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HEATING FACILITIES FOR THE CITY SCHOOLS

Ephrata, Washington

The following study is the result of a request to the Geo-Heat
- Utilization Canter for Technical Assistance.

Introduction

s The C1t/ of E)hrata, Wash1ngton has an existing well that has the
capability of pumpiag 2200 gallons per minute of 860F water into the
City drinking water syster. Other wells exist, however this well by itself
can meet the City's water demand., City officials have asked if this water
- can be utilizad to 1eat the City schools, which are now heated with oil
fired steam a1d watar boilers. The schools consist of two elementary
schools, a miidle s:chool, and a high school with a separate boiler for
the wood/agri:ulturil shop. Except for the shop, each school has a pair
of* boilers. Total irea for the school buildings is 216,635 square feet,
and the averaje annial fuel oil consumption over the past five years is
148,368 gallots. A1 additional consideration is the desirability of
u1111z1ng the water as drlnk1ng water, after the heat has been extracted.
To determine the economic practicality of using the City water to heat the
schools, one school (Middle School) was selected for evaluation. Two cases
“were consider2d. - Case 1 uses a two stage water-to-water heat pump to pro-
duce a 1900F :irculating hot water stream. This would be compatible with
the existing system and essentially no retrofit costs for the room con-
vective heatiig system would be incurred. Case 2 uses a single stage
water-to-water heat pump to produce a 1400F circulating hot water stream.
Retrofit costs would incur for additional room convection equipment. In
both cases th: heat pump is sized to furnish the total heating and hot
water requ1renents of the school. However, one of the existing boilers
i« left in plice to serve as standby.

Summary of Co1c]usions

It is economically practical to heat the schools using water-to-water
heat pumps. The Middle School evaluation shows the single stage heat
pump to be most cost effective, having a return on invested capital of about
19%. Projecting the single stage evaluation to include all the schools,.
the total conversion cost would be about $800,000. This includes a retrofit
ailowance of $100,000. The return on investment would be about 19%. Total
annual savings in fuel oil consumption would be nearly 150,000 galions,
anounting to a first year sav1ngs of about $134,000. Peak water usage
would be 1,00 gallons per minute, about 45% of that available. Annual
, water,usage would be about 90 miilion gallons, about 14% of the water used
during 1978. This water wou]d be returned to the drinking water system
-.after extraction of heat




Heat Requireﬁ=ntévfor Schoo]s
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: Peak and annual heat1nq requirements were estimated using methods

bised on the size of the schools (square footage) and the climatical con-
d-tions. Cal:ulated annual requirements were compared to the average
annual fuel oil usaje taken over a five year period. Results are tabu-
lated in Tabl2 1. Important numbers are:

1. Total peak energy requirement for all schools,
10.674 x 100 BTU/HR

2. Total ahnual engrgy requirement for all schools,
{5.618 x 10 BTU/YEAR

.3. Total -annual fuel oil consumption,
148,363 galions.

Description o7 the Water-to-Water Heat Pump System

The schools are heated with low pressure steam, or circulating hot
weter, The heat source is fuel oil fired boilers. Water-to-water heat
ptmps were selected for evaluation since they have the capability of pro-
~dicing a hot water circulating stream at an elevated temperature.

Case 1 u:ilizes a two stage heat pump to elevate the temperature.
See Figure #1  Citv water at 800F is pumped through a heat exchanger, then
returned to the water system at 609F, On the other side of the exchanger
weter is heated from 500F to 759F. The first stage boosts the water tem-
perature to 1300F and the second stage boosts the temperature to 1900F.
Tris corresponds to the temperature produced by the water boilers. No
retrofit work related to the room convective heaters occurs when this heat
pump. replaces a water boiler. When substituted for a steam boiler, the
ccndensate re:urn piping needs to be larger, and additional room convective
heating surface is required. At peak operating conditions Case 1 requires
145 gallons per minute of City water and requires 273 KW of electric power
fer operat1on of the centrifugal compressors. When the added pumping power
(18 KW) is taken into consideration the overall coefficient of performance
is 2.4. This means that the system puts out 2.4 times more heat1ng energy
than available from the electricity consumed

