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ABSTRACT

Stamless Steel RSM Beneficlal Reuse
Techmcal Feas1bility to Busmess Reahty

e W, L Boettmger
B George Mlshra

‘The Stamless Steel Beneﬁcral Reuse Program began in 1994 as a demonstratron ﬁmded by/

the DOE Office of Science and Technology. The purpose was to assess the practicality of -
stainless steel radioactive scrap metal (RSM) ‘recycle. Technical feasibility hasbeen * =

‘demonstrated through the production of a number of products made from recycled RSM

A solid business foundation is yet to be ‘achieved. However, a business environment is
beginning to develop as multiple markets and applications for RSM are surfacmg around
the Complex. The criteria for a successful business reahty mcludes
o affordable programs, = T
* a continuing production base from whlch to expand,
o real product needs, :
. adequate RSM supply, and
e a multi-year program.

B The program currently sponsored by SRS and DOE-ORO fabncate Defense Waste

Processing Facility (DWPF) canisters from RSM provides an actrvrty that satisfies these

- A companson of the cost of DWPF canisters fabncated from recycled RSM and vxrgm '

metal is presented. The comparison is a function of several factors! dnsposal costs, the
fabrication cost of virgin metal canisters, the fabrication cost of recycled ‘RSM canisters,

 free release decontamination costs, and the cost to accumulate the RSM. These variables
 are analyzed and the relationship estabhshed to show the break:even- es
o values of eac‘h parameter AL st

point for variou

i 3T ,.;«
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Bac ‘round“

The DOE’s Office of Science and Technology Development has funded the demonstration
of the beneficial reuse of recycling stainless steel radioactive scrap metal (RSM). A
number of demonstration products have been fabricated and used at several sites
throughout the Complex. The chart below 1denttﬁes the products fabncated as part of the

demonstration.
Item . Status  Funding Source
RD-100 ,-:Fal_:ric.:_atie-g‘con!‘;}letew Programmatic
‘RD 55 ‘Fabrication complete Programmatic
(UN1A2 Certified) R »
RD-85 . Fabrication underway Programmatic

(UNIA2 Cortifled) >~

RDDO o " Production commenced  Multple

Production commenced- Programmatlc ,,

Ingote i
RD-DWPF  Qualification '"'“afe" o Multiple

Al RD-SS drums have been fabncated and dxstnbuted to SRS LANL Hanford, and
ORNL. . -~ |

- RD-85 tgallon drum) o ' ’ ‘
Approximately 250 RD-85 drums have been fabncated te date 195 have been dtstnbuted

| -to SRS and INEEL 100 remain to be fabricated.




| (containers for glass from the Transportable vitrification system) .
All RD-TVS boxes have been fabricated, half of which have been shipped. In addition to

programmatic funding, support for the RD-TVS fabrication came from the Mixed Waste
Focus Area, LANL, and from SRS Set-Aside sources. .. . - . o

RD-D20 (Heavy Water Storage DIUmS)  : -, sy et “pin oo o el il
Fabrication of the RD-D20 (heavywater) drums is under way. Completion is expected
prior to the end of the fiscal year. .In addition to programmatic funding, financial support
for the RD-D20 fabrication originates from the SRS Spent Fuel Division (EM-30 funding)
and SRS Set-Aside sources. ;.. ... - TS e e

Ingots

As part of the demonstratidx{ a ten ton Reactor Pump from SRS is to be'melted, combined
with all remaining process inventory in the vendor shop, and cast into ingots.-Some of the

-metal will be cast into RAM-LOC™ shielding blocks for use at SRS. Support for this -
 additional scope is expected to come from SRS Set-Aside funding. - .o nl

RD—DWPF 'ua_liﬁcation’ caniste_rs'for he Defense Waste Proce$sin Facili S
SRS is cooperating with DOE-ORO to fabricate a number of DWPF qualificatio
?‘imiSters. Five to ten canisters wﬂl bg fabricq;gd. P T s R EE R s

