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Mon sa nto Research Corpor a tion comp l etPd a program during FY-1977 a t Mo und Facility specify­
ing Concep tual Acceptance a nd Desi gn Cr~t eria for def e nse transura ni c was te packag ing fo r I nter­
im St orr1ge and / or Te rmin~ l I s0 l a tinn . A contrac t or qu es tio:m a i r e was used to gather pertinc1.t 

.·· data . Site visits. wer e mad~ · t o fo r rn ulat~. an integrated contrArtor co nsen s us; a packa g in~ meet ­
in g was held Lo examine , di sc u<;s, a nd int eg r a t e packaging ph i losophies ; and da ta ccllec t e d fr om 
these ac tivities a nd fr om Task Force mee t ings were consolida t ed to provide in put to t hP Basic 
Applica ti on Checkl i st and Criteria Check lists .. Conc~ptua l Design Cr.i t e ri a have now been devel­
oped f r om · an analys i s and eva luation of the applicat i on data against federa l r egu l a tions and 
inte rim/terminal s t o r age 2onsLraints . 

; _ . Bae: kgrou nd . 

The ma jor objec tiv e of DUE Manual Chap t e r 0511 i s r rspo nsible t ec hni ca l mana gement of r ad­
i oact!ve was t es . With the generation of radioactive was t e in DOE ope r a tions, this r es ponsib i l­
ity spa ns th e lifetimes of t he r ad i onucl i des . Close examination of th e e ntir e was t e manageme nt 
cycle clear ly indicates th a t a t o t a ll y arr.ep t ab l e wasre package co ntai r. ment sys t em is im pe rative 
if this ob jec t ive is t o be r ea li zed . As presen tl y spe c i fied i n DOE Ma nua l Chap t er 05 11-044d(4), 
solid t r:::ins•Jr;.rnir was t e p3ckagine and storage cond iti o r. s shri ll be s uch tha t th e packages ca n be­
r ead ily r e tri eved in an intact , con t amina t ion-free n• uJ ir ion for 20 yr . 

The retrievable stora ge site for defense trans ur a ni c wastes <i t th e Idah0 Na tiona l Enginee r­
ing Labor ator y (INEL) has been accept ing waste s ince Novembdr 1970, a nd has sto r ed this ~as r e in 
a n area des i gnated th e Tr a nsura ni c Storage Area (TSA) . The packaging and s t orage co nditi ons fo r 
t he was t e stored at th e TSA mee t th e r e quir emen ts char the c0 nt a ine rs be r ea dily r e tri evabl e in 
an inta c t, cont ami na tio n- fre e cond ition fo r 20 yr . 

Cu r r ent pl a nning of Lit e Divis i o n 0[ W.1 s t e Man:.i).!,L'111 e nt , Produrti0 n <ir1cl Rt-p r N:essi. ng (DWPR) in­
di ca t es continuing use ~f the r etrievable s tora ge a r eas through FY-19~7 with the New Mexi co 
Waste I solation Pilot PJ ~ nt (WIPr) fa c ility a rr Aining ful l operational s t a lus in FY-19 88 . 
According to projections , WIPP will begin r ece iving tr3nsura ni c wastes in fY -1 983 . Tl1i s was t e 
will be stored so that it can be mo ni t ored to evaluat e th e behav ior o[ the waste ty pes unde r . \ 

*Mound Facility is oper a t ~·~ by M('nsanto Resea. LC:h Cnrpurati0n for th e Depa r tment of Ene r gy 
und er Contract .10 . 1-;Y-76- ~:·04-0053 . 
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these stora~e conditions. Projections indicate that the Pilot Plant phase will continue for 3 
to S yr, after which, with retrieval demonstrated and experimentation successfully completed, 
the pilot plant will be converted to an operational. repository for permanent disposal of wastes. 

Data Collection and.Analysis 

A data collection and review phase involving contractor site plans, federal regulations, 
and a technical literature search was completed early in the program and provided the project 
team with all available published data. 

