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'_'d vThis report combines results from the pre-feasibility study of a geothermal
- f‘district heating system for greater Reno and ‘the pre- feasibility study of

: tfproviding geothermal heat to casinos/hotels located in downtown Reno by con-
-nection to the proposed district heating system (DHS) :

"'Geothermal sources were selected from published data. Potential users were

."}5:=;selected from aerial and City planning maps, and published building and demo-

ffgraphic information Energy consumption data from the electric and gas utilityf

'i'mf,fwas matched with consumption information from surveys of representative bufld-

fngs by category and climatfc data As an example, a written survey was o

‘[,mailed to the casino/hotels and two on-site visits were made

?ﬁRetrofit methodology and cost were examined for the casino/hotels and re-

"'*g , presentative buildings

V‘VThe configuration of the district heating system was derived from dividing
‘the City 1nto segments - South Virginia Street downtown Reno and north of
"vdowntown - and using geographic areas within those segments which had ‘the

= 1 :highest peak demand density

The system was designed by dividing the project into the following subsystems

o Heat Source R
. 2 Distribution S . o
<_3. Building Connection and Heating System Retrofit

'To determine the system economics the investment costs for the subsystems

»::“:were totaled Then assuming a given construction schedule and current eco="
7ji;nomic conditions ‘A cash flow analysis was performed

' -;f:'Based on the pre-feasibility studies. a geothermal district heating system '

:“f{for Reno- appears. technically and economically feasible. Furthermore, addi-_ '
";tional economic savings are achieved when the Reno Casinos/hotels are con- B

l.x7fnected to. the DHS

QJSSteamboat Hot Springs and a geothermal area east of downtown are the most v
- promising geothermal sources for -the DHS.. The City of Reno has a large yearly j‘

_17lheat load with an average heating degree days per year of 6, 022°F days and
'r,ffea heating season greater than eight months

v"flr-‘
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© This report combines results from the pre- feasibility study of a geothermal ‘
2';'f district heating system for greater Reno and the pre- feasibility study of

’"?‘f[providing geothermal heat to casinos/hotels located in downtown Reno by con- -
- *nection to the proposed district heating system (DHS) ’

e il_Geothermal sources were selected from published data. Potential users were
, "?,,;selected from aerial and City planning maps, and published building and demo- :
'{'graphic information Energy consumptiOn data from the electric and gas utility
'¥ ‘was matched with consumption information from surveys of representative build- '
",‘ ings by category and climatic data.ﬁ As an example, a written survey was. '
R mailed to the casino/hotels and two on-site visits were made.

| ?fRetrofit methodology and cost were examined for the casino/hotels and re-
'[’;bpresentative buildings.,f<=«3, e | | |

;:'J':The configuration of the district heating system was derived from dividing
_,75 : the City into segments - South Virginia Street, downtown Reno and north of
T ?”downtown - and using geographic areas within those segments which had the

' ~7f1highest peak demand density.¢~;, o ‘ :

*:, The system was designed by dividing the project into the following subsystems';

L l‘.' A Heat Source -
: 24 Distribution i : v 4
*j3.‘ Building Connection and Heating System Retrofit

‘~1To determine ‘the system economics the investment costs for the subsystems
S were totaled Then assuming a given construction schedule and current eco-,
’ﬁ;}nomic conditions a cash flow analysis was performed | '

,,”} EBased on the pre-feasibility studies. a geothermal district heating system I
f‘“f,fbr Reno- appears technically and economically feasible. Furthermore, addi- o
3_gigtional economic savings are achieved when the Reno casinos/hotels are con- ‘
' '?fﬁ_nected to the DHS. - GO T ‘
‘:.,;Steamboat Hot Springs and a geothermal area east of downtown are the most s
‘”1;promising geothermal sources for the DHS.. The City of Reno has a large yearly s

_ “i;‘heat load with an average heating degree days per year ‘of 6,022°F days’ and
V;f* a heating season greater than eight months

-
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‘E_TThe peak demand of the proposed city district heating system is 589 miiiion
s Btu/hr. o

: Twenty percent of the hotei/casino compiexes have steam or individuai heating o

systems ‘which are expensive to retrofit Therefore, only thirteen casino/

~ hotel complexes are connected to the. DHS which contain 3,743 rooms with a peak

c]_demand of 150 million Btu/hr and yeariy consumption of 310 700 miliion Btu.

'VIi‘The thirteen selected casino/hotei ‘complexes contain 75 percent of the totai
":casino/hotei rooms in the downtown area.‘-._ x ’

,The DHS. design incorporates LE closed ioop piping network for the geothermai
, .source and another closed ioop piping network for transmission subsystems.
; dThe transmission network uses hot water as a medium and {ndirect connections
'«with the users. Hith 2 temperature drop at the source heat exchanger of 150° :
"ra'(350°F to 200°F), the transmission water will be ‘approximately 250°F which will

heat ‘the user water to as. much as 220°F. The temperature drop at- ‘the user heat

_yiiexchanger will vary from 20°F to 100°F depending on the heating system con-
7~-figuration._

i A total of 199 buiidings are connected to the prOposed DHS The buiidings are
| h'connected to permit continued operation of existing heating systems - The es-
: ‘timated totai capitai costs for construction of the system is- $55, 403 600 in
vh;”§‘981 To encourage hook-up to the proposed DHS. retrofit costs will be in- -

;‘ciuded in the DHS capitai costs and energy: sales wiil vary from 65 percent to
f,‘80 percent the cost of natural gas for the same heat demand. The system will
. take five years to construct with initiai hook-ups in. the third year . of ‘f
."7construction Over the first twenty years of system operation the average _
nf:vheating cost of the district heating system was found to be only 40 to 50 per-
»chent of the cost of heating using conventionai naturai gas equipment

l?'fBecause of the positive results of the pre-feasibility study, this report
*ngtcontains an impiementation pian. Section 1. 0 which outiines the steps to
'n’gfbring the DHS to the construction stage | S




v . INTRoDUCTION

; ; Trans Energy Systems. Inc., Bellevue, Hashington. was contracted by the Oregon

f’f Institute of Technology to conduct pre- feasibility studies of a geothermal dis- ,p
f;‘trict heating system (DHS) for greater Reno and of supplying geothermal heating:
”'to the casinos/hotels in downtown Reno. The purpose of these brief studies was

‘ ,:to determine if a geothermal district heating system is technically feasible

L;;and to conduct a “first-cut" economic analysis

i Trans Energy Systems European parent Compagnie Generale de Chauffe. currentlyfy f '
L operates five geothermal hot water district heating systems in France. A sub-

fstantial amount of the system performance data and estimated capital costs for

' }_'the Reno system are based on these operation 3 systems

| fr,‘In these projects, geothermal heat sources are selected from published data.
f'aPotential heat users. are selected in three distinct areas of the City. The
}Q‘fheat loads are calculated from building characteristics from published data,
T”fv-on- ite surveys and climatic data. In some cases, building and heating sys-
fff_tem blueprints are ‘reviewed on' site to make heat load and retrofit cost cal-~
o ;iculations “The peak demand and average yearly consumption are calculated for
U the connected users by building category and area of the City o

'lQLfThe DHS is designed to fully utilize the selected geothermal ‘heat source and o
s fj_City areas of. greatest heat demand density. The expense of retrofitting heat-
"::ing systems is reflected in market penetration by building category

" The. economic analysis assumes current economic conditions and financing with

S tax-exempt revenue bond issues

| | f7The conclusion of the combined studies supports initiation of the detailed
'~.”;jffengineering economic and market analyses described in the implementation plan




Solae e GEOTHERMAL HEAT SOURCES

HPublished data are available on. three potential geothermal heat sources near

o »Reno.v The. areas of known thermal ground water occurrence in the Truckee

”;Meadows geothermal area. between Carson and Virginia Range on: ‘the west and
~ east, respectively, and from Peavine Mountain to the north to Steamboat
- Hills on the south. are shown in the map in Figure 1. - Furthermore, the en-

,1:<1,tire Truckee Meadow area. has a prospective value. The potential sources are

f[j?iisted in Table 1.

