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ABSTRACT 

Geothermal effluent from the Oregon Institute o f  Technology cahpus and 
Merle Hest Medical Center has been discharged to an open drainage ditch 
adjac'ent to the City's College Industrial Park since 1964. Over the past 
few years there has been increasing concern for conservation. and preser- 
vation o f  the geothermal aquifers. i n  Klamath Falls, Oregon. An effective 
way of improving the energy uti l ization .is to cascade the approximately 
130'F effluent for heating buil-dings i n  the industrial park and disposal of 

' the effluent i n  an existing injection well, An aquifer stress test was 
performed using the 1500 foot well i n  the industrial park. Based on the 
specific capacity, data indicates that the well is capable of accepting an 
injection rate of a t  least 700 gpm o f  the thermal effluent. A plume of 
degraded water will develop down-gradient of.-the well. . However, the plume 
is expected t o  bflass nearby water supply wells and will have no impact on 
OIT and WC space heating wells. 
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1. *!SUMWRY AND CQNCLUSI 
. ,  

I T  Caqus and Fiwlilc- 

geothermal production we1 1 s. Original design information gives a total 
available flow of 980 gpm a t  19O'F for the three wells. Based on original 

t e n  buildings. The discharge temperature is 131'F indexed to the 19O'F 
supply water temperature. During summer months only, the chiller operates 
on 600 gpm wit% a discharge temperature of 170'F. After completion of the 
new high  technology bui lding and the collection system of effluent from 
five buildings supplying 'this building, the peak discharge was estimated a t  
743 gpm and a temperature of 131'F. Allowing for heat removed by the new 
h igh  tech bui ld ing ,  ten existirrg buildings,  and Phase I bui lding additions . . 
to Snell , College Uni'on, Physical Plant and Physical Education buildings, 
the total campus effluent temperature will be approximately 116'F. T h i s  is 

of flows from the three OIT - 

. building design data, the total peak flow rate is 1216 gpm for the existing . 

- 

low of 980 gpm. 

Ings are not operating as they we're originally 
designed; therefore, actual discharge temperature and flows are not  i n  
agreement w i t h  the above calculated values. I t  is strongly recommended 

. that  production rates from each of the three.OIT wells be verified prior to  
'final design of 'any injetti 

MWC average weekly flows ranged from 90 t o  130 gpm during December 1985 
and January.1986. I t  is estimated that brief peak flows can be as h i g h  as 
300 gpm. Geothermal water is discharged i n t o  a vault a t  120'F. From the 

. vault, water i s  circulated t o  a snow melt system, then disposed of i n  a 
drainage ditch that connects w i t h  OIT effluent. 

1.2 OIT an3 HWMC Collection System. 

A coll ection system was constructed during 1986 t o  cot l'ect discharged 
geothermal water from the Residence Hall, College Unton, Snell, Chiller, 
Physical Education and the Learning Resources Center (Library). T h i s  
collection system would see'a peak flow of 743 gpm a t  a temperature of 
approximately 133'F *during win ration and appro l y  600 gpm a t  . 
170'F dur ing  summer operation 

* I 
. r  

' .  . >  -- 
In order to complete the campus collection system, Owens, Semon and South 
Hall would .require short tunnel extensions. A non-tunnel collection system 
for Cornett and the Physical Plant was used for estimating purposes. 
Estimated costs to complete the collection system, including tunnel 
extension, p ip ing  and jsolatio 

. ..- 
s were $288 , 500. 

Based'on exlstlng'and future needs for space heating i n  the CIP, i t  does 
not'appear that the flow from MWMC would be required for space heating 

. .  
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. .  

purposes. The added flow would possibly require a posi t ive in ject ion 
pressure a t  the in ject ion w e l l  not required f o r  disposal o f  OIT e f f luent  
alone. For these reasons, the col lect ion tank, pumps and piping sizes f o r  
the transmission l i n e  f rom the pump stat ion t o  the in jec t ion  w e l l  were 
sized based only on OIT campus flows. HQwever, three options were 
considered f o r  pipe rout ing to del iver MklMC e f f luen t  tb the pump station. 
Estimated cost o f  Option #2, which appears to be the most at t ract ive,  i s  
$56,000. 

. 

1.3 

The' pump stat ion w i l l  provide energy required t o  overcome the elevation and 
pipe f r i c t i o n  between the co l lect ion tank and the in jec t ion  well. It w i l l  
also provide a shal l  posi t ive pressure t o  assure tha t  the transmission l i n e  
remains f u l l  and provide flow through the C I P  buildings. The pump stat ion 
w i l l  be located on OIT property- because the Ci ty  would co l lec t  the campus 
effluent from a gravity discharge point. Two design op t ims were 
considered f o r  the pump station; a base load variable speed pump or a three 
pump system wi th  a l l  constant speed pumps. The three pump system i s  
recommended due t o  the makeup o f  the required pump head. Each pump would 
del iver 300 gpm a t  approximtely 60 psi  discharge pressure staged according 
to the water level  i n  a 4000 gal lon col lect ion tank. 

The pump stat ion would del iver the geothermal e f f luen t  through an 8" buried 

Puup Stat ion and Tranimissfon Piping. 

A 6" col-lection l i n e  
1 ect  f l  u i  d d i  scharged 

and d is t r ibu t ion  piping . 

If MWMC ef f luent  were added to the disposal system, i t  i s  estimated tha t  
each o f  the three pumps would increase f r o m  20 hp to 25 hp and the 
transmission pipe size would increase f r o m  8" t o  10". 

.transmission l i n e  t o  .the CIP and in ject ion well. 
would para l le l  the main 8" l i n e  i n  the park t o  co 
from the CIP .buildings. 

Estimated costs f o r  pumping station, transmission 
I f fberglass) are $348,500 fo r  only OIT eff luent. 

1.4 CIP Building Energy Analysls. 

Quality Components would require a peak flow o f  25 gpm.based on a 30'F 
temperature drop . Refrof i  t o f  thi s bui l d i  ng would requf r e  four hot water 
unit heaters, finned coi 1 , heat exchanger, c i  rcu l  a t i  ng pump, and necessary 
piping amounting t o  a capital cost o f  $15,000. 

Precision Data Carriage *energy qnalysis was done assuming R-19 insulat ion 
would be ins ta l led  i n  the  cei l ing.  Using a system temperature drop o f  
30.F. peak geothermal f low requirement would be 20 gpm. Re t ro f i t  o f  the 
bui ld ing f o r  geothermal would consist o f  i n s t a l l i n g  hot water u n i t  heaters 
along side exist ing gas f f  red equipment and a finned coi 1 heat exchanger 
for the o f f i c e  area. Re t ro f i t  costs would amount t o  approximately 612,000. 

1 
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. . ,  

Equi tor ia l  Communications would require a geothermal f low ra te  o f  33 gpm 
based on a 30'F temperature drop through the system. Re t ro f i t  o f  the 
system would consist o f  a closed loop with a p la te heat exchanger, four hot 
water c o i l s  and a hot water u n i t  heater f o r  the receiving area. Re t ro f i t  
costs would amount t o  approximately $22,000. 

Total f low o f  78 gpm would be red f o r  the three bui ldings i n  the CIP, 
which compares wi th  743-gpm available f rom the i n i t l a l  campus col lect ion 

Pekk heating requirement f o r  the remaining t racts  was estimated a t  9.76 x 
10 Btu/hour and a geothermal f low rate of  650 gpm,' based on a 30'F 
temperature drop through the system. This estimate was based on exist ing 
bui ld ing energy use fo r  30.21 acres o f  developable area on the remaining 
lots.  . 

1.5 Aquffer Stress .Test 

Testing resul ts  indicate that  the aquifer i n  the v i c i n i t y  o f  the College 
Indus t r ia l  Park i s  highly transmissivt. Cal~ulated~values f o r  
transmissivity range between 2.9 x 10 and 5.1 x 10 gpd/foot. I n  fact, 
the transmissivity-range i s  so large that  the t e s t  produced a stressaon the 
aquifer which yielded responses i n  observation Qe l ls  tha t  were barely 
discernible. 

Neither .cl'assic recharge nor classic discharge hydraulic boundaries were 
observed during the test. However, the presence o f  a east-west trending 
structure located between the OIT geothermal wells and the College 
Indust r ia l  Park i s  suggested by water l e v e l  measurements from the 
observation w e l l s  w i th in  the study area. Th+s structure serves to retard 
the f low o f  ground water southward east 
cont inui ty across' i t  i s  preserved. Test resul ts also indicated a 
northwesterly trending zone o f  high transmissivity west o f  C I P  81. The 

- -  
system and 980 g w  from the completed system. . . .  

. 

C I P  #l, a1 though I hydraul i c  

. presence o f  t h i s  structure i s  ported by water 1 

I P  fl i s  capable 
i n jec t i on  rate o f  a t  least  700 gpm o f  thermal eff luent. A t  t h i s  ra te i t  i s  
anticipated tha t  the water level i n  C I P  f l  w i l l  r i s e  to within 
approxfmately 100 fee t  o f  land 

c i t y  data indica 
. 

Because the thermal e f f luen t  i s  o f  lesser qual i ty  than ambient ground 
water, a plume o f  degraded water w i l l  develop down-gradient o f  CIP #lo 

. However, the plume i s  expected t o  bypass nearby water supply wells'and, as 
a result,  #ill have- zero impact on them. It i s  also anticipated that  the 
plume w i l l  not have a thermal impact on OIT 'space heating wells. 

Based on the speci f ic  capacity that  C I P  #1 i s  capable o f  accepting, i t  
could receive the estimated 743 gpm from the i n i t i a l  OIT co l lect ion system. 
A pos i t ive pressure may be required i f  the peak flows of 980.gpm from the 
OIT completed system and 300 gpm from MWMC were disposed o f  i n  th is  we1 1 

. 
3 



1.6 

60th the State and the City of Klamath Falls require that standards and 
procedures be utet for effluent disposal systems. 

Oregon Administrative Rules, Chapter 690, Division 65 describes the 
standards and procedures for effluent disposal systems. Basic information 
required by the S t a t e  Water Resources Department for  the use of CIP  P1 as 
an injection well is included i n  this report. 

The City Geothermal Resources Management Act, effective 1 July 1985, 
requires the elimination of geothermal water surface discharge w i t h i n  five 
years of the effective date. 

1.7 . Legal Agreement. . .  

Seven factors have been identified that will need t o  be included i n  a legal 
agreement. The legal agreement will be necessary for the coordination of 
geothermal discharge water usage by the C i t y  of Klamath Falls and Oregon 
Insti tute o f  Technology and/or Merle West Medical Center. 

Asphalt Construction Company has surface water r i g h t s  (no. 53353) for 1.5 
cfs from a pond fed by OIT/MC discharge. Current owners, Klamath Pacific 
Corporation, use a new well for d u s t  control. 

Policies 6overning Ceotheml Effluent Disposal. 

1.8 Capital Cost Sunmary. 

Estimates were determined on costs t o  complete the OIT collection system, . 
pump station, transmission piping t o  the industrial park and injection 
well 8 and. retrofit of heating 'systems for buildings i n  the industrial park. 
The fiberglass piping option was used i n  the following estimates: 

a. 
b. 
C. 
d. 

Completion of 011 collection sy.stem $288,500 
Pump statfon and transmission pip ing  348 8500 
MjMC collection system 56,000 
Retrofit of CIP  buildings ( 3 )  49 8 000 

4 
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2. INTRODUCTION 

ose OF this study was t o  determine the feasibility of u t i l i z i n g  
geothermal water discharged from the Oregon Institute of Technology (OIT) 
campus and Merle West Medical Center (MWMC) heating systems for space 
heating bufldings i n  the’Col1ege Industrial .Park (CIP.1 , t o  determine the 

. feasibilfty of usfng-a College Industrial Park well , CIP f l ,  for disposal 
of geothermal effluent and the i m  

Since 1964 , geothermal effluent from the campus and hospi tal but l d i  ngs , 
combined w i t h  surface run off,  has been collected by a storm drainage 
system and discharged i n t o  an open drainage ditch to  the west of the 
campus. The temperature of the water a t  this discharge po in t  ranges from 
130’ to 160’F and flows i n  the drainage ditch just south of the College 
Industrial Park. f t  was believed t h a t  sufficient flow and temperature 
would be available t o  heat bui ldings i n  the.CIP; therefore, an energy 
analysis was performed for existing b u i l d h g s  and projections made for 
future buildings i n  the park, 

Effluent flow’ and temperature from the PIT tampus is dependent on cascaded 
use from existing campus bui ldings to heat a new h igh  tech. laboratory/ 
classroom and future buildings on campus. There is an ongoing effort t o  
separate geothermal water from the storm drain system and make i t  available 
for reuse, either for these future campus bui ld ings  or off campus purpose.. 
Therefore, i t  was necessary to evaluate the.flow and temperature from t h i s  
revised campus collection system and determine a central location where al l  
the effluent would be delivered. A collection system pump station would be 
required t o  deliver a l l  f 
buildings and injecti 

On 1 Ju ly  1985, the C f t y  of Klamath Falls enacted a Geothermal Resources 
Management Act that requires the elimination of geothermal water discharge 
w i t h i n  five years.. Since there are three existing and unused wells i n  the 
CIP, two o f  which belong t o  the City, an aquifer stress tes t  was performed 
using well CIP #1 t o  determine i f  i t  could be used as an injection well. 
In addition, the State .Mater Resources Department and .the Department of 
Environmental Quality need t o  be reasonably certain that there will be no 
substantial thermal , chemical or pressure interference w i t h  existing or 
potential uses of the receiving aquifer. During the- pump tes t  of the 
injection well, ten observation wells, ’including an OIT production well, 
were monitored t o  determine if there was hydraulic communication w i t h  other 
thermal and non-thermal- wells i n  the area. 

William E. Work, Inc.‘ (WEN; Inc.) interpreted and analyzed the’data 
collected-during the aquifer stress test on C I P  #1. The testfng sequence 
comprised a step-drawdown tes t  August 21, 1986 and a nominally 
constant-discharge tes t  August 22 through 28, 1986. Test data were 
collected by personnel under the direction of the Geo-Heat Center. .As a 
result, HEN, Inc. was responsible only for the analysis of the data. 

t on aquifers i n  #e surroundin 

- 

llected from OIT and MWC to the CIP 

* 
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Several factors influenced the analysis of the data  and, ultimately, the 
conclusions reached as a result of t h i s  analytical effort. .The pumping 
rate, dictated by the size pump which could f i t  inside the well casing, i n  
retrospect, was too small relative to  the magnitude of the transmissivity 
of the aquifer. Consequently, EN, Inc. was forced to discriminate small 
effects due t o  pumping from many other effects of similar magnitude. 
Secondly, the discharge of the pump declined steadily after one day i n t o  
the "constant-discharge" test. This. effect primarily influenced t h e  . .  
analysis of the pumped well. The.cause of t h i s  phenomenon has yet to  be 
determined and'probably cannot be ascertained .from the available data. As 
a result, the analysis and the conclusions drawn from i t  have a lower 

1 confidence level than they otherwise would have had. 

