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HANFORD WASTE VITRIFICATION PLANT 
FOREIGN ALTERNATIVES FEASIBILITY STUDY 

1.0 INTRODUCTION 

The U.S. Department of Energy (DOE) has conducted defense nuclear 
materials production activities at its Hanford Site in the State of 
Washington for more than 40 yr. These activities have resulted in the 
accumulation of large quantities (millions of gallons) of radioactive high
level waste (HLW), most of which are currently being stored as slurries in 
underground tanks. It is a major mission of the DOE to achieve permanent 
disposal of these wastes using safe, environmentally acceptable, and cost
effective methods that meet applicable regulations. This report deals with 
selection of the applicable technology for converting the Hanford HLW slurries 
to an acceptable waste form for disposal in a geologic repository. 

In June 1983, the President submitted the Defense Waste Management Plan, 
(DWMP) (DOE 1983) to the U.S. Congress. This Plan established the . 
fundamental ~oal to end present interim storage practices for defense wastes. 
and to provide for permanent disposal. To ~chieve this goal, the DWMP '. ; 
establishes, as an objective, that the HLW be converted into a borosilicate ·l :i 
glass waste form for shipment to a geologic repository. The Hanford Waste : '. 
Vitrification Plant (HWVP) Project has been :established by the DOE to ·r-:,;· 
accomplish this objective i ~ · 

' The construction of HWVP is included as · the -preferred HLW disposal · .. 
alternative for Hanford in the fi~l environmental impact statement (EIS) on.::J 
the Disposal of Hanford Defense Hfgh-~ev11? 1 Transuranic, and Tank Wastes · .) 
(DOE-1987) . The deci-sion process -~ul1,nnated,'.< with the- issuance of the record_-,- i 
of decision by DOE in April .1988 -{DOE 1988},{which stipulates -that the i ~~ 
"preferred alternative" discussed in the EIS.:·be implemented.. f,/ 

. , ' . . . 

Vitrification also has been -chosen for HLW at the West Valley \ , 
Demonstration Project (WVDP) in the state" of.• New York, where convnercial : .. ·1 

teprocessing of spent nuclear fuel was carri~d out in the 1960's and 1970's, \ 
and at the Defense Waste Processing Facility; {DWPF) in Aiken, South Carolina; : 
where DOE has conducted nuclear materials production activities since the ~-{ 
late 1940's. Both of these sites have selected a liquid-fed ceramic melter :.:> 
(LFCM) technology for vitrificatio~ of their 1 HLW. i~~ 

, -~~~ 

The WVDP vitrificQ .. ion project is expe~ted to go i nto hot operation in°f.} 
1991, and the Savannah. River Site should do ;so in 1992. Current plans are ~ ; 
for the HWVP to go into hot operation possibly as early as 1996. Because th~ '. 
timing of the vitrification program at Hanford is much later, it is ,. . '.; 
anticipated that a signific~ni cost and schedule savings should result from~ ~ 
application of lessons learned at the other{twci plant~. ! . 

. I 

'fj"' 
·fl 
t l .:i.·:, 

t#'-;· 
~::---~ 
-;~\,, 
~'t'· 
.1,1 ;1 
·- ,~-1 
•)~fl 
~-~j 
:~J 
• •'Ifi,; 
,· t~~ 

.,.--r~ 

:~i~J. 

During the.p~st several decades, DOE .has spon~ored rese~rch and . }\w~ 
develo~ment .actw1ties in nuclear waste v1trificat1on. As w11l be discussed -f-~~11;, 
later 1n th, s report, the DOE development pr,ograms have produced a mature :' lff~ . 1Jm~}~ 
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technology that is now being applied on a large scale for the vitrification 
of nuclear wastes in the United States, as well as in other countries . At the 
same time, development efforts that have produced an alternative mature 
vitrification technology have occurred outside this country, most notably in 
France. This alternative technology employs a different design approach, and 
it has been successfully applied to the large-scale production of vitrified 
nuclear waste products in France. The French technology also is being adopted 
by the United Kingdom. 

Because of the existence of alternative technology and its apparently 
successful adoption elsewhere (i.e., in France and in the United Kingdom), the 
HWVP has determined that a reassessment of its earlier decision to use LFCM 
technology 1s warranted. This report presents results of a study to use 
alternative technology in the HWVP. Cost, schedule, and safety issues, as 
well as maturity of the technology and application to the specific wastes 
encountered at Hanford, were all cons1dered•1in making this assessment. 

1-2 

' ';. 

~ 

·' ,, 

t 
·'-¥ 

/ 

-t· 
! 

\
(' 

. ,· ~ '.: 

-~.:. >f 
i· I'. ' 
,· ' ,1 

,. , 

~! , f .: 

;~~I ~ 

;:}~ 
~. 1· 
t.' :. 

1_._._ 

I., . 
J ' 

~ .. ~ . 
. "': 

1_L• 

-~~ 
':'t 7,, 

' ~ 

p·~r: 
,', 

·,:-. 

~f 
'i 
;~it~ 

:t}{; 
:-' ;!·' 

:, c·;1:. 

;:tl .' ~ 
?{t 

,:.~,t.::. 
J",(1. _, 

•::~-~: 
. ' • ·'r,t . 
• i/l,1Hi1( 
·.;·.-;•J' 

'}~'~ti 
· ;_.,!~;; ; 



9613441..0~~, 
WHC-EP-0326 
Revision 0 

2.0 HANFORD WASTE YJTRJFJCATJOH PLANT 
PROJECT BACXGROUND AHO STATUS 

2.1 DEVELOPMENT OF VITRIFICATION TECHNOLOGIES 

Borosilicate glass has been chosen by most countries as the final waste 
form for disposal HLWs that arise from the reprocessing ~f irradiated nuclear 
fuel. Since the 1950's, extensive research and development efforts in the 
United States and elsewhere have established the viability of two principal . 
vitrification technologies for producing glass waste forms on an industrial 
scale. These technologies are based on the -liquid (or slurry)-fed ceramic 
melter (LFCM) and the rotary calciner/metal melter (AVH) processes. A history 
of the development of vitrification technology has been provided by McElroy 
et al. {1982), and the status of LFCMs in 1989 for vitrification of nuclear 
wastes has been discussed in Chapman and McElroy (1989). Also, the status 
of the technology at various nuclear sites recently has been reported 
[(Maillet 1988); (Weise 1988); (Tsuboya 1988); (Elsden 1988); {Barnes 1988); 
and (Weisman 1988)]. 1 

The current HWVP design is based on the LFCM process. The LFCM also has 
been chosen for vitrification of HLW by the 'WVOP and the OWPF in the United ·~r 
States, and by nuclear projects in Belgium [the PAMELA facility, operated : ' 
jointly with the Federal Republic of Germany (FRG)] and in Japan. The Sovi,ets 
use the LFCM process in their plants, .and there are indications that the :L; 
People's Republic of China plans to use the fLFCM process as well. ~ ; ~ 

In France, the rotary calciner/metal melter process has been developed1 .. -; : 

for convnercial application to wa~es from the reprocessing of spent nucle~11~"~ 
fuel from light water reactors ( R). The French have constructed plants ~ :: 
at Marcoule (AVH) and, more recen. ly, at Li .Hague (AVH). The British haveJ.· 
purchased the AVH technology from the French, and they have subsequently -~-_; 
modified it for -use in their Windscale Vitriification Plant (WVP). ,j- _-

, . \ ;.,; 
The basic steps for each pro,cess are shown conceptua 11 y in Figure 2- 1. . 

The waste is prepared for treatment. Sol ids from the exhaust gas cleanup · ·: 
system and certain additives are mixed with~the waste prior to vitrification~ 
The molten glass is produced and poured int~ ·metal canisters, which are later 
sealed. Waste gases are collected and treated to remove particles and other~· 
contaminants. As described lateri in this report, an important difference'·r --·· . 
i ~ these pro~esses 1 s that the waste sti:-ea'!' entering the.melter is dry ,.'s011 9~ · \~.., 
w1th AVH, while the waste stream is a l1qu1.c;i or slurry w1th LFCM. ·i·-,·t -~it~i .5\,--' 

j •• l a ! :t·, ,,~, ~ :>' •f I 
; I 3.?VI~:;~~ '" ~ . 

~~; -:~ 
;;;-< 2.1.1 History of Liquid-Fed Cerami~ Melter, Selection --~ 

. . -if.t 
..:~ t t -r;r~4 , 

in the United States ,: ,. 

Since 1966, research at Pacific Northwest Laboratory (PNL)* in Richland, 
Washington, has investigated a variety of a~proaches to the solidific~;j~Q!: 

1 . ·- ,· :~ 
l f • 

*Operated for the U.S. Department of Energy by Battelle Memorial 
Institute. 
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Figure 2-1. Si~plified Block Diagram of Liquid-Fed Ceramic 
Melter and AVH Vitrification Process. 
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of raiioactive waste. Processes that have been considered include pot ~i/ 
calci nation, spray calcination, fluidized bed calcination, continuous metal -~-'• 
mel ter -vitrification, in-can vitrification, and joule-heated continuous \ ~I 
vitrification. Most of these systems were tested in a variety of seal es with ( ~j 
mixed results. Each had advantages as well as;, di sadvantages. Based on a . \_¥j 
variety of comparative features, none was singularly outstanding. However, · •*_ .J 
the ceramic melter represented the "industry norm." Literally thousands of . _ . ./¾·i 
melters are in use around the world. Industrfal knowledge of operability, · \ ',~ 
reliability, sophisticated product control, and awareness of a host of subtle ': r- ~-~·,~1i/ 
technological parameters logically forced the·~researchers to closely examine 1 

_·_ .~ }~1> ;; 
the adaptability of the ceramic melter to the ~r,adioactive waste sol idificatiory ;.; :\,:\i}~ ~ 
programs. J.·._·~ . __ !_. !:, ,~q,i:¢)1,.;: .. 

, 1 · ; :r·--..:~ ,-; 
Based on reviews of the commercial glass industry, an engineering-scale {:;;· .-});"'; ··. 

joule-heated ceramic · melter was built and successfully tested with both . _:_ ( ;,;, -~~
calcine feed and liquid slurry feed. In the ·e.nsuing years, numerous test.=/-.-X ~X .. -tJ
programs focused on the ceramic melter . Adap~ations compatible with ~-,-_:_:. : H" 
radioactive service were devised, performance-~was characterized, and numerous: .;\ .. :;-r,- ', 
features were refined such that the melter readily met the requirements of · the '} ~:!~t,:"" 
U.S. waste programs. Not the least of these ~as a high confidence that the ·;::'·.\ . . -:I~ _ 1 

quality of the glass produced was highly replicable, predictable, and COl,!l( .-t· ·'.), !::rt·"~' 
meet stringent performance and durabi 1 i ty tests ~ · · _ · ;,Jl }\ 

· £~-· --~~. · - -:i~·;r -~v-:?:,~ 
An aggressive approach to HLW management~was initiated by DOE at the .: . .t(~- ;:_., :1 

Savannah River Plant (SRP) in Aiken, South Carolina, in the late 1970's, · .. ·{"( 
culminating in the selection of the LFCM process in 1980 because of its . _ ~½~ 
demonstrated ability to provide the needed pr~duction rate and glass qual,ity) i 1{ ·: 
The French technology (rotary calciner/in-canl'melter) was considered but';l'.lotf.:~~-} 
chosen, in part because it appeared that it would require six parallel ' >~l\r- ·' 
melters to provide the needed production ratel·and, also, each melter would -' :':(~~:,~; 
have an expected life of substantially less ·"than 1 yr. In addition, technic·al:'J .. \ 
data concerning the French process were meager:-and difficult to ' obtain · ir( '-~•~+._ -: 
spite of cooperative exchange programs between -France and the U.S.- DOE J ,.i,Glassj r . 
quality was considered to be of major importa~fe to the U.S. developers ,.:,:andf?i,e:: ::·,: 
many technical details (e.g., melter residence :time, vitrification ' - · ·~~"£} - ;.< 
temperature, devitrification phenomena, and 'a~host · of others) · were simpJyJi ·'J· 
unknown. Comparisons of the two technolo~iest for use by DWPF were not -:-~~.:_·.;i~ ~-·{ 
formally documented. However, a substant1ahtnumber of U.S. leaders in ·-,.,_ ~tijf ··: 
vitri fi cation technology did examine the meriit§/ of the French process ·:andt ·:·~1-~fi!~•-': 
cou 1 d not identify any ' c 1 ear advantages ei the_r , in cost or techno 1 ogy. -, Be.f.or.e.J~fi ·. 
and during the 1980's, the United States -did ··~evelop substantial documen( ~t.l on} ;·· 
on the selection of the OWPF waste form, culmin~ting with the •, DWPF ·1•r.~~J!i/ •. ,' 
Environmental Assessment (DOE 1982), which p~esented the LFCM .technologyj ~~~t-r; 
the reference method of ..;hoice for producin~,~rosilicate waste ,g1ass. -{:~(t~~ ( \ 

In 19~3, the LFCM technology was selected f?r the WVDP after extensJ ~~,,:; ,sf;__·;
considerat1?n of the _French process. The c~mpar1sons ma~e for WVDP ar-a '-- \t-} ""f~t:·}1 
documented 1n Comp,nson qf the Rqtary Ca1crner - Heta771c Helter a11d fh.~. ·\ f1~ ,· 
Slurry•Fed Ceramic Helter Technologies for ·y.ttrifying West Va11ey High.,.Levfl?J::f[\ /: 
Wastes (Chapman 1983). The ~omparisons arll q1.4it1 compr~hensive with respect ··::-~ .;, ,,~ 
to technical/administrative and economic issues. The final decision fort WVOP 7.':~ - •"f 
was made by a DOE panel that included special'.ists from various sites in~lud(mf/;}~;g.{d 
those fro~ France. The panel did not publish a i:-ecord of their conclusions•.~:•t ;• J ~ ,rf};~ 
However, 1t appeared that ·_the longer residence t1me and higher temperat~.r,~~ t~.;- ·.} ~ )?> 

2 -3 .-f·~:: -~~E11t/~ : ~i;~. ; 
,· . .',:.-:.,¥! {,•.~~ .. - ,.,,,. : 

P i •rJ. ~- ~ .v , 
'\' : • ••1~: , • ~.- I • 
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in the LFCM (i.e., greater probability for producing a higher quality glass 
product) were important factors in the decision. 

With the Savannah River waste management program well underway and the 
West Valley program developing rapidly, the Hanford Site HLW program based 
its approach on their previous analyses and the direction of the Defense 
Waste Management Plan (DOE 1983), which supports the cost beneficial use of 
available DOE technology . In this context, previous studies conducted for 
the HWVP melter {1984) considered only DOE melters (OWPF, WVOP, and PNL). 

In parallel with efforts by the United States, the FRG also was 
evaluating vitrification technology, including the French AVH process. 
After some time and deliberate consideration, they, too, selected the LFCM 
technology for development at the Karlsruhe Nuclear Research Center (KfK) 
and installation in their PAMELA plant in Belgium. Their basis included 
concerns similar to those .identified in the United States ·c glass quality, 
process temperature, devitrification effects, etc. 

Japan began evaluating vitrification technologies somewhai l~ter. They 
bu i lt an extensive research and development facility at Takai and have 
actively investigated both the French and ceramic melter technologies. Over 
time, the Japanese determined that the LFCH process best meets their require
ments ~nd production goals, and they currently are engaged in an aggressive 
effort to develop the ceramic melter for their vitrificatton program. 

2.1..2 Hanford Waste Vitrification Plant Melter 

The LFCM operates on the same ba~ic principle as a large number of 
convnercial electric melters in t!glass industry. Molten glass is contained 
within a cavity made of highly c . osion-resistant, glass-contact refractory.= 
Behind the glass contact refracto ,y are additional layers of lower-density ' 
backup and insul~ting refractories, which provide secondary glass containment 
and added thermal insulation. The glass is}unifonnly joule-heated by passi'.~g _ 
an alternating current between e1 1ctrodes i~ contact with the molten glass./: : 

The primary component of the 1HWVP -LFCH ;process is the joule-heated g1~ss 
melter (Figure 2-2). The nominal capacity of the melter is 100 kg/h 
(-220 lb/h); this compares with the West Valley and Savannah River melter 
capacities of 50 kg/h and 100 kg/h, respecti_vely. This is a high-temperatu.r~,, 
ceramic-lined melter with direct ~esistance i: (joule) heating of the molten ',~ 
glass pool accomplished by passing an alternating electrical current throu~~ " 
the glass. The direct electrical heating of the glass eliminates energy i .:; 
transfer through a met~1 wall and, therefore, can readily be scaled-up for ·• 
high throughput. In addition, the ceramic lining and air-cooled metallic . 
electrodes allow bulk glass temperat·.ires of ~up to 1300 •c {-2400 •F) during· 
short periods of routine operation, should :~his be needed. 

-.. 

:.. ~ 
.,7l'!--:. 

During operation, a slurry of waste containing glass-forming additives 0t~, -~ 
is fed directly into the molten glass pool in the melter. Hfat from the glass -i?~ -~ 
pool (and lid heaters in the OWPF melter design) dries ! calcines, and converts -~l~fl 
the liquid waste to molten waste glass. The glass product is drawn off . th~ .;~x_;;r~i:: 
melter and discharged to a canister via an ~verflow system. , .,! __ ~ _ _ ,~i~fGt;.:; 

-· ~,~~,._.J.,,.(i·1 

:f '.~ :ii~i;r:: 
. ·-~ ,,j _-,:tMji-~~J: .I 

t !f , ·::~ ft·: 1 
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The concentrated waste slurry, which is fed directly into the melting 
chamber, forms a pool that normally is separated from the molten glass by a 
crust of dried and calcined waste solids that together is known as the "cold 
cap." Moisture and some solids continuously evolve from the cold cap, but 
the majority of the remaining material is relatively nondispersible compared 
to loose calcine. The cold cap typically covers about 80 percent of the 

·molten glass surface, and heat is transferred from the molten glass through 
the floating crust to the aqueous feed. Decomposition gases and waters of 
hydration, produced during calcination of the crust, percolate up through 
the crust and aqueous feed. Periodically, the aqueous feed comes in to direct 
contact with the molten glass through cracks or vent holes in the crust. 
The resulting increase in heat transfer creates temporary steam surges in 
the offgas flow, typically three to four times the nominal rate for a few 
seconds; however, the offgas system is adequately sized to accormtodate the 
anticipated surges. ' · 

As the calcined waste crust is further heated, it begins to flux with the 
glass formers and goes into solution with the glass. Natural convective 
mixing in the glass provides a comparativelyjhomogeneous product. · 

The molten glass exits the melting cavity through the throat of the 
discharge section of the melting cavity. Differential pressur~ or an air 
lift causes the molten glass to flow into a separate overflow chamber where . 
it is channeled in a heated trough and poured into a receiving canister. The · 
glass is poured from the melter by establishing a few inches of water pressur~ 
difference in the canister and pour spout relative to the melter vapQr space · . . _. 
The pressure difference causes glass to over.flow the riser and flow into · the~,;,, 
canister. ; ~ [·.:; 

Ouri ng canister changeout, melter s 1 urry feeding is continued. Because-',:\' 
the vacuum is not operating, the glass that is formed collects in the melting r 
cavity. Once the canister changeout is completed, the vacuum is restarted . 1 

and pouring continued. / '(t• 
, . .. ~: . 

J .\~ 

The LFCM system is designed so that essentially all mechanical ?\ 
maintenance, including equipment installation and removal, can be performed:rt 
from a remote location outs 1 de the hot ce 11 emp 1 oyi ng primarily a crane and. ,J J 
-an impact wrench. Direct viewing through shielded windows will be utilized 1.l' !\ 
in association with indirect viewing by came!jas to conduct all equipment i-:.i~ 
maintenance. The cell will be equipped with ~an overhead crane that can be ~f~ 
fitted with attachments, such as motorized h~oks or impact wrenches, to aidi{:t 
maintenance. ( Y. ·\ 

... ~. ~ .. . 
l ~ • •• 

2.1.3 Rotary Calc1ner/Meta1 Melter J:L 
..., 

. ... , .. . 
The French have developed the rotary calciner/metal melter, known as ~-f. i'. 

the AVH process (Figure 2-3) for use at their La Hague facility. In 1957, ,\(=' 
they began research and development on vitrification of HLWs using the AVH .. f :L 
process at Harcoule. Subsequently, many technical changes ~era ~ade in .t~~-~i 
AVM process, and the modified process (AVH) was installed at La Hague. . ·y.:: ... ~ ,:· 

The rotary calciner operation and the induction-heated furnace are 
based on the well .. known UFs to U02 conversion ~echnology and standard 
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Figure 2-3. AVH Process Flow Diagram fer One Line. 
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design . The nominal glass production rate of the AVH process is 30 kg/h 
(-66.l lb/h), and this appears to be close to the maximum capacity due to 
inherent difficulties associated with scale-up of the rotary calciner and 
induction melter . The AVM process, still in operation at Marcoule, has a 
nominal glass production rate of 15 kg/h (-33.l lb/h). 

In the AVH process, fission product solutions are transferred into one 
of two waste blending and feeding tanks. One tank is used for feeding the 
rotary calciner while the othP.r tank is sampled and chemically adjusted to 
be compatible with a glass frit used to fonn ' the glass product. The two 
tanks are stirred mechanically and temperature controlled by cooling coils. 

Feeding of waste solutions is carried out by means of a double airlift 
followed by a constant-volume feeder, which enables the transfer and 
proportioning of the ~aste solutions from the feeding tank to the calciner. 
The primary airlift feeds the secondary airlift via a breakpot, with the 
excess liquid returning via the overflow to the tank. The natural submergence 
secondary airlift feeds the invariable volume vessel of the constant volume : 
feeder via a breakpot, the excess liquid returning into the airlift leg. 
The flow rates on the primary and secondary :airlifts are high enough that 
the solids contained in the solution remain :suspended. 

From the constant volume feeder, the waste solution flows to the 
confluent pot; this apparatus provides a hydraulic seal to separate the :; 
ventilation of tanks, breakpots, and the constant volume feeder from that of · 
the calciner. The hydraulic seal is .provided with a compressed air inlet l
that can resuspend any possible deposits in 1.the waste stream. Moreover, 
the confluent pot receives the recycling solution from the dust scrubber. 
·fhe recycling of this dust, drawn out of the cal ci ner with the off gas, is ; .-\ 
thus carried out directly in the~upply circuit, which avoids any problems ~ 
related to the reconcentration a deposition of insolubles. The waste ' the~f 
flows by gravity into the conflue t pot where a mechanical proportioning t :. 
pump supplies a special calcining ·1additive i,at a pradetermined rate. Sugar · · ' 
water and ferrupore are used as additives. ·:rThe additive is needed to control 

:~- the volatility of ruthenium, to prevent caking of calciner wall, and to redu~J 
the calcine p?~ticle size. The shape of the confluent pot has been special~Y 
designed to avoid any deposit andt clogging f~hat may result from the use of.~. : 
this additive. · ·· ~---

The waste is calcined in a rotating t~be that is heated by a four-zoned
1 

electric-resistance furnace. Each zone is _;precisely controlled to +/- 2 •.C<: 
(+/- -36 •F). This tube is conne~ted to two fixed end fittings that permit ·~ 
mating with upstream and downstream equipment. A vacuum seal is provided~by:· 
a double graphite seal ring with an annulus area held at a slight over- J;: 
pressure by compressed air. The reduced particle size increases the ,::,:: 
dissolution of the calcined waste into the 'glass matrix during subsequeot~~ . 
induction melting. The calcine particle size is reduced by introducing ·a-~;. :-; · r,,,, •. 

~~f~~n=~~itive and using a loose rod to b~ryg and break up lumps in the· · ~}ii~f~ 
.; ·t'· ':fio'i,-?i ;a 

The rotary calciner product and a separate glass fr1t stream are fed ;· .:~r:;:, -~ ~) 
continuously into a metallic, induction-heated melting pot. The solid mi~t~re;·.;;f. ~j 
is heated to a temperature of 1100 to 1125 ~ •c (-1100 to -2057 •F) in • th_h l /·: ~1J~;i~{~ 

l J:' ·.. ~ •1 

2-s F) : .i~i1H(i 
-.,. ' .<;, -~\ti:.--.,)r; .. 
_j < ;~ • • .:~,;~~/f\l~{~ . t: 
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melting pot, and converted to a glass. The metallic wall of the melting pot 
is induction heated, and the heJt is transferred by conduction to the glass. 
The melter is divided into eight heating zones. Thermocouples are placed 'in 
each zone to aid in determining the glass level in the pot, and the power to 
the corresponding induction zones is adjusted according to the increasing 
glass level . Because the calcine has been heated to a high temperature, there 
is no offgassing during this step, and the calcine readily dissolves in the 
glass. · 

.. ·f 

·\i 
)~~ 
~i-'-1 
r~:~~ 

' .~-:~:~J 
·J~ 

.. ~ ::~:. 
For remote maintenance, the vitrification cell is equipped with shielded -;~;:. 

windows located opposite the maintenance stations. Direct viewing is used - ._.;_!~ _~,; 
in association with cameras (indirect viewing) to conduct all equipment 1 

\~, 

maintenance . The cell is equipped with an: overhead crane that can be fitted .;.~/1'~ 
with various attachments, such as motorized hooks and specialized tools, to,". -',l:,' ·;i 
aid maintenance. In addition, PAR-type manipulators capable of XYZ (three-.. : __ ._'. __ :,,_•_,_~.;,···"_-_~-~-r'.:;• .. ::_:.t r'.~~-:;_1 
dimensional) movements, which can operate •lin a semiautomatic mode, wi,J ~be~~ .. - - ~~ 
used for localized manually-controlled maintenance. --.L:1 --' w't. . 

£ ~ '\')fl 
The AVM and AVH techno 1 ogi es are s imi_l ar. Therefore, the experience ?.the -Ff} 

French have gained using the AVM process is relevant to the AVH process. ·t~oth )(; 
the AVM and AVH processes use a rotating calciner of similar design. The ' ·1" · _:~1\ . 

principal differences between these two processes are the maintenance methods (~~; 
and the type of metal melter used. A circular-shaped metal melter is used), ..,,~ 
for the AVM process, while an elliptical melter has been developed for itheifa 
AVH process. i t ~} 

. -

2,2 HANFORD WASTE VITRIFICATION PLANT • . ·tt 
PRELIMINARY DESIGN DESCRIPTiON .f , •, .1'1, 

. .~J\1( 
The United States has been engaged iP, defense nuclear activities at f~~ 

Hanford for more than 40 yr. Radioactive iliquid (and slurry) wastes from \'/ _,-..; 
these activities currently are stored in underground double-shell tanks '.:at1-,}. _;,;; 
Hanford. The HWVP will immobilize the hi.gh-level and transuranic (TRU)' -·~i!r_.: .· 
portions of these wastes in borosilicate glass cast and sealed in stainlesst .·; 
steel canisters. The filled canisters wi.1'1 be stored at Hanford untif~,t~eyl':· , 
can be disposed of in a federal geologfc ;~epository. ~7Rr 

t .··. ·. :'.1tf~ 
. '\l · • ~ •· •'-f ,:I~ -'.'_:., 
~ ;~ ~ 
~ i~ ¥.~ 
~. • • ~ ~:.~ _t il 

2.2.l Facility Overview 

The current design concept for the primary facility features is depi_c~!!.~ ;'{ 
in Figure 2-4. The main process building ,(Vitrification Buildin~) contain~;·:· 
process cells with cr"nes and ancillary equipment ne~ded to remotely proces·s . ; _ 
the hi gh-1 eve 1 nuc 1 ear wastes. The ce 11 s ehouse the me 1 ter feed preparat fC?~\ :~·:;;< 
vitrification, canister welding, and canister decontamination operations .'.\~v - . , .. 
A process offgas cell.also is_included_as ;well ~s two equipment mainten~nce t\i 13-l 
cells. Remote cells rn ·the V1trificat1on 1Build,ng are located under an ·open -~t.\ilt1>1 
"canyo~" area. A large canyon crane is p~9vided for installation and; r-empi al ~1I1'\~f l 
of equ 1 pment from the ce 11 s. : ·· '• .' ·£:l . ;~r ;J 

Interim storage of fil 1 ed canisters w_i_ 11 b_e provided in separate · i}f )i i~t~t~.'J 
buildings. The canisters are made of 304t· stain 1 ess stee 1 and wi 11 · be, .-f:t: _.}{}~~) 

_:·:~ {~ <" ~ --~~§};- ~ 
2-9 f.:ff\ /-~~;_fl·'. .. : 

·.1~J- , ~~l1ftr,· : -~1:~; . ~iJ?!i. ~~?;i ' 
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Figure 2-4. Hanford Waste Vitrification Plant. 
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approximately 61 cm (-2 ft) in diameter and about 3 m (-10 ft) long. Support 
facilities also are included as part of the HWVP design for safe and efficient 
operation of the plant. These include maintenance .facilities, a process 
steam boiler, and a bulk chemical storage area. Exhaust ventilation 
facilities will include filtration and an exhaust stack. An electrical 
substation, sanitary and storm sewers, roads, and railroads also will be 
provided. 

