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Geothermal effluent from the Oregon Institute of Technology campus and
Merle West Medical Center has been discharged to an open drainage ditch
adjacent to the City's College Industrial Park since 1964. Over the past
few years there has been increasing concern for conservation and preser-
vation of the geothermal aquifers in Klamath Falls, Oregon. An effective
way of improving the energy utilization .is to cascade the approximately
130°F effiuent for heating buildings in the industrial park and disposal of

" the effluent in an existing injection well. An aquifer stress test was

performed using the 1500 foot well in the industrial park. Based on the

“specific capacity, data indicates that the well is capable of accepting an

injection rate of at least 700 gpm of the thermal effluent. A plume of
degraded water will develop down-gradient of-the well. - However, the plume
is expected to bypass nearby water supply wells and will have no impact on
OIT and MWMC space heating wells.
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1. -SUMMARY AND c’oncr.usrow |

1.1 OIT Campus and MHMC Effluent.}

There has been no recent verification of f]ows from the three oIT
geothermal production wells. Original design information gives a total

available flow of 980 gpm at 190°F for the three wells. Based on original

building design data, the tota) peak flow rate is 1216 gpm for the existing
ten bufldings. The discharge temperature is 131°F indexed to the 190°F
supply water temperature. During summer months only, the chiller operates
on 600 gpm with a discharge temperature of 170°F. After completion of the
new high technology building and the collection system of effluent from '
five buildings supplying this building, the peak discharge was estimated at
743 gpm and a temperature of 131°F. Allowing for heat removed by the new
high tech duilding, ten existing buildings, and Phase I building additions
to Snell, College Union, Physical Plant and Physical Education bui1dings,
the total campus effluent temperature will be approximately 116°F. This is
based on a peak availabIe flow of 980 gpm : ~

Many of the campus buildings ‘are not operating as they vere original]y
designed; therefore, actual discharge temperature and flows are not in
agreement with the above calculated values. It is strongly recommended

-that production rates from each of the three OIT we11s be verified prior to
- ‘final design of any 1njection system._ o : S

MWMC average weekly flows ranged from 90 to 130 gpm during December 1985
and January-1986. It is estimated that brief peak flows can be as high as
300 gpm. : Geotherma1 water is discharged into a vault at 120°F. From the
vault, water is circulated to a snow melt system, then disposed of in a

drainage ditch that connects with oIT eff1uent.‘

1.2 OIT and MHMC COIIectionisystem‘
A collection system was constructed during 1986 to collect discharged
geothermal water from the Residence Hall, College Union, Snell; Chiller,
Physical Education and the Learning Resources Center (Library)}. This
collection system would see ‘a peak flow of 743 gpm at a temperature of
approximately 133°F ‘during winter' operat1on and approximate1y 600 _gpm at

'170°F ‘during summer operation. - -

In order to complete the campus colIection 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. c

B Estimated costs to complete the collection system, including tunnel

extension. piping and 1so1ation heat exchangers were: 3288 500

Based ‘on existing and “future needs for space heating in the CIP it does
not appear that the flow from MWMC would be required for space heating




purposes. The added flow would possibly require a positive injection
pressure at the injection well not required for disposal of OIT effluent
alone. For these reasons, the collection tank, pumps and piping sizes for
the transmission line from the pump station to the injection well were
sized based only on OIT campus flows. Hawever, three options were
considered for pipe routing to deliver MWMC effluent to the pump station.
ggziggged cost of Option #2, which appears to be the most attractive, is

1. 3 ' Pump Station and Transmission Piping. ‘

The’ pump station wili provide energy required to overcome the elevation and»‘
pipe friction between the collection tank and the injection well. It will -

also provide a small positive pressure to assure that the transmission 1ine
remains full and provide flow through the CIP buildings. The pump station:
will be located on OIT property- because the City would collect the campus
effluent from a gravity discharge point. Two design opticns were
considered for the pump station; a base load variable speed pump or a three
pump system with all constant speed pumps. The three pump system is
recommended due to the makeup of the required pump head. Each pump would

deliver 300 gpm at approximately 60 psi discharge pressure staged accordingzv .

to the water level in a 4000 gallon collection tank.

The pump station would deliver the geothermal effluent through-an 8" buried
transmission 1ine to.the CIP and injection well. A 6" collection line
‘would parallel the main 8" line in the park to col]ect f1u1d discharged

. from the CIP .buildings.

Estimated costs for pumping station, transmission and distribution piping
(fiberglass) are $348,500 for only OIT effluent.

If MWMC effluent were added to the disposal system, it is estimated that
each of the three pumps would increase from 20 hp to 25 hp and the
transmission pipe size would increase from 8" .to 10",

1.4  CIP Building Energy Analysis.

Quality Components would require a peak flow of 25 gpm.based on a 30°F
temperature drop. Retrofit of this building would require four hot water
unit heaters, finned coil, heat exchanger, circulating pump, and necessary
piping amounting to a capital cost of $15,000.

