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MATERIALS SCREENING PROGRAM FOR THE LLL GEOTHERMAL PROJECT 

Lyman E. Lorensen Universi ty  of Cal i forn ia  
Lawrence Livermore Laboratory 

I n  order  t o  assist i n  t he  development of t he  Lawrence Livermore 
Laboratory's  IITotal Flow Concept" f o r  t he  u t i l i z a t i o n  of hot 
geothermal br ine ,  a ma te r i a l s  s e l e c t i o n  and screening program 
has been s tar ted.  Polymers and composites r e s i s t a n t  t o  the high 
temperatures,  hot brine, .and eros ive  condi t ions present  i n  a 
flowing w e l l  are being sought. Ultimately f a b r i c a t i o n  i n t o  p ipes ,  
t u rb ine  nozzles ,  and tu rb ine  blades w i l l  be required.  Test  specl-  
mens and t e s t  equipment are being obtained. The program o u t l i n e  
is presented and a few l imi ted  test r e s u l t s  reported.  

* 

INTRODUCTION what d i f f e r e n t  condi t ions depending upon 
loca t ion  i n  t h e  system, as ind ica ted  i n  

The Lawrence Livermore Laboratory. Table 1. (Table 1 on following page). 
has proposed a new method f o r  using hot The var ious adverse condi t ions inherent  i n  
geothermal b r ine  t o  produce e l e c t r i c a l  such a flowing system were considered along 
energy.* Geothermal steam has been used f o r  w i t h  ways of handling t h e  r e s u l t i n g  problems. 
many years  i n  a modest way f o r  energy pro- A program designed t o  allow se l ec t ion  of 
duct ion s ince  i t  is r e l a t i v e l y  easy t o  s u i t a b l e  materials was then out l ined .  
harness .  Only r ecen t ly  has geothermal br ine  These s teps  a r e  presented below: 
been u t i l i z e d ,  and then  i n  an  i n e f f i c i e n t  
manner, e.g. by passing i t  through heat ex- A.  Conditions t o  be encountered by mate- 
changers, o r  by us ing  only t h e  steam which r ia ls  i n  w e l l  and p lan t .  
w i l l  f lash from the  hot  br ine .  The l a rge  
geothermal b r ine  depos i t s  ava i l ab le ,  f o r  1. Three temperature zones, 300, 225, 
example i n  t h e  Sa l ton  Sea area, o f f e r  and 60OC. 
considerable  incent ive  t o  develop highly 
e f f i c i e n t ,  economically favorable  schemes t o  The f a c t  t h a t  t he  d i f f e r e n t  temper- 
recover  t h i s  energy. a t u r e s  are assoc ia ted  with d i f f e r e n t  

kinds of hardware (piping,  nozzles ,  
The LLL proposal is inovat ive  (and tu rb ine  blades, and condenser) means 

inhe ren t ly  more d i f f i c u l t  than cur ren t  tech- that  d i f f e r e n t  materials may be used 
nology) i n  at  least two ways. F i r s t ,  it is and that  f a b r i c a t i o n  methods must be 
proposed that  hot  b r ine  with high (25%) Salt considered. 
content  be used s ince  it is f a r  more ava i l -  
ab le  than  the very low sal t  content b r ine  2. The presence 'of  chemicals. 
now being used. Secondly, it is proposed 

' t h a t  t h i s  b r i n e  be passed through the t u r -  Downhole pH values  of 2 t o  3 have 
bine system d i r e c t l y  as a two phasestream been reported f o r  some wells. Car- 
in s t ead  of  employing only the  f lashed  steam bon dioxide i s  known t o  be present  
o r  a heat exchange f l u i d  as is now done. It i n  some cases .  Oxygen i s  bel ieved 
i s  estimated t h a t  t h i s  w i l l  al low 60% more t o  be absent .  As many as 20 ele- 
power t o  be produced by the  new method than  ments have been i d e n t i f i e d  i n  some 
by e i t h e r  of  the cu r ren t  methods. b r ines ;  whether these a r e  Catalyt-  

