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A. C. DAVIS HIGH SCHOOL

o The foiiow1ng study is the result of a request to the Geo-Heat Utili-
: f{zation Center for Technicai Assistance ’

S Introduction

A, C. Davis High Schooi is operated by the Yakima Public Schools. Located .

7?4i]between Sixth and Seventh Avenue South, in Yakima, Washington, the campus

_“fscon51sts,of 7 buildings with a total floor p]an of approximateiy 179,100 square
~ feet, . For purposes of this study, the buildings were designated 1 through 7

- per Figure #1 in the appendix. The three phases of construction dated- 1966,

‘jv§1970 and 1975 are of standard institutional masonry design, typicai of modern i
'public school construction. Three gas. fired boilers 1ocated in building
fxfnumber 2 currentiy supply steam for space and potabie hot water heating for ’
a]ithe entire campus. Due to rising fuel costs, the schooi district has asked '
1f;if the high school can be heated geothermally. . | ‘

sumnary of Concl usion :

It is now economicaliy feasible to heat Davis High Schooi using water-to- E

VVj water heat pumps. - The heat pumps are_necessaryﬂto boost the,relativeiy ]ow

- _temperature resource’(80°F) to a more usable range‘(140°F) " This higher tempera-
ijture would then be sufficient to supply both space and potabie hot water heating :

o irequirements The existing boiiers, some condensate piping, and terminai units
g"would be removed ' S ~

L Four water-to-water heat pumps, an underground water distribution system,
. and several new termina1 units would be installed ‘under the proposed design '

- :;!The estimated capital: cost of the new system is $830 000 Annual. energy sav1ngs"

fdue to reduced natura] gas purchases are expected to be approximateiy 200,000

' *,f;therms/yr with a first year value of about $101,000 “ This savings, less operaQ't
]'ﬁ;'ting costs when applied with escaiation considerations over 2 period of twenty
"7‘1 years results in a present worth of $104,836 when discounted at 8%. This is

~the ‘amount of . surp]us generated after the payment of all obiigation, when the
»';fproject is financed with 8% bonds ' SR




';}v;Availabilityﬂof'Geothermal Water

There is evidence of a geothermal resource in the area of Dav1s Hioh

:School Calculations for this report were based on data obtained from the :

| Ereamery well owned by Yakima City Creamery. The well was temperature logged

‘ ,by Geo-Heat Center personnel on June 6, 1980. A maximumstemperature of 93°F

f:was obtained at-a depth of approximately 1680 feet. As a result of this, a
';gf;conservative figure of 80°F was used to determine equipment requirements for the
, 'high school It should be pointed out that heat pump performance and energy -
'_fv-;}use improve as. resource temperature increases. If a higher temperature than
.45 80°F s encountered at the high school,energy sav1ngs greater than those set’
‘l'fk.forth in this report may be expected.

Heating;Load Calculations

Due to the type of construction involved an outside design temperature of =~

5°F (ASHRAE 97.5%.) was used in heat loss calculations ~The result of this wasjr
 to somewhat reduce the required heating load as compared to the original design
_based on -10°F outside tenperature In conjunction with this, an inside design -
‘”:,temperature of 65°F was chosen. The total building heat loss calculations weref Ce
'performed by closely examining sample sections of each building and extrapolating ,

these findings to the total building based on’ floor area. This method resulted

._”;_;gin an overall heating load at the above design temperatures of about 35 BTUH/FT2
' The space heating load (based on the 35 BTUH/FTZ figure) was then used to-
‘ -determine air delivery temperatures and equipment requirements. Equipment load
'ﬂor load imposed by ventilation air was first calculated based on present design
flows (as far as could be - determined from drawings) “In many cases design

'i<flows were found to be. “far in excess of ASHRAE requirements. A second calculation

was then perfonmed based on ASHRAE minimum requirements as set forth in 1977 -

i'~_Fundamentals Chapter 21, Table 6. Allowable reductions for filtration and tem— o
: ; Rperature control were then applied Classroom rates were based on an. average
"v=class size of 30 students The results of this reduction are shown in. Table 4 of
'the appendix. The reduced ventilation rates were used for equipment duties in-
o the proposed design Energy use figures for both proposed and existing systems
:,j3were then generated and are available in Tables 4 5 and 6 in the appendix./_lt v-'f
o is strongly recommended that existing ventilation rates be closely scrutinized
‘and reduced to absolute minimum whenever possible. For a minimum of capital invest-
",}nent this can result in significant reductions in energy cost. ' - :

o _‘2_»'
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Potable hot water use was based on an expected 1980-81 enrollment of

| ycilloo students

Annual energy use figures were based on figures prov1ded by - R. S. Cameron

‘i:and Co., and were the result of a recent energy audit of Davis High School.

| The Geothermal Systen

5 ”ft Figures 3, 4 and 5 show the basic plan for the. proposed system Included”
7Tare flows. heating duties and key temperatures and pressures :

For purposes of this study the production well was placed at the extreme

,'tfsoutheast corner of the campus.  Further: analysis may yield a different location.
,},however. this position provided the means for a conservative estimate of the
: distribution system.v A well depth of 1000 feet" is anticipated. to be composed of:
300 ft. of 16" bore - 14" casing; 200 feet of 4" bore ~ 12" casing, and 500 .- .
VQféet of 10" bore - 8" casing. This design ‘'should produce the required peak flow’*
of 935 gpm at 80°F water. A deep well turbine pump with variable speed drive
: .pwill require a 100 hp electric motor to deliver the geothermal water through the -
‘ f6" discharge piping to four heat pumps.. ‘This piping will be,uninsulated PVC,
i buried as per Figure 4 in the appendix Insulation"isinot'required due to the
f&ﬁ”?low temperature of the geothermal water The water is considered safe for use ks
"'.‘ias make up to the domestic hot water system and for direct use in the heat pump
j_evaporators ~Should this prove not to be the case, a heat exchanger would be
, ‘f;required for each of the four heat pumps ~This would result in minor increases
'—_~vin both the capital and operating costs - of: the system, but would not signifi- o
f_cantly affect the overall economic analysis i : o

For purposes of this study four westinghouse Model TPE-063 heat pumps

:fi.5were selected “These will be. placed, one each, in buildings 2 5 6 and 7.
_:*'Geothermal water will circulate from the supply piping through the evaporator
‘15:of each unit in a parallel configuration The cooled geothermal water will. e
~then be disposed of at the injection well In addition a small amount of

"%7f%water will be split off from the main stream at each unit before entering ,‘;'




']kmthe evaporator. This will serve as ;" make up ‘to the potable water heating sys-
;Jtem for each unit : .