Precision Data Carriage energy analysis was done assuming R-19 insulation
would be installed in the ceiling. Using a system temperature drop of
30°F, peak geothermal flow requirement would be 20 gpm. Retrofit of the
' building for geothermal would consist of installing hot water unit heaters
along side existing gas fired equipment and a finned coil heat exchanger
for the office area. Retrofit costs would amount to approximately $12,000.



Equitoria] Communications would require a geothermal flow rate of 33 gpm
based on a 30°F temperature drop through the system. Retrofit of the
system would consist of a closed Toop with a plate heat exchanger, four hot
water coils and 2 hot water unit heater for the:receiving area. - Retrofit
costs would amount to approximateiy $22,000.

Total flow of 78 ‘gpm would be required for the three buildings in the cIp,
which compares with 743-gpm available from the initial campus collection --
system and 980 gpm from the completed system. . : =

Peek heating requirement for the remaining tracts was estimated at 9.76 x
Btu/hour and a geothermal flow rate of 650 gpm, based on a 30°F. .
temperature drop through the system. This estimate was based on existing
building energy use for 30. 21 acres of developable area on the remaining

lots.

1.5 - Aquifer Stress. Test

Testing results indicate that the aquifer in the vicinity of the Coiiege
Industrial Park is highly transmissivg Calculatedsvalues for
transmissivity range between 2.9 x 10" and 5.1 x 10° gpd/foot. In fact,
the transmissivity range is so large that the test produced a stress-on the
3quifer1:hich yielded responses in observation wells that were barely
scernible. . , . ;

Neither classic recharge nor c1assic discharge hydrauiic boundaries were
observed during the test. However, the presence of a east-west trending
structure located between the OIT geothermal wells and the College
Industrial Park is suggested by water level measurements from the -
observation wells within the study area. This structure serves to retard
the flow of ground water southward east of CIP #1, although hydraulic
continuity across it is preserved. Test results also indicated a
northwesterly trending zone of high transmissivity west of CIP #1. The
presence of this structure is also supported by water 1eve1 data. ok

Specific capacity data indicate that CIp #1 is capab]e of accepting an
injection rate of at least 700 gpm of thermal effluent. At this rate it is
anticipated that the water level in CIP #1 will rise to within
approximateiy 100 feet of land surface.

Because the therma1 effluent is of lesser quality than ambient ground
water, a plume of degraded water will develop down-gradient of CIP #1.

- However, the plume is expected to bypass nearby water supply wells’ and. as

a result, will have zero impact on them. It is also anticipated that the
plume will not have a thermal impact on OIT ‘space heating wells.

Based on the specific capacity that CIP #1 is capable of accepting, it

could recefve the estimated 743 gpm from the initial OIT collection system.

A positive pressure may be required if the peak flows of 980 gpm from the
OIT completed system and 300 gpm from MWMC were disposed of in this well,




1.6 Policies Governing Geothermal Effluent Disposal.

Both the State and the City of Klamath Falls require that standards and
procedures be met for effluent disposal systems. e

Oregon Administrative Rules, Chapter 690, Division 65 describes the
standards and procedures for effluent disposal systems. Basic information
- required by the State Water Resources Department for the use of CIP #1 as
an injection well 1s included in this report. :

The City ‘Geothermal Resources Management Act, effective 1 July 1985

requires the elimination of geothermal water surface discharge within five :

years of the effective date.

1.7 . Legal Agreement. .-

Seven factors have been identified that will need to be included in a legal
agreement. The legal agreement will be necessary for the coordination of
geothermal discharge water usage by the City of Klamath Falls and Oregon
Institute of Téchnology and/or Merle West Medical Center.

Asphalt Construction Company has surface water rights- (no. 53353) for 1.5
cfs from a pond fed by OIT/MWMC discharge. Current owners, Klamath Pacific
Corporation, use 2 new well for.dust control. .

1.8 Capital Cost Summary.

Estimates were determined on costs to complete the OIT collection system, .
pump station, transmission piping to the industrial park and injection
well, and. retrofit of heating systems for buildings in the industrial park.
The fiberg]ass piping option was used in the following estimates:

a. Completion of OIT collection system $288,500

b. Pump station and transmission piping 348,500

c. MHWMC collection system ‘ £6,000

d. Retrofit of CIP buildings (3) 49,000 -
4
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2. INTRODUCTION -

The purpose of this study was to determine the feasibility of utilizing
geothermal water discharged from the Oregon Institute of Technology (0IT)
campus and Merle West Medical Center (MWMC) heating systems for space
heating buildings in the College Industrial Park (CIP), to determine the

.feasibility of using-a College Industrial Park well, CIP #1, for disposal

of geothermal effluent and the impact on aquifers in the surrounding area.