Criteria for B‘l‘l:VSin'es"s? Realif

Though technical feasibility hvé;"l')éeh demonstrated, the business reality of dispositioning

large amounts of the Department’s stainless steel RSM has yet to be realized. To achieve
" business reality the following criteria must be satisied. - = e s o

* 1."An affordable program for dispositioning the RSM and producing products must be
- undertaken. Such a program must be competitive with alternatives. =i o colisfie T
2. A continuing production base is needed to assure the proper economies of scale and to
© allow industry to establishitself. -~ P '

3.. Real products, i. e. products for which there is a real need, must be fabricated.
" 4 An adequate supply of feed stock (RSM) must be made available to industry.
5

.- A multi-year program must be funded in order to allow industry growth to‘yens»ué.i

" The large amount of RSM possessed by the DOE combined with the several decade long
. need by the DOE for DWPF canisters adequately addresses criteria 2 through 5. Therest
~oof t_his paper_gieals thh the “Affordable Progr,am’_’{j;_:riterion.' e D

. AffordableProg ram

- Tdbropéﬂy_ aSSesS the competmvenessof RSM recycle, theOOStS for theentu'e recycle R

~ process must be compared with the standard (comr_nonly' referred to as “virgin metal”)




process. The comparison is called an Avoided Cost analysis because it incorporates the
recognmon that when RSM ls recycled the cost to dlspose of the RSM is avoxded”

The followmg table prov1des an example avoxded cost calculatnon for producmg DWPF
Canisters. The metal used for the RSM Recycle process is assumed to come from SRS
process water heat exchangers. There are two fabrication methods shown: the RSM

o recycle fabrication process and the virgin metal fabrication process. With the virgin metal

process, the cost of disposing of an equivalent amount of RSM not used is included.

Notice that the Accumulation Cost (the cost to process the heat exchanger metal to ready

it for the meltor) is more than offset by the avoided disposal cost. In this case there isa
calculated $300 per canister savings for the RSM recycle alternative. -~

Avonded Cost Companson |

SR LR

R T T RSMRecycle ‘ Vlrgm Metal

7 Hem ” Fabrication -~~~ * Fabrication -
DWPF Camster (Vendor) »$ 8,500 “per Canister - B 8,500 per Canister
Cost . : . ' ,

| Disposal of equivalent .~ |~ " . " 1'§1,400 per Canister -~
amount of scrap at $50/cf ~ | T o e S
Accumulation Cost (Decon., | $ 1,100 per Canister
size reduction, ...) at 1.00/Ib |
Subtotal : | $ 9,600 per Camster . $ 9 900 per Camster

- Recycle Savmgs I L A $300 per Camster

The values for the stposa.l Cost (set at $50/ct) and Accumulatlon Cost (set at $1/lb) are
uncertain, and will become known with greater accuracy as more information from future
-activities becomes available. The followmg graph dxsplays the eﬁ'ect of changes in these
v 'vanablesonthetotalcost b v s
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- In thxs example the RSM recycle camster costs $9,500 while the Virgin Metal Canister

' costs $8,500.” Notice the RSM Disposal Cost would have to be at least $36/cf for the ~
RSM Recycle Canister to be economical at a zero Accumulation Cost. At $50/cf dlsposal
‘eost, an accumulatlon cost less than $34/lb would be econormcal

'The break even relatlonshlp between the Accumulatlon Cost and the stposal Cost is
shown in the following graph. Three separate conditions for the “RSM Canister cost
minus the Virgin Metal Canister cost” (called Delta) are shown. - This graph is useful in

" assessing the break-even relationship among the three important variables: Accumulation

cost, Disposal cost, and Delta. The hne representmg a Delta of zero also deﬁnes the
. break-even free release scenano. T

N

» DWPF Camster- Breakeven Accumulauon COSt as a
: Functxon ‘of RSM. Dlsposal Cost (Delh RSM Camster
b ) Cost minus Vlrgm Camster COst)

LA

| Accumulation Costs ($fb)

($1.00)