1

, o Table 1
e POTENTIAL GEOTHERMAL HEAT SOURCES

o _rNAMEf Lo DIRECTION FROM_RENO
Wedekind Mining’District fj.  Mortheast
. Lawton Hot Springs o S West
" Moana Hot Springs . Southwest
v Steamboat Hot Springs - . South
‘“Potential Unnamed Source . East

a_.The wedekind Mining District is located six miles northeast of downtown Reno -
'jihouring mining, hot water, heavily charged with sulfurous gas, has been: encoun-j"“_,
‘dZtered but no “other significant data is available Water from the Lawton Hot o

"»}Springs six miles west of downtown Reno, has & temperature of 120°F and an

[artesian well was reported having water at l40°F

’>;I[Located in southwestern Reno the Moana Hot Springs area has many shallow

‘wells. Hot water temperatures range from 167°F to 205°F at a depth of 100

' “a~;1lfeet with no additional increase for. deeper wells._ More than thirty-three ’
’:*”.wells have already been drilled in this area Preliminary results from testing

lii,by the University of Nevada indicate that additional wells could pOSSlbly ,

"fvaeopardize the current uses

[ faSteamboat Hot Springs is located nine miles south of downtown Reno The‘springs ‘.
,_f.;faused as resort and health spa are near- boiling temperature - Steam wells en-
"',f~countered temperatures of 280°F at 160 feet and 369°F in. deeper wells |
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'ffoSteamboat Hot Springs is the best known geothermai area in Nevada. and many
geoiogic studies are stil currentiy pursued at this site. new lease agree-

7Ff'ments were signed in 1980

yfifiiRecent welis were drilled at Steamboat Springs by Phiiiips Petroleum Company '_,
; fpt;in 1979 and 1981 to depths of 3, 000 feet which provided max {mum water tempera- o
*'Hv,tures 1n excess of 400°F (ref Bulletin 91, Appendix 2, August 20, 198) update)

An assessment by the U S. Geoiogic Survey. Geologic Survey Circular 790-1978.

~ measures: the avaiiabie weiihead thermal energy as 3.4 X 1015 Btu. As discussed ot

Wfﬁﬁfp,beiow. the thermal energy demand of ‘the proposed district heating system is

i »il X 10'2 Btu/year Theoreticaily. there is sufficient energy to serve the
' district heating system for over 300 years.-a L ,

g"7The Steamboat Hot Springs is the most promising heat source because it is the o
r;:iargest resource, and there 1s. currentiy no- interference with existing geo-

- thermal applications. Furthermore, the temperature of the springs is high with
good fiuid flow. The detail characteristics of the fiuids quaiity (i €. cor-
rosive properties)havenot been investigated

L The prospect for a good geothermai source within five miies east of downtown

'7‘i’Reno is also promising Data on - this 1ocation remains proprietary but this

‘7”~‘:source should be very suitabie for district heating

"i-lwedekind. Lawton and Moana Springs are either currentiy tapped ‘or “have iimited

‘ftemperatures For purposes of. this report Steamboat Hot. Springs 1s the seiected
-~ "heat source. The technicai/economic anaiysis conducted for this site is suf=

‘,_? 7'resource which reduces their potentiai appiication.. The possibie resource east L
'.*iﬂof downtown could be economicai but test weiis are required to further char- =
‘.acterize its potentiai Steamboat Hot. Springs has . sufficient resource at usefuij‘-

'e"iftficientiy conservative 50 that any other sites wi11 prove even more feasibie.asjny=fv‘ B

J - -



3o Ll POTENTIAL HEAT USERS

\

The heating demand of Reno makes district heating very economical - This report

755f;i.examines only heating for space and domestic water heating.‘ However. future
”efforts should examine the impact of providing cooling with absorption chillers

n“'Climatic data from the National Oceanic & Atmospheric Administration for the
| ‘<:l94l 1980 period and heating and cooling degree days are indicated in Tables
”””.2 and 3.

Table 2

CLIMATIC DATA FOR RENO
, TEMPERATURES (1941 1980)

i :-g.lﬁ o R -‘Januarv o July

Normal dafly mean temperature: ~  “31.9°F  §9,3°F

Normal dafly minimum temperature: - 18.3°F  47.4°F
' Normal daily'maximum temperature: 45'4‘F 91.1°F

"VThe extremes in temperature as recorded through 1977 are:
- Lowest -16°F ' Highest: - 104°F
|  Table3 |
'HYEATI‘NG AN'o' c’oo':Lmo DEGREE DAYS

S Average heating degree days per year _j'“.‘6.022°F‘days

"jMaximum degree days per month (Jan ) e 'l,ozsor days

"’{;-Monthly degree days > 500 ,fjig¢ff'5n~,m8;months
_ ’;Total cooling degree days T]ii}fkf*_;;T - 329°F'days,
'1,,jCooling degree days in July & August ? 259°F days“

, ;jThe City of Reno has a large yearly heat load and a heating season longer than

i ffeight months To calculate thermal demand densities for designing the district DR
_’fj,heating network, geographic zones and building categories in Reno were char-
r.g;facterized as working units. Thermal “demand density was then calculated using '

' ;"‘vbuilding energy consumption data and climatic conditions Areas south of down-
%j”ttown Reno were examined first A map of the potential service areas along South




- Virginia Street s shown in Figure 2. The diameters of the circles denote the -
: o 'l size of the user heat load. The proposed Reno district heating system has been
'{‘haJ,f{I ' “segmented into three districts" '
N South Virginia Street
Downtown Reno P
: -~ North of Downtown Reno R
"Details on each area are discussed below,h

73 l SOUTH VIRGINIA STREET

L The selection of Steamboat Hot Springs as a. potential heat source makes Virginia R
' Street. which runs from Steamboat Springs to downtown, a major physical feature. |

o Because Virginia Street is the most likely main transmission route, building v ‘
"f‘g,proximity to this street was: considered in user selection. To calculate buildingi L
idensities and to identify geographical zones aerial photographs, surveys from ‘f'f[j |
e the Community Development Department ‘data from the Census Bureau and Polk Maps . ,

= showing the family dwelling units by zone in the city were used '

-3, l 1 Single Family Housing

N jSingle family residential units dominate the area south of downtown Reno and

- -f'north of Plumb Street. Based on data in the Reno city: Profile a “State of the

- ‘f-City“ Report, Reno Department of - Planning, 1981 (City Profile) the Home Energy

"5:f]Survey 11, Report 1y August l98l Sierra Pacific Power Company (Home Energy o
".?Survey), and the. above references the peak 1oad density for this area s 25 - ";3‘

' ~ 30 X lD Btu per. hour per acre assuming lDD percent hookup of buildings. Be- S

. cause of this Tow demand density and therefore questionable economics, single
ifamily housing was eliminated from further consideration

3 1, 2 Multi Family HouSIng

v:'-'A survey was conducted in September, 198l of Reno apartment buildings (Apartment R
‘S*S“rveY) by Trans. Energy Systems' engineers to supplement the City Profile data o
i;:;base Apartments are concentrated in the southwest and southeast sectors of

_,rf‘Re"O, Particularly in three locations designated lO mik and 12 on Figure 2.

af; . ‘Based-on the City Profile and home energy and apartment surveys the average ,

: :;hapartment size is assumed to be 900 ftz. The number of: units ‘served in. areas""

.}'lD ll and 12 are 700 2 SDD and l 140 units respectively Assuming the peak e
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“37';:demand for apartment units is 30 Btu/hr/ft , the combination of apartment houses
"';:and multiplexes in the area from Plumb Street South to Moana Lane gives an ap-

proximate peak demand of ll7 X lo6 Btu/hr. The yearly energy consumption is
~ estimated to be 233,600 X 105 Btu. .,zl

3 l 3 Schools

 The Reno School District provided accurate information on the location, heat o
consumption and floor space for schools Seven schools have existing hot water
space heating systems and two have steam systems; only the seven schools with

nﬁf; hot water systems are considered for district heating The locations of the
i aschools are shown in Figure 2. and the heat demand by school in Table 4. Based .
- on consumption and degree day information, the Schools have a peak demand of 33

l‘to 40 Btu/hr ft2 Nith an approximate total floor area for the schools of '
500,000 t%, the peak demand fs 19 X 105 Btu/hr.