i c a l l y  important f o r  organic 

t h e  hot,  high sal t  content  b r ine  w i t h  a are f o r  metal corrosion,  e t c . )  is 
d i r e c t  o r  t o t a l  flow tu rb ine  arrangement is unknown. 
not without d i f f i c u l t i e s .  Beyond those  
assoc ia ted  w i t h  engineer ing design are those  3. Erosion from high flow rates. 
of  ma te r i a l  choices ,  which are the  subjec t  of 
t h i s  r epor t .  

The dec is ion  t o  attempt t o  harness composite decomposition (as some 

The presence of l i q u i d  as well  as 
gas i n t e n s i f i e s  t h e  problem. 

be present .  A low f r i c t i o n  f a c t o r  
DISCUSSION AND RESULTS Sol ids  are not normally expected t o  

Proaram DeveloDment is desirable t o  improve flow rates; 
I 

The ma te r i a l s  requi red  t o  implement 
the t o t a l  f low concept must withstand some- 

it would probably be a f f ec t ed  by 
excessive erosion.  

Work p e r f o m  under the auspices of 
the U.S. Atomic Fnergy Ccarmission. *UCRL-51366, "The Tota l  Flow Concept f o r  

Recovery of  Energy from Geothermal Hot Brine 
Deposites" by A. L. Austin,  G.  H. Higgins, 
J. H. Howard, Apr i l  3, 1973. 
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4. Scale  deposi t ion.  LJ 1 
I n  some flow tes ts ,  massive sca l e  
depos i t ion  i n s i d e  metal pipes  has 
been observed. This is regarded as 
a p o t e n t i a l  de te ren t  t o  long term, 
economic system lifetime. The 
scale is complex, but  oxides of  Fe, 
Mn and S i  are repor ted  t o  be present .  
The mechanism of formation, adhesion, 
and the  inf luence  of sur face  charac- 
t e r i s t i c s  and composition are not 

1 

, c l e a r .  t '  
' 5. Physical  stresses. 

Downhole pressure  a t  5100 f e e t  is  
about 2200 ps i a .  Whether the pipe 
must withstand such pressures  o r  
not depends upon the  i n s t a l l a t i o n  
method used. Moderate t e n s i l e  
s t r eng ths ,  perhaps seve ra l  thousand 
p s i ,  must be present  ifo allow rela- 
t i v e l y  long s t r i n g s  of pipe t o  be 
emplaced. Moderate compression and 
f l e x u r a l  s t r eng ths  would seem i m -  
po r t an t .  Erosion r e s i s t ance ,  
p a r t i c u l a r l y  i n  t h e  nozzle,  is very 
important ,  a l though r ep laceab l i ty  of 
nozzles and tu rb ine  blades could be 
envisioned i n  con t r a s t  t o  t he  
r e l a t i v e  permanance of t he  downhole 
p ipe .  

B. Plan f o r  ma te r i a l s  eva lua t ion .  
Since the downhole pipe,  nozzles ,  and 
tu rb ine  blades i n  add i t ion  t o  being 
d i s t i n c t l y  d i f f e r e n t  phys ica l ly  w i l l  
func t ion  a t  d i f f e r e n t  temperatures (300, 
250 and 6OoC), it seemed reasonable t o  
have a separa te  development program f o r  
each. Three subprograms were out l ined ,  i 

. 
5 

each w i t h  t he  assumption t h a t  labora tory  
and f i e l d  t e s t i n g  would proceed i n  
p a r a l l e l  (Figure 1, 2 and 3 ) .  The l a t t e r  
was deemed necessary because l i t t l e  i s  
known about composite performance i n  hot  
b r ine  wells,  Laboratory tes t s  o f f e r  
advantages of  speed, accura te  con t ro l  of 
condi t ions,  and easier assessment 'of re- 
s u l t s .  Corre la t ion ,of  r e s u l t s  between 
t h e  two t y p e s  of t e s t i n g  would be a goal .  

