rs , and also po s s ible s elf- s ealing as the result of inte r 
action between the waste s and the s oil . In s earching for a suitable 
line r ,  we have studied conc rete , lime stone and asphalt in the contain
ment of acid waste ; high tempe ratur e s  and radiation have a delete rious 
effect on asphalt , but the conc rete seems as though it might hold up 
long enough once we have developed a method of pe rmanently fixing 
and fusing the waste . Asphalt has been te sted with highly alkaline 
waste and it has been in the pit for ove r a year without showing any 
le akage . Even though an impe rvious line r i s  develope d ,  it will be 
ne ce s sary to immobilize the waste in the pit . The ce ramists have 
ide as which may prove helpful in pe rmanently fixing and fusing the ma
te rial in the pit after the wate r has evaporated and the nitrogen oxide s 
have been driven off .  

Even i f  we have an impe rvious line r , and the mate rial i s  pe r 
manently fixed an d  fus e d  i n  th e  pit , i t  is  important fo r purpos e s  of 
monitoring to unde rstand the exchange prope rtie s of the soil in which 
you locate the pit . The surface disposal of waste s is as much a prob
lem of geochemistry as it i s  geology . We are conce rned also about 
the te chnique s of monitoring in wells and in the soil to dete rmine the 
unde rground movement . 

The acid aluminum nitrate waste s have been studied in the past 
year to devise  me ans of fixing the i s otope s pe rmanently . Thi s is  
acid- deficient waste which might fo rm a gel or  slurry when mixed with 
cheap and readily available mate rials  such as clay silicates , pho shate 
tailings , and soda ash . The volume s adde d should be kept as low as 
po s sible and should aid in fusion . To avoid c re ating a hazard from 
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airbo rne radioactivity during the evaporation and fusion proce s se s , 
it may be fe asible to use rive r s and as an entrainment b e d  and shield . 
It may be pos sible to sinte r the drie d mas s into a c e r amic body ,  from 
which , we hope , the radioi sotope s will not e s c ape . The re may be 
enough heat gene rated in the residue to bring about self- fusion or self
sinte ring but ceramists and othe r s  feel that the amount of heat ene rgy 
available is on its bo rde rline . It might be  ne ce s s ary to use a calcin 
ing or  sinte ring machine . It is  important to keep the sinte ring temper 
ature low in order to minimize the volatilization o f  the r adio isotope s .  
Something like twelve o r  fifteen clay flux mixture s  containing synthetic 
waste and tracers  we re prepared by Dr . M c Vay .  One mixture con
sisted  of the following :  2 5 0 millilite r s  o f  acid waste solution , 3 0 grams 
of s oda ash , 3 0 grams of about Z O O - me sh limestone , and 1 00  3rams of 
1 6 -me sh c alcareous shale from the Voluntee r  C ement C o . 

The mixture sinte rs  at 1 , 0 50 de gree s Fahrenheit ; after 5 0  days , 
leach te sts  in tap and s alt wate r showed that only C e s ium 1 3 7 is  
leache d .  This was unusual in  our expe rienc e , b e c ause the waste s in 
the pre s ent pits contain cesium , ruthenium , and strontium , but only 
ruthenium has move d through the shale . 

DR . GRIGGS : You li ste d  a group of critical nuclide s that you 
are going to get rid of but you include one of them in your te st s of 
fusion fixation ? 

MR . STRUXNESS : The ideali zed concept suppo s e s  that ce sium 
will be remove d from the waste , but Dr . M cVay is  including C e sium 
in hi s synthetic waste s b e c ause the ce sium separation proce s s  has not 
been worke d out . 

C HAIRMAN HESS : We will have to limit the que stions b e c ause 
the Stee ring C ommittee has to wo rk afte r thi s meeting . I propo s e  that 
we have the que stion s the fi rst  thing in the mo rning . 

MR . STRUXNESS : Would you like fo r me to continue ? I am 
afraid I have a half- hour more . 

CHAIRMAN HESS : We don 1 t  want to rush . I think we will clo s e  
thi s s e s sion now and start off at thi s  point at nine o ' clock tomo r row 
mo rning . 

The meeting adjourne d at 1 0 :  1 5  o ' clock • • .  
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SUNDAY MORNING SESSION 

September 1 1 , 1 9 5 5  

The meeting reconvened at 9 : 1 5 o ' clock , Dr . He s s  presidin.;; . 

CHAIRMAN HESS : M r .  Struxne s s  will continue . 

MR . STRUXNESS : We have made four "hot pot" expe riments 
that are de signed to tell us whethe r  or not self- fusion is  po s sible .  
The c alculations of heat capacity and heat dis sipation of various waste s 
and diffe rent containe rs  we re te sted empirically . The pot is  built as  
follows : the inne rmost  containe r holds clay that had been calcined 
previously at 600 de gree s ,  with a heate r in the cente r ;  the heate r i s  a 
pre s s e d  mic a  sheet wound with nichrome wire ; surrounding the clay 
containe r i s  an insulating containe r of 4 inches  of lamp black , and 
thi s , in turn , is sur rounde d by 8 inche s of ve rmiculite . In the three 
expe riment s depicted in the table the dimensions of the inne r containe r 
we re changed . We tried to maintain the s ame insulation surroundin.:; 
the inne r containe r .  T 1 repr e sents the tempe rature at the center of 
the inne r  c ontaine r .  T 2 repre s ents the tempe rature of the clay at the 
exte rior of the inner containe r .  T 3 is the tempe rature at the exte rior 
wall of  the lamp black containe r .  The outside c ontaine r i s  a galvanized 
can ,  the dimensions of which are 4 feet in height and 3 feet in diamete r .  
In "hot pot" No . 1 the inne r containe r was 4 inche s high and 1 2 inche s 
in diamete r .  In expe riment No . 2 the inne r containe r was 6 inche s in 
diamete r and 2 inche s high . In expe riment 4 the inne r c ontaine r was 
24 inche s in diamete r and 8 inche s deep . At 40 watts input the tempe r 
ature ro se  t o  about 3 8 5 degre e s  in approximately 4 days . With in
creased power , the temperature ros e  rapidly and s tablized at about 560 
de grees  Centigrade on approximately the 9th day . With furthe r inc rease 
in powe r , the tempe rature ro se  rapidly and stablized at approximately 
7 3 0 de gre e s  afte r the 1 4th day . If we plot the input in watt s as a func 
tion o f  tempe rature ,  the curve sugge st s t o  the ce rami sts  that a re ason
able tempe rature to attempt to achieve fo r fusion is 9 00 deJree s C .  

Expe riments 2 and 4 we re pe rforme d to dete rmine the effect of 
areas to volume ratio on the ene rgy required to heat the clay mas s . 
In expe riment 1 thi s ratio i s  • 8 ,  and the calculated powe r i s  midway 
between • 0 1 and • 02 watt s pe r c . c .  In expe riment No . 2 this ratio is  
slightly ove r 1 . 5 ,  and the powe r input calculate d is  midway between 
. 06 and . 07 watts pe r c . c . In expe riment No . 4 ,  whe re the dimensions 
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T AB LE I 

HEAT EXPERIMENT DAT A 

Time Watts T 1 (Cente r) T 2 (Exte rior ) T 3 (Carbon Insulation 
oC oC oC Exte rior)  

{days ) 

E XPERIMENT 1 

0 40 28 2 5  2 5  
1 40 28 0  1 57 46 
2 40 3 38 2 08 72 
7 60 38 3 2 54 98 

1 5  60 5 5 4  3 7 3 1 40 
1 7  8 0 6 3 6 4 1 4  1 44 
2 5  8 0 7 2 2  49 0 1 7 6 

EXPERIMENT 2 

0 1 0 2 5  2 5  2 5  
2 1 0  2 2 6 1 7 6  54 
7 2 0 4 1 4  32 4 86 
9 49 7 64 6 1 6  1 43 

1 0 60 884 1 52 

(failed before equilib rium) 

EXPERIMENT 4 

0 40 0 2 5  2 5  2 5 
2 400 800  42 8 1 57 
3 400 8 7 6  ( 628 )  2 1 2 

(heate r failed) 
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we re inc reased to 8 inche s de ep and 2 4  inche s in dia�ete r , this ratio 
is sli ghtly above . 4 , and the c alculate d input is slightly above . 0 1  
watts pe r c . c .  

DR . KORMAN: I s  thi s the powe r ne ce s s ary to get 900  de gree s ? 

MR . STRUXNESS : Thi s i s  the powe r required to fus e this clay 
mas s . 

MR . MORTON: You will get 9 0 0  de gree s  if you have enough in
sulation at the boundary . 

MR . STR UXNESS . Howeve r , Dr . Johnson , who did the s e  ex
pe riment s , feels that the s e  powe r requirement s  are c on s e rvative . 
He says  that with reasonable insulation in the ground , and with a pit 
ab out 2 0  feet deep and 2 0 feet in diamete r ,  one might be able to fuse 
this clay flux mate rial . 

DR . HUBBERT : Wouldn ' t  it b e  more important if you state d 
how much ene rgy was require d to reach that level ? 

DR . C ULLE R :  It would have to be  energy-time , wouldn 't  it , to 
reduce that tempe rature ? 

DR . HUB B ERT : In o rde r to produce fusion the tempe rature 
must be  rai s e d  the require d  amount . Thi s , in turn , involve s the ad
dition of an amount of heat equal to the he at c apacity of the mate rial 
at the meltinz tempe rature with r e s pect to that of the initial tempera
ture , and then an additional amount of he at to product fusion . The 
powe r require d ,  it s e e m s  to me , is fundamentally ambiguous because 
the he at produc ed by any given powe r i s  propo rtional to the time . 
Since the re are heat lo s s e s  by conduction , the se  c an b e  kept s mall 
only by keeping the time as short as  po s sible , which implie s rapid 
he ating at a high powe r level . The object , the refore , should b e  not 
to find the le ast powe r that would pe rmit fusing tempe rature to be  
reached , but rather to  produce fusion at the lea st ene rgy c o st . At low 
powe r levels the ene r gy expenditure co'uld be without limit because of 
he at le akage ; at high powe r levels the ene rgy required would approach 
that fo r fus ion without leakage . 

MR . STR UXNESS : Furthe r wo rk i s  ne eded to extend the points 
on the c urve , and I will c e rtainly talk to him about it . 
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DR . LINDSE Y :  At Hanford most of the ene r gy would be re 
leased in boiling and in the ground . 

DR . HUBBERT : The primary conc e rn is  how much ene rgy i s  
neede d  t o  make the se  b rickettes .  

MR . STRUXNESS : Y e s . 

DR . HUBBERT : Is  this he ating element shaped like a doughnut , 
hollow inside ? 

MR . STRUXNESS : Y e s . 

In experiment No . 4 ,  the set  up i s  as follows : in the inner con
tainer is  acid aluminum nitrate waste plus the clay flux mixture , sur 
rounde d with foam glas s ,  and with ve rmiculite in the outer containe r .  
The diamete r of the inne r container is  1 2 · inche s ,  the foam glas s  con
taine r is  2 0 inche s ,  the hot pot oute r container i s  3 6  inche s ,  the height 
is  48 inche s ,  and the inne r  liquid i s  2 4  inche s .  With an input of  40 
watts the tempe rature ros e  to almo st 1 00 degree s Centigrade in 3 days . 
Then the powe r was inc reased to 1 00 watts and the temperature ro s e  
rapidly , and at about the fifth day it was somewhe re between 1 1 0 and 
1 2 0 degree s .  B eginning at about the third day , and extending to the 
tenth day , it bubbled and steame d . B eginning about the sixth day the 
tempe rature began to inc reas e s lowly and N02 fume s  began to appear . 
Thi s continued until the nineteenth day , the tempe rature gradually in
creasing - - on the fifteenth day , the tempe rature had ri sen to about 
2 5 0 . 

By the twentieth day the tempe rature had ris e·n to 3 00°C . , at 
which point practically all the nitrogen oxide had been releas e d . Then 
the tempe rature b egan to rise mo re ab ruptly , so that by the thirtieth 
day the tempe rature had risen to 460°C . ;  the reason for thi s was that 
after the liquid had been evaporated and the nitrogen oxide fumes had 
been evolve d ,  an insulating mate rial was added above the dry mas s . 

Now a word ab out what happens in the inne r container :  the level 
of the liquid was 24 inche s ,  the diamete r 1 2 inche s .  As the level 
dropped 1 0  inche s nothing clung to the walls . Then dropping from 1 0  
to 1 7 inche s the mate rial did cling to the walls . The reduction of the 
waste and clay flux mixture was from 2 4 inche s to s omething on the 
orde r  of 8 inche s .  The he ate r faile d ,  so tempe rature s could not be 
rai s e d  furthe r but the mas s s eemed to be fairly we ll fuse d .  Dr . 
Johns on ' s  de sc ription of the consolidation is as follows :  
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"No violent bubbling , surging or 'burping ' we re ob s e rved and 
as the mas s shrank it did not adhere to the containe r walls during 
the first 2 / 3  of its consolidation .  Only small amounts of the cake 
adhe red after that . The mas s appeared to be fai rly uniformly he ated . 
Although the tempe rature finally attained was insufficient for good sin 
te ring , the mas s was hard with relatively small bubble s trapped within . "  

The plans are to continue the expe riments  using a pit pe rhaps 
6 feet in diamete r and 6 feet deep , and possibly progres sing to a pit 
approximately 20 feet in diamete r , 20 feet deep . The final stage , 
presumably , would be to build anothe r pit of thi s approximate size 
and add to our clay flux mixture hot re actor waste s to see if s elf-fusion 
can be obtained .  

DR . HUBBERT : How large i s  the first pit going to be ? 

MR . STRUXNESS : The fir st will be 6 feet deep and 6 feet in 
diamete r .  The second will be 2 0  feet deep and 2 0 feet in diamete r 
witA an inte rnally installed heate r . The third step is  the s ame size 
pit , approximately , adding our mixture to the hot waste . 

DR . L .  R .  Z UMWALT : I take it that this aluminum nitrate 
waste that you used in this expe riment did not have the fis s ion prod
ucts in it . It was merely the chemical equivalent of the bulk . 

MR . STRUXNESS : Right . 

DR . Z UMWALT : In othe r wo rds , there has been no opportunity 
to take the solid mas s and subject it to le aching te sts . 

MR . STRUXNESS : Right . Furthe rmore , we have learned in 
some of the expe riments that the ruthenium come s off in the gase s . 
Not all of it , but quantitie s  enough to wor ry us , and we are building 
equipment to collect it . 

DR . THEIS: Whe re are the heate rs  lo cated ? Are they actually 
in the radioactive liquid ? 

MR . STRUXNESS : It is simulated waste . 

DR . THEIS : They are in the reacto r s , and actually to have 
ove rheating the mixture must entirely ove rlie the heate r surface . 
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MR . STR U XNESS : W e ll ,  I don 't  know� Dr . Johnson says that 
the dry mas s  was unifo rmly heated . 

DR . BENSON: I suppo se  you suspe cte d that you would be  ve ry 
clo s e ly simulating it when you have the heat released by radioisotope 
de cay . 

MR . STR UXNESS :  Ye s . I suppo se if the he at we re not evenly 
di strib uted we wou�d have gotten burpin·J . 

DR . HUBBERT : Coming back to powe r ve r s us ene rgy : if to 
re ach an equilib rium based on the curve would take a long time , it 
will take a ve ry large amount of ene rgy . If , on the othe r hand , you 
put in large r powe r you produce that tempe rature in much sho rte r 
time and I suspect you would b ring abo ut much lowe r ene rgy cost . I 
think the ene rgy is  impo rtant , not the powe r . 

MR . STR UXNE SS :  I will have to get the information . 

DR . KOHMAN: When you do thi s by self-fusing you won 't  get 
any powe r failure .  Your heate r won 't  burn out . You would be able 
to turn it off when you want to . B ut it is difficult to get it solidified 
if it is  hot enough so  it will liquify , and this bring s up the gene ral 
problem of the he at that will be produced by insoluble waste . 

M R . STR UXNESS : The r e  are other difficultie s conne cte d with 
this expe riment .  It require s waste s with an activity of the o rde r of 
500 curie s pe r litre to produce enough heat . 

DR . H UBBERT : The problem involve d is  the ene r Jy problem . 
You c an melt anything with that amount of he at coming off continually 
at the cente r .  

DR . P .  H .  ABELSON :  What is  the object  of us ing self-he ating 
or self- fusing as against using othe r sour c e s  of he at ? 

MR . STR UXNESS : At the moment we don ' t  know whethe r s elf
fusion will wo rk or not . The heat is the r e . 

DR . ABELSON: Obviously the self- fusion will wo rk if you have 
enough heat pe r unit of volume and if you don ' t  allow too much to e s 
cape . I me an ,  suppo s e  that you can have self-fusion , why use  it ? 
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MEMB ER :  I think it would be  a lot easie r to handle this  stuff . 
It i s  going to be awfully hot from the gamma radiation standpoint . 

DR . AB E LSON: Onc e you have got this  red  hot brick , what are 
you going to do with it ? 

DR . ZUMWALT : You c an  have a remote ope ration and let it 
he at its elf . 

MEMBER : I as sume you are going to keep it right the re . 

MR . STRUXNESS : Part of our answe r is  self-fusion and low
firing tempe rature ,  and the re is a feeling that use s will be found for 
some of the se  fis sion products , and it would be nice if we could im
mobilize them until then rathe r than pump them into an inac c e s sible 
place . 

DR . H UBBERT : Isn 't  it probable the production of fis sion prod
ucts  i s  likely to keep pace with the development of the needs ? Suppo se 
we throw eve rything away right now . The re is  mo re corning along . 
The way thi s thing is  promising to develop it looks to me like we are 
always going to have ample supplie s  of hot mate rial fo r all current 
needs . If  so , a little waste i s  not impo rtant . 

CHAIRMAN HESS :  Are the re any othe r que stions ? 

Thank you , M r . Struxne s s . 

GENERAL DISC USSION 

DR . LOOFBO UROW : Is  it correct to s ay that reacto r s  will 
gene r ate mode rate to low intensity waste s , and tho s e  re actors  must 
be  loc ate d fo r reasons of ope rating e conomy ne ar whe re the powe r is 
require d ,  but the problem of dispo s al at tho se  site s i s  not a se rious 
one b e c ause of the type of waste . B ut the highly concentrated waste s  
gene rated at chemical plants , which can only b e  shipped with s erious 
costs  or hazards , can be shipped farther , so that the site of thos e  
plants c an b e  cho s en whe re dispo s al is  mo st simple ? 

DR . AB E LSON : No . It would be most  e conomical to proce ss 
at the spot . The radiation hazard would b e  ve ry great . 
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DR . LIEBERMAN : I don't  believe that que stion can be answe red 
categorically . For example : if you have an aqueous type of reactor 
and proc e s s  it at the spot you would have high level waste right at the 
reactor site . On the othe r hand , with the heterogenous reacto r s , fuel 
elements c an  be shipped to the chemical proces sing plant . The answe r 
differ s  with the type of reactor decided upon . 

DR . LOOFB OUROW : Are we limite d in the conside ration of the 
imme diate problem to one or the other of the se  situations ? 

CHAIRMAN HESS :  No . The committe e debated whethe r to limit 
di s cus sion to the po s sibility of e stablishing two dispo s al areas in the 
Unite d State s ,  or whethe r the dispo s al should be around eve ry reacto r . 
So many variable s had to be  conside red that it was de cided each com
mitte e should be allowed to work out it s own course . 

DR . C ULLER : The proce s sing of the homogeneous waste doe s 
occur right at the site , in the sense that the fis sion products are the 
fuel . But the plant that separate s thorium from uranium doe s  not have 
to be the re . In fact , the e conomic s of the proc e s s ing and of the con
struction of proc e s sing pl,ants indicate s it would be desirable to operate 
at maximum capacity . It appear s at the · moment most economical to 
have 5 to 1 5  reacto r s  s e rved by one pro c e s s ing plant . 

DR . H . C .  THOMAS : Is  it po s s ible to remove the aluminum 
from waste solutions ? 

DR . C ULLER : Ye s ,  depending on the type of fuel element . It 
is impo s sible to get rid of the aluminum in an aluminum-uranium alloy . 
Aluminum may be dis solve d in c au stic , but the uranium i s  not soluble , 
so a caustic separation proce s s  may be  developed .  The alloys fo r high 
tempe rature elements are difficult to s eparate and are highly s alted 
in some cases . 