Radioactive 1 i quid waste t·rans f ers between HWVP and other Hanford Site 
facilities will be via underground encased transfer lines. Before transfer 
to HWVP, the wastes will be pretreated to separate low-level from high-level 
and TRU fractions. This will minimize the amount of feed to the HWVP as 
well as the number of canisters requiring final disposal. Waste pretreatment 
will be conducted at other Hanford Site facil~ties. 

Key structures, components, and systems required for confinement of 
radioactivity are designed to withstand severe environmental loads and 
accidents, including earthquake, severe winds, wind-generated missiles, and 
volcanic ash fall. These "Safety Class" items include the Vitrification 
Building structure, cell ventilation and exhaust filtration system, and 
backup power system. · 

2.2.2 Feed Handling Systems 

F~ed is received via encased underground~transfer lines constructed as 
part of the HWVP Project. The feed is placedi in the receipt and lag storage· 
tanks (RLST), which provide about 280,000 L (-75:000 gal) of feed lag 
storage. The feed then is concentrated by evaporation, and chemicals are 
added to improve redox and slurry ~ology~ Glass frit and recycle process .~ 
waste then is added and the mixture1further concentrated. After sampling 
and analysis to verify that the fet~ mixture )neets requirements, the fini~he( : 
feed batch is transferred to the melter feed tank. Feed preparation is · · 
carried out in two tanks with 37,854 L (-10,000 gal) working volume each. 
Each tank is equipped with heating and cooling coils, mechanical agitator, 
overhead condenser, and sample and transfer pumps. A condensate accumulation 
Jank also is provided, with an 37,854 L (-lO~JOO gal) working volume. · :. 

The melter feed tank also has an approximate 37,854 L (-10,000 gal) .· 
working volume and provides a continuous source of feed to the melter thrg.ugt:i- .:_ 
two feed transfer systems operated tn parallel. Centrifugal pumps and · 
mechanical agitators are provided to handle the melter feed with 400 to 
600 g/L (-0.9 to 1.3 lb) total solids (calcine basis). The melter feed s9Ji4s 
consist of about 75 wt% <~ass fr1t and 25 wti~waste oxides. ·,. · - -

' 
The vitrification system equipment, , locat:ed in the melter cell, consists 

of a refractory-lined melter bo)S with stainle~s steel coolir:,g ~ater jacket, 
heating electrodes, water-cooled feed nozzles,t .closed circuit television, 
instrumentation, offgas vents, and a stainless ·steel turntable and canister- . 
to-melter spout b~llows seal system. In opera~ion. the feed c~ntinuously ~~s 
metered into the melter (Figure 2-5) produc1ng ~waste g1ass at 100 kg/h 
(-220 l b/h) . y 

2-11 
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HWVP Melter Feed System. 
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The elevated temperature of the molten ·pool in the melter vaporizes the 
water in the slurry, causing the formation of a "cold cap" of oxides and 
other chemicals over the pool. The effluent stream, containing gaseous and 
particulate contaminants, is treated in the ;melter offgas system. At the 
melter operating temperatures, most of the solids in the cold cap convert to 
oxides, which then dissolve in the molten glass. Glass is poured from the 
melter by establishing a vacuum in the canister and pour spout relative to 
the melter vapor space. The vacuum causes glass to overflow the riser and 
flow into the canister. Figure 2-6 provides additional information about the 
canister. The filled canister is cooled in a turntable and forwarded to the 
Canister Welding System. A preliminary design concept for the HWVP Melter/ 
Turntable System (see Figure 2-2) is similar to the DWPF design. 

·t 

2.2.3 Offgas Treatment 
' IT 

i 

The melter offgas system removes particulates, chemically reactive gases, 
and radionuclides such that the HWVP melter~exhaust gas meets guidelines f9r 
emissions. ·r 

~ 

About 0.2 percent of the nonvolatile melter feed components will be 
entrained in the melter offgas. A larger fr,action of certain components 
will report to the offgas system because ofrevaporation or chemical reaction., 
Offgas from the melter will flow first through a film cooler where steam · 
and/or air is injected. The gas then is drawn into a scrubber that condenses . 
steam and other condensables, cools the noncondensables, and removes some · 
particulates. From the scrubber, the remaining material will pass throughl a: 
high-efficiency mist eliminator, a preheater, a roughing filter, and two 
high-efficiency particulate air (HEPA) filters for final aerosol removal • . _· · 
The gas then is mixed with a stream of cell~·exhaust air, which is filtered t-'.,-
again before discharge. · ·-· · 

l :·· ,~:- . . ·:·;::\ ·-/ 
~ . 

2.2.4 Canister Closure and DecontaminationJ ?_~--~_.:tn<k:-- ;. 
Filled canisters will be sealed prior •.!~.o decontamination and stor~ge;)\~< \ 

.The current baseline design is based on the :use of a remotely operated?' · 
resistance upset welding process. In this1~process, a cap is welded in 4pJ a~e:--r · 
by application of force while current is passed between ·the cap and th~Jrti:~;f'.)fi "' 
canister for a ·period of seconds. A larger.irepair weld cap, utilizing "~~ - :'. <iY 
additional pressure and current can be used~to recover from any ·unaccep_t~~Je·.: ·i: 
primary weld. Because of the high cost and· 1 arge space requirements ' fo_r ·. ;t,i· F ~ · 
this closure systern, alternative design concepts are ·undergoing :evalua~"ion_~,.-;:~•.:·: 

"·· &·"' r· .. 1'.f .. ' • !.; ; : :. . ~ -

After cooling, the ;anister is i:ra~sfe~,red from the melter :cell -~o/ the .'.}··_:: 
decontamination cell via ·a tunnel • . The cani_"ster is washed with water i.n?Jbe/'-.] 
tunnel to reduce the potential for tracking 1~rge amQunts of dispersible ;~:·:_t 
contamination into the decontamination ~ell /\f, In the de~Qntatnination ·c;ell,,-,.,( -· 
the canister is blasted with an ~ir-injecte.d, · abr~siYEt ilurr,v of dilute·, ~t'·_":_;~; .. 
f ormi c acid and g1ass fl"'it, ih'I canht~~ 'i1_S ' then ~at~r-•t- i naed, . a'I_.. df'! ~d, ;; fj",, .. 
and moved to the smear-test station, Canisters failing · the ) smear test~are·'· .,.' \ 'llic',·. ~J 
returned for additional frit blasting of ·. those areas of the canister surface,,· .. . if4~ ·~'', 
determined to be contaminated. The used decontamination slurry ·is recycled~1:i,~ ,,,._ \ J' ....... :~-1.l-i 

for use in melter feed preparation. ; ·\\\·.i(:·r:.:_,_ ~:~4/; 
• • • . ' • I _,J.j "> ~ ·'f/ 

· ·· ,, • :o•~~r~~Z.lj' . ~ :.~ ~ .-;.: 
, .. ,, .-~\ 1-< 

~ ~~t~-~1?-: 
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Figure 2-6. HWVP Canister . 
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A shielded canister transporter (Figure 2-7) transfers the sealed, 
decontaminated canisters to a canister storage building for interim storage 
pending shipment to a federal geologic repository. The transporter is 
controlled and operated by one person located on the vehicle. 

2.2.5 Control Room 

The central control room is located in the Operations Control Building. 
It is the normal control location for most process and facility operating 
systems. Within the control room is the primary supervisor console and the 
primary consoles for the feed preparation, melter/canister, heating, 
ventilation, and air-conditioning (HVAC}, and utilities operations. 

A backup central control room is located on the second floor of the 
Vitrification Building. Systems are controllable from this location if the 
central control room becomes inoperable or inaccessible. Within this control 
room is the backup supervisor console and the backup consoles for the feed 
preparation, melter/canister, HVAC, and uti~ities operations. 

Control room operators will control the process in semiautomatic, 
prompted batch mode with hold points and operator prompts separating the 
automatic sequence segments of the operation. Transfer, sampling, 
evaporation, and similar processes are initiated by the operator and 
automatically terminated by the batch program when the desired endpoint is 
reached. The operator then initiates the next step fn the sequence~ 

Operators can change set points, manuaJly start and stop operations, and 
control the process as required to maintain safe and efficient operation. 
Safety interlocks and multiple l~ls of password access will prevent or 
minimize the consequences of aper.tor erro~. Process displays will be 
designed in a hierarchical sequence so that· each operator can observe and 
control the process operations in 'the desined detail. Alarms will be 
annunciated and displayed for the operator;, 

I 

Special application local co~trol panels are installed at various 
locations in the facility. They are required to assist in manual operations 
·or control remote processes or processes t~at require an operator for safe 
completion. 

,-irr,":'~ 1 
2.2.6 Remote Maintenance · :1}~~ 

Most remote ma i n·~.:11ance i S accomp l i shed us 1 ng tht.: canyon crane and crane- -miW~'J. 
mounted impact wrench. The plutonium/uranium extraction (PUREX} connector Ji/r 
and remote flanges are used for pip)ng, electrical, and -instrumentation 11..l 
connections. This remote maintenance technology has been developed at Hanford ·t,.r4~~~/ 
and successfully uti1ized i~ reproce~sing _plants and in other.n~clear ~1l~~r{ 
facilities at the Hanford S1te. Man1pulators are used to a l1m1ted extent .f.t~f.'-f-;H 
for operating functions and ma~ ntenance. For ex amp 1 e, the Hmf' le and :~f~iM;:··1 
analytical cells are operated and maintained using manipulators. ¥,,JJ.ff:.·-; 
Manipulators al so are used for decontamina~_ion and packaging of failed f[t~-~t: 
equipm~nt. In-~ell cranes are pr~vided in ·some of the cells to perform i,'f~t1JJ;_) 
ope rat ,ng fun ct 1 ons such as handl ,ng canisters. ·-i~;11~L-~ 

·Jtr~~!/ · 2 15 ·>J':f-r.,,.,~ 

- ,::,f1fi~{: 

,· 
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Canister Transportation and Storage. 
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Crane maintenance is performed in the crane maintenance area (CMA) at the 
south end of the Vitrification Building. The :rails of the canyon bridge 
crane extend directly into this area, allowing it to pass a shield door that 
isolates the CMA from the process canyon area. The canyon bridg~ crane can 
access cell cranes and transport them to the remote equipment maintenance 
cell or contact decontamination and maintenance cell (CDMC) for decontam
ination and repair. Components of cell cranes can be moved to the CMA by 
the canyon bridge crane as required for critical repairs. The CHA is 
equipped with decontamination solution tanks and crane wash-down facilities 
suitable for contact decontamination and direct maintenance. Smaller 
components are removed to adjoining hot repair shops, while large components 
are repaired in place on the crane. 1 

Process components from the operating ceJls that require maintenance or 
disposal are moved by the canyon bridge crane· to either of the maintenance 
cells, depending on expected feasibility of contact maintenance. The remote 
equipment decontamination and maintenance cell (REOC) is equipped with 
facilities and equipment listed below to pe~(!>nn all activities remotely: 

! 

• Two electromechanical manipulators1and equipment stands to posiii~n 
components properly f · 

I 

• Remotely operable utility service ,r.acks to supply decontamination 
solutions f 

I 

• Master-slave manipulator/shielded window work stations for direct . 
cell viewing and limited lightweight repairs 

"'[ 

• Closed-circuit television to suppl}!ment direct viewing. 

The CDMC is similarly equipped to support remote decontamination and 
also includes a cell bridge crane that is remotely operab1e and by pendant 
from inside the cell. Utility racks supplying decontamination soluti,Jns ·are 
directly operable inside the cell. Breathing~air stations and regul~ted · 

~.,.( -:~~)~' ~...,J,J ! '~~t~)1 
-¼~•' 

; t'\;~--

1\i 
~N -~ 

. ..\t~ 
A lay-down area equipped with stands for temporary storage of faileq ·.cell , f~-

tool storage also are included. ~ .,, 
• 

components is provided in the process canyon' to handle any backlog of · · · :f 
contaminated equipment that requires maintenance. 

J . 

2.2.7 Project Design Status 
··~· 

I 
<• '-:.~. :~. 

. !lr~:,_ 

At present, the H1:·:p is near the e~d of th~ Preliminary Design phase. . · -~~~-~ 
Construction is scheduled to start in m1dl991 with hot startup planned for - -~r~~.~ 
1999. Construction of a similar fac.llitY, ,tihe DWPF, at the Savannah Ri,v.er.: l/%.~.B~ 
Site in South Carolina is nearly complete. Thus, the construction and -:i~t~~ 
operation of the HW~P will follow that of the· DWPF. Consequently, exp~rience ,)9;::f5-~ 
gained at the OWPF 1s being incorporated foto the design of the HWVP. ·the .J~}:•if: -, 
design of the HWVP incorporates the special · processes and equipment developed -~,H'WL
for the OWPF to a significant extent. By ::utilizing these designs and _: · t.iti.$~·; 
incorporating.the OWPF experier.ce,.it has :been estimated that the HW~P. ~: ~,:-_oject·~~3j°f_j 
has/will realize savings of approx,matelr'~?'200 million. .::.\-· ... \.:i/:J(f~tit;_· 

• ~ --~• '-, I • _ f .',~~,.~t· , 
': . .. >-, . ··t}~i-'i!:-_.t'- ' 

• ;• ... ·• L~ • ! • .. ~~~-=-,~· 
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2.3 PROJECT BASELINE COST ESTIMATE 