! 

! 
- 1  . 

3. OIT CAMPUS EFFLUENT 
. 

The current approach t o  effluent disposal on the OIT campus consists of 
surface discharge. Effluent from each bui lding heating system i s  
discharged t o  the storm sewer (typically a t  roof drain rises) and 
subsequently enters the campus storm sewer system. This system ul.timately 
discharges In to  a drainage ditch a t  the lower end (west side) of the 
campus. 

There i s  an ongoing effort  (subject t o  available funding) t o  separate . 
geothermal water from the storm sewer system and make i t  available for 
reuse - either for future campus bui ldings or off campus purposes. A 
second incentive to the development of a collection system relates t o  the 
Ci ty ' s  requirement for injection of these f lu ids .  In order to accommodate 
t h i s  request, i t  i s  necessary to collect all  of the effluent and deliver i t  
t o  a central location. 

During 1986, a major step was taken i n  this direction. In conjunction w i t h  
the new classroom building,  construction was comnenced on a collection 
system for a number of campus bui ldings.  

Table 1 presents some key data w i t h  respect t o  the OIT geothermal system. 
These.figures were developed by Nr. Roger Wiltrout,  OIT Physical Plant - 1, 
Director. -J 

-I ,+. 
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le 1 
Key OIT Geothermal ' System Values 

L- 

(2) 

\ 8u i  l d i  ng MBH GPM Temper a tur e 

I .  Peak Load'') Peak ( 
Space Heat & DHW 1 ow Rate . Discharge *-. 

j. 

t c-- Residence 6650 . 242 
. ! 

i Cornett 7161 . 198 

College Union 5078 - 233 
h e l l  660 24 ' 

7010 168 
I 1948 76 
I--- Physical Ed 

Library 

Semon 1675 74 
I -  South Hall 2599 96 * 

! Physical Plant 1347 
1675 

1 

.. _ -  
. Owens 

, I  * Total Y 3 m 3  

135'F 

135 
107 
139 
118 
145 . 
136 
103- 

i46 

#F 

. Chiller (summer only) 600 gpm 170'F 
I '  

d on original design data 
xed t o  190 supply water temperature . \ 

I 
b. 

ortant'to po in t  ou t  t h a t  the above figures fop peak load and flow 
rate are based on the original bui ld ing  'designs. Many of the bui ldings are 
not operating as they were original ly  designed. As a result, discharge 
temperatures are, i n  most cases, not  i n  agreement w i t h  the calculated 
values shown above. 
si gnif i cantly above. the val ues 1 ndf cated . 
Table 2 presents original design information for the three OIT geothermal 
production wet 1 s. 

In most cases; the discharge temperatures are 0 

I .. 

I 

- 

Table 2 
on Well Information 

I - Well i pump Oesi gn F1 ow/Head 
, 35'stage 7 RM 
I 

L.. ! 12 stage 10 RL 
26 stage 8 RH 

..- 

. .  en no recent ver 
main campus flow meter ( i n  the heat'exchange bu i ld ing )  is inoperative. An 
attempt a t  measuring flqw w i t h  an ultrasound meter a t  each well produced 
questionable results. I t  is strongly reconktended t h a t  production rates 



. _  
,' . 

. - t  

. !  
from each of the wells be verified pr ior  t o  final design'of any inject ion 
system. . .  

I t  is apparent from a comparison of the maximum well flows t o  the peak 
system requirement that  a discrepancy ex is t s .  However, due t o  t h e  g rea t  

orientation the wells are able t o  meet heating requirements even when sized 
for only 81% of peak flow requirements. 

! 

diversi  t y  i n  individual  building use, construction, system type and 
. 1 

* .  
-7 
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4. OIT COLlECTION SYSTEM , -. 

4.1 1986 Collection System. 

I 
I 

.- 
I 
! 

As mentioned ea r l i e r ,  a col lect ion system was constructed during 1986 to 
co l l ec t  df scharged geothermal water i?om a number of cam;!Js buildings.  
These buildings included: Residence Hall , College Union, Snell, Chiller, 
Physi cal Education and the Learning Resources Center (Library). Major 
modifications for  this col lect ion system included: ind iv idua l  bu i ld ins  
pfpfng modification, i n s t a l l a t ton  o f  a main co l lec t jon  line i n  the exis t ing 
campus tunnel system. Based on t h e  figures shown i n  Table 1, t h i s  
col lect ion system would see a peak flow rate of 743 gpm a t  a temperature o f  
approximately 133'F duri ng winter operation and approximately 600 gpm a t  
170'F during'sumer operation. T h i s  flow will then be delivered to a-4000 
gallon storage t a n k  i n  the new building. Heating requirements f o r  the new 
building would be drawn from the t a n k  and t a n k  overflow i n  addition to  the 
effluent from the new bui lding 's  heating system would be discharged to the 
sto$ sewer system. Allowjng f o r ' t h e  heat removed In the new bui ld ing  (1.2 
x 10 B'tu/hr), t h i s  flow would be a t  a temperature of approximatel-y 133.F. 
The outflow line would jo in  the re-routed storm sewer a t  a p o i n t  between 
Cornett and the new building to  the west of both structures. 

4.2 .Connection o f  Remaining Campus Buildings to Collection' System. 

In order to complete the campus col lect ion system the following buildings 
would have to  be added: South Hall, Semon, Owens, Cornett and the Physical 
Plant. 

The method by which some of the bui ldings would be connected is somewhat i n  
question. The master plan calls f o r  a l l  buildings t o  be connected t o  an 
enlarged campus tunnel system. For'Owens, Semon and South Hall, only shor t  
tunnel extensions would be required. For the Physical Plant and Cornett, . 
however, the connection t o  the tunnel system would be integrated w i t h  a 
future  building. A t  present, the location of this building (future  Sports 
Arena) has not been fixed. In addition, there i s  no guarantee that i t  will 
ever be constructed. For purposes of this study, a non-tunnel col lect ion 
system'for Cornett and the Physical Plant was used f o r  estimating purposes. 
Due-to the short time period remaining before inject ion is required (by 

a 
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c i t y  ordinance) and the uncertainty 'of  future construction, t h i s  seemed the r' ' most reasonable approach. 
1 
I.-: 

The major construction tasks required to complete the col lect ion system, 
along with the i r  costs are presented i n  Table 3. 

r-. 
I 

. .  
i 
. .  

! ' 
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I 
I .  
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Table 3 
Cost s k r y  - Coiiect ion system Completion Tasks 

Task 

SemonlSouth 

- 
' Tunnel extension 

Tunnel piping . 
Semon heat exchanger and piping 
South Hal l  piping 

Cornett p ip ing and heat exchanger 
Physical Plant piping and heat exchanger 
Phys. Plant/Cornett buried piping (col lect ion) 
Oweis tunnel extension 

' 

Heat exchanger and. p i  p i  ng 
Subtotal 
15% contingency 
8% engineering 
15% O & P  
TOTAL 

cost - 
$90,000 

12,000 
17,500 
5,000 

29,000 
6,500 

18,000 ' 

12,500 

31,000 
17,000 

Estimates are based on the use o f  f iberglass piplng with epoxy jo ints.  For 
the Physfcal Plant, Cornett, Semon and Owens, costs have been included f o r  
the i n s t a l  1 at ion o f  iso la t ion heat exchangers t o  e l  i m i  nate d i rec t  use o f  
geothermal f l u i d  i n  heating equipment. Based on the maintenance 
d i f f i c u l t i e s  which have been experienced as a resu l t  of the d i rec t  use o f  
the geothermal f lu ids and the necessity o f  modifying the same piping for 
co l lec t ion  purposes, i t  would be an ecoiomical approach t o  combine these 
tasks. The incremental cost ' for the heat exchanger i ns ta l l a t i on  i n  the 
four buf 1 d i  ngs amounts to approxi mate1 y $43,000. 

Figure 1 presents a diagram o f  the piping and tunnel additions necessary to 
accommodate the connection of  the f i v e  remaining campus buildings t o  the 
co l lec t ion  system. 

As a r e s u l t  of .  t h i s  construct 
be t i e d  i n t o  the  tunnel co l l e  h is  system would discharge 
i n t o  the storage tank i n  the i1ding6 Allowing for heat 
removed by t h i s  bui ld ing's he 2 x 10 Btulhr), the outflow 
f rom t h i s  point. would amount O F .  This f low would then be 
delivered, through a buried 12" l i n e  t o  a point  west -of the bui ld ing where 
it would jo in the f l o w  f rom Cornett and the Physical Plant and terminate a t  
the co l lect ion tank o f  the pumping stat ion as shown i o  Figure 1. 

. of the campus buildings would 

- 
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4.3 

entioned above, i s  ba upon the present configuration of 
the campus, including the new building. The Campus Master Plan outlined i n  
Phase I, addition t o  four major buildings.  Table 4 outlines the key values 
w i t h  respect t o  heating requirements for each of these additions. 

Table 4 
dtng Addition - OIT 

Impact of Future Campus Constructi oti. 

Proposed Addi ti on Addi ii) Bui 1 d i  ng ti onal Heati ng Load 

Snell 15,370 sq f t  12,000 sq f t  412 MBH. 
College Union 70,193 sq f t  22,000 sq f t  ~ ' ,1193 MBH 
Phvs. Plant 19.301 sa f t  8,400 sq f t  469 M 8 H  ' 

t 

Phisical Ed 60;OOO sq f t  441000 sq f t  4113 MBH 
Totals . 164,-854 sq ft  86,400 sq f t  mMBH 1 

i .  
sed on 80% of exis load i n  Btu/hr x sq f t  . 1.- . 

i 

-4 

I n temperature poin ts  
around the collection system wi1.1 be a function of the method of cascading. 
However, for purposes of off campus use, the primary area of concern i s  the 
total campus effluent temperature. Based on the peak flow available and 
the added peak load, a temperature drop o f  approximately 13'F would result 
from the additions se t  forth i n  Table 4. This would reduce the temperature 

. r .  of the campus effluent flow to  approximately 116'F. This  flow would be 
capable of meeting the full  requirements of the industrial park. 

1 '  * 
'.* 

! 

I 

!. 5 - .  MERLE WEST PeDICAL COLLECTION SYSTEH 

Subsequent to the signing of the contract for this work, the issue of 
including the hospital i n  the collection system surfaced. In order t o  
address this interest, a brief evaluation was made of the cost of p ip ing  
water from the hospital to  the campus collection system. The tank, pump 
and pipe sizing Involved w i t h  the pump station and transmission line, as. 
described above, were based 'only on 

The current Merle West disposal sys 
to OIT's system. Effluent from the heating system enters a storm drain 
near. the northwest corner of .the- main parking lo t .  T h i s  storm drain (on 
OIT-property) flows west along the south side o f  Campus Drive (see Figure 
2) t o  a location just south of South Hall. A t  this poin t ,  i t  crosses under 
Campus Drive and travels west along the north sfde of Campus Drive for 
approximately 600 feet  and then discharges i n t o  a drainage ditch along w i t h  
South Hall effluent. 

ampus flows. 

vol ves surface dfscharge s i  

- 

.. 
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Peak discharge rate for the hospital amounts to approximately 300 gpm a t  a 
temperature of 120.F. Based on both the existing and future needs o f  the 
industrial park, i t  does not appear that this flow would he required for 
space heating purposes. In addition, the low temperature, i n  comparison to 
the OIT effluent, would tend to reduce the overall temperature of the f l u i d  
delivered to the industrial park. Finally, the added flow would possibly 
require a positive injection pressure a t  the injection not required for 
disposal o f  OIT efflnent alone. This would depend upon the performance of 
the well. -As a result, the. inclusion of Merle West's effluent i n  the 

system, b u t  provide no benefit wi th  respect t o  space heating i n  the . 
industrial park. 

As shown i n  figure 2, three options were considered for p ipe  rout ing  to 
deliver ttie Merle West effluent t o  the pump station. Each of these options 
follows the existing storm sewer route t o *  p o i n t  on the north side of 
Campus Drive near South Hal 1. From here, opt ion 1 would fol low Campus 
Drive west and then north t o  the area of the present campus disposal ditch. 
A t  this po in t ,  the line would travel east t o  the pump station. Option 2 i s  
similar to '  option 1 w i t h  the exception that the line would travel across 
the lower athletic field i n  a more direct route t o  t h e  pump station. 
Option 3 involved t y i n g  i n t o  the existing campus collection system a t  
either the tunnel extension for South Hall and Semon (no t  yet constructed) 
or a t  the existing tunnel a t  the southwest corner of Owens. The existing 
collection system has not been sized for this flow and would likely require 
some retrofit.  In addition, the option 3 route would involve a major 
disruption of campus activi t y  si  nce the instal 1 a t i  on would cross existing 
parking areas adjacent t o  South Hall. For these reasons, costs were 
developed only for options 1 and 2. 

collection/delivery system would complicate and raise the cost of the - .  

* 

. 

Inaeach case, costs were calculated for the installation of buried; 
upinsulated 6" material. Evaluations for both polybutylene and fiberglass 
were developed. These figures are summarized i n  Table 5 below. 1 

..I 

Table 5 
Cost Supmary - Hospital Piping 011 Pump Station 

Option 11 

1 Option 12 49,000 56.,000 

d. 

:j 
Sfnce the Master Plan suggests no major construction on'the lower athletic 
field in the area of the proposed opt ion  12 and i ts  route does not involve 
installation on city property (as does option #1), option 12 appears'to be 
the most attractive. 

51 
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6, .PUMP STATION 

A collection system pump station would be required regardless of whether 
the injection well i s  sited on the OIT campus or i n  the industrial park. 
Since- the purpose of' this report i s t o  evaluate the prospects for the 
industrial park site,  the station has been designed for this purpose. 

Although an exact s i t e  has not been chosen, the pumping station would be 
located approximately as shown i n  Figure 3.. The pump station will provide 
the energy required to overcome the elevation and pipe friction between the 
tank and the injection well In addition, i t  will provide a small positive 
DreSSure t o  assure that the transmission line remains f u l l  and to Drovide 
flow through the industrial park buildings.  