DR . KOHMAN� I would like to ask a que stion about the ratio of 
ten reactors to one proce s sing plant . Isn ' t  it po s s ible that all the se 
re acto r s  might be in one area fo r a centTal powe r station ? 

DR . C ULLE R :  Ye s .  

DR . KOHMAN: So you wouldn't nece s sarily need transportation . 

DR . C ULLER : The re would be some transport , and that means 
building a c arrier and getting equipment . If you transpo rt two mile s ,  
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it i s  almo st as economical , conside ring all the loading and unloading , 
to transport it 2 0 0  mile s . The transpo rtation c o st pe r mile i s  impor 
tant , but it i s  not ne ce s sarily the major item . 

DR . HE DMAN: It seems to me the re i s  a great diffe rence b e 
tween transportation between points in your o wn  installation and points 
in diffe rent installations . Some citizens obj e ct to having radioactive 
waste s hauled acros s their  water supply . 

DR . LINDSE Y :  The slug s are moved gene rally in large c asks 
that have 9 to 1 1  inche s of lead • . The cask weighs approximately ten 
tons , and the slug s weigh one to two thous and pounds . We have to 
transport a tremendous amount of le ad to carry a limite d amount of 
the fuel element . The cost is le s s  fo r the fuel element then for the 
shielding , particularly under the pres ent regulations , whe re we almo st 
always have an e s c rot guarding a shipment of this sort . The re is an 
incentive to reduce the transportation if there i s  a way to do it . 

DR . WATKINS : I want to ask whethe r it i s  feasible at all to 
transport ion - active liquid waste by common carrie r , and if so , how 
much could you haul it fo r ?  

DR . R .  J .  RUSSE LL :  M ay I add something to that que stion . 
The transpo rtation of radioactive mate rial in this  country by common 
carrier is controlled by the Inte r state Commerce  C ommis sion , and 
they have ve ry definite rule s ,  and anybody c an read them . 

DR . HEDMAN :  I might add one thing to that . I have recently 
looke d over the I .  C .  C . re gulations , and they specific ally state that 
you must trans port according to the I . C .  C .  regulations unle s s  it is  
done by o r  for the A.  E .  C .  under e s cort , in  which case the I .  C .  C .  
do e sn 't seem to c are . 

DR . HAWKINS : It seems to me the prope r de sign of a pipline 
has some po s s ibility , and the re has been some experience on pipeline s .  
I wonde r if somebody would s ay s omething about that . 

DR . LINDSE Y :  The pipeline s at Hanfo rd consist  generally of a 
conc rete encasement in which are laid two o r  three stainle s s  steel 
line s , and cove red by a conc rete cap .  The encasement and space 
around the pipe is carefully constructe d so it drains , and the drainage 
is monito red to be ce rtain the re is no leakage from the pipe s . The in
stallation is extremely expensive . 
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We have given thought to making pipe of c arbon steel , but the 
difficultie s always s e em to be  re solved by using stainle s s  steel . The 
line s are built of about 3 -inch pipe , but there is no reason they cannot 
be made large r . 

DR . HUBBERT : How much doe s it cost per mile ? 

DR . LINDSE Y :  I don 't  know the accurate figure , but it i s  some 
thing on the order of one hundred thous and dollars .  

DR . ROE DDER : If you have di spo s al at just a few plac e s  you 
have to transport either the waste to thos e  site s or you have to set up 
your pro c e s sing plants at di spo s al s ite s . I would imagine that the 
co st of transporting slug s would be far le s s  than the cost of transport
ing waste . Is  that not true ? 

DR . LINDSE Y :  We have not transpo rte d liquid waste s . We are 
afraid to . We have transported slug s on a large s c ale and for quite a 
while . There is  no reason why we c ouldn ' t  work out a way to trans 
port liquids . It just doe sn 't  s eem as s afe as transpo rting the slug s . 

DR . RUSSE L L :  M ay I remark that the A . E . C .  can get away with 
a great many th�g s  in this country that a private corporation ope rating 
a powe r plant would not be permitted to do . 

DR . KOHMAN: With re gard to transportation I think one would 
have to conside r the relative cost  of transpo rting the mate rials and 
transporting the powe r . In othe r wo rds , whethe r the powe r plant is  to 
be near an are a  whe re the mate rial is  to be  dispo sed of , or  near the 
area whe re the powe r is to be us e d ,  or not near eithe r one . 

DR . HUBBERT : M r . Chairman , I would like to make a furthe r 
comment on that . It is  a truism of sorts that with any technology de 
velopment , you begin to tie on where you are now , but as time goe s on 
you s ometime s ab andon the initial premi s e . It seems to me this i s  a 
strong po s sibility in the case at hand . At the moment , we are talking 
about building atomic powe r plants for industrial power whe re we al
re ady have coal powe r plants . The reason fo r that is  pe rfe ctly obvious : 
we use 6 0  cycle AC cur rent and the economic transmi s sion i s  about 400 
mile s .  M any of you know that there  have been theoretical dis cus sions 
and a fair amount of expe rimental work that dates back thirty or  forty 
years on high tension DC long distance transmi s sion . It is  physically 
po s sible but it has neve r b een done . In principle , you gene rate AC to 
high voltage , rectify DC , and transmit it gre at distance s ;  then convert 
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to AC and step the voltage down to that of your powe r plants . 

Initially we as sume building atomic reacto r s  in lieu of coal 
plants in consume r areas . B ut if this industry become s as large as 
has been di s cus sed  there , I think we will have to r e - examine the prem
i s e . It may be , because of tr anspo rtation co sts of the hot material , 
that we might eventually de cide that it i s  better to put the powe r plants 
in an uninhabited are a ,  and transmit the powe r to center s  of consump
tion by methods that are conside red unorthodox at the moment . That 
i s  not something that this  committee i s  calle d upon to solve or to rec 
ommend . It is  not within the premi s e  o f  the contemplated power plant , 
but it i s  in the background . 

DR . MORTON: I don 't have any specific data with regard to 
transportation of high level waste s ,  but our experiments with low or 
inte rme diate level le ad us to think that transportation in a container is  
going to be une conomic and not fe asible for more than ve ry sho rt dis 
tanc e s . Our waste s we re 1 to 3 0  curies  pe r gallon , transported in 500-
gallon tanks on specially constructe d trucks , hoi sted with a lift some 
feet b ack of the driver , and with lead shields behind the cab .  The ex
po sure time fo r the drive r was ve ry short but expo sure time created 
a bottlene ck in getting waste out to the pit de spite its low level . A pipe 
line 7 00 0  fe et long now doe s the work of the trucks . 

·Multiply the hazard by several hundred to a thousand curies pe r 
gallon , and it require s transportation in a containe r shielded with s even 
to nine inche s of lead all around , weighing many tons , and c ar rying 
several gallons at a time . It i s  impractical . 

DR . Z UMWALT : Dr . Culle r mentione d that economic s require 
one chemical plant fo r s eve ral reactor s . B ut I wonde red how about the 
economi c s  of field transpo rtation . Is  that conside red in the re ? 

DR . C ULLE R :  There have b e en s everal studi e s  of the probable 
co st of transportation of various kinds of carri�rs , but I don 1t think it 
has been wo rked out and integrated into the economic s of powe r . I am 
s aying that a c entral chemical plant is  ne c e s sary from the standpoint 
of the chemical plant alone , and within a DC structure it is  economic 
to ship fuel ce rtain distanc e s  to a plant that already has the capacity 
r athe r than building a new plant . An individual kind of analysi s  has to 
be made and it isn't  very clear at the moment , because the specifica
tions have not been written on the reactor , the proces sing , the locations , 
the powe r , etc . 
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DR . HE DMAN :  C ould I get some idea of the volume that is  
transported between a powe r reacto r and a plant ? 

69 . 

DR . C ULLER : Let ' s  s ay the fuel elements are made out of a 
metal like zirconium , and zirconium slag or stainle s s  steel built in 
a s imilar manne r . It might be nec e s s ary to transport an element 1 5  
feet long and 5 inche s in diamete r .  In order to shield this after a rea
sonable cooling period it would r equire about 8 or 1 0  inche s of lead . 

DR . HEDMAN: That is  within the realm of being practical . I 
thought maybe you would have to transport large volume s of liquid b e 
side s . 

DR . C ULLER : No . If you shipped the fuel element within thirty 
days afte r it come s out the reactor you would have to provide cooling 
wate r to take out the fis sion products . You c an put a numb e r  of such 
fuel elements in the cask , and I s uspect the size of the c ask is dete r 
mined b y  the limits o f  the carrie r . If you have an 80 , 0 0 0  pound flat 
car you make the cask 8 0 , 0 0 0  pounds . 

The re is  anothe r factor that ente r s  into it . If the fuel elements 
are highly enriche d you have to limit the numb e r  that go into the c ask . 
But I suspe ct if you have more cylinde r s  of shielde d lead on a flat car 
you could transport a reasonable number of fuel elements at one time . 

The transpo rtation i s  going to be come a busine s s  like the powe r 
busine s s , I suspe ct , and it has neve r been looked at in this light . Reg 
ulations may have to be changed to take care o f  it . Right now it i s  a 
big hazard and we are doing everything we c an to make sure the re i s  no 
dange r . 

DR . L .  MacMURRAY : Dr . Mor gan at Johns Hopkins has some 
spe cifications on thi s que stion of tr ans porting liquid waste s . Would you 
like to have him pres ent it ? 

· 

CHAIRMAN HESS : Y e s . 

DR . J . N . MORGAN: Afte r the fir st Woods Hole meeting , at 
Johns Hopkins we made a few ob s e rvations based on Dr . Culle r ' s  pape r 
conce rning the transportation of liquid waste s .  The s e  figure s  are based 
upon the info rmation conc e rning shipment of slugs throughout the United 
State s .  The cost of the cask , the transpo rtation co st , the c ar rie r cost , 
the s alarie s ,  and amortization of the cask , total 9 cent s  pe r ton mile to 
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ship the lead , i . e .  , the shield that contains the slugs . C alculations 
we re made for a hollow sphere about 4 1 / 2 feet inte rnal diamete r 
with a c apacity of about 500  gallons as envisione d  at Oak Ridge for 
transporting liquid waste . With a 1 2 -inch wall , skids , base , and 
structural steel , the cask would probably weigh approximately 50  tons . 
Some of the weight was the waste its elf .  The liquid waste that pre sum 
ably would go into this containe d the maximum activity mentioned by 
Dr . C ulle r in his fir st dis cus sion , namely , 2 0 0 0  curie s pe r gallon . 
At 9 cents per ton mile , it would cost about $ 1 4  pe r gallon to ship 1 000  
mile s . 

Rememb e r  that the s e  calculations we re on data obtained from the 
shipment of slugs , which are the only data available . There  has been 
no shipment of liquid waste ; po s sibly on a modified basi s of 2 0 0  gallons 
in a containe r of 4 inche s of le ad shielding it would appear mor e  eco 
nomical . 

DR . LINDSE Y :  What about cooling for something as hot as that ? 

DR . MORGAN :  It was not conside re d .  

DR . HUBBERT : I s  2 0 0 0  curie s the maximum you c an  handle ? 

DR . MORGAN: That i s  the maximum Dr . Culle r mentioned .  

DR . HUBBERT : Well , tho s e  c an  b e  further concentrate d .  

DR . MORGAN: Y e s . We took the se  from hi s initial work , based 
on 2 000  curie s pe r gallon . 

DR . HUBBERT : None the le s s , if you are shipping that much 
lead we c an fill the cask with mo re concentrated mate rial if the re are 
no re asons for not doing it . In othe r words , how many curie s could 
you put in that containe r and stay short of c ritic al ? 

DR . C ULLER : The re is  no c riticality on the waste . 

DR . HUBB ERT : Good . Then we could conc entrate this to 
dryne s s . 

DR . C U LLER :  As thi s gets mo re concentrated you have to pro 
vide cooling : 1 0 0 0  curie s pe r gallon i s  pretty hot and will boil itself 
without a little cooling . 
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DR . HUBBERT : What I meant i s  that we are paying $ 1 4  per 
gallon for hauling lead . Now , if we c an  hold 1 0 0 time s as many curie s 
with the s ame load of le ad we can cut this $ 1 4  per gallon . Even if we 
have to add a refrige rating unit we cut that down to a fraction of a dol
lar . 

DR . C ULLER : This particular waste i s  already s aturated with 
aluminum , and the dry aluminum concentrate occupie s the s ame volume 
as the wet solution . 

DR . HUBBERT : The aluminum is  not radioactive . C an we get 
rid of it ? 

DR . C ULLER : Y e s . That $ 1 4  per gallon made us get rid of it . 
(Laughte r ) 

DR . MacMURRAY : I would like to come to the r e s cue of Dr . 
Morgan : liquid reactor waste costs $ 1 4  a gallon to ship . The di scus 
sion has moved on to talk of concentration and refrige ration , and to 
the removal of aluminum . 

DR . MORGAN: To carry it further ,  this was based on a freight 
car 40 fe et in length , and it would hold three of the se units . So the 
freight car load was about 1 50 tons . 

DR . ROE DDER:  If you loaded that same freight c ar with slugs 
what would be the equivalent ? 

DR . MORGAN : I don 't think you can make a comparison . 

DR . ROEDDER : As to curie s and slug s , I wonde red the relative 
cost . 

DR . MORGAN: I cannot give you that . Perhaps the answe r lie s 
along the line s of developing a specially constructed railroad c ar in 
the shape of an oil tanke r , completely shielded ,  with a tube through the 
center and shielded at eithe r end . 

DR . R USSELL : Have you eve r  considered what would happen to 
the c ar in a train wreck ? 

DR . MORGAN: I am sure that the po s sibility of an accident has 
been on M r . Go rman ' s  mind . 
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DR . HEDMAN : What is  the basi s ·  for your 5 0  tons ? 

DR . MORGAN: C onformity with the existing I . G . C .  regulations . 

DR . WATKINS : It seems p rob able that with a homogeneous re 
actor , the dispo s al facilitie s  are to be at the site ; with a hete rogeneous 
reactor , the proce s sing plant can be at some di stance from the r eacto r . 

DR . C ULLER:  I don ' t  think that i s  true . The homogeneous re 
actor mate rials c an be  shippe d just as can the hete rogeneous elements . 
The proces sing on the hete rogeneous s ystem consists of drawing a 
small amount off the reacto r , and shipping it as the reactor  fuel ele 
ment , I suspect . It has a higher potential of spillage than do e s  a metal 
containe r ,  but you are not shipping thous ands of gallons . In the homo 
geneous system you do not withdraw uranium ; you withdraw fis sion 
products , and from the exte rnal core . The cycle or turnover time for 
the core i s  about 2 7 0  days , and the amount of mate rial that we have to 
take out per day may be in the neighbo rhood of 1 0 0 to 2 0 0  litre s .  The 
liquid might be tr ansported in relatively small volume s ,  or as a dry 
solid . It is ne c e s s ary to boil off heavy wate r and return it to the homo 
geneous system before the stuff drawn off the r e actor leave s the plant . 
We prob ably would be transporting dry sodium oxide . 

DR . RUSSE LL :  That would be at high tempe rature ? 

DR . C ULLER:  At a high tempe rature in a cooling system . 

DR . HUBB ERT : It seems to me we have been very premature 
indeed if we come to any conclus ion that the waste cannot be trans 
ported . The difficultie s are great and the costs appe ar high but ad
mittedly the e stimate s are subject to many modifications and are based 
on inadequate data . The re are endle s s  oppo rtunitie s for corrections 
and improvements , the refore , the imposition of limiting suppo sitions 
may s e riously j eopardize the usefulne s s  of the committee .  

DR . C LAUS : In our committee wo rk should we conside r prima
rily our imme diate problem , and by imme diate I mean the next ten to 
twenty ye ar s , o r  should we conside r  it in te rms of the vast quantitie s  
that have been dis cus s e d in conne ction with po s sible production b y  the 
year 2 00 0 ? Furthe rmore , should we think primarily in te rms of prob 
lem s  in the Unite d State s ,  o r  should we take a wider view ? England ,  
for example , expects to have a large number of r e acto r s  and some are 
unde r construction . Their waste di spo s al plans are unknown to most 
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of us at th� conference ,  and it should be kept in mind that England ' a 
problems are world problems just as our s are , and any thoughts we 
might have on the dispo s al of waste from England will also be of bene 
fit to us . 

CHAIRMAN HESS :  I think it would be  difficult to consider con
struction outside the United States .  Construction of reacto r s  and dis 
posal of waste in mo st countrie s will probably follow the pattern set by 
the originator s . There  is nobody he re  who knows enough of the geol
ogy of out-of-the -way place s  to give intelligent data . A lot of people 
he re are familiar with many parts of the United State s ,  so we can come 
to rather specific conclusions about many plac e s ,  whe reas I don 't know 
that we are competent to tackle the geology of England from our pro 
fe s sional experienc e , and whateve r we do he re , except for England , 
will probably be  followed in othe r countrie s .  We can find solutions for 
the c onditions in the United State s and we can work out analogous •olu
tions for othe r areas in the future .  I think we have sufficient diversity 
within the United State s to meet any conditions any other country would 
face . I don 't  think we should dis cus s outside areas . 

DR . LACE Y :  Such thing s as costs and amo rtization would be 
considerations in competitive industry or would be handled by fairly 
sub stantial government sub sidy .  I p ropo se we omit the se items and 
think of the technological feasibility of the solutions to the problema 
neare st to us . If solutions are found , the co sts will be  dealt with in 
the normal development of the industry . 

CHAIRMAN HESS: I think that i s  right , fo r we will not have cost 
figures for the means of dispo s al that we sugge st . 

DR . ABELSON :  On the other hand , if the cost of di spos al i s  more 
than the cost of storage in tanks , it  i s  not a good solution . 

DR . G .  F .  JENKINS : I would like to add that the Union C arbide 
Company is deeply inte r ested in the s e  consider ations as a private firm . 
We are working with pr actically all the powe r reacto r  groups in de signs 
of  chemical proces sing plants to  purify reacto r  fuels . The variations 
are certainly complex: in the government reactor  program there are 
about five kinds of reacto r s , and the A . E . C .  i s  encouraging the devel
opment of new type s of reactors . The re i s  no advantage in building 
just one kind , so the physicists , the metallurgists , and the me chanical 
engine e r s  are being encouraged to develop new re actor des igns , new 
reactor arr angements , and new metallurgical alloys . For example , 
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the Detroit E dison Company i s  intere sted in the fast  breede r  reacto r 
using alloys containing only a small amount of fis sionable mate rial ;  
in order to r un  the system at the maximum efficiency , that i s , to 
b r eed , the fuel is to be purified at a high rate . The problem i s  not 
just  to rid the fuel of the fi s sion products , but also to proc e s s  rapidly 
so as to minimize the invento ry costs of fis sionable uranium . It take s 
a lot of reacto r s  to make it economical to run a chemical proc e s sing 
plant ; but on the othe r hand , all of the diffe rent reactor plants must 
have some on-the - site purification in o rde r to cut down the amount of 
idle uranium . Then the slags or the concentrated form of the fis sion 
products containing a minimum of uranium will be shippe d  to a central 
facility whe re it is  economic to recove r  the r emaining uranium . 

The only re ason we have the waste i s  because we are treating 
the fis sion products to recove r the U 2 3 5 or the U 2 3 3  o r  the Plutonium 
2 3 9 . If none of these mate rials wer e  in the fis sion products then the re 
would be no inter e st in them at the pre s ent time . Howeve r ,  we are 
inte r e ste d in the radioisotope s because they are potentially valuable 
raw mate rials . Throughout our corporation we are encouraging re 
s e arch in applications as a fo rm of inve stigation di stinct from re search 
in separation and re cove ry . We want to encourage re s e arch in applica
tions to such fields as alloys ,  gase s , carbons , chemical s , plastic s ,  
and re sins , and we are trying to build up within our corporation an ap
preciation of the ne ed for the utilization of the s e  mate rials , so  that 
instead of a waste dispo sal problem we are c onve rting it into a raw ma
te rial problem . We are , the refore , in favor of di spo s al in s uch a way 
that the mate rial i s  not lo st  but i s  retained somewhere so  that in the 
next five or ten year s it can be recove red and put to use ; that is what 
I would like to sugge st at the pre s ent time . We have given a lot of 
thought to the methods developed at B rookhaven and othe r labo ratories 
whe re the mate rials are treated in not-too - dilute form s o  that the val
uable components can be put to some future use . 