Since 1964, geothermal effluent from the campus and hospital buildings,
combined with surface run off, has been collected by a storm drainage
system and discharged into an open drainage ditch to the west of the
campus. The temperature of the water at this discharge point ranges from
130° to 160°F and flows in the drainage ditch just south of the College
Industrial Park. It was believed that sufficient flow and temperature
would be available to heat buildings in the.CIP; therefore, an energy
analysis was performed for existing buildings and projections made for
future buildings in the park. Sl e . |

Effluent flow and temperature from the OIT campus is dependent on cascaded
use from existing campus buildings to heat a new high tech. laboratory/
classroom ‘and future buildings on campus. There is an ongoing effort to.
separate geothermal water from the storm drain system and make it available
for reuse, either for these future campus buildings or off campus purpose. -

- Therefore, it was necessary to evaluate the flow and temperature from this

revised campus collection system and determine a central location where all
the effluent would be delivered. A collection system pump station would be
required to deliver all fluids collected from OIT and MHMC to ghe cie

buildings and injection well. -

On 1 July 1985, the City of Klamath Falls enacted a Geothermal Resources
Management Act that requires the elimination of geothermal water discharge
within five years.. Since there are three existing and unused wells in the
CIP, two of which belong to the City, an aquifer stress test was performed
using well CIP #1 to determine if it could be used as an injection well.

In addition, the State -Water Resources Department and the Department of
Environmental Quality need to be reasonably certain that there will be no
substantial thermal, chemical or pressure interference with existing or

‘potential uses of the receiving aquifer. During the pump test of the

injection well, ten observation wells, including an OIT production well,
were monitored to determine if there was hydraulic communication with othe
thermal and non-thermal  wells in the area. :

William E. Nork, Inc. (WEN, Inc.) interpreted and analyzed the data
collected during the aquifer stress test on CIP #1. The testing sequence
comprised a step-drawdown test August 21, 1986 and a nominally ;
constant-discharge test August 22 through 28, 1986. Test data were
collected by personnel under the direction of the Geo~Heat Center. .As a
result, WEN, Inc. was responsible only for the analysis of the data.




-

Several factors influenced the analysis of the data and, ultimately, the
conclusions reached as a result of this analytical effort. .The pumping
rate, dictated by the size pump which could fit inside the well casing, in
retrospect, was too small relative to the magnitude of the transmissivity
of the aquifer. Consequently, WEN, Inc. was forced to discriminate small
effects due to pumping from many other effects of similar magnitude. ‘
Secondly, the discharge of the pump declined steadily after one day into
the “constant-discharge" test. This-effect primarily influenced the
analysis of the pumped well. The cause of this 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 it have a lower
confidence level than they otherwise would have had. '

3. OIT CAMPUS EFFLUENT |

The current apprdach to effluent disposal on the OIT campus consists of
surface discharge. Effluent from each building heating system is
discharged to the storm sewer (typically at roof drain rises) and

subsequently enters the campus storm sewer system. This system ultimately °

discharges into a drainage ditch at the lower end (west side) of the
campus. -

There is an ongoing effort (subject to available funding) to separate -
geothermal water from the storm sewer system and make it available for
reuse - efther for future campus buildings or off campus purposes. A~
- second incentive to the development of a collection system relates to the
City's requirement for injection of these fluids. .In order to accommodate

this request, it is necessary to collect all of the effluent and deliver it

to a central locatjon,

Ouring 1986, a major step was taken in this dfrection. In conjunction with
the new classroom building, construction was commenced on a collection
system for a number of campus buildings. .

Table 1 presents some key data with respect to the OIT gebthermal system.
g?ese.figures were developed by Mr. Roger Wiltrout, OIT Physical Plant
rector. ,
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: " Table 1
Key oIT Geotherma] System Values
~ Peak Load(l) o Peak(l) o o (2)
Space Heat & DHW = Flow Rate . Discharge'™’
Building MBH - __GPM - Temperature
Residence - 6650 - 282 - 135°F
College Union - 5078 - 233 . 146
Snell 660 24 - - 135
Physical Ed - 7010 168 - 107 -
Library ’ 1948 76 139
Cornett 21 S 198 118
Semon ‘ 1675 74 145
South Hall 2599 96 - 136
Physical Plant 1347 _ <) o 103-
Owens ' 1675 Y [ ‘ 145
"Totals. = 35,803 1218 : ‘TET‘F
. Chiller (summer only) =~ ' .600 gpm 0

(1) Based on original design data
(2) Indexed to 190 supply water temperature

Tt is important to point out that the above figures for peak load and flow
rate are based on the original building ‘designs. Many of the buildings are
not operating as they were originally designed. As a result, discharge
temperatures are, in most cases, not in agreement with the calculated
values shown above. In most cases, the discharge temperatures are.
significantly above the values indicated. :

Table 2 presents original des1gn information for the three OIT geotherma1
production wells. ,

' Table 2

B OIT Production Well Information - R
Well # Pump - Make . Design Flow/Head
2 - * 35'stage 7RM - Aurora . - 130/637° .
5 © 12 stage 10RL Aurora - 500/440'
6 - 2 stage 8RH  Aurora = = = - 350/650' . ‘
. Total ]'“{ o .;ﬂ,, S &e . T%80gm

There has been no recent verification of the f10ws from these. wells. The
main campus flow meter (in the heat ‘exchange building) is inoperative. An
attempt at measuring flow with an ultrasound meter at each well produced
questionable results. It is strongly recommended that production rates




from each of the wells be verified prior to final design of any injection
system. .