The Project cost estimate was prepared by Fluor Daniel, Inc. (Fluor), the 
architect engineer (A/E) firm for the HWVP. Jhe estimate has been reviewed 
by Westinghouse Hanford Company (Westinghouse' Hanford) and a number of cost 
reduction items were implemented to reduce th~ capital cost of the project 
to the current figure of $965 million. Also, ; the U.S. Department of Energy
Headquarters {DOE-HQ) requested a review of the Fl~or estimate to be done by 
their Independent Cost Estimating {ICE) Cormaittee. The res1Jlting estimate 
of by the ICE Committee was close to the estimate made by Fluor (it was 
approximately 5 percent higher). An extens1ve :value engineering review also 
has been conducted by Kaiser Engineers Hanford Company (KEH), and a number 
of their findings and reco11111endations are currently being reviewed by Fluor · 
for possible additional cost reduction. In ·addition to these cost estimates :-:)• . .,. · 

~~~e~=~~=~~, -~~~t~!~~~;! ~~~:t~~~i!~~e c~~t~h~f ~~vi s i ~c~:~~~ ef 9~g_ perform '. an . _;J }l'~ :~ 
! ' ~-:· .. ::~:J'' ~ 

The HWVP Preliminary Des-ign cost estimatie {draft) is a •bottoms-up• . }i ·; 
estimate based on the specifications and work;scope provided by the . -~ 
Preliminary Design engineering and design documents. Material quantities . t{ 
were developed by material take-offs from Pre_l.iminary Design drawings, . >./~} 
sketches, and transpositions developed for •estimating. Material and equipment . . -'1: i.~: 
prices were obtained from current in-house -pr.icing information. and informal,-':-'_.·· ·,~Ji{ 
vendor quotations. Craft labor rates were taken directly from . the Hanfo_rd ·.-:'' ·.: 7 t-'I.,. 
Site Stabilization Agreement, Issue 12, which ·was in effect-as of ···.:_- .'t~ 
January 1989 . More detailed information regarding the Preliminary Design ·_.-:;'•!;·\~:,~/;:-
estimate criteria and methodology are given i~inr_ the sections~belo~. · :'-~·.: ,,;;;.;:·'.:'ff"' 

. ..t' >J~. . . 
2.3-.1 Hanford Waste Vitrificatio, .. 

1

1lant Pr!lJ minary -J . ~f .. ,'./~:,:~A<' 
Design Cost Estimate Basis : .-· -1: ?.,· f;:!- .,, ' _.._-,,::,~ . ·}'. . . ,t ,, . · :;·,:-- c 

The HWVP Preliminary Design cbst estima~e described the~cost estimate /?-{'· :: 
basis in four major subsections as follows ... (-these are furtn~_fr_;;.discussed ;;;:t n_i;~2i~i,~' · 
the Appendix): j ._ f -~ .:- . · · · · ,•. ,-, -. 

• ' c;.," •.-• .:., • ••t •. ! i .,: •~• • 

• Estimate Criteria - deseri bes the-.fcriteri a, assumpi i ons, . and_. . __ :_,_i_ . . =_\~_t,.:,:;.J_;::,._:.,i 
methodology . usef ·in devel opi ng -~t ~~t e_stimate. 'T-·v: - ~_,\;~, 

• Basis of Material Take-off (MTO) ' ·-r· describes thef.approach, co'l~ent -}f'·: 
and methods used to arri1ve at esti_f ate line ite~.;~~ant.ities. '/:•·}~; .::;\ _ 

. ·: ' :-. 

• Estimate Format· and Coding - defines the estimate ,,·organization, :<:··.-:,;f?~;
hierarchy, ai..J · coding developed t9"'' structure the··estimates in i~- .', ··· ·": 
accordance with' the Facility Code~and Project wor.k~breakdown ·::' 

:-- s'tructure (:P.WSSl)IOP cost grt ll-' h r~l~·-·.. , , . ·. ,>, I ""(" :: .,,., ,-:.· .-:_ 
~ • • . I' ; : 1 ,.. • ~ • • r 1 

• J ~ \ • • :_ • ,w :-. 4 f n r t !'l~ • 
·' ·· _ • • · ' 1•1l ~nu l S r1'1\I .-i•. f" ;-'. ,'1,: ·:: i) _:;., ~- •. ,. · · , , .. i ~ - " · ~ . 

• ' Procurementnand ~Constructio~ :Rlanri~ defines: ~he contents _of _each-, 
of ~~e-procurement ,·and ·,construc~jp.n , packages ~ ident i_fi ,~~ i n/ b·o~h • · 

· · ·-the -cost estimate and the master schedule. · . ~.;-1;:_u,1.; 
;_- . 

. ' , . ,, --: r \ .n ~ :. 
• : ? (_ : •"" J : • ~ ) ~ : ( I \ J f ~ 1 : : ! • • I • le,-,. IJJ'' .. ~-•-..;; :1' t; , . ,l , ., •\ •· .. . 

' ' . ·~ . 
t ,'. l " ( ,_. 0 f'.;)t · ' ' 

_1' . 

. . 
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2.3.2 Total Estimated Cost of Construction ! ; 

,, 
,'.i.,,::.;~: 

,lo, ..... 

m~ um ~:J~~!~~~;i!!~:f~~:i~!:~~~p t~~ r;~~,!~{; j~~~ t~tb~.=:~!:~t~t I\.· .. !i, i~ .. 
2.4 COMPARISON OF THE HANFORD WASTE VITRIFICATION PLAHT ---- ~•f l-· -~ ] ( j;,.J 

WITH DEFENSE WASTE PROCESSING FACILlTY-fAND WEST . ·0 ;t ,,-· . ··)}}] 
VALLEY DEMONSTRATION ;PROJECT ~~:~/- )I.(i1-:·~ .:_· 1i1r-
The HWVP is to be compared with · the U. s .. ,~ programs :·at Savannah •.:,f~;J~i·i ·< · •· 

River (DWPF~ and West Valley (WVDP)~ both of.:hwhich are in more advanced ·l-i1S:_:;'.:.·:.~ 
stages. Using the same LFCM technology, it'~if anticipated that the HWVP~6; H"::J.r(~'i· 
wi 11 profit from lessons 1 earned on the other::projects,·rfor ··wt,Jch1ther_e•i/ · · '·'·[£::r, 
should be a significant cost and schedule ·sa~Jngs. ·-· · :-1~ ·;:.: i::), ·"'S' 

' ~, ;:! _: ~\)· ·~:\·. ,· :tt~1: 

2.4.1 Comparison of Hanford Waste -. Vitrificat·10n Plant/· . J:,;·'.. .·.}( 
Cost Estimates with Defense Waste Proc~ssing . · · ... ~~ 
Facility and West =-Valley OemonstrationdP,_roject · -~ ,:.- ~ ;! .'. ~ · .. f ·fi . 

. ·,. :-~~-.. ~ ... ·~~ ~;t'r~~fjJ:·\ 

The DWPF cost estimate and schedule hi~°fory is shown in Table 2-l:;t,.rh'elf]i 
. TEC (capital) for the DWPF has ranged from:;$_97,0 million jn 19~~ , to "-__ ·_i:(/:r. ~,..•;._: 

$870 million in 1987 to the TEC of $930.2M ... in',.Apri1 :19sa; ·, .. /? . .::):.\ 
.. :· . :1~11;:1~ . ' ·.:. ~:1• ; . -~.> 

The cause of recent··cost escalation atrthe· DWPF is' thr.eefold. . ~ 
Retrofitting activities are needed ·to meef:;new5·regulations ·· thafwere nof ~; 
effect at the time of · de_si'gn. There are ·\1_nexp,e,cted '. prR~-!ssing·, prpbl_ems,~i 
the front-end treatment r ofr·ces 1 um~.beari ng ·'p_r~e~1 pi tates. · Extended.~col ~ •:r:ul)i 
are required to ensure :•t ~'t/waste i,{qrm qu~1t\;;ati~~ -a~~~_uir~~?f~s{ ar~: ~~~- . ·" 

The ~WVP Project;;:doef·not anticip~te a_1, _iff\~lar ·cost. gr.o~,h. ':~-The~H,W¥ 
being des~gned to th~:;new#regulati~ns. , •Thf ,~_es;1um pr_~ces~_i!Jg~probl~m~ _s,,:, 
unique to SR~ ~aste. · TheJ HWVP ~roJeft ~as·9 px:oyjsionsffor:.i a<Sys~em~ 1 Evai u~ : 
and Test Fac1l 1tY. .(SETF) ·,4'~Which wHl ; be :hous_ed~in the ·33?, Bui,ld,ng ,Htgh,~B. 
~t Hanford. This coldftest'c:; facil itlwi 11;;b_e(operationah·in~1:9.94~1and -ius_e~1 . 
for prototypic process equipment· checkout~·'t c.h_ar..,acter.izat'ion,~Jnd"!in~egr,~- ·o 
In addition, the process iflowsheet ;:will ·be~verffied :--and_t~aste\ f.orm ;tr· 
qua 1 i fi cation testing ': (proc!SS and 'tP,roduct\ ~oder~ver1 f;i C!ti on )r1wH J/ be~ \ ~ 
performed. The Distributed, Contro 1-· System.:(D.CS) ·wi ·l l ·,be· ,evaluated ·•for.?,th 
process equipment -1 ntegrat1 on and ' ·software~·deve1 opment/checkoµt '/ PJhe~SET 
a 1 so wi 11 · be used ;~~r;;;~p~•~i~or tr:~~ .. ~}.r9~~'" 

1 
! .:~c;at 1-P..~*an.~j~~-~~1~!J;\{!,\a·t' l 

procedures. . . _ ,..;!'i ---. . ., ,:.:: ~.,,.. ... ,. .. ~- . .-. ...,, •• ,·a-i ... ... ,~,- -·: :, -

. . -~•C ':·-'·· ?-J;;·· .-;..~ . ·i :· . ·_v·,._- ' -/~\.;r, 
Table 2-3 lists ~he ,'. ~V,OP cost ·growt~¥~~(s.,ons •. ;· The•;,ini~ial ·TECJow,t, 

WVDP was · $488 mill ion ·'and_, 1s , now jat ,$800;1,n_iilmiqn. About·· 63 rpe~ce_nt -'of:~th 
cost increase is due ·-to s.che_dule ex~ensi9,nl a.~~Fi_associ~ted ees;alation·.;~a.n 1, 
contingency. Twenty ·perc~t ~_ of the ··cos;)i- n '!.~.e.)~~~~i,dy~f~\g ;~~~.~r:e~,~:~ . : 
the cost, rand the =,bal~ncei,!s 1new·, scope. ;__ .·, · ,{;~:1;1-ft!" ,.'i -i-:,i,,:,:f1~~-> .. ,;1f.JJ 

. .,. ;:sc~ ~~ ' -:: :..· • •• ~ .· .; w: ~: .. ;~:· · ~ •·. i~ \ ;-'l : ~ - :tl:-f'~~~ 1f· ,:'r.:-: -~. ~· 

These cost i ncre~~e-~r i_ re uni q~e ,'ito iit,tt~.$,~~~p.; .t~et,~~f,ore·, ~i~b.,Y:_ l d~_~:~·9_ J, 
affect the HWVP cost. ;~'· ,,;.~i.z ·. . -· '· ·~~f wi?' · :~;~-,.-;·- -' ·,t~'t .. "J· .-: :-,;-s--,w 

, • ~ · • 2- 19 >•/t~f j · -~~r~tiiiit .. 
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1.1 
1.2 
1.3 
1.3.1·-

1.3.2 
1.3.3 
1.4 
1.5 

TEC 
WBS 

', ... ~ • f' J. ' ~•,. 

Table 2-1. Breakdown of Total Estimated Cost of Construction . 
for · the Hanford Waste Vitrification Plant. · 

Project Management 
Technology 
Plant , ... 

Title I 
Title II 
Title Ill 

Construction 
Startup/Operations 
Regulatory Compliance 
Systems Evaluation and Test 
Facility 
Totals 
= total estimated cost 
= work breakdown structure 

45,812 

29,928 
89,722 
40,772 

612,158 

---
·4,825 

--
823,217 

-~ ... ,. . .. ·-t':: ' ~-. ~· . • • 

3.3,: 
12.0 
15.0 

--
--

10.0'' ','' 
. --

17.2 

,. 
I.I 

11,5~8 ,. 101,2~0 

118,065 '.729,503 

-- --" 
~ -:... ., ....... , 

483 ·:·· ,, _.-: .·~:t, ·s:3oa, .. 
" -- --

141,783 965,000 

1, 
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2-1. Breakdown of Total Estimated Cost 
for the Hanford Waste Vitrification 

'·· v 

·,t, 
·., :.._?<,·;~. 
"1· ... -

-; --;:t• 

of Construction 
Plant. 

•' .-· 

r ·"' 
__ .,. 

. 
,\ 
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Table 2-2. 

Congressi anal 
budget 

submission 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

Current status 
(4188) 

Expenditures to 
date (4188) 

9613441. Qlf 70 

Cost Estimate and Schedu1e fH1story 
Management Plan. 

for Defense Waste 

Total estimated 
cost (S millions) 

970 

910 

870 

870 

870 

945 

930.2 

930.2 

~98 

~t=-
.: : .: : ~F. 
• I 

!.i 

: ¥ 

Scheduled · 
pro,·ea •· 

comp etion 

March 1990 

June 1989"' 

June 19a9•·. --

June 1989 ' 

June 1990 · . ., 

June 1990 

June 1990:n .,. 

.{f :·~~ 
't • . . 
I 

Scope additions/ deletions 
(S millions) 

Sludge only (base) 

Sludge 

Salt ( +$78) 

S•yr storage ( + $31 ) 

Shipping ( + S 14) and 
incineration ( + S 14.8) 

•.~ ll -;._. • . .. 

,, 

-. 
·" 
'. 
:-.'. 

' -::- ~ ,: .. .. " ~ ·~ 
·• ·,..-1. ,, . ·-:.• ,;~· i 

1,1 :.'!, -c.:, .... 
• •._1 

~·~ -,; .-
;, ; /;. ... · .. _, ",, 
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.. . .,,._~. ' 

,, 
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3.0 EVALUATION OF PROCESS TECHNOLOGY 
ANO PLANT DESIGN ALTERNATIVES 

3.1 PROCESSING TECHNOLOGY AND PLANT DESIGN · 
CONSIDERATIONS 

In a project as complex as the HWVP, a number of important process 
technology considerations must be factored into the design decision-making 
process. For example, the size of the U.S. canister the size of cells that 
house the canister closure and decontamination equipment and favors the: 
large canyon/remote maintenance concept that has been utilized for many 
years in chemical processing at DOE sites. rFor economic and safety reasons, 
the large canisteriied glass waste form has ibeen selected for disposal :"of 
defense HLW in the geologic repository. Thus, the HWVP product will be very 
similar to that of the OWPF, with the canister handling/transporting/storage 
operations and requirements, the Waste Fonn ~Qualification (WFQ) and analyt.ical 
procedures, and both plant features being q4ite comparable. ~t··• - ·; 

.. t ~ 

Differences in glass-producing technologies are rooted in the requtre- ~ ~ -~ 
ments developed for the user programs. For~example, the French program ·_can: -: - :: 
use a relatively small capacity system because of its close-coupled nuclear ·.· ·:··':; 
fuel cycle. Large inventories of waste do 'not accumulate nor do they ··h·ave_~ .:·,;,, .) 
large historical backlogs that require high~toroughput capability to · "w_ork:- :-·= __ :,· 
off." Consequently, ~ systematic analysis "~f-~the requirements highli_g~Js ::,l-jJ-
the adv ant ages of a g,ven tech no 1 ogy versu~, ~~other. · _ ~t \\ ,,t<; 

While the AVH process is a pr9ven itechnology for ;handling acidic ·HL_W ;: :,/\f.i 
liquids, such as those produced:ib f the French nuclear , industry, : its ··ab_i:l ~~it .:"' 
to ha~dle alka~ine slurries has .. , t been "'·d_~~ .. pstrated. / SucM_han_dling ·•.2.f __ /if:•:!f:!~: 
al ka 1 me s l urr, es is , ~equi red of _; he H,~Y.l~.1~~-il _ · , - . _- _ ✓it: ?~~,;:~:t~ 

. \f '+ :\f;~ ' : . >tj~ 
3.1.1 Canister Size. an_d :Impacts f' . •:_.,~ :ft-' , , ~-;:;.-, s: .;::-· 

· .,t{;~ r~ ~,_ '?~~~·) j~1· ~· . -~Jl :·;; ;~·.tJ ~J~I 
The HWVP canister 'size of-~ m (?~ft:'11,0·.~n.) in height and -0.6t~m.-• (2 ffJ),;/ 

in diameter is identical to the DWPF ., canisterJ design. The basis for ~:th_e:L~~;Jfi/f: 
canister dimensions·:1s 1;.the· recommendation'' of:' ra committee ,formed sever.at·~~;(~ 
years ago to detennine j- •the optimum :; size tforf t~e canister in 'order to?m'inimi;:er 
buri a 1 costs in ·the ~-repo~i tory and to provi~El;,maximum produc~_i on .thi;,9ug_hp.~t/ ft 
Representatives fro'!1 the;.t~_.s. wa~}~ ' pr~~iw,;,~~ re_pos,tt_~_r.i~S-i,t.anp ' P_N~~1w~r;~lt1i 
members rof the com1ttee. - - ~,;,• ·•. ·r! · ,'· · _; _,~$ ~ f • • >'.,-,~~-~ ··:· :"· - ,- ', ·-1 ~- •i - ··:'t'~:~~/·#'r:r~~-

The committee focused on work · conduciedi_by ~he · DOE duri '19 many.::y~arsi an~.r: 
detennined that a 3 'm (-10 ft) heig~t ·and· -;0."6 m {2 ft) pipe si_ze . for'~th~jf~--l~f 
diameter:was a good choice for convenienc.e~o~ core drilling ·~t theJreposi_t~ry"; 
canister ·, fabricati~n, . m~lter pouring, "v,i.tr.V:tcation facility ha11dl ~n~?;on,~.ft~ _,· 
storage, and shipp1ng • . ;,:An increase in can.\ster diameter beyond -0~6"' m~{2 '!.ft) ,. 
was considered to increase canister volume',/ but technical ·:studies ;sh9wed.;that 
t~e glas~ ten~ed to dev,itrify with •project,d -heat ~oading when ·the·icai{.~.\~f})°! 
diameter. was 1ncreased; li therefore, further ~st_udy 'd1d ~not appear to ,·be_rf ' ~; ';:tf 
warranted. The recommended canister dimensions were found ~to be consi·stent-·iA; 
with tht! internal dimensions of the shippi_ng ~cask;designed_ifor.~fue1 ~$bl pm~!)_t:; 

• , ,1:: • • -•. - • - _ ~~~ ;· -.d,l-t11_ ,.':i.~_- ; 1.- 'i,:, · 
- •, • .._ I ;·!"~~i~ ,:. • ~ ;;,.•:J, ~ -... ~. 
t'" , }· " ;- :,;;_~~ •i•-.,ft1;,~1 

_\,_ ,;(:\1~~?t :·~fut~·1)~' 
3-1 · ~ /~5. .- ., --~-'.,.•if.~ 

,. , )~: . -~~:-~·?-1 ,:; 

";1..~.: 
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With the amount of required shielding, the weight of the cask was barely 
under the -36,000 kg (80,000 lb) limit for truck shipping. Ca1culations 
showed that increasing the canister size to -0.76 m·(2.S ft) diameter would 
increase the weight of the shipping container -~bove the -36,000 kg (80,000 lb) 
limit. How~ver, this evaluation was based on the shielding required for the 
nominal maximum case vitrified waste to be processed at the OWPF. This waste 
is generated about 10 yr after OWPF startup an,d composed of sludge cooled 
for about 5 yr. Evaluation of canister handli~g within the OWPF indicated: 
that the canister height could not be increased ··significantly without 
impacting the building design. The combinatio.n of the original work 
conducted for the DOE and the convnittee evaluation led to the reconvnendation . 
for the current canister dimensions. The OOE :has standardized .the •canister 
size for all U.S. waste producers to reduce co~ts for shipping and ,repository, 
disposal; no reduction in canister dimensions_,:f an be considered ··. at this :ti~e~i"· 

The French nested cell and equipment desi~~ is based on a canister th~t } 
is approximately -1 m .(4 ft) high and -0.3 m··(!l · ft) in diameter. An incre_~sf · 
in canister height would impact design of the\cells and equipment used to ~> _..· 
position the canister under the induction melter, weld the canister 1 id, and;: .. ·. . ,. 
decontaminate the canister surface and check '·f_or smearing. These changes · to t,.__.,:_.·.· . .;
the French design would have a major impact on~the· nested cell concept and ~~- .. ·•.·~ 
overall configuration of the vitrification plant. In addition, remote \ i<J·; ~- •:r 
maintenance concepts would have to be reconsidered, and equipment used to --:'. · .. . --:{ ·-'i 
provide remote changeout may require redesign'.f Rec1esign of some equipment;,.·: ·' ·,. 
would necessitate testing to verify operation.efp:rior_;;~to installation in t~.e~-- ::· .: '~ 
HWVP. ·3,.c .. · · ' k. ,.- , ,: J 

1··-~ . '-.-:/ \ ·· ! _· . : 
. ' . ')- ··., · .... ,;· . . -

The WFQ requirements dictate that the free volume within ~he caniste_r,j . \,-, .. :: 
not exceed 20 percent. Gamma level detectors 4are ·incorporated •.into the· ::~~<1ih,,_-;·'. ,~. 
design of the HWVP melter turntable to provid~~process control to fill a )J,i ?r;~'.~)'.,j/ 
minimum of 85 percent of the available volume~'ofi the canister with glass.J}~>.'t· __ '.,}.t· 
The French AVH proce~s is designed to pour . twoi batches of glass from ' the ·-.=- "::."- ;~ •·'t 
induction melter into a small canister, and ·no~level detection 1s :provided.\': :'<<C 
Therefore, modification • of•· the French design ~to ' handle · the large U.S. ··.·:~i7fr~:j;\l(; 
canister may necessitate the use of level dete.ctors ,· to assure adequate -·;,. •:;_,,t\;¥;··· __ 
filling to meet WFQ requirements because pouri'ng"ofJ_.multiple melter batchesf:i':~'ntt'~ 
.to an exact height ;,, the c~nister may be ;di f~l,~1t;~!-0 control.;; ,·,)Jit~}!1t 
3.1.2 Melter System Design;, . _;1i\.": .:~~~~J~£f-4 

. A single LFCM process ,-ine can provide th~~"production rate required i f_or,~~t~:} 
each of the U.S. vitrification projects. By contrast, four c~mplete AVH .:.;~i_-/;/J;fJ/ 
process lines would be required to provide comp~rable product1on at HWVP_t"·- /t:.,.t',:> 
(i.e., 100 kg/h) and, dep~nding on future wast~ ·cl assi fication decisions· ~J~ ]J;.:~: 
cost/schedule considerations, U.S. inveotoriesi".could require up to nearly \ -:,h_(;::,:t 
two do~en process. 1 ines ·of\ ~his capacity to i;~~J~ve ithe ·productJ on :•,missi9~(ff·/-'.\if 
at a single locat10n ·0 ·· ~•.,. • • •• •• ,,, .- . , . -:r· , · . -~~l:-- ~'AJ>: ·~,1'·;: 

During normal operation, an LFCM meiter_-,h~s a design life of 3 or mor.~ \¥//: ,_:_ 
years. This is achieved with a refractory lining that is resistant to .. ,_.. \,°.'<:·
corrosion and erosive wear. · The ceramic lining·~also provides the capabiltty·-;,.'. ;_~y;, 
to operate at higher-than-normal processing temperatures for extended per,{Od$_·•~; ·;~·, 
This capability gives additional operating ifl_exibility for corrective act jqn'.i'.f:Jf· 

. -·,: . .?:~ ./:,~f\\j~,_j~:, 
3-2 

. ~ t-. ,._. _r,, T•f; wJ 

-·~"iii(~{:: f 



l ., 
t 
1· , 
' 

: . 

I 

C 

'· 

c : 

, ' . :-. 

96 I 344 L.0~73 
WHC-EP-0326 
Revision a 

with the LFCM that cannot be achieved with the AVH process equipment. By 
comparison, the longest operating life achieved with an AVH-type melter to 
date is slightly less than 1 yr. While material improvements may be 
possible, the ability of an AVH melter to routinely process the Hanford 
waste feed streams without requiring replacem~~t over long periods (years) 
is questionable. f · 

Because the LFCM is highly reliable and has been shown to have low 
maintenance, this technology is compatible w1th · requirements for equipment 
installation in a canyon/remote facility. Th.is 1s the preferred U.S. facility 
design for chemical processing of high-level hiradioactive materials, having 
been proven safe and successful throughout 4ecades of operation. Because of, 
the number of me 1 ters required for an AVH process, the shorter · design 1 i fe, 1: ,. 

and the moving parts in the AVH process, the, m.aintenance requirements are 
significantly greater. All of these fac:tors ft1ead to frequent ~changeout of 
equipment, higher unit operating costs, and .:.=a1:need to diverge .; from the ·•remote· 
canyon• operating concept. T - · ···· · 1• 

...... 
·'f 

3.1.3 Process Control and Product Quality , .J. 
The exce 11 ent mi xi n;rcond it ions inhere~; -:in the LFCM and the 1 ong '~.e.,11.·.i•. )·:: ,:i; 

residence time (approximately 40 plus hours),ihave· been · shown to provide ·a~if/\ ... :·, ·. 
very reliable product quality. The natural i relationship ·tbetween uniform·.1:·· .- ·, i ;.;· 
dispersion of constituents·· and durability ·h_as~been known by the glass ·: 'fnd~~~~y;, .. ::. · 
for many years. Research~into the production "of radioactive :borosilicate~,~:-<:i;• :/: t_,
glass has ·confirmed '.1 thi~·r:'elations_~ip, ·asii;,~!~ted. i -.. ~~?\~'. '·! }>·? .·.trr~\/i~Y\, 

The long mean residence time ;in · the LFCM';process is a\majo~;fac:tor.~th~t1/)?. 
1 eads to consistently •h'i ghi qua li.~ r, Long~res·idenc,e~ at " the LFCM operatl{'g~Y]t:'ti,'.? 
temperatures assure~.~· comp_l ate vitJ,tl.ficatio_n,~ hig~;, ho~geneity ,; . and r: thusi a '·~;:rs.\~''.; 
predictable product··perfo_rmance. ·: Long ·· res,lqencat ·also matche .: .well: ·withflt_h.et~\)f 
unique neutralized al.k~l -ine ;~waste Jcomon \in! the · U.S. ·.;fuel cycle. ,; Neutral;fZ!!if~;;-· 
waste is :filled with a 1ho~~ of precipitate~~Prp,ducts i~~the fon11+of t. comp).~~·f;.~.:.-. 
sludges. Thes~ compo,~nds·/ •combin~ with"gl1ss:-~former.J ·an~ rfrit, -··requ_,ir.!t~:}:i.:• 
c~n~i~erable t1me •at ·t~perature~: to f,Jlly}vt tr,ify. The LFCMtprocess"~~~~J..}'tf,:t., 
1111n1m1zes any sl udge.•.residual s because ! qff ~he;, hi~h -:ftemperatur.e ~.nd til ong~t'~ ifit.~t:~" 
residence. -: Early Uni,iedl ~tates studies •of.~proce$ses simi 1 ar -to ' the · french t•.X:. ···.: 
AVH system with short· residence times ;;revea 'ed?iincoaaplete .~vitrifiication~and;l;;,t~ 

it t d \id j"t · i fi ti .. ~.-: ,,i· • f ''" f' >: . : • - ,<· . •, •, ~ ·•<1;:\> , , • ., ., '. .,_~ -l'€i,.,;j,,'t,c~ J,; · a propens, y owar, ~.\ .e'( • .l ca .. on. · ;:;~t, ,,,,.. .. :·~_~ •. .:.., :,;,.,..:'."- -v ·.:.'..f.._::~: ::_:;.;J%5'~~,,._1tJ-:.!t4F· 
~' ~i 0-1t·~'. -~ =- ' ,r-< - _ · - - ~ "·- ,_. • ~\- : ~- • :i;h,---S t~:?.·f.t::-~~r 

The AVH process,'=-- ~s~_gned for<a h9mogeneous aci9ic ·· solut:!on · feed;,~;us,~tY.fr}~ 
me 1 ter res 1 dence · t i_ipes ~·qf · 4 to · 8 h and · appJi(>,ximate lY the samef temperatur~,~t::~ 
range · as · the LFCM.· ·,· Fa. _this type ·of. ,waste,f(acidic+sol ution) ·/ ·the · French:\\~!';;t{ 
have demonstrated ' reasona~le produc~ pe~foriaance. t Howe.ver, this ' in.form.ation_M( 
has not ·been disseminated -in detail 1. to interested,• U.S. scientists. <Concerins 
exist 'regarding ' the ime~hods used· to e~al.uate:'.t,toe· ~mpact oft.be last' -'mat:er;i~.l,J:t 
from the calciner;·tha~ does not fully d1s~o1~e :1n the :~1ass. ~-- Furt~_ermQr.~-i~~1~t.~
very little technical data has been gath_ere4,~'by 'French · researcryers _, on~~?-r't{t.:~ 
calcination and ivitrjfication of the unique~neutral ized (al kal me) :slurries~''."· ,: 
that constitute U.S. ;wastes. Consequently~• thi$1process could ·result)lfn':.,/~''·~r{ 
unacceptable product· quality ar\d would ::no~~aubt '; require many ~years. of. '~te'$i1.ng ~~ 
to provide data for.;u.s~i wastes that w_olJJ.dt .e~-'c9mparable ·to ~;the::~exis~in,g~~~~ 
LFCM database . . '-'¥r:t•;;-.., .••·· ··; C.'. ,, .\' ·. · . ·' <' ~ ': .•'. ,,, .. .,.~ 'Tl'.l) .. :,::,or!~-

. \ 3-3 · i . J ,t : 'iilt~t1~r, 
~~ - . J. ,,7~~~P.j? 

~ ~ ·.• ~ ~,_~-! ,~~t{f(~r;,;- . 
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3.1.4 Comparison of Overall Plant and R11110te 
Equipment Design ~ 

Review of the general remote fac111ty!design concepts of foreign 
vitrification facilities shows some significant differences with the -concepts 
currently used by HWVP. Key differences ·1dentified include: use of stacked 
and clustered cells, increas~d use of manipulators, more use of cells ~that 
can be sufficiently decontaminated to allow contact maintenance, more ·use -of 
passive equipment that requires little or·:·~o maintenance, and increased 
location of active components requiring ;-~ j n,tenance .- in -contact~aaaintained 
areas 1 n the f ore1 gn p 1 ants. ~;~Jf-: _' · · 

" t 

The HWVP facil1ty :,des1gn is based --on ~the DWPF and closely 'follows · the .. 
design principles used"successfully in "'the ~:reprocess_ing facilities at-·:,tne · '.,,.. 
Hanford Site and at the/-SRP. With this.'.'des·ign, '..:;ceilings and ' floors ar~ i:no.t -:-:." 
co11111on between cells (Le., no ce11 ·stackfng)'. · ·rhe 'cells · are ·tarranged?;i.n:·_·;.:.'/ 
two parallel rows ·with ~.,_the ·floof··of all ·ce~·1s •'~t !'·a 'ne~r constartt ·elevat~o~-·-~---<: 
Material flow is generally up into and· t~~ough a shielded ·'area ·(canyon) ·"''··:· ~- .. 
above the cell complex .kt' An exception ·1swcanister transfers ;-·that ·are 'made ·. :,_: 
via transfer mechanisins · in tunnels between~cells. · FulJy ,remote · replacement -:·.~•: 
of nearly all in-eel 17'equi pment and piping}ffs -Jprovided. · Substantia 1 ·-,~.t;'!·"· ',;:<"/:, 
flexibility is pro~ided;•to revise piping ~co_nfiguration ·v1a· jumper chJ_r1ges.,·,(._.,? 
a 11 owing a 1 ternate,. operating modes: andJthe,~abiJ jty~tot modi fy iprocess /'.5'r:r-·:'f,;-<r f 
fl owsheet. _ · .;,:( : · · ·,. "\~: ~)~~~:t(t:. · :?J~ ·?' · ,-.• :/ ·:::-: · , '.-~-//;f->'.~{j:8 

The French vitrification facilities? a'reidesigned:• to mfnimize but.l'df ngtt/ 
square·1footage and ·· maximize use 'of shiel~{'19 walls ·-an~ ·floors / ·: Thisn ;s:frt>s;f;t'.; 
accomplished by:cl us~er,i ng and -stack1ngfith_eTTh_ot · eel ls ·~~~ tha; ·wal 1 s/f.l'_oors· ·-;_;f}; 
can be used for ·· both ·$_hielding and structu,:al ;Jsupport/ " Wtth ':th.is , arr,!ngement·" 
material . fl ow is both i>h;orizontal .-.and_ ;ver~i~al<throug~•·ttne' •cel Ui.1 ay_e·~s¾~½:1,Th!Jt 
stacked ce 11 conftguri t i ~ns prov.i d~ .:.Jome~111provemen~/ :in, ·st~ctura 1 ttl o,apJ ng·~t· · 
efficiency and ·in · use ~of, shield1_ng. ·socae:f~eguction ' i" t~he 11tequi reme.n:t,s ;~t:ort'. 
concrete· for these· p~rpo~es can~therefo_r:eJbe;4,1expect!(f ;--·\..rhe' iypical{;S,t_ac_~~i. 
ce 11 concept used ·1.n ~he · French f ,c11 i t .1 es~i ep l !ces 'the ppen · cany~~J~s~:, bY~ 
HWVP with a number ·of·;special ized-.corrido~sr1for ··mater-i al· 1110.vement. ·-'~-rn, '5ome~ 
cases;h he French )l ants·· use ·· sp~ci alfzed,t iia'fn~en~n~e.1.cel l sJ_dedicated~ g_:J.in~l; 
maintenan~e and br.eakdo~n of ,fa1).ed equi~nt:t fr~m a ijart,.c,ulari_:ceJJ.~~Ar'.':;~~~ 
to°'!1on·~f a 1 led ~qui ~ment;~handl i ng · ce l -1¥iis1u,sed -bt -hHWVPf;for '•handl 1 ng f a~l;e~ :1~~
equ1 p~ent. from ,all ..,.cel

1
ls ' servic~d ,by ·t ~e~~a~Y.Of\i!lt-,Th~-+ F~enc_h·'app! oac~l .ipP.,J.a . 

to result in a modest · ~eduction ---1 n.-_~the:io~~r,all~.b!,lil di_ng ··v~ 1,~e :~·· ·: H9.w9tYJ~, ::~ 
the aa1q~J1t of ~~~FJ~~~~~~d in~-.; ~_! iY,i,~pJJiiJ!J~~f ~~~ig;gt~i~l l1~A~~9~~~{;f _ · 

• .• ·• ~ • • • .' t 

In ' the French •pl~nts, maintenance·\o_ni r;~t~-eq~fpm~ntNis_·,'perf~rm,e~-1~J;th 
a variety of manipul :.-_ors, special t~oling-~tl_and i.var-1 ous-hoi.sts_19and!fcr;anes~~ 
Where' possi b 1 e/ :stand_ ~rcfroff-the-·shelt ~·pfe:et and '-' tu_bi ng·•:-connec~~-rs'"J(mod~i:f~i;e_df .. 
as required} are·\usef 'f:orr.the pr:oc_~ss '.':and\ s_er.y,i ce ·.con~ect 1 ons .r, : Where, .s,t '.aP..~~
connect_ors cannotJ~e ,! used, speci~l ' ~onne_c_t -1,.ngr;del ices "'~~d · assoc~,atef\\o~~iiit 
are de~igned. ·The\ i~cr.eased use ·-of m~nip_ulators·,1n¥the fo.r,eign 'ifa

1
~~1-t1i1e~~~

a 11 o~s.:;sign1 f1 t!~t1t ~Qre .:fl ,~1 b~ 1 itfi}io~~g~1 pmerat: : an~; ~e.l\1g@$i9n ~•f. Jhl~ ~ 
,sn b~ ~ ,~p~~~Q~ -\Q ,;rQi~l.t in ' J i~p 1 t.r1 •Pl'eJ'§,~.axeeni.i VQ :equi Pfil_ent •· "Ho~tv,e~, <; :.,, 
ti'i1 s 1 s~·aa'rdav~d ·~t t~ar-.axp~l\4~ ' of ~d4,i~g~ he1·~~nipylatpr~ :?;, nt;J ' d ,~i'Y'~ UAPO!- . 

~~~!1~~~i~ i ~ii 1·:~ ~ ~-~ d -~~,-~dow~ ,; ~~;~~-~r,91, . -~t,,:~¾T~ ~i~!~'~{~-~ ~~~ t.us:.~~~;M.]~ 
~ . . . ~"'t ·-~-~_, ·:·<::· .. ,1) _._,_~ .{~Y" : ·:~:- . ·.· ·1~t:~~: ~ .:/; }J/!~~Z:·~ff 

. :.~ _..'3{ ,·:. ~ _. ,~-~·_;;tft--r~~/-_-.,~t>~~-. /(-:---, · ·:~i}~rtf 
r•.fl1, . : • -~ .. . 4 . ~! ,:. ('', • • \~ .;· • . ;; '~•~',,- ,,:, ·,,-,.,...•,>,' ·: ., . · .• ; ~;. ·'• w~ 
'""' ·, ;;-~ " . ,.,. ,. , · , •a • l!- •.· ¾J"'/~.:t>,-. 1.>..;c . 
. ·;~ ;_ ... ~~-, .. ~ ~ ... '~ .• ~_,., ; ' : 't . . ~ ~,t.~~~~f~ ... 
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A significant portion of the process equipment 1n the foreign plants is 
permanently installed and must be decontaminated prior to repair or 
replacement by direct contact. However, this)disadvantage is partially 
offset by design concepts that require littl~ maintenance on the contaminated 
portions. Frequently, piping is pennanently~installed and reduces 
flexibility. Significant savings in initial ·equipment-installed cost can ·. be 
achieved by use cf contact maintenance. Identification of the extent to .. 
which HWVP could use contact-maintained-equ1_p!ftent low/zero maintenance :designs 
would require careful rev_iew and analysis. :,~- . . . . •i · . . . 

1 

3.1.4.1 Key Design Issues. -Several key issues relating to equipment 
installation and maintenance are of primary \1mportance in the evaluation of -: 
foreign concepts. In most cases, sign1ficant'·changes to the ·. current HWVf 
design approach would be-'required to impleffl!nt · concepts used ·~1n ' foreign \· 
vitri f1cat1on fac111ties,--'.1 These issues _· are:1discussed below. 

. : '.\~i2Y' . , , . 
. •, ;.. ... 

Remotely Replaceable Process Egyjpment -J}· __ 
~ ... ~ . 

... , ... 

To satisfy both the ·as-low-as-reasonably-achievable (ALARA) ·requirement · 
and plant attainment, the; HWVP requires ··tha_tt nearly · all process equipment··and ,_ -: 
piping that has a projected life of- less-than·•,40 yr be replaceable ~by<:remote··j:, -.:,:. 
means: With French desig~s, a significanf ~sortion/_of the process ,,eq~ipment···" ·;.·j.· 
and p1ping is pennanentlyJd nstalled with nor;p_rovisions for remote marnt~na~_ce.r .-
or rep 1 acement. When"the;1,:equi pmen~ fa i 1 s ,",ti t ··must :be::~econt~i ~ated ·;to"-:aoJ f:-t •::. 
activity level that :permit~ person-;_entry ·· t_o~ ~.e ~ell. ·•Thus,r ,an ,,·impor.tant · .. ~:t::;,_ 
consideration in comp_aring -'foreign ': techn~1og.y-~ is ·,the eval uation,tof ,al,te,~n~i~J};•> 
equipment -and cell ma1nt_enance concepts. =1 In;1general, equip~ent that ; is"a :1f:-•i:.· ~--:: 
candidate·:for contac~:" m~i'ntenance_~st be·;efth_,r,:subjectr~to ·l,onlyi·.1 ow \;lev,el sl }',f'-5 
of. contamination,-. or ' it 'must hav\lf 1 ow 1eno.Ugh., ;f r~quenc)'. o~ 'prob.ab il Uy.• f o~·.;1< 
failure that an ex,_ten_~_,~~l_i~t~e fp ___ ,co~~~!n•f}o_rf pri~~f t_o~"!_a

1

~nt~~a __ n~~~ ~'1/~f)ltf 
. be -- to 1 erated. --•- .• · -i .f:-~. ;,-: ... ,:; i ,,: - , ,._... · -•t::;,,_:; - .-:· ~. --- ,_v · ;_: :: " :1 '>:\-..~-;,_.;;-\i~;:. ,1~",- , 

Remote . Conne,tors . y ':~:: ·. ; iJAv,:r~r : •. r:; ·. •. :j:: ' .~ r. -~~l~~~;;: 
The· HWVP processj ng ',systeins 'are designe.di..·ar,ound · remote 1piping . .;·al)df-§.t!i"J~=u"' . 

instrument/el ectri ca l :'con_nector t~.chno 1 Q9Y~ihat ; has ;been ~deve 1 oped_, , .";~4-:.:'~'-_ :..f/;t-;~ ·'. 
_ standardized, and "'pr~ven4in practice at~theJHanf~rd ·su, ·r,proc~ssinf {p~:'a_nt.s ~t : 
For operation, th~~e::-iconnectors·-~require''OViep9,eadfacc~ss ·by~·bo;h <-:a:cran.e;-~~-DSi1t 

· .:an impact ·wrench._•; ·Mal'liP.ul ators 'an_g roboti~$?•re: not -requirtd"·for:·re~o;e:!f1~1)~i 
~maintenance wi thY:.th i stttec_hno 1 ogy ~ l~- Becau.se!of¥1the · ext ens 1 ve ::.experi ~nce/!wi-tb. ·1;<;J. 

·this techno 1 ogy, 'ang ~,x{,tence of / standard'fze~M·Prov.eni desi gnsr,\ ,,--~ "des·;{gn~;:-';a,~ 
., be deve 1 oped with ·a -~-1 gh~degree of/ conf,idence ,{~anc;t · de_ve 1 OP.me.n_t · ,esti:ngt i ~t :Yr : 
not usually required',;"'• ~oreign pro~eSS'tSystJ,~s: do t.not use ;s!an~,ardized:~·-f:""~{\/t;_ 
connectors for-the-most,"\P,art. For~-1 nstance:,~i f}a connector ··tJ~·neededi ne_ar.?!- ~t: 
the. cei 11 ng of a 'ce 1,1', ~:a~speci a 1 t cor.nector,J an~d~-Ji f /n_ef_,s_s_ar;~~f ~'f!lla.~j'eu-:atU,,n51\ 
dev1ce ,•are -design_~~,t \es-~eQ, and1i-empJ9yeq :, /:,.-:··;-:.,:·,~--"_1!·;:_.:; ;Ji't-~"i·:}.:_ ---:- i ~ ?¥-~?r.i.-:i; 

':.: _ .. -~ .• · 1-? •.:J: :'' ~ ... :r1\ .. : .y·~;_ . ~ .. ~ ~ 11-1' .. ~ . . • . .,., ' . '-r ."'.j;__---~-t-:, . -~ . . ! •tt/7 • ~:.;•;~r, :~·~t:_; !' 