DR . C LAUS : To what extent may we actually conside r it fe asible 
to remove strontium and c e s ium ? I think this was dis cus s e d  ve ry en
thusiastically ye sterday as something that might be done easily , and 
yet I under stand that we have not yet reached the stage whe re it c an be 
extracted  from waste streams in a reasonable useable manne r . It 
make s a difference what kind of dispo s al c an be applie d  to the remain
ing mate rial . If the se  elements are not pre s ent ,  the degree of haz ard 
i s  so much le s s , that you have a diffe rent way of thinking about the re 
maining waste s than i f  the ce sium and strontium are pre sent .  I think 
thi s  ought to b e  clarified before  we think s e riously about what to do 
with the remaining material . 
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7 5 .  

CHAIRMAN HESS : It seems to me from the dis cus sion .  that you 
have a reas onable chance of taking the s e  two elements out at some 
future time , s ay five ye ar s henc e , so  it won 't  be  much of a problem 
after that pe rio d .  B ut it c e rtainly is a problem at pre s ent .  I think 
we should cons ide r both alternative s and have multiple solutions . 

I think I would agree the re c e rtainly is  a dis po s al problem . The 
waste we have on hand i s  not being dispo s e d  of ,  in any strict s ense , 
and it i s  something to worry about . There also will be  a waste prob 
lem with us until the chemical proc e s s ing and reactor  treatment s  have 
been stabilized on a product that can be dealt with easily . But for the 
immediate future , extending to many year s , waste s will constitute a 
se rious problem . It is  an encouraging po s sibility that in the future 
people c an produc e waste s that c an be gotten rid of more e asily than 
the pre sent material . 

APPOINTMENT OF COMMIT TEES 

The Stee ring C ommittee wishe s to study the waste problem from 
two points of view and , the refore , this group should be s eparate d into 
subcommittee s  to conside r e ach one . One approach involve s dispos al 
at great depth using technique s like tho s e  us e d  in disposing of oil field 
brine s ;  the other approach is relatively shallow dispo s al such as  i s  
being employed at Oak Ridge an d  Hanford . The goal is  an evaluation 
of the efficiency , the hazards , and the practical methods of re solvinz 
the individual problems . Dr . Hubb e rt has agreed to be  the Chairman 
of the Committee on deep dispo s al ,  and the C ommittee on near - surface 
dispo s al will be  headed by Dr . Joh F rye . From the long List of Par 
ticipants , each committee  chairman has sele cted a few name s to make 
up a nucleus ; the remaining memb e r s  on this  list will be left to divide 
themselve s as they see fit , in ke eping with their individual inte re sts 
and specializations . 

Tho s e  selected fo r the Surfac e C ommittee are as follows : B enson , 
Claus , F rye , Goldich , Hunt , Inge r son , Jenkins , Latta , Loofbourow , 
Theis , Thomas . 

Thos e  sele cted for the Deep C ommittee are as follows :  Culle r ,  
Denison , Ferris , Garrel s , Gilluly , Hubbert , Hunte r ,  Thur ston , and 
Watkins . 

The committe e s  will meet and proceed imme diately • 

• • • Whe reupon , at 10 : 5 0 o ' clock , the me etinci adjourned 
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7 6 .  

MONDAY MORNING SESSION 

Septemb e r  1 2 ,  1 9 5 5  

The meeting convened at 9 : 1 5  o ' clock , Dr . He s s  pre siding. 

CHAIRMAN HESS : This will probably oe our final se •sion of 
this conference . We will hear the reports of the work done and con
clusions reached ye ste r day by the two committee s . At the end of the 
reports we will have a gene ral discus sion , and then adjourn . 

The first  repo rt will be by Dr . Hubbert . 

Dr . M .  King Hubb e rt 
Chief Consultant , Gene r al Geology 
Shell Oil C ompany 
Box 2 099 
Houston 1 ,  Texas 

DR . HUBBERT : M r . Chai rman and Gentlemen : The committee 
to look into the po s s ibility of deep waste dispos al in permeable rocks 
met ye sterday afte rnoon and reviewed the problem . We dec ided on two 
premi s e s  fo r our dis cus sions : one , that the dispo s al should be s afe ; 
and , two , that we would formulate basic principle s governing dispos al  
during what w e  hope will be orde rly an d  rational development of the 
industry in the future .  

In orde r  to obtain a cle are r idea of the magnitude of the waste 
dispo s al problem , the following c alculation was made : 

Suppo s e  that beginning in 1 9 60 , nuclear power wer e  produced at 
a rate equal to the pres ent entire powe r output of the United  State s ,  
and the waste products diluted to the extent of 5 0  gallons of wate r pe r 
gram of fi s sion products , were inj e cted underground into a s andstone 
1 00 fe et thick , having 2 0  per cent po ro sity , what would be the are a  of 
the s and that would be  filled with waste products by the year 2 000 ?  At 
the meeting an approximate c alculation was made , and the following 
are the slightly revi s e d  re sults : The pre s ent powe r output of the United 
State s is  about 4 . 8 x 1 0 1 1  kw-hr /yr ( 1 08 kw at a load factor of 0 .  54) . 
The quantity of U - 2 3 5  required would be 84 metric tons pe r year , and 
the diluted waste s would amount to 1 00 million (42 - gal) barrels per 
ye ar . B y  the ye ar 2 000 the area oc cupied by the waste s would be 40 
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square mile s ,  or a square of 6 . 3  mile s to the side - - the size of a 
large oil field . 

7 7 . 

For comparison , in the East Texas oil field , 1 0 0 million barrels 
of water pe r year are currently being inje cted through 58 wells with 
7 -inch casings . Eight wells take over 1 0 , 0 0 0  barrels pe r day e ach 
without pumping . 

Since structural basins this s ize , or  much large r , are abundant , 
it is  concluded that the deep unde rground dispo s al of wastes fo r a long 
time to come would involve ope rations which are small as compared 
with tho s e  of the petroleum industry . 

The various othe r phase s  of the deep disposal que stion were dis 
cus s e d  in cons ide rable detail by the committee , and finally a subcom
mittee drew up a summary of the conclusions which were approved and 
read as follows : 

The committee has accepted as premi s e s  the following:  

A .  That the nuclear waste , if stored underground , should be 
isolated as permanently as po s s ible from contact with living o rganisms ; 

B .  That the nuclear waste may be stored unde r conditions where 
it nee d  not be recove re d ;  

C .  That the dispo sal o f  waste is  a s pe cial problem for e ach par 
ticular installation . 

Howeve r ,  it is conclude d that ce rtain gene ral principle s should 
guide the s election of methods of dispo sal :  

1 .  That the liquids containing th e  nuclear waste shall have a 
gre ater specific gravity when introduce d  into the rese rvoir than the 
liquids already pre sent in the re s e rvoir ; 

2 . That the liquids shall b e  stored unde rground preferably where 
they will remain under e s sentially static conditions ; 

3 .  That the introduction of the fluids into the bottom of structural 
basins is one means of satisfying effectively this condition; 

4. That adequate monitoring of the distribution of nucle ar waste 
within the r e s e rvoir be provided by appropriate ob servation wells , 
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7 8 . 

which could also se rve as source s of diluent ; 

5 .  That prior to the introduction of nuclear waste liquids into 
the rese rvoir , the problem s of heat dis sipation , clogging of rese rvoir 
space , and chemical reaction with the re servoir rock and fluids be 
evaluated .  

C HAIRMAN HESS : Doe s anyone wi sh to discus s this report or  
offer any amendments ? 

If not , I will c all on Dr . John Frye to pre sent the report of the 
committee on surface dispo s al . 

Dr . John C .  Frye 
Chief ,  State Geological Survey 
Urbana , Illinois 

DR . FRYE : The committee on the study of shallow di spo s al 
re commends : 

1 .  Di spo s al of waste mate rials  in solid form is  preferable to 
any sugge sted methods of di spo s al of liquids . The mo st de sirable 
fo rm appears to be a sinte r or b rick in which the fi s sion products are 
fixe d .  In this form the material can be dispo s e d  of in shallow cove red 
trenche s in many place s .  Second choice would be waste mate rials 
evaporated to dryne s s , solids but soluble . Such mate rials  could be 
package d in metal containe r s  and stored in shallow mine s or unde r 
ground vaults that are relatively dry . If fe asible , diffe rent elements 
should b e  packaged separately . It seems highly de sir able that r e s e arch 
along both of the s e  line s be pur sued as rapidly as po s sible . 

2 .  Until conc entration in solid fonn be come s fe as ible , dispo s al 
of liquid waste s at relatively shallow depths may b e  po s sible unde r cer
tain conditions . 

" Shallow" proved to be a slight misnomer , because in conside ring 
mine s , depths as great as 6 ,  000 - 7 , 000  feet were contemplated . How
ever , most of the exc avations are relatively shallow in comparison to 
deep dispo s al methods conside red by the other group . 

The work of the committee was concentrated on item 2 ,  and a 
large range of geologic environments were studied .  Many of the se ge 
ologic environments we re discarde d  by the committee as unsuited for 
the dispo sal of liquids ,  but in order to record the possibilitie s that were 
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dis cus s e d ,  it s eems advisable to outline the various environments 
conside red . 

1 .  Excavations 

a .  In crystalline rocks 
b .  In permeable sedimentary rocks 
c .  In argillaceous rocks , such as shale and clay pits . 

2 . Infiltration in pe rme able , near - surface beds 

a .  Above the wate r table 
b .  B elow the water table . 

3 . Underground openings 

a .  Natural caverns 
b .  Abandoned ore mine s 
c .  Specially prepared wo rkings .  

7 9 . 

4 .  Salt ·beds , s alt dome s , abandoned s alt mine s ,  and related 
geologic structures . 

The cons ensus of the committee was that several of the se  envi 
onments might be feasible but more information was nee de d . 

The orde r  of feasibility in which the committee ar ranged the s e  
various environments was a s  follows :  (in determining thi s order  we 
did not get a unanimous vote and the cons ensus of the committee was 
estimate d) 

Fi r st : s alt dome s , s alt b e ds , abandoned s alt mine s ,  and storage 
in c avitie s excavated in s alt b elow the surface but not ne ce s s arily near 
the b ase of the local stratigraphic s ection . Thi s would use an environ
ment that has relatively wide distribution in the United State s ,  both in 
coastal are as and at many place s  in the inte rior .  It was pointe d out 
that the development of cavitie s in s alt is  ve ry cheap . The figure range s 
from thre e  to six dollar s per b ar rel fo r cavitie s for the sto rage of hy
drocarbons . How the se figure s  c an  be translated into specially prepared 
cavitie s for thi s type of waste di spo s al is anothe r que stion . For this 
gene r al type of dispos al seve ral line s of re se arch are indicate d :  (a) 
laborato ry study of s alt unde r conditions of he at and pre s sure in contact 
with the s e  liquids ; and (b ) heat-transfe r  conside rations . 
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The second priority was storage in e specially prepared excava
tions in shale at depth . The experience record come s from cavities 
that have been prepare d  at a numbe r  of plac e s  for storage of hydro 
carbons in very recent year s . Some of the advantage s are that rela
tively thick shale beds are s c attere d widely ove r the Unite d  State s ;  
there are site s that probab ly could be obtained for this use near sev
eral of the existing installations as well as potential future site s . 
Furthermore , the cost is  low . When we use as a basis of co st  evalua
tion the ope rations now unde r way fo r the storage of hydrocarbons , 
figures ranging from $3 to $7 pe r barrel we re cited as repre s entative 
of the cost for the preparation of this type of underground c avity . The 
research neede d  here is  study of the s tability of shale in the pre s ence 
of the se  particular aqueous solutions .  

The third orde r  of  prefe rence - - and on this particular item 
there was conside rable diver sity of opinion - - was infiltration into 
particular low-pe rmeable beds with a suitable high clay content fo r the 
fixing of the se materials  in place . This infiltration above the water 
table bears some similarity to the Hanford operation as it was de s 
cribed ,  but with certain modific ations . The nee de d  r e search indic ated 
here was (a) study of the hydrodynamic profile of the system ; (b ) devel 
opment of proper tracer  fo r water ;  (c ) study of behavior of a suitably 
simulated solution to determine exchange characte ristic s ;  and , of 
course , (d) highly detailed inve s tigations of wate r-table fluctuations in 
any are a that might be considered fo r this type of dispo s al .  It should 
be pointed out that only tho se areas with low water table , which would 
largely limit this matter to some of the we stern areas , would be usable . 

The fourth order of preference was deep , abandoned dry mine s . 
It was the cons ensus of opinion that if a proper dry mine could be lo 
c ated it might be a ve ry fe asible method of dispo s al ,  but that such mine s 
would be extremely difficult to come by and might very well not be in 
the vicinity of any site whe re they would be nee ded . If such a structure 
could be located ,  it was indicated that some research would be needed 
on heat - di s s ipation problems under the particular condition s  obtaining 
in that mine • 

The fifth and last category that was judged to b e  wo rthy of consid
eration was dispo s al in prope rly covered shale and clay pits on the sur
face . The consensus was that at the present state of knowledge , it  is  
not a de sirable means of dispo sing of high level waste s , but that it 
-;(;�ld be de sirable to have continue d r e s e arch on base exchange and 
self- sealing characte r s  in the hope that this method might become fea
sible for high- level waste in the future . Re s e arch on s elf- s e aling 
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po s sibilitie s indicated in this  area might also  have applicability in 
seve r al othe r areas o r  methods of relatively shallow dispo s al .  

CHAIRMAN HESS : Thank you , Dr . Frye . 

Doe s anyone wish to comment on this report ? 

8 1 . 

You will notice  that the tasks as given out we re changed s ome 
what afte r the committee s  got to wo rk . " De ep" and " shallow" do not 
apply any more . 

Someone wanted to know what we meant by deep and shallow . 
The fir st committee did not comment on how deep they considered 
de ep , but I would think it  would mean 1 00 0  to  1 0 , 0 0 0  feet for the dis 
po sal of materials underground . 

DR . HUBBERT : I think the consensus was that deep me ans as 
deep- as-po s sible . (Laughte r ) 

CHAIRMAN HESS : What i s  deep to a geologi st may s e em ve ry 
deep to a non- geologist or not de ep at all . 

DR . HUBBERT : We can s ay ten or fifteen thous and feet is  tho r 
oughly practic al , although in many cas e s  depths o f  5 ,  0 0 0  to 1 0 , 0 0 0  
feet , or even le s s , may b e  s atisfactory . 

The conference was adjourned at 1 1 : 3 0 a . m .  
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APPENDIX C 

COMMIT TEE ON DEEP DISPOSAL 

SUMMARY MINUTES O F  MEE TING OF SEPTEMBER 1 1 ,  1 9 5 5  

C alle d to orde r  at 1 1 : 0 0  a . m .  b y  Dr . M .  King Hubbert , Chairman 
of Committee . 

ATTENDANCE 

Fo r full name s and affiliations consult List of Participants . 

Full-time attendance 

Christy Hedman Rus s ell 
C ulle r He roy Seal 
Denison He s s  Thur ston 
Ferris  Holland T riplett 
Garrels Hubbe rt Varne s 
Gilluly Joseph Watkins 
Gorman Linds ey Zumwalt 
Hawkins Morgan 

PROCEE DINGS 

Part-time attendance 

B as s  
B rown 
Curtis s 
Fuller 
Griggs 
Hunter 
Lieberman 
Pipe r 
Renn 

1 .  Dr . Hubbe rt starte d the di s cus sion by diagramming two type s of 
geologic structure s mentione d in previous conference s :  

a .  A synclinal basin of sedimentary rocks , the lowe r porous 
strata containing b rine . 

b .  Se dimentary rocks of unifo rm ,  low regional dip , in which 
the wate r might be static or might be in motion , e . g . , 
se dimentary rock sequence of a continental shelf. 

1 . 1 Dis cus s ion of hazards lead to conclusion that s afety was to be 
primary conc e rn t taking prece dence ove r cost . 

2 .  M r .  Ralph Hunte r de s c rib ed the geology of that portion of the 
Michigan B asin with which the Dow Chemical Company is con
c e rne d .  One of the producing ho rizons contains s aturated b r.ine 
in the cente r  of the basin but the mar gins near the outc rop area 
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yield potable wate r s . Another producing ho rizon is the Sylvania 
lime stone at a depth of 5 ,  0 0 0  feet ; 40 fe et of the lime stone has 1 0  
pe rcent poro s ity and the remaining 8 0  feet i s  ve ry dense . The 
bromine -be aring brine is pumped out and waste brine pumped back 
at a rate of 3 50  gallons pe r minute ; it took 3 0 years for the activ
itie s at one well to affe ct thos e  at anothe r well one and one -quarter 
mile s away . B rine s are also extracted from a deep bed of s alt . 
The s alt i s  dis solve d by circulating wate r ;  after a c avern estimated 
to be 7 50 to 8 0 0  feet in size is  forme d ,  the re is  a strong likelihood 
that the roof will fracture and b rine s will b e  drained in from over
lying b e ds . 

3 .  Salient points of the gene r al discus sion . 

Specific gravity of r adioactive waste s range s from 1 . 1  to 1 . 3 , 
and the more gene r al type s are about l . Z0 - 1 . 2 5 .  (Lindsey) 

A bed of s e dimentary rock having the depth and structural con
figuration deemed acceptable for waste sto rage is  ve ry likely to be 
below the zone of potable wate r - - to be filled with brine - - the 
flow of deep wate r s  (whether potable or s alty) is probably ve ry 
slow - - diffusion is prob ably slow . All the se characte ristic s need 
to b e  determine d  befor-e waste is  inje cte d into a particular ho rizon . 

Heat de rived from fis sion in the waste can be dis sipated by dilu
tion . The volume of waste i s  small enough s o  that dilution ratio s 
ranging from 1 :  1 to 1 ,  0 0 0 :  1 are fe asible . 

The boiling point for the given solution at the sto rage depth 
should not be exce e de d  so as to avoid fracturing the roof. 

Heating would b e  lo cal and the rate of brine circulation would 
be ac c ele rate d ,  the reby di s s ipating the heat - - a s elf -de.feating 
cycle . The gentle evolution of vapo r would als o  speed up the trans 
fer of heat . 

Permeability of a storage bed can be inc reased by standard 
ope rating procedure s of the oil fields , e . g . , fracturing and sand 
inje ction . The contact surface between " aquifer" and waste solu
tion can b e  enormously inc reas e d ,  and plugged well-bottoms re 
opened by this means • 

Pre s sur e s  us e d  in fracturing are commonly le s s  than that due 
to the weight of the ove rburden , s o  that it seems hardly po s s ible , 
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mechanic ally , that the ove rburden is being lifte d .  A far more 
likely result i s  that ve rtic al or high - angle fracture s  are formed .  

Might an oil pool have to be s ac rifice d at some plac e , s ome 
time , to provide a dispo s al site ? This is mo st unlikely if the 
dispo s al fluids are made more dense than the displaced ground 
wate rs . In that case the waste s will remain in the lowe st place s ,  
whe reas oil or  gas , being lighter than wate r ,  are trappe d  in the 
high place s  • 

M any unproductive structure s  are known already . 

In many fields operato r s  are working on different strata at the 
s ame time ; it is conceivable that oil might be withdrawn from one 
or mo re horizons while waste was being injected into deepe r hori
zons in the structure . 

- - Lunch rece s s  

M eeting reconvened at Z : OO p . m .  

4 .  Po s sible geologic structural basins in the United State s .  

4 . 1 Inspection of " T ectonic M ap of the United State s" disclo sed 
that there are nume rous large basins s catte red acros s the 
country , many of which are known to contain brine -bearing 
strata at depth ; some are not sufficiently well known to be 
sure of the nature of the deep wate r s  but they inay be fre sh
wate r be aring . 

M ajor  brine -bearing basins  

Michigan B asin 
various Appalachian syncline s 
No rtheastern Louisiana 
Southcentral Oklahoma 
Illinois  B asin 
various We st Texas b asins 

B as ins of 
unce rtain potability 

Denve r Basin ,  Colo . 
Powde r River B asin , Wyo . 
B i ghorn Basin , Wyo . 