It is apparent from a comparison of the maximum well flows to the peak
system requirement that a discrepancy exists. However, due to thé great
diversity in individual building use, construction, system type and
orientation the wells are able to meet heating requ1rements even when sized
for only 81% of peak flow requ1rements. .

4. OIT COLLECTION SYSTEM

4.1 1986 CO11ection System

As mentioned earlier, a collection system was constructed during 1986 to
collect discharged geothermal water irom a number of camjas buildings.
These buildings included: Residence Hall, College Union, Snell, Chiller,
Physical Education and the Learning Resources Center (Library). Major
modifications for this collection system included: individual building
piping modification, installation of a main collection line in the existing
campus tunnel system. Based on the figures shown in Table 1, this
collection system would see a peak flow rate of 743 gpm at a temperature of
approx1mately 133°F during winter operation and approximately 600 gpm at
170°F during summer operation. This flow will then be delivered to a 4000
gallon storage tank in the new building. Heating requirements for the new
- building would be drawn from the tank and tank overflow in addition to the
effluent from the new building's heating System would be discharged to the

rg sewer system. Allowing for the heat removed in the new building (1.2
x 10° Btu/hr), this flow would be at a temperature of approximately 133°F.
The outflow line would join the re-routed storm sewer at a point between
Cornett and the new building to the west of both structures.

4.2 Connection of Remaining Campus Buildings to Collection System.

In order to complete the campus collection 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 buildings would be.connected is somewhat in '

question. The master plan calls for all buildings to be connected to an
enlarged campus tunnel system. For'Owens, Semon and South Hall, only short
tunnel extensions would be required. For the Physical Plant and Cornett,
however, the connection to the tunnel system would be integrated with a
future building. At present, the location of this building (future Sports
Arena) has not been fixed. In addition, there is no guarantee that it will
ever be constructed. For purposes of this study, a non-tunnel collection

system for Cornett and the Physical Plant was used for estimating purposes. .

Due .to the short time period remaining before 1naection is required (by

At
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city ordinance) and the uncertainty of future construction, this seemed the

"most reasonable approach

The major construction tasks required to complete‘the collection system,
along with their costs are presented in Table 3

Table 3

Cost Summary - Collection System COmpletion Tasks
Task R L . Cost
Semon/South ' . o :
" Tunnel extension : $90,000
. Tunnel piping - 12,000
Semon heat exchanger and piping . 17,500
. South Hall piping 5,000
Cornett piping and heat exchanger 29,000
~ Physical Plant piping and heat exchanger . , .- 6,500
Phys. Plant/Cornett buried piping (collection) 18,000 °
Owens tunnel extension . 12,500
" Heat exchanger and.piping- : 19,000
- ' Subtotal $209,500
~15% contingency 31,000
8% engineering 17,000
- -15% 0&P- . 31,000
TOTAL - $288,500

Estimates are based on the”use of fiberg]éss pipjng’with epoxy joints. For
the Physical Plant, Cornett, Semon and Owens, costs have been included for
the installation of isolation heat exchangers to eliminate direct use of

-~ geothermal fluid in heating equipment. Based on the maintenance

difficulties which have been experienced as a result of the direct use of
the geothermal fluids and the necessity of modifying the same piping for -
collection purposes, it would be an economical approach to combine these
tasks. The incremental cost for the heat exchanger installation in the
four buildings amounts to approximately $43,000. .

Figure 1 presents a diagram of the piping and tunnel additions necessary to
accommodate the connection of the five remain1ng campus buiIdings to the
collection system. S ,

As 2 result of.this construction, al but two of the campus buildings would
be tied into the tunnel collection system. This system would discharge

into ‘the storage tank in the new classroom bu11d1n96 Allowing for heat

removed by this building's heating system (1.2 x 10° Btu/hr), the outflow
from this point.would amount to 980 gpm @ 131 °F. This fiow would then be
delivered, through a buried 12" line to a point west of the building where

- 1t would Jjoin the flow from Cornett and the Physical Plant and terminate at

the collection tank of the pumping station as shown ip Figure 1.
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4.3 © Impact of Future Campus Construction.

This fiow rate. mentioned above, is based upon the present configuration of*

the campus, including the new building. - The Campus Master Plan outlined in’
Phase I, addition to four major buildings. Table 4 outlines the key values
with respect to heating requirements for each of these addit1ons._v

. Table 4 :
Phase I Building Addition - OIT

Building Present Area:w,- Proposed Addition: Additional Heating Load‘l)
Snell 15,370 sq ft - 12,000 sq ft 412 MBH-

College Union: 70,193 sq ft - . -22,000.sq ft - - -.1193 MBH

Phys. Plant 19,301 sq ft. -~ 8,400 sq ft- .+~ 469 MBH

Physical- Ed 60,000 sq ft - 44,000 sq ft . 4113 MBH -

Totals v_fv~:133'§31 sq ft S ’E‘Iﬁﬁ sqft . - GIBT MBH - -

(1) Based on 802 of existing building Toad in Btu/hr X sq ft

The effect of this added heating,load upon temperatures atfvarious points.

around the collection system will be a function of the method of cascading.:

However, for purposes of off campus use, the primary area of concern is the .
total campus effluent temperature. -Based on the peak flow available and ’
the added peak load, a temperature drop of approximately 13°F would result
from the additions set forth in Table 4. This would reduce the temperature
of the campus effluent flow to approximately 116°F. This flow would be
capable of meeting the full requirements of the industria1 park..