The~·process ·. equ:i p~:g1) and (aci'l 1 ti ;•n•1'de$i gned'3,rdundf the~_r,em~{e~ifl~lf !\ 
maintenance tech no 1 ogy-.· ·; Use of a 1 terpat,i r,~t• , connectors-~·,nust 1_be;~~-r-"1tpfj~\~\'. 
cons 1 dere~ in eva 1 ua,t1 o!!,~Of 11 te_.n•~• 1lp,tto_c~1s.r-~~chno109,v4b•~i.u10·: uf;:\t .~J;'-}(•1f~t3f} 
impact o~ equipment and~~_ell design~relil,tedt t~ '• connecto~- requ1 .;ement.s.~!~ In::~~-t: 
general , ' equipment that •·is designed and.,r-opti1~1 zed based · on ·one.~r~mote~~t;f;),;~fl\ 
techno 1 ogy ·wi 11 need '! s_i ~~j f i cant \Y:ede~1j~~~ -~,i~ f ef;!--~J}~~;~~:J.~,1:}R~ fif;}!f :y 

•. . ·•.· 3.;"\'f ~ <ft ·.·. ,::.},j~~f\;8!.~_~ _,_~'.. 
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r · _-,,~ :2~~ 
different remote technology. Likewise, a facility designed around one . . . .,/,ti, -
technology is not likely to be optimized for a •different technology. The : · -t~~ 
result of these differences in remo~ technology ' ·; s that acceptance of ;:;"¥t~1 
foreign equipment design frequently requires acceptance of the associated _.. ·,}i·:ftlie 
remote maintenance technology. Effective implementation 1a1so frf!quently ··· -f. \t·· 
requires a substantial change in facility configuration. · . }t::-. . . ··:t:> . _: . ,-"· ··· · · :\il 
Process fJexjbil,ty :'.~j~4 - . _:f:'.. · -'~:'.-: •··., ., .. f • .,, • 'f"f ·•::• ; ~ .. :. •• W~•·:'f-\•'• .-:,'•--:• ~· •\-~ 

The current design for the HWVP CPC allowsFa;.; significant--amount ·of ,.f.l.ex1 .~:-.· :·. · ".i~ 
b i1 i ty in the chemical processing aper.at ions ._:)\Throug,h· ·us~_ "of · alternate ::.- ;.,;:_< \ .' -: ·: _'.-,)QfJ; 
jumper routings and wall-mounted rack ·•piping ·J.~on_n,ections, · ~ large number :·ofr ::~:/;_;·~ ,';~~~i 
alternate pr~cess arrangements are p~ssible. '~J~h.i

0
S'' p,roce~_s 1f1exi.b_ility will/ ·-> /. /tf~ 

be important , if there are unexpected ,..differf!nc~_sti.i,~:J eeg compos.ttion, --·missip~, ·: ·:_:_y 
or process chemistry compared '·to the ~design '.bast s-. - ·The :fore1gn ·ifac1lit1.es:~i::-.-.. - ,·,::: 
typically provide 1 ess · f1 ex,ibi 11 ty. · A: deta1,1:eq'o/~.v~l ua~ion 't9f•'thf:-impac~X9Jt ;t:·~'._·U?:1 
foreign des-ign concepts on =, process flex1bi-l :1tylihas ''not ·· bee_n~made'::_; 'lhi s·r ,,':~>::u.(r-.:'.:::·-'.;1;· 
would need ·;to · be eval uated :pr.,ior to <"any ,·dec-isfon:,ito}use jalternate~design~S.;.i/·t ·? -'._:~ 
Concepts !;'... -{ ·:<_ ~ . ::~!- :·\ .. ~~1.~..: .. ~;-~~ .:._. . ·...-.-.~:\_-~·- ·:-~~ .. · ·1:/ .. /· :': . .--<~ .. ~·:..; ('\.,·,·f:~~:_. -:.~--~-~-:· • . , . , , ., ·n""_..,.... . -· . . . , . . . .,..\ i.. . . .. .. . .. ' . -.·.c.-'t,1: r_''." :· . · .' ·- ' · · · .. "':~{-~---- _-;_.: \ .'. 

3.1.4.2 Ov_er,all Assessment.·-: .At first glance'~"tit:·app,ears;i!that/ sign_'ificanii;<tC::r_): 
reduction in'?overa 11 · facility~ footprjnt could~~-e~ac.hteve~l, by_,..:adopting ~- theil~:?rd::~-;fi,..t:: 
foreign approach to faci }.ity1·design. ,·-;·Howeve~,J ft: ",.i s · not so '·apparent' thatf1a:"r1 t~--:,/J 
si gni fi cant· reduction in .- overall costt•·can -~ be~!chi!ved~·· ~_:l,nportant .-· d; ffer_e_n.c~1tJ?.6;'.: 
in feed composition, . proximity to .:feed sour.ce :~_a_n~f'waste ·,_handl ingt.facj l_it_i_es ,'i:~¢'}::-.; 
and other!. f,unct i ona 1 ~ r,equi rements ;·comp li cat·ei anyi cpmoar:,fs·on:. ~_:-''.'.?:.\: ,,:;:~\-,,'7_'.:1{~>i".{1:~:l/j~~::; 

- ·· -r - · -· ~";.- -~~i~;~~~1 ~ ·,. -~ .:) •·::-' ; ; --1~~ifi~i';;.~y··~1--~-- ·-~-':.ft~:~~~~- ~t~1 :it·~·) :~t--?:-(::·>~\f~~:tJ} t:rrr~:1:;-~~ 
.The fo,reign ~lants haye;:·a relat j~ely fh,tghN~onc~_~Jrat/ ~n!·;\a~·1~fc~~eft,~~/~~"JJt 

feed with a,r~l at 1 vely\ l o~;{su:5p4!nde~.i"'_s,ol 1ds,w,~opt!;nt•.~·'.1/~TM ~-~-1r,q~1d,\can,tbe:~~'r;f~ti~~ 
pumpe~ wi tht,~impl e pumps ,}tJ.e.ts·, ~-~_nc:l_-'iai rlJft! .. ~ajl_d}t!git,t.ed •~j,th ~an · ai",r_r~_p_a_r.g!!ji f1til::i: 
As a ·result,1 only minima1 ~·space 1s J.·required~abo,ve ;:the:;tanks;' torserv,ice!itnfs:-'1~-;~~i 
equi pment ."··\",:Yn contrast', "t9,e\ HWVP,·mu_St "'pr,_oces'sJj1eut'y;al iz_ed:.-f~,edT~lur~.i esI ~nsEt?J"t1t 
use 1 arge · ~cha~ i c~ l 1'pumpsFan~ · agitatqrs rJt:orl sJ;urtY~:t_ransfer;~an,f ;mi"xi ng1"~~-~f.:;~~-.,, 
The s~vere -'se:11 ce con~i ti o.~s~ re 1 ated_i':to ::~_andlji,ngfi b,eset-erps 1t~P_a,n_d ,·_cor;_r.o$~:.~~-f11U 
sl urr_, es requ, res that~moret components:•·be_cr,emot,elyi w,epl aceabl r i{d ncJ uding~!~~i; 
tan ks and : piping) • · _-'· lf.tthe 1:.f ore i gn :·p'r,oces·s, ~~$) 'g_nst-~e.r,e~~i"mpf !~e~ted / j·a~¥.'.!_c,{g~~; 
qi ~est ion st~p coul,d •:be ..:a~d.ed,·to ·1~he, fr9nt~,r.d.\l or-X'alternate ,.·equ_i P!118~_t·~:·~0~:~!,:i1. 
suitable: (ori heavy -· slurry/ s_e:'ice cou_ld··'bet ~~AA~fQrl ~e! d?pr!par~tion1_ara!k~'~~W~:t 
handl i ng. t iAr feed conce_nt_; , :..~:?-~ -~ s1~i1( ~¥~P,wO~r.at .!tl~1!'~ ~;~~~1i~J .,~~q~i -gj!h~~l,\:~; 
front , end ,; o_f~~ the pr9c~~s,.1~1 · . ·:::.zJf$>::~"::.f.~.5t~ • ,~,.~~ftj •;,,_~=}:t;.,' :~./tlf,f';::;.JtW 

. . ~,1 •• f.~-::::;-:'-1~·:·;1r~!") ' '''·'.>'~r.}·?"~-~i ,f<"~·rj/i,l~,\ ~f'fsi.;:1~1\lf~fff:~':it~~ 
Because" of i ts:.physical.1-1 ocat ion,·r,HWV.Pl nnist] P,rov:id_e':i's.igni f;icaotlyt mo_r,ef·r·

f ac i 1 it i es {for feed ;and-Jw,,s·;e/ tr:insfer,', -\h_and,!(n_g',\ia,n,dt'st'o,r;ageff than'.f th_el_fp~eJ gn 
f ac i 1 it i_es. _:~ About •;~283', uo_q,:"·L· { 75, O9,_0/.ga 1. ;), oft 1~~g'r-st,orage· . ..,fprtl e~d-~·s l .. u,rr~,t,~. t-: 
and 454,OOO >L {-12O,OOQ 'i·~al) i!of Jagi stor~ge~fprJ:radi~activ_e'fl j_q~id ;w~_~te·~ ~j· 
are ·required, together~w1i ,ht four·~e9Frase~iIUnd;e~~p,und, ;tr.a,n_sfe~-~li, n~s. \ :1T~ese~~1 

scope . di fr }r~~nces -.,~f}r~eil..;,~; .~-~.~~j l,i~;~-;} .~ \ ~osf 55~.~:~M~~~;~~4\}~i f };~:~~ projects• •, ,;.•.,: · ,: :!. ','"':, :'. ~,,,.._;~ • . , - .,..:.,('< .'(t ,.c•,\ l'°'"' I • , , ~ j-~ :t,':-•~f,;:• " •,;. ,,-"- •• ;_.:, -~ , -~•"-' 

: : :+!· _;._:_,~~~~,~=r~~~; ):.ii~iiifi~~~~r;l;t{;f~t?~~i~(~i1~?t~ 
3 l 5 A 11, bil 1 ,· f T "' l ~-t,-~~ ·~'· ,: . .. _, · -.;4'1i•~~~n::t::);~~•-~~~~tfr ;~p~ • :---;~ • • va . a ty~o _!,, •~.,oo. ogy-,~:,~"7'., - "· · . -~ -~"11)~;-~·- -· * ~-""~- -:: ___ ;,:,-;: •. ii..:. 

-~. l ' • l. ,:.t •..;,y--,.!~;• ~••1,/:..r~~-r--'~. ". t• ?JI• •¼1'l\•~,·-,.\• I): '\"?- Ol-lt"~ ...... . :-.~ 

.. , *"<·~•.' ·: ':, ,; /_ •, -; ' . t · :,-.,,.• -~½-., . I?' 'o ':ti"I<; ~' ,, ••• ,, _, '_;\' s'',' ,1.< ,"'<ii•~ • , ;(, .. ·n· , • ,...... • ,. ,. ~ ~ • flq , • , ~ .,... ;rr-: , Y r ~'j..\."t 

The Unl ted States ·' has'~been a 1prfme:;dev·~J oP,e_r~o"t f.t,h·e~~FCH~tech~.oJ'o~y. __ 
and, as su_~h,' an ~c~ive .-~JJ.licip_~r~1j~/ fJ>~,1~~~ !*iJ.~~~~~~~t{~rf-gri, 

'.'" , :;l.:'-.,'1-· ·4.--.,,,.. ~-.J\~~7,.~i'' -at:, ~~:,!.,_1]:..;;::, 1 .'i .. "1..1',~'!{,r'.~ ---, c.·: - .. . . •1 -1. . , - .~ . -~ .7.:! 1)_, __ ' •-r -"•-:.,., ... -, _ ,. ,. ' .. •~ ..- , •.. ·,: ~ '\ ·-t1~: ~· 1 • .. ,-4;.;},J.6 .. ~-i:.!?~l- ~}~·1:_·1·1-.. · /: · ;1.-t1 .. "'· ... ~;.~r~-.j4;;,t:N-·-:--~ f. • -i.,,.•: ~-.:-!. ·"!-= .. ",t'i-;~~~ .. ~·.'i,,1·-r·:rr.,.rit~~~:l;tte-f..<;~.=-,t~J: .. :.~··J 
• :- • • •' • \, :L-:.,~; ?i,,'";i• ~U ~ ;1~1' ::-~~r;--::~'~,.{~-\~{f~i~~!J':;~~'i~-~ 
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These programs have been very successful. Countries like the FRG and Japan 
have quickly assimilated the technology and ~currently are engaged in their own 
independent development efforts. As a result of this open exchange, a wealth 
of information and data is now in the technical literature, 'with no less 
than three advanced national programs as active contributors. International 
workshops, symposiums, and temporary work .. assignment exchanges of technical 
personnel are comonplace. Consequently, LfCM design information, operati!l9 
data, and technical details are readily ava,lfble from multiple sour~es, 
including the other U.S. projects ,at Savan!1Jh ..' R1ver and West~.:.Valley.: .. _: 

·tlf . 
In contrast to the situation for the·:: LFCM process, the;·French technology < 

has been closely held, and only limited ta~~nical details ' have been publi~he~. -~· 
This remains true today. :· Although, acti~e?.~axchanges w,ith the French)have . ~; 
been pursued for years. For proprietary rre,a~ons, many tech~ic~l · and··econom,c -.. : 
details of the AVM/AVH ~procassas,0continuen_to ~b• .unava11ab1e},to.'- U.S. wor kers. , :: 

.\ . . _ .. 1/1.l ' · · . . .··._t / I l .. ~ !. • ··-:_. 

3.2 EVALUATION Of PROCESS ALTERNATIVESi.~OR~·
HANFORD WASTE VI TRI FI CATION '; PLANT ~::: '!:~:}~· .. 

. ;,_..t ~-· ~~··:· .. ~ .. ' 

-. 

.. .>-.,::• 

3.2.1 . Technology:,Bas1s t: (IssuesfUncertain;1~sl _:.;; 
. ~ i " '" '.,· • ·:~-~!~,. .. ~ t.~- :, ;.,: . -,/ 

The ·current plan for development of 'Applied;:Technology~· for the ··HWV.Pi is ·· ·: 
based on adaptation··of ·owPF technology' to),:•t,hefunfque -~anfor;f 'Site · wastfS ·:for,,\·
process i ng and vi tri_f i cation. This · dependence; 'on :,the · PWPP~reduces ,· ther1ovf!raJ 1~;: 
need for ···techno 1 ~gy;:deve l opment ; a~d documen.tat 1 on:ithat ·•·othe?"\'i se· would>ib•t 1t.jt f ::1'. 
required to show·· that_8~he '·•process -m~et~· ~theJ Waste i,_Acceptance :.Pre 1 i mi nJr.Yf :1/:;._t \ !' 
Specifications (WAPS).'~·~ Util izat;t,on ofi,the\trench ·rqtary calc.1_.n.e!!:*an.cf~1 " . -, ·'·;rj// 
.induct i on_«me l ter, -h;1_nrco~unctt o~i t~ · othe,!T.~ro~ess· ·equ __ i_pme.nt ·i ~'4:t.h,~~F,r,~nch,ii~~; 
f ac i l i ty, ·· ·.requires 1 assessment ~of¥he ·;,, 1 mpac.ts~to · various· ·process i ng ; s tre.ams'%::~. 
and the·,techno l ogyt needed·'\to sup~ort'; p ].ant1{de~ i gn, .·· ope rat i o_n'.(/•agd :, ~FQ'~~~(~c~i 
of' the :: areas where···uncer.taintiesl exist"reg,a,.r,ping_~proces_sapJtlit~-·.- of :-:d_tf.fer. t \•, 
. feed~, equi pment1perfo.~nce, glass fonnuJa~9.~? :=s.~~Lt~g.,~-~~~\~e~~~-1,1 . 
meet 1 ng · WAPS a re 1 di. sc.u.~sed ~i sepaa:_1~e 1 y jj,IM._lQw .. ~ ;:,:.;,~_, ., .. •. · +;:"· ... ~ ;,~ &· '"::~~-~ -: .. .,t~ 

·- -- · •s~t-•'{(1· :. ·; · ... t;;,-•,' '<;f' ':1~~:~,.,! ',:,~ . .. rf• · · ;.;; .·,· ... ~·:r.: 
3.2.1.1 ·~ Feed Processing. The,~c,austic:ipr.,~tn,eated ij_anford",_~ite ·slu~r, 
that have been conc.e.nt,r;.a_ted and · tr;eat~ 1wi:~

1
h~for,mi c ;~cid tot·erovi de:f , 

rheo l ogi ca 1 pro pert t es1:n,eeded,1_ for•' pump ?t ~antster.).wi 1 l · requ i r.
1
~"e~tens,tve.' ';"':.,'' •f.· 

·deve 1 opm~~t work ::.to,·.de;t,eryai ne condi tto,i,s1~n,9.~ed -;f o.n proc,ess.i pg rii n · 1a~~r~st'ary/; .. 
. ·cal c i.ner. '"' The proce,ss:t ng"Hcharact~ri ~ti c,, 1~tf;~th,~! ~ee~! a~e · vasi1 Y,~di;t;f'. e.r.~t 

from ,the ac1d sol_utionf fe~ds used1bY1 the½~a,ench." ·· Also-;·-ihe~HW'JP ffsl~m't,! · i:t.r 
wil 1 co_ntain additt ons.l o.f/ zeol ite >· and i'dia,~~ma,ce,ous ea11h f~o~-waste r~~ .... ·• lf 
treatment, and the"'cor~entrat i on-}'.of' these,~onst 1 tuents•,are4expected1'tto~~var.Y,t 
~-~om bat_ch to b~{??~,:-) ng:·:.o~~,~~~:~~~-~~,~~~~~ff.~-a~\~~~At:~~1~4-/f.r~~ 
:t, The ·. primary}·c~n.ce.r:nf:,a§SO~i at.'!d i"wi t fJ.\ the~uJe \ of !.a.fiot ~.r~~·ca.l ~i~erMo_r~ . 

. process 1 ng treat~d~.~~u$tJ c rs 1 urry :w~ste · i s~the: f orma; i QO off.ID~$\ i c =: ph!,i~l~;';- . 
·:These· ·ph_ases • result~H~iY,ltrwaste '?it$ ;~on.vented4 f~om i ire1,ttvJ.1.Yf'4tl_Yt,~11,~l11,r.~~ 

_- to a sol !d, Paramet~rs¥~ave been.~d,'(elop,af fo r, handl 109 th~'~•cid ;-.5o}u~1p,n$,,'r 
but more •· deve l opme~t "- 1n~it~u~certa 1 ntyr-~exfst~ ~:rr\f-1 n.~ i ng ~,&CCfpta~ le E.cpn41&1 on · 
for processing t~e , cau_stj_c s 1 urr,i e~. · ~1 n~ad.d-1.tJon ·,1 each ''~.f , thfi·. SRec:1,'11\C:l H_Wy 
waste types wi 11 · requ1,re::extens i ye develop . ~qt :to · ensure t~a~t n.o · ~n,xp,ec

1
t ,e.d: .. .,_. 

p,rob 1 ems i arise dur.i ~g :~~,t-uct i Ol}~r,r,~~l ' .;.1:t~~~~~Jj\.!r1tlt~\~;t,un~ . . . ,n,~~--
. ·. ·.::,--~--· . · . ·:'? ) >} ·-:·-·: "}·f .. :\ .'~_}t~!ifff ·.-·. ,} __ .. 

;... · 3-7 -,::'; · . •/· ~y,• r .,r., ·t . . -,~-\<r. . ~"t 
• • .... ,:,, ·\ :·~, .. : ;•; • • ~, ·· ~ •