4 . Z Coastal plain areas offe r an alte rnative method : introduction 
of waste s into b rine -b e aring perme able s e dimentary forma
tions that dip gently seawar d ,  and pas s bene ath the continental 
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shelf; the containe d wate r s  are not static but move slowly 
down dip . 

8 5 .  

The Atlantic Coastal Plain appear s gene rally unfavorable 
at thi s time because the known s e dimentary s e ction on land 
is thin , and much potab le water is involved .  

In the C ape Hatte ras region a sequence a s  much as 1 0 ,  0 0 0  
feet thick is  known which include s b rine -b e aring s andstone 
formations .  T he formations of the shelf slope seaward and 
thicken seaward , and are potentially useful for the dispo sition 
of waste . (Denison) 

The Gulf Coastal Plain appear s le s s  unfavor able than the 
Atlantic : here there are tens of thous ands of fe et of b rine 
be aring sediments dipping Gulfward . However , in many of 
the se ve ry high abno rmal pre s sure s ( as much as 1 0 , 0 0 0  feet 
of anomalous head) prevail . Such well s are always in dange r  
o f  blowing out . Very careful inve stigations would the refore 
be ne ce s s ary in this area . Moreove r , the oil fields he re , 
both on land and in the Gulf , are quite clo s e ly spaced . 

4 .  3 The Great B asin Province contains many potential di spo s al 
site s in the form of deep gravel -filled topo graphic basins as 
well as structural basins in deformed s edimentary rock . The 
geolo gy of this vast are a i s  so little known , howeve r , that 
each pos s ible site will have to b e  inve stigate d extensively . 
The chances appe ar high that a number of site s can be  found . 

4 . 4  The Columbia Plate au , a s ection ove r s ; ooo feet thick of 
basalts with many po rous zone s , appear s to be an unlikely 
place to find suitable dispo s al site s ; in that area there  is  a 
rapid dis charge of enormous quantitie s  of potable wate r . 

5 .  Salient points o f  the gene r al di scus sion . 

When the i so - s alinity line s are parallel to the structural con
tour line s , the b rine is  static . 

In we st- central Kan s as the stupendous quantitie s  of brine from 
petroleum ope rations are di spo s e d  of by allowing them to flow 
(without need of pumping ) into " granite wash" at base of strati 
graphic se ction . The brine s are not static but flowing through this 
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highly perme able laye r ,  and are below any po s sible productive 
zone of oil or potab le wate r .  

A s imilar " granite wash" at Amarillo Ridge i s  below all 
potable wate r and drains northward . It is uncertain whether or 
not the fre sh water farthe r to the north might be affe cted if ra
dioactive waste s we re introduce d  into this particular " granite 
wash" . 

"Granite wash" o r  analogous pe rmeable b as al laye rs  may 
well exist in grabens of the Great Basin region . 

6 .  M r . Gorman reminde d the group of the immediately urgent prob 
lems at the existing AEC installations .  

It was recognized that the exi sting AE C  installations ,  as 
well as the fir st s e rie s  of propo s e d  powe r reacto r s , pre sent 
spe cial problems since the s e  seem to have been located without 
much regard for the waste -dispo s al problem . In each instance 
a competent geological review will have to be made to find the 
least inconvenient waste - dispo s al site available . In all future 
installations the ac c e s sibility to a safe dispo s al site should b e  a 
major conside ration in dete rmining the plant location . 

7 .  The motion was made 

That waste be dispo s e d  of without concern for its recove ry , 

Seconded and pas s ed . 

8 .  Mr . John G .  Ferris de sc rib e d  some conditions obtaining in the 
Michigan B asin and elsewhe r e , and po sed  s everal que stions ,  
summarize d  as follows : 

Expe rience with two pe rme able zone s b etween confining beds 
shows that long -te rm withdr awal of b rine can draw wate r from 
c onfining beds , as evidence d  by change s in s alinity , hardne s s , 
and other data in industrial records . 

In a submarine aquife r the contact between fre s h  and s alt 
wate r may be far off s hore , as shown by fre sh wate r wells and 
springs ; might radioactive waste s e s cape to ocean from leaks 
in the aquife r ? 
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87 . 

Contact of fre sh and s alt wate r in aquifer is  in dynamic bal
ance ; man capture s  fre sh wate r on surface so re charge i s  im
peded and the contact migrate s upward .  

Inje ction of liquid into permeable formation rai s e s  pre s s ure . 
C racks , faults ,  unplugged o r  poorly plugged drill hole s (locations 
in many case s unknown) would permit waste s to leak out of for 
mation intende d for storage and enter formations containing valu
able oil or wate r .  Pre s sure increas e s  might induce fracturing 
and leakage . 

Delibe rate hydro - fr acturing and s and-fracturing might break 
the confining beds relied on to contain the waste . 

Waste may move out slowly but the pre s s ure wave would 
move out r apidly : what effect would this have on the contact of 
fre sh and s alt wate r ?  And on existing industrial and dome stic 
use r s ? 

To measure , mm1mize ,  and po s sibly control the pre s sure 
effects , the brine to be used as diluent could be pumpe d from the 
s ame formation the waste is  to be injected into ; the " diluent wells"  
could b e  spaced around the "injection well" so  as  to  create a 
clo s e d  system . 

9 .  C ro s sb e d  le akage might b e  monitored and controlled by rings of 
wells around inje ction well . (Holland) 

1 0 .  If the waste solutions are heavy , the leaks will be downward , out 
of environment ; using basins means that the dispo s al of waste 
would not be taking place in structure s of pre s ent or potential in
te re st for petroleum; enormous basins are available and small 
one s will suffice .  Waste solutions could be made light for s eque s 
te ring in anticline s but there are important objections : leaks would 
be upward ,  toward the biologic environment , and toward zone s of 
potable wate r and pos sible oil ; anticline s are gene rally small ; the 
oil industry alre ady occupie s a great number of anticline s making 
for competition with dispo s al installations ,  an added difficulty for 
AEC which i s  unne ce s s ary in view of the abundance of basins . 
(Hubb e rt) 

1 1 .  Afte r  numerous attempts to formulate basic principle s and recom
mendations of policy , the motion was made , seconded , and pas sed , 
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that a small group make the formulation and pre sent it to the 
C ommittee for dis cus sion and action . M e s s r s . W .  B . He roy , 
D .  J .  Varne s , and H . D .  Holland we re appointed the Sub commit
tee on Re s olutions . See item 1 4 .  

1 2 .  In order to obtain a clearer ide a of the magnitude of the waste 
disposal problem , the following c alculation was made : 

Suppo se  that b eginning in 1 9 60 , nuclear powe r we re produced 
at  a rate equal to the pre s ent entire powe r output of the United 
State s ,  and the waste products , diluted to the extent of 5 0  gallons 
of water per gram of fis s ion products , we re injecte d  unde rground 
into a sandstone 1 0 0 feet thick , having 2 0 pe rcent poro sity , what 
would b e  the are a of the s and that would be filled with waste prod
ucts by the year 2 000 ? At the meeting an approximate calculation 
was made , and the following are the slightly revised results : the 
pre sent powe r output of the United State s i s  about 4 .  8 X 1 o l l kw
hr /yr ( 1 08 kw at a load facto r of 0 .  54) . The quantity of U - 2 3 5  
requir e d  would b e  8 4 metric tons pe r ye ar , and the dilute d wastes 
would amount to 1 0 0 million ( 42 - gal) bar rels pe r ye ar . B y  the 
year 2 000  the area occupied by the waste s would be 40 square 
mile s ,  or a square of 6 .  3 mile s to the side -- the size of a large 
oil field . 

Fo r comparison , in the East Texas oil field , 1 00 million 
b arrels of water per year are c ur rently being inj ected through 
58 well s with 7 - inch casings . Eight wells take ove r 1 0 ,  000  bar 
r els  pe r day e ach without pumping . 

Since structural b asins thi s size , o r  much larger are abun
dant , it is  conclude d that the deep underground dispo sal of waste s 
for a long time to come would involve ope rations which are small 
as  compared with tho s e  of the petroleum industry . 

1 3 . Salient points of the gene ral di s cus sion . 

If the waste solution we re to inte ract with either the rock 
constituents or  the containe d b rine s , precipitate s might form 
which woulcl clog the pore s of the reservoi r rock . C ompatibility 
of the waste with the rock and water would have to be dete rmined 
in advance ;  it will be ne ce s s ary to treat the waste so  it will be 
compatible . 
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8 9 . 

The po s sibility should be considered that some or all of the 
fi s s ion products may tend to be captured by the clays and othe r 
mine ral components of the r e s e rvoir rock near the well bore and 
hence create an uncie sirable local "hot- spot . "  This contingency 
needs prior inve stigation in order that it may be avoided .  

The total volume of waste , at ten-fold dilution , produced by 
a 1 0 0 , 000 megawatt powe r e conomy ( assuming 5 gal / gmu2 3 5 ) i s  
1 o/o or le s s  o f  the annual extraction o f  petroleum in the United 
State s . 

M o st of the fis sion heat i s  gene rated in the fir st 1 00 days to 
one year , and tank cooling is fe asible . Strontium and cesium 
produce 9 9+o/o of the heat ,  and the calculations in item 1 2 allow 
for Sr and C s  so the figure s  are realistic and conse rvative . 
Strontium and c e sium can be remove d from the waste , concen
trated to small volume , and given spe cial handling and sto rage , 
if ne ce s s ary , such as  seque ste ring in a deep , dry mine . 

There undoubtedly will be prob lems in de signing the inje ction 
well equipment but the.re is no reason to fear that they will be  
beyond the re alm of e stablished enginee ring s cience s . (Gilluly) 

- - Dinner rece s s  - -

M e eting re convene d at 8 : 1 5 p . m .  

1 4 .  M r .  He roy read the formulation of the Sub committe e on Re solu
tions ; afte r di scus sion and modification , the motion was m ade , 
se conde d ,  and pas s e d  that the fo rmulation be  adopte d as the con
clusions and recommendations of thi s Committee , as  follows :  

The committee has accepted as premise s the following : 

A .  That the nuclear waste , if stored unde rground , should 
be i solate d as pe rmanently as po s sible from contact 
with living organi sms ; 

B .  That the nuclear waste may be sto red unde r conditions 
whe re it need not be  recove red ; 

C .  That the di spo s al of waste i s  a spe cial problem for each 
particular installation . 
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9 0 . 

It is  conclude d that the se gene ral principle s should guide the 
s ele ction of methocis of di spo s al :  

1 . That the liquids containing the nuclear waste , shall have 
a greate r specific gravity when introduced into the re s 
e rvoir than the liquids alre ady pre s ent in the r e s e rvoir ; 

2 . That the liquids shall b e  stored underground prefe r ably 
where they will remain under e s s entially static conditions ;  

3 .  That the introduction of the fluids into the bottom of struc 
tural basins i s  one me ans of s ati sfying effectively this 
condition ; 

4 .  That adequate monito ring of the distribution of nuclear 
waste within the r e s e rvoir be provide d by appropriate 
ob s e rvation wells , which could al so s e rve as sourc e s  of 
siluent ; 

5 .  That , prior  to the introduction of nucle ar waste liquids 
into the r e s e rvoi r , the prob lems of heat dis sipation , 
clogging of rese rvoir spac e , and chemical re action with 
the r e s e rvoir rock and fluids be evaluate d .  
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9 1 . 

APPENDIX D 

COMMIT TEE ON SHALLOW DISPOSAL 

SUMMARY MINUTES OF MEETING OF SE PTEMBER 1 1 ,  1 9 5 5  

C alle d to orde r  at 1 1 : 0 0  A . M . b y  Dr . John C .  Frye , Chairman 
of Committee . 

AT TENDANCE 

Fo r full name s and affiliation s consult List of Participants . 

Abe lson F rye M acMur ray 
B enson Goldich Mo rton 
B ranson Hunt Newell 
B rown Inge r son Piper 
B ryant Jenkins Pre s cott 
C lark Kohman Riley 
C laus Lasky Roedde r 
C rame r  Latta Struxne s s  
Curti s Lieberman Theis  
Curti s s  Loofbourow Thomas , Harold A . , J r . 

Thomas , Henry C .  
PROCEE DINGS 

1 .  It was agreed that the subject  would be b roken down into cate go r 
i e s  based on geologic environment , and the following four general 
c atego rie s we re set  up : 

a .  Surface exc avations 
b .  Infiltration into shallow pe rmeable beds 
c .  Natural and artificial exc avations , including mine s 
d .  Artificial solution c avitie s (principally in s alt) 

During the proce eding s it was de cided to include the cavitie s 
in s alt (cate gory D) in category C .  

2 .  Surface excavations . The e stimate of  1 ,  000  J allons of waste per 
day for a one megawatt re acto r was used as a yardstick fo r all the 
following di s cus sions . 
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92 . 
A .  Quarrie s in granite and other c rystalline rocks . 

( 1 ) Advantage s 
Availability . The re are nume rous ab andoned granite 

quar rie s in many parts of the country (e . g . , 
T exas , M inne sota , etc . ) • 

Low cost  of acquiring and preparing di spo s al s ite . 
Recove rability of mate rial if it is  wante d .  
If the quar ry i s  tight , the mate rial will not move . 

(2 )  Haz ards 
C ontamination of ground wate r or  of atmo sphe re by 

leakage or by s ucking up of mate rial in to rnadoe s .  
Vulne rability to bombing . 

( 3 ) Prob lems and unknown facto r s  

a .  E ffe ctivene s s  o f  a grout curtain t o  prevent se epage 
into ground wate r . It was doubted by the engineering 
geologi sts pre sent that any grout curtain is 1 0 �  pe r 
cent effective . 

b .  How could such a site be effe ctively monitored , an 
apparent nec e s s ity in any jointed c rystalline rock ? 

c .  C an the waste s be made self- sealing and thus provide 
their own " grout" curtain ? Apparently thi s c annot be 
answered at the pre sent time . Current waste s are 
high in aluminum s alts , which might be us eful in self
s e aling , but powe r reacto rs will  undoubtedly have 
waste s high in zirconium or  stainle s s  steel . More re 
s earch is  nee ded on s e lf- sealing pos sibilities . 

(4) C onclusions 
It was the opinion of the majority that both grouting 

and self- se aling are probably unr eliable . Granite 
quarrie s are fe asible only if the wa ste s c an be per 
manently immobilized . 

( 5 ) Signific ant parts of di s cus sion le ading to above summary. 

Goldich : The re are a numb e r  of granite quar rie s which 
might be use d ,  e specially in Texas or Minne sota . You 
could combine surface di spo sal with self- s ealing . I 
favo r surface di spo s al because you know whe re it i s . A 
pit 1 00 x 2 00  x 5 0  fe et could hold a million gallons . 
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I neve r saw a quarry that was wate r tight . 

I know whe re it is  and that it isn 't  going to move 
around . It doe sn ' t  have to be granite , it c an be any 
firm rock . 

9 3 . 

The health agencie s are going to insist on s ome spe c 
ifications .  It cannot le ak into ground water which will be  
used for drinking or  irrigation . It  cannot be a source of 
contamination of the atmo sphe re . Winds have a way of 
whipping up a lot of surface water into the atmo sphe re . 
A tornado could suck up the total contents and spread 
them over the landscape . A cove r would b e  indicate d .  
(AEC ) 

What would be  needed would be a test of the pit with 
trac e r s , ove r a period of time equivalent to the length 
of storage time . 

M onitoring in jointed rock would b e  difficult . Some 
method should be used to immobilize the waste s 
grouting , self- s e aling , etc . 

One of the fi rst  prope rtie s to b e  dete rmine d i s  the 
leaching qualitie s of the sintered waste s . 

Hatch at B rookhaven has info rmation on le aching from 
montmorillonite clay . 

When we talk about self- sealing , we have to remember 
that aluminum i s  in the picture because all re acto r s  now 
are r e s earch re acto r s ; with the high tempe rature s  in
volve d in the power field , the waste s will b e  zirconium or  
stainle s s  steel . ( Union C arbide and C arbon) . 

Anything on the surface is  going to make an attractive 
military target . 

The current system of storing in tanks pre sents the 
s arne hazard . 

Anothe r surface bas in might be a lake , o r  a large de 
pre s sion like Death Valley . 
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94 . 

Death Valley i s  an active sei smic area . The re has 
been a movement of about 3 5 0  feet in front of the Fune ral 
Range in the last thousand ye ar s . 

Granite quar rie s s e em to be open to the objection that 
you neve r know whethe r it i s  actually tight . 

How about grouting granite ? 

No grouting o r  facing job is  perfect . If grouting we re 
the factor on which we we re going to rely , I ' d  hate to be 
the one to approve it . I have had lots of experience and 
have no faith in it , beyond its specific c apabilitie s .  
(Pre s cott) 

Chairman :  Is  the cons ensus on c rystalline rock qua r ries  
that the waste s should be self- s e aling or  immobilize d ? 

If grouting isn 't satisfacto ry , how c an you rely on s elf
sealing as sati sfactory ? (Pres cott )  

C ons ensus : Self- sealing and grouting are unreliable , and 
granite quarrie s would be  acceptab le only if the waste is  
pe rmanently immobilized . 

B .  Excavations in pe rme able non- c rystalline rocks such as s and
stone , lime stone , coal , etc . The s e  site s appe ar to have all 
the dis advantages  of granite quarrie s in a magnified fo rm . It 
would be virtually impo s sib le to s e al them so that liquid 
waste s would not contaminate ground water suppli e s . They 
are not wo rth cons ide ring unle s s  the waste can be pe rmanently 
immobilized in a solid form . 

C .  Excavations in non-permeable mate rials - - clays and shale s .  

( 1 ) Shale pits appear to have all the advantage s of granite 
quar rie s plus the po s sibility that they might be made 
"tight" more easily by s e lf- se aling , adso rption , etc . It 
was also sugge sted that a non- radioactive sealing mate 
rial might be found for clay or  shale , thus producin-3 a 
memb rane or  lining fo r the pit . 

( 2 )  Hazards and Problem s .  All rocks , including shale s ,  are 
so variable that it would be difficult to guarantee the 
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s e aling of any pit . Adsorption by the clay minerals 
s e ems to show signs of promise , but in the ground this 
reaction i s  reve r sible and therefore not reliable as a 
" se aling" method . Long monitoring of low-level waste s 
may give valuable data on the s e  problem s .  

( 3 ) C onclusions . Di spo s al in shale pits i s  too ri sky in our 
pre s ent state of knowle dge . The method , howeve r ,  may 
have promi s e , and continued re search on adso rption and 
s e aler s  is recommende d .  

( 4) Signific ant parts of the di scus sion le ading to above sum 
mary . 

If the mate rial i s  place d  in shale pits , depo sition of 
solids will oc cur at the bottom and produce sealing there . 
The clear supernatant with some high radioactivity will 
pas s out the side s • 

C an we as sume pH control ? 

Only at great cost  and inc rease in volume . (ORNL ) 

The que stion has been raised  of the effe ct of zirconium 
and the po s sibility of zirconium re cove ry . 

Zirconium is  tetravalent and has a high replacement 
value for othe r adsorbed ions and would di splace the 
strontium . 

C ouldn 't we use nonradio active material to seal and 
then place in it the radioactive mate rial ? Then the mem 
brane would be self- s e aling . 

Ide al conditions are being as sumed .  The re i s  a great 
variation in rocks in their cementing abilitie s to the ex
tent that prob ably no one would place hi s stamp of ap 
proval on it . 

If the shale i s  thick and stable it might be a good 
gamble , sinc e it could be monitore d .  

Se aling depends on the inte raction with the ro ck . Dilu 
tion may damage the gel . 
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You may build up a concentration of radioactive mate 
rial in the gel and get a high he at . 

Doe s  anybody have any ideas on what would happen by 
throwing some bentonite in this mate rial to help it gel ? 

B entonite lo s e s  its prope rti e s  in acid solutions . 

I s  there  a geologist pre sent who knows of a clay de 
po sit ten feet thick , without bedding plane s and fracture s ? 
(No voluntee r s ) 

In propane sto rage we can take a slight lo s s  but he re 
we ' re talking about ze ro le akage . I don 't  trust any natural 
mate rial not to le ak . 