A contractor questionnaire was transmitted to appropriate ERDA (DOE) Operations Of fices and 
contractors by ERDA (DOE)/ALO in early February 1977, and information received on transuranic 
waste packaging from solicited contractors was consoiidated, evaluated, and reported [l]. 

Duri.ng April 1977, at the request of ERDA (DOE)/ALO, MRC personnel presented the contractor 
questionnaire data at the TRU Waste Form and Packaging Criteria Meeting at ·Albuquerqu.e, New 
Mexico. These data represented current information directly affecting the WIPF Acceptance Cri­
teria. MRC provided a mid-term program review at ERDA (DOE) Headquarters on May 9, 1977. This 
review addressed program progress to date and emphasized data derived ~rom the contractor ques­
tionnaire. At that time, ERDA (DOE)/DWPR directed MRC to concentrate efforts to develop Pack­
aging Acceptance Criteria for the Low-Level Transuranic Wastes, because the volume of low-level 
TRU ~aste generation for the period FY-1976 and FY-1976A was 184,144 ft 3 compared to the 4,856 
ft 3 of intermediate-level TRU waste generated during the same period. 

As previously reported [l], only 57.5% (107,542 ft 3
) of the low-level TRU waste generated 

(187,144 ft 3
) was shipped and stored at TNEL. These-wastes are packaged in containment systems 

satisfying both DOE Manual 0511 and Interim Storage (INEL) Criteria. A small portion, represent­
ing l.~% of the low-level TRU.waste generated (3.034 ft 3 )~ is shipped to the,Nevada Test Site 
for storage. The containment systems for these wastes stored retrievably are different fro.m 
those l,\Sed at INEL .. The .other portion.of.. the waste generated (76.,538 ft 3

) is.stored onsite by 
con.trac.tor generators. Onsite storage containment systems are of varied configurations, pri­
marily because contractors developed ·container systems ro fit their unique environme'ntal stor­
age ~equiremencs. 

ln aQy i11formation-gathering effort, not all the information provided is complete and, 
therefore, each reporting contractor site was visited to ensure understanding of the question­
naire data, investigate significan~ program concerns, ·and obtain contractor consensus on TRU 

. wa.s.te· .p.ackaging.·. · Tln;o.ugbout .,.t)le. s_i.t.e ,.v.isi.t;; .. it y.as. ~vid.eot. tha.t .vai;yi,ng )ev.~.l.s _q f. coi;npliance .. : ... 
with Manual Chapter 0511 exis·t.. 'This is. par.ticul.iir1y'.i:rue '\./:itii refere.nce· 'to" ·separatii::in' of· .c.oni-·· .. 
bustible and noncombustible waste materials. Although the questionnaire data received reflect 
that only 21.6% of the low-level TRU ~aste generated during FY-1976 and FY-1976A was combustible, 
a reasonable doubt in the accuracy of this composition must be noted. An inaccuracy in the com­
bustible waste volume could affect both the applica~ion of future incineration technology as 
well as the combustion-loading requirement of the WIPF facility during the pilot plant develop­
ment phas·e. 

An analysis of the information exchanges with the contractors dictate's that both a drum 
configuration and a box geometry (preferably a modular concept) are needed. This analysis and 
~utual packaging consensus are based on the following contractor requirements and waste g8nera­
tion history: · 

1. Present Material Handling Systems 
2. Current and Future Waste Processing Systems 
3. Present Material Assay Systems 
4. Available Hodes of Transportation 
5. 71% of the lo~-level TRU waste generated in FY-1976 and FY-1976A was packaged 

in b'-'X geo1uetry 

Cost of-any new packaging system is extremely important ro the contractors, and their request was 
that th~ new system be lower and/or comparable to the present packagirig economics. This c~st con-· 
servation is not only based on future gE"neration of l<'w-level .TRU wastes at the contractor sites, 
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but also strongly influenced by kn6wn and planned decontamination and decommissioning projects 
at Mound, Rocky Flats, LASL, Atomics International, LBL, and Oak Ridge, where substantial in­
creases in low-level TRU wastes are projected. 