1 --~r -~t.~ · .. 
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associated with the processing characteristics of· the slurries in a rotary ·. <,~ 
calciner leads to the conclusion that development work could take several } /-'~\~ 
years to prove feasibility in order to make"a decision to proceed with '.the :'-:)~ 
~~~ ~~et~~~Pt~~~j~~~:Y· This delay in _sc_hl?ule would be e~_tremely co~J lY J:f?-~:J 

{ • •• • # ·.}~- - · ~ 

Another major concern with the AVH ·pr_qce~s is the time allowed ' for ·-Xl~:f 5ti~ 
dissolution of the rotary calciner productf in the glass. -The close ·coupling .,J!.r 
of the rotary calciner ·with the induction·11.~urnace does ·nott:provide a ·means- · ·,<:j-~ 
for isolating the calciner product and"he_a~tng '· the gl~ss pool ·-for a·period . //l~;. 
necessary to ensure complete dissolution·tof~the dried.,caldne. ··· Consequently,:-:'!''•· 
th~ 1 ast ca 1 c i ner product that enters 'the?furnace has · a very short '· res·; dence ,,): 
time in·· the furnace before it is ' released ·:t 'of the canister.-~i1:;·Although 1s'amples /? 
of glass ·taken for · the~~canisterJtend ·-toJish:owrthat the :,-AVH :f~lass wiJ_l:}_p_.a_~~::'. _: .,\ 
the WAPS requirements, "fthere is conc:ernnthat~;these ·samples1::are ·not ·,_,r.:::,~: , • _ :. 
representative ,·of the \~o~st con~ft 1 o~s •... } (he;. c_urren;, WAPS •irare _. based t= ~n_;.:~_h_e ·i·// 
glass '~eing processed 'in · a LFCM-~that~has ' )~een-···show,n ;•to'·pr~feSS ::waste ~1,n~a~;t{-:;r 
manner:·such that• the ·glass pool ·.~is a•;;wel:l t s~irred re~~_;or, fand ·,there '!;is ·,a;.;-· >:· 

. -long -r~sidence ·· time prior to poµring ··,1nto1,a1'ca_nister-. · 'Thei"'Fr~nch ; proces~}~1-11_· 
invite··questi ans · from ·-Jechnical,fReview ··.Gr.oups t,(JRG) ' 'regar.d.ing 'prooff\th~t':~~- 1·:1:?· 

· the· calcine pro_duc~ i s i:"·uoi formly}.di ~.solJ!,d_}i n-'°t}lf·gl ,ass. · \ If "thi s·rs1tuat i on ~~i~' 
occurs, -· there 1 s , a" high )robabi 1 )tY ·that:,a~111ajor.:1nodi_f;-i cat'i on : to ·tne~equ:1 p_ment 

-'wi 11 ··b_e ·.-needed •. , ,~one ·of! ~the , HWVP 'waste ¥!types_·•·f(~eut~ali zed~CJ addi ng :1Remov·al;"I~f:;1t 
Waste) will form a· calciner product ·'of1~l~_fna:•·ai:id 1zirconJ a~that ·1s~h) ghl,y_fi( 

:, refractory and -would n,ot ·be expected, t,0 °d
1
issolve:_readtly ;:in ·· the ~nd~_ctfqr.i_ t_'.::;: 

melt i ng --furnace. · -.,This,1 17esul t ·and the· unc~rtai nt1es :.!associated -w1 th ·~.th.e' .. ~~~':·~i./ 
· other.', HWVP waste~ .-. cou 1 _d ,:,1 ead· to ~sev1!re :-r 9_V:tl cu 1 ty ' ·1 n •;.gett'.1 _ng "'th rou~~p; .h,.eJM--? 

. -. · waste.,:a~ceptance .. pro_c_~~-~; i f .J .. ~tle :_; ~tCf1U.~ ~}~O.i fe.U~ed_:cf Qr: 1,V~ t i i;f 1 ~at i on_~/:,}'-;-- ~St':< 
_.· \ ·': .•. - .~ '>-,;.~- -'; :,f'i t - 1,·::-,: , . -; _ _,~-. f;v1:~'•"'"' -~ . ~~~ ·: ,- :1,,;:1 , . ·.(' . ),;~·;{~?'P::':j(; 
-Th_e· introduction1-of refractory...,zeo}iit ;e·"and ·;dfatomac~ous j_earth.'\ip:.si arfa.6: 

--~ ·; amo~nts r to th~ ·'_feed :_f~rther c0mpJ1~ c,E,.!~:~~~-~~,;;~cc~P,_~-~~ce.,J~r {.~ P~-~s~s~ti ~,~J;! 
·, the ,,res-idence tt (me 0)-i ~•• Of:-,conce~n. 'f ,.-,.-~-~-,-.1~~---:-.. ,~efr . '"~~~· ~ ·.. r~ ~ ; .. . ·. ~-;-;.;,•"-~ ; ;_i':~'. 

- ~, .· ··:·:;:"''; "-:; .. ' : _;· ~,~ :.. . ,: .: )~J~ . '_<l- ·t . 1 ~:~ • ~~:-- '-: ,, -~-~4l::-_~:$r..;i~'.: 
c, . ·: · 3. 2. l. 2'' Offga~_-1System--Corr0s1~!1°· · -'TheJF.;11e.n~h_P"proc,~ss-,_ utt l;i zes . a ':'d~,s~;fs~•'.~bp_ 

. . ,: _, constructed of:~,tit_,nium· to cooluthe"" p_roc.~s.s}"of,fgas""~na col~ect · t~~.1~a~~~~~'~ 
_· for -:recycle to:,the -cal,cjner. -, D_Hring·--op!_t_ation,'~; the:,_t_emp~~,tures ·\igtt,.hi's_;;t;·? 

.- .. , .- . e..qu i_ pment are ··genera 11 y,~ severa h 1 hund_r,ed -'degr.ees ' cent i grade .-,a_nd ··.theMlow,~:roff; ':'. 
• ~- ·-·,"

0 
,. gas J~p imite9 -,t9l t ep,u,ce · the ~.ount>·of)~·pir-t'f~_u1 ·~te-:..transp~rt::--· Th~;~w;st~;{~~~ 

_;, <\t,br rth,e .:,French_;~i.s( , _-?ni~l":1.c acj__qfsol uti9tl~if.a~_d ,.,it ·· g~n.enal \l;Y.:con_tain~j{y_es,y;il.o~;; 
• ~ - -. ;. conc!ntrations/ of~_chlp,r11des. :·,7r.Howev~,r,.,, t~e:·:~astes~\~ot _b.~ 7p~ocesse~_?11n, t~J~ 

· . HWVP: wi -11 conta1n·0• substant 1a11:amounts""of~chl orides·,~~as·~ well ~ as nitr.ates /a·ni:1 
: , ni tri~es. Formati_on\o_·r.·•.aqua)regi ar (niirl c;'-hy~r ochror-1 c?i ~id) i ni t _he·~·n~e-~s~ 

. : · dust ·s.~rubber •'~N r ~esult in co~rosioni{oJ/:tnis·1equipment·:}1iTqe '~un,t~o.~~~;--' 
· -- ·· corrosJon will , be, sigo,1.ficantlyJ_higher-~~t)lan· encounte!;edJwit"';-the;-rfiren~Jl},-:·,~;-
. -~ :, _.:_~ wastes· and, t~~r~for,,'.,; per.1 o~~ ~~lr._egY,e t*r,!!P..l . .a_ceme_n; : _ot~~h~r,.equiJ~~~nt ac:a,11.t -- · anticipated ,· _,.~ 1 ,_.,,!,-. ~ :..:i,,, · -, ~-_,,:'!. :" ~. 'f~, -~tt : e, ,, - · <,,-. • .-,- ,_.~,~,;- · -,.-- ·, · ..• -3,n,.-..f., .. :St!, 

... ~ ·.: ·=-?-~·-. ~- - . · ... 1 > · • · · \:_;:•t .'. · ·/,&{· -, --:;_~f _.\:-(_ .. . ·~1-?·:-~-. · >;;t- i.::· -\r.l)-·- -- __ : i~:%:1~ff.~~~ 
, : .-· : ·, _ _. ··",·•There . is -.: J!o-+mate_r11 a 1 known -•that;tca,1

0
• be ,used-;for-;'"1.>th j;s_.- ~PP 1 i ca~ lo_n.:,:.t};;t,_:;. 

_;_:··. --~-_.therefore, t~eiJ_F_C~_• -Ji_as·· ci,rcumy,en.ted·~,th . . P.rg,bleffl,iby:•Mse~:of;t:offga_s:rl!fnef -{wi_t 
· film ··;.-coo l ers -·.to ,-,in~rpguce .high1'~.i r~ g_w_s _ _-_to~icooll th~;~ga~t s 2apd pre~ent:.-;· ·.-· ··\ 

condensation -rpr.1 or;~~~o~the . fi rstfstage; o,t;f scrubp1 ng~r fofJ1the:: H~~Pr ;:at ,he · f:i_r,s,. 
· stage of scrubbing :if a· submer.ged :.bediiscr JA.~~~r,,,fWb.j ch j.~Utn~b~S f;~~,~ ff9Jt {a 

provides dil~ti~-~:, t~ \~inimi;~]t ?~~~~t~~.i ~1t~!~iJ/,-:fti~:;/ "~Y~:~- -~r ;~\:: 
:·' . ------ \ -:. --· -;};~" :, ;?}--~5~f~;-~{--::·--_,-,.:~~}tt/~-~!!?f:·_-_·; wt 
1 ~. • ,'.'-, ,I.. 3-S J:" ,L . . ",,; 1~•:...,c'• .. °'•-•• :,:1 ,.-.. • 4 P,. '-' .i~ ' ,i'.'ff.)-~' 

. . . ·;t~t-. ; :·' =~'·,'.·'f·'--:.Jf ~·~/:: __ ··,.}1.:~~i.tr-\ ~-,. 
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There is no assurance that i so 1 ut ion ·can be found for modi fi cat i on-' of { .f ~ 
the offgas system that would allow the AVH process to be used for proc~ssi~g 
the HWVP wastes. The poss1b111ty exists that several years ·of testing:~and : .·. ·,;i.-~ 
equipment modifications would be needed in,: order to find a ·solution ·~o ''.·$~]:~- · .. .f~:;·J4.i 
problem. . ~ · -_:/J>: -) .·•.'?~} .. ;f{~ 
3.2.1.3 Waste Treatme('t. Evaluation of the French processing schsme ·s.h9ws /i:1 ·· ~ 
that additional slurry ·concentrat1on and w~ste ·treatment ·wo_uld ~. be need,~d.~to}\, ~;:~ 
make the French fac111ty c:0111p1rablt to th•;~Hwvp.;·· With · the ·iAVH process,~l h.e:: • /2.~:t". . . 
condensate for the offgu system 1s routtd ;;- to a •hi~,1-activity waste · tarJ,k~1.a~d :i~ .. • ~ · 
sent to the fuel reprocessing pllnt. Th•:iHWVP '~mploys a treatment1 and?~Jie!c;:Y,_c,le · 
system for handl 1ng th_• trans~ran1c (TRU)'.J;-~astefcol]ected :by 0the offgaJftsyi t~ . 
to reduce the contents·· of the waste • str1111~-.fro11,1the 'pl ~nt Lto ·< · 1onC_j6_g'\an~rt~y}\ 
remove most of the fission products ·.for~re.cycle to 1-the"melt_e.r ·-feed.(:;!I_nJJ:r.¾1{1-' 
order to accompl 1sh · thjs reduction, the"W~ste ;i_s ., treated · by:-,co~tact ,,wi:tJV,•i,;:t':;)'. 
zeol i te: and subsequ~nt~ fi 1 trat1on' through ·f~•i f1~.ter · coat~d\~1th'•di atom.~~eoµ,s,X,; 
earth. The zeol1t1 '•1nd dhtaaceous -e1rth~1re.?combined ·1with' the spent~n . :~~·~, 
in a waste recycl t t col 1 ect 1 oni tank· and ·sent;$to -~the·~"·s1urry/ 111i x ··evapor-a.t 'o'r.'- '.~IC·, 
(SME) for combfn1t1on·,w1 th the'·;concentrated ~waste ·, slurry / ·~The:~•zeol{t '.~ j t 
fine refractory 0;powderi~th1t would~b• ·::a.,:compqnent ~ofi~the',waste r,~that,J.j_sl:. . , «::r 
processed in the"rotiry cal c1 ner;. · The f1n_ei!zeo1{1.te "",.component· woul dt be ., ., ,r ... ~~::: 
expected to 1 ncreas, 1\the amount-Hof · afr~rn;e~par-:t_tcul ., ,te·"'tha~ ·· is ' c~r;{edj t:o~ ~: 
the dust scrubber. ·There 1 s · no~way<to de,term1 n• Y4 the ·, exten~;;,o(,1th1 ~-'~.<;fS[l ..,OX~X 
and the problems . that~could o_c.cur '.- w1 .~hou~i~r-t~.,r~t~~~ip~_!Jt " ·'. :;;('&~$tff 

. . : . , ~;: -:,: :\:r-:,> ·· ::<,;?:~yttt:·:/\f:)'.- ~:~((:··:~it>:(; · ·f/~;{ffl~f1r: 
3. 2 .1. 4 · Ana 1 ~ 1.c•.l ~PJ} ng . andti.Proc•!~~~~;rioJ.;h·.,}/, _· .. - .. ;~\< _:~; . ·,:~:r;~-y~~. ~1, 

-,, • • < . • ,-.,-, .• ~ ; : ~ ,._~VJ _. !. I~ ..- ·' j" . '·ti • I J. ~ .... ~ • ~ ' 7~ 

3.2.1.4.1 : : SJ urrYj'S~p1199':;ii·Th1'~Fr.en'5h·,:h:a:v~·:developeg ·,:a:{sam~l:fng?'Jf .st:em 
for iC 1 d so 1 ut 1 on wast~st th1t~12rent,l y.ftv_ bej_n.g!.i,v,a l 1uatedi by:0the:~!i~,V_p_ 

. Project. Th 1 s --equ1 ~!'t :-:1s ~1ilJ:~es ~ gn~,4~ ,O','::it,h,e~i ,nt.end,d 4,~.ur,pos~~a~fl..if~~'"•:·,,i ~. 
handle h1 gh • 1ctj __ ~1 ty'.' ~~1 •s, ':•b9t•' 1 t if~ast n~o,t;ib~e_n,-~tes~ed ;--9.J1·:rs 1 ~rr1.e~.~r1l~f,~m .. :tt;" 
a 11 -1 nd 1 cat 1 ons,, .-th 1 s~ qu 1 pMntr;co~ l .d ~-.b•\ ~~-t 1 s~a.~i9rY i fo,rl~_om,e,rHW~,P.1,..\rt~ . , , ~i 
streiffls ' that df:no~ copta~n · 1~_h1gh·-sol 1dsj con.ter.,t~.-~~~od-i-f.jfati .ons1~C?J~~-. . ~· 
combination of"the:·fr1_n~

1
h sys~-~w1tb~th!-~ex1~~'1ng".slu.r,ry,\s

1
~ ~ler.s;;:5c~.'4.1 ~,,~;. 

the ·most"cost•1ff1ct~v•,,1pproa,c.h~for,1~,t,h~:~~~P.~~Unc~.r.taJn~Aes~~exi:_s£t~~if t~.~. 
_Frenc~ equipme~t:;for -,h~and) 1ng ,st 14r.r1e,s~1.n] t.o.e .... ,n~pr,esep.tai i;v_e~.e.ss ·ot e~th.... ~P. 
taken from the ·process.1ng· vessel\ :• potentii{ll for~pl uggi,ng~;tpf;s·ampl~i~A , 1 

· ~ 

- des 1 gn ·of the JJ.nesr-en:ter..-1 ng ' the.~samp l:er[it9t,ac.c.oa,o~d~;t .e.nth.e. tl.Jt"9 :d.~ =t~n.c,. 
from the tanks ,;;;;,pe,rJo . .-.,a.nce 'of jva l ~.es~~h~ffl.\S.l ~"-fY' :i !!fpre.s,sq~ , ";a.nd\ u.,s6e"{0;,. : 
11 fts · w1 th s 1 UM'-1.es\ (a;lternate \d~_s 1 gnr av;a~l~ab l ~'1f.or~:HWVP,)r~~~Th~~e;t1:s~l~t1~ . r 
doubt that ext•n~1Y•·;s.uipl 1ng ,t.ei.ts · w9_uld ;ha.vf,to,-\be:,:c.~n,du,c~ed · 1n f~dd.iif',P.f\;t 
to . tests 11 ready··pl •"~-~ ffor.~th~.kp~~~,f.~~ : e~it,,sl.~l,.m~ p~p~~r.~n~~J 
1 s used 1 n the·dt!'Y.P •;!,.~~\t-- ,. -.·.i-_;t~it?~:~:ir 1'.,,·r '?-~~: f:f:_ ~-:~1>~.{~*lf;<i ;<'{ 

·. r;·,;\•.--:: ;~;:/4/ · 'J4.ftt~·:~·t;:·:l n~i:';:r~~ttt · · "'li> -;1i . .,,.,,,". ·~~,;,.,-, -!;"'.»:."'"'".•:··· •• :1 • .,.. , -~· •··• · . .r,,. _. - •ls ~-:,.· -t.'{f ' 
:_ ,i<.,~.; '": ~ ~!•~'-'!1 •. f . ; ~f.41 · 11e "'°' · ~ .;~~~~ )ff i ·'W :"~ ·;, ~l :\~ ~~t 4.), 

: 3. 2 .1. 4. 2 i' ~111i·~~p 11 n~ ~"{_li Toe ~0.e.~ : __f,Qr ;~fo,ur -~t'~{:f i _'.f.~,~rot~ry\ ~~~l~iif e _ 
1 ndu,t 1 on f urn1c11;~ 1 n•.1~ 0 pr.o_v'.1~~_:\lh,e, th~'9,MSQH~ :::9f r~gn~!'~ft~~, n~~~g_~~- ~ 
add 1 i 1 ona 1 requ_1 r~nts j for Pr.¼o,c,ess:-•SifflRr i!'-9 -~lA.~surn1ngJ;:Jae.d~ on~entrA"I~~ •.. 
wi 11 \ be ·:conduct•~j~Usi1._ng~l arget-s~, l eiequi p11),6mt:,{a,t p l-.np,ed~, o.~t.he.t_H~~~,N-~ .. 
only:;d1f;ferences~for,l an ~.upgr!de~?-.Fren,ch~ff,~·Ht ,!Y,, ,)tl.ou_J~d?,b1e, ~t.n:i he:~s .. ,~. P,P.lt\.fl., 
ind ·1proc.es s control ' re~u1 red ·· to J-!~owt..~ha:t~ ~e'>iirot, ryi~c~ l c.1 ner-i,and~i~nd. t 'j_Q 
melter. are fun':~1on1~f P[ Ope~l!~1>.i-Ih4 j~~-i.~~11\{f ~~\~~;_~ lt1#rt~~~.: :~.· 

·. ·.•. 5;·· •~:.:·;;~;;'ft}t:,{~t .,.!{ii~ 
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to the melter, together with the large glass ' pool in the LFCM and the long 
residence time, have been strong arguments to the regulatory agencies that 
minimal glass sampling is required. The number of glass samples for the 
LFCM process is currently being negotiated with the U.S. Nuclear Regulatory 
Convnission (NRC) but there is a recent indic~tion that one sample per canister 
may be required. This frequency of sampling ~is based to some extent on the 
feed homogeneity, residence time in the melter, continuous pouring to fill 
the canister, and the amount of variability ;~hat could occur from one canister 
to another. / . ,.__.,_.~ 

"1 

The French have expressed confidence that no glass sampling is needed, 
based on the persuasion of their regulatory ·b.odies not to include this . 
requirement. In comparison to the LFCM, ·. the1above argument's do ·not apply · 
for the French process because the glass frit·''.for each batch is fed 
continuously to the induction melter for combination with a variable quantity 
of calciner product. · Thus; both streams musr ·be controlled, and variability_~· 
of the glass product could occur from malfunction o_f the· controllers or · · · ·· · 
metering equipment. Some degree of -vari abi 11.ty is 11 nherent because the· , 
amount of calciner product ··entering the melter wil V not be exactly the same 
for each batch. Numerous batches from the induction furnace would be required . 
to fill the latge HWVP canister. The sampling1requirement for.i·a plant 
constructed in this country would be dependen_t ·:·on negotiations.,with the NRC; 
however, if the same criteria is applied to ,th.e AVH process as has · been . 
indicated for the LFCM, as much as one sample.f per induction melter batch,,· ·-.. 
could be necessary. A several fold expansionltin hot cell space used for . 
analysis of the glass samples to conduct gla~s analyses, .durability testin9, ;·,t·. 
and pro~ide archiving could be needed. Muc~t ~ re record keep1_!'9 ~~ so ·wo~~-~ i~-~-:. 

be requ, red. ~:: ··. _. . 
· •. ~ • ,· 'i, .>. -

. -i~ ~ . -·· . 
The extent of the ,glass sampling neededtffor the AVH ,-proce~s introduces,~···•.~:~;~-. .-,;. 

additional uncertainty regarding the abil i~y~tQ meet the ·.95/95 ·requirement, -,.~;- __ . .'. 
for mass balance modeling and durability. The-~potential for samples to be _;:._ , ·;_ 
more variable in the AVH process would reduce\ithe glass composition envelope·.;.:·:::.: .. :_:~ 
ava1lable for processing and a.dd restrictionsi:that would not i-be· imposed '.ff •,:t :· _ _. '; 
the LFCM were used. In any case, there is iliittle doubt that more analytic_, h =--'.' -' {. 
samples will be required and the impact of:·: th~se samples on .the analytica) '. ; __ .. · 
laboratory. size, delays in ··obtaining data, pr,o~uctfvariability~;certifica~t on:,/;· 
and record keeping would have to be ··consider.ed.'i · · · •·\-;::, ~-~:~_:··.:'" : 

-- . . ·. \ \ .~--·,~ . t~~~?~f\:l 
3.2. l .5 Canister Welding, Decontamination, -,and ·Smearing. The equipmentrli-·/ ;.,},::i:-=f1:: 
used by ttre French has been designed for .ihand_ling a small canister, ., .. · · t · · · . 

approximately .3 m (-1 ft) · diameter by l ' n(.{-4°1 ft) in length. ,This equip!Qeo~/ -· · ·/ 
would require redesign to handle the large '.:HW.V,P canister. Scale-up of4th_tsL::·,:\ ,· 
equipment is not expecte~: to be a problem, :butt_testing would be needed to >·· • .... , · 
verify operability. Maintenance of. the Frensh ''equipment is linked to the· •::· 
existing equipment size and placement within "',the nested cells. Redesign fof- .. · 
the facility and equipment,;could introduce 'a~~.i,tional requirements for r·t· 
maintenance testing. J •• • i ;;~fi ~{t ; · 

•· !~~-. _\' ·-"'~ .. : . :r,r ~ . "'.'.',, .: 
*The 95/95 requirement mandat&s that Hwve ·wn ii: produce glass waste for .- _.: . . :·' 

which there is 95 percent ,confidence that ·g~i percent of .the product meets - . ~·- _ t 
the WAPS. .· ?- . . ·-" 

\ 
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3.2.1.6 Waste Form Qualification 

3.2.1~6.l Waste Compliance Plan and Waste Qualification Report 
Documentation. The HWVP Applied Technology Plan in support of the needed 
documentation for product accoptance, the Waste Compliance Plan (WCP) and 
the Waste Qualification Report (WQR), is based on utilization of OWPF 
information on these subjects. Some of the data referenced by the OWPF will 
have to be revised for the specific HWVP wastes, but a major part of the 
above documents will be applicable without modification. If the AVH process 
is used for the HWVP, the entire WCP and WQR"will have to be rewritten. 
A new strategy for waste compliance will have· to be developed for mass balance 
and other models discussed in these document~. If appropriate testing is 
not available from the French using the quality assurance (QA) level necessary 
for the specific application, then these tests would have to be repeated. 
Auditing of tests performed in the United States for information used in the 
WQR is not expected to be a problem from one· ooE site to another. However, 
the use of data obtained in a foreign country presents difficult logistics and 
political problems with regard to auditing that would have to be worked ;·out 
in any agreement with the French. ' 

Alternatively, all information used in i-the WQR would have to be generated 
by testing in this country with an anticipated substantial cost increase ·to 
the HWVP Project. t. 

' .:., 

~tv' . .. 
3.2.1.6.2 Radioactive Process Testing:·· Current plans for radioactive . 

process testing involve onsite shipment of·;~ctual dilute pretreated waste ·to 
shielded facilities containing bench-scale 'process equipment for feed 
concentration and vitrification in ;t a l/50th;9scale LFCM. Testing of 
radioactive pretreated 'waste us1QW-the French ~rotary calciner and induction 
melter wi 11 be more cha 11 eng i ng dlie to prob}ems with seal e-down of this · -
equi p,inent and di ffi cult i es in det,rmi ni ng "equipment operating parameters for . 
processing. The overall impact of changi11g·~to the AVH technology would take ·, 
considerable effort to evaluate and requirer•further information from the 
French. Additional shipments of :;,radioactive waste to the shielded facilitj~s. 
and use · of equipment for testing that is 1'1t ~be neighborhood 'of 1/5- to- ··: ·: 
1/4 s.cale can be anticip~ted. ,, ~, ·,1::,.~' 

~ ~'":t" 

3.2. l .6.3 Radioactive Product Testing~'- ... Due to the questions that are ··, · -~:.;J 
expected. to arise regarding residence timej'for dissolution of the cal ciner , ,;; 
product ,n. the glass fri .t, additipnal work,JwQuld be anticipate~ in radio~c:tive ·:_ 
glass testing. Tests wquld focus on evaluation of the uniformity of the ,: ·. · ·. 
radioactive glass taken at different times: throughout melter· pouring. ·. · · 
Formation of undissol,~d phases in the glass would require exte~sive 
assessment to verify:there is no impact tol W~Q. 

. ·:;:·:_:_ . 

3.2.2 Incremental Devel~pment Cost Increase ~-v· ? 

The applied technolo~y required for utilization of the AVH process in the ;;:: 
United States has been estimated based on1an .incremental increase over the }J: 
current Applied Technology Plan submitted··-;t~ the DOE. Definition of the . "¥if ·;.i 