Eve ryone s eems to agree that for any proc e s s ing that 
you do which depends on plugging pore s , the period of 
te sting would be so long that it cease s to be of inte rest .  

Consensus : Without r e s e arch , shale is  not s afe . 

3 .  Infiltration into shallow permeable beds . 

A .  B e ds b elow th e  water table . 

( 1 ) Aquifer s  below the wate r table could be considered only 
in i solated de s e rt b asin areas like thos e  of Nevada , and 
even he re they have no advantage s over deep aquife r s . 
In addition ,  they have more potential problems than the 
deep strata , e . g . : (a) in clo sed b asins the solutions 
might rise  to the surface and evaporate ; (b )  even in de s 
e rt areas , shallow aquife r s  are commonly use d  as water 
supplie s :  ( c )  we don't  know enough about the movement 
of ground water in these basins . 

(2 ) Current expe riments on adsorpticm indicate that about 20 
tons of montmorillonite clat m.ay be enough to adsorb 

1 , 0 0 0  gallons of waste , mo•tly by base exch.aJlae . The 
re action , howeve r ,  is reversible . 

( 3 ) C onclusions . Dispos-al in shallow aquifers below the 

wate r table is not recommende d .  It would be po ssible 

Copyright © National Academy of Sciences. All rights reserved.

Disposal of Radioactive Waste on Land; Report
http://www.nap.edu/catalog.php?record_id=18527

http://www.nap.edu/catalog.php?record_id=18527


97 . 

only if further te sts on ad�o rption indicate that the r adio 
active ions will not migrate any great distance . Even in 
this event , dispo sal in deep aquifer s  would be safe r . 

(4) Significant parts of dis cus s ion leading to above summary . 

Chairman: Infiltration of mate rial clo s e  to the surface 
into pe rmeable and semiperme able formations : 

A good e stimate of adso rption capacitie s would be 
twenty tons of clay fo r complete adso rption of one thou
s and gallons . How much clay is there in the de s e rt 
basins ? (Henry Thomas ) 

In de se rts there are thous ands of cubic mile s of clay . 

I would not trust de s e rt b asins which appear to have 
no natural drainage . 

Even if the basin i s  not closed , if the time is  long 
enough in getting over the rim , isn 't  this  adequate ? 

In these basins there are gravel laye r s  extending out 
from the mountains like tongue s (illustrated by interlock
ing finge r s  pointing the tips downward) . The re are gravel 
and clay in about fifty-foot laye r s . E ach gravel laye r has 
pe rched wate r .  

Has any estimate b een made of the age of the se wate rs ? 

The re would be  stratification and mixing from wells . 
If you are thinking of tritium me asurements , the se would 
be ve ry difficult . 

C onsensus : W e  conside r di spo s al in perme ab le beds 
should not be done below the wate r table , unle s s  sub se 
quent info rmation indicate s that adso rption will protect 
the aquife r above . 

B .  Beds above the wate r table . 

( 1 ) Po s sibilitie s .  A part of the committee was of the opinion 
that this might be worth trying in isolated de s e rt areas 

Copyr ight  © Nat iona l  Academy of  Sc iences.  A l l  r igh ts  reserved.

Disposa l  o f  Radioact ive  Waste on Land;  Repor t
h t tp : / /www.nap.edu/cata log.php?record_ id=18527

http://www.nap.edu/catalog.php?record_id=18527


98 . 

whe re the te st could be monitored effe ctively . Areas 
s uggested we re : an i s olated me sa on the C olo rado 
Plateau ;  the edge of a fanglome rate , whe re gravels  in 
te rfinger  with clays ; and an area unde rlain by loe s s . 
During the dis cus sion , it was apparent that the fe asibil
ity of the s e  site s was predicate d on the as s umption that 
clay mine ral s  would adsorb the r adio active ions . Yard
stick for the dis cus sion was : A cubic mile of semi 
consolidated material contains about 1 0 1 0  tons . I f  the 
mate rial has 1 pe rcent montmo rillonite , it would adsorb 
1 ,  0 0 0  gallons a day fo r 1 ,  000  year s . 

a .  The Colorado Plate au was deeme d a poor plac e fo r 
carrying on the expe riment , because too little is  
known about the movement of ground wate r in the 
aquifer s  there . The mate rial might find its way to 
surface springs too quickly . 

b .  The fanglome rate at the e dge of a de s e rt mountain 
range would be a suitable te st s ite , if preliminary 
labo ratory te sts are favo rable . 

c .  A loe s s - covered area would be good if it is  sufficiently 
i solate d ,  and if the preliminary te sts are favorable . 

(2 ) Recommendations for te sts and requirements . 

a .  "C ool" the waste fo r a pe riod of seve ral year s . 

b .  C onduct specific retention studie s on loe s s  and othe r 
mate rials . 

c .  C onduct re search on trac e r s  to dete rmine rate s of 
g round wate r movement through uns aturate d mate rials 
and movement of cations in the wate r . Helium was 
s ugge sted as a trace r .  

d .  Laboratory studies  on cation movement as relate d to 
heat effect . 

( 3 ) C onclusions . This method of dispo s al i s  worth inve sti 
gating , but cannot be re commende d at the pre s ent time . 
Extensive res earch will be  ne eded , with no guarantee  of 
succe s s . 
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4 .  Natural cave rns and artificial excavations ,  including artificial 
solution cavitie s .  

9 9 . 

A .  Natural C ave rns . Natural C ave rns are in the zone o f  potable 
wate r and leak like sieve s . They are totally unsuitable for 
dispo s al of liquid waste s . They would be us able for dry im 
mobilize d  waste s . Also , a dry cave rn above wate r table 
would be suitable for dry waste s .that we re not immobilized 
but that we re suitably packaged .  

B .  Ab andone d Mine s . 

( 1 ) Shallow mine s are s imilar to c ave rns in that most are 
wet and even the dry one s would prob ably leak if filled 
with liquid waste s . Evapo rate d solid s in cans could be 
stored in shallow dry mine s . 

(2 )  Deep mine s are commonly below the water table and are 
dry . A de ep dry mine (not on a fis sure vein depo sit) 
would definitely be suitable for sto rage of dry waste s in 
containe r s  and might be  suitable fo r liquid waste s . He at 
would b e  a problem , but could probab ly be solve d .  One 
difficulty would be to find a mine that the owne r s  would 
be willing to abandon . 

( 3 ) Signific ant part s  of di s cus sion . 

Abandone d mine s are ve ry clo s e  in structure to natural 
cave rns . 

Real deep mine s are dry . C anne d pe ache s have been 
taken from mine s afte r twenty ye ar s ' sto rage and the cans 
are still b right and shiny and free of  rust . 

Deep mine s might b e  difficult to obtain because they 
are expensive and , even if unused , the owne r s  might be 
reluctant to part with them . 

There i s  a mine in Ontario in a pre - C amb rian formation 
in the middle of a lake . No wate r has eve r  been pumpe d 
from it . 

If de ep , dry , non -vein mine s below the zone of ground 
wate r table c an  be found , they may be s uitable . If the 
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s ite i s  s atisfactory thi s would b e  worth lookirig into for 
liquid waste s . 

Mine s are also  ve ry promis ing for solid storage . 

C .  Special Exc avations , including s olution cavities  in s alt .  

( 1 ) Gene ral statement . Special excavations have all the ad
vantage s of mine s exc ept for their higher cost . In addi 
tion , we can choose the location , geologic horizon , 
geometry , etc . The cost  of spe cial shafts would be about 
$2 0 0  a foot· for the main shaft with a 6 to 8 - foot diamete r ,  
$ 1 00 /ft . for cro s s  cuts , and $ 1 0 0 / ft . for ventilation shafts . 
As in mine s ,  heat dis sipation would be a problem , but the 
excavation could be de signed to aid this dis sipation . 

(2 ) Excavation of solid rock . Deep shafts in c rystalline rocks 
might be practical - - they would have the same character
i stic s a s  deep abandoned mine s . Also , it  seems worth 
while inve stigating artificial excavations in shale . Al 
though surface pits in the shale are probably not leak 
proof , excavations in thick shale b e d s  i n  Illinois have re 
mained bone - dry since they we re made (Loofbourow) . It 
was the opinion of s eve ral enginee ring geologi sts that dry 
chambers  can be excavated at relatively shallow qepths 
in . thick shale fo rmations . A great deal of testing would 
be ne ce s s ary , however , befo re one of the s e  cavitie s 
c ould b e  endo r s e d  for the dispo s al of liquid waste s .  Type 
of r e s e arch needed is : mechanical strength te sts of the 
particular formation involve d ,  stability of the shale in the 
pre s ence of the particular solutions , etc . The c o st of 
propane storage in this  type of cavity runs from 7 to 1 4  
dollar s  a barrel . 

( 3 )  Dis solve d cavitie s in salt . Solution cavitie s in s alt are 
prob ab ly the mo st promi sing site s fo r relatively shallow 
dispo s al of liquid waste s . B oth bedde d salt and s alt dome s 
are po s sible , although be dded s alt would have more prob 
lem s , such as  the greate r difficulty of controlling the s ize 
and shape of the cavity and the additional te sting of the 
roof and floo r rocks . 

a .  Advantage s of salt cavitie s .  
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Availability . There are nume rous beds of s alt in 
the mid - continent area and hundreds of dome s 
along the Gulf Coast . Acquisition cost would be 
low . 

Physical characte risti c s . Salt will flow under pre s 
s ure , and in the s alt dome s would b e  self- sealing 
around cavitie s .  Its high conductivity ( about 
twice that of mo st rock s )  and relatively high 
melting point ( 80 1 0  C at pre s sure of 7 60 mm Hg) 
would help in heat dis sipation . It was stated that 
this type of storage could be developed at a cost 
of $3 .  5 0  pe r bar rel . 

b .  Hazards and unce rtaintie s .  C avitie s and mine s in 
bedded s alt might be subject to cave - ins ; the strength 
of the roof rock would have to be carefully te ste d .  
Seismic activity might fracture s alt o f  the dome s and 
permit the e s c ape of some waste before the s alt re 
s e ale d the fi s sure . 

c .  Re s e arch nee de d .  
Extensive laborato ry studie s o f  s alt unde r the 

he at ;;t.nd pre s sure conditions that would exist . 
T e st als o  the ide a of di s sipating the heat by 
making the s alt c avity act as a reflux condense r . 

Dete rmine size , shape , and spacing of  cavitie s to 
allow heat dis sipation . 

Phas e  rule study of s alt in pre s ence of waste solu
tions . 

Migration of c avity along line s of stre s s  by diffe r 
ential solution . 

d .  C onclusion . Solution cavitie s in s alt dome s are 
probably the b e st potential site s for the disposal of 
liquid waste s at shallow depths . Caviti e s  in s alt 
beds are also  good potential site s , but must be 
viewed with more c aution . Rathe r extensive labora
tory te sts will be ne ce s sary before di spo s al in s alt 
c an be attempte d ,  but this r e s e arch i s  pretty 
straightforward , and is pointed toward the que stion 
of how to do it r athe r  than whether it can be done . 

e .  Significant parts of dis cus sion on s alt . 
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In Kans as six cave rns we re dis solved in bedded 
s alt fifty feet thick for LP storage . The se had a 
capacity of 2 5 , 0 0 0  barrels and we re within 500  feet 
of e ach othe r , but not conne cte d .  A well for the 
dispo s al of the dis solved brine was drilled at a cost 
of $80 , 00 0 . The cost of the fir st cave rn , including 
the well , was $7 . 00 per barrel and for the remain
ing five , $3 . 0 0 to $3 . 50 per barrel . 

I think if conditions we re favorable the cost could 
go down to fifty cents to a dollar a barrel . 

Do you have any ide a of the shape of the s e  caverns ? 

There ' s  no way of knowing . 

I don 't think you can predict the shape becaus e most 
beds are shot full of fracture galle rie s .  In T exas we 
have di s solved two c averns in s alt , not bedded , of 1 .  7 
and 2 million cubic feet . The diamete r is  about 2 7 0  
feet , a s  measured b y  sonar explorations . The depth 
i s  controlled using gas or  oil cushion . I think you 
could probably get this for $2 0 ,  0 0 0 . In C anada there 
i s  one which i s  eighteen feet deep , lens s]lape d , with 
a lime stone roof . 

Salt dome s can be written off as  e conomically 
worthle s s  because  of huge amounts of s alt available . 
Salt has twice the heat conductivity of soil , and a 
melting point of 8 0 0° C .  The liquid can be s aturate d 
and prob ably would stay there for year s . 

Put hole s down into a dome , say thirty feet in di 
amete r and one thous and feet deep . Keep them at , 
fifty pounds ' pre s sure and let them ope rate as  reflux 
condense r s . 

Reflux action may take mate rial from the top and 
place it at the bottom . Differential heating would re
move mate rial from the the side s . 

M aybe the hole will c r awl . 

I think thi s will wo rk and I ' d  sure look into it . 
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Would the re be an evolution of chlorine gas ? 

No c alcium sulfate usually i s  pre s ent .  

Thi s c an  b e  tested in the laboratory. 

I don ' t  believe the reflux condens e r  ide a is  any
thing more than a wild dre am . U s e  wate r or b rine 
to dilute or any metho d to get the heat into the body 
of the s alt . Howeve r ,  the re is  an eno rmous calcu
lation on heat to be made . 

I ' m  lukewarm on s alt beds but not on s alt dome s . 
The re are two hundred and forty-two dome s from 
Alabama to T exas . Some may be fifteen thousand 
feet thick , or more . 

Consensus : Salt storage i s  a preferred method for 
liquid dispo s al .  

Chai rman : Will someone summarize the re s e arch 
needed ? 

It would be  nice to know how it can be done - - how 
many - - what spacing - - what control - - unde r what 
conditions and how fast it would bur row with diffe rence 
in heat up , down , and sideways . 
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APPENDIX E 

PARTICIPANTS IN THE CONFERE NCE ON 
DISPOSAL OF RADIOAC TIVE WASTE PRODUCTS 

Princeton , New J e r s ey - Septemb e r  1 0 - 1 2 , 1 9 5 5  

Abelson , Dr . Philip H . , Director , Geophysical Laboratory , C arnegie 
Institution , 2 8 0 1 Upton Str eet , Washington 8 ,  D .  C .  

B enson , Dr . William E . , Chief Geologist , M anidon Mining C orporation , 
3 07 First Street , N .  W . ,  M andan , N . D .  

Bli s s , M r . Lyman A . , Vice -Pre sident , Union C arbide Nuclear Com 
pany , 3 0  East 42nd Street , New York 1 7 , N .  Y .  

B r anson , Dr . Carl , Director , School of Geology , Unive rsity of 
Oklahoma , No rman , Okla . 

B rown , M r s . Helen , Department of Sanitary Engineering & W ater Re 
source s ,  Johns Hopkins Unive rs ity , B altimore 1 8 , M d .  

B ryant , M r . George , Department o f  Sanitary E ngine e ring & Wate r Re 
source s ,  Johns Hopkins Unive r s ity ,  B altimore 1 8 , Md . 

Burleigh , Mis s Jean ,  Stenotype Reporting , 1 0  E ast 43 d Str eet , New 
York 1 7 ,  N .  Y .  

Christy , Dr . J .  T . , Atomic Ene rgy C ommi s sion , Hanfor d  Proje ct , 
Richland , Washington 

Clark , M r . Joseph R . , The DuPont Company , Savannah Proj e ct , Aiken , 
s .  c .  

Claus , Dr . Walte r D . , Chief , B iophysic s B ranch , Divi sion of B iology 
& M e dicine , Atomic Ene rgy C ommi s sion , W ashington 2 5 , 
D . C . 

Crame r , Mr . T .  M . , U . S .  Potash Company 3 0 Rockefelle r Plaza ,  
New York , N .  Y .  

Culle r , M r . Floyd L . , Jr . , Director , Chemical T echnology Divi sion , 
Oak Ridge National Laboratory , P .  0 .  Box P ,  Oak Ridge , 
Tenn . 

Curti s , Dr . Howard J . , Chairman , Department of B iology , B rookhaven 
National Laboratory , Upton , Long I sland , N . Y .  (Repr. 
NAS- NRC Divi s ion of B iology & Agriculture ) 

Curti s s , Dr . L .  F . ,  Consultant , National Bureau of Standards , Wash
ington 2 5 ,  D . C .  (Repr e senting NAS- NRC Division of 
Physical Scienc e s )  

Denison , Dr . A .  Rodge r ,  Vic e -Pre sident , Ame rada Petroleum Corpo 
ration , B ox 2 040 , Tuls a ,  Okla . 

Ferris , M r . John G . , U . S .  Geological Survey , 407 C apitol Savings & 
Loan Bldg . , Lansing 68 , M ich . 
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Frye , Dr . John C . , Chief ,  State Geological Survey , U rb ana , Ill . 
Garrels , Dr . Rob e rt M .  , Chie f ,  Solid State Group , Geochemistry & 

Petrology B ranch , U .  S .  Geological Survey , Washington 2 5 ,  
D . C .  

Gilluly , Dr . J ame s , Chief , Gene r al Geology B r anch , U .  S . Geological 
Survey , Denve r Fede ral Cente r ,  Denve r 1 4 ,  Colo . 

Goldich , Dr . S .  S . , Department of Geology and Mine ralogy , Univer s ity 
of Minne s ota , Minneapolis 1 4 ,  M inn . 

Gorman , M r .  A . E .  , Reactor Development Division , U .  S . Atomic 
Ene rgy C ommi s sion , B ldg . T 5 , 1 9 0 1  Constitution Ave . ,  
W.ashington 2 5 ,  D . C • 

Griggs , Dr . David T . , Institute of Geophysic s ,  Unive r sity of C alifo rnia , 
Lo s Angele s 2 4 ,  C alif . 

Hawkins , M r .  Murray ,  Profe s sor  of Petroleum Enginee ring , School of 
Geology , Loui siana State Unive r s ity , B aton Rouge 3 , La . 

Hedman , M r . Fritz A . , Radiological Division , Chemical & Radiological 
Laboratory , Army C hemic al C ente r , E dgewood , M d .  

He roy , M r . William B . , 3 7 1 2  Haggar Drive , B ox 7 1 66 ,  Dallas 9 ,  Texas 

He s s , Dr . H.  H . , Profe s so r  of Ge ology , Princ eton Univer s ity , Prince 
ton , N .  J .  (Confe rence Chai rman) 

Holland , Dr . Heinrich D . , Profe s s o r  of Geology , Princeton Unive rsity , 
Princeton , N .  J • 

Hubbe rt , Dr . M . King , Chief Consultant , Gene r al Geology , Shell Oil 
Company , B ox 20 9 9 , Houston 1 ,  T exas 

Hunt , M r . Chas . B . , U .  S .  Geological Survey , Denve r Fede r al C enter , 
Denve r 1 4 ,  Colo . 

Hunte r ,  M r . Ralph , Dow Chemical Laborato ry , Midland , Michigan 

Inger s on ,  Dr . Earl , Chief , Geochemi stry and Petrology B ranch , U .  S . 
Geolo gical Survey , Washington 2 5 ,  D . C .  

Jenkins , M r .  George F . , Union Carbide & Carbon Re s e arch Admini s 
tration , 3 0  East  42nd Stre et , New York 1 7 , N .  Y .  

Jo s eph , M r . Arnold B . , Department of Sanitary Engine e ring � Wate r 
Re source s ,  Johns Hopkins Unive rsity , B altimor e  1 8 , M d .  

Kohman , Dr . T ruman P . , Department o f  Chemistry , C arnegie Institute 
of T e chnology , Pittsburgh 1 3 , Pa . (Repr . NAS - NRC Divi 
sion of C hemistry) 

Lasky , M r . S .  G . , Office of the Se c retary , Department of the Interior , 
Washington 2 5 , D . C .  

Latta , M r . B . F . , District Geologi st , Oil Field Se ction , Kansas State 
B o ard of Health , County C ourt House , Dodge City , Kansas 

Lieb e rman ,  Dr . Joseph A . , Sanitary Enr;ine e r , Atomic Ene rgy C om 
mis sion , W a shington 2 5 , D .  C .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

D i s p o s a l  o f  R a d i o a c t i v e  W a s t e  o n  L a n d ;  R e p o r t
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 5 2 7

http://www.nap.edu/catalog.php?record_id=18527


1 06 . 