The original concept for  the system consisted of the Ci ty  collecting the 
campus effluent from a gravity discharge point .  Under this approach, the - . 
pump stxtion would be located on Ci ty  property and operated by the City.  
Unfortunately, the Ci ty  does not own land i n  the area where the pump 
station would have to  be located (see Figure 3). As a result, the pump 
station will have ta be located on OIT property. The location shown on the 
figure is only approximate and was chosen for purposes o f  this report. Any 

costs. 

! 

* _  i 

i 

location i n  t h i s  general area would no t  substantially affect capital - 1  

Two designs for the pump station were evaluated: 

1) 
i A two pump system w i t t i  one-base load variable speed pump; and 1 

2) A three pump system w i t h  all constant speed pumps: Due t o  the make up 
of the required pump head (primarily static- head), the vqriable speed?. 
two pump approach was not feasible. As a result, cost estimates were 
based upon a three pump system. 

I 
J 

\ 
I Each pump would be capable of delivering 300 gpi.at approximately 60 psi .L 

discharge pressure. Operation of the three 20 hp pumps would be staged 
according to  water level i n  a 4000 gallon collection tank. Based on the 
results o f  the recent pump test, i t  appears 'that the injection well (CIP 
f l )  will be capable of accepting the entiare peak flow rate w i t h  no 
injection pressure required. As a result, the pumps were sized only for 
elevation head (77' ) .  friction head (29 ' )  ana back pressure valve setting 
(35: 1. 

-1 
-; 

! 

.-.I 
I 

-. 
. -. 7. TRANSMISSION AND DISTRIBUTION PIPING 

The pump station described above would deliver the geothermal effluent 
through a buried 8" transmission line t o  the, industrial park and injection 
well. As shown i n  Figure 3, this line would proceed from the pump station 
west to the road. A t  this p o i n t ,  since Industrial Park Drive i s  on City 

rl 
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. .  

property, the line would have to  be buried under the road. From here i t  
would proceed north to College Hay and then west t o  the intersection w i t h  
Century Blvd. Again, the line would be buried under the road so t h a t  i t  
can be installed i n  the u t i l i t y  r i g h t  of way, which runs along the west 
side of Century Blvd. From the intersection of College Way and Century 
Blvd. t o  the injection well, the 8" line would be paralleled by a 6" 

bui ldings in .  the industrial park. Supply water e0 the buildings would be 
delivered from service connections installed on the 8" line. Both lines 
would t ra i l  north along Century Blvd. to the intersectiorl of Northern 
Heights Blvd. and bore under the road (Century Blvd. 1 t o  cover the 

. remaining 650 feet t o  the injection well. The 6" collection line i s  far 
larger than that required for the existing building. However, size was 
based on flows which would occur a t  bui ld  ou t  for lots 1 through 10. 

A t  the injection well, both $he 6" and 8" lings would be f i t ted w i t h  a 
valve which would automatjcally maintain a positive back pressure on the - 
lines. The function of these valves i s  twofold: 

- 
* collection line. T h i s  second line would collect f l u i d  discharged fromathe 

1) 

2 )  

cos 

t o  assure tha t  the lines remain full  a t  al l  times; 

t o  provide a small pressure difference which would accommodate flow 
through the industrial park buildings. for purposes o f  this study, 
values of 15 psi for the 8" and 5 psi for  the 6" line were used. 

estimates for the transmission and distribution p i p i n g  were developec, 
for both FRP (fiberglass) and polybutylene materials. Estimates for  
service lines to the individual bui ldings were based on polybutylene only 
due t o  the small size (14") required. The estimate for the fiberglass 
p ip ing  i s  based. upon the use of epoxy type joints similar t o  that recently 
installed i n  the East Main Street collection system. T h i s  j o in ing  system . 
eliminates the possibi-lity of a failure similar to t h a t  experienced on the 
main city d i s t r i c t  system. In both cases (PB d FRP), the estimates are fo r  
uninsulated material. Due to the very low water temperature and the short 
distance involved, heat loss from the lines will not reach levels which 
would seriously affect CIP bui ldings.  Even under design outdoor 
temperatures (O'F) and very low flow conditions (100 gpm) a maximum 
temperature loss of only 5.5.F would be experienced. 

.-. 

i 
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Table 6 
Cost Sumnary - Pump Station, Transmission 

and D i  stri but i  on P i  p i  ng 

Piping from new OIT bldg 
61,000 61,000 Pump station 

Pip ing  from pump station Industrial Park . 118,000 124,000 
Industrial Park d i s t r ibu t ion  pi  p i  ng 39,000 44,000 
But 1 ding service 1 i nes 5,000 5,000 

'Injection well head equipment 9,000 8, OQO 
15% Contingency - 36,000 38,000 

15% O&P 36,000 38,000 

Subtotal $- $- 

20,000 . 8% Engineering 19,000 

AL S = m T  '6- 

0. C I P  BUILDING ENERGY AN 

Three of the existing three bui ld ings  i n  the College Industrial Park were 
inspected and analyzed for energy requirements. The owner of the fourth 
building, Swiss Precisi.on Inst 
energy analysis 

8.1 Quality Component 

An analysis of the Quali omponents Building was done i n  1981. A t  that 
time i t  was determined that re t rof i t  of t h e  b u i l d i n g  would cost 
approximately 520,QOO. Energy use was predicted t o  be 12,961 .kl.lhfyear for 
t h e  heat pump system and 5359 gallonslyear "of propane f o r  t h e  shop System. 
As a result o f  some changes i n  system operation, different water 
temperatures and the existence ofzactual fuel use data, it is appropriate 
that these figures be re-eval uated . 
The Qua l ip  Components Buildi9g i s  a 14,160 f t 2  structure d 

'The shop area contains approximately. 300 'connected horsepower i n  m 
equipment, most o f  which is i n  operation for two shifts daily. In 
addition, there-are 52 four hundred watt l i g h t i n g  fixtures. As a 
the o i l  vapors produced by the machinjng processes, a large. quantity of 
ventilation air  (approximately 8000 cfm) is employed. T h i s  a i r  is admitted 
t o  the shop through t h e  a i r  compressor room where i t  is preheated by 
compressor waste heat. Building construction i n  the shop area consists o f  
a slab floor, concrete walls for the f i r s t  8' topped by 8 '  of R-19 
insulated frame wall. The f l a t  roof 7s insulated t o  R-40. The heating 

ontacted and rejetted the 

.-  12,240 f t  shop and a 1920 f t  office area. 
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system i s  operated o i ly  during'the two shift occupancy period. The balance 
of the day and weekends the system is shut off.  Peak heating requirements 
for the shop amount t o  111,377 Btulhour .  

For the 1981 study a simple manual calculation was employed for estimating 
annual energy requirements. Because this 'approach did  not consider the 
heat gain from machining and l i g h t i n g ,  the resulting value for fuel 
consumption exceeded actual use substantially. In addition, a t  that time - 
ventilation air  was being. admitted through one of the gas fired u n l t  . 
heaters. This did not provide for sufficient preheating and the system was 
discontinued. For this study an annual energy calculation us ing  the 
Simplified Energy Analysis program developed by Ferreira & Kalasinsky Inc. 
was performed, Appendix A. The results of this analysis show a predicted 
fuel, use of 1898 gallondyear. T h i s  agrees well w i t h  the actual 1984 fuel 
use of 1873 gallons/year. . 

The office section, consisting of 1920 ft", i s  a well 'insulated area w i t h  
R-19 walls and double glass. In addition, the ceiling adjoins a storage 
area above. The office area i s  occupied only during business hours and is 
heated by a rooftop electric heat pump. Peak heating load amounts t o  
35,000 Btu/hour. Using the program mentioned above the calculated annual 
electricity use for this area amounts t o  4950 kWh/year based on a C.O.P. of 
1.6. 

Retrofit of this b u i l d i n g  would be very simiTar to  that a t  the Precision 
Data Carriage location. In' the shop area, 'four new h o t  water u n i t  heaters 
would be installed adjacent t o  the existing gas fired equipment. A new 
finned coil would be installed i n  the supply duct t o  the office. With the 

. necessary distribution piping, heat exchanger, circulating pump and related 
equipment , retrofit capi tal cost would amount t o  approxiwtely $15 ,000. 
T h i s  figure i s  less than that estimated i n  1981. Among the reasons for  
t h i s  are: the assumption of a higher available water temperature reduces 
equipment costs, the availability of off the shelf low temperature u n i t  
heaters, the elimination of special untts for preheating outside a i r  for 
ventilation and lower flow requirements reduce p i p i n g  sizes. 

Based on a 30' At, peak flow requirements for Quality Componentsgwould 
amount t o  25 gpm. Annual energy requirements would be .136 x 10 Btu/year. 

. 

. 

. 

8.2 Precision Data Cairiage. 

Precision Data Carriage Inc. was b u i l t  i n  1983 gy the Klamath County 
Economic Development Corporapon, the 12,400 f t  ptructure is  divided i n t o  
two general areas: a 9600 f t  shop and a 2800 f t  general office area. 

The basic construction consists of 6" bare concrete " t i l t - u p "  walls, slab 
on grade, and an uninsulated plywood deck, . b u i l t  up roof w i t h  an interior 
ceiling height of approximately 15'. 
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In the shop area, space heating is provide o gas fired, ceiling hung, 
u n i t  heaters w i t h  a combined capacity of- approximately 215,000 Btu/hour. 
In addition, a "clean room" module has been constructed i n  this area. This  
module operates as a completely self contained u n i t  w i t h i n  the shop, 
occupying roughly 25% of the total area. The clean room employs its own 
heating and cooling system (all .electric) using shop a i r  t o  maintain a 
positive pressure w i t h i n  the module. Due t o  the uninsulated construction 
of the shop, the peak heat loss of 432;715 Btu/hour far exceeds the 
currently installed heating equipment capacity. As a result, a propane 
fired portable heater has been rented on 8: long term basis to provide the 
additional capacity requirement. As a resul t of the constant i nterchange . 
of a i r  between the shop and clean. room (through exfiltration), the clean 
room heating system i s a1 so contributing t o  shop requi rements . 
The office area wag completed w i t h  an insulated drop ceiling, frame walls 
and single glass. Space heating is provided by a gas fired duct heater 
located i n  the shop area and connected t o  the office's a i r  distribution 
system. Peak load for the office area amounts t o  51,733 Btu/hour. 
An annual energy analysis for this bui ld ing  was performed us ing  the 
Simplified Energy Analysis Program developed by Ferreira & Kalasinsky' Inc. , 
Appendix A. The results of the analysis show a predicted annual natural 
gas consumption of 15,047 therms per year. Actual fuel consumption f o r  
1985 amounted to 12,219 therms. -As mentioned above, however, both propane 
and electricity contribute t o  heating requirements. As a result, i f  a l l  

cl oser t o  the predicted value. 
heating were provided by natur would likely be much . . .  

Due to the substantial savi potential resulting from the addition of 
insulation t o  the shop ceiling, a second analysis was done t o  evgluate this 
measure. Assuming 'the -use of R-19 insulation i n  the shop, peak-heating 
load for this area would be reduced to  162,541 Btu/hour .  Two major 
benefits would arise from t h i s .  First, the heat loss would be reduced t o  
the p o i n t  where the existing u n i t .  heaters could -meet the *load, t h u s  
eliminati,ig t h e  need for  the propane fuel and heater rental costs. Second, 
annual energy requirements would be substantially reduced. The calculated 
natural gas. consumption would be reduced 50% to 7595 thermdyear, Assuming 
a l l  present heating costs were provided by natural gas (conservative i n  
view of the higher costs for propane and e l e c ~ i c i t y l ,  the annual savings 
resulting from the installation of the ceiling would amount t o  $3645. As a 
result, geothermal re t rof i t  and energy' requirements have assumed that this 
insulation retrof i t  woul f a  

Retrof i tti ng t h e  hi 1 d in  mal use would consist primarily of 
installing hot water type u n i t  heaters alongsjde the existing gas fired 
equipment. A new finned coil heat exchanger would be placed i n  the office 
a i r  d i s t r i b u t i o n  system. As a re , a l l  present heating equipment could 

oop d i  stri b u t i  on system rculating pump, expansion tank and a 
backup. Assuming a 120 upply water temperature and the use of . .  

instrumentation, .retrofit  costs would amount t o  approximately 
$12,000. . 



. .  
, 

... 

. .  Energy purchases based on an efficisncy of 75% for  the present gas fired 
equipment would amount t o  .570 x 10 Btu/year. 

Using a system A t  of 30.'F, peak geothermal flow requirement would be 20 
gPm 

8.3 Equitorial Comrmnications; 

' €qui torial Communications occupies the most recently constructed bui ld ing  
i n  the Collegf Industrial Park on' Tracts 9-11, adjacent t o  Century Drive, 
the 19,200ft  f a c i l i y  was completed during the f a l l  $f 1986. 
Approximately 5200 ft of office space and a 14,000 flt assembly area w i t h  
a 16' ceiling are included. 

. L  

: I  
* -  

I 

\ 

- .  

The building is basically of block construction and is very well insulated. 
The roof system includes R-19 ridged insulati,on. Walls are 2 x 4'furred 
and insulated to R-11. The north wall is R-19 insulated and all  windows 
are double glass. 

Space heating it  suppl ied from f ive indiv idua l  pieces of equipment. In the 
assembly area, two roof top gadelectric units provide both heating and 
cooling needs. Both u n i t s  are of 10 ton capacity. In the southeast corner 
of the bui ld ing  a 11O;OOO Btu/hour gas u n i t  heater i s  located adjacent t o  
the overhead receiving door. The office area i s  handled by two more gas/ 
electric units; one 'at 7+ t o n  and. one a t  4 t o n  capacity . The peak heating 
capacity of this equipment amounts to'approximately 716,000 Btu/hour. 
However, i t  is important t o  note that package equipment such as this is  
generally selected on the basisof i ts  cooling capacity. As a result, the 
heating side often bores l i t t l e  relatfQnShip. t o  the actual requirements of 
the b u i  1 ding. 

The peak calculated heating load for the b u i l d i n g  amounts t o  approxiktely 
240,000 Btu/hour. Due to the a i r  flow capabilities o f  the existing - 
equipment, design for th is  heating load would result i n  very low supply a i r  
temperatures and a "drafty" feeling, As a result, the re t rof i t  coils were 
selected on the basis of a 100'F supply a i r  temperature. Although this 
results i n  a 'total peak capacity much greater than the actual requirements 
of the space, i t  is f e l t  that this system would be more acceptable to  the 
occupants. 