The compressors of the heat pumps require a total of 708 kw at peak condi-~:i'

i‘ff‘tions to compress the vaporized refrigerant to the. higher temperature. This

lﬁelectricity contributes to the overall heating requirements The heating sys- -

‘ jafbﬁtem water, flowing through the condenser, extracts this heat to provide the
‘.'necessary space and potable hot water heating A water storage tank accepts

}*7f§Total heating capacity, at peak.is approximately 9, 000, 000 BIU/HR of which -

.ifsumed Typical flow diagrams are shown in Figures 4 and 5 of the appendix.
: :;;‘712.000 BTU/HR fs for potable hot vater heating.

The geothermal system has been designed to generate both space and potableﬂf'f

”“335h0t water: heating During the winter months when heating demand is high the

‘:isystem will work at near optimum conditions. However. when- space heating demand

"'”;ffis low or non- -existent, in the spring and sumner onths it may prove 1'ﬂP"aCt‘Ca1
r"]f”:.to run the heat pumps to generate only small amounts ‘of potable hot water. At

’ije,}isome Point it wil1 become ‘more econonncal to heat potable hot: water by direct - R

lfoelectric re51stance. or: natural gas means, Time did not ‘permit a detatled analysis ;fﬂ',»

h_iof this situation. The: energy use. figures in Tables 4. and 5 reflect usage that
ffwould result from 100% potable hot water generation from the heat pumps. It is

‘f??.ffrecommended that some means of backup be PTOVldEd

:vf,Modifications fp:; o
- Building #1. e = SN o i - »
This building, h0u51ng primarily Band and Chorus facilities is currently

pff.?Vheated by AH-1 (air handler), 11 fan coil units and 3 unit ventilators The preheat
"v?and reheat c01ls currently in AH l are served by steam As the heat transfer charac- :

j’teristics are not compatible with l40° water they will have to be replaced * Some

‘Q{;plumbing changes will also be required to accommodate the use of pump #3 for-

7iavsupplying heating water to AH#l during ‘the: heating season The existing fan. coil;; aif.’

;the return water and make-up water needed to offset the potable hot water con- b P B

.v:,=7units should operate on. “the l40° heating water with no major modification other '; :?,f'
'f:t:than an: increase in fan speed AN unit ventilators and AH-1 should be closely
'{.examined f0r proper ventilation rates. Potable hot water and space heating :

77.?3water will be supplied by heat pump #2 in the basement of building #5




;fo;Modifications : Cont d
‘ivBuilding #2

Building #2 serves as the administration center and mechanical room in

'15vbin the present design. - Currently it is heated by 4 unit ventilators. 16 fan
5 coll units. 2 convectors, 2 steam unit heaters and the commons area is handled
i :’by - 3 iocated in buiiding #3 ' |

The major modification to this bui]ding wiii be the removai of the existing

'fboiiers and the installation of heat pump #1 in the boiler room. The heat
*pump wili be tied into the existing potable hot water and space heating systems..
'=¥¥The two steam unit heaters in ‘the basement office and shop will be replaced with f
',f’suitable hot water models. In the main administration office area only the two
: 7;convectors on . the south wall will have to be repiaced with fan coils as they will
- be ineffective at 140° temperature The four unit ventilators.should be examined
1f'forvexcessive outside_air and fan speeds should be 1ncreased on all fan coils and.
- unft ventilators. The lack of modifications 6n these units rests on the assump-
:7i5~tion that the existing coil is of multirow design. Pumps 2, 3 and 4 will have
. to be connected to the new storage tank for the heating system as in Figure 6
",;fin the appendix It is recommended that 2 backup eiectric heater or small
",recirculation pump be instalied in the present potabie hot water storage tank
;fito compensate for standby heat iosses. N '

”"p}'ﬁ’auiiding #3

This building current]y houses the cafeteria, kitchen iibrary, and some

vﬁfclassroom 'space. It is heated primariiy by 2 air handiing units (AH 3 and AH- 2)
'. ;and a few fan coil type units.

;", Heat. for this buiiding w,11 be suppiied by hEat pump #in buiiding #2

.,*rThe same consideration for the fan coil units apply as in the above buildings
'-_The 3 coils in units AH 3 and AH 2 wili have to be repiaced as they currentiy
:f'use steam as a heating medium In order to circulate water ‘to these units during
~ the" heating season, p]umbing modifications will have to be made - to chilied water 5
Varpump #2 in bui]ding #2. The two 96 MBH steam unit heaters in the penthouse , '
i_if;_wiii also have to be repiaced ‘with hot water mode]s Domestic hot -water wiii '_
- .'5be suppiied fnam the existing system iocated in buiiding #2 Again, ventiiation
' .rates for units AH 2 and 3 shouid be checked for excess . '

-5




‘ "Modifications : Cont d f

_,;'; uilding #

" This building houses - primarily classroom areas and is presently heated by

| fmfreheat boxes exclusively. ' These reheat coils are currently operating on 130 to

”]‘f160°F water and should be. capable of supplying the required amount of heat under' ,
ﬁjthe proposed design. In some uses the situation is only marginal Every effort S

_-A:fshould be made to increase the mix air temperature to these coils by reducing
’1'fventilation rates to minimum, especially at or close to design conditions

water for space heating and potable use will be supplied by heat pump #2

: '5ﬁin building #5.: ‘Again, some electric backup should be provided to compensate .
'ga;for standby losses from storage." : : :

. j‘f.‘rBuilding #5

~The stage. and auditorium are located in building #5 CIt is currently

}'nfheated by a large air handling unit, the details of which were not available o

on the . plans. In addition, several small fan coils and convectors supply heat

’i'fto the ‘landing and balcony areas.