Lindsey , M r . Wilton J . , Production Divi sion , Atomic Ene r gy Commis 
sion , Washington Z 5 , D . C .  

Loofbourow , M r . R .  L . , Profe s sional Engineer , 4032 Queen Avenue , 
South Minneapolis 1 0 , Minn . 

MacMur ray , M r . Lloyd , Department of Sanitary Enginee ring &t Water 
Re s ource s ,  Johns Hopkins Unive rsity , B altimo re 1 8 , M d .  

Maxwell , Dr . John C . , Department o f  Geology , Princeton Univer sity ,  
Princeton , N .  J • 

M elvin , Dr . John H . , Chief ,  Division of Geological Survey , Orton Hall , 
Ohio State Unive r sity , Columbus 1 0 , Ohio 

Morgan , M r . Jame s M . , Department of Sanitary Engineering &t Water 
Re source s ,  Johns Hopkins Unive rsity , B altimore 1 8 ,  Md . 

Morton , Mr . Roy J . , Health Physic s Divi sion , Oak Ridge National 
Laboratory , P .  0 .  B ox P ,  Oak Ridge , Tenn . 

Newell , M r . J . F . , Atomic Ene r gy Commi s s ion , Washington 2 5 , D .  C .  

Pec sok , M r . Donald A. , Senior As sistant Sanitary Engine.e r , U .  S .  
Public Health Servic e , C incinnati , Ohio 

Pipe r , M r . A .  M . ,  Staff Scientist , Pacific Northwest , U .  S . Geological 
Survey , B ox 3 41 8 ,  Portland 8 ,  Ore . 

Pre s cott ,  M r . Gordon W . , P .  0 .  B ox 2 59 , Hot Springs , S . D .  

Renn , M r .  Charle s , Department of Sanitary Enginee ring &t Water Re 
sourc e s , Johns Hopkins Univers ity , B altimore 1 8 , Md . 

Riley , M r .  Leonard B .  , Geochemi stry &t Petrology B ranch , U .  S .  
Geological Survey , Denver Fe de r al Cente r , Denve r , Colo . 

Roe dde r , Dr . E dwin W . , Geochemical &t Petrology B ranch , U . S . 
Geological Survey , Washington 2 5 ,  D .  C .  

Rus sell , Dr . Richard J . , Dean of the Graduate School , Louis iana State 
Unive r s ity ,  B aton Rouge 3 ,  La . 

Seal , M r . Morgan S . , U .  S . Public He alth Service , Department of 
He alth , E ducation and Welfare , Washington 2 5 ,  D . C .  

Struxne s s , M r . E .  G . , Dire ctor , Waste Dispo s al Proje ct , Health 
Physic s Division , Oak Ridge National Lab . , P . O .  Box P ,  
Oak Ridge , Tenn . 

Taylo r ,  M r . Ralph E . , Production Department , Humble Oil &t Refining 
Company , Humble Building , Houston 1 ,  T exas 

Theis , Dr . Charle s V . , Staff Scientist , U . S .  Geological Survey , B ox 
3 02 ,  Unive r sity Station , Albuque rque , N .  M .  

Thomas , Dr . Harold A . , Jr . , As sociate Profe s sor of Sanitary Engineer
ing , Div . of Applie d  Science , 2 2 3  Pie rce Hall , Harvard 
Unive r sity ,  C amb ridge 38 ,  M as s . (Repr . NAS -NRC Div . 
M e dical Scienc e s )  
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Thomas , Dr . Henry C . , Associate Profe s sor  of  Chemistry , Yale Uni 
ve r sity , Box 1 9 0 A ,  Yale Station , New Haven , C onn .  
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DISPOSAL OF RADIOAC TIVE WASTE IN SALT CAVITIES 

1 .  INTRODUC TION 

1 . 1 One of the po s sibilitie s fo r the di spo s al of radioactive waste prod
ucts derive d from the ope r ation of nuclear powe r plants is  its unde r 
ground storage in space fo rme d within depo sits o f  rock s alt . Thi s 
report contains information conce rning the characte ri stic s of rock s alt , 
its occur rence in the United State s ,  and the underground space re sult
ing from mining ope rations . Conside r ation i s  then given to the fe asi 
bility of using such space for waste di spo s al .  

1 .  Z The Divi sion of Earth Scienc e s , National Re s e arch Council , at the 
reque st of the Atomic Ene r gy Commis sion , has unde rtaken a study of 
the unde rground di spo s al of atomic waste and the preparation of a re 
port and recommendations on the subj e ct . A confe rence for the di s cus 
sion of the subject was held at Princeton Unive r sity , Septemb e r  1 0 - 1 2 , 
1 9 55 , and a Ste ering Committee was appointe d to function in the prepa
ration of a report . ( 1 )  During the pe riod sub sequent to the conference , 
as a memb e r  of the Steering C ommittee ,  the write r of thi s  memo randum 
had an oppo rtunity to inve s tigate furthe r the po s sibility of unde rground 
dispo s al particularly in cavitie s formed by the mining of s alt . The in
fo rmation obtained has been compiled in this pape r as a matte r of r e c 
o r d  and for such value as i t  may have in furthe r cons ide ration of the 
dispo s al problem . The pape r is preliminary in characte r ,  and i s  not 
a complete pre sentation of this phas e  of the problem . 

1 . 3 Acknowle dgment fo r information supplied  conc erning s alt depo s its 
is grate fully made to Dr . F r ank C .  Foley , State Geologist of Kan s as ; 
Dr . John H .  Melvin , Chief , Divi s ion of Geological Survey , State of 
Ohio ; Dr . William L . Daoust , State Geolo.sist of M ichigan ;  Dr . Kenneth 
K .  Lande s ,  Department of Geology , Unive r s ity of Michigan ;  to M e s s r s . 
L .  E . Re ad , M anage r ,  Detroit M ine , and C .  H . Jacoby , Chief Geolo 
gi st , International Salt Company , Detroit , Michigan;  and to M r . Tom 
M .  C r ame r , U . S .  Potash C ompany , C arl sbad , New Mexico . The 
write r has also used  freely information contained in variou s publica 
tions , refe r ence s  t o  which a r e  made at the end of thi s pape r , and wishe s 
to acknowle dge the a s s i stanc e obtained therefrom . I am also  grateful 
to Dr . E .  G .  Struxne s s  of the Oak Ridge National Labor atory , and to 
Dr . L .  P .  Hatch of B rookhaven National Laborato ry for courte sie s ex
tende d during visits to the s e  installations . 
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1 . 4  This repo rt was fir st circulated unde r date of July 2 0 ,  1 9 56 .  It 
has s ince been review�d by Dr . Floyd L .  Culle r , Oak Ridge National 
Laboratory , Oak Ridge , Tenne s see , Dr . M .  King Hubbe rt ,  Shell Oil 
Company , Inc . , Houston , T exas , and Dr . C • V .  Theis , U .  S .  Geolog
ical Survey , Albuquerque , New M exico . I am greatly indebted to the se  
as s ociate s on the Princ eton Committee fo r their c ritic al comments on 
the pape r , which have gene rally been inco rporated in the pre s ent re 
vi sion of the report . Any r e s ponsibility for e rrors  o r  other inadequa
cie s and fo r opinions expre s sed in the report are , howeve r , my own . 

2 .  CHARAC TERISTICS OF SALT DE POSITS 

2 . 1  Rock s alt in its c rystalline for m  is  the miner al halite (NaCl ;  
sodium 3 9 . 4 , chlorine 6 0 . 6%) . Halite is  isometric and occurs  in  c rys 
tals with cubical clea.vage , which are transparent or  translucent . 
Hardne s s  is  2 . 5 .  Specific gr avity of pure c rystal s alt is  about 2 . 1 7 
( 1 3 6 lb s .  pe r cu . ft . ) . Index of refraction i s  1 . 5442 . It is  highly non
conductive of electricity . The melting point of s alt i s  8 0 1 °  C .  and the 
boiling point , 1 4 1 3° C .  Solubility in wate r in grams pe r 1 0 0 ml . is  
3 5 . 7  at 0° c .  and 3 9 . 1 2 at 1 000 c . ( 2 ) ( 3 ) 

2 . 2 In its usual oc currence , rock s alt contains impurities . As mined 
fo r comme rcial purpose s , it i s  gene rally not le s s  than 9 7 %  pure , with 
grade s used in the chemic al industry ove r 99% pure . As mined ,  the 
specific gravity r ange s from 2 . 1 to 2 . 6 ,  depending upon the degree of 
purity . It has a coar se granular to compact structure . Its toughne s s  
make s it r e s istant to mining with powe r machine s and explosives are 
used in its production in solid fo rm . Its solubility in wate r pe rmits 
its solution and extraction as b rine . 

2 . 3 From the geologic al standpoint , s alt is  plastic and flows under 
pre s s ure . In that re spect it i s  s imilar to ic e , but the pre s sure and 
time required to produce ob s e rvable plastic flow in s alt are very much 
greater . The pre s sure required for the rapid deformation of rock s alt 
i� ve ry great but , ove r long periods of time , much lowe r pres sure may 
be expe cted to r e s ult in flowage . Plastic movement of rock s alt has 
apparently not been ob s e rved in the pillar s left in s alt mine s in the 
United State s ,  with the amount of ove rburden as much as 2 ,  000  feet . 
In mining potash in New M exico , where  the depth of the depo sit is  about 
9 0 0  fe et , the sylvinite ore (a mixture of halite , NaCl , and sylvite , KCl) 
shows po s itive evidence of plastic flow . Ho rizontal drill hole s in the 
sylvinite ore  show ve rtical compres sion of about 2 5% in about ten years . 
Sylvite , the principal potash-b earing mine ral in the ore , i s  apparently 
more plastic than halite . ( 4) 
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Z .  4 Salt depo sits are of sedimentary origin and commonly oc cur in
te rbedde d with othe r rocks , such as lime stone , dolomite , anhydrite 
and shale . Unde r conditions of tempe r ature and pres sure present at 
great depths and during geologic time , bedde d s alt has flowed along 
line s of we akne s s  and risen into ove rlying beds in the fo rm of plugs 
and dome s . 

3 .  DISTRIB U TION OF SALT IN THE UNITED STATES 

3 .  1 The most commercially important depos its  of bedded s alt are 
found in New York , Michigan , Ohio and Kans as . They unde rlie many 
thous and square mile s extending from the outcrop downwar d  to depths 
of more than 5 ,  000  fe et . Figure 1 shows the location of the principal 
depo s its of rock s alt in the Unite d State s . 

3 . Z In New York , the s alt occur s  in the Salina formation of Silurian 
age . ( 5 )  It c rops out along a band extending from the Mohawk Valley 
on the east to the Niagara Rive r on the We st . The s alt i s  not pre sent 
at the outc rop because it has been dis s olved . The Salina beds dip south 
war d  at a low angle . The dip i s  variable , aver aging from 5 0  to 1 00 
feet pe r mile , dependirlg on the local s tructural conditions . At its 
maximum , the Salina is about 1 ,  000 feet in thickne s s . The s alt may 
be pre s ent in s eve ral beds . Its total thickne s s  i s  mor e  than 3 0 0  feet 
in c entr al New York , south of Syracuse . In the we stern part of the 
state , the s alt become s thinne r  and may be absent in the Buffalo are a .  
It c ontinue s s outhward unde r the inc reasing thickne s s  of younger beds 
into southe rn New Y o rk and northe rn Pennsylvania , whe re the thickne s s  
of s alt i s  ove r 600  fe et in some de ep wells . The total area in New York 
underlain by s alt is roughly 1 0 , 000  square mile s , as shown on Figure Z .  

3 .  3 The entire  northwe ste rn part of P ennsylvania i s  unde rlain by the 
Salina formation and salt has been found in many wells drilled fo r oil 
and gas . ( 6 ) Throughout most of the area the aggregate thickne s s  of 
the s alt beds is at least 50 feet . In half the are a the aggregate thick
ne s s  i s  ove r 1 00 feet and the aggregate thickne s s  reache s a maximum 
of ove r 500  feet . The s alt beds are found at depths of from 1 50 0  feet 
in northwe stern Pennsylvania to more than 8 000  fe et in the deepe st 
part of the syncline . Figure 3 shows the area in Pennsylvania unde r 
lain b y  s alt and the depth below s e a  level o f  the top o f  the s alt . 

3 .  4 The s alina beds continue we stward into easte rn Ohio and underlie  
about one -third of the state . ( 7 )  (8) The s alt occur s in beds of Silurian 
age , which probably repre s ent the we stward extension of the Salina for 
mation o f  New York and Pennsylvania . This horizon i s  below the surface 
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throughout Ohio and its character  i s  known only from wells , of which 
mo re than 3 ,  500  have been drilled through it . The s alt thins we stward 
and dis appe ars beyond a line extending from Lo rain , on Lake E rie , to 
M arietta , ne ar the Ohio Rive r . Ove r mo st of this are a  the s alt beds 
have an aggre gate thickne s s  of more than 1 0 0  feet . The maximum i s  
re ached ne ar C anton , Stark C ounty , where well logs indicate the pre s 
ence of s eve ral beds with an aggregate thickne s s  e stimated at more 
than 2 00 feet . Along Lake E rie , re cent boring s for the purpo s e  of 
pro s pe cting the s alt beds indicate that their thickne s s e s  total 60  to 7 0  
fe et in Cuyahoga , Lake and Ashtabula countie s .  

Ne ar the Pennsylvania line , in Ashtabula County , the s alt occurs at a 
depth of about 2 , 3 00  feet  below the wate r level of Lake E rie . The 
depth de c rease s we stward to a depth of about 1 ,  30 0  feet ne ar Lorain . 
From Lake Erie the beds dip gently southward . At B arberton , about 
40 mile s south of Cleveland , the uppermo st s alt i s  at a depth of 27 5 0 
feet . In Harrison County , 5 0  mile s farthe r s outhe ast , the s alt was 
re ached at ove r 47 00 fe et . The total area in Ohio unde rlain by s alt de 
po sits is  ove r 1 5 ,  000  square mile s . Figure 4 shows the are a  in Ohio 
unde rlain by rock s alt and the de pth below s e a  level of the top of the 
salt . 

3 . 5 Michigan has the large st re s e rve s of s alt of any state . Rock salt 
unde rlie s mo st  of the state , within the Michigan basin . It i s  found in 
the Salina fo rmation , which i s  depo s ited in a s auc e r - like form , tape r 
ing toward the margins o f  the basin ,  whe re it i s  ove rlapped by younger 
formations and doe s  not appe ar at the surface . B rine is  found in s e v 
eral othe r formations . ( 9 ) 

In the southe aste rn part of the state , along the Detroit Rive r ,  the 
aggregate thickne s s  of rock s alt is  from 2 00 to 500  fe et . The thick
ne s s  increas e s  no rthwe stward into the ,basin . In B ay County , about 90 
mile s no rtheast of Detroit , a maxim!lm thickne s s  of 1 8 0 0  fe et of s alt 
was penetr ated . Around the periphe ry of the basin , the s alt thickne s s  
gene rally increas e s  down clip from 0 at the e dge o f  the Salina we dge to 
a thickne s s  of 1 0 00  fe et in about 50 mile s . 

In W ayne County , ne ar Detroit , the depth to the fi rst  s alt bed  range s 
from 8 0 0  fe et at Ecorse  to 1 1 5 0 feet at Oakwood (Detroit) and ove r 1 600  
feet at  Port Huron . On the we st s i ..ie of the basin , ne ar Ludington and 
M ani s tee , the s alt has been r e ached at de pth s of about 2 0 00 - 2 3 00 fe et . 

The total area of the southe rn penins ula of M ichigan that is  probably 
unde rlain by s alt-be aring fo rmation s  i s  3 5 , 0 0 0  square mile s . The 
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are a  underlain by rock s alt is  shown on Figure 5 .  

3 . 6 In Kans as , beds of rock s alt oc cur in seve r al formations of Pe rmian 
age . ( 1 0) The Hutchison memb e r  of the Wellington formation and the 
Ninne s c ah shale (both of M iddle Permian age ) are the mo st important 
salt-bearing units , although s alt is also found in the Harpe r , Salt Plain 
and Flowerpit formations higher in the Pe rmian s e ction . The e astern 
outcrop of the Hutchison s alt memb e r  is  along a line extending no rth 
and south from Saline to Sumne r county . The s alt at the outcrop is dis 
solve d but dips we stward unde r cove r , and i s  about 6 5 0  feet b elow the 
surface at Hutchison ; 1 00 0  feet at Lyons ; and 8 50 feet at Ellswo rth . 
Farthe r we st , the top of this  s alt i s  about 1 7 0 0  feet in Kiowa County and 
2 0 0 0  feet in C lark County , and its thickne s s  is  usually from 2 0 0  to 3 0 0  
feet .  

The highe r s alt horizons unde rlie the southwe stern part of the state . 
The Ninne s c ah  s alt is  at a depth of about 1 2 5 0  feet in Kiowa County , 
1 0 00 - 1 500  feet in C lark County; and 1 60 0  feet  in Meade and Gray coun
tie s . The total thickne s s  of s alt in this part of the s ection r ange s from 
200 to 3 0 0  feet . 

Altogethe r ,  about 3 0 , 0 0 0  square miles in the central and southeast  
parts of Kansas are underlain by s alt-bearing fo rmations . 

3 .  7 A large are a  on the Gulf Coast contains nume rous structural uplifts 
which are cons ide red to have r e s ulted from the flowage of s alt . ( 1 1 ) In 
many of the se  uplifts the s alt has flowe d upward through the overlying 
beds to form s alt dome s . Explo rato ry drilling has prove d the exi stenc e 
of a large numb e r  of s alt dome s and , on the basis  of geophysical evi 
dence , it is  thought that salt fo rms the c o r e  o f  othe r s . In northe rn 
Louis iana , southern Arkans as and east  Texas , bedde d rock s alt of 
Jura s s ic (o r  Pe rmian) age has b e en re ached in widely s eparated wells . 
The E agle M ills (Louann) s alt is  seldom fully penetrated in wells  but 
thickne s s e s  of 500  to 1 500  feet  are no rmal . It i s  e stimated that thi s 
horizon unde rlie s an area of 1 80 , 000  square mile s on the Gulf Coast . 

The known s alt dome s are ove r 2 00 in numb e r .f 1 2 )  In a few dome s the 
salt i s  ve ry near the surface  but in many othe r s  it is below 5000  feet , 
and , in some instanc e s , ove r 1 0 , 000  fe et . The pie r cement-type dome s 
that come ne arest  to the surface range in size from nearly circular 
dome s a half-mile to two mile s in diamete r to elongated mas s e s  s ever al 
mile s in length . The b e st known group of s alt dome s is  the Five I slands 
of qouthe rn Loui siana , characte rized  by surface uplifts ove rlying the 
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s alt mas se s , and by the shallowne s s  of the s alt , le s s  than 3 0 0  feet 
from the surfac e . At a depth of 1 00 0  feet , the s e  dome s are a mile or 
mo re in diamete r . 

3 .  8 Rock s alt occur s  in the we stern state s in s eve ral areas . Salt of 
Pe rmian age is found in the Sevier  Valley in Utah . Salt , believed to 
be of Pennsylvanian age , occurs in the C olorado Rive r drainage in 
easte rn Utah and we ste rn Colorado . The area is  s ometime s c alle d the 
Paradox s alt basin . ( l 3 ) The extent of the s alt has not been fully dete r 
mine d but it apparently i s  not le s s  than 1 0 , 000  square mile s . The s alt 
has intrude d into a c ons ide rable numbe r  of anticline s and dome s and 
has been penetrated in some te st wells to a thickne s s  of ove r 3 , 000  feet . 

3 . 9  In the southwe st , s alt occur s  in the Delaware B asin of New M exico 
and T exas . The margins of the area are known only approximately but 
the total ar ea unde rlain by s alt may be as large as 7 0 , 000  square 
mile s . ( 1 4) The prob able extent of the are a  is shown on Figure 6 .  Rock 
salt is found in beds of Pe rmian age belonging to the Uppe r C astile for 
mation , with an evaporite section ranging in thickne s s  from 0 to about 
3 5 0 0  feet . In part of the area a zone of potash s alts i s  pre s ent which 
has been extens ively develope d near C arl sbad , New M exico . The zone 
is  about 2 5 0  fe et thick and contains four workable beds of potash . The 
lowe st bed i s  the thicke st  and ave rage s about ten feet in thickne s s . A 
large area has been mined out since oper ations be gan about 2 5 ye ars 
ago . Above the McNutt potash zone is  a zone of  hali�e about 500  feet 
thick , which has been named the Salado . The top of this  zone in the 
C arlsbad district i s  about 500 fe et below the surface , depending upon 
the topography . B elow the potash zone is anothe r bed of halite , about 
900  feet thick , broken by anhydrite parting s .  