An  annual energy analysis for t h i s  bui ld ing  was performed using the 
Simplified Energy Analysis .software developed by Ferreira & Kalasinsky Inc. 
The results of t h i s  analysis show a predicted annual natural gas 
consumption for t h i s  building o f  5876'therms based on a 70% efficiency. 

Retrofit of the existing system would consist of the installation of new 
hot water coils i n  the supply air-duct of the four rooftop u n i t s -  In 
addition, a new hot  water u n i t  heater would be installed adjacent t o  the 
existing gas fired u n i t  i n  the receiving area. Th i s  configuration would 
allow a l l  existing heating equipment t o  remain as backup. Assuming a 12O'F 

9 .  
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'. . would amount t o  .411 x 10 Btu/year. 

supply water temperature and the use of a single loop d i s t r ibu t ion  system, 
circulating pump, expansion tank and a minimum of instrumentation, re t rof i t  

Energy purchases, based og an efficiency of 70% for the present system, 

- costs would amount t o  approximately $22,000. 

9. JQUIFER STRESS 'TESTS 

9 .I Step-Drawdown Testing . I-. 
.- . 
I 

! 

i' 
I 
1 

f '  

i 
1- 
I 

Using a 30'F A t ,  peak geothermal flow requirement would be 33 gpm. 

The step-drawdown pumping t es t  was carried o u t  August 21, 2986. The test 
comprised three steps. Pumping rates for the steps were 177, 251, and 336 
gallons per minute (Marshall Gannett, Oregon DWR, personal communication 
via .Paul Lienau, OIT, 1986). The drawdown data are summarized below i n  
Table 7 and illustrated i n  Figure 4. 

Table 7 
Sumnary o f  Step-Drawdown Test .Results f o r  CIP il - 

Pumping Rate Dura t i on Drawdown Specific Capaci t y  
Q (  m )  . t (mins) s (feet). . C (gpm/ft)  

'1::; i F*+ 180 10.5 
9.0 

If 251 180 -22.5 
1x1 336 240 37.5 

l 
1 .  

I -  

I*' 

Specific capacity and drawdown data, plotted i n  Figure 5, suggest that the 
well developed during .the test .  Th i s  observation, supported by the well 
loss analysis depicted i n  Figure 6, utilizes the data summarized- i n  Table 
8. L 

~ ~ _- 
- I. Table 8 

-.. r 

I . .  

Specific Drawdown Data from CIP #l 
Step-Drawdown Testing Results - .  i .  

Pumping Rate Drawdown Specific Drawdown stp p p d  . .  s (feet)  . s/Q (ft /gpm) 
0.0593 

I If 251 0.0896 
I11 336 0.0112 

. L./ 

.. ~ The work sheet located i n  Appendix B shows tha t  these data yield impossible 
results. That i s ,  they would require a negative loss i n  the aquifer 

. -  
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adjacent to the well t o  f i t  a straight line t o  the log-log p l o t  of s l Q  
versus 0, a condition which does not exist i n  nature. The most rational 
explanation is that the well was not f u l l y  developed prior t o  the 
step-drawdown test  and became more efficient as the test  progressed. This  
is .a reasonable explanation, since the well received physical and chemical 
treatment prior t o  testing t o  remove residual d r i l l i n g  f lu ids  from the well 
bore and adjacent formation materials i n  residence i n  the well since i t  was - completed i n 'May 1978. 

The analysis' presented i n  Appendix B portrays the variation i n  inverse 
specific capacity of the well w i t h  a discharge and the impact of the 
development of the well i n  the la t ter  stages of the test. The points 
should form a curve which becomes steeper w i t h  increasing discharge; not 
f la t ter ,  as i n  the data p lo t  i n  Appendix 8. Consequently, i t  had t o  be 
assumed that the well loss varies w i t h  the square of the discharge, and 
that either a l l  three points are approximately correct or only the l a s t  two 
points are meaningful 
efficiencies equal those presented i n  Table 9 below. 

Based on these assumptions, .the calculated 

.. . 
Cal cul ated 

Effic 

Table 9 
Hell Efficiencies for CIP #l 

- - &cy Speci f i c Capacity 
Pumping Rate s (gpm/ft)  

Three Points Last s Three Points Two Points 
48 28 20 

300 ::: 24 . 9.8 9.8 
. s o 0  . 2.1 ~ 16 ~ 6.0 6.5 

700 1.5 - 12 4.3 .- 4.9 . .  . 
(Note - the number of points refers t o  the number of data poin ts  i n  Figure 
7 which were utilized t o  f i t  the-trend line) 

The low efficiencies calculated from the available data .are consistent w i t h  
calculated values of  efficiency for other wells completed i n  consolidated 
rock aquifers. In the case of C I P  8'1 the low efficiencies may be 
exacerbated by well construction deficiencies such as f i l l  i n  the bottom of 
the well bore or the offset of perforations from permeable horizons, both 

The effects of well bore s nnot be evaluated from the data 
collected. The 8 5/8 inch O.D. cising holds approximately three gallons o f  
water per foot of length. A t  pumping rates such as those utilized i n  the 
t e s t i n g  sequence, the part of the curve dominated by well storage is w i t h i n  
the first minute of the test. Hanual measurements collected w i t h i n  this 
ini t ia l  time period are too infrequent to define this portion o 
w i  t h  any confidence. 

. of which may retard the i n f l u x  of ground water in to  the we1 1. ~ 
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The data from the t h i r d  step were analyzed by the Cooper-Jacob 
approximation of the Theis Equation. The data, illustrated i n  Figure 7, 
were-adjusted to removed the influence of the pr'eceding two steps and 
plotted as i f  the first two steps d id  not occur. The break i n  slope o f  the 
data p l o t  after approximately 200 minutes of pumping appears t o  be caused 
by a double porosity effect as opposed t o  an impermeable boundary. Had an 
impermeable boundary been intercepted, the increase i n  slope would have 
been less than that which was observed. The transmissiiity of t$e aquifer, 

.based on the step-drawdown data alone, is calculated as 2.9 x 10 .gpd/ft .  

*- 

f- 

L f .  

. i  < 

1 .  

C.  

r. 

I From this value, the (dimensionless) "skin factor", 2 TBQ, where, b 

,--.\ T is the aquifer transmissivity, . 
. .... B is the well loss coefficient (the slope o f  coefficient from 

I .  I *  Q is the pumping rate, 

. .  is calculated. 

Figure 61, and 
l-.'. 

1 . .  
I .  " 

Table 10 
Skin Factor Calculated 'from CIP f l  

Step-Drawdown Test Data 
. I *  

! I  ' :  
S k i n  Factor r \  

h ,  Three Points Two ' Poi nts 
3.27 

, .  500 20.70 ~ 16.30 
700 * - 29.00 22.90 

? 300 142::; 9.81 

* .  

, \  
(Note - the number of points refers to  the numberaof points  utilized i n  the 

. well loss analysis as depicted i n  Figure 7)  

If the break i n  slope was indeed , ghe result of an impermeable boundary , 
the transmissivi t y  become 6.2 x 10 gpd/ f t ,  and the skin factor is 

from the constant-discharge, tes t  discussed below do n o t  support this 

, '  
f 

- ' ,  

- proportionately greater than the values presented above. However, data 

.. E . interpretation. 

.-> 

. .  9.2 Constant-Discharge Test. 
1 '  

I 

1 

I 
The co'nstant-discharge pumping t es t  .was conducted September 22 through 28, 
1986. Data were collected from 10 observation wells i n  addition t o  the 
pumped well, CIP #I. These are: C I P  #2, CIP #3, OIT #3, OIT #4, OIT P5, 
the Smith well , La Vista Motel well , North Entrance Motel well , the 
Klamath-Pacific well , and the JELD-WEN well. Locations of the wells are 
depicted i n  Figure 8. Of the 10, the following three yielded to analytable 

*_- 

C. 

L .  
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Figure 8. Observation well network,' CIP-1 aquifer stress test, 
8/22 -28188. 
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data: OIT C4, because the pressure gauge on t h e  a i r  line was not 
sufficiently sensitive; Smith and Klamath-Pacific wells, bo th  because a 
response due t o  pumping CIP #l could not be distinguished from random 
fluctuations and/or measurement error. 

The discharge rate for CIP #l was n o t  precisely constant for the entire 
test (refer t o  Figure 9) .  In fact, i t  decreased essentially linearly w i t h  

, time (refer t o  Figure 10). The cause of the decrease i n  the discharge of 
the pump is unknown. 
plugging of the pump intake by formation materials or a defective gate 

t 

. 

I t  may have resulted from binding of the impellers or 

alve which may have partially closed during the test. However, no 
nf ormati on is avai 1 ab1 e t o  support any of these hypotheses. 

he effect'of the decreasing discharge was obvious only i n  the pumped well 
and manifested i tself  as a substantial r ise i n  the pumping water level 
(refer to Figure 11). The drawdowns i n  the pumped well; CIP #l, were 

, corrected to a constant pumping rate of 348 gallons per minute ( g p d  using 
*a simplified version of the theory behind VARFLOW. This equates t o  the 
discharge rate for the first  day of the tes t  when the discharge rate was 
essentially-constant. The corrected drawdowns, plotted i n  Fi-gure 11, show 

stabilized, a hypothesis that i s  supported by recovery data. 

Drawdown data for usable observation wells are plotted'in Figures 12 
th rough 18. Data plots for the wells which could not be analyzed are 
presented i n  Appendix 8. Values of the aquifer coefficients were 
calculated u t i - l i r ing  the Theis non-equilibrium equation. Late-time data, 
where available, were preferred because of the potential for double 
porosity e'ffects t o  y i e ld  erroneous early-time values. Values for  
transmissivity of the aquifer calculated from - the observation well data are 
sumarized i n  Table 11 below. 

that the drawdown'still trends upward. This is an impossibi l i ty  for a - .  
, constant flow rate. Perhaps i n  reality, the drawdown data would have 

. 

Table 11 
Transmissivity Yalues Calculated from CIP b l  

Aquifer Stress Test, August 22-28, 1986 

Radical Distance Transmissivity 
from C I P  P1. r T 

We1 1 (feet)  ( g p d l f t )  
. W#l -- 3.4 x 10; 

CIP #2 910 1.4 x 10; 
CIP #3 . l .720 9.6 X lo4 

* OIT #5 4 , 650 7.4 x lo5 

North Entrance Motel 3,520 7.4 x lo5 
JELD-EN 4,790 5.1 x 10 

OIT #3 2 , 435 3.7 x lo4 

La Vista Motel 2 , 760 1.9 x lo4 

Coef f i ci ent 
of Storage . 

s 
I -- 
0.075 
0.035 
0.015 
0.004 
0.039 
0.013 
0.0210 

. . .  
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Examinition of the data plots shows considerable scatter for some 
observation wells. This  is, i n  part, due t o  the relatively small discharge 
from CIP #1 which could not f u l l y  stress the aquifer. Pre-testing water 
level trends and fluctuations caused by earth tides, barometric, and other 
outside influences were subtracted from the observation we1 1 water-level 
data. Errors were exaggerated. by the logarithmic weighting of the graphs 
when the drawdowns themselves were small. In some instances, these outside 
influences were greater than the drawdown effects due t o  pumping CIP #I. 
Therefore, large errors i n  drawdown determinations are possible, par- 
ticuqarly for the more distant observation wells or wells located i n  local 
regions of higher' than average transmi s s i  v i  t y  . 
For these reasons, drawdown data from the JELD-WEN and North Entrance Motel 
observation wells were analyzed for two occasions when a second JELD-WEN 
well , located south of the observation well , was pumped. Results of these 
analyses are shown i n  Table 12 below and Figures 19 and 20. 

. .  . 

- .  

* 

a ,  . 
- 

Table 12 
TransmSssivity Values Derived from Pumping 

the JELD-WEN Uell 

Radial Distance - Transmi s s i  v i  t y  Coeffi ci e& 
from JELD-WEN, r T of Storage 

( d / f t )  s 
2,000 --Tk$- 0 s 006 

JELD-EN** 1,330 4.1 lo5 0.010 

We1 1 (feet)  
North Entrance . 

Motel* 

(* denotes data for pumping JELD-WEN we1 1 begi n n i  ng 7/30/86) 
(** denotes data for pumping JELD-WEN we1 1 beginning 8/8/86 1 

These serendipidous tests are valuable as  a cross-check for values i n  this 
area derived from the C I P  #l tes t  because the observation wells are 
considerably closer t o  the pumped JELD-WEN well. As a result, the impact 
due to pumping was greater than the varied outside influgnces and trends. 
These values suggest that the transmissivity of 5.1 x '10 for the JELD-WEN 
well derived from the CIP #1 tes t  (Table 11) i s  reasonably correct. 

Residual.-drawdown data were analyzed only for the pumped well due'to a lack 
of confidence i n  extending the pre-testing trends beyond the end of the 
test4 The residual-drawdown p l o t  yielded a value for transmissivity of 8.4 
x 10 gpd/f t  (Figure 21). 

The values of transmi s s i  v i  t y  presented herei n compare closely to  the bench- 
mark values for transmissivity and coefficient of storage of the geothermal 
aquifer i n  the vicinity o f  Klamath Falls ad$anced from the Summer 1984 
USGSlLSL t e s t  of the city well of 3.15 x 10 gpd / f t  and 0.0022, 
respectively (for a temperature of 76'F). 
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There appeared t o  have been a slight decrease i n  atmospheric pressure - 
between 8/20 and 8/29/86 (Appendix B) .  This may account for some of the 
r i se  i n  water levels-in those wells which showed a positive pre-testing 
water level trend, vir. OIT C3, North Entrance Motel wells and JELD-WEN 
well . 
9.3 Interpretation o f  Results; 

No classic impermeable boundaries were observed i n  the t e s t  data. The. 
break i n  slope observed in the data obtained from CIP R 1  (both 
step-drawdown and constant-di scharge tests 1 mentioned earl i er i n  this 
report likely results from a double porosity effect. T h i s  effect was also 
observed i n  the drawdown brought about by pumping the JELD-WEN well. A 
similar effect was ascribed t o  the data collected from the Summer 1984 test 
of the geothermal aquifer. 

Geologic information suggest that boundaries almost certainly exist i n  the 
aquifer. Water-level contours depicted i n  Figure 22 suggest an east-west 
trending structure between the-CIP wells, OIT P3, and OIT #4 on the north 
and OIT 85 on the south. I t  is l i k e l y  t h a t  t h f s  structure, i f  i t  indeed 
exists, is a fau l t  b u t  does not  constitute a elassic impermeable boundary. 
I t  my $imply impede ground-water flow across i t  while providing limited 
hydraulic continuity across i t  (or  around i t  if  i t  i s  sufficiently short 
length) as indicated by the observed response i n  OIT 15 during the CIf if1 
test. Elsewhere, the existence of the fault may be-obscured by the small 
drawdowns i n  the observation wells or the outside interferences recorded i n  
the data. 