3 1.4 Shoppiﬁg,Centers

:, Shopping centers are predominately located along Virginia Street south of the '
: downtown area. The name and peak demand for each area are shown in Table
- The floor soace of the shoppinq centers is 3 03 X l06 ft 2 with in-
'dividual shoppinq centers varying from 20 X l03 to 1.4 X lO6 ft2. The peak E
~demand range is assumed to be 35 to 40 Btu/hr/ft The total peak demand for“
~ the shopping centers is lll X lO Btu/hr " The design of. the district heating

| "system assumes that lOO percent of the shopping centers in Table 5 will sub-

- scribe to the system

A site survey of several shopping centers showed typical roof-top units pro- Ey
‘ :viding the current space heating and cooling needs” for the shopping centers

-Based on these observations, it is assumed that the majority of shopping cen-"'
ters use forced air and unit heating systems o : . : :

3, l 5 Centennial Coliseum

aVT:f‘The Centennial Coliseum location shown in Figure 2. is near the southern most }'

O multi-family residential area along Virginia Street., The Coliseum has ap- -

- *f!proximately 200 x lO3 ft2 and a. peak demand of 5 x 106 Btu/hr._
e vf'3 2 oownrown RENO ,ffi!‘,]«y,.‘-' o '

"'*lDowntown Reno has been the core area for maior development in the last five

'.iyears in Reno. A1l the hotels motels and casino complexes included in the

o “user. survey are located within this area..,-'*

a0




Table 4

- SCHOOLS

_,PEAK HEAT DEMAND

' School§“'
E Otls Vaughn Middle School

? Roger Corbett Elementary School

rsEarl wooster High School
r iEcho Loder Elementary School
liylAnderson Elementary School o

| ;77iEdward L. Pine Middle School

- & Smithridge Elementary School

'7{5llHuffaker Elementary School o yf":'

Tl

'H,'.],-] . g

?j_‘Tot&l

- X 108 Btu/hr’

2.8
1.2
7.0
1.1
1.0

4.7

0 =19 X108 Btu/hr




Table 5

- SHOPPING CENTERS
- PEAK HEAT DEWAND

i . Total
Shoppiﬁg,Centers . X 108 Btu/hr

‘FCPCVaI U-Center 1*-,f ﬂ v' B Y-

2 Lakeside Plaza S 32
i_:Shoppers Square ,f”jﬁ S 6.8
"vPark Lane Mali o 20

.f_‘Del Monte Shopping Center | e ] }" | ‘V2.6‘],

l”f3f]Moana East Shopping Center,]7 e ',1;2>‘

o ‘wan W gy

1'j5Moana West Shopping Center y ) f,,"o : “ | 4,0

'C:Ciarkson s Plaza SRS 4C3vf,fp R .8

'a'fCCrossroads ﬁ‘uin.° - ”“"'f‘rﬂl ”f°L‘.,, 2.0
'Coliseum Meadows Shopping Center ‘ifjf jl;fif 2.8

';rMeadowood Shopping Center ”; C“;:Zif_hf] @‘;149.0“

Total L =0t Bt




3 2 i Hotels/Casinos/Motels '

"lnformation on the hotels/casinos/moteis in the downtown area was obtained from |
- a recent city deve]opment survey of buildings the Reno Tour Listing, question-"

naires sent ‘to" the Gaming Industry Association, field surveys of two hotels andf S

* one casino, phone conferences with six hoteis for additional information on -
‘square. footage and heating system characterization and the Reno assessor s :
”‘_office ‘The hotels have from 25 to 590 rooms . The two hotels which were sur<

. 5 ;veyed ‘on-site contained in excess of 500 rooms and iess than 200 rooms, 4

' *respectively.”

3 2. l 1 Hotel/Casino Compiexes

’ Data from all sources show a totai of 4 991 rooms in the hotel/casino com-

R plexes " The heating systems are predominantiy total or partiai hot water

systems with approximateiy 20 percent of the compiexes having steam or in-
5Qdividua1 unit heating systems. Because of the expense of retrofitting existing ‘
“steam or individual. unit systems it was assumed that only 75 percent of the
’ -’total rooms would be connected for a total of 3 743 rooms located in thirteen '

"ﬁh: buildings with a peak demand of 150 X 106 Btu/hr. S

3 2 1 2 Moteis

‘;Information on the moteis was obtained from the Tourist Listing The number of

- rooms in the moteis varied from 25 to. 170 ‘The total number of rooms in the 38,fa":?"'

motels is 2 007. Assuming a connection rate of 50 percent in 20 buiidings,_”
totai peak demand of 20 X 10 Btu/hr win occur ’

3. 2 1.3 Independent Casinos ,.'

”'hyf, The two iargest casinos were surveyed and both have hot water heating systemsaif:'

3rAssuming that three casinos are connected to the district heating system, the :vjf:wa
) ujftotal square footage wouid be 130 000 square feet with a totai peak demand of,”‘

oy 106 Btu/hr

3. 2 2" Office and Financiai Buildi g

"Information from the recent deveiopment survey and the Assessor s office showl ,i
" a floor: space of 2. 8 miliion square feet for office and financiai buiidings ”

’fgva,_Assuming the connection of 50 percent of the totai square footage, a peak hour]y
| f,:‘fdemand of 51 X 106 Btu/hr exists for seventeen buiidings ranging from 20 X 103




'w”5“sin the, office and financial institution buildings

| ;the Assessor H office for two large high rise apartment buildings is 421 X

.. of 50 X 10 Btu/hr.

' "1;system The University of Nevada has approximately 28 campus buildings which
' 7'are served: by a high temperature hot water district heating system. There 1s

"f',;jlarge users are. located in Figure 2.

“°rufb{The peak hourly design demand and estimated yearly consumption for each type ofj' ey

| ‘f?!_versity factor, is 589 x lO

v:,ff;,The yearly consumption was calculated for an average heating load in Reno of
"fv;5*6 022 °F days. For some buildings such as schools. the University and St.

2

to 200 x lo ft<.  No information was collected on the existing heating systems :

3 2 3 Retail Building_

;,From the recent development survey, a total of 73 X 106 ft2 of floor space

‘.‘is devoted to retail establishments. Assuming that 50 percent of the total floor

| " area is located in thirteen buildings which subscribe to the system, the retail
'[buildings will have a peak demand of 15. X 106 Btu/hr No information on the

‘ “types of heating systems was collected

3 2 4 Residential Structures

'fvln the downtown area there are 743 apartments. The floor area, obtained from .

, -lO ft2 These apartments use hot water: heating systems Assuming 2 floor ;;m
“area of 600 X lO3 ft2 located in four buildings there is a total peak demand

3 3 NORTH OF DONNTOWN REND

; ,Three large users north of downtown Reno are included in the district heating

‘ approximately 1.5 °X lo6 ft2 of floor area in the University and the peak demand .

7for the University buildings is 60 X lO6 Btu/hr | } . S

The School District Administration Building has 44 x lO3 ft2 and a peak demand ] :* g
of 1. 6 x lo ‘Btu/hr. St. Mary s Hospital has anarea of 351 x l0 ft2 and a- .
peak demand of 21 X lo6 Btu/hr In each of these cases the yearly consumption R

| l‘data was used with degree day information to obtain the peak demand All the,,'

34 HEAT LOAD SUMMARY S

user above are summarized in Table 6 The total peak demand without a di-'f_ g e
' 6 , SRS
Btu.~,,.‘

rf’iff:Mary 5 Hospital yearly consumption data was available This consumption was




South V{_gAnia Street

Table 6
HEAT LOAD SUMMARY

 PEAK DEMAND

- . S —

YEARLY

' CONSUMPTION
X 106 Bty

vMu1t1 Fami]y Housing M7

: nShopping Center f 1 ;,» | m

Schools . | 19

i COiiseom,‘v ~,f_‘“' s

‘7Downtown '

‘,*‘vHotels/Casinos “_f 150

n'fMotels Z‘f SO : 20

' f_Casinos ';o"f.;':f__ B

o Offices g

iReta11 ey s

- 'Apartments s

| 5”i‘North Downtown flfo

St Mary s Hospital ;ﬁ“fff?fﬂzij;nv’i i
School District '*,j'nﬁ”“‘j;G‘“"

Admfnistration BIdg;

T e

-15-

X 108Btu/hr

233,600

150,800

28,500
2,400

310,700
33,000
5,800
77,000

22,200

33,000

¥

40,500

116,000
2,500

1,056,000




based on degree days for 2 particular year. The consumption was adjusted to”

o ‘represent a year with the average number of degree days._
N ,'From data collected from some hotels and casino complexes an average energy . o
ERR consumption per ft
’,’f complexes. These consumption figures were . compared with consumption data

. provided by Sierra Pacific Power Company for thirteen large hotels/motels

'f'fFor the other buildings approximate values per square foot were used,

2, was calculated and applied to other hotel and casfno

&_ Results, including heat for domestic hot water consumption. are tabulated inﬂl‘f
vﬁlvthe second part of Table 6 per each category of user. The total yearly con-
v-sumption is ] 056 000 million Btu ’

RN SN
af‘ a» | {/; .
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~ The generai concept for the Reno District Heating System 1is represented in

the schematic drawing in Figure 3and 1is divided into three parts as foilows

"Jli."iA closed ioop system at the. geothermai source s used to isolate
. the high temperature corrosive geothermal water. The heat exchanger
- at each well is designed to take geothermal water at 350°F, provide -
-~ for a 150°F. temperature drop dhd return water for reinjection at 200°F.