The contractor need for a standardized TRU containment system is immediate. If packaging 
of TRU wastes continues in nonstandard containment systems, it is probably safe to assume, 
based on the present WIPP Acceptance Criteria and supported by the Final Report of the Task 
Force on WIPP Criteria Interrelationships, that contractors, along with interim storage sites, 
will be required to repackage stored wastes prior to placing these wastes in a terminal isola~ 
tion mode. The repackaging costs, however, would be less expensive if standardized containers 
are defined, proven, and available as soon as possible. 

Following conversations with contractors generating transuranic waste, a meexing was held a~ 
~~und Facility on June 2, 1977, for the specific purpose of discussing proposed criteria for an 
acceptabl.e TRU waste ·package for application in both interim storage and terminal isolation. Re­
scilts of this meeting have been previously reported (1). At the meeting, contractors and the 
WIPP representatives requested that the project team initiate a survey of container manufac­
turers to determine whether any conunercially available packaging/containers are applicable for 
the shipment and storage of low-level TRU waste. "Information has been ·received from manufacturers 
on container types, materials of construction, sizes, shapes, internal volume, weight, closures, 
DOT certification (if applicable), and unit cost. Performance data· relating to materials of con-
stru~tion have also been received and evaluated. · 

To ensure that acceptable TRU packaging.is developed for defense wastes that is consistent 
with packaging being developed for commercial wastes, representatives from ORNL Office of Waste 
Isolation (OWI) visited Mound Facility on May 4, 1977: At the meeting, packaging acceptance 
criteria, package/containment systems standardization, central procurement, and transportation. 
of the·wastes for interim and terminal storage ~ere discussed. T~e OWI po~ition, at t~at time, 
was that packaging criteria and TRU packages developed should be conservative a11d. that. cos_t of 
the packages to users/generators. was not important. MRC and ·owI agreed· that· the "packaging 
acceptance criteria should be consistent for both defense and commercial TRU wastes, since both 
type·s of gener"alurs produce essentially the same types of waste. OWI representatives agreed 
that standardiza,tion of b:>th container quality and design specificat:i.ons would redu"ce "the en­
vironment~l risks. 

At the request of ERDA (DOE)/ALO, Mound representatives attended the Task Force Meeting on 
HIPP Criteria at ERDA (DOE)/ALO on August 2, J977. The specifi.c role of Mound pet-sonnel 1vas one ... . 
. of .pro:v.ic!ing tech.nical. informatioi:i .on .present• pa:ckagihg -syst"em.s. a~:a,··cheir conipatabi1nf· i:"o'.· the· ... . 
WtPP Cr"ite·r·ia. ··!~formation was supplied to .the Task Force as requested during the meeting . 
Based on the combustibility and radiolysis requirements as written in the WIPP Acceptance Cri­
teria, it was concluded that present TRU packaging does not meet the criteria for all types of 
wastes. In the final report of the Task Force on the WIPP Interrelationships, a recommendation 
was made that a standardized container system designed to optimize sp~ce, provide fire barrier, 
and limit gas generation during storage should be developed. The Acceptance Criteria for TRU 
Waste Packaging for Interim and/or Terminal. Isolation developed through this program are directed 
toward Al'l:.nr11pJ .. i.:::hing chis rec.onunendation. 