5. MERLE WEST MEDICAL CENTER COLLECTION SYSTEM

Subsequent to the signing of the contract for this work, the issue of
including the hospital in the collection system. surfaced In order to
address this interest, a brief evaluation was made of the cost of piping
water from the hospital to the campus collection system. The tank, pump
and pipe sizing involved with the pump station and transmission 1ine; as.
described above, were based ‘only on OIT campus flows.

" The current Merle West disposa1 system invo]ves surface discharge similar

to OIT's system. Effluent from the heating system enters a storm drain
near-the northwest corner: of the main parking lot. This storm drain (on
OIT:property) flows west along the south side of Campus Drive (see Figure

2) to a location just .south of South Hall. At this point, it crosses under ‘

Campus Drive and travels west along the north side of Campus Drive for.
approximately 600 feet and then discharges into a drainage ditch aiong with
South Hall effluent. )

11




Peak discharge rate for the hospital amounts to approximately 300 gpm at a
temperature of 120°F. Based on both the existing and future needs of the
industrial park, it does not appear that this flow would be required for.
space heating purposes. In addition, the low ‘temperature, in comparison to
the OIT effluent, would tend to reduce the overall temperature of the fluid
delivered to the industrial park. Finally, the added flow would possibly
require a positive injection pressure at the injection not required for
disposal of OIT effluent alone. This would depend upon the performance of
the well. -As a result, the inclusion of Merle West's effluent in the
collection/delivery system would complicate and raise the cost of the
'system, but provide no benefit with respect to space heating in the
industrial park.

As shown in Figure 2, three options were considered for pipe routing to -
deliver the Merle West effluent to the pump station. Each of these options
follows the existing storm sewer route to-a point on the north side of
Campus Drive near South Hall. From here, option 1 would follow Campus
Drive west and then north to the area of the present campus disposal ditch.
At this point, the 1ine would travel east to the pump station. Option 2 is
similar to option 1 with the exception that the line would travel across
the lower athletic field in a more direct route to the pump station.

Option 3 involved tying into the existing campus collection system at
either the tunnel extension for South Hall and Semon (not yet constructed)
or at the existing tunnel at the southwest corner of Owens. The existing

collection system has not been sized for this flow and would 1ikely require

some retrofit. In addition, the option 3 route would involve a major
disruption of campus activity since the installation would cross existing
parking areas adjacent to South Hall. For these reasons, costs were -
developed only for options 1 and 2. ST BRI

In-each case, costs were calculated fof the installation of°buried;

uninsulated 6" material. Evaluations for both polybutylene and fiberglass
were developed. These figures are summarized in Table § below.

Table 5
Cost Summary - Hospital Piping to OIT Pump Station

‘ Polybutylene Fiber lass
AOption #1 . %55 %ﬁ $63,000 .

Option #2 49,000 56,000

Since the Master Plan suggests no major construction on ‘the - lower athletic

field in the area of the proposed option #2 and its route does not involve:

installation on city property (as does option #1), option #2 appears to be
the most attractive.:
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6.  PUMP STATION

A collection system pump station would be required regardliess of whether
the injection well is sited on the OIT campus or in the industrial park.
Since the purpose of this report is to evaluate the prospects for the
industrial park site, the station has been designed for this purpose.

Although an exact site has not been chosen, the pumping station would be
Tocated approximately as shown in 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, it will provide a small positive
pressure to assure that the transmission line remains full and to prov1de
flow through the industrial park buildings.

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

Two designs for the pump station were evaluated:
1) A iwo'pump system with one.base load variable speed pump; and

2) A three pump system with all constant speed pumps.- Due to the make up
of the required pump head (primarily static. head), the variable speed,.
two pump approach was not feasible. As a result, cost estimates were
based upon a three pump system. Lo :

Each pump would be capable of delivering 300 gpm.at approximately 60 psi
discharge pressure. Operation of the three 20 hp pumps would be staged
according to water level in a 4000 gallon collection tank. Based on the
results of the recent pump test, it appears ‘that the injection well (CIP
#1) will be capable of accepting the entire peak flow rate with no
injection pressure required. As a result. the pumps were sized only for
?}§v3t1°“ head (77'), friction head (29 ) and back pressure valve setting

1. TRANSMISSION AND DISTRIBUTION PIPING | -

The pump station described above would deliver the geothermal effluent
through a buried 8" transmission line to the industrial park and injection
well. As shown in Figure 3, this line would proceed from the pump station
west to the road. At this point, since Industrial Park Drive is on City
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property, the line would have to be buried under the road. From here it
would proceed north to College Way and then west to the intersection with
Century Blvd. Again, the line would be buried under the road so that it
can be installed in the utility right of way, which runs along the west
side of Century Blvd. From the intersection of College Way and Century
Bivd. to the injection well, the 8" line would be paralleled by a 6"
collection 1ine. This second line would collect fluid discharged from -the
buildings in the industrial park. Supply water to the buildings would be
delivered from service connections installed on the 8" line. ‘Both lines
would trail north along Century Blvd. to the intersection of Northern
Heights Bivd. and bore under the road (Century Blvd.) to cover the
remaining 650 feet to the injection well. The 6" collection line is far
larger than that required for the existing building. However, size was
based on flows which would occur at build out for lots 1 through 10.