Case 2 uses a s1ng]e stage heat pump to e1evate the 80°F City water

tc 1400F. Sec Figure 2. In this case water is returned to the City system

at 650F. Since the circulating water is cooler than that produced by the
‘bciler, retro®it work will be necessary. Where the heat pump is substi-

tuted for a water boiler the circulating piping will be large enough, but -
acded room convective heating surface is required.  When substituted for a
steam boiler he condensate return line must be enlarged, and an even
~ lerger amount of convective heating surface will be required. Case 2 requires

225 gallons per minute of City water and 217 KW of electricity for pumps
(14 KW) and the compressor. The overall coefficient of performance is 3.2.
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Compar1n< the two cases, Case 2 has a higher coefficient of per-
formance (3.2 vs. 2.4), therefore, using a larger amount of City water
(225 GPM vs. 145 GPM), but will requ1re a considerable amount of retrofit

" work..

. Method for Utilizing cfty Mater

‘Figure 3 presents a method for extracting heat from the City water,

i'then returnin¢ it to the system. The water is isolated from the heat
' pump refrigerent fluid, and piping must be in accordance with applicable
+ code requirements for potable water. As noted in Figure 3, check valve #1

prevents recy<11ng'of the d1scharge from the circulating pump back to the
suction. This is necessary to insure that the heat exchanger sees only
800F water. (heck valve #2 minimizes the poss1b111ty of the cooled dis-

~charge water <11ut1rg the major flow stream, since other heat pump systems
‘downstream recuire the 80°F water. This system maintains many of the

advantages of the existing loop system. If all the schools, using single

-stage heat punps, are connected in this manner the peak requirement for

City water would be 1000 gallons per minute, This is less than 50% of the
existing pumping capacity of City well #10. - For the three coldest winter
months, the mcnthly water used would be 12%, or less, of the amount used
by the City during those months in 1978. The annual water passing through
the single stege heat pump system is estimated to be 90 million gallons.
This is about 14% of the water use tabulated for 1978. For the single
stage water-to-water heat pump system about 94 gallons of 80°F water are
needed for each million BTU/HR of heat produced.

Capital and Operating Costs

‘Table 2 summarizes the capital and operating costs for Middle School,
as well as the costs for all the public schools projected from Case 2.
Capital cost tor Case 2 includes an allowance of $20,000 for retrofit

~costs to provide additional room convective heat transfer surface. An
~ allowance of $100,000 for similar work is included in the capital costs
tabulated for all the schools.  This allowance does take into consideration

the increased retrofit costs incurred when a steam boiler system is
rep]aced ,

Compar1ng Case 1 (two stage) to Case 2 (s1ng]e stage), Case 1 has
the highest casital cost ($220,000 vs $180,000) and the h1ghest operating
cost (%17 696 per year vs $12,751 per year)

- Projectiag costs using Case 2 to include all the schools, the esti-

‘mated capital cost is $800,000 and the f1rst year operating cost is

$56 697 per year.
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Economic_Compirison

" With Middle School as the basis for evaluation, two heat pump systems
were compared against an annhual savings of 36,191 gallons of fuel oil. At
a value of $.90 per gallon the first year savings amounts to $32,571.90,
fer each of the two cases. For both cases, over the 20 year life used in .
ccmparisons, “uel o0il costs were inflated at 8.5% per year, maintenance
at 7.0% per year, and insurance at 1% per year. The inflation rate on
electricity are those forecasted for Oregon by the State Department of
Energy, and anount to 9.5% through 1986 and 8.58% thereafter. After 20
years this in“lates to a cost of $.0853 per KWH. A price after 20 years
at Ephrata of $.05 per KWH was suggested by Grant County PUD. However,
the higher fiyure was used here, since it produces a more conservative
result in these cases where electricity is an operating cost. ‘

, Referriny to Table 3, (Case 1), which is a two stage heat pump that
produces 190°° circulating water, the rate of return on a 100% equity
irvestment would be about 13%. Referring to Table 4, (Case 2), a
single stage heat pump producing 1400F circulating water, the rate of
return on a 110% equity investment would be about 19%. Thus, Case 2 using
tte less comp ex and less expensive single stage heat pump has a higher
ard very favo-able rate of return. Projecting Case 2 to all the schools,
as previously indicated the capital investment would be $800,000, and the
arnual savings of 148,368 gallons of fuel oil at $.90 per gallon would
anmount to a f rst year savings of $133,531. ' - '