The basis for this suspected fault rests largely on the water level data 
from CIP X3. Mater levels from this well are questionable since the well 
yields very l i t t l e  water. I t  may not be well connected w i t h  the aquifer. 
T h i s  poor connection i s  reinforced by the very large scatter i n  the data 
collected from the well during the CIP I1 test. 

'Testing results indicate a hydraulic connection between cold water and hot 
water aquifers i n  this area. Th i s  was. evidenced by the observed response 
i n  OIT XS. Hydraulic continuity appears contradictory considering the 

- absence of hot ground water derived from the OIT and CIP wells located 
north o f  the suspected structure. The .principal reasons that these wells 
do not show high  temperatures (even though they exhibit s l i g h t l y  elevated 
temperatures) i s  governed by the ground-water flow field i n  this area. The 
relatively steep hydraulic gradient toward the south prevents h o t  ground 
water from betng drawn toward the wells in the vicinity of OIT #5 
especially considering the relatively small discharge rates of the wells 
and the general 1 y h i  gh transmi ssi v i  t y  of the aquifer. 

A recharge boundary my have been encountered. However, t h i s  effect was 
observed only i n  the pumped well data b u t  was obscured by the rise I n  water 
level arising from the decrease i n  pumping rate dur ing  the test. 
presence is reinforced by the residual-drawdown data plot which .intercepts 
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zero drawdown well to the r i g h t  of the o r i g i n  (refer t o  Figure 21). This 
recharge boundary effect could result from a connection w i t h  Klamath Lake 
or a substantial increase f n  the transmissivity of the aquifer west and 
southwest o f  CIP #l. The la t ter  i s  more probable based on the water level 
contours which depict a northwesterly trending s ink  or zone of high  trans- 
missivf t y  which might be the conduf t for the geothermal waters. a t  depth 
moving f n a southeasterly di recti on 

10. . 

10.1 Hydrodynamic Impacts . 
Specific capacity data indicate that-CIP R1 should be able t o  accommodate 
injection rates o f  a t  least 700 gpm. From the data i n  Table 9, the 
antfcfpated r ise  i n  water level i n  the injection well a t  this rate is  140 
feet. Since the s ta t ic  water level i n  CIP #1 i s  approximately 250 feet  
below land surface, there is considerable margin available for error. 

Injection a t  “this s i t e  fs not expected t o  change the general shape of the 
flow field,  particularly a t  great distances from the injection well s i te .  

ANTICIPATED IXPACTS DUE TO INJECTION AT C I P  51 

10.2 Hydrochemi cal Impacts. 

Water samples were collected from the discharge o f  CIP il  near the s t a r t  
and the conclusion of testing. They were analyzed and the results - - 
sumarf zed below. 

Table 13 
Hater Chemistry Data, CIP #1 

Cot 1 ectf on date 8/22/86 

PH 7.0 
Suspended sol f ds 24.6 
Total df ssol ved’ sol f ds  383 

Calcf um 
Magnesf um 
Sodf urn 
Potassfurn ’ 

Bicarbonate 
Ch 1 ori de 
Sulfate 

. 46 

25.8 
5 ..9 
44.1 
1.8 

184 
48.5 
(1 .o 

. .  

. .  

. J  

. .  

.. 
. .  

! 

! 

: 

. i  

I 
8 .O 
1.3 

189 _I 

35.9 
3.3 
38.3 
1.2 

218 
13.1 
10.4 

I .j 
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Table 13, Water Chemism cont'd. 

Arsenic 0.05 0.05 
(0.10 . (0.10 
10.6 0.71 

Boron 
Iron 
Manganese - 0.27 . 0.16 

Silica 32 37 

(Source: Klamath Environmental Services) 
(No% - a l l  Constituents reported In milligrams per liter w i t h  the 
exception of ptf, which i s  reported i n  pH u n i t s )  

The differences between the. t w  . 
suspended soljds, TDS, chloride, iron and manganese i n  the first sample 
appear t o  .be the presence of residual chemicals and metals mobilized by theAt 
chemical treatment performed o i  the well prior t o  testing: They do not 
seem t o  represent an in f lux  of waters of a different source l a h  i n  .the 
t e s t .  A very large imbalance i n  .the anions and cations. of the- second . 
sample appears to  ,result from difficulties tnherent i n  analyzihg- waters 
that are 1ow"in total dissolved solids. The error appears t o  l i e  i n  the 
bicarbonate determination which seems t o  be uncharacteristically h igh  for 
waters in,this area. 

The gross chemistry of water from CIP Rrl, OIi 85 (thermal effluent), and 
water from the OIT heat exchangers (presumably from OIT cold water wells) 
are compared i n  Figure 23. For p l o t t i n g  purposes, the imbalance I n  the 
8/28/86 sample from CIP #l was art if icially removed. . 

Because the 'thermal effluent is hotter and higher i n  TDS, chloride, 
sulfate, arsenic; and boron to  name a few constituents, i t  i s  evident that 
an impact on the chemical quality of the ground water down-gradient of the 
injection e l l - s i t e  w i l l  occur. . The question i s ,  i s  the impact acceptable? 

- 1  

nalyses, particularly reduced pH, elevated 

level contour map drawn from water levels ured i n  the 11 . 
observation wells (Figure 22) illustrates that  the predominant direction of 

the conclusions of previous investigations i n  the mdin hot well area of 
Klamath Falls. (Sammel, et.al.* 1984; WEN,' Inc., 1985). Additional water 
1Pvel data i n  the region south of CIP  63 and the La Vista Motel and east o f .  

~ the JELDAHEN well would serve t o  more definitively portray the flow field 
i n  t h i s  area. -However, there is a moderately h i g h  degree of confidence i n  
the contours drawn i n  the figure based on t h e  available data. The west to  
northwesterly flow-direction north o f  CIP #3 appears to.be a local 
phenomenon superposed on a regional pattern. 

- .  
I '  

! 

L2 I 

round water flow i s  southerly, away from C I P  #l. This i s  consistent w i t h  
I 

! 

- L" 

1 -  

.- 
Thermal effluent disposed of via CIP #I will migrate down-gradient from the 
well i n  response t o  the established ground water flow field. The width of 
the thermal effluent plurie, neglecting dispersion, can be calculated using 
Oarcy's Law. A first approximation of the plume dimensions is depicted i n  

. -  

47 
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2 CIP-fD cdktcted 8/28 /88  

4 3 O l f  cold water supply 
4 O l t - 6  -. 

1 
FIGURE 23. Tri-linear diagram - ! . !  
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gure 24. Calculations i n  support of the plume dimensions are presented 
i n  Appendix C. From t h i s  analysis i t  appears that none of the wells 
immediately down-gradient from C I P  BT1. will be impacted. That includes the 
La Vista Motel well, which by virtue of its proximity to the flow path of 
the effluent, appears t o  have the greatest potential for impact. Likewise, 
by virtue of their locations,' OIT wells 5 and 6 enjoy imnunity from impacts 
of injection a t  CIP 41 i n  spite of the conclusion that the thermal and cold 

Impacts farther down-gradi ent are mo 
the data. However, i n  general , i t  i s  'our under-standing that the chemical 
quality o f  the ground water decreases between the College Industrial Park 
and the main hat well area i n  Klamath Falls. Few, i f  any, users derive 
culinary water supplies from the aquifer i n  this area. A positive impact 
due t o  an increase i n  temperature-in some thermal wells that l ie along the 

te r  aquifers appear t o  be coupled i n  this area; .- 
difficult  t o  predict due to  gaps i n  

ath of the plume may occur. ' 

11. POtfCIES GOVERNING GEOMERHAL EFFLUENT DISPOSAL 11. POtfCIES GOVERNING GEOMERHAL EFFLUENT DISPOSAL 

State's policy i s  t prevent degradation of water 

beneficial use of the resource will be most 
r t o  insure proper management of all ground water 

a1 thermal chemical or pressure interference w i t h  
The State needs t o  be reasonably certain that there 

a1 uses of the receiving aquifer 

les, Chapter 690, Division 65 (Appendix 0)  of the 
. Water Resources Department describes the standards and procedures for low 

temperature geothermal. we1 1 s and effluent d i  sposal systems. Low 
temperature ge ffluent disposal systems are classified 8s either 
Standard or No 

Basic informat ed i n  this report and required by.the State Water 
Resources Department i ncl udes 1 i tho1 ogy and we1 1 construction i nf  ormati on 
for CIP 41, aquifer stress tes t  results, hydraulic communication w i t h  
thermal and non-thermal wells, and water chemistry from both the producing 
and receiving aquffers. Appendix E contains information on CIP P1 and 

ter chemistry for the OIT geothermal wells. 

Since the proposed injection plan includes disposal t o  a different aquifer. 
as compared to the producing aquifer, DEQ will prohably require a Water 
Pol lu t ion  Control Facility (WPCF) permit. 

- 

. .  
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11.2 C i t y  Geothek Resource Hanag 

The purpose of the City Geothermal Resources Management Act, Sections 8.250- 
.to 8.298, i s comprehensive management of the geothermal resource and 
thermal ground waters w t t h i n  and adjacent o the City of Klamath Falls, 

In furtherance of the purpose'of this Ordinance, i t  shall be the policy of 
the City to conserve and protect the.geotherma1 f lu ids  and ground water 
w i t h i n  and adjacent t o  the C i t y .  In order t o  enhance reservoir . * 

productivity and benefi t; prevent wastef extraction and disposal of 
geothermal f l u i d s  and thermal ground wat ; prevent geothermal water 
temperature degradation; prevent thermal pol lu t ion  of surface environs and 
water; and prevent harmful i n g  of geothe-1 f luids  and other 
ground water. 

In order to eliminate wasteful and harmful effects of thermal f l u i d s  or 
water surface' discharges, any well or geothermal facility discharging 
geothermal f l u i d s  onto the ground or i n t o  any public ditch or  drainage 
facil i ty,  shall cease such discharging w i t h i n  five ( 5 )  years of the 

The Ci ty  Manager may, upon recommendation of the Geothermal Adviso 
Committee, grant exceptions t o  the five year requirement. The owner must 
meet certain conditions prpvided i n  8.264 of the 'Act. 

Oregon. . .  

. 

. Ordinance effective date, w h i c h  was July 1, 1985. 

.12 . 1 Factors. 

A *legal agreement will be necessary for the coordination o f  geothermal 
discharge water us 
Techno1 ogy . 
Based o n  OIT's present and projected use of discharged geothermal' f l u i d ,  
the Ci ty  Attorney has identified the following factors that will need t o  be 
addresses. 

Klamath f a l l s  and Orego 

a. 

b. 

The legal authority o f ' bo th  public bodies t o  enter intoethe 
agreement. 

Identification of the p o i n t  a t  which the' city would "capture" the 
discharge, assuming such p o i n t  will be located on the OIT campus, 
an easement from OIT to the Ci ty  for purposes of installation, 
mai ntenance and repair of the "capture" f aci 1 i ti es 

Resolution of what, i f  any, level o f  quantity and temperature of 
geothermal discharge f l u i d  will be available from OIT. OIT plans 

C. * 

51 



.. . 

d. 

- .  
e. 

f .  

12.2 

t o  cascade discharged from existing bui ldings t o  provide heat t o  
new buildings; therefore, they may be reluctant t o  guarantee any 
minimum levels i n  the discharge. 

The responsi b i  1 i t y  for compl iance with the City ' s Geothermal 
Resources Management Act and w i t h  requirements contai ned w i t h  the 
Oregon Administrative Rules as both apply t o  the geothermal 
injection requirements. I t  is expected. that OIT would request that 
the Ctty assume this compliance responsibility. 

An allocation of the responsibility to address any legal rights of 
"downstream" users of the current discharge. There are parties * 

currently u t i l i z i n g  the -011 discharge below the College Industrial 
Park, and though any legal claim t o  establish water rights would 
appear questionable, i t  is expected that OIT would require that the 
City take the responsibility for addressing any such claims. 

The term of the agreement. 

Uater Rlghts. 

Water rights have been checked i n  the four sectlon area around the proposed 
injection well location, namely Sections 17, 18, 19 and 10, Township 38 
South, Range 9 East. In addition to OIT, there appears t o  be three water 
r i g h t s  on f i l e .  Bruce Froemke-has a r i g h t  for supplemental irrigation o f  
e igh t  acres, JELD-WEN has a water r i g h t  for f lu sh ing  the channels of the 
Harbor View subdivision, and Mountain View Professional Building 
Association has water rights for water and space heating a bui ld ing  on 
Mountain View Blvd. In addition t o  these, there are a number (48) of wells 
i n  the area for exempted uses for which not water rjghts are needed, yet 
which must be considered. 

. 
. * 

- 

Asphalt'Construction Company has a surface water r i g h t  on record, No. 
53353, of 1.5 cfs from a pond fed by the O I f / M C  discharge t o  be used for 
dus t  control. In 1985, Klamath Pacific Corporation, current owners of the 
p1ant;drilled a new well which is now used for dus t  control. 
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Supplemental Calculations for: 
OIT effluent flow rate . 
OIT collection system 

M C  collection system 
Pump station 

Transmission and distribution pi ping 
CIP energy analysis of buildings 



. 
. .  

. .  ., , . . . . . . ' . f 

. t .  

. .  



.... ._ . . 
.' 

-1 

-. i .. 
,. . :* , L- . 



. -  
I&- '*-?ad =-#/e 





.. 

.-.. 

.. 

i 

.- . 
. .i 



- .  

. .  . .-.- . .  . . 



.i 



. .  

.. 





I . 
f 

. - -  
. .. 

53 \oQ 

. .  
. .  . _i_.  .- . .. 



. . d-- 



i 

. . 

.. 





-- . .  . .. . .. .. . -. . . 
~. - 



- 





,' 

' \  

i 



: 

:- 4 

. .  

. >  

. .  

i 



. .- . __ . - . . . . .. . . 



.. 