In the basement the 2 steam cabinet unit heaters and one steam duct coil

“f;ff;will require replacement with hot water coils.. Also. condensate line sizes will
o vﬁhave to be enlarged to acconmodate higher flow rates. The four unit ventilators e
5 1plocated on the first floor and lower balcony will have hot water circulated to L

1_‘?the chilled water colls during the heating season. This will be accomplished
: ;Zchy tying pump - into the: heating circuit. The remaining steam equipment {2 .
| ;;*Fcoils in the Tower balcony area, 2 small convectors and 2 cabinet unit heaters) -
Ui AN require replacement These units, in addition to the coil in ‘the main-
"7fair handler. will be included in the new hot water circuit Flow will be genera-
‘ g;}ted by a new pump in. parallel with existing pump #1. Potable hot water will be

,istributed from the existing storage’ tank to which 'some. electrical backup should

-”bevprovided to compensate for standby losses

Mt u1lding #6 s T : TSR CEE
i _1{;This building contains two floors of vocational training rooms and a third ’

VA"“floor con51sting primarily of classroom areas It s presently heated by 52
fl“l} unit: ventilators, lo fan coil units. 9 convectors ‘and 2 make-up air handling B
:ﬂfunits 6 1 and 6 3 In many cases it was found that the existinq heating coils -
_1;fiin the ‘fan coils and unit ventilators were not able to supply the necessary
"1*famount of heat at l40°F water supply temperature This situation could changeg

; p,fthowever, if ventilation rates are reduced to minimums The proposed design

- ,5.'.'-




‘5Lwa5'based'on:the'uSe of the chiiied water coils for heating purposes. Since

- they are of multirow deSign, sufficient heat transfer capabi]ity is avaiiable

,,ifcr 140°F temperatures The use of the chilled water coils for heating service fﬁlv

.i‘f‘wili be"faciiitated'by connecting circulating pump #4 to the heating circuit. )
. (| addition 9 convectors (located primarily in lavatories) will have to be replaced.

;vwith small fan coil units and tied into the chilled water/heating water circuit.
Air handiing units 6-1 and 6-3 also require heating coil replacement and each will
" have to be tied into the new plumbing arrangement. Potable hot water will be dis- .

: lséggtributed from the existing storage tank with new eiectric ‘backup heat Heat pump

'(unit #3 will be installed in the mechanical room.

. Building #7 | |
R This building currentiy houses the gymnasium. shop areas, locker rooms -
”‘and some vocational training facilities It is heated by 7 air handling units,
”'11 unit air ventilators, 5 fan coiis. 10 convectors and two.duct heat coils. :
o The same approach will be employed here as in building #6. The chilled water
jl” pump (#4) wiii be used to distribute hot water to a1l units. Some. vaiving and

' piumbing modification w111 be required at the pump to accompiish this '

_ The 10 convectors will have to be replaced with small fan coil units and
tiedinto the present chilled water circuit (now serving as heating circuit also)

Of the 7 air handiing units, 3 are able to use the. cooiing coil for heating ‘

' '1:and will require on]y minor piumbing and control modifications.v The: remaining

.,’4 units must have new heating coils instaiied and connected to the chil]ed water :
_ Potabie hot water wiii be distributed from the existing storage fac1iities
-»with new electricai backup added | 7

m&":gHeat.P@mP,Unit #4 wii] be;inStélied in:the'mechanicélfrocn. o




A, C. DAVIS HIGH SCHOOL
.'SPA&E HEAT!"G ECO"OHIC;ANALYSIS o
The eurrent annua! eost of natural gas was establlshed as $101,803.
= Thls annual cost was projected through the year 2000 at the followlng
lnflatlon rates:

- l981-)98& . X

C1g8s-1989  B.ag
19%0-1998  10.3%
1995-2000 . 10.6%

| ,.Hpafipump oporatlon and puuplng costs were estlmated to be 529.5541 

3o var ':v“".v. These costs were projected throngh the year 2000 at the
fonowsag mmlon rms. | R G

s IR T R X

o ssgeo0 8.6

= Halntenance costs for the system uere estlmated to be $3|,925 per

' V.year. These costs were pro]ected 8t an lnflatlon rate of 7: per annum» f~‘

32e lthrough the year 2000 which ts also the assumed economlc lnflatlon
'eif;frate.,:ie RS ,v o | ;
lnserance costs: were estimated to be $3 693 per year and were f;'
a:iliprojected to lncrease at zz per aunum over the zo-year projcct llfe.,'ﬁ -

S Using these figures, Table I was compiled to 1nd1cate the projected
jecash flows S SIS :




‘ lt was . assumod that the hlgh ochool would finance the pro]oct with

’;;.an 82 tax-froe bond, maturlng In 20 yoars. Based on these calculotlons.

‘ f'i’the hlgh school could afford to opond approxtmatelv 5935 000 for the

sproject. Although.tho system appoorl to be marglnally feaslbio.