P b i LHERT 2w duleEmgntel STy devionus Lo

s e - R e R T £t SRS U DO S S SO
, T v : ’

AR N R . L LERweHs e b AswiMeTses b
; ‘ _ - o Teeve, W o L P « .
: E ol e . BT L N R Tore
R A ’ T’EM PR It SR f _E~ = ' — v: e . . —— - .; . ' . , ; ‘ -

‘ ' P (S OLy M SN mm,v. 3529 t,g_oﬁi._hf}h‘.‘ i LC AN A b AR T3 L= L L A R 212 1R Nt R

e

AN SRS

‘
R S

| EpclenenTARy ( i Sdvnhet | Bk iemthey | 1 ; ‘wastl & hor.Gnee |

b ‘ _: " ,’ e i ... - .
b ARS PR (T"“"“ ) o (] U B letso. | Jlloa
| EoT. ‘N.P,\‘\ﬁﬁ\k of :»Td‘Z?-}H}: ..... RS DO L. oetl O SO ;
Somec | demTie deee [l N A 5 N S N
i ifﬂib?xmﬁﬂdf§1q/H«7)inf N
ol A (80 BT YERRS | R A
WATER, e Ar‘wc‘a IRu-Y -2 I B R
e L PERRL ..(\ il %‘HZHEL_;W; TN R )
L AN L Q %Tu/v?.-‘at} 'e ; -
TO_.“[&‘_-.,‘: N e (L’Y‘,V - -_r,_.% A_v;, : . - - ’. !r ‘ SR TR ‘
el P Qm"em LIS ol 4Rk | po.e
A UH;_QQ“’_%T__Q /Y ERRD s e | |1S5.6
AR PR S S RUE NEA T | LA S A BN N N
b Bdile o , P -
! : I i ; : i : 1 : : : ; S
< L JL, -L, FeEMcE Y . ?J’:;.___.\_'l._ﬁ.?.\) eﬂ- --L@ cé';u’r\w red g C.D\‘\FQ e e
E&,¢_'; ? 'ﬁﬁgiﬂﬂ;“w .giyygxamm_:ﬁﬁﬂﬁ&uﬁjmde_ﬂ 5#€hv\: _i

e e e o -

402i

.
‘

_LESGE Lh L S
: :

T
!

1
-F
,.
:l
1

i

i

i
-1

'oo“’ﬁyfﬂg)mg:ﬁgi Wil .1'539" \..*t_-v—z. :

t : : 1 . ' H ¥ ‘ e
576/\«- HuEe ol UskhoEh L1 = SO SR
. (:sd\m L«aw /~/ch sz j__i L rtoa . T’Q?}J—Z_-L 149!
o do If’ .,_,.'_.__?___ 76 {n

i I ; : :
- .._.._1___{. R el . .,_-7'
i B K i

v
1
0
]
) e
3
:

f
e maia e - SRR FOURS o )
. i !

I ; H

VRS L IUINDY TP Y

_J i i . b & H
S R S e S o  caon - 44 : S S,

1

i

S U N PSS O

(T T e 'T"“"‘ ". Y
3’
3
33
z
e
T
. RN I '11 N W
; : f o
: -y
"2
Nl
N’
T
i
I

= — ] i e ey - .
R . : i i
N + : . H i i H i H : o
- . - R ) 8 R ST PO S e - O SIS R R I R TR D S R
: TR . i { .
: - - —— S - ad RS P S PR -4 PN PR — f e e e
VY 3 . T : L
' C ; : i Co i
e i + 7 i - i -~ s 4[ L § i - ey T
| : il t : j i ;
- o . ~ ok PN - - SO . R——— - o R G — - — PP, PR P S - -




s

TWOE ST & WATER S wmT2 R  HEMAT Po P <Yy L8

“cecvmpoon, EPRRATA WASWMINGTOW

MO OCE
Fileou®E 2=y
] 15T S5STataC TND  STalLE
PLATE RNEART . . HEAT Pune RE AT Puwme
T EXCH TN GER
A CLOMPRESSER ComeREatar
DUTY L 445Sxi0 BTV N vw 1585 ww