t h l d l t d d t t ti f SETF d id '.·~~ 'Wr.J;l:, ec no ogy eve opmen nee e o suppor ,:i P-era -·?n o an . _ an prov .. ~ . ;}].'fl;;.":-~\:~ 
"!'-... :, . _. •·.· . t,w.a?--t. ·--~ 
:t · ~;fl~-/41=i 

3-11 'i' :~~t1{1 
, ~;::~~1.f~~ 
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specific data for the WCP and WQR is based on -the assumption that tests can 
be performed in France to the required QA level using existing rotary calciner 
and induction melting equipment. Additional equipment would have to be 
installed in the French facilities for simulant slurry preparation and feed 
concentration. Development testing would be ·conducted using test plans 
similar to work performed by the PNL for Westinghouse Hanford. 

Rough order of magnitude incremental costs are shown for each of the 
areas discussed in Table 3-1. A total incremental cost increase of 
$54 million is projected for development test.ing if a decision • is made to 
replace the LFCM with the French rotary calcfner and induction melter. 
A decision of this magnitude could not be made'•iuntil sufficient feasibility 
testing had been completed to demonstrate that 11he French equipment was · 
compatible with the HWVP slurry wastes and the process would meet U.S. · 
standards for WFQ. The incremental cost of)feasibil ity testing using · 
concentrated- slurries 1s about $6 mill ion. 'Efforts to minimize schedule '. 

· impacts would necessitate expenditure of additional funds for:jsupport of-1,1other · 
activities during the time the work on feasibility testing is 'in progress'. 
Therefore, the majority of the $54 million costs would ·be incurred before 
data are available to determine whether the rpr-ocess 1s acceptable for slurry · 
vitrification. ~ -- · 

..,'1. 

Current LFCM technology has ·been demonstrated and considerable testing 
has been completed by the Savannah River Si.te, West Valley Nuclear Services, 
and Westinghouse Hanford through PNL to prov.ide information for most of ~the 
HWVP design. There are no assurances that :the\AVH .technology will be ·. · 
applicable, and the issues discussed above may not be easily resolved. 
Since the French have no experience with · pro_cessing dilute caustic slurries, 
implementation would require combination ofi~th~ French and U.S. technolog~~s 
to provide a plant that is .capable :of handH.ng: .. the Hanford Site wastes. ·i:i ·• . 

~ ~~WJ·:· .~ ~~ . 
'Jr.· . 

·-.£ci:~ . . 
3.2.3 Schedule Impact~ i ~- · · ,, 

A conservative estimate of the delay to1 the HWVP Project of · approximately ./ 
3 yr could be anticipated if efforts are mad,e' :to incorporate the AVH ... , .. ,_:'-f.:":· ;_;: · .. 
technology into a plant for processing HWVP. -slurry wastes. Design of the .;~ . .'. 
slurry processing equipment developed in ' thet United States could be made · ··· ; 
available to the French for procurement ifld, 1nstallation at ~heir fac1l !_t1es. - ',_ 
A prototypic slurry sampler would have to '"'be ·,designed by the ·French andrtested · : 
to demonstrate capability. If difficultief were encountered during thil r~·f .. < • _. / 
phase of the testing, then additional ti,ae(~eJ ays could · occur. :_,: 

p- . 

Consideration of i..ne time required.ato~obtain a prototypic sl~rry feed : 
preparation system, conduct preliminary tes·ting, and evaluate the test ,,data : 
to verify tank sampling ~apability indicatesi ~hat~,this work cannot be ; 
accomplished in a period:fshorter: th~n about~4"yr . .. Feasibility data to : ... ;; 
eva 1 uate the performance·• of the rotary ca lc1 ner and induct i QO me 1 ter ~$ i ng - . ::-
concentrated slurries could be obtained ,inJ agout-·:2,yr, assuming equipment- · .: 
is available for testing ;ind no difficulti,1s '1rise during n~:1otiations 'with 
the French. As indicated above, the feas1bf11ty data .· are needed before;} .. : 
decision can be made to proceed with furth9r ·testing. A 1-yr allowance; for · : 
data evaluation and additional informationf accounts for the -•stimated ~3::Yl'.'· .. · ·.·. 
to a decision point. ~~ · · ·· · 

. -~_; ~ -~~-.. 
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.. Table 3.-1. Incremental Development _Costs for Adopting the French Process. 

Activity FY,1990 
.,, , ~ . ,. 

FY 1991 FY 1992 FY 1993 FY 1994 FY 1995 FY 1996 FY 1997 FY 1998 FY 1999 Total 

Contract negotiations/travel 250 250 250 250 250 250 250 250 250 250 2,500 

Feed processing 

Feasibility testing 2,0~0 2,000 2,000 6,000 
t---------------1t------t-----t-----t------+-----+----+-----+-----+----+------+-------1--

E quip i:n e_ n t procurement 3,000 .. 1,000 4,000 ~ 
1-------------,t-------------------1--------------1---------+------+------f....s= 

Offgas1system··c·or~osion·'·'·· .· ,:. ' .. •, . ' . ·. ·.,, '·1;000 .. . "1,000 1,000 3,000 ;;:!: 
" Waste treatment 500 500 1,000 Cl 

-------------------------------1---------+------+---------+------+-----...r 
..,_A_na_l_yt_ic_a_l _sa_m_p_l_in_g _____ +----+--1,_s_o,_o-+ __ 1_.o_o_o~-----· ---+-----1-----+-----+-----+-----+-----+--2_._so_o--1~ 

Canister processing .:· - - 2,001> - 2,000 ..... ~2,000 6,000 

Waste form qualification .. 

WCPci.r\dWQR ... . .-·· 
documentation .. :ff, .:_ .,;;·• , ,, : 

. . . .. . ~ .-~~,~· • .:.-w 

Radioactive 'p'rocess'festin~{ ",..! 
. ,. .. ... . _ _ .. • {, ~ r,,._, 

Radioactive pr~uct.testing 
Total ·.•:'."J.": ··. 

l 

.~~. , -~~~ -~. 

250 

WCP 
WQR 

= W~ste Co.rnpliance Plan 
= Waste Qualification ~eport 

I •• _. ,. ",I ; • .' 

1,000 1,000 

2,000 

13,250 13,750 

·- · 

1,000 
' ... :. .... ~. . .. ,.- .. 

2,000 

10,250 

., ... .. •I. 

1,000 2,000 

,;,. ., .. ·- · ---~~ ·-- ~.ooo 
2,000 2,000 

'L', 5,250 4,250 

2,000 2,000 1,000 1,000 12,000 

'• ......... ·~ ... ... _ : ··,. f • v-· .. 
9,000 

8,000 

2,250 2,250 1,250 1,250 54,000 
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Incremental Development Costs for Adopting 
the French Process. 
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3.3 EVALUATION OF PLANT ALTERNATIVES FOR HANFORD 
WASTE VITRIFICATION PLANT 

3.3.l Comparison of Plant Capital Costs t 

The AVH systems, as implemented in Europe, appear to have lower capital 
costs than the canyon LFCM systems in the United States. However, the 
conclusion of a cost evaluation study by Sl'ate et al. (1982) was that when 
they are examined on the same basis {1.e., ·,.u.s. regulations for construction 
and operating requirements, as well as for iproduct quality; utilization ·of 
the canyon concept; union agreements, etc.)Y-,the capital costs are essentially 
equal. For example, the capital cost associated with the recently co~pleted 
French fac11 i ty at La Hague has been published as $565 mil 1 ion, at the'1gi ven 
rate of exchange. (It should be noted :that_i·exchange ·rates fluctuate; · ·fn -- · 
recent years, the United ·States-French ·exchange ·-rate has varied ,by more~than . 
20 percent, at the expense of the U.S. dolJart). Those figures, escala~e~.f ·._ 
to the midpoint of construction (with addit}ons for U.S. regulatory and ··· · 
process requirements, along with a modest contingency) result in •a foreca_sted . 
completion cost exceeding'.; the current estimate for the HWVP :('1-.e·., ·· ''? .,:;;·, ':. 
$965 mill ion). Seemingly lower European op_erating costs for '"the'· AVH · J:,:- · <>: 
vitrification plant are 'attributable to organizational:--a_nd a-ccounting j,·:;< '.·,1, _. < 

differences and not to :the·,specific technol1ogy;1 used. · · ' .>~ ,• :: = > :; -. ' '"~, ,~ ·> ·-: ·, . --~' ; ) 
For .this di scussion,j• the $965 ;nil 1 ion"'l'.cost ~estimate for ··the· HWVP -1~s· -<1

:: "( : 

compared with the French,1vi~rification .p~an.t ~at :La Hague. "J:he cost of~t~~jf./j 
La Hague i p 1 ant was 9\~e~.; ~-o, the D~,.E as : ~t~!it\l :.~st imat~ "~.fit~~Of mi.11.Jfo.r?{;\.(<} 

To put this into · perspect i ve;~t ihe · HWV~! co_~t · 1 s · for : a ·199~ :s}art~p_:~and '' j .l.';C.:. 
contains 'escalation and Jcontinge~', i while•; he' La Hague pl ant , -1 s , for ia ~l98.8.\"i'.Li/~; 
startup. To norma1 ize the.;jcosts'~lfan esti~a:t:10.n 'was .;, mad, to · builf the ··.- La~.~~~;l\:::.,; 
Hague pl ant at the Hanford ·Site wi1th costs7{adjusted for cur,rency~,exchange, '·,?'·?·• : 
esca 1 at ion to the HWVP construction schedule\¥.•'p 1 ant ·scope, · 1 abor~ra tes ,?tlabor;::t:~: 
productivity facto __ rs, t a,n~J P) ant ;~p_~ci ~Y .. ~,~a h.~~e;,compar,i'so~~.:;:~reJ~~-~ -~·r._~f.;' -~t4:{? 
in Tables 3-2 and •3-3. ,· i ~,,~ -. ) ·,. -r .. ~ :;:~ ~~·~', ·· ,_. , · · . . r.,. ~-- · .. ;·, ... :.<:{.:i~";/81 ;,.:;;; : / 

. , ~ .. ~ \' .. ·'-\ §??; . . ''·:\-- - . ::··;~1}tr:·/L·: 
. The HWVP preliminary/design costs are~used in this ;.comparison. ·for..1;thet~·<-
La Hague facility, the RLST, wa~te handlingt t·ank,_. SETF, feed r~_oncentratl,o~//~;~::~-~ 
1 i quid waste handling · ,qu-1 pment, and cetl :·v

1
ol,,ume increases to1 acfomm~dat,, .t8\:.'.1r:;; 

the 1 arge canister and ' tan~age were the' onl;t\1scope ·items added. :-· ProJec%1½;"t,.;.5.1.,,.~\ 
management and engi neer-i ng' ·l abor r.ates a ls9i~we_re ·, factored by '(50 perce~t\\·r,\'~?~'.:_c•~:~ 
The base cost number ,in ·:Table 3-31.'includes1alrZone-l filtration ; :fan (~ho_uses, :_,_. < 
stacks, switch gears, 'generators, canister·1storage, canister loadout / '-'.servfce, · ·~ 
building, support building, and manipulat9~'1~;s.All cost elements" in1:the1~~~~s~L. \ ·J 
number have been f actored6l.for esca 1 at ion, ..-tlabor, .1 rates, rand •~ pr.oduct i vi ty.~ j;.,_:-:'i:::::,•i-:",./ - .. ·:~- ·: . -. ~ .. -~* t:,:) - - --·-~ ~- "fj . -~~,-1"-; ;~.ff~ · . .-.-\~ 

It is evident that i' th~r~ is ' essential:lYr _~o difference .i~ '!;t~e ~~st'.&af(·('~i ~ 
the HWVP and the La Hag1,uftv1trification plantf'after t;O$t •·normal1Zat1on / \ .,J{:--: ,< .· 
La Hague is estimated ,to~cost $1,050 m11 l1oril 1f bu11ti'at the ··Hanford 'Site···'f ';· _· .. \ 
versus the $965 mill1on ··es;imated c~st for\ th.e' HWV,P. }: Addi.tional \~ost.~}fJQ,r4, t~,:-~ 
French vitrification plant'·built at· the Han"ord Si-te mus~ include ·a -r-•,. ·!f~;:'::_~> ;:.,~ 

_;~·-
4-;f..~ 

/iii 
:~~ 
··~!t --~ 
-~J.;f 
;,':'::'l2; , 

<~ 
:Jiki ,._~ ..... ,,.._, 
j • .,.. ~-

requalification of the pr.oduct to meet WFQ·•- r.equirements· (Figure 3-l) : angi:;a·1· · .. . - .

comp 1 ete redo of the W.fQi process with the\ Nfi~:_:f{ ffhe/; up_-fr:on_t1;'a9~a.~~age·~1w~~l9 ·· ? 
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Table 3-2. Normalized Plant Cost (SM). 
~"!· 

Element ,-: HWVP La Hague .. 

Base estimate '• 932.5 560.0 

Systems Evaluation and Test Facility t ~ 32.4 32.4 

HWVP features required of AVH facility ~-

Receipt and lag storage tank/wa,t• ,t\-, NA 20.8 
holding tank 

¥~ 
Feed concentration/liquid wa,te 'ft ' NA 38.4 
handling 

•' - . 

Cell volume increment to accommodate . f;· NA -'r 10.0 
U.S. canister siH and feed concentration 1·.%' 

.. 
' 

tankage (est.) ~ 

Adjustments• 1' NA 388.4 

Total "f • 965.0 1,050.0 
•cost adjustment for escalation (HWVP schedule), labor rate differences, 

contingency, productivity differences, and U.S. r19uirements (e.g., capacity) - see 
Table 3-3. ~ ":"-: .. 

11- ' 

HWVP = Hanford Waste Vitrification Plant;~; 
. -
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Table 3-3. Plant Cost Adjustment Factors. -----------. 
Factor- · '' HWVP La Hague 

Currency exchange ··i $1.00 6.072• (Francs) 

Average construcuon labor rate "'_ 26,84/h 13.54/hb 

Construction labor productivity (multiplier) '-- ··-·· 
';' o.asc 

Project management and.engineering labor 
factor · · 

1.Sd 

Escalation factor 1.35• 

Building scale cost factor · ,. 
•June 5, 1987, Wall StrNtJoumal. ,. -. •..,o/-~ · ··"')' 
bLetter reports• Widnell and Trollope USA, Incorporated, June .1987. . 
cReport, "International Composite Cost Locatioti'Factors:, ;R. v:,Messa, CCE, 

1984, AACE Transactions (used average). ....,.-,f f · f~r .:: · ,, 
dBased on input from European engineers/managers. r · 
efluor Daniel, Inc. Preliminary Design estimate.'it-{" 

HWVP = Hanford ~aste Vitrification Plant ff ,.. 
': /' ..... ~ . . 
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Table 3-3. Plant Cost Adjustment Factors. 
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Figure 3-1. Waste Form Qualification Requirements. 
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have to be sufficiently obvious to warrant c~anging from an accepted ;_:· / )'~~ 
(worldwide) process to a more expensive process that must be completely _·· [:

0
·_·:. ;\·<"_-,',i f ~l 

qua 11 f 1 ed through extens j ve ana 1 ys is anq te,1Jng programs. . . : lf .. · :fr:.~ 
3.3.2 Reliability of Comparative Cost Est1m-.t~s ., :1 .)f;.:;-t•\. \. )iA· 

·-;,r , . _... · '•:.-ft,~$.\¥\li . 
The very 1 imited cost -data on the la Hague 1 plant in · France ·makes it':", __ :ft~}ift{):.i✓j 

very difficult to do a comprehensive cost e~~luation between the ·two ·. plan~~,.~}if)i ~ 
The technical differences ·"in ;processing and ::r,emote :. material handling '.'.:1':·:\f~:"'[f;j~, 
technology between the HWVP and the ·· La Hagueft.pl ,~_nt· woul~ ~requi re ::·a 'signi,f!i,c:a.lJ,~r% 
r~de~ign of the French :vit_r,Jficati_op ~· pro~!fJ.{;~p~fl:'l fi_l r "~t.~e :~H~P. ;P,roce~S-!J!le3~Y)t; 
m1ss1on. ":} · ·· :.- <?f1~,,-··: '.- ->· · ··T···:··:t . /~.-;?~i }~ii:-:\{~-

To perform a comprehensive co~t -compar.fs:oJ!~ "' a:-~_very '_detailed:•-cost :est}ll]~t~eJt'-'..', 
on the La Hague plant 1s 1r,q~ired. '.;_-,This \~.~~1c.1~,;.~qu,1re ff~_,'{~ral)non~hs;, C!f~\]~-, :f4 
preparation and evaluation ,,.· -·-. ·-· .,.,._.: _,~· ;. ,,:~~·"'':·•:...·,: ... ·- "·"· ,;· ·· .. ,._,,,_~; r-it:-·· '-

·{ _:, ' <•-':\ \jJ/ i ~;-< : - ; ' --y~ . . '. 1 
:{ :... . .. :_r;J~03f~~t(f.-t-

The following key issues must -a]_so .. b,e·1;eY,~l~~ate( i f.f;~e,-: F.r.!!,P~hj proc·e~/ i~-2\}K{t 
is to be used at the .-·Hanford .: Site. . - ,,----:~~: .. lf~t~r.'.. · . ·.,;-' - ·r-. ~·t--· ',:), . .:~ ~fl~<-: . . . . ·<· -.-~_..-: . :. ·•,·\(£J:~-.· . . · _:-::,· ' :··/Ai(,ft'f£:~/ 

• The physical ·· cons,tructi ory ·-~ork ·wou1,d~~be.jperfo_rmed '.by ··u. S. ·· (nat,1_o_n.•1))lii -? 
uni on craf~smen. -:-:· The un1_t ·-constru.cJ i_Qn "'.r.~tes :~for. -n~cl ear, q~a_l~i:tY.~S~tl1i< 
work would correspond to ·those uni:tt r.ates ·cur.rently listed ·1n >:th_e~·~:~~°f{ 
HWVP estimate. This accounts rfor, .. ,about ·.:75 ,,;percent · of.2the"-.tota l'.f-¥"~~1':'1'.?·-, 
Project ·cost·' e ti at •'..· · · ·_,-•;1,1",:-:,~1:·,-, .,: ·1 . ,-.• • - -•·. ".:- ,,.-:· . ~:'"·' ·, ·:- · <.i -:i"~:~ =•~, >.:,· • 

.:. ~ :Pl· . .:: ·~~· .·/ .. ~ ;: t·:"":.:.:- ~ ... t;;,-f -~· ./-•·;....)~q·.<<=• .. _;f~! ... · ·.:, -~' ·:·:;·-: :-~tr·,. .· 
~ .• ~- ,,· . ~- • .; ~ ..... _~ ..... ~ ,. .. > . • _., .: !• . ·~ ~ ' /(J.· : _._. ,;:.r. # ;'"':,_ 

• The Project, wou}d •~sustain- ~ -_3.3 ~5 _:irJ1~in1mwn :schedulei slip ,_.tP?)-.1 

comply with ·ooE: ·Or.der 4700;1 's, ,;l P~oject: Hanagement · System,-" ·', , . 
{DOE 1987)·.·budget1cycl e .. fund-1 ngi·ische'.dul_e·~·(thi s tschedul e ' sl i pp~g_e:,~ 
is -discussed -in -~ S~ct ion ~ ~::4). .· · · _;, ~ t'.~1{;;_~y'.; __ ;:-.: : . 0

·:. > · .. · '::"-_-. ·-; .. _·, •::_· :.::•7;· - · ·· ::7,'··" -.. 1Tt·J-· . ?T;:~·t;t,_---- · :: •.···. · , .= -;~: :;.:-':}{'.!ry.' 
• The fixed-price ·,turn-~ey- contractin,91!.of.,.,new,:.;Jechnol ogy· on ;,projec. 

requiring · comp 11.ance wi th ·-~the· ,ev,~r.~,c.h~ngi,ng; env.i r.onmenta l):and ~NB. 
regulatory r equi t emerits ··· makes .- -i t ~wi_n.t:u.,l)Yftfmposs.i bl e·~;to t imp_o_s,,~.i 
fi xed-pri ce ,1. turn~key· cont_r,act i ng ,·- t!.'eit~_ops.•i9n}1a '1proj_e_;t~~~f ';1hi ~ ;~~ ~!? 
nature. Several -examples '·of"this '½type~ot:?contr,act,:"}wh1ch/,i s :subj 
to change ,'"'can '·be:iseen •wi th?thet.~en,e:ta1!1,E1)!,c_ ~r.fc1; an __ d ~iWest"Jngh9:u~:e· 
Hanford early ,.turn~key contr.acts')fo.r,Jnucle.ar.~powerJpl ants t-and,ial s 

. · ~:: ;:::::~:;!;!~1?::t::~:~tr~!!!!i~~:y;;;;!~~~!'.'{, 
assumed to not ·, include cont'ingency'::o''! e~·cal at{on.c..._ _Jhet no~al \ ~a-
of the HWVP. 'es~ ,m_ate with ~\.the-~fri.enc . al'.lt~r,esul,ted r,i n.~the·:· cos_t; 
Comparl. son .. ·shown-;1·n· •·Table ·.3·.2 •-'7:'.~\ :':r--:.';::Ptt?~ t;.· 5:.1:-~,_."".,'\ tl·.>t, • · 

. •·("•~· ~;;;.-t·::-1' . ~'~-".:·:~./ -·-~~t ~",1J:.,;· -.•~-~\:i;:·•.·:;.;-:-'_t:'~p~•~ · .. 
:t ~ ·-· .. : r i"·.r '13 ·-.' . -r ~ ... ,~ ~ _- -- -~~". -- -

• The . European ··tech,np1ogy utilizes ·-a-,canister ;only'"l m (4·\ft ):: tlig_ 
and 45 cm. -(le -'£in J}~1n c!iilJlet~r; .~h~j ij;;S'.,;->te~hnQJOg,Y ·YtiTizes\ a\ ,, 
canister 3 m'.{lO ·ft) i high .,:~ndi{6l?t cR\l ~ij~1n}+ ":in·f_d1amet er·;,:~,:'-"'--Thei" , ,· /.-~--c .· 
remote-handling tech no 1 agy r:of han9J ;~ r:igf;!_he.~ 1a.rger.tan<l~co_ns i der,a9._ll~~':~-;~~; :: 
heavier U .S. ;,can t~te,rs wo~,ld\ f'.leeqt tg~Ref~.~~l~P~d_tfo_r~:an 'i~V~ -)~;~~~/%,"/./N. :,; facility · :"' .·· : -_:,._-:;_ .~:,,~-t, " , ,.1;· ,.,,~ ;,;,:r,_ ..... ;.· '·'?, 1 · , •• ·._;.:;· ~ ·,-s.;;.,.,.:::.!'i' ·'~•·:;." .• 

· •. t: 3.:: ,~1it~:, :;\!; ~:rt:\)t~ 11 ___ _ 
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A rough cost ·comparison was presented above by attempting to adjust ---;•: 
available plant cost data to a comparable b~sis. This comparison showed ·\~ 
that the La Hague plant in France adjusted \o the H~VP scope would cost ~;· 
9 percent more. While these cost estimatei. provide an indication of the '. 
potential comparative costs, they are based'!on a number of assumptions ·a~~,.-~a 
relatively limited analy~is. A major studY:i ,ould be required ·,to: -"7\ 

• Oeve 1 op an a 1 tern ate f ac 11 i ty concept with a reasonab 1 e 1 eve lsof;; :_ ... · 
assurance that ·. 1t would meet ;m1n1~uaa" HWVP requirements, .-, ·r~/;·_. .: 

-~ ;:"' -~;-t·. 
• Devel op a facility cost comparison:;with a 1 evel of confidence ·' t ,hati: . ·,:i . 

would support.·.a decisi~n to ei~~.~tf -~hange to · the ·a~_ter_nate ' cor_c;_,p,~:;: ;'::-· -i, 

or retain the.,existing c:oncept. ; ~"i' , ,_ -.: .. ~~".!.. .· 
. . . . ~ ~ '\is~? ·~ . -~·~ . r; ].~ ;: ;":i;'.t. ;~f 

It is difficult to ~·predict whether a d•~aileg evaluation· w(?.Uld shOW£\ll~b : ... ' 
potential for cost savings. In order to· max1mize·'the · po_tential ',for co.~t}~:-~:'i1

.·'_.:, 

savings, ~_this eval uat·1 on .:--woul d need•·to1exam1,ne · equi pment:r and:{facil i ty ·· ·:, :·\iili}.{/(-, .. :::' 
conceptsi for major :•" processing areas to evafuate "acceptabil ityf·of · al tern~t·e'ii\/Y· ~-~ 