. 7:-f ishould be understood that nll lnflat!on rates used were ultra-conservatlve

f' and any actual increase ln tho cost of natural gas beyond our pro]oct!ons

| 7ogééﬁwould make tho projoct much more feastblo. lt is olso llkely that. the

” ':.vovsystom wlll llst much longer than 20 years and the annual savlngs durlng

h"'j'fthts oxtended Ilfo will be ln oxcoss of $330 000 per year.
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" ADDENDUM

, A C DAVIS HIGH SCHOOL
Yakima, WA

R The fbllowing is a reply to the questions raised by the R. S. Cameron _
'o:COmpany in its August. 15, 1980 “Report on Geothermal Report" '

e Item 1, Page 1. Proposed capacity. Given the present conditions at the
.- high school we would have to agree that the originally proposed capacity would
.....not meet requirements. However, that design was based on significantly reduced

% ventilation rates.  The present ventilation rates at Davis High School are far
“" in. excess of current ‘practice, ASHRAE minimum, State Bu11ding Code, State

"'+ Health Dept., Superintendent of Public Instruction and Uniform Building Code

- “requirements. = As evidenced by the attached figures(Appendix A) for building #6,
~.-maintaining these rates (current1y at 2.8 times minimum\requirements) results in .
. substantially higher energy use than would otherwise be necessary, Specifically
- 17,428 therms/yr or $9411 dollars at .54 $/therm for building #6 oniy. -
- “this building was part of the most recent phase of construction, it is not
'gfunreasonable to expect that this condition exists in the other buildings as -
~iwell. Regardless of the school's plans ‘for geotherma], this prob]em shou1d
SR be examined 1n greater detail. TR P FE A _ ,

B ln odd1t1on, we have examined ‘the gas use figures generated by R.S. Cameron
. and Company for the 78-79 winter. With these figures and data from the National
. Weather Service in Yakima, we have calculated (Appendix B) peak monthly heating -
~ " loads using the ASHRAE degree day method. We have found. this procedure valid i
- -.other studies and in analysis of the campus heré at Orégon Institute of Techno1ogy;
.- The attached data indicates a peak load in the month of February of about \
o 12,000,000 BTUZHR.  This is based on present conditions at the high school and
SRR | considerably less than the 18 000 000 BTU/HR fe]t to be necessary by the ‘
Jh,’R S Cameron Co. ' o } ,
Given this present peak load of 12 000 000 BTU/HR, we feel that w1th

_,\HLip7reduct10n “in venti1ation rates, a peak 1oad of 9 000,000 BTU/HR 1s a reasonab1e :
3 _j;,ﬁfigure. (R e , , , R R : l T

Item 2, PogexilixfEleCtrfcaI CoSts. Pacific Power and Liqht, the electr1ca1 ;:4

ﬂ“power supplier for the Yakima area, has in_fact had rate increases since June, - i

C01979, the latest being May 12, 1980. Calculations for the original study were =~
‘. 'based on: May billing figures as obtained from the school business office. L
' ~PPL'has had recent rate increases in all of its service areas of between 6-9%
- and these have been incorporated into the current economic calculations. It-
-is expected that any near-term increases will not exceed -the -6- -9% rate, however
attempts to verify. rates of 1ncreases have met with no success at the time of
his report.q=¢_1_;~_ TR ; 4 - . 2 :

: ukf-" Natura1 gas in: Yakima has an already approved rate 1ncrease of 18% over :
.~ the next 18 months (the 4¢ a1ready 1n effect has been 1ncorporated 1nto the
_latest cost f1gures) X RO TR

2




Naturai'gasiis expected to inf]ate,atamuch higher rates than electricity

-~ due to deregulation. Some sources estimate this escalation at as much as
.. -30% per year for the next few years then tapering off to match fuel oil. The
" escalation rates used in the study are available in the Economic Analysis section.
- We feel these are in fact somewhat conservative for natural gas in iight of the
‘aiready approved increases

Item 3, Page 2. Cost Estimate A revised cost estimate'(Appendix C)~

~ has been compiled for a system to satisfy current conditions. After‘visiting"
" the school it was apparent that some costs required adjustment. A revised .

* - capital cost for the design would be $1,120,000. This cost increase is prim—
oorarily due to higher weil drilling costs and more extensive pipina modification
"ivrequirements L

Item 4, Page 2 Distribution System.  After vi51t1ng the campus, it was

_ obvious that the originaiiy proposed piping system was not a workable design. o
- The attached diagram (Appendix D) indicates the new routing of geothermal !
.+ . -delivery mains. The lines could be installed under the sidewalks and grass areas
~-between the buildings and the street. Conversations with the Yakima City

Engineer have indicated that Schedule 40 PVC pipe is permissibie in this type

A~_ of instaliation.,

Item 1. Page 2. Part Load Efficiency Appendix B shows curves pro-- o

,{vided y Westinghouse indicating part load performance of Templifier centrifugai
*_heat pumps specifically for this application. From these curves we have deter- -
 mined that an overall (system) COP of 3.28 will be most accurate for energy. costs.
" This would result in approximately a 6% decrease in the projected electrical '
- use for space and domestic hot water heating that appears in the original study.
" Thus, the figures used in that study are actua]iy in excess of the amount of
i,energy that would be used. : -

Item 2. Page 3. water Fouiing -The creamery we]i has. and any projected

‘well in the area probabiy will have, potable water of about 100 parts per million
- total dissolved solids. This water quality is much better than many municipal
- 'systems. Calculation of the Langlier Saturation Index indicates that the -
. creamery well water is not expected to cause either corrosion or scaling.
_,,,nIsoiatigg heat exchangers. exotic or even nonstandard materiais. wii] not be -
';“requ1re : . : :

Attached is a copy of the water analysis perfonned hy University of Utah.

.'va‘fResearch ‘Institute for Roger Howe Associates. Inc. in conjunction with another j
- ,proposed proaect in Yakima. ER . o 2 : R

Item 3, Page 3.  Domestic Hot Nater System As stated above the weli

"7{<water is of sufficient quality for use as make-up to the -domestic hot water system.'“:"
. ~This will result in a reduction of present energy requirements due to the higher ,
'-:;,‘make-up water temperatures ~ , : , ,

" The p]acement of heat exchanaers between the heating system water and o

”individuai storage facilities should eliminate the sanitation problems. existing fﬁ

. in the original design. In addition. the existing steam heat exchangers cou]d
‘.;}gserve as. stand-by : . .

2




oo Item 4, Page 3. Inquiries were made to Bonneville Power
/  Administration, Washington Public Power Supply, and Pacific Power
" . and Light. In all three cases we found that no policy covering .
-~ 'water source heat pumps is currently in force. (although they did not
- recommend any future resistance heating or air source heat pumps requiring
‘resistance heat supplementation). The general feeling is that the reliability .
of the electric power is at least as good as natural gas. The natural gas
 supply for the Yakima area comes from Canada and there are no long-term
 assurances that it will continue. The cost of the gas is almost certain
~to increase faster. than electrical energy which will always be supplied to N
. some degree by hydroelectric means. All agree that in the event of an extreme =
~drought there will be some power shortages, but we have already seen natural . .,
- gas curtailments and can probably expect to see more in the future.