2. gThe transmission network conveying heat from the well heat exchangers
- ‘to the bufldings is also a closed loop system.

. e An indirect connection 1s used for each building.

'This design isoiates the transmission medfum ‘from each user's system The de- -

"}ﬂ_sign also takes advantage of the high percentage'of existing hydronic space o
;'heating systems and permits the retention of existing user heat sources. -

| frwith a temperature drop at the source heat exchanger of 150°F the transmission

7V,fwater will be approximateiy 250°F which will heat the user water to as much as

220°F. The temperature drop at the user heat exchanger wiil vary from 20°F to

: 11‘;ijioo°F depending on the configuration

BV Al HEAT sounce ) o o
‘:;rThe potentiai service area has a peak demand of 589 mi]iion Btu/hr or 172

M:ff];megawatts ‘thermal. Using a diversity factor of 80 percent, the systen is
”‘ﬂdesigned to meet 2 peak demand of 475 X 10 Btu/hr., Hot water has been

sf_chosen as the transmission medfum because it matches the character of the heat

‘,'tsource minimizes heat 1osses. and enabies an economicai system design

prf”frn order to satisfy the design demand of 475 x 106 Btu/hr, with a temperature ;i{.; :]‘
) ffgdrop at the geothermai weiis of 150°F, the source must be capable of furnishing L

‘S'lkfl?a flow in excess of 6, 000 galions per minute. This is achieved by using six

: wells each having a fiow of . 1.000 GPM Because of the water volume needed six
°,‘reinjection wells will also be used. As shown in. Figure 3, each well

- kilrwiil have a plate and frame heat exchanger. a control vaive to adjust the flow
o ,';haccording to the temperature of the distribution medium,gz pumps (one on the

"fsupply line, ‘the other on the return line of the distribution network) connected

o the main headers of the distribution iine which has a tota1 fiow of 10 000

GV‘fffGPM at a 100°F temperature drop. ; a-~i“ﬂ« L
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»"7fA centralized control system will monitor the six- groups of heat exchangers,

‘“7control valves and pumps to:: 1) maintain the maximum temperature drop between

%f";'the supply well and the reinjection well, and 2) adjust the flow in the dis-. L
_f»f, tribution system to meet the load A,step:controller,will be used for this |
da fPurpose.,,,‘ , RN ’ A : : ‘

P ‘-_-4 2 DISTRIBUTION svsreu

‘v‘The transmission piping network will be two direct buried pipes 24" in diameter.

B with polyurethane insulation and fiberglass. Jackets. The distribution system

‘ytfhranching from this transmission line will vary from 2" to 24" in diameter (see
' '-ugeneral layout Figure 4, and downtown layout Figure 5).

9y 4 3 BUILDING HOOKUP AND RETROFIT

"?;The distribution network is desjgned to favor existing hydronic heating systems :

"-ﬁs-51gnlflcaNt retrofjtting s only required for forced air systems or domestic
. :f'lwater production. for non- hydronic systems

4,31 Building Hookup :

"i:Each building has a ‘heat exchanger. control system to adJust the heat supply to

ph"\the Toad of the user system and an energy Btu meter A typical connection for
“i‘?%an existing hot water system is shown in Figure 3 Design will be done to per- ;
‘ﬁf'jmit retention of the existing boiler or furnance

(d‘iThe total number of buildings by category which are connected to the district

e heating system are listed in Table 7,

o §pace Heating

4 3 2 Heating System Retrofit

4 3 2 l Multi Family Residential

fffif‘ln the South Virginia Street area the apartment survey of 3, 383 apartments with':
o het water or-forced air- heating systems: showed that 35 percent of the space
v‘v"l‘;;vheating systems are hot water systems and 65 percent are forced air systems.
"'”G-f\_For estimating the. retrofit costs, it was assumed that 30 percent of the 4, 340
_d”\][:apartments connected as, described in paragraph 3. 2 are connected to a cen-
R ~*f“;“tralized system. hot water or forced air, and 70 percent have to be retrofitted :

'hl;Jg;ﬁ h_;‘in";
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" Figure &
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Out of the bui1d1ngs which are connected, a certain percentage in each categoryll“ﬁ»~’
requ1res additional 1abor and equipment for retrofitting




{

F

pfgf,The retrofit cost ums estimated by using a typical three -story building with
"]ff’SO apartments, and included the replacement of natural gas furnaces by unit
’ff‘heaters with hot water coils connected to the existing air duct and a new
- piping distribution system through the building to each coil.

"};gVJDomestic Hot water |

”f;}_The apartment survey also showed that 42 percent of the domestic hot water sys- |
G fﬁltems are centralized systems with either a "hot water to domestic hot water" =
”:fdefheat exchanger (20 percent) or. direct, ‘natural gas or electric, heaters (22 Ce
" . percent) as opposed to individual apartment water heaters. Only the centralized
fgifsystems will be supplied by. the district hedting system, and the retrofit cost .
ld.,fincludes only the replacement of direct heaters with hot water to domestic hot i
' *’Vwater heat exchangers ‘ ' ‘ ’ |

4.3, 2 2 ShoppingﬁCenters

7;M[Retrofitting of shopping center heating systems requires replacement of fur-

' naces. with hot water coils or replacing the heating component of rooftop units
~ﬁf‘W:Unlike residential structures, shopping centers have mechanical rooms uhich ‘
‘_:;“lhave sufficient space to insert a hot water coil Domestic hot water systems
”‘7ff were not considered ‘ P :

4 3. 2 3 Schools and Coliseum

'fkfjAll the schools to be connected have hot water systems and therefore, require
f3;jonly the connection interface equipment previously described The Coliseum

. has- forced air and can- be retrofitted in a. manner similar to the shopping
- LffTCenters R R T R e :

4 3 2 4 St Mary s Hospital

;! ,St Mary s Hospital has hot water heated by a steam boiler for space and domestic’vi
s %,water heating The only retrofit required is connecting the domestic hot water
"-@fto the hot water system | | :

4 3 2 5 Universi;y of Nevada ”>1} Al

Zi;»The University of Nevada has a central boiler plant which distributes high tem-‘
_:Mﬁ;perature water to. each building New distribution lines and heat exchangers are
’“%_frequired for the connection of building systems because of the higher temperature




:"(_:' ey __

d‘3j1(375°F instead of 250°F) This retrofit is treated as 2 connection cost rather
B ;than a retrofit expense. The economics of connecting the University requires
-;vadditional review prior to establishing feasibiiity.-'

4 3 2. 6 Hotels/Casinos/Moteis f

: ;According to the deveiopment survey resuits (see 3 2 1 1), seven hotels out of ‘
l'hfthe thirteen 1dentified are totaiiy hot water heated and represent about 67 per-
‘ f'cent of the connected rooms. The other hoteis require partia1 retrofit The ex= v
~ isting instaiiation for a typicai hotel and casino with steam boilers is shown fn
_';“ﬁFiqure 6. The designated boiiers produce steam. For space heatino of casinos |
| tuland restaurants preheat coiis are steam heated but reheat coiis are hot water RS
‘:"heated with hot water produced from steam/hot water converters.. The space heat-

fti ing of the rooms is provided by 2 hot water system Domestic hot water is ,':
‘i'produced from instant steam/domestic hot water heat exchangers"

"1fFigure 7 shows a schematic of the retrofit as foiiow5°‘

. The hot water space heating systems connected to the main heat ex-
"~ . changer which obtains heat from the district heating system, and

5 2}‘ Instaiiation of a new hot water/domestic hot water heat exchanger

_tfﬁThe system is designed to permit operation of the existing instailation as a
i .‘backup The retrofit costs were calculated in detail for two iarge hotels -
"»ﬁ*This data was the basis for estimating the retrofit costs for the other hoteis.'