CONCF.PTUAL TRU \1ASTE CONTAINER DESIGN SPECIFICATIONS 

More than 18 different packaging configurations are being used for interim storage of TRU 
wastes. Of these configurations only tl1e DOT 17C (17H) ~t~el drum is readily acceptable for 
direct shipment and isolation in the WIPP. The pro] iferation of waste packages currently in use 
is a direct result of efforts of the waste generators to package their unique TRU wastPS into 
containers able to meet the 20-yr retrievabil~ty requirements under the differing enviro11mental 
conditions of onsite storage. Completing the cnncPptual design for a family of standardized . 
TRU waste co11ta.iI1ecs will be difficult without established p.:ir;imeters with regard to waste form 

. and inter~m storage environment. In the selection of materials for construction of a particuJar 
packaging system, it is important f{rsr to cnnsider the characteristics of the system, giving 

·special attention to extraneous factors that may influence decomposition. Since these factors 
would be peculiar to a particular system. it may be impractical to offer hard and fast rules 
that would cover ::ill situro1ti.ons. As st<.•tr.·d .i.11 111ie of clle Silnd:ia early t·ough d·c;.1l"ts of TRU 
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Package 
Number 

1 

2 

3 

4 

5 

6 

.7 

9 

11 

12 

13 

14 

15 

16 

I 
! 

Table 1 - BASIC APPLICATION.CHECKLISr~~~~~~~~~~~~~. 

I 

I 
55-gallon steel drum, DOT 17H, zinc dipped, 

(PE) bag liner 

polyethylfne 

55-gallon steel drum, DOT 17H interior and exterior 

~ainted, PE bag liner 

55-gallon stainless steel drum, _DOT 17H, PE bag liner 

55-gallon steel drum, DOT 17C, interior and exterior· 

piinted, PE bag liner 

5_5-gallon steel drum, DOT l 7C interior and ·exterior 

painted, 90 mil high density polyethylene (HOPE) liner 

when lead shielded $60.00 additional 

55-gallon steel drum, DOT 17C zinc dipped, 90 mil HOPE 

·-.-liner 

30·-gallon stainless ·s_teel .. drum, PE· bag liner 

30-:-gallon steel drµm,_ interior and exterior painted 

PE bag liner,· 2 each inside concrete cask 

Corrugated metal pipe, zinc dipped, 2 1/2" diameter 

x 20' long 

55:...~a1icin ~feel .. d:rum:·':zinc dipped_-··90 ~il 11brE ·line/; 

inside concrete culvert 

Welded steel box, 1/8"· thick, PE bag liner, random sizes, 

will fit inside supertiger 

Fiberglass reinforced polyester (FRPJ pl~;ood box, 

4 'x4 'x7', PE I.Jay l.i11t:!L 

FRP plywood box, random sizes, PE bag liner 

Steel bin, 4'x5'x6', 12-gauge, 55 gallon DOT 171! st.eel 

drums or 1/2" thick plywood box placed inside. 

FRP plywood box, random, steel drums inside 

FRP plywood boxes, cold rolled steel boxes, ·inside 

concrete culvert 

Volume 
ft3;m3 

7. 4 2 

0.21 

7. 42 

0.21 

7.42 

0.21 

7.42 

0.21 

7. 4 2 
0.21 

7.42 

. 0. 21 

4.01 

0 .11 

8.02 
.. 

0.22 

98 

2.78 

'7. 4 2 

0.21 

P.=:no·.::m 

112 

3. 1 7 

8-1500 

.23-43 

120 

3.40 

P.<J ndom 

Random 

Approx. 
Unit 
Cost 

$32.00. 

$34.00 

$135.00 

$20 .. 00 

$60.GO 

$60.00 

$70.00 

$)00. OQ I 
I 

$250.00 I 
I 

.. . .:·.~: . t $60.00 

$1000.00 

$400.00 

$800.00 

$100.00 

$1000.00 

$500.00 

$2900.00 

$1320 .oo 
' $8000.00 



~------------Table 2 - BASIC APPLICATION CHECKLIST~------------~. 

Package Waste Generator 
Number . RI ARHCO MRC LASL SRP ORNL ANL-E LLL LBL BM! AI 

Total Volume 
Per Waste 

EG&G ANL-W Packa~e Type 

1 

2 

3 x 

4: x x 

5 x x x 

6 x 

7 x 

0 x 

··.: 
9 x 

10 x 

. :.- ·:: ..... 
11 

12 x x 

13 x 

14 

15 x 

16 x 

x x 

x x x 

x 

1430 ft
3 

3 
40 . .5 m 

4/.J. ft\ 
11.9 m 

1925 ft
3

3 
54.5 m 

14561 ft
3

3 
412.4 m 

23314 ft\ 
660.3 m 

3000 ft
3 

3 
85 .0 m 

. 3 
1925 ft 3 

54.5 m 

800 ft
3

' 

----------------------·~--'~ I 

·I .. -.:. 

x 

·.· .. :·. 