: As for é\ectricé];pbwer'failures or serfous curtailments, the effect
" would be the same with the present system or a heat pump system since neither
. can operate without electricity. AU - :

o Item 5, Page 3. - Contrary to the original report, the existing

" ‘boilers can remain in place. Space is available just outside the ,
mechanical room for installation of heat pump number 1. With the boilers
“remaining, the current cooling system can be retained. Allowances have been
“made in the utility use figures for this situation: T

<~ The following economic analysis indicates that a heat pump system based on = . -
‘present conditions at Davis High School is not economically feasible. We belfeve
, ~this is the result of an unrealistically high heating load imposed by excessive =
- wentilation rates. So far as can be determined there are no Code stipulations
. - or unusual mechanical problems that would prevent reduction of these rates by - -
- oooo-gubstantial amounts. The result of this would not only cause the heat pump °
. system to appear more economically attractive, but would result in immediate
" energy use reductions and related cost saving to the school. Given the present. -
~heating 1oad for Davis (12,000,000 BTU/HR), with reasonable reduction in -
" ‘ventfilation, the peak load figure used in the original study appears to be
~’'valid.  Using that figure (9,000,000 BTU/HR) and the cost increases outlined v
. " “in this report, a heat pump system would still be less than economically feasible.
~~However, it would be more attractive than one based on the present 12,000,000
“'BTU/HR figure. Should natural gas rates inflate at a rate above those forecast
" “in_this report, the situation would be subject to review. For instance if .
. ‘natural gas inflates at 15-18% the next b years -then reverts to the inflation.

- rates we used, the project will be very economically feasible.

2




AL C. DAVIS HIGH SCHOOL
ffgiJl © SPACE HEATING ECONOMIC ANALYSIS

' The current annual cost of natural gas was established as $103,389.
~This annual cost was projected through the year 2000 at the following in-
- flation rates: = g R L

1981-1984 7.6%
1985-1980 8.4%
1990-1994 ~  10.3%
1995-2000. 10.6%

©Heat pump operation and pumping costs were estimated to be $37,788 per
~_year. . These costs were projected through the year 2000 at the following
- inflatfon rates: .~ -~ JEE , o

©.1981-1988 8.9%
1989-2000 - 8.6%

Maintenance costs for the system were estimated to be $38,099 per year.
. These costs were projected at an inflation rate of 7% per annum through the
- year 2000, which 1s also the assumed economic inflation rate. B '

. Insurance costs were estimated to be $7,866 per year and were projected
~to increase at 2% per annum over the 20-year project life. - -

“ " Using these figures, the following table of ‘projected cash flows was
, compjled,~». IR R e R RS B S R ST - SR

“Assuming that the high school would finance the project with 8% tax-
free bonds maturing in 20 years, a net present value of the 20-year cash
- flows was calculated at 8% annually. The results of these calculations . ,
~ .- indicate that the -high school could afford to spend $630,686 for this . =~ ..
., project. The estimated capital investment is $1,270,000; therefore, the -~ . .. .
~ -project is not feasible. .~ . . . . R T T

" Further calculations were done to find ‘some interest rate for borrowed

‘ flmoney-thattwou1d.make'thefprojectffeasible;é‘The~rate found was 2-1/2%, - ;'.,»"

" indicating that the capital investment will have to be decreased or the . =
- annual operating costs would have to be decreased in order to make the ~— =°

~project worthwhile. =

- .~ -A'second economic analysis was run to determine the feasibility of
. 'this project with higher inflation rates for natural gas. A 10% increase
. for the year 1981 has already been announced by the supplier of natural -
- 'gas; and based on experience over the past three years, it was assumed
.~ ‘that natural gas prices would inflate at 20% per year from 1982 through

- }';;f“‘JQBSQ A1 other inflation rates remain the same as in the first year analysis.

g




. Tﬂe re$u1ts of thé‘secbnd.run were that the school could afford to -
spend $1,754,947 on the project if they can finance it with an 8% tax-

. free bond issue. _Thus, the project is feasible. A word of caution. It
. may be erroneous.to assume that inflation rates for natural gas in the -

- next five years will follow the pattern established in the past. three




20-Year
‘Projected -

- ‘Cost

. “Natural Gas

b AR

0T K W I SR

NN CN B B £03 6 T Y B 12 1) b bk b bk ok et e et

. ® e . e e

« 4 =
id pt
1T 1
- v-‘ >
o =
[l o
-~ -
Sebanlv
EELJG
LT 2
oSy
" -~
TES2E
e ”~
S1E55.
N Syl ST
arydze
Lod ¥ e Tl BN |
S T
_—
S255%
hcl w3 ]
A '_‘-.'0-"1—-’
B B A
Ly B.."_"\.{
SEE4E
b B O I
raoa
A4
1"!:.4*1-
&
Sois4
W Fotherdk B
Oevis
B
R
1950y

‘Geothermal =
- System |
" Electrical -~

Cost".

Ty R S
. - -

S LY et h

OO0 e 0 00 b

e s o
(OB )
(K LR
- -

=N
$
.

L O Y AL 000 T b
-

bt
b,

T a3 00 00 R =Y O AR s x|

1172,
£152.
5734,
39ET.
2908,
2618,
33163,

10
o tes2ev.
201156,

“A. C. DAVIS HIGH SCHOOL -

. 20-YEAR PROJECTION OF- COSTS ‘

~ Geothermal
<o System-
“Maintenance -

Cost

anTes.
43e1E.
" 4EETZ.

49940,

Cd IS D oate

CS¥1VE.

© B117Es
. eBael. .
. 7op4z.
74946
gss0e.