4. 3 2. 7 Office Retaii and High Rise Apartments

f'Approximateiy 60 percent of the motels (or 600 rooms) were assumed to require L T
”fl retrofitting Seventy percent of the’ office and financial buildings and retail =~
O establishments and two of the four apartment buiidings were- assumed to require

-fretrofitting An approximate retrofit cost per square foot was used to estimate :

}Vthe total retrofit costs for these bui]dings : E - o b
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) ""f?’s o o Econonxc ANALYSIS
thbi) o 5.1 INVESTMENT COSTS e | Sl |
“f “To. determine the district heating system capital costs, the system has been L Tl

: f'divided into components. The' geothermal source subsystem cost includes six L
. ‘resource and six rEinJection wells. six heat exchangers. 12 pumps, valves and
,_igarious piping and instrumentation. Housing for the .pumps and- heat,exchangers‘ |
fis also included. f:* R RS o . Secia gt

S iThe transmission Vne is te miles Tong. and includes tho direct buried 20" to

- 7jf=24" diameter pipes with polyurethane insulation and fiberglass jackets. The

}§;=lgv,gfdistribution network includes 30 miles of two pipes varying from 1-1/2" to. »

; :7fL(§20“ in diameter. The cost is based on the assumption that the pipe runs to

o the entrance of the user buildings.. Figure 4 shows 8 piping diagram of the

J f,,';;'”Virginia Street area and Figure 5 shows the piping network for downtown Reno.

ﬁ{;p_f_-fThe piping costs include all labor and material charges.‘ j«- e

B ff*i?,The retrofit costs include the connection and retrofit requirements as dis-
o cussed 1n Section 43, A breakdowh of the: connection and retrofit costs by - S

s 4;,”5building category s shown' 1in Table 8. A connectfon cost for each building in"55*°

se““;’lvg*the system. 1s. included 1in the substation costs: for each building.~ Buildings ‘

uri;ygfm=with existing hot water heating systems have no retrofit costs.; R ,

= irThe capital costs are summarized in Table 9 the total in $l981 is $55 403 600.
”;;_‘f';‘Js 2 ‘EcoNOMICS e e el e LT

SO

S

. ':eThis preliminary economic study considers only financing with tax-exempt revenue';'gy_
af»;_bonds.g The principal assumptions are discussed bE]OW.f:,;f'_i”i"id B

5 2 1 I_plementation SChedule

5::fiThe schedule in Figure 8. assumes initiation of engineering in late l982 con- {‘fffi ff :
struction startup in 1984 shakedown and operation of the first part of the sy541*_ﬁ'gf_:"
’ﬁfgftem in early 1987. with total operation in 1990.r;_;_!’.;f“ TSI o

?i.giTFTf,_ 5 2 2 Qperating and Maintenance Costs S ‘ o
j{t*'f":;Using data from similar size hot water district heat systems n Europe, the ;
;uj;‘j_ fqoperating and maintenance staff will require 25 people including management o
BN L ;;and clerical personnel. The yearly labor cost in $1981 is $l 080, 000 For,“ ”

“w
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‘> 3 ‘VIRGINIA STREET. AREA

Tab1e 8

; ”   :Mu1t1 Fam11y Housing
-ﬁShopping Centers ;
 tSchoo1s {.' 2

“ l}centennia1 Coliseum

o poinTomn ey

| ”wabﬁeI ,
' '~ng¢téi 'f”
v;;xcannog*

: Offwce & F1nanc1a1

CONNECTION

(Substation)

'f'f];‘cONNECTION AND RETROFIT cosrs

;{fsVTsss,QOO”'»
s
o ea,000

L § 257,000
130,000

'7“9f§1713°d°t”¥” 

BUI]dlngs e v_A,,' fﬁ

Reta11 7"

’5fDowntown Hou51ng
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42,000

$1,319,000°

570,000
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-ﬂv,,ﬁij$1;azs,ooo'f[g§$5;742;000k $7,57o,ooo S

TOTAL
$2,916,000

787,000 1,150,000

64,000
52,000

$1,576,000
e 39,000
2000

459,000
22,000
741,000

284,000
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Tab]e

CAPITAL COSTS ($1981)

AGeothermal Source

. 1 Geothermal wells ',"-<w_rftl _f ?f’ef}ojs 9 ooo ooo‘;“

‘:] 2 Heat Exchangers, Pumps, Va]ves,w ;:”%"j ]7 2 050 000‘

Piplng, Etc. »
Subtota] : 'w’ﬂ

"wnDistrtbution Network

-~ South Limit of Downtown
Mr;(lo mi., 10-24") @

‘ftf2,21f01stribut1on L1nes

t§2 2.1 ‘Shopp1ng Center; Schools & ,;’”}: » i?;OSQ;GOQ‘

~Coliseum a1ong V1rg1nia Street

;tz.l Transmi551on Line - we115 to . ,; f ‘Ja'”eT7;48é»400 N ?‘ '

e2;2;é{iApartment Areas A1ong ;;;7 ”':‘1 f4}26§,000”f:~' |

- PV1rgvnia Street

C2.2.3 Downtown 'j 3 700 900_5: | |
»'12;2.4,,North of Downtown (Un1ver51tyff}v;f; 790 300[ o

- and ‘School:Dist. Admin Bldg,:_jﬁw;}';
',St Mary s Hospita] R A

SubtotaT

A & E Fee (3 )
Contlngency (10%) SRR s e
| Grand Total ($198]) mqi%i;eifo;t 1

i R e

. 13- $ 11,050,000

28,332,200
1,870,000
 Saesa0
3,756,200
4,695,200
 $55,403,600
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“SCHEDULE

| 1982

1084

1986

11986 |

1987

1088

1989
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_:“-the first two years of : operation (prior to full scale operation) 75 percent of
e 'this cost was included and for the third year of operation 85 percent of. this
v',°'cost was included B S e e

: _;Yearly electricity consumption, with full load was estimated at 9 800,000 kiWh,

xif«Assuming an-average first year electricity cost of 5¢/kwh the yearly cost in

,y‘{$198l is $490, 00o.. During the first three years of operation this consumption,
f.fjfbased on. the buildings _connected, was. 3 000 000 kWh in l987 5 300 000 kwh in
| ,,isss and 7 soo »000 kih in 1989,

'fifffg' 5 2 3 Escalation Assumptions

S Different costs were escalated each year as shown in Table 10.

Table lO

PRICE ESCALATION ASSUMPTIONS* :

Labor o ‘ 7% through l989
. RTINS 5% from 1990 -
' fgsupplies,.Parts:, 8% through 1989
RN RN 6% from 1990
,;:yv'ElectriCity;j SR l5% through 1983

102 from 1984 through 1989 1
o ' 5% from 1990 -
*Escalation Includes Inflation Rate

5 2 4 FinanCing

'The financing assumes that engineering expenses for 1982 and l983 are covered

by short term loans at an’ interest rate of 15 percent and that other expenses

bviare covered by ‘two. revenue bond 1ssues for terms of 20 years at 13 percent A B
f financ1al calendar was established from the schedule for the expenses, including
1'inflation from 1984 through l989 SRR

"_,(The first revenue bond covers the engineering and construction expenses for l984

:through l986 for. $41,660, 000 and the shakedown and operation costs for 1987 for f“.]‘,'

, ;,[$l 660, 000 The second revenue bond covers the engineering and construction ex-
"1penses for 1987 through l989 for $40 810 000 Assumptions for these bonds appear

. v'jfnin Table ll which shows the calculations for the first bond

.f}l.Debt service Will start in l988 for the first bond issues and n 1990 for the
fsecond bond issue. The yearly capital cost for this first bond is $6,253,000

"’“jand 6, 605 ooo for ‘the second bohd issue




Table 11
X ENeINe
o o FIRST . BOND
BUSRERTTEE Engineering and Constructlon Cost
- ," : (1984 1985- 1986)
,f;' S Shake Down ‘and" 0perat1ng Cost
R ";A (1987) S

Indirect Cost e

“Bond Issuance Cost- 3. 5%
:-Capitalized Interest (4 years 13%)

. Debt Service Fund o year) - -
Reserve" Cont1ngency Fund (I year 25%)
fOperatlng Fund (3 months year 1990)

Interest Earned (15*)‘*

.'Constructlon Fund
v  Capitalized Interest
- B " Debt Servwce Fund -

{FReserve Contingency Fundf};"ygxgs;;x;a;r

;Operating Fund

i; TotaI F1nanc1ng Requwred

Yearly Debt Service e
(20 years 13”)

Less Interest on Debt Service Fund (15%)

-.vtifiIntePest on Reserve Congingency Fund (15%)

5 Elnterest on’ Operating Fund (15%)

;‘ig“ . "‘. ”: “f .n1v.' Year]yﬁcqpital?cost‘,5?4?” -ffttﬁ

";: TotaI PIusf3s?