:,, ......... ·. 

"4500 ft 3 . 
127 . .J :r. 3 

2000 ft
3

3 
56.6 m 

·.i's.do:' ·[~·j· 3 42.5 m 

79700 ft
3

3 

·--------------1.I~l.:..1__.:1}_ 

Total Volume 

2000 ft
3

3 
56.6 m 

. 4700 ft 3 3 
.133.lm 

43368 ft
3

3 
1228.2 m 

2000 ft
3

3 
56.6 m 

d:l7,l.J4 ft 3 

5, 300 m3 

5 
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Waste Acceptance Criteria, "It (conceptual design .. c.riteria) is in 
lateral rulemaking." However, through Mound's study of TRU waste 
parisons of the Basic Application Checklists (see Tables 1 and 2) 
isolation requirements, a set of conceptual design specifications 

Waste Container Definition 

I 
I 

I 
no sense an attempt at uni-
pack•ging and resulting com­
to the transportation and 
was ~ssembled. 

I 

The box or drum, including any associated liner· and/or shielding ~aterial, that immediately 
surrounds (and is considered to be an integral, disposable part of) th~ waste material. 

Structural Des·ign 

The structural design of all low-level TRU waste containers must meet the requirements for 
Type A packages as outlined in 49CFR173.398b. Low-level TRU waste is any .solid waste material, 
other than high-level waste, which is conta.minated with long-lived alpha emitters to the extent 
that, under the provisions of DOE Manual chapter 0511, it is .not suitable for surface burial, hut 
which exhibits sufficiently low radiation levels (<500 mrem/hr) that it is amenable to handling 
by· "contact" methods. This minimum structural design requirement shall be required for all TRU 
waste packages to assure safety to personnel during handling, loading, and unloading operations. 
During shipment, the Type A containers ·may be placed inside ·a reusa.ble Type "B" overpack. The 
Type "B" container must meet more rigorous struc.tural ·design requirements and tests than Type A 
containers to provide for maximum safety during shipment. Cost.effective packaging and trans­
portation of TRU waste materials will requi.rg the single use Type A packages to be relatively in­
expensive but capable of meeting the requirement.s of ·contamination control from the ti.me the 
containers are filled until they are backfilled inside the WIPP facility . 

. Design Life (Decomposition). 

The design life of all TRU low-level waste containers for contamination-free retrieval 
shall be 10 yr minimum when stored iri a noncorrosive atmosphere (pH 7-8),. 60~ relative:humidityr 
and 100.°F. · The ·design life pa.ramet·ers may suggest a change in DOE Manual 0511 from iO-yr in.tact 
contamination-free retrievability to a 10-yr intact contamination-free retrievability concept. 
Life of the ·shipping container will start from the time the container is manufactured until back­
filled i.n the HIPP: The 10-yi: life is based upon the forecast chat the \HPP will be fully oper-

.' at:l,onal-..for -.TRJJ ,wast.e ·coI)tainer.s ·in 1988; .. ·L.ife .. c::ycle .of. the c.ontainer .wil.l. ~nclude manufac.t .. ur-:­
':tng, deli'v'~ry, .-si:ora.ge, ·frans.n;itt~·l int~ th"e. inPP, a~~lysis; and backfi'iling .. This life c)~cle .· 
should be approximately 5 yr; however, it could approach 10 yr because the backlog of interim 
stored wastes will be in direct competition with freshly packaged wast~ for isolation space in 
the Isolation Facility. All filled waste containers must be protected from environmental condi­
tions that could significantly reduce the design life of the waste containers to less than 10 yr.· 

Materials of Construction 

Materials. ot construction shall be based on design life and structural design requirements. 
Ferrous and nonferrous metals, plastics, reinforced plastics, fiberboard, corrugated fibers, 
wood, and concrete have been considered for container materials. All these materials can mee~ 
the requirements for hazardous nmterials packaging and are acceptable in the WIPP. Therefore, 
the choice of materials, or combinations thereof, can be made from the ahove group. 