91812
Qg-,n

105118,
112474,
“158-'4 s .

R 1 ‘If'—'-“—!

‘_C'n L
"f [} 8“-

| iaradin

AND BENEFITS s

vy

Geothermal
System
insurance

Cost
“s022.

8183,
2347,

8314,
- E8684,

858, .
2035,

azi6,

588, - .
arven.
gqf\-‘c

10175,
10379,

10586,
10798,

11014,

S11234.
- 1143%,

11688,

TDTHL
L 181114”

 20-Year
- Projected

. Cash
Flow

21306,

23084,

24976,
26987,

3023z,

33786,
76T
41933,

46812,

S6106.

666352,
78603,
Qz12é6.
107409,

125676,

146356,
169740,

S 196153,
“fccu958.
t-‘. - 560- :

'y

3 03 T B B 1)

DRV B WA YO TR O R ) B0

BT EA KN N R

Net Present

Value
at

3 I e o

£a g O =g 0

D =) Pod a0y s 1)

P

DALI e B x Bt AU Sk I gM R LY W I8 < g

LOC NS IS W Ml T e B}

Do0n

[

TOTHL
: 1 : _UI_'..‘

Net Present

Value
“at

2.5%

Pt S0 e =of £ 0 G g 6T
-

LA % SN X R B« B Bl Wow SO R
-

OO S x M O S Rn L O e

B A RN S R VR A

| R




Y6

B S Ol 1 R

WO 0D ST N ER e e £ L) )

i R BT R i |

204Yearff~"
' Projected

Cost

 *latural fas

'
|
}]
3]

AR RO HAY et
p y _

e BN DR PN R
o S TN | N e LS I LS

WX I send 2 IO R Bt B OTRN R

o R OOV AT 0 e A S

—,

R

D D0 | B

LIS bbb (T
-

l:r'n l:

AR L

0 e I Sy S N AN s ) ]

RS B |

DO RN I SN Y WV R R RO el RN 3

3= [ ) O D

Lg R O

LT RN s ) BTG B
-

~ Geothermal.

.. System

“Electrical’

172

X R

)]
)

DR R S SRRV N s Bl B SN X
L ]

e L a0 e

AT g ) i DD Y L OO0 e

e P e (Fx JEY W e =0

- )
SR B R B I AW o s MR
.

A. C. DAVIS HIGH SCHOOL
20-YEAR PROJECTION OF COSTS
" AND BEMEFITS.

(INCREASED INFLATION RATES THROUGH 1985)"

‘feothermal
.System
Halntenance

_System
‘Insurance

Cost-~ . _Cost
HOFES, QGB_.'
43612, B183.
465?2- ) S _34?-
49940, 8514,
5 ~ .8684,

8852,

[ ]
634el. 3218,
TOO43, 2401,
74-45- 953@-
2019z, a7ed.
a580:. 2975
31312, 10175,
F823%. 10373,
S 105115, 10585,
1124740 106793,
B peinich o 11014,
12877 2. 11224,
- 137782, 11452,
14?431- 116&5-

' Geothermal

'Net_Presént
" .Value

"~ 2n-Year
Projected
- Cash-

: Flow

”?“,
3985,
Baa4s5,
34922,
llq -ﬁ

] 0 B i T
(e~ 3.1}
N

» - = - .

B e S a0 Y KXY S LN GV S
Wy SN W L ) I e

T ST o Tl G s (23]

?

-

. " s

S, = .
g

& et e

R N RO N O R W RO

Do I S0 VN ()

w1 o

w0 oL D00

L

v .

ot

E LN ?

'—-.‘

[
[SPR R el sl

00 ol e e

(RO (I 8 our 3 8 TN w ot Mt M A R e B R
b I VIR T I N v JUUN o 1 (O TN CAR CAp v LY Y N |.J'|

D) 60 =) 00 0203 O T L O e O
G0 00y TN L D e G T

Tn el Lo B 643 G0 03 o) To) i) b et bk 4ot ot

e a0 000 ) O

TOTAL 3
C 4801240, TE4F4T,




BT

wutmm A‘l’ Aemuu;. Muumum‘r

’i"

ous ,2435_.

5. 1344

- '.,,25,! e ‘10%4’--_.

- p80

’ ; v‘&;..-f -

36 5
072—-
-
2801
1392




188

5 ’»'f‘-é%f'

3

o 8706970 o

A/ bAvw u\q[,*-‘;j gl

- For CoussmpTIon E?t- ﬁ‘aﬂmﬁré Persod

Hy- Desga Hear Loos - &M,

DO~ MNomeac o Deyece Oaxs! ﬁr— E-‘:T«Mé Peticd
Ry S De.-s\qu TOAMPELNTORE - DIFFENICE S
‘ Lo TfoL Lowo erFoECT

H:«rcq VAE o8 Foew

\%4014‘ )ij lzﬂl-‘14
os’ .7‘.7

7(‘@

New,z .Ega._ ms 7&-19

Mm

P - O Load

N 17 R, S SUR 76 | 4859‘: '
901 -0 ek 15 29404 11 95| 239
no o 3 0el 2°B

C.p' VR CAM-M mk\é)fkwc, eﬁ’&:r'\/s DeqazzDa-ﬂs

L GAL
L A

£

24
3t

1.0

.0

89

A
: '45

15314

a0 093
10123

z, 857 915
\72

2 403

: Asﬁur&' Da’»;mz’ ;wr' m;mm um; 1wzw-=-s~*1 cowzr-rwu mm
PR !”“‘ et ' G

8 290 316

9715 WG*’ o8B 59
____9.49! 150

Loones 9 _.64.7 W ;

%0 f—f?" |

&

Paw, Low 1, 951 m %‘79
..‘,.*..u.zwow mu»t

. -nc,ol.ea foe oa a8 ™ APLIS fmw !Hur'me&- Saw-ct ﬁe.uus coc .
N e Alquees Au«, R g : - S e
& ) -{/-‘P\t\ow FLban Dhrians wama.. sa.aw ﬁa«_ -'w--:o w»-wm_
3 Frows | Ceom \cs Chanltond g
,‘Aw Gee Assonah B e wed. Focd
L e A Higw ¥
: ’(,Wau Facroe rabomstzi-nl gr coms oaw Swout.t v\a.b '3 Hrqu:

ot -7& -19 . wwnm—

EA'no;‘ O«M—ﬂ» zs ' -Go'eeu._b 1’4 '