Rock s alt i s  not mine d in this re gion except as a byproduct of the potash 
ore , which contains 60% or  more of halite . The s alt extracte d from the 
potash ore is marketed to only a small extent . No space in the halite 
beds i s- produced in the mining of the potash . 

4 .  PRODUC TION OF SALT IN THE UNITED STATES 

4 . 1 The total production of s alt in the Unite d State s now exce e ds 2 0 
million tons pe r ye ar , eithe r as dry s alt or in the form of brine . ( l 5 ) 
Thi s  amount is  about 3 5% of the world ' s  total production . B ec aus e s alt 
i s  widely distribute d ,  the United State s imports ve ry little s alt ; it ex
po rts le s s  than 2% of the production . 
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4 .  2 About 60% of the s alt is  produced as brine , natural and artificial . 
Natur al brine s , occurring in porous formations , are pumped to the 
surface and evaporate d .  Artificial brine s are formed by drilling wells 
into beds  of rock s alt , pumping in wate r ,  which dis solve s the s alt , and 
then pumping the r e s ulting solution to the surfac e .  Salt is  more e c o 
nomically produced b y  this method than by mining . B ut the proc e s s  of 
solution eventually c au s e s  cavitie s to be formed bene ath the surface . 
Where the s alt is  thick and unde rlie s a large are a ,  the overlying rocks 
may eventually be le ft without support and c aving follows . 

4 .  3 Mo st of the b rine b rought to the surface is  supplied directly to 
chemical plants in which the s odium chloride i s  used as a raw mate rial 
for the manufacture of othe r s odium compounds and chlo rine , useful as 
reagents . A smalle r part of the brine i s  evapo rated to produc e refine d 
salt for human consumption and for many industrial applications .  

4 .  4 About 2 0% of the s alt production i s  obtaine d by unde rground mining 
of salt depo sits . By careful sele ction of the source b e d , s alt of great 
chemical purity i s  obtained for use in chemical applications . Lar ge 
amounts of rock s alt are also used for highways , for stabilizing the 
surface , and , in winter ,  for ice  removal . 

'4 . 5 The ac companying Table I give s the s alt production of the United 
State s in short tons , ac cording to the form in which it i s  produced , and 
by state . Value s are also given . The amounts of rock s alt and s alt in 
brine produced are e stimated but are reasonably accurate approximations . 

5 .  MINING OF ROC K SALT 

5 . 1 Rock s alt was mine d at fourteen loc alitie s in the Unite d State s in 
1 9 53 . The distribution of the s e  mine s by state s i s  as follows :  New 
York , 2 ; Michigan , 1 ;  Kans as , 3 ;  Loui siana , 4 ; T exa s , 2 ; Utah , 2 . The 
loc ation of the se  mine s is  shown on Figure 1 .  

5 .  2 The p rincipal oper ating mine in New York is  that of the International 
Salt C ompany at Ret sof ,  Livingston County . ( 16) The s alt i s  produced 
from a bed in  the upper part of the Salina formation that has  a thickne s s  
of 9 - 1 0  feet . The mine shaft i s  9 'x2 6 '  and has a depth of 1 06 3 fe et from 
the collar to the b ottom of the s alt bed . The s alt dips approximately 
1 / 2° to the south . The capacity is  about 4 ,  0 0 0  tons in 8 hour s . The 
mine commenc ed ope ration in 1 9 2 3 . About 60% of the s alt i s  extracted 
and 40% left as pillars . As suming a production of  l ,  2 00 , 000  tons per 
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TAB LE I 
..... 

SALT - PROD UCTION B Y  STATES - 1 9 5 3  - Short Tons N 
� . 

Evapo rated Value 
Rock Salt Salt in B rine Total Salt Total Total Pe r ton -

C alifo rnia - 2 7 3 , 3 6 5 *  27 3 , 3 6 5 *  8 5 0 , 00 0 *  1 , 1 2 3 , 3 6 5 $ 6 , 2 6 3 , 0 59 $5 . 58 

Kan s a s  5 3 4 , 6 58 *  - 53 4 , 6 58 3 7 0 , 569  9 0 5 , 2 27 7 , 48 0 , 556  8 . 2 7 

Loui s i ana 1 , 3 3 8 , 997 * 1 , 60 0 , 8 2 7 *  2 , 9 3 9 , 8 2 4 1 2 1 , 4 1 0  3 , 0 6 1 , 2 3 4 9 , 1 8 9 , 52 6 3 . 0 1 

M ichigan 1 , 000 , 0 0 0 *  3 , 306 , 7 2 7 * 4 , 30 6 , 7 27 82 0 , 660 5 , 1 2 7 , 387  2 2 , 1 7 1 , 988 4 . 3 1 

New M e xico - - - 62 , 087 * 62 , 08 7 *  2 1 6 , 3 64 3 . 48 

New Y o r k  1 , 2 00 , 0 0 0 *  1 , 58 9 , 7 3 5 *  2 , 7 8 9 , 7 3 5  5 3 2 , 92 4 3 , 32 2 , 6 59 1 7 , 3 5 1 , 1 1 1  5 . 2 2  

Ohio - 2 , 54 1 , 7 9 9 *  2 , 54 1 , 7 9 9  498 , 43 8  3 , 040 , 2 3 7  7 , 484 , 7 9 5  2 . 48 

Pue rto Rico - - - 1 3 , 692 1 3 , 6 92 1 3 1 , 49 0  9 . 6 0 

T exas 400 , 000*  2 , 3 3 3 , 3 3 9 *  2 , 7 3 3 , 3 3 9  1 1 1 , 8 5 1  2 , 845 , 1 9 0 5 , 0 1 0 , 62 4  1 .  7 6  

Utah 5 , 0 0 0 *  - 5 , 000  1 49 , 088* 1 54 , 088 7 7 2 , 0 3 5  5 . 0 0 

W e st Vi r ginia - 4 1 9 , 9 0 7 *  4 1 9 , 9 0 7 *  - 4 1 9 , 907  1 , 490 , 59 2 3 . 5 5 

Other s ( l ) - 542 , 3 44* 542 , 3 44* 1 7 1 , 586* 7 1 3 , 9 30 7 1 4 , 52 7 1 . 00 -

T OT ALS 4 , 47 8 , 6 5 5  1 2 , 608 , 043  1 7 , 08 6 , 698 3 , 7 0 2 , 3 0 5  2 0 , 7 8 9 , 003  $78 , 27 6 , 667  $ 3 . 7 7  

•:CE stimated 
( 1 )  Alab am a , Hawaii (evapo r ate d) ; Oklahoma ( s alt in B rine ) ; V i rginia ( s alt in b rine ) 
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l Z S .  

ye ar and 1 5  cubic feet o f  s alt pe r ton , the space mined out would be 
4 1 4  ac re - feet . With a thickne s s  of s alt of 1 0  feet and 600/o recove ry , 
about 68 ac r e s  would be mined out annually . The total production of 
the mine has not been publi she d ,  but , with 3 0 years of ope ration , it 
is probably not le s s  than 1 500 ac re s . 

At Portland Point , on the east side of C ayuga Lake , Tompkins County , 
a mine has been ope rated for about ZO year s . Details of production , 
etc . are not known . 

Seve r al othe r rock - s alt mine s we re formerly operated in New York 
but have been clo s e d  down . The olde st mine was at Livonia , Livingston 
County , and was ope rate d from 1 8 8 3  to 1 8 90 . It was 1 43 0  feet in depth . 
The mine i s  now filled with wate r and the condition of the shaft i s  now 
known . About 50 ac r e s  was mine d out . Anothe r mine at Lehigh , 
Gene s see  C ounty , had a depth of 8 Z S  feet and was ope rated about 4 
ye ar s . The quantity mine d was about 1 5  acr e - feet . The shaft i s  filled 
with wate r to the surface . 

5 .  3 The mine of the Inte rnational Salt Company , at Detroit , is  the only 
produc e r  of rock s alt in Michigan . ( 1 7 ) It i s  operated through two shafts 
about l l OO  feet deep and the uppe rmost bed of the Salina formation is  
worke d .  It  varie s in thickne s s  throughout the mine from about 1 9 '  to 
40 ' .  The greate st thickne s s  mined is about 3 6 ' , 4 '  b eing left for roof. 
Ab out 60% of the area is mine d ,  the remainder being left for pillar s . 
The rooms are limite d to a width of 60 ' .  About 7 0 0  acr e s  has been 
mine d out . The mine i s  dry , except for an occasional seeping of a few 
cubic feet of bitte rn from the formation . The mine has been in opera 
tion sinc e 1 9 1 0 and , during that period , only one s mall roof-fall has 
occur red . The shaft is located about 1 1 / 2 mile s from the Detroit 
Rive r and about 1 I 4 mile from the River Rouge . The surface above the 
mine is chiefly prope rty of the Pennsylvanian and Wabash railroads us ed 
for yards and shop s . About 2 0 '  below the bottom of the bed now mined 
and s eparated from it by a b e d  of dolomitic lime stone , i s  a second bed 
of salt , much thicke r  than the one being worke d .  The top of this lower 
bed i s  expo sed in one of the mine working s .  

5 . 4 In Kans as , thre e  rock s alt mine s are now ope rate d . ( l 8 ) The C arey 
Salt C ompany ope rate s a mine ne ar Hutchison through a shaft 645 ' deep . 
The bed mine d has a thickne s s  of 1 0 ' . The total volume mined out i s  
about 1 45 ac re - fe et , equivalent t o  about 1 4  acre s . At Kanopolis ,  the 
Independent Salt Company has two shafts 846 '  deep and i s  mining a bed 
1 5 - 1 6 '  thick . The total mined- out space i s  about 4 , 0 0 0  acr e - feet , 
equivalent to about 2 5  ac re s . The Ame rican Salt Corporation has a 
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mine near Lyons 9 9 3 ' deep working a bed 8 1 / 2 '  thick . The spac e  
mined out i s  about 1 00 acr e - feet . 

Several othe r mine s are either clo s e d  down o r  have been abandone d . 
The large st  i s  owned by the M orton Salt C ompany ne ar Kanopolis and 
was clo sed in 1 948 .  It is thought to be still dry . Depth to bottom i s  
8 1 0 '  and th e  volume mined out is  about 1 5 00  ac r e - feet . The ave rage 
ceiling is about 91 • The C ar ey Salt C ompany has a shut- down mine at 
Lyons clo s e d  in 1 948 .  Its depth i s  1 02 4 '  ave rage ceiling 1 0 ' , and the 
volume mined out is  about 1 00 0  acre -feet . 

The thre e  producing mine s produced 5 3 4 , 6 58 tons of rock s alt in 1 9 54 .  
This i s  equivalent to about 1 8 5  acre -feet . As s uming an average thick
ne s s  mined of 1 0 '  and 500/o left for pillar s , the are a  mined out would be 
about 3 7  ac r e s . 

5 .  5 Salt is  produced in Louisiana from four mine s . ( 1 9) The Inte rna
tional Salt Company has a mine at the s alt dome at Ave ry Island , Ibe ria 
Parish . The rock s alt was fir st di s covered at a depth of 1 8 '  below the 
surface . The pre s ent mine was opene d in 1 898 with a shaft 5 1 8 '  in 
depth . 

At the Jeffe r son I sland salt dome , whe re the mine is  ope rated by the 
M orton Salt C ompany , a circular shaft has b een sunk to a depth of 
9 0 0 ' . Myle s Salt Company produc e s  s alt at the Weeks I sland s alt dome 
from a shaft reporte d to be 645 ' in depth . C arey Salt C ompany i s  min
ing s alt from the Winfield salt dome , Union Pari sh , from a depth of 
8 3 8 ' . The shallowe st  depth at which the s alt has been found in thi s 
str o.1cture i s  437 ' .  Room s are 50 ' in width and 2 0  to 8 0 '  in height . Min
ing began in 1 9 3 1  and the production for s eve ral year s ave rage d about 
60 , 000  tons annually , increasing to .1 2 0 , 000  tons in 1 9 4 1 . Recent fig 
ure s  o f  the individual mine s are not available . 

5 . 6  In T exas , the Morton Salt C ompany , Grand Saline , Van Z andt 
C ounty , has a shaft to a depth of 7 0 0 ' , which ente r s  the s alt at 213 1 • 
Room s are 60 ' wide by 8 0 ' high . The production i s  about 1 0 00  tons per 
day and 1 0 0 ac r e s  has been mine d .  ( 1 9 } 

The Unite d Salt Corpo ration ope r ate s a mine on the Hockley dome , 
Har ris C ounty . The shaft is  1 52 5 '  deep . 

5 .  7 The total e stimated production of rock s alt for 1 9 53 by state s i s  
shown in the ac companying Table II . During that year , ab out 1 45 ac re s 
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TAB LE II 

ROCK SALT 

ESTIMATED PRODUC TION BY STATES - 1 9 5 3 - Short Tons 

Equiva-
lent Ave .  

space , thick- Acres Depth 
Per ac re - ne s s  mined 

Production. Value ton foot( l ) mined out<2 > 

Kansas 5 34 , 658 2 , 1 94 , 7 5 1  $ 4 . 1 0  1 8 5  1 0  37  

Louisiana 1 , 3 38 , 997 462 8 0  1 0  

Michigan 1 , 000 , 00 0  346 3 0 2 5  

New York 1 , 2 0 0 , 000  41 4 1 0  68 

Texas 400 , 000 1 38 6 0  5 

Utah 5 , 000  2 

TOTALS 4 , 478 , 6 5 5  2 3 , 77 7 , 527  $ 5 . 34 1 , 547 1 45 

( l )Specific gravity , 2 . 1 5 ;  1 34 1b s .  per cu . ft . ;  1 5  cu .  ft .  pe r ton;  
2 9 0 0  tons pe r ac re -foot . 

( 2 ) As suming 50o/o or 600/o ,  according to loc ality , le ft as pillar s .  

to 
s alt 

6 0 0 -
1 0 00  

600-
800 

1 0 00  

1 000 

7 0 0 ;  
1 500  
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was mined out , producing an equivalent space e stimated to be 1 547 
ac re - feet . During the last twenty years  ( 1 9 34- 53 ) the r eported pro 
duction of rock s alt is  6 1 , 63 9 , 69 6 tons , equivalent to Z l ,  2 50 acre 
feet . As suming that the average thickne s s  of s alt mined was 1 0 ' , the 
area mined out would be Z l Z 5  ac re s .  The s e  figure s give a gene ral 
idea of the large amount of underground space that has resulted from 
the mining of the s alt . 

5 . 8 In the potash mine s of New Mexico , a large volume of unde rg round 
space is produced by the removal of the sylvanite ore . The total amount 
of ore mine d in 1 9 5Z was approximately 7 ,  0 5 0 , 0 0 0  short tons . As sum 
ing 1 5 cubic feet o f  o re to the ton , the volume would be about 2 7 0 0  acre 
feet per year . If the average thickne s s  mined i s  8 ' , the total number of 
acres  mined out annually would be about 3 3 5 ac re s . Pillars  are left to 
support the roof during the mining ope rations but the se  are usually 
pulled after mining ope rations cease  to recover the additional ore . B e 
cause of the plasticity o f  the sylvanite it i s  doubtful i f  the mine d out 
space would be suitable for long - time storage of atomic waste . The 
subjacent s alt would provide a more suitable potential storage space be 
cause of the greater resistance of the halite to pre s sure .  

6 .  PRODUC TION OF RADIOAC TIVE WASTE 

6 .  1 Fis s ion-prodult waste is  produced when a nuclear fuel , s uch as 
u2 3 5 , u2 3 3 , or  Pu 39 , is  fis sioned in a nuclear reactor . (2 0 ) In nuclear 
reactor s ,  the fis sion of one gram of u Z 3 5 produc e s  about 1 gram of fis 
sion products . The fis sion products are , in part , gaseous and , in part , 
in liquid or solid fo rm , depending upon the fuel us e d .  

6 .  Z Fuel systems used o r  cons ide red for power reacto r s  may be grouped 
as follows :  

6 .  2 . 1  Liquid-fuel systems , in which the fuel i s  di s solved in wate r or  
heavy wate r ;  

6 . Z . 2  Solid-fuel systems , using metals such as uranium and plutonium , 
in which the se  metals are contained in co r rosion- and temperature 
re sistant cans ; 

6 .  Z .  3 Liquid -metal systems , using sodium , bismuth , etc . as a solvent ; 

6 . Z . 4  Fused- salt systems , in which the nuclear fuel is  mixe d , fo r ex
ample , with a fluoride or hydroxide of sodium , lithium , etc . 
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6 .  3 Whe re the nucle ar fuel i s  introduc ed in the re actor in aqueous 
solution the output of the reactor is  directly proce s s e d  to remove the 
waste . If the waste from the reactor i s  in s olid fo rm and include d in 
the spent fuel elements , the waste i s  separated from the unconsume d 
uranium and plutonium in a chemic al proce s s ing plant ., in which the 
solids are di s s olved and the waste the reafter s eparated by one of sev
eral methods . ( 2 1 ) 

6 .  4 Natural uranium contains one part of fi s sionable u2 3 5 in 1 3 9 parts 
of fertile u2 3 8 . Thus , if natural uranium is us e d  as a fuel , it is po s 
sible to consume u2 3 5 both to suppo rt the chain re action and to give 
exce s s  neutrons which , when captured in u2 3 8 , will produc e plutonium 
23 9 .  Theoretically , in powe r b reeder s ,  it i s  po s s ible to produc e more 
Pu2 3 9  than the combined consumption of u 2 3 5 and Pu in the reactor . 
In a system wher e  highly enriched u2 3 5  i s  used , Pu i s  not produced be 
cause of the ab sence of fertile u2 3 8 . If , in s uch a system , the r e action 
proceeded until 3 00/o of the initial u2 3 5  we re consumed ,  approximately 
2 5 0  grams of fis sion products would be produced per kilogram of u2 3 5  
charge d . (2 2 ) Thu s , from one metric ton o f  natural uranium irradiated 
to 3 0 0/o  burn up of u2 3 5 , approximately 2 kg of fis sion products will be  
derive d .  I f  enriched u2 3 8  we re us ed as  fuel , the quantity o f  fi s s ion 
products pe r ton of charge would be inc re a s e d , depending upon the ex
tent of the enrichment . 

7 .  REQUIREMENT FOR NUC LEAR ENE RGY 

7 .  1 It has been calculated that the fis sion of 1 gram of u 2 3 5  will pro 
duce approximately 2 4 , 000  kilowatt hour s at 1 0 0o/o the rmal efficiency . ( 2 3 )  
The efficiency o f  production o f  electrical �ower from heat i s  usually 
taken as 2 50/o for stati stical calculation s .  ( 4) 

7 .  2 The p r e sent installe d capacity of ele ctric utility gener ating stations 
in the United State s i s  about 1 1 5 , 00 0 , 0 0 0  kw ( 1 1 5 , 0 00 megawatts ) . ( 2 5 ) 
The production of ele ctrical ene rgy fo r the year ende d J anuary 3 1 , 1 9 56 , 
was 5 5 3 , 568 , 9 52 , 00 0  kwh ; equivalent to 6 3 , 0 0 0 , 000  kw-year s .  Thi s 
repre s ents an ave rage load facto r of ab out 5 50/o .  

7 .  3 E stimate s have recently been made that the installe d capacity of 
ele ctrical plants will inc rease  8 - fold during the next 50  year s . ( 26 ) The 
installed capacity ha s in the past double d  as follows :  ( s e e  Figure 7 ) 

2 5 , 0 0 0 - 50 , 000  mw 
50 , 00 0 - 1  0 0 , 0 0 0  mw 

1 9 2 7 - 1 9 46 , 1 8  ye ar s ; 
1 9 46 - 1 9 5 4 ,  8 ye ar s . 
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To inc rease 8 - fold would require furthe r growth as follows : 

1 0 0 , 0 0 0 - 2 0 0 , 000 mw 
2 00 , 0 0 0 - 400 , 000 mw 
400 , 0 0 0 - 8 0 0 , 00 0  mw 

1 9 54- 1 97 0 , 1 6  year s ; 
1 9 7 0 - 1 98 5 , 1 6  ye ar s ;  
1 98 5 - 2 000 , 1 5  year s . 