At the injection well, both the 6" and 8" lines would be fitted with a
valve which would automatically maintain a positive back pressure on the -
lines. The function of these valves is twofold: ‘

1) to assure that the lines remain full at all times;

2) ¢to pFovide a small pressure difference which would accommodate flow
through the industrial park buildings. For purposes of this study,
values of 15 psi for the 8" and § psi for the 6" line were used..

Cost estimates for the transmission and distribution piping were developed
for both FRP (fiberglass) and polybutylene materials. Estimates for
service lines to the individual buildings were based on polybutylene only
due to the small size (14") required. The estimate for the fiberglass
piping is based upon the use of epoxy type joints similar to that recently
installed in the East Main Street collection system. This joining system

eliminates the possibility of a failure similar to that experienced on the

main city district system. In both cases (PB & FRP), the estimates are for
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 buildings. Even under design outdoor
temperatures (0°F) and very low flow conditions (100 gpm) a maximum
temperature loss of only 5.5°F would be experienced. :
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' -~ Table G € :
C°St Summary - Pump Station, Transmﬂss1on
and Dlstributjon Piping : , -

Polybutylene Fiben91ass ‘

-

Piping from new 0IT b]dg. to pump stataon - o 10 500 (FRP) 10,500a.;

Pump station. - o 061,000 - 61,000
Piping from pump station to Industrial Park - 118 000 124,000
Industrial Park distribution piping S '39.000 44,000
Building service lines = - o oo 8,000 0 5,000
'Injection well head equipment ‘ s ' - 9,000 - 8,000
, ‘ Subtotal . . $242,500 - $252,500
. 15% Contingency - - -~ 36,000 -~ - ..38,000 ' -
8% Engineering 19,000 -.. 20,000 - -
15% 0&P 36,000 38,000
TOTAL o $333,500 '$348,500
8. .CIP BUILDING ENERGY ANALYSIS.- . .-

Three of the existing three buildings in the College Industrial Park were
inspected and analyzed for energy requirements. The owner of the fourth
building, Swiss Precision Instruments, was contacted and rejected the
energy analysis. .- S : ‘

8.1 Quality Components. ‘5' T T SR -

An analysis of the Qua1ity Components Bu11d1ng was done in 1981. At that
time it was determined that retrofit of -the building would cost
approximately $20,000. Energy use was predicted to be 12,961 kWh/year for
the heat pump system and 5359 gallons/year .of propane for the shop system.
As a result of some changes in system operation, different water
temperatures and the existence of -actual fuel use data, 1t is approprxate
that these figures be re-evaluated

2

The Qua!iEy Components Bu11digg is a 14,160 ft structure d1vided into a

-.12,240 ft* shop and a 1920 ft® office area.

‘The shop area contains approximate1y 300 connected horsepower in machine'

equipment, most of which is in operation for two shifts daily. In- -~
addition, there-are 52 four hundred watt lighting fixtures. 'As a-result of -
the oi1 vapors produced by the machining processes, a large. quantity of
ventilation.air (approximately 8000 cfm) is employed. This air is admitted
to the shop through the air compressor room where it is preheated by -

“compressor waste heat. Building construct1on 'in the shop area consists. of

a slab floor, concrete walls for the first 8' topped by 8' of R-19
insulated frame wall. The flat roof is insulated to R-40. The heating
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system is operated oﬁly dur1ng'the two shift occupancy éeriod. The balance
of the day and weekends the system is shut off Peak heating requirements
for thé shop amount to 111,377 Btu/hour.

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 1ighting, the resulting value for fuel

~ consumption exceeded actual use substantially. In addition, at that time -
ventilation air was being admitted through one of the gas fired unit
heaters. This did not provide for sufficient preheating and the system was
discontinued. For this study an annual energy calculation using 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 gallons/year. This agrees we11 with the actual 1984 fuel
use of 1873 gallons/year.

The- office section, consisting of 1920 ffz, i$ a well insu1ated area with
R-19 walls and double glass. In addition, the ceiling adjoins a storage
area above. The office area is occupied only during business hours and is
heated by a rooftop electric heat pump. Peak heating load amounts to
35,000 Btu/hour. Using the program mentioned above the calculated annual
elgctric1ty use for this area amounts to 4950 kWh/year based on a C.0.P. of
1

Retrofit of this building'would be very‘simiTar to that at the Precision
Data Carriage location. 1In the shop area, four new hot water unit heaters
would be installed adjacent to the existing gas fired equipment. A new
finned coil would be installed in the supply duct to the office. With the
"necessary distribution piping, heat exchanger, ¢irculating pump and related
. equipment, retrofit capital cost would amount to approximately $15,000.
This figure is less than that estimated in 1981. Among the reasons for
this are: the assumption of a higher available water temperature reduces
equipment costs, the availability of off the shelf low temperature unit
heaters, the elimination of special untts for preheating -outside air for
ventilation and lower flow requirements reduce piping sizes.