(wr bexs Hc,a.u:s e
Pﬂm. LOM P‘quu S d ._“.(

‘91 ‘& %M Vﬂb 43- 8  -

{1488 T %Hv

y




SR T SR SRR

o De.cbounuu ASD ':u:.\’ez.nou w,m.s
e (£ T - SV

UnDet Geoond ﬂp‘u&,

GDE wAIe e

 pear owmes -

E Aoar Heas (buu..muc,

vambwuoamms JPE

i ,Auz..- Howpier. o (Zowwm
,Qu. Rowmps AuD SPLES ; N
m«\- PrPtey Ac st

1}.M\6¢- mg..uwu:. AN \z\-zuru‘.m; A

_‘~...€uc\».:mu9¢, & 0%
Dowaoric BT Wt Wﬂ(
a.ab va'/u.. : ety

T YOTA

OPMU&. coerf;

rV\AwTAM AM’.‘.E
wguwuf .

Earecac m.{au Fao %m @ 02.34 ‘/gu

UMMAb G5 5~vuc‘5
' \69 46( -mams/ﬂ, e

_t%gooo_ :
- 779 000

o 000
15 000

4230 ©cO

1O . 000

10 000
45,000
‘A3 000,

80 Q00

b st

.. .100 @0
jop o0

t; 6(50

¢ ':,‘j

l‘lo oou

: gé 059

7866 .
7 788 o

‘ss 5% |

€4$7 '/ﬂ-tc\cm :

\os 389‘

v 270 OOO o

il e 1 e 17 .




N0 3

.-

Swo

y S
P TR T P
i .

NO

vanewwm | TYNOIAVA E

e e e A e = e i e oarim e i e

o e i R e e n e e e LD




A éétz’ubn 5\‘ =

_=_capacity of 3,057 IO ~_t.u-w.(.._ |
__ Zod G?M SouRce WATER.

a]o CAP(-\C.\TM

K\A TnPUT_ = Co P

CAPACL‘LV -

- 3os'mo 391 - 38Y

100
I

o~ 1eyxie®  ~ |gf7.f~.."'-t 2.4S

8o

. '.-Sam\o = ql{o 4/06

F

O -z

~ Mk

S 'zg;-_.’ ,. 3,” o

- ,20%1°

g&eas_,u.gﬁ 3,9¢2 ma‘ sry#

,:fuu..‘. #’a -

3.9.9.@.9_&__.9.4&5&_1&9“&?—

loo

"'".'%;ﬂmu - ‘zeo - ‘-/ 19

"_vf

- 984x1® = V1o _ 280

e I-Q'W-&C e .j’z&_ i 4/.29

ey "

l.‘of,gao@, o~ | - a4y |

i ‘s (““_)5 -

,5—'6‘-,06. e ..

2 4‘75 x/o RDUf

CAPAc_my oFi ‘

mm_ ﬁ._.} _‘~-
| i 'ZS/?‘ Gf’,M,_.S,ouRc& c.o»qm

= .ei‘ﬂib‘," T

: \Go ; _A_ |

= legxae® -




'
i
4
-1
'
;

O

&g
r :
v M

I3




- - v g . :

b e

R 5

‘9(’0\4""

A St

loo% I« -a ',’ :

AKka

Cre B IUASTEN

e capaerry - 1007e CAPACITY » 37 n1o% RTUA




52*

S
~ina

[T

mis

SLDNGNeL YR




ge

goa

504

e

&

MOIENT . TEMP




! . Tota'l Dissolved Solids e 1200 nutmnt:smrm

":\e,),* S ji“*'-504' A e T e '_ none detecte

”;:!2 " John Grahan and cgmpany

S ';-’_f"’ ff;;f;,'_:'-' LOCATION: BENAROYA BUSINESS PARK. BLDG. 4, SUITE 219 - 300 1200 AVE.NE, BEL

RDGER LDWE HSSDI:IHTES INC
»EHBTHI SCIENCES |

iy 2, 1980

' Energy Management Department
1110 Third Avenue .
g'_Seattle, Hashington 98101

. 'fev}Attent‘O"-“Hrf Arun Jhaveri

. 'Report Addendum

Geotechnical Well Feasibility Study -
. St. Elizabeth Hospital
. Yakima, Washington

ARLAI Project No. 604-01

f*ifGentiemen. S '

| " : This 'letter provides the results of water quality testing by the

University of Utah Research Institute (UURT) on samp'les collected from the
Hospital

o ferLo Pnoceouass

| Nell on June 3, 1980. The samples were fi'ltered. fixed with nitric acid,- and

'weli water was measured at 7.2 at the site.

':fCHEMICAL ANALYSES o :
: Testing at the UURI lab resu'lted in the fol‘lowing resu]ts.
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e ~Creamery Heil. This addendum to our June 20, 1980 report completes the scope N |
: L of services for our geothermal well feasibility study for the St. Elizabeth

v S .