Y ao% ~——th ! ,
T | ] —
CATY WATER | 9 o ' 1.1.9.<=en‘
o . s e R
CARCULATING 20% 15°% 190°F_ < —
pume R 9 [ 5 v ]
: 2 T W ATERQ C.PALE
(*5GP™ APz . N jx T ¢ | S B
il S pei : | \9 E - v 5 o g 5% HEATIN G HEATI\N G
J d...ooC )z‘g Es . 2-’0 o922 r10¢ 2.2%7
» o b S
Z{v l | %; '5‘;‘ 2,‘ % w % BTO/HR xio»b"d/ﬁn,
b z Wi o g <+ 2’ $ g a(: Leemw) (renv)
Lo 7§ J ®? > & o "
BRAwew A TY 1 W - wol oY
WATZR  LiNE 6oc| 450 {
g 20
_‘6°°¢ : v wr . N !
y
= o -
L Rune , Pum e . WATER
145 Gaen 3706PnM ' CARCULNT 1N
O Pz 20ps) AP = 2047 Puw ™
LoD aPH APz 4&0po]
PR 1/ 7/79

~e




STRCGE  WATER / WATER

MEAT PUum?P SYSTE M

v\‘

smc-,.\.e

MIiDOLVE SC.\-\‘OVO\_Y_) SPRHRATA , W ASHINGTON

Filcauvme %2

| SINGLE STMmGE
HEAT TUme

hc

C.D,MPP;E‘esoR
1.0 2w
7 i
CATY WATER . . # Tg«-o"r )
CARECYLMTIN 'F 75 °F .
BUME 225 &Pn AP=Sest . o i , wATeER sPAcE
: ! ) 2 REATINCG
] | i ‘e_ 5i__im P . HEATING
T B HOIE RS I AR
R o 2 o :
® 2 (PERE) z
o £5 & & (Peaw)
BRANCW N\ TY ' LSS o ‘U_N_
W ATER LIME : 65‘%-‘1 “@o‘x—‘- '
N ' : :
e @S°E |
PLATE pent
EXCHMA ™ CER . ‘
A PUTY 1.626 IO BTU/HR SINGLE HEAT NG
‘ ' STACE w NTER
PUtAe . crr ey LamTiNG
1L2S P ™m PurAe
A= 20pst 2 4o e
RDP= 4D ps
Gee ‘\W/7/79




Lo

EETHO\‘J - o DT V"L AN ¢
H\VV\-E- SCHOO - |\ EPRRATA,

Fioors *3
R

VI MW VR G T avd

BRANCH \WATER
SUeCPLY \A\NES

i

wecatily

CRHECK vm.ve =y
-\N'MRNHO\.E

* oanm

CATY WA TESR

e

-y

P4

= To WEAT PumP

FRQM HEI\T VU"‘\?

-

CATY  wWAtER
AR CVILATING
PO P AP 504

PLAtTE nEAT
EYLHRARNGEN

BRANCGCH  WATE ™ /"2..—

‘,«', _,.— SUPELY LAnES

NOTESS . .
l. CHECK VvALVE ¥ pPravenTts
REcvc L€ OF ' PUMY DISCHARGE

2. CHECKR VAWVE FZL Mia\MILES
COQLVI\NG Ov MA\»N LTRE M ™
Y Dty TION Wi Tew :_QA;EO
PlSCRRRGE WATE ™, '

e IAIN W ATER suerLy LINE

v

CHELK VALVE *e

'™ MM A R OLE

o

R ——

WELL ®ip

S o
AV Y

IRECTION OF mMALeR Fuaw
D O

P - s

(%)

&Pz /)19




( F ¢ B e

ey ot= QP‘PW‘ . % OPE‘@.AT\N c..sis‘rd- IS TN R
ATE® /W mTE R weAT . Puﬂ? éysfam ST IR B T
. SR 8 TA%\_S_.L ‘ - . :

: ‘ ’ : MIDOLE DeHodi. | __lleyretean (Fam. -
L ioTem ol caed v ] cesE ey skensols
MTMNW'—“-MTm L lTwp sf e | 2inea € jeraE || SINGLE STHGE
Cﬁ?nﬂe—:f :uo:& B o lecocm | 922000 4150 b_o
PoMesn 4 seARes | Ciaclee | 1 leoles Treol:
pLmre memt, mmemmnesw | 4des | ' sdes .. BN X T- Y-S