Difficulty of choice will be influenced by the waste form, design, economic interests, and 
final ·wrrP TkU \~riste Ac:ceple11t.:e Cr iteda. 

Maximum Weight of Container and Content;.; 

The weight of a single container filled to 98% capacity is limited to 25,000 lb (11,400 kg) 
based on a contents density of 125 lb/ft 3 (2000 kg/m 3

). Thi~ design wei~1t is based on the 
25,000 lb (l.l,400 kg) maximum cap3city of the ~HPl' lo.,.,-l.cvel hoist cage. 
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Shape 

The container family shall be modular, having a·shape which will provide maximum packing 
efficiency. The cylindrical container has a packing efficiency of -0.69 and the void space 
will be 31 it 3 for every 100 ft~ of waste in t~rminal isolation. The cylindrical container, up 
to 8 ft 3

i is readily mass produced and availa~le. in metal, plastic, and fiberboard. However, 
because of the underground location for isolation of TRU ·wastes, emphasis must be placed on 
container shape with higher packing efficiencies for the waste ma~erials. 

Dimensions 

Wiste container dimensions ~hall be based on the criteria given in Table 3 to provide 
flexib{lity in mode of transportation. 

I Handling Appursenances 

Ail low-level TRU waste containers must be provided with cleats, offsets, or chimes which 
_permit handling by fork lift. 

Security Seal 

The outside o.f each waste container must incorporate a feature such as a seal that is not 
readily breakable and that, while intact, will be ·evidence that the.package has not been illicit­
ly opened. 

Cost 

Current low-i~v.el waste pa~·k.ages which can meet 'che reqirements of DO·~· Manual Chapter· 0511, 
WIPP, and DOT Type A have casts ranging from $3.57/ft 3 (4x4x7 ft fiberglass reinforced polyester 
resin box) to $18.19/ft 3 (DOT 17H, 55-gal, stainless steel drum) for the packaging materials. 
Cost per cubic foot af storage volume for the standardized container· fa~ily should be toward the 
lowerend,.ofc.this'.r.;,mge"to:be·co.st efff?ct.ive.:: "·" ":'.. .... ... ..,., 

1. J. W. Doty and J. B. Peterson, Acceptable TRU Packaging for Interim Storage and/or Terminal 
Isolation: FY-1977 Fin;:il .Rcpo~, HT_:!-2489 (February 17, 1978). · 

Table 3 - MAXIMUM DH!E•~SIONS THAT MUST BE 
CONSIDERED FOR WASTE CO:-JTi\I'.'JER DESIGN 

ATMX Super I so/Cargo WIPP 
Dimension Railcar Tiger Container Hoist case 

Inside Length 600 in. ( 5. 24 ml 172 in. ( 4. 3 7 m) 228 in. (5.79 m) 144 in. ( 3. 66 ml 

Inside Width 108 in. ( 2. 74 ml 76 in. ( 1. 93 ml 93 in. ( 2. 36 r:t) 96 in. ( 2. -14 m) 

Inside Height 108 in. (2.74 ' ml 76 in. ( 1. ') 3 ml 91.Sin. ( 2. 32 r:il. 108 in. ( 2. 7i; m) 

Door Width Top Load 76 in. ( 1. 9 3 ml 90 in. (2.29 ml 96 in. ( 2. 4 4 ra) 

Door Height Top Load 76 in. ( 1. 93 m) 89.5 in. (2.27 ml 108 in. ( 2. 74 ml 
-·--- -· 

_____________ ! 
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