$ 41,560;odo”~'

I 660 000

e $ 43, 320 oooi

- $ 1,943,550

28,875,600

7,904,690
1,976,170°
1,125,000

'f$;4]s825;01¢j2 -

| $ 12,268,000

10,828,350
4,742,820

”1,185,700 i

s
L sss520,520

’f7:7*9045596?‘
,v-1 185 700

g-zgs,qzof\

"Lsiﬁ; 168,750

- $ 6,253,820




5.2, 5 District Heating System Cost SaVings |

_;gﬁ;]cgiifThe primary heating fuei that wiii be offset by the district heating system is
- ’f;f”naturai gas The, foiiowing discussion is therefore based upon conversion of -
© 00 natural gas- fired equipment ’ R

_ a';;Figure 9 shows the proaected naturai gas prices in the Reno area. The price
= v75‘progections are upon an. average 1981 naturai ‘gas price of $0. 47122/therm (Sierra

1PaCific Power Company Scheduie issued 2/1/81) and U S. Department of Energy pro~ 'g,:!

 jected price escaiations (DOE/PE-OOZQ)

";'q;7f;,when comparing aiternative energy systems, a convenient and tangibie evaiuation e

- parameter is the ‘cost. of the energy Suppiied to the user ($/8tu) ‘The difference

- “between the cost of naturai gas ‘and the cost of the energy suppiied by the dis-

: v75trict heating system represents the cost savings in $/Btu.~ To put these two

B costs on the same basis, the energy costs ‘must be based. upon the energy usefully -

‘~,_jutiiized by the user, ie. ,}corrected for the efficiency of the user space and ,
:'water heating equipment ' T

f:gDepending upon the size and type of. equipment the annuai average heating ef-
-gificiency of naturai gas fired equipment wili range from 65 to 80 percent with
| f;the higher effiCienCies typicaiiy oniy found in very large bUiiding heating

'systems The effects of heating system. efficienCies ‘of 65 and 80 percent on -
" the effective cost of naturai gas ($/Btu utiiized) are shown in Figure 9.

:'fo comparison, the energy suppiied to a user by the district heating system as}‘le |
| 'ffmeasured by the user s Btu meter, is utiiized at an efficiency of 100 percent '

'fjkIn order to be economicaiiy viabie the Reno district heating system must pro-
':Vide energy at a price beiow the price of conventionai systems . For purposes‘_ o
‘3;,of the’ system economic anainis, the maximum price of the energy suppiied by '
's‘i]the district heating system was: assumed to be equai to the price of natural
_71‘gas; Due to the difference in effiCiency between naturai gas fired heating
_'u”“equipment and the district heating system user equipment this represents a
':tffcost saVings of 20 to. 35 percent for naturai gas equipment with effiCienCies _
f'ffof 80 to 65 percent respectiveiy e S o

'; ;thlgUTe 10 shows the progected energy costs of conventionai naturai gas heating' o
; 'ﬂjfsystems compared to the cost of energy from the district heating system. As
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“*~shown, the district heating system offers a very substantial cost savings

‘ ;compared to conventional natural gas heating equipment For the period from

‘”;,_Tl987 (the first year of operation) through 2007, the average cost of heating

U}fiusing the district heating system is only 40 to 50 percent of the cost of
L5fheating using a conventinal natural gas heating system S

5 2 6 Geothermal Royalty Effects

‘fthhe district heating system costs shown in Figure 10 assume that al equip- )
utflfiment costs associated Wlth the geothermal source including the wells pumps _
7';heat exchangers -etc. are- paid for. by the. district heating system ~Unless -

'v7the owner/operator of the district heating system also owns the geothermal ,
’ :f”ssource, a- royalty will have to be paid for the right to remove energy from the

- oosite. while the exact amount of any royalty can only be determined based upon

,*{fﬁnegotiations with the geothermal source owner, the amount of any royalty is-

ot antiCipated to be in-the range of 5 to 10 percent of the cost ($/Btu) of an

4 Wyequivalent amount of foSSil fuel L » ~

Efy‘Figure 1M shows the effect of royalties equivalent to 5 and lO percent of the

it cost of natural gas on the cost of the district heating system As shown,
'ubhffthe effect of the: royalties are. relatively limited Even ‘the l0 percent

dffroyalty only reduces the 20 year average cost pf heating With the district

fheatino system to only 47 to 58 percent of the cost of conventional natural

7ﬂ,gas heating systems with effiCienCies ranging from 65 to 85 percent

5, 2 7 Alternative Heat Sources and Service Areas ‘5

f‘vThe district heating system economics described in the preceeding paragraphs
“'.ﬁ;fof this section were based upon an arbitrarily selected service area and the
- wuse of a well defined heat source (Steamboat Hot Springs) While the economics"

of this district heating system looks very promising. it is very likely that as

i “haddltlonal work ‘is. Performed as: discussed in Section 7. .0 to optimize the systemji"
ff}]design the overall district heating system economics will be significantly
e improved S i F PRERS RN ,

3flgFor example as noted in Section 2 0 there are some potentially suitable geo-

"tathermal resources nearer to Reno than Steamboat Hot Springs If additional

| ‘;analySis of these resources showed that they would be suitable as the thermal .
' ‘fﬂvsource for. the district heating, the transmission line could be shorter with
"':j‘significant;cost.savings.» Similarly, the dlstrict heating system service '

o see
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';farea couid be optimized to serv1ce oniy the more cost effective sections of

':5J;f*Reno such as the downtown area

D?qussuming that a suitable geothermai source couid be found near the downtown

~and the district heating system were 1imited to downtown Reno, the total cap- ’

/f‘_itai cost of the aiternative district heating system . wouid be approximateiy
‘?j»$18 000 000. This alternative district heating system would have an. annual
thermal load of approximately 50 percent of the baseiine district heating

, fal‘system. Due to the smaller 51ze of its serv1ce area and the eiimination of a
'»«~yiiong transmission 1ine the construction period of the aiternative district
-;heating system would" be’ shortened to approximateiy two years Assuming con-

‘istruction started 1n 1984, the alternative system couid be operating in 1987

i ;sFigure 12 presents the cost of energy from the aiternative district: heatin9

- system compared to the baseiine district heating system As shown, the al-

’1"ffkternative district heating system offers" Significant advantages over the. base-'rj
';Tvziine system., The 20 year average cost of energy suppiied by the alternative
",[:ststem is reduced to only 26 to 32 percent of conventionai naturai gas heating

“-. systems (heating system effic1encies of 65 and 80 percent respectiveiy)
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CONCLUSIONS AND RECOMMENDATIONS

‘v5iffThe conciusions and recommendations from the ‘pre- feaSibiiity studies of geo-'
1‘ff>therma1 heating for hoteis/caSinos and geothermai district heating for Reno -
;were combined to achieve maximum benefits from the indiVidual proaects