Pieines 1 A . issoo | Ll leojes fﬂdpooo o

.........-.......~....?.Ea:n.o.e.x:.§xyzxm3a..§._.ae-.\ | I e A___,““_”;-_;._;‘_._‘___: S SN
: : i \,;ch'rek:'» (Ag.\,-owaii\,c'a)mi,._i_Ai_,._ R e e SHN R 2NN B -1 g (=1 T

-
f 9
fié

g
4

L -4

‘ 2. SRR SR B 2 N | S ':;o
Mxoc.. Hﬁcnhﬂ\ghkﬂ ENSoeTRWNN | LS - ;! L o g_e_c_a_ .. +5a W2

‘ SuB _ToTAN ol Lol %eni0608 | it \59 - e & -~ {1 B DO
{ . coNT\wmGEWeY ..o 4, .o S lsepe 2000 S | B ..k-so_g_g_g_

E*

i

" TermL ceaw Zisfsee | # 18doee |l Peoopoe

rormu cadwav ebar @y | %

c e e e b v v e e e

u I : "
AN - - H

LOOVE. @Afn«c,, d.-o‘s'r (!5,‘!‘ VEA&) i — {

MA\ Nre.sﬁﬂfc..e ok s

K

i
f L wenT Pocl\?s,txcﬁn\caa Pneall
i e AR AL e

i

i
!
i

! : R J ' S e PR
seds. i _desa. ‘L%zhe B
L 9ede . | ée%s R 5Q6 oo

tloe b 1900 W ﬁ:m Y-

Tormu. vipnu-renhﬂ.ci-é. oo
- THbe 2, \u‘sx\f’:&r\<-§..i._:_,..,...._.f.
; ‘ Echra\c. PowE\L @ ;3 .0\55'/!5,,,

i ) ToTew ,cPew.A-nuo aos'r
: (st YE’AR)

s_ . : -t

: : - : ; - i i ; . :
; : : ' i ! N P - e - e e foe
Loh e 1 ST I S B e I T SR - : .
! : ! ' . .
‘ . e ’ : ‘ : . : ; H ; U SOT SRR S

! B 1 (IR SO | NI OISR SSgeesr SESPN STR SRR TR g o - :
. — — L. 1

{
' t : T -

r . - - ;

5 et %95/5&55& ‘5 \?..'ht/yem g *’ Sbbtev/vsm
]
i
|
+
i
!

| C;*-S”'P;o';el-tto
F@ov\ QP\‘SE R

JEUDIRTRSEY | I P SR o

(!)Exc.\_uoes Asw,,enc.tnc.*e&tuc..
5,0& “ONTRMm CToR Fcﬁ‘-s, PERvTS
Lok b CEMSTS, ol CosT. :‘:q.r\\.p\‘ne“.

l, ‘ )

a e A e o e = R+ o o e

e nW/his/9




* .

ECONOMMIC coMPARIDSON

HERT PUMP REPLAGNG EXisTinG FuEL O\ Fi@ED Sowd

-

TWO STAGE WATER/WATER

| ' | CASE ) o |

T o . K : 3
. , .