C.  Hardware manufacturing processes.  
It was f u r t h e r  recognized t h a t  eventual  
hardware manufacturing processes f o r  
p ipe ,  nozzles and tu rb ine  blades would 
need some laboratory development work, 
f o r  example should fi lament winding of 
pipe w i t h  high temperature r e s i n  and 
f i b e r  be requi red .  

No s p e c i f i c  provis ions were made f o r  
providing hardware f o r  t he  condenser pa r t  of 
t he  system because of t he  low temperature,  
pressure and flow rates involved. 
f e l t  t h a t  bet ter  present  day glass/epoxy o r  
furane composites could be used here, o r  
tha t  s e l ec t ions  could be made among candi- 
da t e s  tes ted as out l ined  above. 

The objec t ive ,  then,  i n  car ry ing  
out the above program would be t o  determine 
t o  what ex ten t  high temperature polymeric 
materials o r  composites can so lve  the  
ma te r i a l s  problems assoc ia ted  w i t h  the  t o t a l  
flow concept wi th in  t h e  framework of  compet- 
i t i v e  economics. 

It was 

WORK ACCOMPLISHED TO DATE 

Although t h e  program i s  s t a r t i n g  a t  
a low l e v e l  of e f f o r t ,  some of t h e  i n i t i a l  
phases have already been completed, and it 

Condenser 

T, O C  300 225 225/60 50 
P r . ,  p s i a  2213 36 0 1.7 ambient 

.Flow, lbs . / sec / f t2  500 500 500 
Veloci ty ,  f p s  100-200 130 2205/965 

**well depth,  5100 f t .  

Table 1. Operating condi t ions vs.  l oca t ion  i n  system. 
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FIGURE 1. 300°C DOWN-HOLE TUBING 
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w was f e l t  u s e f u l  t o  make a r e p o r t  t o  st imu- 
la te  d i scuss ion  and sugges t ions  f o r  more 
candidate  ma te r i a l s .  Figure 1, 2 and 3 
w i l l  be used as a framework f o r  d i scuss ion ,  
a l though changes i n  t h e s e  flow c h a r t s  are 
i n e v i t a b l e .  

A. Se l ec t ion  of  candidate  materials. 

The i n i t i a l  t a s k ,  t h a t  of l i s t i n g  r e s i n  
candida tes  is reasonably complete. A 
formal l i t e r a t u r e  search  has not been 
done; t h i s  would genera te  a nea r  un- 
manageable number of re ferences .  

\ 

ZARBORANES 
Ol in  500 F 100-600 50-300 Dexsi l  

DEN 438/Thornel F >10K 

Teflon-PFA DuPont 260 E LOW 4.6K 300 

Tef lon-WE 

EPOXY 

FLUOROCARBONS 
l O O K  

6 DuPont 288 E LOW 2-4K 300 0 . 6 ~ 1 0  1.7K 
l o 6  H-RESIN Hercules 215 E G 

Glass/phenol ic  P e r m  300 G 
PHENOLIC 

PHOS- Various 260 G 
PHONITRILICS 7K 4 4 K  

POLY- 
BENZIMIDAZOLES 

Imid i t e  Narmco 316 
I 

POLYBUTADIENES Firestone>250 ’ G 7.5K 
POLYESTERS . .  
Hetron Dure z 177 F G (50K) 
Hetron FA Dure z 302 
Ekonol Carbo- 300 
Ekkcel rundum 300 

G G (10-17K) (2)  (10-15K) ( 7 ~ 1 0 ~ )  