6 1 cowctusrons

1 Geothermai Heat Source -

‘ ﬁSteamboat Hot Springs, 10 miies south of Reno, was seiected as the heat source
iV,for the district heating system (DHS) Another geothermai area east and with-
"lfin five miles of downtown Reno is a potentiai source however existing data

| ~f‘on the 1ocation and characterization of the source are proprietary

;fhﬁzz) Potentia] Heat Users -

,’,The service area for the proposed DHS is divided into the dense]y constructed
“>!_Qareas aiong South virginia Street downtown and north of ‘downtown Reno. The.'
f'_penetration of the space heating market varies by buiiding category and existing

type of heating system A totai of 199 buildings are connected to the system

o . to give a tota) peak demand of 589 X 106 Btu/hr and a predicted yearly consump- :
- tion of 1. 06 x 105 Btu SR S S _ _ :

- 3) District Heating System Design ,fff“,i'~

iThe DHS deSign incorporates a ciosed ioop piping network for the geothermal
‘N'_sources and for the hot water transmiSSion subsystem with an indirect connection

“for each user Based on .an 80 percent diversity factor, the peak design demand

©is 475 X 10 Btu/hr Six production weiis with Six reinJection weiis will gen-

. erate s total source flow of G 000 gaiions per minute and. transmiSSion 1ine flow}i'
oo of 10, 000 gaiions per minute et i S ' |

O jBuiidings with existing hydronic space and hot water heating systems were favored_,f
f,'for connection to. the system For. other heating systems, retrofit methodoiogies L
"~fwere seiected and costs caicuiated for each category of buiidings Seventy per-*
~cent of the apartment units connected to the DHS are: retrofitted but only cen-
‘_.traiized domestic water heaters are retrofitted In contrast oniy 33 percent of
-1‘";‘the hotei/caSino/motei rooms required a partial retrofit The tota]_retrofit '
~ costs for aii bu11dings in 51981 1s. $5 742 ooo A




vfj;;4) Economic Analysis :;7 S : :
_‘”ffthhe total investment cost for the DHS' to inciude the geothermai energy recovery
“‘?;eQuipment distribution network connection and retrofit is $55 403 600 in $19BI; ,

‘JteEconomic analysis of the district heating system shows very substantiai savings
‘lof conventional naturai gas fired district heating systems. During the first
,_'jhpftwenty years of operation the district heating system, the average heating costs

vihixof the district heating system wiii ‘be only 40 to 50 percent of the costs of

o heating with natural gas.l,'”

videased on the resuits of the pre feasibiiity study, a geotherma] district heating k
. system for Reno to include" the downtown hotei/casinos is technicaliy and econom-
““7'5ica11y fea51b1e :

"e 2 RECOMMENDATIONS

}'io ,Because of the time and financiai iimitations on the pre-feasibility study, ad-
d:;i ditionai data coiiection and engineering and. economic anaiyses are required.
5 ffbefore detaii de51gn can commencet The foilowing actions are recommended

'"'rsvi. ’fInvestigate ‘the. two potentiai geotherma] heat areas w1th test weils
o to characterize the sources e : :

2. Survey the potentiai users to inciude more detail and a greater number '
- of. buildings in each: category

‘3.'thssess the feaSibiiity of providing cooiing. .

. 45[;f£xam1ne other methodologies and more detaiied costs for retrofitting
. v’;aii types of eXisting systems in each bui]ding category.

'es.i;fAssess ‘the 1mpact of adding proposed Double Diamond Deve]opment along
'“L{the p]anned DHS transmission route to the system

B i'ih,:'s;v@fOptimize the DHS design by examining ‘the sensitiv1ty of the system
¢ .. economics to various configurations and_assumptions. ‘As-an example,

‘the analysis in-the pre-feasibility study assumed that retrofit costs'ff.'V: o

" were included in the capital costs;. therefore, there should be a
- scenario which excludes retrofit costs from capitai costs Other ..
. 'scenarios should include a system design which meets 40 percent of the -
. 'system. peak demand and assumption of various 1nflation and other econom-g'
e factors o ;t L Sl Nk o
‘d‘a;A suggested pian to impiement the above recommendations 1s detai]ed in Section 7 0.
o Aiso inciuded is & description of efforts to investigate and address the environ- |
"Imentai iegai and institutiona1 issues necessary to support the progect through

detaii design, construction and operation
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7 0 e g' IMPLEMENTATION PLAN

%”NfN}As presented in Section 5 0 the results of this preliminary feasibility study

'*"i,show ‘that Reno district heating system offers significant potential cost savings

hfffover conventional Reno heating systems The implementation plan presented in

'N‘f_the follow1ng section was established to develop the Reno district heating sys-
;tem and bring the benefits of district heating to Reno.~ ‘

"}f;;lhe implementation plan for the Reno district heating system is shown schemat- '
h7ically in Figure lZ The overall implementation plan consists of three phases
' which are each broken into separate tasks The three.implementation plan.phases,’

}Phase I - Economic Regulatory and Engineering Assessments
s‘:Phase II - System Financial Development i " :
’.~:Phase III - System Design and Construction i

'v-Each of these are discussed below

| :‘7 1 PHASE 1 - ECONOMIC REGULATORY AND ENGINEERING ASSESSMENT :

x‘.The pre-feasibility study has shown that a geothermal district heating system
»f_in Reno, Nevada will provide significant savings Phase I (as described below)
s necessary to quantify the total saVings and develop an approach to overcome o

“.;.institutional barriers such as finanCing, regulations and billing procedures
ffDuring this phase additional data on the geothermal heat resource, user thermal
iﬂdemands, serVice area ‘market penetration, etc will be obtained so that de-

tailed cost estimates can be developed

During this phase additional engineering and economic studies will be performed

to better dEfl"e (1) the quantities, temperatures and costs of energy available '
. from the area geothermal heat sources. (2) the thermal. demands (for both heating
hffand cooling) of potential system customers, (3) preliminary system deSign and
-sﬂcost and (a) system economics “In addition ‘to’ the above: work, Phase I will also - -
,tinvolve an assessment of applicable regulatory reqUirements, and the development B
*‘7“.°f a finanCial plan._ The efforts to accomplish the above Phase I work are or- ‘; -
o ganized into four tasks ' 7 ; T , :

thr4é¥f”_jiﬁx
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kjﬁ‘Each of these tasks are présented beiow..

STy e

Therma] Load Assessment

Task 1

© Task 2 - Financial/Regulatory Assessmentsh
~ Task 3 - Geothermal Source Assessment
Task 4 - Engineering/Economic Assessments’

1.

7 1 1 Task ] - Thermai Load Assessment

‘.f_?:;The heating data used as the basis of the pre-feasibiiity therma1 demand ré-
""f}'t“quirements were based upon. consumption data from a iimited number of representa-

tive buiiding types., To. improve the accdtacy of the heating demand forecasts,

'“f',hmore buiidings in each category, e.g., apartments, schools, shopping centers,
s,_i[ residences wiii be surveyed In addition, the cooiing loads. and costs will be
i determined for the surveyed buiidings The cooling load and cost data will be

~,used during Task ‘4 to determine the economics of providing space cooling as well:

. as spece heating Task 1 wiil also include a more detaiied examination of
»'«heating system retrofit technoiogy and the costs of. retrofitting each type of
‘j.sexisting space and domestic water heating system. Based on the pre- feasibi]ity
" fstudy, the costs for retrofitting muiti family structures which do not have hy- :

"'r;sdronic heating systems are’ very high “An anainis of the economic tradeoffs
"’between connecting these structures to the district heating system versus the
~gstructures continuing to’ use their existing heat systems wili be performed

4

e tea - =

f; In the pre feasibiiity study, all retrofit costs were inciuded in the capital
"'fcost of the DHC system. ‘The . inequities of this approach are demonstrated when
T the retrofit of large apartments and hotels are considered " Both have large
””ffneat demands, but the nominai cost for retrofitting the heating system is much
""lgreater for apartment buildings than in hoteis. To ‘assess “the impact of re-
: »f‘moving the retrofit expenses from system cost, other scenarios Wiii be: considered
' '-;which assume that the user pays retrofit costs, where appiicabie. To predict
_ ‘f.fmarket penetration by the DHC system in those cases, it wiii be important to
;ﬂi,know the sensitivity of the penetration rate to the retrofit costs and iength
”h.of payback with saVings ' o

»The penetration of the heating and cooiing market by the DHC system is crucial
to the system s economic feasibiiity.} Research wiil be performed with key