Avorded Cost Comparison

RSM Recycle RSM Free Release RSM Disposal &
Fabncatton | - & Virgin Metal ©-| ©°  Virgin Metal
Fabrication Fabrication
DWPF Canister $ 8,500 per canister | $§ 8,500 per canister | $ 8,500 per canister
(Vendor) Cost
Disposal of equivalent B S $ 1,400 per canister
amount of scrap at
$50/cf

Free Release Cost $ 1,100 per canister
(Chemxml e - EE : 3
Decontamination, etc. )
at$1.00/1b - .. : 5. , B
Accumulation Cost: | § 1,100 per canister
* (Dwon. size - B S B
reduction, etc.) .at
+ | $1.00/1b

Subtotal - 18 9,600 per canister | $ 9,600 per canister | $ 9,900 per canister
Savmgs $ 300 per canister - - '$ 300 per camster

Item

In thls table three possibrhtres are shown RSM recycle (beneﬂcxal reuse) RSM ﬁee
release & virgin metal fabrication, and RSM disposal & virgin metal fabrication. - The first
two possibilities are shown to have an equal advantage over disposal. - Whrch one is more
advantageous will be determined as the future programs proceed. -Such programs will
provrde information on the cost of decontamination and free release compared to the cost
of size reduction and metal melt & fabrlcatron Itisnot expected that canisters made by
recycling RSM would cost the same as canisters made from virgin metal ‘The following
table shows the break-even analysxs for the situation where the camsters made from RSM
are $1000 more costly than the camsters made from v1rg1n metal

£

Cost Companson

<

RSM Disposal &
il IR Item R . RSM Recycle Virgin Metal
Fabrication . : Fabrication
DWPF Camster (Vendor) $ 9,500 . per Canister | $ 8,500 per Canister
Cost
Free Release Cost (Chemlcal : $ 2,100 per Canister
Decontammatron, etc ) at
$1.91/1b -

Accumulation Cost (Decon -$ 1,100 per Canister
size reductton, etc) at -
$1.00/1b

Subtotal $ 10 600 per Canister $ 10, 600 per Canister
Diﬂ'erence R 3 - 4 $00 per Camster




In this case at-an accumulation cost of $1.00 per pound to make stainless steel ready for
the meltor would break-even with a $1.93 per pound chemical processing cost to free

- release the metal. The reciprocal is tiue as depicted in the following table, where the -
canisters made from RSM are $1000 less costly than the canisters made from virgin metal.

: 3 Costvcexhl»)’z‘iﬁseh:

s . -7 I RSM Disposal &

Item - -1 RSM Recycle Virgin Metal
_ ’ Fabrication Fabrication
- DWPF Camster (Vendor) |'$ 7,500 per Canister |$ 8,500 per Canister
_| Free Release Cost (Chemical N | $ 1,100 per Canister
.Decontarmnanon, etc)at e
$1.00/b e IR RIS e b
Accumulatxon Cost (Decon '$ 2,100 per Canister
| size reductxon, etc) at t S
. $l gl/lb H SRR v;’:"‘;-‘*‘i EOSBEIN ,;-'&:,;fi,v-:: [ T sl R T PR AR -,,,_‘-; :
Subtotal 1_" T $ 9 600 per Camster \ $ 9,6 600 per Camster
Difference . - - SR $0Qper Camster

: The followmg graph shows the relatxohshlp between the accumulatxon and free release
_,break-even costs for various “delta’ s’ where delta equals the RSM DWPF canister cost
“minus the Virgin metal DWPF canister cost. The examples depxcted m the two precedmg
- tables are shown by the horizontal and vertical arrows on the graph.” ‘




Breakeven Accumulation Cost asa Function of Free Release Costs
(Delta = RSM WPF Canister Cost minus Virgln DWPF c.nlﬂl (:ot)

Accumulation Cost (8nb)

o ‘ ) Free Ralease Cost ($1b) R ssm

Tt is expected that the most economical scenario will be a situation where a portion of a
heat exchanger is decontaminated to free release levels and the remainder is recycled for
' beneﬁcxal reuse. Future activities will provide msxght mto thxs issue.
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—85

m.w—i&ﬁo:

DWPF me_mﬁon 2 osaoc
Cost

ol w m uoo per Canister

| Disposal of ané_oa.