G G Low 10K 7 -9 20K 450K 

6 6 (3x10 (56K) (1.8) (3x10 
6 

450K 

( 3 . 6 ~ 1 0  

POLY IMIDES 
Amide-imide Amoco 260 
Skygard 700 Monsanto 370 
Vespel DuPont 250 

P13N TRW 
Kinel  5502 Rhodia 250 
Kerlmid Rhodia 250 
Meldin Dixon ‘ 

(57K) (1.9) (3x10 
G(H+) 13.5K 6-8 450K 24.4K 

6 
NR-150B DuPopt 350 13K 2 

2 % 6 ~  9.65K 610K 

, 

6 
PHEN. POLY- NOL 300+ G 50 -100~  

G (5x10 6 ’  1 12K (.7x10 ) 
QUINOXALINE 
PYRRONES NASA 400 
SILICONES now, OE 300 

k./ Table 2. Candidate materials f o r  geothermal program. 
(Entries i n  parentheses  are approximate, o r  f o r  r e in fo rced  samples) 

1 
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Instead,  a search has been made f o r  high 
temperature or corrosion r e s i s t a n t  res-  
i n s  which a r e ,  or could become 
commercially ava i l ab le  a t  reasonable 
cos t  i n  a reasonable time. Very exo t i c  
o r  d i f f i c u l t  t o  work w i t h  ma te r i a l s  have 
been excluded. Sources have been 
personal f i l es ,  "space age" materials 
research r e p o r t s ,  and personal con tac t s  
w i t h  people associated w i t h  government 
research cen te r s ,  airframe manufacturers 
and commercial polymer manufacturers. 
Two t h ings  have become c l e a r  as a r e s u l t  
of t h i s  survey. F i r s t ,  of t h e  many 
dozens, or perhaps hundreds of high 
temperature r e s i n s  described i n  the  
l i t e r a t u r e ,  r e l a t i v e l y  few have become 
ava i l ab le .  Second, desp i t e  t h i s ,  re- 
search e f f o r t  continues and resul ts  i n  
r e a l  advances p e r i o d i c a l l y ,  for example 
i n  a new generat ion of polyimides, and 
aromatic po lyes t e r s .  New f i b e r s  made of 
carbon, g raph i t e  and aromatic polyamides 
a r e  being success fu l ly  used for r e in -  
forcement. The l i s t  of reasonable 
candidate materials appears as Table 2 .  
Many of t h e  des i r ed  p rope r t i e s  a r e  not 
ava i l ab le ,  e i t h e r  i n  t h e  assembled 
desc r ip t ive  brochures or research r e p o r t s  
p a r t l y  because some of' our requirements '  
a r e  of l i t t l e  i n t e r e s t  i n  most appli-  
ca t ions .  This table w i l l  be expanded 
as we become aware of o the r  poss ib i l -  
i t i es .  

B. Acquiring tes t  specimens. 

Another t a s k  is! that  of acquir ing t e s t  
specimens. Some have been provided by 

manufacturers, o the r s  have been made i n  
house using purchased mater ia ls .  That 
seve ra l  types of sample shapes a r e  required 
can be seen by examining Table 3 which was 
condensed from t h e  flow cha r t s .  

I n i t i a l l y ,  we have concentrated on providing 
1-1/4"D x 1/11" d i s c s  for use i n  t h e  s t a t i c  
t e s t s ,  3" x 4" x 1/8" plates for erosion 
t e s t s ,  and nozzles f o r  forthcoming flow 
t e s t s .  The nozzles a re  c y l i n d r i c a l ,  approxi- 
mately 1''D x 1-3/16", w i t h  a t y p i c a l  
r e s t r i c t e d  t h r o a t  design. 

C. Equipment needs. 
The equipment required t o  make t e s t  
specimens from t h e  high temperature 
polymers, and t o  carry out t h e  necessary 
t e s t i n g  i s  described below: 

1. Discs and cyl inders  have been made 
usirlg t h e  p i s ton  mold from a Buehler 
Specimen Press.  The extra  hea t ing  
capab i l i t y  required was obtained by 
surrounding t h e  mold wi th  clamshell  
hea t e r s ,  i n su la t ed  w i t h  sheet  
asbestos  and Trans i t e  board. This  
u n i t  was placed i n  a 40,000 lb. 
pre,ss t o  allow app l i ca t ion  of 
pressure t o  t h e  pis ton.  