, 

I .  
. I  

I -  



.. BUILDING: Quality Components 
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SIMPLIFIED ENmGY ANALYSIS (SEA) VERSION 3 
PRODUCT OF T E E f R A  .f KALASINSKY ASSUCIATES, INC 

OFFICE 

c 
I -  ZONE DESCRIPTION SUMMARY FOR LUNE 2 
1 2' 

.ZONE CiREA 1920. 
* c'. VUUT RATE . 047 

I SUMME3 OCCUP. T"?P 78 
' - ' *  WINTER occup. TEMP 70 

UNOCCUP I= TEMP - 62 
DESIGN R 8 i L  so * 

t..# 

WALL 1 NET - ROOF -- 
AREA l.93 h a  
U-r'ACT 0 s  (39 1 

. 8&S COLOR 1 
DIk- HORZZONTAL WEST 

SHADING N / k  N / A  

30 30 I 1 MASS 

(' SHADING N/A . NiA 
'a INS i I=€ 
I, 

, SUSPE.hPE3 CEfLiNG SPECTFIEZ 

SQ FT 
CFil PER SQ FT 
DEGEES FAHR 
DESREES FAHR 
DESRES FAHR 
x 

. GUSS . WkLL 2 _ -  . -  - - 
v 296 * 

8 65 
N / A  50 
N / A  e OS 
WE3 

.9 

324 
.6 

. NORTH 
N / B  

1 N/A 

WATTS/ SQ 
PEFiCENT 

FOOT 

1 

F30T 

a 

_.- 
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ZONE D€SCI?IPTION SUMM(?lRY FOR ZONE 1 SHOP 

CLIENT CITY OF KLAMATH FfiLL PROJECT INDUSTRIAL PARK 

SIMPLIFIED P1WGY ANALYSIS (SEA) VE.SSiON 3 \ 

PRODUCT OF FmREIRA SI KAUSINSKY.  ASSOCIATES, INC' 

ZONE ~ R E J ~  t2240 
VENT RATE -73s - *  

.SUMME2 0Cc"JP. TEMP 78 
WINTEX OCZUP. TEMP 60 
WNOCCUP I= turP . so 
DESIGN Re%. so 

SB FT 
CFM P a  SQ FT 
DEGAEES FAHR 
DEGRES F4HR 
DEGWEES FAHR 
x 

:i 9 
WALL 2 ROOF 

*- 

12240 
025 
LO 
1 

N R I Z O N T A L  
w a  

WALL 1 NET - 
2048 
,286 

50 
. .&3 
EAST 
N / A  

N / A  . . 

GtASS 

U--GCT 
MeSS . 
eatm 
n IR 
W A R  ING 
INS LEE 
SHADING N / A  1 N/FI 

PE.? SQ FOOT 
BiU/ PE,3.SCN 
BTU/ PmSON 
P.E..CENT 

t Z GHT Z NG 
LOAD 
CIVE USAGE 
x Ta PLZXJM 

W A F S /  Sa FOOT 
P€?C=T 
PEZCSiT 

EQU fPM€?JT 
LOAD 
AVE USAC% 

18.3 0 
90 0 

wars/ SQ FOOT 
PE3CENT 

INFILTRATfON 
- dfR CHANGE3 . N / A  -2s 

ZONE HEiGiiT- N / A  16 
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PEAK HEATING LOAD SUMMARY FOR ZONE 1 
--c 

.* SENSIBLE LATENT j .  I .  . 

-tBOJS 
-a 1eos.27 

ROOF 
WfiLL 
( ASS 0 
i .boOR -1 1szo 
XOTAL BTU/HR .-11%377w3 0 
' ttJ/HR-SF -9 oss4.s 0 

f'";ESS ANY K F I  TO CONTINUE 
I 

' 

! ;  . .. 
.- . . .. 

. i  

TOTAL 
-18054 
-8 1803.27 

-t 1sm 
-9 . 09949 

0 

-1t137,3 

SHOP 

. .  

- 

.. 

.. 

. 



_ .  

EBE3GY SUMMaRY ' 

accup UNOCCUP 
C' INT MBTU 0 
HFeJNT NETU 23728.S& 145133 
LGT t EQ KWH 1077524 1.976714 
auxIt KWH . :0242.n 0 

TOTAL MBTU : 3772434 145139. a 
. MISCEL (KWH) 0 

MBTU / SQ FT 308-1786 11 8J66S 

TOTAL 
0 
17086 1 b 
1077J28 
30"4* 6 L L . 1 3  -- 
0 
317554 
320 b3S4 

FUEL USAGE 
- -- 

' ma. ClJNSUMPTIQN 

ELECTR ICiTY 1W77f 1 
GAS 189846 . 2 
ST€Afi 0 
UIL 0 
C X L  0 
DIESEL 0 

KWH . 
cu FT 
U S  
GALS. 
L3S 
GALS 

DO YCU WNT TCVIEIrl SEA GRAPHICS :? 

.- , 

. . ._ 

. .  1 ._ 

i 

-\ 

, 

I 

i . .  
I 
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BUILDING: Precision Data Carriage - 
1 * * * * * ~ . X t t x X * . * x * ~ X * * * * * * * * % * ~ * ~ * ~ ~ * ~ * ~ ~ ~ * ~ * * ~ * * * X ~ * ~ ~ ~ * * * ~ * * * ~ * * ~ * * ~ * * *  

t t t ~ * * t t ~ f r t X t X X X X X X * X ~ * * * t * * % ~ * x ~ x * % ~ * ~ ~ % ~ t * * * * * X * * ~ * * * * * * * % ~ * * * * * * * X * * ~  

~ X X t X i X x X X % * t t * * X t X X X X t X X X X X t t X X X t X X X t X X * t ~ * * * % % * % t * * * x % ~ % % ~ * ~ % ~ % * $ * % * ~ ~ *  

UZENT CITY OF KWMATH FfiLL PkOjECT INDUSTRIAL PARK 

.a SfMPLfFLED ENERGY ANALYSIS (SEA) VERSION. 3 
PRODUCT OF FERREfRA 8t KALASINSKY ASSOCIAXS, INC 

ZONE DESCZfPTfON SUMMARY FOR ZONE - 1 ,  snap 

ZONE AREA 9606 SQ FT 
VENT RATE 0 CFM PER SQ FT 
SUMMEFi .3CC!!F. TEMP 78 DESREES FAHR 
W INTE!? OCCL!P. TGiP 6% PEBREZS FAHk 

* DESREES FAHR UNCCCUF !E5 3EEP 63 
DESiGN 8.3. 50 2 .  

AREA.  
U-FACT 
FICISS 
CIlLUE 
GiR 
SHADING 
KNSiDE 
SHADING N I  A N / A  

NET 

L X GHT I>!G 
L O A 0  
WE USAGE 
X TO P 1 3 U M  . 

. .  

002: 
s43 
4 z  
40 

-. 
1.531 
100 - 
0 

.s 
90 

N / A  
N/Fi 

. (5 . 
G 
0 

: 

i 
I 

' I  

PEA SQ Fi30T. 
. BTU/ PESSON 

BTU/ PFiSON 
PEX'J'T 

'1 



. .  . .  
.:-.- I 

" .; 

" .  

* * * ~ * ~ * ~ * * * * * * ~ * *  
. -  

CLIENT CITY OF KLAMATH F A U  PROJECT INDUSTRIAL PARK 

SIMPLIFIEO ENmGY ANALYSIS (SEA) .VWSXON 3 
PRORUCT OF F-W?EIRA b VALASINSKY ASSOCIATES, 

* t t S * * X f t * t % % t * * * t % % ~ % * x % * ~ * * % % * % * % * * * % % % * ~ * * * * * * * * * % * * * ~ * * ~ * * * * x % * ~ * x * * *  

I % X * t * X t X % X I X % ~ * % % * * * % * * * ~ % % * ~ ~ * ~ ~ * * * * % % % ~ % ~ % % % ~ % * % ~ * ~ ~ * * % * * % % * % * ~ ~ ~ * ~ * * X  
fNC . 

ZONE PESZ3IPTION SUMMARY FOR ZONE 2 - *  OFFICE . 

ZONE ' AREA 2700 SQ F i  

summEs uccilp. TEHP 78 DEGREES FAHR 
WINTER CZCJP. TEXP 68 . DE3RES3 FGHR 

D E G R W  FAHR 

VENT RATE 0 # CFM PER SQ FT 

UNOCCUP 1 3  TEHP . ' 

PESXGN Z.H. so x 

GOOF WALL 1 NET - --- \ 

AREA .. 3 3 0  943 . 
U-FACT 03z . osz 
MGSS 33 
COL3R L 69 
DIE HORIZONTAL WEST 
SHADING N / A  . N / A  

SHAD L Q i 8  N/ fi  N / A  

. 
' .  

INSIDE 
I 

. .  

11 
06 

NQRTH 
N / A  

N/C: 

PE? SP FOOT 
El%/ PWSON 
BTU/ PE3SON 
PE2CENT 

WATTS/ SQ FOOT 
PSCENT 
PE2CENT 

WAfTS/ SQ F30T 
PISCENT 



PROJECT -- INDUSTRIAL. PARK *. 

P Y HEATING LCAD-SdMMARY FOR ZONE 1 snap 
SENSIBLE LATENT ' TOTAL 

ROOF -300192 -300192 
WALL -It3322.S . -1 13322. s 
GLASS * 0 0 
FLOOR -19200 -19200 
TOTAL BTU/HR -+32714. S 0 -4S2fl4.5 
ETUIHR-SF -35.07445 0 -45.07443 

.... 

-, 

* -  . 

i -1 
-. I 
,- . . 

PRESS ANY KEY TO CQNTSNUE 

OFFICE 

I 

. . .  . .  



INDUSTRIAL PARk 

HEATING 
0 
0 
0 

HUNID . 
0 

IyCJECT . iNOUSTRiAL PARK 

._ . 



ENE2G.f SUMMARY 
TOTAL 

0 
1504724 
1814t.22 
7575.u77 
0 
1797261 

-. 

* 146.1188 

OCCUP 
0 
278598.7 
76047.98 
7J74.YV 
0 
S 4 3 S Z  . 8 
44. 18892 

UNQCCUP 
r X A N T  MBTU 
t 4 N T  MBTU 
LGT .tc EO KWH 
AUXIL KWH 
MISCEL (KWH) 
TOTAL MBTU 
MBTU.1 S Q $ T  

FUEL USAGE -- 

-.* 

-4. 

-! 

! - ,., .. 1 

- t  
' i  
..:I 

FUE?? CONSUMPTION 

ELEZTRICITY 8S715.!59 KWH 
' l f l l  q- 

ELEZTRICITY 8S715.59 KWH 

0 U S  STEAM 
OIL 0 '  GALS 

0 L9S COAL 
DIESEL 0 GALS 

GAS 1503715 ' cu Fi 

OIL 
COAL 

-I 

GALS 
1.9s 
iALS 

0 '  
0 

30 you WANT 7s UIEW s a  GRAPHICS :? 



k; JECT 
'' < HEGTING LQAD SUMMARY FOR ZONE 1 

INDUSfiS I A L  PARK .,r --- 
SHOP i. 

. 

I 



QUE3GY SUMMARY . 
OCCUP UNocC!.JP TOTAL 
0 0 
94054.63 . 6o5455.4 759510.1 

==3.075 0 3ss3.075 
0 0 

70047;98 6095 a 245 78 14  1. -2 

344572.4 - C19307i. 7 1037650 
28aOlSr):! . 56.54778 84.3618 

C. LANT MBTU 
HPLANT M E N  
LGT t EQ WH 
CIUXIL KWH 
MISCEL '(KWH) 
TOTAL MBTU' 
MBTU / SQ FT. 

, -. 

FUEL USAGE 

FUEL C13NSUMPTION 

EiEfTRICITY 81494.3 KWH 

U S  
GAS 
STWM 3 
OIL 0 GALS 
COAL 0 L3S 
DIESEL 3 GALS 

759Z10.1 . .CU FT . ! 

! 

I 

http://UNocC!.JP
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X * * t * * X X X t X X X X t t X * * * * * ~ * X * * Y * * ~ * * * * * * * * ~ ~ * ~ ~ ~ * * * Y * * ~ * * * Y * * * * * * * * * * * * ~ * * % *  

X X * X * X X % t X t X t X X * X Y t X * $ ~ ~ ~ * ~ * % t * ~ % * ~ ~ $ ~ ~ ~ * ~ * * ~ ~ ~ ~ t ~ ~ X * $ ~ % X * * ~ ~ * t ~ * ~ ~ * ~ ~ ~ * %  

* * * * * * ~ X Y * * * ~ ~ r * * * * X * * * ~ * ~ * * * * * * * ~ ~ * * * ~ ~ * * ~ ~ * ~ * * ~ ~ ~ * * ~ ~ * ~ * ~ * ~ * * ~ * * ~ X ~ * X ~ *  

GEO-HEAT CENTER 
CLIENT CITY OF KaFALLS PROJECT €QUI TORIAL 

SIMPLIFIED ENERGY ANALYSIS (SEA) VERSION 3 
PROGUCT OF FERREIRA & KALASXNSKY ASSOCIATES, INC 

ZONE DESCRIPTION SUMMARY FOR ZONE 1 OFFICE CORE 

ZONE AREA 
VENT RATE 

2058 SII! FT 
. t  CFM PEg SQ FT 

SUMME3 OCCUPe TEMP 78 .DEGREES FkHR 
WINTER OCCUP. TEMP' - 72 . DEGREES FAHR 
UNOCCUPIED TEMP, . 65 ' DEGREES FAHR 

. DESIGN ReH. 50 r. 

ROOF WALL 1 NET GLASS -...... ---- 
AREA 2050 0 
U-FGCT 045 06 
MASS 20 50 
COLOR e S  65 
DIR HORIZONTkL NORTC 

.SHADING N i A  
INSIDE 
SHADING N/A . 

SUSPENDED CEILZNG 

INTEFtM4L LOADS ------.------. 

PEDPLE 
NUMBER 
SENS HEAT 
'LATENT HEAT 
AVE OCCUP 

LIGHTING 
LOAD 
AVE USAGE 
% TO PLENUM 

E ~ U  I PMENT 
LOAD. 
AVE USAGE 

INF  SLTRATION 
AIR CHANGES 
ZONE HEIGGilT 

------ 
0 
. 1  

N/A 
. N/A 
NORTH 

> 

N/A . 27 

N/A c * I  

SFECIFXED 

OCCUPIE~ UrJocCuP I ED 

. .  

. .  

WALL 2 ---- 
0 
e 06 

.3Q . 
NORTH 
N/A . 

e 65 

0 

N/A = 

D 

PER Si2 FOOT 

BTU/ PERSON 
PERCENT 

m u /  PERSON 

WATTS/ SB FOOT 
PERCENT 

.PERCENT * 

WGTTS/ SQ FOOT 
PERCENT 



A .  

. .  