amount of scrap at $50/cf

Accumulation Cost Qu,ooo:s

,.m ,,_H,Loo per. QSEQ.

size reduction, ...v at H_oo\_w. ,
Subtotal e i

m,._.wv,moo per OmEmﬁ.,

W.no,%n_o m»i.ﬁm :

710




Total Cost of a DWPF Canister Fabricated from . -
Virgin Metal as a Function of RSM Disposal Cost

Total cost of a DWPF Canister Fabricated from RSM
~* asa Function of RSM Accumulation Cost
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Total cost of a DWPF Canister Fabricated from RSM as
Function of RSM accumulation cost
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'DWPF Canister- Breakeven Accumulation Costasa
Function of RSM Disposal Cost (Deita = RSM Canister
., Cost minus Virgin Canister Cos{)
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| ., __..,_><o53 Cost Ooﬁwalmg |

b Ttem

'RSM Recycle

B R H&Uﬂmﬂ.”.ﬂmeﬂ. o

RSM Free Release -
- & Virgin Metal

" ' Fabrication -

T RSM Disposal & -
. _Virgin Metal - _

<! Fabrication ="

DWPF Canister
(Vendor) Cost

"|'S 8,500 per canister

$ 8,500 per canister

$ 8,500 per canister

Disposal of equivalent ;
amount of scrap at
$50/cf

AT P

$ 1,400 per canister

Free Release Cost

| (Chemical

Decontamination, etc.)

“at $1.00/1b

$ 1,100 per canister

F%

Accumulation Cost
(Decon., size |
reduction, etc.) at
$1.00/1b

,m 1,100 per n.mamﬂoa |

Subtotal

$ 9,600 per canister

"$ 9.600 per canister .

Savings

$ 300 per canister

$ pooo per canister -

. $300 per canister




..+t . . CostComparison

| HSE

i A,wmg _wmmgm»— %n
RSM Recycle . Virgin Metal
Fabrication - Fabrication

Ucﬁ% OmEmSH QQ&oQ
Cost - |

$ 9,500 per Canister

$ 8,500 - per Canister

Free Release Cost AQ_@ES&

Decontamination etc.) at.

t(t‘t!E‘th\ ARy e \ >

$1.91/Ib

~|'$ 2,100 per Canister

Accumulation Cost cuaooz
size Racoscp etc.) at ,

$1.00/1b

3 r.,~oo, per Canister

| Subtotal

m S 600 per OmEmHQ,

w 5 moc wo_. OmEmSn

i Difference

woo wﬂ. OmEman
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" Cost Comparison

¥ :9: i

o .| . RSMRecycle |
| " Fabrication

,, - Virgin Metal
. Fabrication

DWPF OmEmHQ. 28%3,
Cost =

$:7,300. per Canister.,

w m moo cﬁ. OmEmaa

Free Release Ooa _‘ AQBBB&
UaooEmBEmﬁoP aﬁov mﬂ

$1.00/1b

$ 1100 Eoéﬁ

“Accumulation Cost Quwoob m ..,__‘NLoo. - per Canister

) $1.91/1b

size RmcoaoP etc. V at

Subtotal -

Difference

m w moc uﬁ. Omémaa |

$ 9,600 per Canister

_$00 per OmEmSﬁ |
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Accumulation Cost ($/1b)

PV Breakeven Accumulation Costas a Function of Free Release Costs -
(Delta = RSM DWPF Canister Cost minus Virgin DWPF Canister Cost)
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One pass efficiency is about 40%
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56&:& Distribution

Site ~ RD-100 A RD-55 RD-85 RD-TVS RD-D20O
Planned Received | Planned | Received | Planned | Received Planned Received | Planned Received
SRS 11 16 157 145 107 85 100
INEL | . 108 118%*
LANL 81 81 45 1
Hanford 81 81 45 1
ORNL S 81 g1 45 40 20
Total 16 16 . 400* 388 350 205 40 20 100

BRI7TPPT

as of 5/29/97 *12 each destroyed in gam - **10 retained by vendor for moé_ovaaa