1 3 1 .  

7 .  4 It has also  been e stimated that 50o/o of the installed capacity in 
2 000  will b e  nucle ar plants . ( 2 7 ) U s ing the se  figur e s , the following 
table has been constructed :  

Thermal Ele ctrical Electri - Thermal Electrical 
c apacity capacity cal pro- capacity capacity 

utility utility Electrical duction nuclear nucle ar 
plants plants production kw plants plants 

mw mw kw years hour s mw mw 

1 9 56 460 , 000 1 1 5 , 000 6 . 3x l 07 5 .  5x l 0 1 1  
1 9 6 0  568 , 000 1 42 , 000 7 . 8x l 0; 6 .  8x l 0 1 1  2 , 000 500 
1 9 7 0  8 00 , 000 2 00 , 000 1 0 . 9x l 0 9 . 5x l 0 1 1  2 4 , 000  6 , 000  
1 98 0  1 00 , 000 2 5 , 000 
2 0 0 0  4 , 000 , 000 1 , 000 , 000 54. 5xl o7 47 . 5x l 0 1 1  700 , 000  1 7 5 , 000 

Using a the rmal c apacity of 7 0 0 , 000  mw x 8 , 7 6 0 , 000 (kwh per mw year ) 
give s a total of 6 .  1 x 1 0  2 kwh (heat) that would be produced by the op
eration of nuclear plants in the year 2 000 . 

7 . 5 If e ach metric ton of natural uranium i s  irradiate d to 4000 megawatt 
days pe r ton as heat , approximately 6 3 , 500  tons of natural uranium 
would be required pe r year to produce 6 . 1 x 1 0 1 2 kilowatt hours of heat . 

7 .  6 Plants now unde r construction or contemplate d will have an installed 
ele ctric al capacity of approximately 1 0 0 megawatt s e ach . As suming 
2 5o/o the rmal effic iency , such a plant would consume approximately 3 6  
tons o f  natural uranium pe r year at 4000 me gawatt days pe r metric ton . 
In the future it is  quite probable that plants of 1 000  megawatt ele ctrical 
capacity could be built . At 4000 megawatt days pe r ton and 2 5o/o the rmal 
efficiency , such a plant would require 3 6 5  tons of fuel pe r year , with a 
l OOo/o load factor . If the capacity of the aver age nuclear plant we re to be 
500 megawatts electric al (or 2 000  megawatts he at) 3 5 0  nuclear plants 
might be in ope ration in the Unite d States  by the ye ar 2 000 . (28 ) 
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8 .  CHARAC TERISTICS OF RADIOAC TIVE WASTE 

8 .  1 If natural or enriched uranium is use d  in metallic form in a hete r 

ogeneous reactor , the fis sioning proce s s  proceeds to some point limited 
by economic s ,  corro sion o r  mechanical stability . It is probable that 
large quantitie s of fis sionable and fertile mate rial will remain in the 
irradiated fuel . Thus spent fuel elements are still ve ry valuable since 
they contain part of the initial charge of fis sionable and fertile mate rial 
along with any new fis sionable mate rial produced . They are trans 
po rted , usually in solid form , to a chemical proce s s ing plant fo:r re 
covery and separation of fissionable and fe rtile mate rial from fis sion 
products in diluent . This is accompli shed by dis solving the elements 
in an acid such as nitric acid , followed by selective solvent extraction 
of valuable components from diluents and fis sion products . This le aves 
the fi s sion products in the bulk of the depleted proce s sing stream or 
raffinate . This raffinate stre am is the high level waste and po se s the 
principal dispo s al problem . 

8 .  2 After irradiation in a. re actor , the metallic elements in which un
consume d fuel and waste are mixed are highly radioactive and they are 
accordingly stored before proce s sing for a pe riod of time , during which 
furthe r decay of fis sion products occur s . C ooling pe riods vary . How
eve r , the rate of dec ay of fis sion products i s  approximately the s ame ; 
e . g . , afte r 1 3 5  days the activity of the fi s sion products is reduced by a 

factor 1 o - 4 from their activity level at the time of discharge from the 
reactor . At the time of dis charge from reactor , the gro s s  fis sion prod
uct activity is  5 .  7 pe r c ent of the rated powe r of the reacto r . 

8 .  3 If the fuel is  fed to a reactor of homogeneous type in liquid form , 
the spent fuel must also be proce s s e d  in liquid form . Because it is , 
unde r pre sent conditions , mo re difficult to transport the waste in liquid 
than in solid fo rm , the chemical proce s sing for the removal of the 
waste from the fuel will pre sumably be accomplished at each reactor . 
Future developments may make it fe asible to transport such liquid 
waste economically and safely . 

8 .  4 In eithe r case , the waste products of the reactor , except for those 

disposed of to the atmo sphere in gaseous form , will be pres ented for 
di spo s al as liquids .  The characte ristics  of the liquid waste are deter 
mine d b y  the particular method o f  che mic al proces sing used . Waste s 
re sulting from the ope ration of nuclear reactors are clas s ified as high 
level waste s • 
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8 .  5 The s e  high -level waste s , as produce d  by proc e s sing plants , have 
concentrations varying from 0 .  5 gals . to 2 0 gals . per gram of u2 3 5 
burned . ( 2 9 ) One figure used for calculations of was te volume s re sult
ing from solvent extraction i s  820 gals . pe r me tric ton of fuel charged 
to the reactor , which i s  equivalent , at 40 00 mwd/ton , to 2 gals . of 
waste pe r mwd of he at produced by a nuclear reactor . ( 3 0) 

8 .  6 The principal problems in connection with the transpo rtation and 
storage of radioactive waste ari s e  from its chemical characte r , the 
ene rgy given off as heat , and radioactivity . The waste i s  produced as 
an acid s olution , and , unle s s  neutralized by an alkali , su�h as sodium 
hydroxide , is corro s ive to proc e s sing equipment . The corrosion is  
inc re ased with high tempe rature and it  may , the refore , be de sirable 
that the tempe rature of waste in metallic storage be mode rate ; below 
1 2 0 - 1 5 0° F .  is de sirable . 

8 .  7 Depending upon the concentration of fi s sion products in the was te , 
the powe r produced pe r unit of  fuel charged to the reacto r , and the de 
cay cooling time , fis sion products in the waste will produce heat at 
the rate of about 1 to 3 Btu / gal /hr . < 3 1 ) This rate of heat production 
would be sufficient to rai s e  high-level was te above the boiling point in 
a few days . In sto rage of waste unde rground in liquid fo rm , it would 
the refore be  nece s s ary to provide means for cooling the waste and r e 
moving the heat , unle s s  the waste we re greatly diluted .  

8 .  8 The r adioactivity o f  liquid waste from natural uranium i s  from 2 0 
to 400 curie s pe r gallon depending upon its chemical character .  ( 32 ) 
Adequate prote ction of pe r s onnel from thi s amount of ene rgy require s 
heavy shielding . The weight of the shielding adds greatly to the �ost 
of transportation . 

9 .  WASTE PRODUCTION IN NUC LEAR POWER PLANTS 

9 . 1 In a preceding paragraph it was .as sumed that the thermal c apacity 
of nuclear powe r plants would re ach 7 0 0 , 000  mw by the year 2 0 0 0 , re 
quiring a fe ed of about 63 , 50 0  tons of natural uranium , or  equivalent , 
pe r ye ar . U sing a figure of 82 0 gallons of high - activity waste pe r metric 
ton of fuel charge d give s a total annual volume of waste of  about 52 mil
lion gallons , equivalent to  7 , 000 , 000  c u .  ft . or  about 1 60 ac re - feet . If 
this powe r we re produc e d  in 3 50 powe r plants , the amount of unde rground 
space required annually fo r e ach powe r plant would be about 0 .  5 ac re 
foot . 
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9 . Z  This amount of total space i s  approximately 1 0% o f  the amount of 
s pace being produced annually in the mining of rock s alt at the pre sent 
time . By the year ZOOO  it is to be expected that the volume of s alt 
production will inc re as e  several time s , production having doubled in 
the last 1 5  year s . 

1 0 . TRANSPORT ATION OF NUCLEAR WASTE 

1 0 . 1 The three methods in use for transportation of high -level nuclear 
waste , trucks on highways , barge s and ships on wate rways , and c ar s  
by railway , are all costly because o f  the nec e s sity fo r s hielding and 
othe r requirements for s afety in transit . ( 3 3 ) . T rucks are used for trans 
po rtation of waste for relatively short distanc e s  and gene rally in areas 
whe re s afety is c arefully controlled . The transpo rtation of waste from 
proce ssing plants . to points of disposal is principally by rail or wate r .  
E stimate s of cost  indicate that rail transportation costs seve ral time s 
as much as wate r transportation for equivalent distanc e s . The hazards 
of transporta�ion of highly radioactive mate rials by rail through popu
lated are as are also greater than is gene rally the cas e along water 
route s .  For the s e  reasons it  may be advantageous to locate plants for 
the proc e s sing of. spent fuel at points whe re the spent fuel can be trans 
ported by wate r from the reacto r . 

1 1 .  AC CESSIB ILITY OF SALT SPACE FOR WASTE DISPOSAL 

1 1 .  1 The principal areas in which salt depo sits oc cur are those  in the 
no rth central state s and in the southe rn state s along the Gulf C oast . • 

1 1 .  Z The s alt deposit s  of the no rth central state s ,  New York , Pennsyl
vania , Ohio and M ichigan , are  adjacent to  the Great Lake s and lie in 
part bene ath the s e  bodie s of wate r .  It is pos sible in this region to use 
wate r transportation for the movement of  spent fuel to  a proc e s sing 
plant from points as far separated as New York City on the east to 
Chicago or Duluth on the we st . 

1 1 . 3 In southe aste rn M ichigan o r  in northe rn Ohio a proce s sing plant 
could be loc ated on the sho re of Lake E rie directly above salt depo sits 
oc curring at a depth of about Z ,  000 feet . Suitable facilitie s fo r unload
ing barge s could be provided at the plant . Shafts  could be driven to the 
unde rlying salt and the salt produce d  and markete d .  The mined-out 
space could be so planne d  as to provide adequate roof support and s afe 
route s fo r the transportation of waste to points of sto rage . The mining 
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ope rations could be pe rforme d  by an industrial contractor so that the 
net cost of the mine d-out storage space  might be very small . De 
tailed conside ration should also be given to the suitability and availa
bility of space in existing or abandoned s alt mine s in this are a .  

1 1 . 4 The area along th e  Gulf Coast in which salt domes occur is  ac 
ce s sible to wate r transportation through the Mis sis sippi Rive r and its 
distributarie s and the intercoastal canal . Nume rous salt dome s are 
pre sent in the area but in many of them the salt is  at uneconomic 
depths . Some of the salt dome s are being mined and wo rke d-out space 
now exists . The feasibility of utilizing such space for the storage of 
radioactive waste and at the s ame time continuing the ope ration of the 
salt mines would require detailed inve stigation . A few salt dome s 
exist in the area in which mine s have not been opened and which are 
favorable as to depth of salt and convenience of transportation. . 

1 2 . UTILIZATION OF SALT SPACE FOR WASTE DISPOSAL 

1 2 . 1  The storage of radioactive waste in prope rly loc ated space ob 
tained by the mining out of rock s alt has many advantage s as compared 
with othe r methods of disposal . Some of the se are the following : 

a .  The salt its elf has conside rable strength so that pillars left in 
mining may provide sufficient strength to support the roof. In bedded 
salt deposits the ove rlying strata such as lime stone and dolomite pro 
vide trus s - like support to the ove rburden . The pos s ibility of roof 
collapse causing the release of radioactive mate rials stored unde r 
these conditions appears ve ry small but merits ve rification . 

b .  The salt is impe rvious to the pas sage of wate r because of its 
plasticity and c rystalline structure , so that the mined-out space i s  
ve ry dry . This dryne s s  inc reas e s  the life o f  metals b y  reducing rust 
and corrosion . 

c .  The s alt deposits are quite level so that suitable vehicles can be 
used in transportation unde rground . 

d .  The two principal are as whe re depo sits of rock salt occur in the 
United State s have very low seismicity and the po s sibility of spac e  in 

mined-out areas being collap•ed by earth movements is  extremely 
small . Geological examination of mined-out areas indicate s that 
faults are not pre sent , confirming a geological histo ry of stability . 
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e . The comparatively high the rmal conductivity of s alt and its suf
ficiently high melting point would pe rmit the sto rage of waste s at 
mode rate tempe rature without effect on the walls of the c avity , pro 
vided the plasticity of s alt i s  not inc re ased  by long - continued expo sure 
to elevated tempe ratur e s . 

1 2 . 2  The s e  advantage s would not exist  to the s ame extent if the s alt 
cavitie s we re produced by pumping water into the salt fo rmations and 
the removal of the s alt as brine . The large extent of cavitie s  formed 
by this method , the ab s ence of  roof suppo rt , and the lack of control 
over the unde rground distribution of radioactive waste introduc ed into 
such cavitie s  are dis advantages which make it inadvi s able to conside r 
the use of such spac e  fo r dispo s al .  The po s sibilitie s of collapse of 
such cavities are considerable and instance s  of surface s ub sistence 
from such collapse  are known to the salt industry . 

1 3 . PROB LEMS OF UTILIZATION OF MINED-O UT SPACE 

1 3 . 1  The storage of high -level radioactive waste in unde rground salt 
space pre sents s eve ral problems of an enginee ring characte r .  The s e  
problem s  diffe r i n  some re spects depending upon the physical form and 
characte ristic s of the waste as it would be produced by reacto rs or  
proce s sing plants . 

1 3 . 2  High - level waste now being produc �d from the s e  source s i s  in 
liquid fo rm . The liquid as produced is chemic ally active , radioactive , 
and produc e s  heat through radioactive dec ay . It i s  the refore de sirable 
that the waste be treated before storage to minimize the s e  hazardous 
characte ristics .  It is also , in some case s , dilute d in the cour s e  of the 
chemic al separation proce s s  so that the volume is  mate rially inc reased . 

1 3 . 3  The activity of the waste i s  now chemic ally neutralized by tre at
ment with alkaline solutions befo re it i s  plac ed in surface storage tanks 
for aging . This proc e s s results in an inc rease of about four time s in 
the volume of the waste but thi s can be re duc e d  by evapo ration to a 
point where the slurry contains about 3 5o/o solids . ( 34) Waste so  neutra
lize d  would apparently not have any chemical effect on the walls of a 
salt c avity with which it move s into direct contact but furthe r study 
should b e  given to this problem . 

1 3 .  4 The storage of the waste in surface tankage fo r a pe riod of six 
month s or more pe rmits the decay of some of the fi s s ion products that 
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have a sho rt half-life , so that radioactivity and heat are both largely 
reduced . Howeve r ,  othe r fis sion products , such as C s - 1 37 ,  with a 
half- life of 3 3  ye ars and Sr - 9 0 , with a half-life of 2 5  years , are still 
pre s ent in the waste in important quantitie s  afte r months of sto rage . ( 3 5 ) 

1 3 . 5  The transpo rtation of such waste s to cooling tanks and its storage 
in such tank s , whethe r e arth or me tal , require s the exe rcise of much 
precaution . The piping and othe r ve s s els used in transportation must 
be chemically resistant to corro s ion and the stainle s s  steels and othe r 
metals required are co stly . The building of metal tanks or  the exc ava
tion of e arth res e rvoirs for storage during the cooling pe riod is  also 
a s e rious economic burden . The se co sts must be balanced against 
costs of shielding and handling required to transpo rt the waste to s ite s 
of dispo s al . It , the refore , become s a problem in economi c s  as to how 
long it i s  feasible to hold such waste s in temporary storage to reduce 
their activity before ultimate dis po s al .  The enginee ring problems re 
lated to the transportation and storage during the cooling pe riod have 
been solved but at high unit cost . 

1 3 . 6 Pe rhaps the most  diffic ult engineering problem connected with 
the unde rground storage of high-level waste i s  that of he ating . The 
ene rgy rele ased from such waste as heat i s , depending upon concentra
tion , expected to be  from 1 to 3 Btu pe r hour pe r gallon . An ac re - foot 
of such waste would , at the highe r figure , produce about 1 , 0 0 0 , 0 0 0  
Btu ' s  pe r hour , equivalent t o  the combustion o f  about 7 0 0  lb s .  o f  coal . 
From the standpoint of usable powe r , this i s  low-level heat and below 
the level of economic utilization . But , from the viewpoint of dispo s al ,  
thi s  amount o f  heat c reate s a problem that would b e  continuing fo r a 
pe riod of 2 0 - 3 0 ye ar s . 

1 3 . 7 It i s  fe asible to exc avate in unde rground salt deposits re se rvoirs 
that are adequate to contain the volume s of liquid waste that are con 
template d in a program o f  development o f  nuclear powe r . However ,  the 
waste stored in such r e s e rvoirs  would soon , from its own ene rgy , rise 
in tempe rature to the boiling point , creating an additional hazard of 
production of radioactive vapor . The holding of  the tempe rature in such 
unde rground r e s e rvoirs  below the boiling point would require the re 
moval of the heat by a cooling system installed in the rese rvoirs . The 
maintenance and ope ration of such a system pre sents problems of engi 
ne e ring de sign which , in themselve s ,  appe ar to be manage able but only 
with sub stantial installation ,  maintenance and ope rating costs . An al
ternative method would be to let the tempe rature of the tanks exceed the 
boiling point and remove the heated air and vapo r by a circulating sys 
tem , filte ring , and dis charging the gas e s  to the atmo sphe re . The 
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underground storage of the liquid waste in barrels or othe r container s  
would present similar problems o f  heat removal and would probably , 
in comparis on ,  be more costly than unde rground storage in bulk . 

1 3 . 8  The fixation of the liquid waste in s ome solid form after cooling 
and prio r to unde rground dispos al would be advantageous as regards 
both transportation and sto rage . Various methods of conversion of 
waste to solid form have been sugge sted and some of the s e  have been 
carried through the stage of pilot plant ope rations . M ixing with cement 
in the propo rtion of about 1 5  lb s .  pe r gallon would re sult in a solid 
mixture of about 7 cubic feet , weighing about 80  lb s .  per cubic foot . ( 36)  
On a large scale , at a proces sing plant , this mate rial could be cast in 
molds into a form suitable for handling by automatic conveyors  and 
shielded fork-lift trucks with very low hazards from irradiation . Other 
methods of solidification , such as inco rporation in slag o r  ceramic 
products , have conside rable merit . ( 37 ) 

1 3 . 9  On the as sumption that a dispo s al plant could be loc ated in the 
immediate vicinity of unde rground storage in mine d-out - salt s pace , 
the de signing of a system of transpo rtation from the plant to the point 
of dispo s al :would seem to pre sent no s e rious problems , using belt 
conveyor s  for movement and shielded fork-lift trucks for stacking or 
piling in the unde rground rooms . The solidified mate rial would produce 
he at in storage but the problem of boiling would be eliminated and the 
air tempe rature could become high without effe ct on the surrounding 
s alt . The cement blocks could be c ast in such form that air could pas s 
through them . A system of air circulation to remove the he at from 
storage rooms would be more feasible than the cooling of liquid waste 
in unde rground rese rvoirs . 

1 4 . RECOMMENDED ST UDIES 

In the light of pre sent knowledge , no insurmountable obstacle s to the 
storage of radioactive waste in s olid form in unde rground c avitie s in 
s alt appear to exist . Detailed studies  should be c arried out on the fol
lowing enginee ring and economic phase s  of the problems related to salt:  

a .  The availability and cost of suitable space in unde rground s alt 
depo s its ; 

b .  The most effective and economic al methods of proce s sing liquid 
waste in large quantitie s  into solid form;  
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c .  The development of suitable conveyo rs and othe r device s  fo r the 
unde rground transpo rtation and dispos al of waste in solid fo rm ; 

d .  The design of suitable ventilation facilitie s for the removal of 
exce s sive heat from underground storage chamb e r s . 

William B . He roy 

1 1  M arch 1 9 57 
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