/ - PROJECT * -  EQUITORIAL 
-u---- 

PEAK HEATING LOAD SUMMARY FOR ZONE i 

SENSIBLE LATENT 
ROOF -2917.215 
WALL 0 
GLASS 0 
FLOOR 0 
TOTAL BTU/HR .-2917.215 0 
BTU / HR-SF -1.4175 0 

e .  - .  

PRESS ANY KEY TO CONTINUE 

0 

PROJECT EQUITORIAL 

PEAK COOLING LOGD SUMMARY F i l R ' Z O N E  1 
.I)----- 

SOLAR 
TRANSMISSION 
FLOOR 
INTERNAL - 

TOTAL BTU/HR 
ElTWHRySF 
SPACE SEN. 
BTU/HR-SF 

P ~ ~ E S S  ANY KEY TU CONT~NUE 

ENERGY SilMMfiiRY 
OCCUP UNOCCi.JP 

Ci'LANT MBTU 3217.964 
HFLANT MBTU . 5141.5: 16946 . 36 
LGT f €2 KWH 10394.56 3Q84.427 
AUXIL KWH sQ4 / - 035 
NISCEL (KWH1 . 0 

MBTU / SQ FT 24.71174 16.55126 

FUEL USAGE 

1 9 18 $96 r) e- 

TOTAL NBTU . 50856e.77 3402 1 . 3; 

-------- 
FUEL CUNSUMPTION 

ELECTRI c ITY 18397. sa 
. GAS 22087. E6 
STEAM 0 .  
OIL . 0  
'nnl I? 

KWH 
CU FT 
U S  
GfiLS 
I qq 

OFFICE CORE 

TOT&L 
-29 17 21 S 

0 
0 
0 
-2917.215 
-1.4175 

0 

OFFICE CURE 

TOTAL 
. (3 
1250 255 
0 
13873.49 

15123.73 
7 . 34875 

5975.53 
0 

41.243 
84878. i 

. i  

- 1  . .  
.. 

t 

http://UNOCCi.JP
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r * . .  

CLIENT CITY O F  K.FALLS PROJECT EQUITORICSL . 

SIMPLIFIED ENERGY ANGLYSIS (SEA) VERSION 3 
PRODUCT OF FERREIRG & KCILASINSKY ASSOCIATES, 

t t X r t Y f S t X X * X t X * t x X t * % ~ % % * * ~ * * % X ~ % ~ % * ~ ~ % ~ ~ * * X * * * ~ ~ ~ ~ ~ * * t X ~ ~ X ~ ~ ~ X X * * ~ ~ * ~ ~ %  

X * t * t * X ~ * X * * X * * X X X * t * * ~ * * * * * * * * ~ * * * * ~ * * * ~ ~ * * * ~ * X * * * * X ~ * * * * * * ~ * * ~ ~ * * ~ % * * * ~  
1NC 

ZONE DESCRIPTION SUMMARY FOR ZONE 1 OFFICE PERIMITER' 

ZONE AREA 
VENT RGTE 
SUMME3 OCCUP. TEMP 
WINTER OCCUF. TENP 
UNOCC!JPIED TEMP. 
DESIGN R.H. 

ROOF ---- 
AREA 3158 
U-FACT 
MASS 
COLOR .S 
DIR HORIZONTAL 
SHfiDiNG' N/A 
INSIDE 
SHADING N/A 

3158 - . 5Q3 
78 
72 
65 
50 . 

WALL 1 NET ---- 
772 

SUSPENDED CEILING SFECIFSED _; 

FLOOR DATA . 

SG! FT 
CFM PER SQ FT 
DEGREES FAHR 
DEGREES FAHR 
DEGREES FAHR c 

x 

1 

WALL 2 

* 486 . 13 
30 
09 

NORTH 
N/A 

N / A  

--- . .  

O&-GRADE PER 209 FEET LOSS Jrj BTU/LF 

I NTEF.NAL LOAIjS - .  

-------------- 
OCCUP IE3 UEiOCCUP I ED ' 

PEDF-LE 
rdukgm L -  . 04 0 T 

250 250 BTU/ PEK'SON 
BTU/ PERSON 

=r?G riEAT 
- e  -44. 
0 PERCENT 

LATENT HEAT 245 
W E  OCCLJP 90 

, 
L i SkT I NG . 

LQGD 1.5 . 25 WATTS/ SQ FOOT 
AWE E d G E  90 - PERCENT 

5cJ - PEFZCENT x i o  PLENUM 

EOUIFMEYT 
LOAD 05 0 WATTS/ SB FOOT 
AVE USdGE - 90 0 PERCENT 

INFILTRATICN 
AIR CHANGES N/k 0s 
ZONE HEIGHT I * N f f i  9 

. 



PROJECT EPUITOR IAL ------- 
PEAK HEATXNG LOAD SUMMARY FOR ZONE 1 

ROOF 
WALL 
GLASS . 
FLOOR 
TOTAL BTU/HR 
BTU/ HR-SF 

PRESS ANY KEY 

SENSIBLE 
-4476.465 
-8114.4. 
-12569*7& 
-7344 
-32504.62 
-10.29279 

TO CGNTINUE 

LATENT 

0 -  
0 

PROJECT EQU ITOR I fiL 

PEAK COOLING LOAD SUMMARY FOR ZONE 1 
---I- 

SENSIBLE LATENT 
SOLAR 23719.76 
TRANSMISSION 9394.179 
FLOOR -7544 
INTERNAL 60842- 82 46422.6 

TOTAL EITU/HR 86af2.77 40422.6 
BTU/HR-SF 27.42644 14.7 

.3TU/’HR-SF . 27.42646 

---- -------- 
SPACE SEN. 866i2.77 

PRESS ANY KEY TO CONTINUE 

ENERGY SUMMARY 
OCCUP UNGCCUP 

CPLkNT MBTU 
HPLANT MBTU 13763 7s 93042.48 
LGT .k EQ KWH 15950.45 4735.05 
AUXIL KWH 4279 . 774 3294.527 
MISCEL WWH) 0 . 

1 1568 . 73 

TOTAL MBTU 354375.2; 120439 . 9‘ 
MBTU / SQ FT 48.88588 30.13805 . 
FUEL USAGE . --------- 
FUEL CONSUMPTION 

ELECTRICITY 33647.22 KWH 
GAS ’ 16&803-3 CU F i .  

OIL. 0 GALS 

D I ESEL 0 GALS 

DO YOU WANT TO VIEW SEA GRAPHICS :? 

STEkM 0 U S  

COAL 0 LBS 

- .  
OFFICE PERIMITER 

TOTAL - .  
-4476 465 
-81 14.4 
-12569.76 
-7344 
-32504.62 - .1 

-10. 29279 

- -4 

\ 

*- 
-. . 

1 _ .  I 

I . I  

* ’  

t .  . 

OFFICE PERIMITEiS 

TOTAL 
23739.76 . 
9394.179 

107265.4 

1 ~~~~~ . 4 
42.12646 

-7344 

------- 

TOTAL 
11568.75 
16aa33.3 
20683.5 
7574.131 
0 
274815.2 
87.02192 



. 
* * * Y * * * * X * * * * * * * * * * * * * ~ * * * * * * ~ * ~ ~ ~ ~ * * ~ * ~ ~ * ~ ~ * ~ ~ ~ * ~ ~ * * * ~ * * ~ * * * * * * * * * ~ * * * * *  

t X * * * t * * f * * ~ $ * * X t * * * * ~ * ~ t ~ * * * * X * ~ ~ * ~ ~ * * * ~ * * ~ ~ % * * * * * ~ * * * * * ~ ~ t ~ * ~ ~  

* * * * ~ * * * * * * * * * * * * * * * * * X X * * X t t * * * * * * * ~ * * * * * % * * * ~ * ~ ~ * ~ * * * ~ * * ~ * * % % ~ % ~ * ~ t * ~ % * * ~ * ~  

.GEO+!EAT CENTER 
. CLIENT CITY OF LLS PROGECT EQUITORIAL 

SIMPLIFIED ENERGY ANALYSIS (SEA) VERSION S 
PRODUCT OF FERREIRA .k KCILASINSKY ASSOCIATES, INC 

1 

SQ F T  
CFM PER SQ FT 
DEGREES FAHR 
DEGREES. FAHR 
DEGREES FCIHR 
x 

ZONE DESCRIPTION SUMMARY FOR ZONE 

ZONE AREA 800 

SUMMER OCCUP. TEMP 78 
VENT RATE . 435 
WINTER OCCUP. TEMP 72 * 

UNOCCUPIED TEMP. 60 
DESIGN H.H. 50 

ROOF WALL 1 NET --- -a- , 
AREA 800 780 
U-FACT . 047 085 
MGSS . 20 30 
COLOR .J' .? 
D I R  HORIZONTAL .EAST 
SHADING N / A  - N/A 
INSXDE 

.SHADING N / A  N/k  

SUSPENDEO CEILING NOT S?ECXFXED 

FLOOR OATA ' 

GLASS ----- 
0 
58 

N/A 
N/G 
WEST 

- 5  

1 

WALL 2 ---- 
0 '. 13 

' 30 
. .9 

NORTH 
N/A 

N/A 

ON-GRADE PER hO FEET LOSS 36 BTU/LF 

INTERNAL LOADS 
----e--------- 

* OCCUPIED UNOCCL;'PIE3 

PEOFLE 
NUMBER 0 PER SQ FOOT 
SENS HEAT BTUi PE4SON 
LATENT . k E A t  PTU/ PERSON 
AVE OCCGP PERC~NT 

L I GHT ING 
LOAD WATTS/ SQ FOOT 
FtVE USAGE PERCENT 
X . .  TO PLhNUM . 0 0 PEFirCUVT 

LOAD - 5  - 0  WATTS/ SQ FOOT 
AVE USGGE 90 0 P-CENT ' 

EQUIPMENT. 

INFILTRATION 
A IR  CHANGES N/A . t  
ZONE HEIGHT N/k 13 

. I  

- .. 



PROJECT . EQUITORIAL 

PEAK HEATING LOAD SUMMARY FOR ZONE 1 

SENSIBLE. ffiTENT , 

------ 

ROOF -2368 . 8 
WGLL -4176.9 
GLASS 0 
FLOUR -2160 

BTU/HR-SF -10.88212 - 0  
TOTAL BTWHR' -a703. ;P 0 

RECIEVING 

TOTAL 

-4176.9 
-2368 . 8 

- 0  
.-21&Q . 
-8705.7' 
-ips a8212 

PRESS ANY, KEY TO CONTINUE 
- 

EQU ITOR I A L  PROJECT ------- 
. PEAK COOLING COAD SUMNARY FOR ZONE 1 

SENS I BLE LATENT 
0 
4015.455 . 

5960.0 490 

7816.235 490 
9.770.319 . .6125 
7816.255 
9 . 77QS 19 

-2160 

------ ----- 

..  
I 

I 
SOLAR 
TRANSMISSION 
FLOOR 
INTERNAL 

TOTAL BTU/HR 
BTU/ HR-SF 
SPACE SEN. 
BTU/ HR-SF 

PRESS ANY KE? TO CONTINUE 
* .  

ENEkGf SllMMfiRY 
OCCUP 

CPLGNT MBTU 0 
HPLANT MBTU "43- 1 . 49 
LET .4( EII! KWti 4040.646 
AUXfL KWH 121 1.304 
MISCEL (KWH) 0 
TOTAL MBTU 52276 39 
MBTU / SQ FT 65.34549. 

P -e 

F U E t  USGGE ---------- 

UNdCCifP 

50107 
0 
1210.074 

54239. f 2  
67.29964 

KWH 
cu FT 
LBS 
GALS 
LBS 
GALS 

TI 
.J 

FUEL CONSUMPTION 

ELECTRICITY 6462. 824 
GAS 84450 . 40 
STEAM 0 
O I L  0 

. COAL 0 
DIESEL * 0 

DO YOU WANT T0.VIEW SEA GRAPHICS :? 

. . . , .. . . 
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PROJECT EQUITORIAL ------- 
PEAK HEATING LOAD summmw FOR ZONE 

SENS I BLE LATENT 
ROOF -3933L92 
WALL -18001 62 
GLASS -8769.6 

8TU / HR-SF -5 e 9 1 66f0 0 -  

FLOOR -12492 
TOTAL BTU/HR -76597.14 0 

1 

PRESS ANY KEY TO CONTINUE . 

PROJECT EPUITORIAL 

PEAK COOLING LOAD SUMMARY FOR ZONE 1 
------ 

SENSIBLE LATENT 
SGLAR 760%. 132 
TRANSMISSION 31546.8 
FLOOR -12492 
INTERNfiL 1586 14.8 7485.534 

TOTAL BTU/HR 185277.8 was. 533 
-- ------- 

. BTUiHR-SF 15.94744 sa35 
SPACE SEN. 185277.0 
BTU/HR-SF 13.94734 

PRESS ANY KEY TP CONTINUE 

ENE46Y SiJMMGRY 
OCCUP UNOCCUP 

CPLANT MBTU 28364. i o  
HFLANT MBTU 5754 1 256700 . 6 
LGT EQ KWH 111713 2fB73.13 
&UXIL KWH 10918.15 5 7 s .  487 
MISCEL (KWH) 0 

MBTU. / SQ FT 37.97334 27.9641 

'FUEL USAGE '. 

TOT& MBTU 504440 . 5 571475.1 

---------- 
FUEL CONSUMPTION 

ELECTR I c I TY 164569 KWH 
GAS 314241 . Q CU FT 

O I L  0 GALS 

.DIESEL 0 -  GALS 

STEAM 0 LBS 

CO&L 0 LBS 

DO YOU WANT TO VIEW sEa GAAPHICS 0 3  

. _  . * 

ASSGYBLY . . 

TOThL 
. -39333.92 
-18001 . 62 

-12492 
. -8769.6 

-78597. 14 
-5.916678 

ASSEMBLY 

TOTAL 
28364.16 
314241 . 6 
139986.1 , 

16672.24 
0 
875915.0 
65.93765 

c 

. 

. .  
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1 data plots for aquif-r stress test Supplement 
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Uarcy 's IAW 

a = * r i . ~  

is t;v? EIO% i n  the aquifer (gallons .per day) # 

T is  the transmissiviky 1rP i -h~  d1111iEec (gpl/ €e wJtit;r) , 
i. i~ '1p1t-m 1 i i r  gcatl Larrt .( E t /  ft) 8 an11 

ut Le the width of -the stream tube ( f e e t ) .  * -  

Therefore, the width of the plume, neglecting dispersion,  

w = Q / T i '  

In the v i c i n i t y  of CIP-1 

= 296 feet  

In the vicinity of CIP-2 

W "  (700  x 144n m i n / r f a v \  
(1.4 x 104 Z/w x ( 2 s  it j 2300 ft.1 

= 662 feet 

In the vicinity of La Vista Motel 

w =  (785 g p m  x 1440 min/day). 
(1.9 x lid gpd/ft) x (25  f t  / 3100 f t )  

= 657 feet 

. .  

d WILLIAM E. NORK, Inc. 5 
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OREGON ADMINISTRATIVE RULES 

CHAPTER 690, DIVISION 65 - WATER RESOURCES DEPARTMENT . . 
I :  

I 

i : .  
STANDARDS AND PROCEDURES FOR . il . LOW TEMPERATURE GEOTHERMAL WELLS AND EFFLUENT DISPOSAL SYSTWS t .  . 