2 .  For making f l a t  p l a t e s  for erosion 
t e s t s ,  a t y p i c a l  4 x 4"  p i c t u r e  
frame mold has been acquired. 
w i l l  be heated i n  the  40,000 l b .  
p re s s  using p l a t ens  modified t o  
give the  high cure temperatures r e -  
quired.  

It 

I n  t h e  laboratory 

S t a t i c :  1) Thermal s t a b i l i t y  i n  N2 and a i r  (TQA, oven). 
2) Chemical .reSlStBnCe, i n  b r ine  a t  temp. and 

pressure i n  closed bombs (check t e n s i l e ,  compressive, 
f l e x u r a l ,  w t .  l o s s  and dimensional changes for s o l i d  
samples, bu r s t  pressure for t ubes ) .  
Use s p e c i a l  test  u n i t  t o  simulate f i e l d  by c i r c u l a t i n g  
hot b r i n e  under pressure.  

Dynamic : 

1 )  Check e f f e c t  on tubes (burst  pressure,  e t c . ) .  
2 )  Check e f f e c t  on nozzles (dimensional, w t .  changes). 
3) Check e f f e c t  on erosion p l a t e s  ( w t .  loss). 

I n  the f i e l d  

S t a t i c :  Downhole i n  non-flowing wel l .  ' 

Dynamic : Nozzles, erosion p l a t e s  and pipes  i n  stream at wel l  head. 

Table 3. Spec i f i c  materials tests.  
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3. Fiber reinforced plates have been 
made by filament winding using a 
flat mandrel 4"x 3.75" x 3/4". 

4. Test pieces have been cured in a 
heavy duty furnace (0-2000°F) or  an 
oven (0-1000OF). 

carried out in stainless, high 
pressure bombs. A rather close 
f1);ting quartz vessel (1-3/ 
10 , 200.ml vol.) is used a 
to minimize contact between hot 
brine and metal. The samples are 
spaced in the brine present within 
the quartz vessel by means of a 
stand. The Btand was made by fus- 
ing five 1" quartz discs inside 
three vertically held 9" quartz 
rods at approximately 2" Intervals; 
samples rest on each disc. 

6. Filament wound nozzles have been 
made on the NOL machine by winding 
on a split spool, the external con- 
tour of which duplicates the 
internal dimensions of the test 
nozzle. 

5. Static test in hot brine are 

For the preparation of solid discs, the 
N-methylpyrrolidone solvent was removed 
in a vacuum oven at 6OoC and the resi- 
due densified in the cylindrical piston 
mold. Several experiments led to 
adoption of the following cure cycle as 
being satisfactory f o r  NR 150A: Heat 
mold and contents to 175OC for l.hour, 
raise to 200' for 1 hour, 250° for 1 
hour, at 300°, 200 psi was applied, 
after 1 hour raise to 316O for another 
hour. Allow to cool under pressure. 
Densities of 1 . 4 1  and 1.36 f o r  150A and' 
150 B were obtained, compared to pub- 
lished values of 1.42 and 1.40. 

Flate plates of NR 150 A and NR 150 B 
reinforced unidirectlonally with 
Thornel 400 graphite yarn were made 
using the filament winder. Seven to 10 
layers of fiber were laid down on the 
flat molds, which were then cured in a 
press with the following schedule: 
f o r  NR 150A: Heat to 175OC f o r  40 min., 
apply platen weight to the part. Heat 
at 200° for 40 min., 250' f o r  40 min., 
apply 2500 psi and heat at 300' f o r  
1.5 hr., then at 316' for 3 hrs. Allow 
to cool under pressure. 