A representative from UURI collected water samples from the Creamery .

i stored in glass containers for shipment to the UURI laboratory. The PH of the’"‘ '
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. GEOTHERMOMETRY |

s In the subsurface certain ions are in chemical equilibrium with the
j",,surrounding soil and rock materials. The concentration of the ions increases
‘,f-ias temperature increases. By determining the chemical concentration of certain
V‘;,chitical fons and applying mathemical procedures to the concentrations, the

. fons (geothermometers) can be used for estimating temperature. When two or more
coof the geothermometry calculations are in close agreement. confidence in the . .
o calculated temperature is increased, : :

| - “UURT estimated the warmest past temperature of water collected from
- the Creameny Well using the Na-K-Ca geothermometer and the quartz-silica geo-
ans thermometert The results of their calculations are as follows:

}Geothermometer. S - Estimated warmest gast tempgrature ”

Ma-K-C2 - 58% . (129%) -
osio, L 5% (12%%)

} The calculated values are in close agreement and indicate the possi-
: ~bility that water from the Creamery Nell may have been as wam as 125 - 130°
. and cooled by upward flow before reaching the well location. :

CONCLUSIONS

-’;is of good quality. The parameters tested are within drinking water standards.
o Based on the available data. the well water is not expected to cause corrosion

5"rsurrounding the injection well. o B :
B The results of the geothermometry indicate that the potential for

b
%
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5ij”warmest past temperature of the sampled water can be estimated. Several sets ofi%'

Nater from the Creamery well is relatively low in dissolved solids and e

fl'producing water up to 125°F is very good The values do not affect the estimate T
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| bf the local geotherma\ gradient. as presented in our report of June 20.
: Please call us if you have any questions regarding this addendum.

o Yours very truly,
' ROGE_R_ LOWE ASSOCIATES INC.

James A. Miller. Senior Geologist'_
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- Jon u Koloski Associate
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GEO-THERMAL REPORT

. iAagust,ls. 1980

s fAfter examining this report. it is our recommendation that this
-7Qireport not be accepted or reieased for. pubiication until it |

.f;fﬁhas been revised to rectify ‘the following deficiencies"'

1 The proposed instaiied capacity is insufficient
}fto handle the Winter time 1oad and we feel ft ,”
."shou'ld be doub\ed. This wil'l be discussed in

'-i;greater detail beiow._ |

| *iiz;fThe anaiysis of electricai operating costs fa11 fn

' «11Tto recognize that there is a substantia1 upcoming

”‘:}power cost increase this Fall and that the Power ,'1n
_ dCompany has not had an increase in rates since o
;ﬂ}June, 1979 but during this time the gas rates ‘
 haver neariy doubled so that now it is the Power
ylnCompany s turn to play catch up.u Comparison

'tfshould be made on basis of revised power rates..f'

————i o . ]
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3. The costtestimatelthat has been prepared for the

'proposed job appears to be insufficient in respect

st’to well costs, electricai costs, water distribution

l fmain-and mechanical system modification cost. Ne

pifeel that a minimum budget of $1, 155,000 be set

';n'up for the construction of the project based on.

ithe capacities used in’ the report.. If our

ig«recommendationsfor system capacity are foliowed.
”'the budget uould be approximateiy $1 900 000

~‘to be feasible in that some of it cuts across the o

’texisting concrete retaining walls. steps, fountain7 S

The proposed distribution system does not appear‘,7'
: existing court and it is necessary to cut up the =

'and court yard. We believe that this line will'

_be routed around the outside of theAproperty,andv

-,emust'meet reouirementshfor construction"imposed

by the City Engineering Department. thus rendering{efv‘

Tfi.the use of p]astic pipe questionable._.

—— ——— -

i g s 0 iy 1

In addition to- the foregoing, there are a number of relevant concerns

which we believe have been ignored or inadequately addressed

These are._e»;]“-f o SURAEE S R ', 'Af
S 1 Part ioad efficiencies of equipment and its effect

.f&ij,,ﬁ{~fﬂ;ti ;' on annuai power consumption and operating cost
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",Z Hell water fouling at'heat*eXchange surfaces
lland loss of efficiency due to having isolating

‘f'iheat exchangers in system..

3g'Sanitation aspects of proposed domestic hot

*: water layout.

7'?}4;‘Reliability of power source. Present utility i
"~ and governmental projections are that our

f“~Pacific Northwest Region will have insufficient

P LT N e e e

“:«_jelectrical energy during the next decade.
| COnversions such as this only serve to aggravate
. !\gthis problem.‘ COnsideration of backup provisions

in- event of curtailment have not been addressed.

Jﬁli?fi:srﬁnata should be revised to take into aCCOU"t the

'Flcooling systems both existing and proposedc' -

' 1€,fNow to return to Item 1 in our list of difficiencies, we find that
"ffthe projected annual load of 14. 45 billion BTU s/yr.agrees pretty
?jfwell with the annual gas consumption when using an average annual

"iiﬁ{boiler efficiency of 75%. which is a reasonable overall figure.v lfy' .

u’k;this annual usage be divided by the 1 715 annual operating hours )

'_:ﬁfiin{the school year, the hourly capacity required would be 8 43 million |
T s/hr.f The installed capacity s projected at 9. million BTU' s/hr.,-

| »ﬁ~?ff;fgiyi"9 only about 7% extra capacity available for carrying peakI
'lhaQ‘hpflb?d$,1n the Hinter months.n, | ‘ .

.
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'?“EOur study of gas coasumption rates indicates that ‘the January

: rpcon5umption goes as bigh as 2.3 times the average consumption.'

‘~fy57he number of degree days in January is 1. 87 times ‘the average

“'i_lnumber of degree days per month in the school season Soiit

fappears to us that the installed capacity to meet peak loads_

o if;ffshould be about 18 mitlion BTU s/hr. or ‘about twice the contemplated'

fl"ff;capacity., The. present installed boiler capacity consists of two(2)
fipl4 mitifon BTU's/hr output boilers and one(l) 9 million BTU" s/hr.
T»foutput boiler. making a total capacity of 37 million BTU s/hr.‘ In'
afthe Hinter it is necessary to fire both large boilers to carry the
fhload in the daytime. Although the present system has a certain
'{number of inefficiencies and a comfortable safety factory, we
;tbelieve it is totally inconceivable that an installation having 25%
lfgyof present installed output capacity will be adequate. therefore
:’fﬁwe have made the recommendations that the proposed capacity of o

vliheat pumps be doubled.,‘

ff-The revision of electrical operating'&osts and investment costs will

If \have a substantial effect on the payoff conclusions reached and

the report should be revised taking these changes into account

'.
i
t

'*7E, FonﬁfsT"IlﬁsﬁﬁiT“‘
Professional Engineerv v;n.
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