U.S. and -'i foreign ·concepts ''and to selecti•th.eJ:mo_st _. c:ost-ef.fec:tjve '·concept; f,or;~.;i-;--f 
each pro~.ess step ··or"' Pr:~.cessing area. >The,~ ,elected conc:epts r·wou,l_d theni- .beJ i;;::.:::,~· 
combined, and d~ve 1 oped :'tnto ' an over.a 11 · revi_fed:1f aci 1 i t,>' ''conc!pt. -- A·,·~tudyrtfl.\: ·: ·, 
1 evel cost est1mate -for,i'.l~~e alternate ~aci11jity(_con~epti coulq ~then. be.(p_r.e,pt~r,,e,dJ;/~ 
us~ ng the· same or · s i mi -1 ar;· cost factors ·1as -.1,use,d ?f or.;_,the -• HWVP base l i ne ;;es\1!11~.te/f :s 
ThlS would produce _a 0rel1able estimate: th~_t:l i! "not •significantly -biasedf bY.~\f-' t·t 
differences in cost··!st fmat i ng method :-- for.,~.~h~~a 1-ter,nates b~ i ng compa~edW.'if eX:.} 
perform such a study ·:wou_ld ~require ·-6- t~.-,-tl~!'"i P 1 u~-months·,., d'!pend i ng ~~o!lJi.~el,~:/ 
a Va i 1 ab i .1) ,tY of ~-~~~1~~~,J~ 1 e ·, t~~~.~,1 ca 1{~~~~~.P~ u~-~~R->r;J O.,~~f ~~~t~ ·. 'tfE~f ,i:~;-

1 n SWlllllary, ··the •1 con cl us 1 on lched ·-byf his -rev 1 ew -·1 s '·that,, the, f ore1911?• ;t-:~,, 
vitrification pl ants·tmay1,provid ' meJ-cos1r.;,;~:avings! compared ·.,-to··.~he'i bas:~J.lmi1i/\ 
HWVP design. The\-i':saving~·, ~ if an· , ,. .. do ;=notj ap.p~ar'i-l i kely ·-to tbe. -a -1 ~rge~i~~{i; 
percentage of the . tot~ 1 :.r:·,However~r due ~ to ··;~h•r·l arge ' numbe_r:· · o:f:-vari ab 1 es;~a dhf:.;: 
the complexity of ·-the ··d_e_sig11 issu~s_, :._a:~yal.if .cQsts~omp_~r,..is,0111"w~4ld\ t~. ' 
require a-major--engineer-Jvng ~:studyJ;- :,::;E;:\ ·>,'f..,: --,.--~;,.· .. \ :;.·:, .;.: :t~<-\1;-" · -, ·,,;: 

- i, - !}?711~tr' :7~~~:·::··-~J::1 .. f\~;:.}r::::../·::~~r::i~>·~:r_:.-r- ?-~-~~ 

3.3.3 Comparison\·of.6Regu1atory .Re~uir.eaients·~~:,-1·/··· ·'·: ··)_·;~-- -·," ·<·:=· ·-, - ·. "'·~~ :\• 
._:.:. ..J-'/}r-;..•~.- J:~1 ·.:-.:1~ , ... ·,_.:;:r--1-#~~i~L_~~r::-- ·1:- :.~-·--·,'.::--' / -~-- _·_- !•_ .·-:: · ':\~-. ~f -

Pos'sibly th_ei g,re_at,es:tl diff,renfef be~.wp,~11/ HW_V_f .~n_d.~fo_rei~R,!Plant~~~ · · , .. 
process~_ng ·f~nc~ions} tsJg~seou~ · ~n_d·.J ~q~;i,d,1,JflU~Jl~;,,hindliing·.~; Sp~ce~~ _ 
a 11 ocat,o.~_s 1 nd~ c:_a~e.r:th,a~r; HWVP · Vj~tr.i fJ~a~io.~~B~j,!ai n~ '"'N.ol u~es::_for ~ettl~~e1t . . _ r: 
treatmen_t ~are f,~_e·,t;ime,s~·greater, ~t~an -~.L.a_f HJgue~ \J•·AlJ,t ~.tac:k•iemis~io,n1s.ti da,tdsy. 
for those; p 1 ants ~ar-'~v~r.y/ c: 1 ose "t f ,t~at~0fl l ~e·1;~wyp. f ': A.l 1 owab l e~_~ta~~:>1: 
emission~ •·standat ds:··:<.~i 'n_ot -',~ppe!r;~to b~ '=itp .• cause ···_of✓ -10 i ff er_e_nces -~et_w,e,e,n . ""· 
p 1 ants. ~ 'H~wever, ~ ~ta~da~ds for :li qui.d;~w~.~t~i?tra~~f.~ __ ~J,~ ;-t~\~f~-~~~-{o~_§J.te· -~i~ 
facil i ti ~t',_do s,~~M,~Ji.~"l~ij;l~:~di ~e~~ ~~:tA·)~~.,~~\~·t\~?-i}":':<:·~-~~i !,:Jr 

· ·' ~,:t l'v~ '$, .. · , • ' . 1 i:!-:. , ~ :...;~. : ' ~..:t:::·.:. .-'-~,, l ,C·:. -..i 

. At· ~_he La Ha~uf plant\ ·: vitr1,f.1catlo~ c~Jlt alr,· ,i.s·';_fir.1t \.;1n~e~_end,e_n,_ ~i 

f1 ltered\and thef mi.x~dJw.1.~~ the'·.b~il din,gq-!9n~.:,It;(hf.ghest·, contam~natiRJ1 _ . _ 
potential) ~ air. ,-~zone \!lt <\-i t' pass,i ~thr._oug~~a~s_erJ est1,of;,red~n~ant •:.HEPh~fd~it

1
er;,~ 

before,·r_e 1 ease th.rq_ugh,\ t.he;: sta~k~! / ,Me lt~~\ of1fgal "·~.n~eJ;.99.,es .... ,~xtens 1Y,4!)\t .. ~~{~tf1p., 
processes\ at a 11 :·!p 1:~.nt.si.bef~re-. mi xi'ng;t~i:t~~ZP,_ne_~IJ , -i r-~; i:v·The~f.or~Jgn~pJ:~. , -s~ ? 
f ~~ t~~~A• , 1 n se~t~!~~~~\~~Jfi ~•k!bi}~,i.-{e ·~tf~!~~.\~:lJsa "~it 

____ --·· _ .·· ___ _ __ •· '~'}t~r ;J:,13·-';;;~~f ~1*-tf:\~!~iit~~lt\~ .. _ f _ 
···-- ·- -- ---·~ . .. -----····- ·-···--~--- - ·---· . .- __ .. -· - . --··· .. -----··· .·~- - - -
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The prf mary difference in the gaseous effluent treatment system is · that:,·.'. 
the HWVP use~ a backup me1ter offgas system and a sand filter for final 
f i ltration. This is not a result of emissions/ standards but rather ·of desig~ 
preferences and conservatism. ,~:-- . ) ~. 

There is a significant difference in how1the various plants ·handle liq~r;·d.: 
effluents created by vitrification. The La Hague plant recycles the -high- \l1, ··: -

level active 1 iquid wastes ,:_back to the calcine'r :·feed tank for direct · .;;zt~:·: 
process 1 ng f nto the me 1 ter .' · Low-1 eve 1 wastesi fr.om the French p 1 ant are ~:::~,~6- . .. 
returned to the onsite reprocessing ·plant."· •:the ·HWVP criteria require ·· ·-._./~~:-t:.~:·-,J 
treatment of liquids leaviqg ·:'the fac111ty,;to?J!89uce ,-TRU••and fission .prod_Uf1~'.r.-',,'•.:.? 
content. .\' · · :·1,~:_i; · · · · .-:,/ \}tfJ~\- ,:} 

The HWVP approach to, ·~nd requirements for, : effluent treat'!lent have · ,::J!fJ;~}>:} 
resulted 1n design features t-that are·•differe13.~l fJ'.'omr1t~e -foreign •·f~cil f ~ies-~r\t.:/..A 
In add ft 1 on to a backup" me 1:ter off gas -·syste1ra_nd1sand f1 lt,er, · the · ~WV_~ ,_ ~~; ~;,_aj';_t: ~\· _;-
1 iqufd waste treatment syst,em that fncludes d!1Ye1·'fn ,.cell .;,tanks 'and ·\~,· .. ·:1:~~~~~ i:i/r~)_ 
-380,000 L (100,000 'gal~ · .wa_ste holding · tank •. l \ These 'differ~~ce~ ;ar~ -~1 s~ \ttf1~}J'/.( ;-. 
reflected in the Vi_~ri_f?c,a,it~-" Buil~_t_ng s_~ai !,! ' )}.o~atfons. - : . · . ;~lf!:-:-- ···· -:\!-',. 

': ~? / . . : ·, .. '. ,,,,.:., .. 

The HWVP also is required to meet a number~of procedural or documentation '0 

requirements related · to ' safety and ·environme_n·t:a,:.: regulat·ions. : ·The '·HWVP wiJ1~;.,";/,} 
be permitted as a hazardous ··waste treatment ·and,·storage --,facil 1 ty under the-\1~,.~"J:;:r , 
Resource Conservation· and:,~ecovery --~ct (RCRA)l and -'requir.e>an air quality'.1"?,·?.r~/" '.-: 
permit. A ma~or ch~nge"' i!}J th~ plant.'" and pro.c,e~-~ design ,·would. requi~e revJ!A~JtK·--,::'. 
and resubmis_s,on of ,thes, · p~nnit appaicati,qns!f "A"porti,on "~f ·thf ·existin~_::/~1~~=~ ':~: ;; 
appl 1cation -could likely be~used, · however,1·,su~stantial ·rev.1sion::,.ould be <·~~ -?'rfl'. :::=:~'. 
required and could o.nly ' be\ prepared .l'afte~--:thef bas;c I process ·and·· facfl ity ~:.riJt[fr! .<:_;:,· 
design concepts . had:•been7i'detennined ;}I An '·apprso,v_e~·.!prel iminary':~~fety f an~ly~}s{ {.=-,i 
report {PSAR) is al~o ··required ,prior •to star.t j of c,o_nstruction. ··.With maJ_Ol'!~tf:~ ':r 
design changes, the -'PSAR{;would have -to be :subs_tantiallylr.evised:-once \:~ - -,tr.fr_ 
sufficient ·design detail} b~'.came avaUable_·. ·'. '.~J-.?t~ ·.:~:·~ ,,_\ .~ ••. · -:; : · ·:<1-\..~~~g:·:; 

.·· \ .:\t?t.lt- . :'?j> . ::{°'~~./i~i{ '-~~-- ~ ~ . .. .':> {'~i,)-;:-' 
3.4 OVERALL PLANT ·AND -\TEC~.OLOG'(,;_CO!T/.;.: ;-;~·:Z~\ _; . ;:, . ~-.:,. 

SCHEDULE IHPLICATIONSf' -' ·· ": :· · · · · · ··:~t-:1~'.;: . ,- . · · ... . . Y- .• . 

• . • . '-•t/ :1; ·t./ ~·.. ·: '.:_ . . {'_;;;ff,;z} •,·: . L·'., . • . ),i. ,!{;' 
Ff gure 3-2 shows;-!~he ,r_r.equi red · budget ,cyc~:e:!-for 1 i ne,;~item "projects.(-.,t _hat:; .. _-::~~~/: 

would be fol 1 owed for ;acquf! ition ·:,and · impl_emJn~tatj_on ,of ·al ~erna~1ve .:tec,hA9i\ e>g~:~/ 
for the· HWVP. The •:re,qu1rep: proce~s:,- by· which10j n_e j;item·•proJect_s-·are _-:at~_ai_n,ed~ f:L 
w il l not permit easy/ sub~_t;1 tut 1 on· ,by,~'..AVH ; ~e~hhology 'f Oft t_he.: ~ 1 ~-e~qy .-<st.~ ~~ "' ·?1:(~ 
HWVP that .. has previo~_~J1,:,g9_~ted ~t.h..~ j ~FC~r,~~~!~~n;,-~),9.~!:·,_·, :: >·'. . · • ::; : .' . : }!lJ: Jl:~ 

• J -~ -~ ✓\~f_"" - • . ; -. ! _-. .,~ -· . . - ' . :..:.,.:_: . :,' :.tf f.~.:f 
Cu~rent plans '. are:;,f~•i the H~V~, ;_tp begin,\dei aH,e~ ·· dcs tgn i_n. e~rly '-! CYMlt~R~n t 

An outl me -for a scheq_ul e?,s.c,e~ar1,o, -is · pres,ent,ep_) n1~1gure 3-3 -~nd , ~el o, /~r~J}~~~Lf: 
i 11 ustrati ng schedule •·impa.c~s 1 f "u~e lof faH:ecnat,.ve ·tech_nology,':for the ,::,tfr.t\"·tt.\ 
process and,,faci l ity, are. \; o_:1b~ impl~mented.~ hf· schedule s~own1.indicat~s :~a,ra}NKi 
approximate·' 3 yr delay, in \the start ·of deta1J:ed_' design. · It maY:;-_be'· possibl~itLJr::-r 
to make up_<some of 'this ·sHppage ;_._Ci.lur j_ ng ~es:ign}'?i~d ·con~tructiqn, \ ho~ever•t;~'jf?r:ij 
some de l ay/ .i n the scbedu1 .~.5t;d~te r,fot;.b_e>~t · · IJ_E ::,W.94 l_d :..JPPf~~:i. t.Q,,,!>_e 'a 1 !l)O$~-~f-fI~l-
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t-,!~JJl~:r~ii(iiiij~¥,iif Jf ~t,f !a~~~-~!~~:Qr 1,,~rn~tiy~s F~J)Si bi I ity study 
1-1·10 6-1-tO 1-1-91 6-1-91 1-1-92 f.-1-91 1-HH 

·;\~~:n::1~:ox~~Pio'.c\fo'\Mttt ·. ':.\·h: ··. ·.· ·'A INITIATlTITLU ;:.. :> "APPROVESTARTOF.A.. 
SHOULD SAY ~ TESTING/STUDY .:, •.:: :'.·. ·.,_. ~ DESIGN (KEY . · •: · • . .;,DETAIUD DESIGN~ "-D 
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BASIC SCHEDULE PLANS 

(IF THE ALTERNATIVE AVH TECHNOLOGY 
IS TO BE EVALUATED AS A VIABLE 

CONCEPT FOR THE HWVP) 

January 1, 1990 - July 1, 1990 

-it 
rJ!i/. 
;: "·" ~-~' 

~~ 
-I 
. :J~~i 
-~i 

. .-~~ 
:,.::i;i 

, ; l--, it,• 

"'i:.\ ·~ . ,.t~~ 
-~ .. , 

1~~: 
-1~j 

• Assumes a decision is made about January l, 1990 to aggressively ,;:~j 
pursue alternative design concepts · .,?~;, 

Primary tasks/emphasis: ',~J~ 
• Negotiate agreement with tech no 1 ogy Sijpp 1 1 er for exchange of '':'2X~ .-11 

proprietary technical informati9n - ,f!.-f · ., 
' . =-1~~i ~~ · :, 

• Negotiate agreement with technology supplier for performing ~t~~~1ng,) .\;~- ,::. 
define scope and conditions •< · ·- _/.c::1: Ii 

_:. . . 1.•.. -i_~!'s-:· . 
-..1,:.,\ .'t}\. l\ 

• Define scope and negotiate agreements, budget, etc. for 
organizations ·participating in ,:~gineering study 

• Develop/define principal criter{~-to be used a basis for s~~dy : 

. 
Key decision point: July 1, 1990 ,, . 

• Proceed with · testing ~~ concept (deve1 ,°pment study · 

• Proceed with other suplorting ,wqr.k · 

July 1, 1990 - July 1, 1991 

:~ #:;~ ~ ·. 

3-23 

. ;_ .. · 

' . .., ' 
- ' .. t.. · • 

.··. 

• ; t • 

'cjft~ ~ 
-~¥jr 
--·~~; ,;,I. }i:tl!~ 
°4~j,'h ,::,, 

~ii',.,, •. . ... 1 

- -~ 
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• Issue RFP for construction management 

• Approval to begin detailed design (Title II), to occur on 
approximately January 1, 1993 

:,.,~· 

:- .,..'1 
·~~ -;i 
-;~ 
-~~r::t 
\~if 
\;~~ 

,,,~ 
.,:~~ 

• ~ -::_ I 

~~;· :i 
Evaluation of the development costs and tim~ required to adapt the .. . ~ 

French technology to processing and vitrification of the Hanford Site wastes "h'J 
indicates there will be an incremental cost increase of approximately ~. f 
$54 million and a schedule delay of about-13 yr to the HWVP Project. 'The -'}~~ 
cost increase is associated with process feasibility testing, design and , -~ 
testing of new equipment, resolution of issues .concerning glass quality_, :. . . .-.~·-~:~ 
radioactive testing, and WFQ documentati~~-- - · . .(.:-:~_'Jjf ) 

Comparison of plant costs that take ··,tnt~ consideration the redesign of •j;;/r.11-.. 1 
the French facility to handle the large ~;-S. canister, concentrate the waste, h/:11-
and provide waste treatment require~ for ,t~e Hanford :Site shows that ·cos;s t:·:: X:i•/4~ ,.: 
for the HWVP Project will be . incrementally:i:jncreased by .approxi~ately' · ··,.:·)t}A· '· 
$85 million. This increase also takes into consideration costs i:for Project "·':,t;, . 
management and engineering and the i nsta l l'at ion of SETF : for WFQ test fog and -\·,1\ 
personnel traini~g. Dela~ of the HWV~ Prc,ject schedule of about 3 Yr'<~o~ld J~t ... 
occur due to additional t1me required for{conceptual . design, cost · '· ... • :,;ft! 
verification, and permitting. <:f , · /} .. ·-~·, .. . · • .. J{{l ;~ 

/ :.o. • ~,_;:Jry; l 

Combination of technology and facility cost and schedule information · ·:._:¥f . 
results in an incremental cost increase of;1Sl39 ·million to the HWVP Project . . '~ 
and a high probability of a schedule delay. of,3 yr. Additional escalation •· :i::::~: 
costs for this delay were not· considered/fbut one can safely state .:that·•ithe :·.?" 
over~ll cost increase will be in the -ne1gqborhood of $150 million. ' B~sed -'.'on :., 
this ana 1 ys is, the current HWVP design 1s:1~super-i or for processing the_;.type: . · ·> 
of wastes in storage at \'the Hanford Site·.=t :~1nvestments 1n developme,:'lt ::.=ofi••H ."·~J 
technology at the., SRP and .: at the WVDP has been util 1zed .by ., the HWVP 'PtoJ~c~ \ 
to reduce overall costs. · Considering the,1J11agnitude .of the additionat·cost, : J 
the Project schedule delay, and uncertai~ti!s ··1nvolved with changes ·~·to~'.t _~,/--_'~
AVH techno 1 ogy, there does not appear ,, to ii,be 1any incentive to contemp.l ate1 

;, .-, ··~: 

further interaction 'with · the French. Any'~'change in ;direction for the>'HWVP.·'· .. ~: 
Project at this time will have a .significapt:,1mpact on the .cost and ·.,lead (to ·.=,--1 

s chedu 1 e de 1 ays. · ·. \t¾::i:7'' · : · ''<(: .: :-- ,,, 
J.' ·· . . ., -·~' :.. " ; .. . . . :~£~.~--- . . .,-.. \ J • •• ~ •• ~• -; •• ( 

3.5 ~rc~~t:~ ~:TU~;u:oo~J~~:~~;~:cE .·· i'.}};~\'j 
As appropriate, the HWVP plans to make.;use of selected foreign ·~echnology\t.)J 

features and pertine,1t ·experience. Curr~:~t;pl ans for doing this ar~{Qu:tl ine~.\-t/~_~; 
bel ow ·dfr-J Jl"_,-i: s••J.,}>'c ; 

• ,k .. : .. . • . -':~~~!.½~~~, 
· -{. ~ , '" r' ~- f l':, ' _>-,:,-~ l 

,: -.. •. · • ... -.\~·•·.•.•.•, .• : _•;:••·:._•.:.~_~•, 1;. ••:,. ,,._"..i~",~c-~ 
· 1~f .:. · · ·• - ~.;.i~J:tr~·i-J 

,. ..-~ . $ ,".-!!... "'!'"", ; . ·\t"•"a,, _;.-,,-•. 
3.5.l Ongoing Foreign .Technology Evaluat~jp~, by . · .. ·:.'::,>(·:.'. --:~i.~fW{U 

Hanford Wast• Vitrification Plant.ir~~:.~1 . · . :··:::··:~:·,,-.:·,. ·;:;%-=:"fi!~\-.J 
· · , .o: ·"rI1 ·· .. ,..- .. ·, ·,· <il~i? 

The HWVP is seriously considering use of foreign technology in .s.everal :,~f~.f.(I 
areas. The three areas currently under·~c.onsideration are: power ·flufd,tcs, ,•··f~J:.t!-'·':1 
canister closure (welder), process sampl-1.D·g,,.-and glass fo~ul at ion :l~J:'t~:~{~(~ii~M~ 

.. =:. _-·.-:·/ \_-_it:,~r1i,?~ .~.. ~,..•i ., ..... ,., ,_, . 6'1. /J •• 1~ ' 

3-25 · ·· ·'.--.:::(t:j.}:\~:;i:ft·: 



9613~41.0502 
WHC·EP-0326 
Revision O 

3.5.1.1 Power Fluidics. Power fluidics has been used extensively in the 
United Kingdom's WVP. A decision recently has been made to use this 
technology in a selected application in the 'HWV~. The application selected 

. is for agitating and pumping of feed from the RLST. This equipment is 
considered to have essentially zero maintenance for the contaminated portion 
of the system that is housed in the RLST vessel. Therefore, this technology 
is of interest where advantage can be taken 'of the zero maintenance features 
in the design. The location and final design concept for the tanks is 
currently under evaluation. The use of power fluidics has provided enhanced 
design flexibility that would have otherwise increased the cost and expanded 
the footprint of the HWVP. ; · 

'\f 
'1-
j .. "::.3 
·~i 

:~;:: 
).• I 
w>~~ ~L 
\~;i 

·:'-'\':.<\k,j \~,we 
··~ 

·,~;{ 
~j 

' ~· 
-~~~~ 

. ~!..tf~; 
:~w 
'f~~ 
\Si·~~ 

:_.:~ J 
] /!1--'J 

.'-ijj ··-:1~ 
3.5.l.2 Canister Closure. The current baseline design for the HWVP canister .;·:·7~~ 
closure is an interim closure plug (mechanical seal) installed prior to .. ,.,,,:1; ,1 

decontamination, followed .by final closure plug welded ·1n place with a ,;_._::·;_-._··_._:_;._f_·.~.-~ .. '.,f ___ '..
1
_.,~

1 
.... :
1

: 

resistance upset welder. This is essentially the same system used by the ",· 
DWPF. Because of the high cost and 1 arge space requirements -.. for the baseline ".-·;(' 0 

system, the HWVP is investigating al ternate,\canister closure techniques. _<_F/.·;_~): -~.J. 
Weldir.g techniques under consideration are ,;-the gas tungsten arc weld (GTAW). · 
that has been developed by the FRG, Japan, and -at PNL, and the plasma arc •.·· .. :· · thi~· ,,,~ 
( emp 1 oyed by the French). There appears to i be a very good probability ; that : •':ic; -~:-~ .Ij 
an alternate canister ·: clo~ure concept will _;j,,2selected for HWVP. · . ·:> . ·;tlt '~ 
3.5.1.3 Process Sampling. The HWVP -baseline :design for obtaining liquid ·._; '.~[f~ :•~ 
process samples utilizes manipulator oper.at:ed sample cells for filling ·s~mpl~ .- ,\1~· .1 

bottles. The foreign -vitrification project_s·-, use automated samplers that may · 'ift/r--H 
provide lower installed cost, reduced spacel requirem~nts, and lower operat:\"g ·:Vi: 
costs. Initial review of-these sampling systems ·- ind1cates that they ·are · .-'_._:;..Ul 
probably suitable for obtaining a•··-1 arge frac'tion of the HWVP process samples-~·- :·;tt{~::. ,A 
However, the ability of the_se sys~s to 1 ob.~ain representative samples ·'from ··. _·:fjp/ :[~ 
the heavy slurries present' in HWVPf~is questionable. The heavy ·slurry samples . ifi5•Ht' ) 
are the most critical for ~verifying complfa,nce··wi~h waste form qualificati'_on '' ,· ·l 
requirements. At a minimum, a significant~~amo_unt' r"of testing would be r_~q~.i.r.ed 
to verify suitab11ity zof -~hese sys

1

t.ems ·for. ~~ -~·; he, _vy slurry s.amples. : ····• , ... 
~ ; 1 . 

Some additional evaluation ot; the forei.g~ sampling systems is continuing. 
However, implementation of. these designs into;' HWVP is not considered 1 i kely · · 
because of: ( l_) the need ,· for testing and :.pos,sibly development work, {2 ):' th~ 
current schedu~e constraints, and (3) the ' rt!!.J~tively modest cost saving~.)~::: ·: 
expected from 1 mp 1 ement i ng . these systems. .. 1r:· • .... 

• ; ~"'; :l'-; 

3.5.l.4 Glass Technology. A considerable data base on glass properties ~s 
a function of compos it i an has been deve 1 oped · by the FRr,, French, and UK. , . · . 
These data are of interest to the HWVP Project, and plans are being made to •i -

conduct further discussions in this ~rea . . \Jpecific topics of interest ,~rei ~ . 
. J . I • . • 

·· .. i .. ,, • Fault tree analysis 
- • t . 

. ' 

• Process and ·product models ·::1\:: 
• Glass product sensitivity analyses;• 

. ..;. 
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• Glass cracking data and correlations to process conditions :r"'r: -· 
\~.' 

]i•,1, 
• Laboratory methods for surface , precipitate, and phase examination ~i

t;f~ 
The French have prepared a fault tree analysis of their process that 

provides systematic methodology for examining various factors that can 
influence the product quality and plant operations. This approach may be 
beneficial for evaluation of the HWVP operational scheme, and it will be 
further examined for applicability to the1WQR and readiness review. 

n,t.,:. 
;~ 

:~ 
~~~~ 
a " ;i!~! 
: '.·.~~ -:1~ 
~-}.:; 