7. A preliminary design for a hot brine Microscopic examination of a cross 
flow test apparatus has been com- section cut through a cured sample 
pleted (Appendix). High showed a very low void content. A 
temperature pumps could not be number of flat laminates were prepared 
located, so a pressure driven Stream in this manner for stacking and curing 
must be used. This results in a under pressure to form an erosion test 
cyclic flow, but this is deemed plate. 
acceptable. In principle with such 
a test usit we can test pipe, nozzles, Several other laminates were cut Into 
and turbine blade materials by plac- 1-1/4" discs; machining was necessary. 
ing our flat erosion plates in the The surfaces of the discs were coated 
path of the sbream coming from the with fresh binder solution which was 
nozzle. allowed to air dry. They were then 

stacked in the piston mold with the 
Other equipment which will be reinforcement alternating at goo, and 
needed includes a high temperature cured under pressure to form a cylinder. 
vacuum oven, and filament winding The cylinder was machined and ground 
apparatus for making pipe. The into a test nozzle. 
remaining apparatus or capability 
required for the program as out- 
lined is available at the, 
laboratory. 

Other test nozzles were made by winding 
Thornel 400 on the split nozzle mandrel, 
followed by the usual cure and finish 
machining. Nozzle erosion tests using 

indication of the importance of fiber 
D. Fabrication of test specimens at LLL. these two types of nozzles will give an 

The fabrication of test specimens has orientation. 
proceeded using some of the materials 
listed in Table 2 and the equipment Ekonol 900 aromatic polyester 
described above: (Carborundum) 
Polyimide, NR 150 A and B (DuPont) 
This is a new type of polyimide system Several 
in which chain extension takes place trial runs led to the following as a 
with no crosslinking. Products are suitable cure schedule in the piston 
essentially thermoplastic which allows mold: Preheat mold and resin to 316Oc, 
production of parts with very low void apply 200 psi, increase pressure in 
content. Very high glass transition increments of 200 psi every 30 sec. to 
temperatures and good thermal stability 2000 psi, hold f o r  5 mln., heat turned 
permit use at high temperatures. of f ,  and allow mold to cool before 

Ekonol is a new high temperature 
polyester which can be molded. 



removing t h e  p a r t .  Densi t ies  of 1 . 4 1  
were r e a d i l y  achieved, compared t o  the  
published value of 1.43. Test 
cyl inders  were made as w e l l  as d i s c s .  
Use of the p e l l e t s  as received gave as 
good r e s u l t s  as more f i n e l y  ground 
product. 

The cylfnders  could be machined i n t o  
t e s t  nodzles w i t h  no d i f f i c u l t y ;  
dimensidns and f i n i s h  were q u i t e  good. 

?r 

from t h e  pipe sec t ion .  

E. Test r e s u l t s .  

e s t  r e s u l t s  have been obtained w i t h  a 
few samples. An opportunity t o  place 
samples i n  a deep b r i n e  we l l  i n  t he  
Sal ton Sea area became ava i l ab le .  A 
sample of PPQ r e s i n ,  PPQ r e s i n  r e in -  
forced w i t h  carbon f i b e r s ,  and polyimide 
(Meldin) were mounted on a holder within 
a perforated pipe. A number of o the r  
ma te r i a l s  were present  a l so .  The pipe 
was lowered t o  approximately 5000 f t .  i n  
a well ,  and allowed t o  remain f o r  t h r e e  
months. No flow was allowed. Upon 
removal i t  was found tha t  the  PPQ, while 
abraded i n  appearance, was i n t a c t .  The 
f i b e r  r e in fo rced  PPQ had delaminated, 
and the  polyimide had become granulated.  
Test temperature was unknown, as'was the  
poss ib l e  e f f e c t  of breakdown products 
from o the r  samples within t h e  test  pipe. 

* ,  

FUTURE WORK 

Additional candidate materials a r e  
being sought, and f a b r i c a t i o n  i n t o  t e s t  p a r t s  
with these  as w e l l  as w i t h  r e s i n s  on hand 
w i l l  be continued as ind ica t ed  i n  t h e  flow 
diagrams. Tes t ing  w i l l  be continued as 
out l ined i n  Table 3. 