* il a 1 C Y  AND .PURPOSE: 

(1) 'All Low Temperature Geothermal Fluids are part of the ground water resources of the 

State of  Oregon and shall be administered by the Water Resou*rces Director (Director) 

under the provisions of ORS 537.010 to 537.795. The Director recognizes that these fluids 

are developed primarily because of their thermai characteristics and that special 

management is necessary. Reservoir assessment .of Low Temperature Geothermal Fluids 

shall be conducted by the Director .in the same manner 'as ground water investigations 

outlined in ORS 537.665 and ORS 537.685. 

(2) The purpos of the following. rules i s  to  provide standards and procedures for the 
development, use and management of Low Temperature Geothermal Fluids, while insuring 
proper management of a i l  ground water resources so maximum beneficial use of the 

i' 
i- 

1 
L .. 

I 

I 
I 

i 

resource wi l l  be most effectively attained. i 
! .  I 
i 

1 .  

(3) Thesg rules supdement OAR 690-lb-QO5 t o  690-10-045, 690-6D-003 to  690-63-045, and 

6904a1-000 to 690-6bOiO. Rule 690-60-050, paraqraph 47 and 690-61-181 ere hereby 

rescinded. L 

I .  - 
DELETE 

i - '  
, .  . .  

... 
( .  . .  . 
$ 

, A .  

1. . 
. .  
..... 

I .: 
v.. 

i '  

. _ .  

I 

! 
. .. 

. .. i 
i 

0 .  

[690-60-050 (L7) "Thermal Ground Water": means ground water. having a 
temperature great 
of Oregon .delegate t o  the 06partment of Water Resources the-appropriation and 
supervision of thermal qround water having a temperature o f  less than 2 
Fahrenheit or 12 1 .degre 

than 90 deqrees Fa renheit or 32 deqrees Celsius. (The statutes . 
* 

CONSTRUCT10 N 
All thermal or hot water wells havinq a maximum water temperatue of 
degrees Fahrenheit (12 1 degrees Celsius) and constructed tD depths of  less than 2,000 

constructed in conformance with. rules 690-6 1-006 through 690-61-176. 
easured and recorded on the water well 

. .  
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. .  

65-0 10 DEFINITIONS: 
(1) Bottom Hole Temperature: The maximum temperature measured in the well or bore 

hole. I t  is normally.attained directly adjacent to the producing zone, and commonly 
a t  or near the bottom of the borehole, 

- (2) Low Temperature Geothermal Effluent: The outflow, discharge or waste fluid, with 
i ts  associated dissolved or suspended c0,nstituents . .  (being original or introduced), that ~ 

is produced by a Low Temperature Geothermal Well and its utilization system.' . ' 

(3) Low Temperature Geothermal Fluid: 
b 

(8)' 
. 

(b) 

Any ground water produced from a Low Temperature Geothermal Well which is 
used for i t s  thermal characteristics; or 
any other fluids, approved by the Director, that  circulate, with or without 
withdrawal, within a Low Temperature Geothermal Well, where in all cases of 
(a) and (b) the fluid circulated because of its thermal characteristics, is  used for. 

various heatinq and/or cooling purposes includinq, but not limited to, 
residential, commercial, industri el,. electrical, agricultural and aquacultural 
applications. 

(4) Low Temperature Geothermal Reinjection Well: Any well as defined under. ORS 

. 537.515(7) that is cons&ucted or used for returning Low Temperature Geothermal 
Effluent to a ground water reservoir. 

Low Temperature Geothermal Well: Any well as  defined under ORS 537,515(7) with a 

.bottom hole temperature less than 250°F .that is constructed or used for the thermal 
properties of the fluid contained within. 

. .  

(5) 

(6) Nonstandard Low Temperature Geothermal Effluent Disposal System: Any Low 
Temperature 'Geothermal Effluent Disposal System in which one .or more of the 
following conditions are met: 

.(a) 

I 

. .  
. .  

1 

I 
I _  

Any portion of the  effluent is disposed of in a manner considered non-beneficial 
by the Director. This includes, but is  not limited to, disposal via storm sewer, 
drainage hole or direct discharge to  land surface or a surface water body. 

-2- 

_.. 
-- 

. .  

. .  

:i 

3 

.. . 



I i -  . . .  

(b) . The effluent contains contaminants, other than heat, that have been added to  

the Low Temperature luid. 
(c) The effluent i s  reinject ound water reservoir that is  not considered 

suitable by the Director. factors which may render a ground water reservoir 

unsuitable include, but are not l imited to, chemical or physical incompatibility 

of the fluids involved or adverse hydrauli 

t ia l  

the Director. Problems or special conditions resulting from the effluent 

disposal system which may warra rd designation include, but are 

o t  l imited to, instability of near materials, undue alteration of 

I'. 
,.- 

* i 
1 '  

I nges or downslope subsurface 

, --. 

thermal Effluent for beneficial .- 
f estic, irrigation, stock. watering, commercial 

mal Effluent Oisposai System: 'Any Low- 

Temperature Geothermal Effluent Disposal System in which one of the following . 
1 

\ 

. 1- 

r 
b ow Temperature 
\ .  

I 

those factors, problems and conditions listed in 65-010 definition 6, paragraphs 

5 -  nd d. 

'f 

.-... 

1. .: 

i 

* .  

-3- * 
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’ SU6OIVISON I 
. WELL CONSTRUCTION STANDARDS 

. .  
.65-015 LOW TEMPERATURE GEOTERMAL WELL AND REINJECTION WELL 

CONSTRUCTION: Low Temperature Geothermal Wells and Reinjection Wells shall be 

constructed In ormance with applicable rules (OAR 690-101005 to  690-10-a40 and 

.690-60-005 to’ 690-63-045) wi th  specific additions and modifications as described in OAR ~- 

690;65-005 t o  690-65-070. 

65-020 LOW TEMPERATURE GEOTHERMAL REINJECTION WELL LOCATION For 

appropriations not exceeding 15,000 gallons per day no Low Temperature Geothermal 

Reinjection Well shall be located within 75 feet o f  any existing Low Temperature . 
Geothermal d e l l  utilizing the same ground water reservoir without authorization from the 

Director, unless both the withdrawal and reinjection wells are on the .same parcel o f  land 

and are used by the same’ground water. appropriator. A variance from-the 75-foot setback 

requirement may. be issued by the Director, following a written request for special 

standards (described by 690-60-040) by the water well constructor or landowner, who under 

the provisions of  537.753, is  constructing the well, i f  hydrologic and thermal conditions 

permit closer spacing. 

. For appropriations exceeding -15,000 gallons-per day, the appropriator shall submit plans’for 

. 

I 

. 

. 

review to  q e  Director or his authorized representative, indicating separation distances 

between production and reinjection wells on the parcel o f  land on which the production well 

is  located, on the parcel of land on which the reinjection well is located, and on all 
adjoining parcels of land. In addition, ‘the plans shall indicate the anticipated hourly 

production and reinjection rates, the maximum anticipated daily production, and any 
-7 

i 
i 

planned safeguards against undue thermal and hydrologic interference with existing rights 
t o  appropriate ground water and. surface water. . 

6 M 2 5  DESCRIPTION C?F PROPOSED USE: For any Low Temperature Geothermal 
Well’ or Low Temperature Geothermal Reinjection Well, the report required under ORs 

appropriator% name and the appropriator% mailing address. 

I 
I 537.762 prior t o  commencing construction shall -Identify the intended use of the welt, the -.- 

1 
65-030 IDENTIFICATION OF INTENDED WELL USE: Any Low Temperature 

-> 

Geothermal Well or Low Temperature Geothermal Reinjection Well shall be clearly I 
identified as such on the water well report filed with the Water Resources Department. i 

. 4- 

. .  

5 .?j 
‘I . ‘-r 

-- . .  
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65-03s WELL-HEAD PROTECTION EQUIPMENT: Adequate well-head equipment t o  
insure public safety and the prate 
installed on any Low femperat eothe:rmal Well or Temperature Geothermal 

Reinjection Well when fluid temperatures of 6 5 O  C ( 1 5 0 O F )  or greater are encountered . 
during drilling. Low Temperature Geothermal Fluids produced during drilling or testing of 

such a 'well shall be disposed of in such a manner as to .minirnSze health hazards. A 
variance from the requirement for well-head protection equipment may be granted if a 

written request demonstrates that the equipment is not necessary to safely complete the 

1 1  

. .  [ 

[ 
~ 

..% I 
- .  

1 -- 
i well. 
I_ 

f -  65-040 PUMP TESTING OF: LOW TEMPERATURE GEOTHERMAL REINJECTION 
I 
\.- WELLS: All Low Temperature Geothermal Reinjection Wells shall be pump tested for a 

period of at least one hour; results must be recorded on the water well report. This 

. 
- 

r 
!- minimum test shall be condqcted as follows 

( I )  Prior to testing, the static water level in the weil shall be measured and 
L 

recorded. 
Water shall be pumped into or from the well a t  a measured and steady rate; the 
rate shall approximate the maximum anticipated injection rate of the operating 

For tests that withdraw water, only bailing or pumping the well is acceptable. 
The water level in the well shall be measured and recorded both at the end of 
pumping and after one hour of recovery. 
For proposed disposal exceeding 15,000. gallons per day the Director may 
prescribe a more detailed test that could include, but is not limited to, 
increased frequency of water level measurement, increased test duration and 
monitorinq of observation wells. Such modifications will be required +hen 
possible impacts. resulting from the development include, but are not limited to, 
thermal or hydrologic interference with existing water rights, water quality 
degradation or h i lu re  of well construction. 

(2) 
I 

I well. 

(3) 

(4) 

I 

I 

. (5) 

L. 

1 

1 .  

r! . 
.-.. 

. .  

I -  



. .  

6s-045 WATER .TEMPERATURE MEASUREMENT: For any Low Temperature 
Geothermal Well that withdraws ground water, the water well report must -include the 
maximum temperature measured, in the borehole and Its corresponding depth, and the 
temperature of the fluid as measured a t  the discharge point at the beginning and conclusion 
of a timed productlon test (Le. pump or bailer test - air test unacceptable). h e  maxipum 
temperature measured in the borehole and I t s  corresponding depth is required'on the water' 
well report for a'Low Temperature Geothermal .Well that  does not withdraw g r o u d  water. 

- .  

65-050 AOOITIONAL STANDARDS FOR LOW TEMPERATURE GEOTHERMAL 
REINJECTION WELLS: Procedures required to  reinject effluent into a Low Temperature 
Geothermal Reinjection Well must not 'cause failure of casing and seal material or other 
components of the well. construction, 

. 

a' r 

. .  

.. 

.. . 

. .  

. .  

I 

I 
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. [: 
. i '  SUBDIVISION 2 

LOW TWPERATURE GEOTHERMAL EFFLUENT DISPOSAL 

.!: . _  
65-055 EFFLUENT DISPOSAL, BY REINJECTION / FLlJID QUALITY ASSESSMENT: 

f-. - Prior to  reinjection, users required to  file for water rights shall supply the Director fluid 
quaiity information concerning th 

I - Temperature Geothermal Effluent, a ground water in the receivihg zone of any Low 
Temperature Geothermal Reinjection Well for -systems ;hat withdraw and reinject ground 

i . water .in order that the Low Temperature Geothermal Effluent Oisposal System be 
I 

classified as Standard or Nonstandard. The required information shall include a certified 
ip chemical analysis for ' the following parameters Temperature, pH, Suspended Solids, ' Spe'cific Conductance, Total Dissolved Solids, Total Coliform Bacteria, Arsenic, Boron, 
'1 Calcium, Carbonate or Bica~borwte,, Chloride, Iron, Magnesium, .Manganese, Potassium, 
1 :  
, Silica, Sodium and Sulfate. If poor water quality or water quality incompatible with the 
'b- reinjection zone fluids i s  suspected, the Director may require additional specific data. The 

Director may waive the requirkment for specific portions or all of the chemical analysis if 
the fluid quality is known to be suitable for the intended withdrawal and reinjection. 

I. : 

1 

w ~empera tum ~ e o f i e r m a l  ~ d ,  the L-OW . 

8 

.I . 

i -  

I 
1 

. .  

i -  

f .  
b 

. ,  
. ... 

I 

. 1 .  . .  . 
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3 . SUBDIVISION3 

WATER RIGHTS PR 

2- 

65060 PROCESS F APPLICATIONS: The appropriator shall make application 

ature Geothermal Fluid unless an exemption is . for a water rSght t o  a - 

IGHT PERMIT APk ICATION / USE OF LOW 
Temperature Geothermal Fluid appropriation 

Including, but not l imited to, electrical, 

agricultural, aquacultural, heating and/or cooling in an amount not exceeding 5,000 galldns 

per day shall be exempt from application for a water right as' provided for under ORs. 

537.545. This exemption applies to  the use of ground water for any such purpose to  the 

extent that it is  beneficial and constitutes a right to  appropriate ground water equal t o  

that established by a ground water right certificate. 
. .  

6 M 7 0  WATER RIGHT LIMITATION FOR NONSTANDARD EFfLUENT'DISPOSAL 

SYSTEMSr' If the Low Temperature Geothermal Effluent is disposed of by way of a 

Nonstandard Low Temperature Geothermal Effluent Disposal System, the right to  

appropriate the Low Temperature Geothermal Fluid shall be inferior t o  a l l  subsequent 

rights for beneficial consumptive use and/or to the rights of those appropriators who make 

use of a Standard Low Temperature Geothermal Effluent Disposal System. If a 

Nonstandard Low Temperature Geothermal Effluent Dkposal System is upgraded to a 

Standard Low Temperature Geothermal Effluent Dlsposal System the associated water ' 

right retains the priority .date estawished upon init ial  filing. 
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Supplemental' data f o r  wells CIP #1 and OIT if5 
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MATERIALS DEPT., CORROSION RES. AND ENGINEERING r' 
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I -  OIT Heat fxchan- 01: Heat Excnan Test In'let 
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