Based on a 30° At, peak flow requirements for Quality Componentsgwould' 7
amount to 25 gpm. Annual energy requirements would be .136 x 10 Btu/year.

8.2 Precision Data Carriage.

Precision Data Carriage Inc. was built in 1983 Ey the Klamath County.
Economic Development Corpora&ion, the 12,400 ft
two general areas: a 9600 ft~ shop and a 2800 ft" general office area.

The basic construction consists of 6" bare concrete “tilt-up" walls, slab
on grade, and an uninsulated p1ywood deck, built up roof with an inter1or
ceiling height of approximately 15

18
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In the snop area, space neeting is provided by two gas fired, ceiling hung,
unit heaters with a combined capacity of approximately 215,000 Btu/hour.
In addition, a “clean room" module has been constructed in this area. This

" module operates as a completely self contained unit within the shop,

occupying roughly 25% of the total area. The clean room employs its own
heating and cooling system (all.electric) using shop air to maintain a
positive pressure within the module. Due to 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 a long term basis to provide the
additional capacity requirement. . As a result of the constant interchange
of air between the shop and clean room (through exfiltration), the clean -
room heating system is also contributing to shop requirements.: :

The office area was completed with an insulated drop ‘ceiling, frame walls
and single glass. Space heating is provided by a gas fired duct heater
located in the shop area and connected to the office's air distribut1on
system. Peak load for the office area amounts to 51,733 Btu/hour.. -

An annual energy analysis for this building was performed using 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 for
1985 amounted to 12, 219 therms. -As mentioned above, however, both propane -
and electricity contribute to heating requirements. As a result, if alil ’

- heating were provided by natural gas, the figure would likely be much

closer to the predicted value.

Due to the substant1a1 sav1ngs potential result1ng from the add1t1on of o

insulation to the shop ceiling, a second analysis was done to evaluate this

measure. Assuming the -use of R-19 insulation in the shop, peak-heating.
load for this area would be reduced to 162,541 Btu/hour. Two major )
benefits would arise from this..,First.‘the heat loss would be reduced to
the point where the existing unit heaters could -meet the -1oad, thus :
eliminatiag the 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 therms/year. Assuming
all present heating costs were provided by natura1 gas (conservative in '
view of the higher costs for propane and electricity), the annual savings :
resulting from the installation of the ceiling would amount to $3645. As a -
result, geothermal retrofit and energy requirements have assumed that this
insulation retrofit would be accomplished prior to the con51deration of a
9eotherma1 system. : . : S o I

. Retrofitting the bui1ding for geothermal use would consist primarin of f

installing hot water type unit heaters alongside the existing gas fired
equipment. A new finned coil heat exchanger would be placed in the office
air distribution system. As a resu1t, all present heating equipment could
remain as backup. . Assuming a 120°F supply water temperature and the use of
a single loop distribution system, circulating pump, expansion tank and a -
?lgiggg of instrumentation, retrofit costs would amount to approx1mate1y
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Energy purchases based on an efficisncy of 75% for the present gas fired
equipment would amount to .570 x 10° Btu/year

Using a system At of 30° F peak geothermal fiow requirement would be 20
gpm..

8.3 Equitorial Communications.

-Equitorial Communications occupies the most recentiy constructed building
in the 6011eg§ Industrial Park on Tracts 9-11, adjacent to Century Drive,
the 19,200 ft faciii}y was completed during the fall Qf 1986.
Approximately 5200 ft® of office space and a 14,000 ft~ assembly area with
a 16' ceiling are included.

The buiiding is basically of block construction and is very well insulated.
The roof system includes R-19 ridged insulation. 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 is supplied from five individual pieces of equipment " In the

assembly area, two roof top gas/electric units provide both heating and

cooling needs. Both units are of 10 ton capacity. In the southeast corner

of the building a 110,000 Btu/hour gas unit heater is located adjacent to
the overhead receiving door. The office area is handled by two more gas/
electric units; oneat 7¢ ton and-one at 4 ton capacity. The peak heating-
capacity of this equipment amounts to’approximately 716,000 Btu/hour.
However, it is important to note that package equipment such as this is
generally selected on the basis-of its cooling capacity. As a result, the

heating side often bores little relationship to the actual requirements of

the building.

The peak calculated heating load for the buiiding amounts to approximateiy
240,000 Btu/hour. Due to the air flow capabilities of the existing
equipment, design for this heating load would result in very low supply air
temperatures and a "drafty" feeling. As a result, the retrofit coils were
selected on the basis of a 100°F supply air temperature. Although this
results in a ‘total peak capacity much greater than the actual requirements
of the space, it is felt that this system would be more acceptable to the
occupants. . o e

An annual energy analysis for this building was performed using the
Simplified Energy Analysis .software developed by Ferreira & Kalasinsky Inc.
The results of this analysis show a predicted annual natural gas
consumption for this building of 5876 ‘therms based on a 70% efficiency.