M\OD\_G SC.HQO\__ ep\-\ga‘rp« wms\-\\Nb
: TAS \_E 3

g0+ N

INCURAMNCE ELECT
FUEL GTHML GTHHML GTHML
cosT cOosT cosT cosT F. i,
32571, 920 9954, 00 1100. 00 6642.00 S/YR 2. %
------- -&Sw4&r5i-w—“'iuuﬁﬂaru"'~~-~"144}a -»~-~»m-&buv~3r~--~m1ﬂxﬁa&f*»»--~n1{153~§6‘ :
- 38344. 45 11396. 32 1122, 11 7963, 92 17862. 09 {EGEE, G T T T
41603. 73 12194.08 1133. 33 87v20. 30 19555, 23 13553. 17
45140, 05 13047. €6 1144, &6 9542, 94 ?laﬂs.ru 13124, 27
48976, 26 139¢1. 00 1156, 11 10456, 09 2403.75 12702. 62
53140, 00 14,-u.27» 1167. 67 11449,42 aqq84.-- 12288, 77
57636, 20 15953, 2 1179. 25 1253?. 12 27256, 48 112832, 20
62557. 73 1;10:.&: 1191, 14 13612. 80 30650. 96 11529, 66
67875, 14 18300. 02 1202. 05 14780, 78 335%1.28 11182, 02
73644, 53 19581, 02 1215. 08 16048, 37 2BTIF 45 10840.69
79904, 31 " 20951, 70 1227. 24 17423, 37 40299, 41 10505, %6
86696, 18 22418, 32 1339,51, 182z21.12 - 44117. 23 10173, 11
94065, 35 239027, 60 1251, 20 ?D=44.dd. 48221, 30 9857, 33
102060, 21 255666, T3 1¢h4.42 2307. 28 52822, 48 95432, 78
110736, 0% 274563, 40 1277. 07 242:1.:4 S7774,. 32 9237. 59
120148, 65 29385, 84 1289. 84 26239, 42 62173, 595 8928. 82
130381, 29 31442, 85 1303_?3 28535, %1 £9052. 79 8647, 52
141442, 00 33643. 85 1315. 76 31006. 01 TS476. 38 8263, 71
152484, 57 25998, 92 {328, 92 32666, 33 22470, 40 8087. 38
166502, 06 38512, 584 1342. 23 36554, 90 90093, 11 7818.49




ECON O™ cowA?AzAsag
P e REVLACINCG EK\S’\'\NC:, FUE . O\W B\E D Bows

STACGE WATER/MIATEL WEMS

.« =

S\ING T’ (
CmeE 2 v - :
MDD LT Savmoow, SPRARATA WASHING Tow )
 TABLE 4 '
: o+ M INSURANCE ELECT .
FLEL GTHML GIHNLﬁﬂfﬁMSWM,JILHﬂL e — .
‘ — o ’ :
C35T ’,\,w"'tn T CDQT cosT ‘ o - F. W, Pl
. .323714.90 - gges, 00 . 900.00 43&6, 00 S/YR 2. X 18,9318
39340, 51 7266, 95 909. 00 G437, 77 21626.79 20024, 5 18184. 20
28344, 45 7E82. 64 2182, 09 5954, 36 23389, 37 20224, 08 16677, 09
41603, 73 8434, 42 927. 27 6520.02 Es.ah.ng | 20418, 27 15290. 13
45140, 05 anzy4, 83 236, 54 7129, 42 28039, 25 20609, £9 14014, 40
48975, 96 AaSE, 57 945,91 T817. 67 20356, 21 20794, 45 122841. 57
52140, 00 '1033h_dJ a5s, 37 25560, 35 23291.75 20979, 45 11763, 83
57656, 90 11055, 5 64, 22 9373.58 36262, 59 21158, 287 - 10773. 90
62557. 73 11”_9,?1 374,57 10177.83 39375, 62 21381.47 2826, 33
67275. 14 12657, 79 984, 32 -110351.09 43181, 94 21é60t1. 72 2070, 27
T3f44, 83 13543, 84 994, 16 11999, 28 47107, 25 21819.77 8319. 70
79%04, 21 14491, 21 1004. 10 13022, 21 91373, 49 22035.78 £629.78
88596, 18 15506, 34 1014,14 14146. 69 96029, 01 22249, 89 6925.79
- 94065, 25 16591, 78 1024, 28 15360, 47 £1088. 81 22462, 23 . 6413, 39
1020680, 91 17753, 21 - 1034, 532 166782, 40 66394, 77 22672, 92 9878.52
110736, 09 189495, 93 1044, 27 18109, 41 72335, 87 22882, 09 3387, 44
120142, 65 20325, 65 1055, 32 1n553,19 73104, 49 23089, 25 4936, 66
130361, 29 21743, 44 1065, 87 213 SD.”D 86196, 67 23296, 28 4522, 98
141442, 00 23270, 83 1076.53 22182. 15 33912, 48 23301. 51 4143. 42
153464, 57 24299, 79 1087, 30 25171, 18 102306, 30 23703. 60 3793. 23
166509, 06 - 26642, 78 1098, 17 27320. 87 111437, 24 23208, 66 3473. 93
438820, 11 180000, 78

1109588, 52




	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