"individuais and groups to identify perceptions of. potentiai users and the com-
. munity at iarge about the DHC system. Resuits from this process will provide

e




‘r~ifithe basis for determining the required incentives to obtain user hookup as
‘f,- well as the- restraints which must be removed Furthermore, the market sen- '
2 isitivity to private versus public ownership, individual versus utility payment
o of hookup costs and rate variation will be evaluated

| 7 l 2 Task 2 - Financia;/Regulatory Assessment :

}hDue to the capital intensive nature of the district heating/cooling system. in-
; ;,,depth financial planning is a necessity During this task ‘discussions will be
,1ﬁ;_ initiated with a wide variety of financial institutions, including bond under- -
jf'ﬁfwriters bond counsel banks and leasing finns The intent of these discussfons -
- wil1 be to establish the best funding sources for. the project, define institu-
""L:tional barriers that may have to be overcome- before financing can be arranged
-for the project. and develop alternative ownership forms

'“f;fThe financial planning efforts include the selection of a financial advisory
o firm. The selected firm will provide financial advice on the project as it

develops through the latter implementation phases. During Phase III, the fi- |

) nancial advisor will develop 2 financing package for the system. The exact ,
pf-,;nature of this. finanCial package will depend upon system ownership and the re-
"-;,#quirements of the Nevada Public Service CommiSSion. SRR

: JfDuring this portion of Task. 2 discussions will be held w1th the Nevada Public
i ”7'Serv1ce CQmmiSSion and others to establish the poliCies and regulations that
‘J'fvvmay affect the progect and the effects of alternative forms of system owner-
f(; ship and the policies and regulations affecting the proaect These dlSCUSSlonS -
: giywill include extension of service into Reno, system capitalization requirements, .
“fkissuance of securities, ownership alternatives as well as. rates and profit 2
.*pfjmargins If any regulatory or legislative problems are identified a plan will
h',fbe developed to take the neceSSary legislative or other corrective actions _
777‘Regulatory assessment efforts will. continue as necessary throughout each of the 377v:
_f‘_;remaining phases as the system design, service areas, financing, ownership, etc R
s :become finalized LA ' ‘ o '

7 1. 3 Task 3. Geothermal Source Assessment

ff;;During Task 3 the owners of the various potential geothermal resources w1ll be -
o ;f,contacted and discussions held to better identify the estimated quantities of |

el




_ ‘y ;,'energy availabie. source temperatures and any speciai corrosion or fouling
fﬁiaf»v”gﬁ,\'problems of the ‘heat source. These discu5510ns will 1nc1ude;pre1iminary
f%*‘_f'f¥7,cassessments of the costs of utiiizing these resources.

”iii'ln addition Trans Energy Systems wi]i assist the Reno City Attorney s office e

: f;fin reviewing applicable Federa1 and State geothermai regulations and evaluating
jgf‘their impact on the avaiiabiiity and cost of the geothermai resources.

7. 1 4 Task 4 - Engineering/Economic Assessments

‘ ._Based upon the resuits of. Tasks i 2 and 3, detaiied system schematics wiii be _

’f_‘if»ftt;idefined identifying load demand, pipe network, substations, etc. A series of

rg#ahd construction schedules. Each configuration wiii be anaiyzed and specific
-operationa1 conditions estabiished

'1The sensitivity anaiy51s wiii be used to test- the impact of having a geothermal
‘T;energy source east of downtown. Other scenarios will test the economic sen-
“:»sitivity of the system to various financ1ng methods, ownership options and -

bfinflation and energy escaiation rates o

j;g;_,.ththhe potentiai cost sav1ngs of the district heating/cooiing system are dependent j~e
e ’“w'%rupon the escaiation rate of eiectriCity, naturai gas ‘and 011 prices in the Reno,:’
area. An important part of the system economic tradeoff efforts wili be to de-_l.

”"hivelop reaiistic long term energy and fuei price escaiation rates for the area

';" - ': To establish ‘these rates, discu5510n wili ‘be held w1th the staff of the Nevada =

-Pubiic Serv1ce CommisSion. Sierra Pac1fic Power Company and oii distributors

. 'pia*‘f}': 1.1, 5 Phase I Program Rev1ew ;'

’Ject resuits to date Specific recommendations on the foliowing wii] be made
1. Project Def1n1tion/Feas1biiity o ‘ :
;T*fSystem Ownership =
*cFinanc1ng Approach _
;Reguiatory Actions Required .
;_f_Impiementation Steps to be Foiiowed',»*

LW N

- S v?fsensitivity studies will be. conducted to develop alternate system configurations

"fAt the conc1u51on of this phase a program rev1ew w111 be held summarizing pro-i




LY

“w)

L2 sk 11 - SYSTEM "FIN.AN‘CIAL' DEVELOPMENT

T R Y

""jafﬂDuring Phase II, the Reno. district heating system will be taken through to the
- _point of s ecuring systen financing and the start of system design. Phase o
'>i3fconsists of four tasks: ’ |

Engineering/Economic Analysis

evaask 1o-

- Task 2. - Heat Source Contract Negotiations
‘Task 3 - User Contract’ Negotiations

"'Task 4 - System Financing

| djngask 1, 2 and 3 will be conducted concurrently Each of these tasks are de-
'?j'scribed below. . . ' L .

1. 2‘l Task l - Engineering/Economic Analysis

» 'The Task ] efforts are oriented to provide the technical and economic support
| required for ‘both the user and. heat source negotiations (Tasks 2 and 3), and
“,to finalize the overall system design and service area based upon the results
 of Tasks 2 and 3.

- The results of the Task 2 and 3 negotiations may have Significant effects on
f{f'the final district heating system design and economics During the Task 2 and ’
3 negotiations Task 1 analysis will be used to determine the economic and sys- B
- tem implications of alternative proposals The Task 1 support will insure that o
7i_the best poSSible terms and conditions from an overall system standeint are o

' reached L o ' S

;Based upon - the results of Task 2 and 3 final optimization studies Will be per- -
.. formed, the system service area selected and the final system economic analysis
e performed S e i :

- In addition, all engineering support required for bond package development Will'=
o be provided QA , S LI 5

7 2 2 Task 2 - Heat Source Negotiations

] fDuring Task 2 contract negotiations Will be started with each owner of the‘
g alternative geothermal energy sources These negotiations will’ lead ‘the final

selection of a thermal energy source and contract covering the utilization and

"sf,bcost of . energy from the source

.h,j ”_747e§x i.
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7. 2 3 Task 3 - User COntract Negotiations

ray;"During Task 3, contracts will be negotiated with major system users. These

'f;ffhcontracts will be a part of the basis of the system financing. These negotia- o
5;_,‘tions will include discussions as to interface equipment ownership. retrofit
g f costs, connection costs and overaii'rate structure

1. 2 4 Task 4 - System Financi_g

) _During Task 4, the reguiatory and institutionai requirements for financing
‘ "hthe system will be reviewed Working 1in conjunction with the bond underwriters
and bond counsel, the system owner/operator will develop the bond package (bond.
| ‘.prospectus; etc.). Funding will be secured through the bond underwriters.

2.3 PHASE 11T - SYSTEM DESIGN AND CONS TRUCT1ON

7. 3‘1 Task 1 - System Design :

t~wDuring the system deSign phase, the detaiied engineering design of the district",n
,_,,,f' heating/cooiing system wiii be compieted all permit approvals acquired and the
- bid packages prepared ‘The detailed engineering system design will include the
?ﬂgeothermai well heat exchangers, transmiSSion, trunk and distribution iines,
" pumping stations, water treatment equipment chiiier/storage subsystems and |
, farchitecturai/system interface A partial_list of the end- items:of this phase ’
s presented beiow et DT RP ' v

Engineering drawing of equipment instaiiation and iayout

;System engineering specifications -

JEquipment and material specifications
1;Architectura1 and construction: specifications | :
. Engineering: drawing of equipment instaiiations and system layout
- Engineering, crafts,. iabor and supervision cost detaiis
.fg-Construction expense estimates.vfi ;¢~;, e

\A;m O r —

_ SF;?A detaiied construction scheduie and PERT network wiii be prepared to provide '
e __ia smooth integration of the system construction

-7 3 2 Task 2 - System Construction

"TAs shown in the schedule presented in Figure 9, the start of construction is
"anticipated in- the Spring of 1984 with the first system cusom ers coming on
,4rline in the Spring of 1987

T

e,




	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