, .. : 
:;,;~, 

Modeling conducted by foreign countries is somewhat different than in -~t 
the United States, but further assessment 1of available foreign information , ·: \fi 
seems warranted to provide the broadest possible base for specific models to '.: . .:.-,;;

1
~~l 

be used for the HWVP. J. , · .,·:~- :•~ 

{ \8~J 
Sensitivity of glasses of various co'tlpositions to leaching has been_ /;:_-;~,'.,,~~ 

developed by all countries and at other U:S· sites. Formation of a data ,base .~t_-~.·~~ -~i 
for the HWVP will take into consideration ~a much broader range of glass tf;;'.t 
compositions due to the wide gamut .of the·tHanford Site wastes to be proces~ed_!;;-:\'Jf/ 
Use of foreign data should be highly beneficial since U.S. data generally ' 1 s :<1/~;A\i 
confined to a much sma 11 er range of glasses. · :.:-. /~~~ 

,, . : ,f~?; . 
Correlation of glass cracking with process ;conditions has been studied ·\fi: j 

in the United States, but additional informition is available : from for~igrJ ;f;bi ::~ 
countries and should be evaluated to avoi_d iany possibility of overlooking -. ~;J(11

:L~ 

. data that could be of interest. Discussiqns of this subject with t~~ --f~r~ign_,"tt- 01 
countries is planned. ·f . ·:_Ji . 

~~~~~1 
There has been extensive evaluation of glass properties by the Freo_ch, ---~ 

which needs to be assessed further for application to the HWVP glass~s. ::· · --~~~ 
Data are available for many properties nQrmally not evaluated in the ' UnJ.~ed ··t,~ 
States. Methods have been deve 1 oped for ~ measuring these properties on ·, · , · rff, 
borosilicate glasses; the French data andimethods may be of interest '·ror:·,.· -Jr~ 
certain glasses. Considerable effort has i been expended for measuring ,; · ::; 
precipitate phases in the glass, and these -techniques are also of in~er.~~t . ✓.,r,-t.r., -~~ 
for comparison to standard United States ·-.evaluation methods. - · · ttt:~~ 

• ·r ~ .· ,·. •;J?·;1 ..:! c·. ':~~:~ -"r· 
:.J' ~~;.~. t.:. 

:-. ~-'~ ... . .. ' 
• •- l~~ .. -

3.5.2 Use of Pertinent Foreign Experience;bY :. :- ;"wt 
Hanford Waste Vitrification Plant·i-;t--. p- :~,_,:_.i· · }~ . 

The HWVP intends to make use of pertinent foreign experience in ·the :~ f 
handling, pretreatment, and vitrification fof HLW, the decontamination and ~----v~~~-d 
storage of gl ass-f11 i~d ,canisters, and pr~duct ·acceptz.nce. As appropri_'.ate_·, ~,.t~_;}~1 
foreign experts will be:, asked to serve as:treviewers and consultants to:--;~e - . '2:;t1~t~{it~ 
HWVP in the development}of techno)ogy and :·.the waste acceptance proc~~s. : ~i(;f{:$,:: 

,r ... . t!..;.·1:.: .!r,~~..i~! 
. •i ~t:rf 'tf ~ 4j . -> ~?;·;,"4·j 

i Ill 
'. f. ) • .r 
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4.0 SUMMARY AHO CONCLUSIONS 

If a U.S. vitrification project was to adopt .the AVH technology at this 
time, large costs would be incurred to adapt the plant to U.S. requirements 
and generate the data needed to qualify the product • . Processing of U.S. 
neutralized alkaline wastes by the AVH method· would require the building of 
a prototypic AVH type of research and test facility in this country. Its 
purpose would be to study the large variety of waste types, ascertain process 
chemistry control parameters, embark on repository-driven waste qualification 
work, and verify equipment operation, remotized replacement and maintenance. 
Certainly, this would be no small task; the cost would be enormous, and it 
can be expected that the schedule impacts would be prohibitive. Estimated 
delays range up to 10 yr for full certif1cati9n of the systems and processes. 

Preliminary evaluations indicate that large savings in plant construction 
cost are not likely. Development of a reliable ' cost comparison would require 
a major engineering study. i · 

In view of the specific considerations required for the management and · ... 
disposal of HLW in the United States, as noted earlier, and given the state - . 
of maturity and acceptance of the LFCM technology as it existed in the early -··· 
1980's, it was then appatent to the decision-makers that this technology . 
would best meet the needs of the U.S~ Waste Management Program and should , 
remain the DOE choice for vitrification. And f with regard to current .. 
considerations of alternative technology for ·the HWVP, thi.s conclusion is • • J 

still valid. - · 't 

1· 
'i 
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ALARA 
ANSI 
COMC 
CMA 
CPAF 
CPC 
DCS 
DOE 
DOE-HQ 
DOE-RL 
DOE-SR 
OWPF 
GTAW 
HEME 
HEPA 
HLW 
HWVP 
ICE 
KEH 
KfK 

LFCM 
HTC 
NRC 
PSAR 
PUREX 
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RCRA 
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SETF 
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SRP 
TEC 
TRG 
TRU 
WAPS 
WCP 
WFQ 
WQR 
WVOP 
WVP 
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6.0 ACRONYMS 

architect engineer 
as low as reasonably achievable 
American National Standards Institute 
contact decontamination and maintenance cell 
crane maintenance area 
cost-plus-award fee 
chemical process cell 
Distributed Control System 
U.S. Department of Energy 
U.S. Department of Energy-Headquarters 
U.S. Department of Energy-Richland Operations Office 
U.S. Department of Energy-Sav_annah River Operations Office 
Defense Waste Processing FaciJ ity · 
gas tungsten arc weld 1 

high-efficiency mist eliminator 
high-effic1ency particulate tir 
high-level radioactive waste i 
Hanford Waste Vitrification Plant 
Independent Cost Estimate (Committee) 
Kaiser Engineers Hanford Company 
Kernforschungszentrum Karlsruhe GmbH (Karlsruhe Nuclear ·. 
Research · Center) :Ji,. .. · 
liquid-fed :ceramic melter ·r 
material take-off ~ 
U.S. Nuclear Regulatory Coma,1ssion 
Preliminary Safety·Analysis 'Report 
plutonium/uranium ·,traction·if 
project ·- work break wn stru~i1.1re 
quality assurance · ~v 
Resource ·conservation and Recovery Act 
remote equipment decontamination cell 
request ;;for·proposal '·1 . ·; 
receipt -and lag stqrage tan,k'11

.-· 

Systems Eva 1 uat i on·•and Test:~F.aci 11 ty 
slurry"mix.:"evaporator ~\ '.- · 
Savannah River Plant 1 
total .estimated cost · :.~:;f." ' f~\ . 
Technical )Review Grioup -~r 
transuranic ~ 
Waste tAcceptance Prel1m1nar1.iSpecifications 
Waste \tompliance Plan · f 
waste ,·fornf qual ification :: 
Waste Qualification i<eport l 
West Valley Demonstration Project 
Wi ndsc_a l e~Vi tri fi cation •Pl~n._~j., (U. K.) 
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APPENDIX 

HANFORD WASTE VITRIFICATION PLANT PRELIMINARY 
DESIGN COST ESTIMATE BASIS 
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APPENDIX 

HANFORD WASTE VITRIFICATION PLANT PRELIMINARY 
DESIGN COST ESTIMATE BASIS 

The Hanford Waste Vitrification Plant (HWVP} Preliminary Design Cost 
Estimate is based on considerations indicated in the four sections below. 

·:i~.~ 
.:it: 

~$~ 
,--~ : 

, ' ' t 
\ 1{ 

A. l ESTIMATE CRITERIA .. ~/:l 
. . . ! ~ 

. '-~ , 
~~r?£,J This section of the Estimate Basis defines the criteria, assumptions, and-&.,t \; 

methodology u~ed in th~ development of the HWVP Project Cost Estima~e prepared,.,,:·,.[, ; 
during Preliminary Design, and it is structured according to the maJor --:.;::~ .f; 
est 1 mate subtota 1 s: ,-i~f; -~ 

• Direct costs 

• Indirect costs (engineering, design and inspection, general 
contractor, and Project managem,~t} 

:"';,1, -

t 
• Escalation · 

• Contingency. 

(1 .. fj':-~ ' :.., 

. ,:;:,(l; ,.:J 
,, :er .. ~ 
~ ;~ ... j~ --

'· .::',~, .J 
r-.·.il;_~. '.?l 

·;;-,.-::_~u · .... •~ 
lf;j~;,-gt 
' f..~~;1. •.. ·: 
:-)!.~ 

_.;jj).· 
..... .. t.· , 
,..r,~~ :=-;-- ~ 

A.1.1 Direct Costs ~ } 1' :·~,. 
The ~irect costs of the fa~ility are~defined as the following capital n;: 

costs, which are estimated to be expended.Jn the construction of the -permanent\:. 
pl ant faci 1 ity. · f · ·· · :¥(· . 

__ ,., . "'~:~ 

• Direct labor 
.i' ~v~ i 

,, .. 
• Contractor's cconstruction equipment .r· 
• Contractor-furnished equipmentj ~nd material 

'i,· 

• Government-furnished ·equipment r(GFE} and material 

• Sales tax 
·1 
f 

• Contractor's overhead, profit, !bond, and insurance 

• Business and,'. occupation (8&0}1-J,ax ~-,r 

... ' t 

• Construct1on•manager's genara11and 
JU . 

admi ni ttl"d i va expense / ~~~) .. 
... 

, .. ~, 
~h 
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A-1.1 . l GP.neral Criteria 

The following general criteria were adopted for use in th~ preparation 
of the HWVP Project Cost Estimate. 

A. All direct costs are expressed in first quarter fiscal year {FY) 1990 
dollars. 

B. The estimate assumes all construction is by fixed price or cost plus 
contracting as defined by the site acquisition plan work package 
definitions. ~ 

. C. It is assumed that a 40 h standard work week will be established at the 
site for all construction accounts except concrete. The concrete unit 
rates of installation will provide forFovertime encountered during 
pouring. -1 

D. Craft labor rates (journeyman) used ai;e in _accordance with the Hanford 
Site Stabilization Agreement (Hanford ) (fixed-price labor rates, 
200 East Area). The labor rates 1nclucliall applicable union fringe 
benefits and state and federal 1 ~gi sl a;ted benefits and burdens. 

' 
E. Crew rates are developed for each Construction Standards Institute (CSI) 

division and subordinate element of work by mixing the applicable ·· craft 
t ' • ~ 

and construction equipment rates. • '. · 

F. In general, all equipment, machinery, ~and bulk materials will be 
domestically purchased. t 

•. +' 

'i' · 
G. All engineered machinery and equipment•' pricing is obtained by engineer;ing· 

specialists from informal vendor quotes ,' and.Mn-house cost data. :' P-rtces· -...: 
include freight to job site. :\ f · · .·'·''Y' ·,}. .. . . . . :.a~ . .. .~ ·: __ '.}/ 

H. Bulk material pricing is obtained by1~t-he estimators using vendor ph~n~;r,.·;: 
quotes and current 'in-house material /pricing data. Prices include·.~•-7::1,t.: ~.: 

# ~ ... f ' .• 

freight to job site. ·1- ,:/}>-.. -
I. Temporary facilities are estimated :based·, on ·the following criteria.-.,-_:\ .. ···-;_· 

. . ~!i.,. t. • • ,, • • ..· •• ' ~ -: ,; .· 

• Office space is provided for con'.s'truction engineering/inspection_,;ft/i 
construction management, projec~f-management, find U.S. Department; i.r. 
of Energy (DOE) personnel based ton festimated staffing requit, ~~-~ts '1 

·•· 

for the offsite arch1tect eng1ne~r,;(A/E), onsite engineer- :,:!;-.\ . .-· :-: 
constructor, operating contr.actot ., , and DOE, respectively. ,1..: .. -_,··<·_, _1:.: 

' . -,~,. . ·.. . . /. ..•. ,. ,. 

• .Facilities are -provided to storef equi~~~nt and m~~erial GFE:: .:··/ '.·( . .- J 
requiring ·advance procurement -action.\:[, · · ··: · ~\= . 

• Fixed price ~ontractors wiil 1sul1~-·te~porary facilities to me~t :'· _,.:i'.f . . :, 
their own staffing. ma tori al st9rage ~ and ut 11 it)' raqu ~ rements.·. :;. :~ • ,:i i;1~~~i 
Water and power.will be brou_gh~~l~r .a cent~a1 po1_nt o!ls,te f~J'.\~::-._:,;.~.;ir~t,:tJ 
contractor tie-in. · ·_; f· · _· ,-:·:·):, ::;:.~ ~ :-:}.'.~ 

~~! I ';. ~ •'...: ' • .i:" n1·11l· ... _ .-.;"'7;.• 1 
•~ ; I • • <l ;,. • ~ • • ,, ,••• :; 

- 1. ~., ,, 1 , n..: ,. } ,:-1 1~ 

j . 4, 0::.Y (:'._!i ;· .?:·i 
A-4 I ' •• · , . ••.~ "t J, ~'·" •I 
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• Assume utility water and power are available from existing Hanford 
facilities for supply during HWVP construct ion. 

Temporary buildings are estimated on a dollar per square foot basis, and 
temporary utilities and maintenance are factored from Fluor Daniel, 
Inc. (Fluor) experience. 

J. The Washington State (Benton County) sales tax rate of 7.8 percent is , . 
applied to all material and equipment purchases and to construction 
equipment usage. ; 

K. The Washington State B&O tax rate of 0.484 percent is applied to all ' · 
direct costs. The B&O tax . is 1ncluded::in the overhead, profit, bond, >" 
and insurance column of the Integrated ·Estimating System (IEST). .· . 

~.q, • . 

L. Fixed pri'ce of contractor's overhead cos_; 1s estimated to · be ,34 percent,-. 
of direct labor. ;.t .· .~~< 

\, '-'.<- ·: 
\.-, -.. : 

Contractor's profit, bond, and insurance.-., are estimated to be 6 percen! (-' 
of 1 abor, 1 ndi rects, equipment usage (construction equipment renta 1) ,,,;and 
plant equipment and ·material (including &-7·.8 percent sales tax). ··:·:.::-;· · · 

M. Cost pl us contractor's overhead, profi t',l. bond, and 1 nsurance are . i,\
1
:c.t.~.~ .... ·.::_·_~.·:~.~- :_ . 

estimated to be 7.7 'percent. -··".~i . 
T ~• 

'j-. \J~if; A-1.1.2 Construction Detail ' Criteria 
"' ' ,. ~,._; .. ~.· 

The quantity abbreviations used througho,!Jt the .. estimate ,fqr ;all ,}1,~•ci1 
construction estimate · 11 neJ,1 terns ara:·shown ~:fn~T~bl e rA-1. ·' . ~~,,,;,,:;·:: ... 

Individual standard :_w_;rk hou;tit rat·~, ~f installation are · develop;Jjf/ .~ '~ 
for each CSl Division of 'labor in a~cordance.-._with the Preliminary(Oesign ·<:>.: 
estimate coding structure . .. ._.The work hourj un~~t. ~installation rates are al J:~:-> .> . ~ 
inclusive rates. The~e ra~_es account for :1ns~a11 at ion 1 abor and general.fi-: _;.,;;_.~,.f1;r1; prorat~ direct labor, -sucbJiaS off-i:oading angr~storage of mate~ials, .. ;_'. ·;\• · ,; 
scaffolding, and cleanup. "t Materi al~ take-~t:fM(~JO)i al 1 owances ?.are· incl ud~d-·.,~:. if< 
.in the unit rates to ;allowi:for damage and ..,l 9sJ/ .: ·, ,. ::L)f.-.:~t'. ~ 

. . . ,,· i 

The fo 11 owi ~g assumptions and . MTO a 11 ~wa_nc,-s are used i ~: the d_evel,oP~.,~JJi!9 
of the construct1on•w.or k•l 9~r and ID~terialt ~Ja;\ -1.nstallation ,~at~s. /rf\/f~~~~~~.~ 

.• Civil Work .• :· Neat quantit'ies are'~taken off; a slope ·· of 1-1/2 .. ·::to "l · .:.· ;·· 
is ·used on all ·~excavation ·quant1ttes, and a 15 percent swell'J.a.c,tor· _,.-; 
i•s--.used",for . .;.ba~"1.1,1 i quant;i.ti~s.,;;.~~cavated . soi 1; 1.s,;.~~~9l\l~d~~,l~~~le

0 
.- ,_: 

f~r.~ .. bac.~i!~~~g~.1'1P9.fct~~/ b.,~X~J_,~-incl ug~d. .<~:, . -,:•:;·.~-,s~ ._;·.; ,\ 
1:' :• • :i,, at i;on ~re dcvr Ii f"'.d ft.Jr ;., fjif:• ttt.7- · , . , ,\': '. i : :~,; ~•·r., i . ,r 

• C.9.1\Cr.ete,: t:'i~~~n~.irt i ~ l 1~r..~ ;.~_. 1.9.f f ! ~rid~.,9uoqe~ t~h ;n~: 9e~G~1~:: . -~ 
1,0,· cuoic y;r~et &8.~r~,te •. flla.i.e.rt1 ~ P,rh;1ng,, is .~ ~aseg. or) 1 a., ~(atepf t1~~"'I , 
plant at -sit~;pased in accordancat 1th 'Package C28 of WHC-SP-04bJ:, :•·., .. 
Hanford Waste Vf:trfficatfon .:P7.an.t J[roject _' P1ant Acquf ,ftf'on P1,•n .'' '.:'/. 
Cone re te. -.1 nsJj lJ.~l,on . ,1 abor, Ul\1 ~;sr J ud~. f ~bri ca~ 109, 1 ns ta 1.1,~.t.i o·. n;( < 
and stri-pping. of, .fr.~.me,wor,k, . i(1si~ · · .tion, Qf ;,t;.~bar, Qr w.ir;e me.~P tl~,P~ t) 
pQur.i ng and ,.fi(ljls.bi;ng : ,of co~~JJ, ;; -~·Erpb~P9,~f !,t~eJ.;:,~1~ _' ~.1 ~~~,$~·\/- ·-) ·_~ 

. !, ' \ ~'. ~ • ' . 'Ji(i;~ }) . 
A ... ~ ·C V .-t,~" - :i' . .ii 

, , , l . ' . t~_: : f' -~•,'."~: ~.J~ 
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Table A-1. Quantity Descriptions. 

Description 

Site clearance 
Excavation and backfill 
Area cover 
Roads (surface) 
Railroad track 
Fencing 
Duct bank 
Concrete 
Structural steel 
Building steel 
Machinery and equipment 
Pipe 
Valves 

Unit abbreviations 

CY• cubic yards 
CY 
SY• square yards 

, SY 
' ' LF • linear feet 

.; , . LF 
~ _,· CY 
~: ; CY ,.._;; 

;{. , Tons 
·.,-;i : • Tons 

i ' . • 

.:!. . EA .• each 
· · LF -~ .. ! ... 

. ,, EA 
.'.~ ,_< LF 

, 
~ ... . • 

.... . : 

Conduit .and wire 
Instruments 
Paint 
Insulation 

._:: .. ;- •• ·• f EA 
."-~ _( SF · • square feet rt .::. 
--e '.' LF · 

Miscellaneous individual 
Miscellaneous allowances 
Miscellaneous composites 

1 tems :·! -.~. ~~ . . }I·;: 
_;:t <. \~~?,':: ' -"~ 

for trunnion guides and cel 1 1 ine;~ are estimated in the accoun~ ~~\~~ -~ 
;~~i~;~al. :kEmbedded pipe is ,~stJ,~~~d in the .acco_~nt tor me~i~~~j 

~- .. -.1ft• ~ ~j,.~, . .... ~.• -
-.:i~ , . .. ~_~:.C-i ?.1·:;: \ ;. .. ~ 

• Stee 1 quant 1 t 1 es are taken off and~ rounded to the nearest ton /fiAnt : 
MTO allowance of 5 to lO i· percf:~t.ft s<all9.wed, dependjng ,on th~}~Yif: <."· 
of steel take-off• dr,,. ·l1 •• -:~1-.~ ·-.. 

· - · 'J·r - · - :~~;~rR'· 5;"; 
Light r Qty + • .-_10.tpercent -.~- _;;,(~· .. 
Med·ium~ Qty + ·--7~percent •,. · 
Heavy ~ Qty +', Sj percent 
SidiJ!g,{dec_~ing ·. QtY;l:f': JO: :~ _?:cent 

L 7 -:.. 
I--

Steel mater,1al pricing is develope~ ;from -current -1!1.-house 
inf ormat i o,v _and~i nforma 1 \.Vendor;.- c_Ol)~~ct. . · ,: -. •a ::·-~ ·. 

. ;~ · _.- . . ,· 
• -Architectural ~ ·Various iHTO allowances · of 1 to 10 percent were, _: :· 

used dependi'.ng ·upon the ·'ty~e o( iq~t.eri a_l. Unit rates ··of :\:;.•_\•:_ . :. ·:. :· 
i nsta 11 ationi are developed for:-, ;t~e~var.i._o.us archi tectura 1 . t;,\~~)!~~-) 
construct i 9;nr- tasks from ' Fl_uor i n-Jiou_se ·,i nfo.rmat ion. Hater1 a lf · •. '., -.:, ~--

.- pricing is ' dev.e1oped fro~ .,curt ~-~-t ~t~~_.use .Joforma~io~ _, and ·i~f&'!~J ~.1 

.:vendor contact.t · ': f ·~ . -?.;~~ -, · •·. , .·,•i~,.~;,1i;:\ -:.~,~ 
-~ - ,. t,.. .·- · ·:. ~3 ·~ -~- -~ · , . : :·:i i... . - .. ~~~--"1•<?</;:.~ 

• Machinery ~nd equipment unit rate:$:.'of · installation ' are develo~,!~J~::;i;; 
from Fluor data ·and/or crew size~and dur.ation estimates. The1.1-~-:~·~·\t.;· 

. 1 nstal 1 atio~n_jw~I ~. hourS':}ncl ~3,_;t , ·:seJtJ ng\ ~r d~} ,~~t7~~~-iof.:._(tffJ~\~ts 

'.~1. ···1 ·\ - '.:;\:~-:.'./. ,., ·: ... ~-\~:~-:'··:'·t: ) /'.;.· _:~:lit\~,;~-
A 6. -,_--• ..... ,. r· ,· ·c.f,. ·; 1~-4:,. -,:i 

.- . • .. f!\o'. - ·.') ~ . ✓ .. ... ~ .. . , ;_ .• ~/ff 
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<• :- i .... ~,·. 
:i~ 

•' .. ,· ~ 
equipment. Preservation and maintenance of GFE d1Jring construction ~i; 
is included as an allowance under the general requirements sectiQn '.;~ 
of the estimate. ' ·_.: . :_··.· -}i 

• Piping installation unit rates are developed from Fluor data and ~~ - _:,:m 
expressed as work hours and material dollars per LF for pipe and ·;· ,. ra1f; 
pipe insulation, and per EA for val _ves. The r-ates assume site shop · ·._'/tj 
fabrication and field erection. Thh includes welding, erection',r<:· :·.?\1'.i!ti 
and bolt-up for pipe and valves. Also included are allowances ·~for-' ?_,.{·~·_.~_f_~;_: 
fittings, flanges, miscellaneous sh_oes and guides, scaffolding, .,,"': :. . .·, ;--~r! 
10 percent nondestruction examination, hydro-test and miscellaneou:5,.; ·<.:.,,::·, :•Ii:;i 
welding operations plus a 10 percent1'MTO allowance. ~ Piping and_-~:"·t-::'. · ·:t: ?fl-~ 
material pricing ,is developed from 'Jcurrent in-house information:._.,-;ft':- . _::/;)f.~u! 
and from informal _t. ~endor contact. ;J(' <: Y!4( · \st,ftlil~ 

;;-·r ''='"'~-' ) • · -•~~~~ ,r. - lf"t 

• Typical jumpers for piping, electr.1c.al, and instrumentation are ;·;_~~-_'::.:· .. ~it.~'11; 
developed as standards for estimating ;purposes; .-;· The ;_typical · jum~ecJ-: · }~-~-~-: ~ , 
diameter is obtained from ·piping ancf\instrument 'diagrams ' (P&ID)"::0t7·_· __;_~i-;·:~1 b 
~nd the average length derived ·from_3~ ·~e~l layout drawing. _ Th~ ::-_l:~ ·_ . ·,::,f - ' 
Jumper count ·is .o_~tained · from P&ID~J!eY:jl1.n~·: specifi _c~~iQ,9. · '. ·.-~\t\ :~- .. ?~it 

..:21 .. · . :.:·- t\~€: .. (-; · ···~··:~lrt 
• The estimate for embedded pipe and ·conduit is developed similar,:;,;,oJf;_ · .:'.\~]~ 

the j ump7r estimate, with the em~ed'°\Count taken from , ce 1 l wall ""·:-~/fi: .)i{. 
penetration drawings and checked aga,i!J_St the P&IOs. An allowanc_eft~k-., -'.;:~fj: 
of 50 percent on the materi a 1 cost "~'s added for qua 1 i_ty assur.a~~-~i.tj(\ .. ;-f,~.,, 
(QA)-desi~natad [(NQA-1) (ANSI/AS~~J~?.86)] · activities_. · : ._.::"•~(~~t;. )'~ 

: .. >,;, ~- .,>.;;' . -~r,,..;,,·~ 

• Electrical instapation unit rates-,re developed fr:om ;. Fluor -in- ~,;Jjtj;~\i{:. -, 
house data. The next result of the.Junjt ·work hour •installatior:i;t4ifl.th' ~.i 
rates approximates~mid-range NECA : 11The t•bul k·- material ,,.costs ·/ 1 . .,,~if1:-;> :,; 
incorporated i nto :;the materi a 1 i nstall,at ion rate!: i'.re·(deri ved '_f.r,om·l.::~: ._ , 
in-house prici n~ ·j nformation· and· fro~f 'dnformal vendor::contracr:•f iT~, {~1 :-.: 
rates for condu1t ·~aterial ·and :.labor,- i .~clude ., assembly,.,,nd · A:~ Jt:'l. 
installation costs • . , The ra~es includ~_-wire, assembly, installat;i-o_n·,~1-~:::, : 
and checkout costs. An HTO · a 11 owance ·:,:of 5 to 10 percent ·is · inc 1 ud_ed·ir 
in the rates. · Electrical equipmenti~;s·~pric~d from i_nformal ven9g'~ {f" :. 
quotes and from ·Fluor in~house informa;ion. , Installatjon rat~s_:~~,i ~t~i-~ 
for electrical equipment are developedi from ~F.luor data rand/or ~1cr.e · JJ.r:, 
size and from ,.du r,~}ton estimate~~•<.:;~~)~t -, · · ·-.·.. ft. ,. · ·-·i}ff +\;~. 

··-;·.. ··.·:· . ·-\!~., w,::.·'.: ·. 
• Instrumentation un.it installation ·rate(are develop~d:;;for, major--:.}r_;:,,:~~r.-i: 

equipment, · instruments, valves, aod · bulk .material. Major equipment \J: ,:1/ 
pricing is obtai.,ed ·from informal ;ve.ndor quotes.· ·The·· oistribu~e.d•V/~:c:-?T·-'· 
Contra l System : and~Hea 1th Protect ion ·;~e,qui pment is , i nsta 11 ed by:tlthe\; ,;-J,t; 
construction contr~ctor, and ::hecko~tr and testing of ithe equipm~~filf:,:'.} 
is provided by .;·,the·wendor, ·which · 1s·i:tnc 1 uded in · the · procurement·~,; ,~3·, ·,: .:~ -~. 
cost. Control '\'and-~pressure{ safeiy. ,,·_va;l've r pricing· was ·opt a i ned ff.r.omf,: ;::·:\;;~· «. /J.., 'i;;J 
i nfonna l vendor. contact and. ·from ~; n~.house information. . Labor ·;and::if,it:-:~;. ;~;.. · 
material rates ·provide for installa~·i'.on"' of. block" and ·hleed val:vl~f~.~~)~-\:_· :_: · 
for each contra! v_a'ive. Instrume,nt_:·•:r;a~es include c~libration,\~!:i~):--;,::·.y11:! 
process connect 1 ~n.s, _, i nsta 11 at i o~ ,-· .. a_n_d ] 9op.:::che_~k •.. -J~~tr,umen~f:~t~'.'.?~:\ ·. ·; 
racks are priced t~:.J nclude ,rack ·. J:i~ ip.9• -· ]p· . . · .·!;. g-;~f;t{~½~-'. ij 
Startup spares :: arefn_ot included in :.th~ _: cap1taL .cost ·.esJimate. (:};,'..t?/1.),\~~ 1t;-":J 

J.;.:t. · =·:1~ ~~,. :'{_~t? · ~· · ··-·--~ ~· ~~. = ·<::··:_; ~.i.f'!~~!rrJr~~~ :-~.-:··}1' ~i 
A-7 : ..,_. _.;_ -· ·J ,·· •:;,:!· . {_,-"'~ i~·1· ; 

• '. •t • · ,,.., •. r . . ~ 
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Indirect costs are comprised of the :elements listed below: 

• The A/E services to provide detail design engineering during 
construction, and shop and field inspection of material and 
equipment 1 

• General contractor services, including bid package preparation, 
interface with contractors during construction and storage a_{'~ 
maintenance oversight of material and equipment furnished ;-to?.:-
contractors as a result of ad~~_nce procurement action · ·:·r-;. 

,';, •,.;· 1, ' 

. ( 

• Technology services, which are)basic support wiih Oefense ,W~)te 
Processing Fa·c:111ty (DWPF) f ·-:~'i~ . - . ' , J 

• Regulatory/compliance, which is preparation and issuance of·\~ne. ·i:>'.. 1:?!( 
Preliminary Safety Analysis Report (PSAR) and PSAR documents:~;f ... •.❖fth 

• -: •:;_·.·. · , .. ;,;_ ~ l 

·:.·)·1:~ ~i 
• Systems Evaluation and Test Facility, which is .the capital_·J ~.~d~d :\,-,ilj,:4 

portion of this facility l ··r ' . ·,{:lfi 
• Project management services to~provide overall Project coord .. ir~tio~ir.~/ .i 

and administration and technology plan interface coordination'.;·: .-~-;/; t? 

A.1.3 ESCALATION , l \\~':: ,~~ 
An indapendent escalation ··study provides annual escalation rates;ifor.i' theM 

HWVP Project from -first quart~FY 1990 i'.to completion of construction~;fn:'fir.s·f 
quarter FY 2000. The ·•nnual e*alation~rates were converted -into "compounded~ 
monthly escal ation .ffac~ors by (he IESl t~J~pgram. ·::· .·::·:;J!:·;· ·.:·;· 

,1.•·:: ~~ . --~ ... !s~":·.: .' ...._. 

Escalation is · th~.n ·calculated for -ea.ch procurement package, con,s5.Euct ion.~ 
package, and indirect , activity !in accordance with the master schedule.~r~Ba_sedi .2-; 
on the schedule mid:- points of the packages\ and indirect activities_, \thet?{'; -~\~~ 
,appropriate ~onthly escaJ at ion -~factors 'ar~·-applied- to · the· package an~~i,ndj f~F~-~~~--ai 
activity est1mates 4 (fir~t quarter FY · 19~Qt,d_ollars) to arrive -at esc_~l,!t-'~>- .ir 
Costs "; . .,.., •. . . •.1~---, .. • . :'< .• , :,,,.,,. ,. - ., .... ~: , - • 

• ., •• ~"' • : "I\ \j' • 4 ~ .. 1.'?f'. , • .:~;· } .,. 

A.1.4 CONTINGENCY,_ ·:, . . . . . .. }J:; . ~,l(~; , 
•• : • • f '- • i... • L \)' . f • • • '-• I \., l l .. ... ' I .. ~ • • ' t.. ""'".-'\. ~ ... -, -·i .. . 

Contingency is ·.assessed for each design system by the est~mators"and l~J}~~: 
engineers, ~P,.~S~9,'\ l>"F~M ~~l!IP~-~~@r~JS09.f~ gn 11-,n-t;-o.r.m~ttOJl ~¥J~~.jp,l a,J'c,r~1'1Jq{-g1)JJ;_: ; 
the adequa~yno{a!9!Jli pi,~nihsP{!fifi~.~ji~Oiti1Pfy i~r-no~~ P,r<i~.iJ1g_,~1Jd.- ·i,nfo"!'al ~~:'.t~{~,j 
vendor quotation, and ,the degree of desi_gn/engi~eering uncerta1~ty appJ ,.1cabl,ei~::~~~ 
to . eaf~-- ~Y~i~11,1 ~ 0 ~B9~ QP.@!'i ng ;1µJ1F~rtji9J i~~ ~---~: ii ~~ud~.d::-as~ :c~n:t:1-.og~~cy,. based/lit 
on roµg~ "Qf-d~r.,9f-,~gnj;~dfh~s~j1J1,;e~<.\r J°Ml -'s.i~w;1-t;jr' s cont ,ngency_ ·assessm~?}i!~;i 
is based on review of the CSI construction accounts within each syste~ 'for ·_,n:~J~t 
comP,l ~~~O~S$ i ~~d.a9~9~.!~Yt!Of,-.~e~ignL,t18iqe_~EW9r-d<{U~r.m~tApn, avail abJ.f }f_or::.· {qfiz{t~~ 
est1mating. . . 1 . : .. \','· .x-,·'-.\~-~:{ijfi 

A-8 . :F} ; iii:: 
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A.2 BASIS OF MATERIAL ~TAKE-OFF 
' 

The HWVP Project Cost Estimate is prepared from drawings, sketches, 
specifications, and other documents reflecting the June 5, 1989, Project 
design "freezen for the estimate. .. ' 

. :-. ·. 

•.;1 
". 

·{\ 
j l~r! 
~ > ·~, ... 
.;):,; 

The fo 11 owing source materi a 1 was used in the deve 1 opment of the .. -~~ 
estimate. · :, . ;. . ,1:i 

t .;,, . ;{f; 
• Equipment List - Prepared by engin~ering--lists all major engin!e.red ., . . -ii} 

equipment by systems, building location, type of equipment, ·· and ·tag :'~rj 
number. The engineering location,i:type of equipment, procurement':,, · ,:,• _.::..{· 
source of the equipment (GFE or contractor furnished), the ·detai.Jed i:<(·},~~ 
work breakdown ·structure (WBS)/CSif.cost code assigned for entry1:,':;'""~. . ... _ •. _ ... -i :?t-J 
into IEST, the ·· impact level, vendor.-quoted cost (including frefgh_t' ./:Iz,.iirj.\,: 
and impact level, excluding sales ·-tax), installation labor ' wor:k~" ;,' ·: _.,__1,.' .A ,,. 

hofutrhs, and1 the ctrew
1

chode · of
1 

thet~r1.~ ftts
1 
i nvohl ved •wi th

1
: tdhe sett}n,g-\~·- _,. __ ii_~.-.;i:_·.:,:_._:: .. _~-~-~ --~~-,_·.~.--·_:.·:; 

o e equ pmen . e equ pmen '.4 ·: • ~ s t e contra . ocument :'. .. ,Qr-;, :.: _ · 3[f 
the mechanical :,equipment .portion.;,~f; :_the ·es~i.snate. ' . · . :.·??.~''.!:-.· · ,,_<.' ;~1:w;:J 

-\!- • • .::;. ) _,... ·e 
• Plot Pl an - Prepared by engi neeri ng---shows the -relative 1 ocat·i o:n': 

9f the HWVP facility buildings. '' The :plot plan .was ·used to deve_lop ~ 
quantities of site excavation and .:backfill, to determine distances'i.: 
to estimate piping and electrical ·,:systems routed between the···":t';' .. ;·?
buildings, and _to determine quan~i.ties for miscellaneous temp~f~P~, 
and permanent c1vil ' construction\activ1ties. ·. . . ·',~•\IJ..t:_: 

~ . ;f" : : '.{ .; :i,: .. ·:-:&:/1-,~ 
• Architectural Drawings - Prepared iby· engineering--are t~e ba~~i,~~i~~r .. :: ~~\)~ 

all building c_o~crete, steel, : an9.}!J;fh_i tect_ural quant i,t,es. · _;;·;ti~J\: ···',;i;;;i~f 
• Process and Instrumentation Diagrams - Prepared by .-engineering;~i~"'<t ··;;;.}· · :·1 

are the basis ·for piping ·mater.ia_l:f{and sizes, .-:.valve 1.:quantities tand)~,-· ,~°do;;, .;;I 
sizes, and pro~ess instrument quan:t'f!ies ~nd .type_s .' The ·t· -·r:rf":'~;?'. .·'Jf ~ 
specifications·:were used .41~ conjun.ct1on with the P_&IDs for ·pip1t n.g ::i:W .ff): :1· 

and va 1 ve -mater,j a 1. and . rat 1 ng ..:_req1:1,1 r;ements ·and · i n~;ru'l!ent ., tYp.j~~d/~; _:: /%~!~~/, 
· ·: ' . ,_ - ·-~ ''l · · · -' .r · ,. :\~~.i~;_r ·.,~-...,;' ;~1 

• Instrument ind~~~ is used :Jor:;q_u,l0.}}1r ~~ake~~ff • . ~,,: .. .:.: \i~t 1f:,\ ·:y)i~;JJ1 
• Genera 1 Arrangem,nt · Dra~i ng~ - : P.re'~·ared;-,by :~~ngi n~eri ng--mark~d;;to :~ .. )tfrfil 

show the routing of the ·pip1ng a~d/~heat,i.ng, vent1l~tion_, ·a.nd .--a.irrt r·t~: .. · · 
conditionjng ~HVAC) duc~work ·~ (o~"""! eparate ma~kupsr "fo~ ~st~ma.tl!!~} t_?~ . : 

. MTO. The GAs '.also were used as ai r~fer!-!nce ·,1n det: _runnrng.::t ~ ~{>r!.~{•~efi~_.l 
quantities O~ ':J e~trical_.=: cond_~i~,,\ ~~re,_:~-,.and cable"°_::: ~ .· /·;·2,~t~Y:·t <1 

: . . ~ . ' "•.-~·; · ·? . . ~. ·>,:~ff/1~~-·~t1£ ·;i 
• The HVAC Flow and :Control Oiagrams -::: Pr.epared by engineert~~;::i~,.~--\ ;·1 

the basis ,.for.::.t .he:1 type ,; a11d ·, quaot i_ty; of· HVAC ·,instruments • . •j~~ .. }:~ ;,H•'"'" ) )!'- ~ 
~ .~ -~· ~!•\~ .. ~·. ,..':IT, rl.~=·~.r~ ... ¥~..:.-.;~·.. ·.:::. . . ·-.:r*~,~~: .. i : .\r j ·· •i_] 

• El ectrica 1 One ·Lj ne~-~.\ · Prepared by ·':en. !l{nming-ashow ,the.power.;,~tij.JZ(~/~., ~j 
requirements :_·al'.ld·:ar,,1{-the · basis , ~~r.;f ,9l '-/ s.izing~ .. _:•. -+ ·: .; ·, · ,'f?~lf~-:~il/0:~:.;Ji 

'"\ _.._"'·• ./7.,;-', . • ,' •"' ·••~'fr-:>\;• .==7~~ . .-i ::f:.~;•·, 

• Motor list - ·Prepared : for e 1 ectri ca ,-,::_fq'ad·: requirements. ;·. - ·,}":,/~~j11:/· · ~~-j 
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A.3 ESTIMATE FORMAT AND CODING :fl~ 
! ·~ :i~~~ 
t ~ .~ 
~ t~}i/ 

The Preliminary Design cost estimate is organized and coded in accordance · .•,.:::11 
with the Project work breakdown structure (P.WBS) and the facility code ·~·· . ·· '\~ 
structure by systems designation. Within the facilities, systems, and work . --!~·) 
package elements, CSI division codes have been assigned, which are broken?.~. _... ,~~l'• 
down further by detail codes that define eac~:estimate lint ,item of work.1 · '·.•· .. ·:_..;:J, ·J'·· ·~ . ,._;:·. >? .. ·:.~~'. 

A,4 PROCURENEHT AND CO~ CTION PLAN . J~;'., :if,i;! 
-,.. ,i::; .. ; ·, - ~~~, - .·... . '.f,t:~.:-:~ ...) 

. ~ i~ . ~: .. ~ ::_~;\ -1-~fi 

The Project wi 11 maximize the use of ~f;txed-price ~nd · cost-pl us-award'} ~~ '.J;t~]IJ! 
(CPAF) contractors for pl ant construction. :~.:#,,Management of the c~_nstruc;~.on. ·\ .. ·7 \ ·<t'tt~;.·~:~t~1 
effort has been assigned to the general :· construction con~ractor ·( GCC) • '1:--@!) · _.. t~/~ 
GCC wi 11 determine an~ r~commend to the ~OEAW~st i nghouse H~~./:9.rd/ ~~m~~~!~t~j;i• .. ..-:,{//?t~1-: : 1 
for approval, the use -of -:fixed-pr~ce and_-,, Cfiff packages. ..,. . 0 ·f~ Y.'': ,~~~0 . :t~; 

Fixed-price contractors will ·be obta{n~:d·~:through a competi~ive bid,9ig9•'. \.-.•.:;~{.,) 
process whereby contract award is made to --,th~ ':,lowest responsive bidder .• (Y~r 'i~ .,.,. ·.-r;;~r~W 
This method of construction 1s viable due tof'.the configuration of the· si.te •:and . '-1~t!-~\JM 
the ability to separate ·· construction activ.1/ fes ··1n ·a logical, cost-effect)~x~\ ·,~tJ'i:'·- +7i 
manner. _This method results in minimizi~g•"interfaces~:between contracto.1;11,,~.f - :1 
thus avo1ding costly delc1ys arising from.:f~cy;d_inatio~ rprobl~~- .... ;Jr~ii} 

The GCC has the capability to perform"o.nsite construction with its •::,own··;r ., . 
forces, thus providing a ,·great deal of :flexibility in protecting the·' scttedule · --~· 
and budget. Th is method ·of performing construction affords ;; the vabil i ty~t·o·•r:.:-,~< .. : 
effectively manage and coordinate{the work'.,by\ exer.cising .direct ·contr~l~ov~,r:f·/· 
the work force. This arrangement will enabl_.e~~ithe}• GCC to complete . the'(wq.r.~~(.:\·; 
in a safe, cost-effect1ve\manner wi~h m1ni.,!;l~1~~ ~t :on oth~rs. · ,_.:.\iJf8i\} 

Twenty-five cons~ruc~ion packages have~been '.'i dentified as being ~r:e,qu~t~ef / 
for the Project. The ·A/E ·has scheduled itscdesign activities for the ·": :ri i-:t.,'.f ·· 
sequent i a 1 . rel ease . of: these design 1package~~to :,.support .:the J!roject s~h~dul_~ •:.;:. ~ 

# r ~ . / .• . _. -- . , ~'. -: :~t~~: . ;; 
Major procurement ac.tions have been ·i~_entified .for. 36 ,, packages ·that, ~-''i'~\! 

represent all equipment and material to be···procured ,bys., the-1 GCC • .. , TheJ:GC~ - '.-::•:-,;rt -
will provide this : GfE}'. t~;~various . subcon.tract·o~s:.~, :- · -- .· ·, · · ·-:i'{~~l?:· ,_i r 

' . ; ; ",'t:t: p-;, :,,, ·, '.;J ·"'iti 
.( I • I :~_· •• =-._,., .. ~.·-~·:.•:·~.· .. ,·.· .. ·'.. . "' 1 f . 

< ~-,~ ~t~\-::-, ._ ·. --J : .~ 
~. .... 4: ... •1;\.:~d;1:• ·· . 

. t '\•,\ .. ;·t · /::r1.;· rntff> 
• 1 ••(:t ,i.7. ~Ji! .,"h .- ·1r .-- · ···~ ~~-i,'t\' ... · · ·_-~i ,.:-.. t-r~ t'

4~~{-~):~{~1 . ' . ·i.~-~~\t · .. ',, -~'-t'; , .• . 

~ :'jf t J , ;~;{~J{t':\'.:li l 
.; '}. '. ~ ;\;,?.,:t:~1>Jfll:itlt}~l}J 

' A-10 , ~ ! ·: . {~;;' i~:.:. 1)tf 
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A. 6 ACRONYMS -1 

.-;•-
u architect engineer 

business and occupation 
cost-plus-award fee 
Construction Standards Institute 
U.S. Department of Energy . "¥..:-fl •• •. 

Defense Waste Processing Fac!J.i_ty 
f i seal year · ···::: ~-"" 
general and administration :r-,{ ·· · 
general construction ;contractor _ 
government-'furni shed:·_equi pmenf ' 
heating, ventilation, and ·a1r~.condit·ioni~g 
Hanford Waste Vitrification ''Pl1nt-~·, - ···· · 
Integrated '"Estimating .Syste~$~fit~.-- .. . . 
material take-off =-~~;.--
Piping and ;. 1 nst rument diagrams-~ _ 
Preliminary Safety Analysis ~-:R~Port .·<_. 
qua 1 i ty assurance · ;.~-~-· 
Systems Evaluation and Test :e,sU 1.tl::• 
work breakdown structure · ---1" · :. ·•:-,.:-. 
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