Candidates a r e  now being screened 
i n  bombs f i l l e d  with hot br ine;  t h i s  w i l l  
continue. The inc lus ion  of dynamic t e s t i n g  
r e l a t i v e l y  soon is important,  The matter 
of s c a l e  deposi t ion and i t s  prevention must . receive some a t t e n t i o n  a l s o .  

ACKNOWLEDGEMENTS 

:: The advice and a s s i s t a n c e  of T. T. 
Chiao and J. K. Lepper i n  g e t t i n g  t h i s  
program underway i s  g r a t e f u l l y  acknowledged, 
as i s  t h e  e f fpr t  of E. T. Mones i n  preparing 
and t e s t i n g  samples and J. Mahler i n  de- 

a flow test  apparatus.  

Reference t o  a cornDan 
name does not imply approval o r  recommenda- 
t i o n  of t h e  product by t h e  Universi ty  Of 
Ca l i fo rn ia  o r  t h e  U.S. Atomic Energy 
Commission t o  the  exclusion of o the r s  t h a t  
may be s u i t a b l e .  

8 



3 

c, 

GEO7d€RMAL M A T E R I A L  Z S T E R  

9 



-10- h; 
D i s t r i b u t i o n  : 

A. L. Aust in  L-43 
4 E. R.  B isse l l  L-401 

T. T. Chiao L-421 
9 G. D. Dorough L-401 

J: L. Feeney L-401 
J. W. Fraze r  L-404 
F. J. Ful ton  L-426 
G. H. Higgins L-4 3 
J. S. Kane L-401 
J. K. Lepper L-421 

‘R. Llm L-404 


	DISCLAIMERS.pdf
	SUMMARY
	LISTOFTABLES
	LISTOFFIGURES
	GLOSSARY
	FACILITY DESCRIPTION
	VITRIFICATION CELL
	EQUIPMENT
	UTILITIES MATERIALS AND WASTES

	SITING
	OP ERAT IONS
	MA I N TEN AN C E
	REFERENCES
	High-Level Liquid Waste Vitrification Flowsheet
	Canister Operating Time Cycle

	Zone Classifications
	Liquid Waste
	Personnel Exposure Categories
	NWVF Areas and Associated Functions
	Process Equipment
	Legend for Figures 5 Through
	Essential Material Requirements
	Nuclear Waste Vitrification Faciltiy Waste Generation
	Allocated Facility Staffing Requirements
	Source of High-Level Waste in the Fuel Cycle
	High-Level Liquid Waste Vitrification Flow Diagram
	High-Level ‚daste Vitrification Cell Plan View
	High-Level Waste Vitrification Cell Elevation View
	Calciner Feed Tank
	Calciner
	Melter
	Frit Feeder
	Calciner Condensate Tank
	Decontamination Solution Tank
	Canister Storage Rack
	Cell AirFilters

	Welding and Inspection Stations
	Calciner Condenser


	Calciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
	Calciner Feed Tank
	Cal ci ner
	Me1 ter
	Frit Feeder
	Calciner Condensate Tank
	Decontamination Solution Tank
	Canister Storage Rack
	Cell Air Filters
	lrlelding and Inspection Stations
	Calciner Condenser
	Cal ciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
	Ruthenium Sorber
	Pre- and HEPA Off-Gas Filters
	Iodine Sorber
	NOx Destructor
	Off -Gas Cool er
	Process Operators
	Radiation Monitors
	Supervisors
	Others
	(P1 ant Forces
	Craft Workers
	P1 anners and Supervisors
	Others
	Process Engineers
	Faci 1 i ty Engineers
	Safety
	Technicians
	Others (Including Analytical )
	Others
	Totals: Nonexempt
	Exempt
	Supervisors