Retrofit of the existing system would consist of the installation of new
hot water coils in the supply air-duct of the four rooftop units. In
addition, a new hot water unit heater would be installed adjacent to the
existing gas fired unit in the receiving area. This configuration would
allow all existing heating equipment to remain as backup. Assuming a 120°F
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supply water- temperature and the use of a single loop distribution system,
circulating puimp, expansion tank and a minimum of 1nstrumentation, retrofit

- costs would amount to approx1mate1y 522 000

Energy purchases, based og an efficiency of 70% for the present system,
would amount to .411 x 10° Btu/year.

Using a 30'FiAt, peak geothermal flow requirement wouid be 33 gpm.

9. AQUIFER STRESS TESTS

;9.1% Step-Drawdown festing;

Ihe%step-drawdown pumping test was carried out August 21, 2986. The test
compirised 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 be1ow in

Table 7 and i11ustrated in Figure 4,

~ Table 7

Summary of Step-Drawdown Test Results for CIP #1
o ~ ‘Pumping Rate Duration ;Drawdown Specific Capacity
Ste Q (gpm) .t (mins) s (feet). . C (gpm/ft)
T . 177 - 180 —10.5 16.9
I1 i 251 180 .22.5 - 11.2

1938 - %36 240 T 9.0

Specific capacity and drawdown data, plotted in Figure 5; suggest that the
well developed during the test. This observation, supported by the well
loss analysis depicted in.Figure 6, utilizes the data summarized in Table

- Table 8 e e
Specific Drawdown Data from CIP #1 : '
Step-Drawdown Testing Results

j Pumping Rate 'Drawdown Specific Drawdown
Step. ‘Q (gpm) s (feet) - s/Q (ft/gpm)
o T S ¥ & = 10.5 ‘ 0.0593
Y ¢ j 251 oo 22,5 .. 0.089
R 99 ¢ : 336 - 37.5 S 0.0112

The work sheet located in Appendix B shows that these data yieid 1mpossible
results. That is, they would require a negative loss in the aquifer

La
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adjacent to the well to fit a straight line to the log-log plot of s/Q
versus Q, a condition which does not exist in nature. The most rational
explanation is that the well was not fully developed prior to 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 to testing to remove residual drilling fluids from the well -
bore and adjacent formation materials in residence in the well since it was

-completed in ‘May 1978.

The analysis presented in Appendlx B portrays the variation in inverse
specific capacity of the well with a discharge and the impact of the
development of the well in the latter stages of the test. The points
should form a curve which becomes steeper with increasing discharge, not
flatter, as in the data plot in Appendix B. Consequently, it had to be
assumed that the well loss varies with the square of the discharge, and
that either all three points are approximately correct or only the last two
points are meaningful. Based on these assumptions, the calculated :
efficiencies equal those presented in Table 9 below ' -

Table 9
Calculated Well Efficiencies for CIP #1 v

I _ : Efficiency'g ) _ Specific Capacity
.“Pumping Rate % v ' (gpm/ft) ‘
-+ {gpm) Three Points Last Two Points Three Points Two Points

100 - 9.7 ‘ 48 ] 28 : 20

00 J4 o 2 . - 9.8 B 9.8

- 500 2.1 o 16 - - . 6.0 v 6.8

700 1.5 .12 o 4.3 B 4 9.

l;(Note - the number of po1nts refers to the number of data points in Flgure
7 which were utilized to fit the-trend line)

The loW‘efficiencieS”Calculated from the available data .are consistent with '
calculated values of efficiency for other wells completed 'in consolidated
rock aquifers. In the case of CIP #1 the low efficiencies may- be -

exacerbated by well construction deficiencies such as fill in the bottom of
the well bore or the offset of perforations from permeable hor1zons. both

. of whlch may retard the influx of ground water into the well

The effects of well bore storage cannot be evaluated from the data . :
collected. The 8 5/8 inch 0.D. casing holds approximately three gallons of
water per foot of length. At pumping rates such as those utilized in the -
testing sequence, the part of the curve dominated by well storage is within
the first minute of the test. Manual measurements collected within this :
initial time period are too 1nfrequent to define this port1on of the curve -
with any confidence. , :
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The data from the third step were analyzed by the Cooper-Jacob
approximation of the Theis Equation. The data, illustrated in Figure 7,
were -adjusted to removed the influence of the preceding two steps and
plotted as if the first two steps did not occur. The break in slope of the
data plot after approximately 200 minutes of pumping appears to be caused
by a double porosity effect as opposed to an impermeable boundary. Had an
impermeable boundary been intercepted, the increase in slope would have

- been less than that which was observed. The transmissivity of the aquifer,
.based on the step-drawdown data alone, is calculated as 2.9 x 10 gpd/ft.

From this value, the (dimensionless) "skin factor”, 2 TBQ, where,
T 1s the aqu{fer transmissivity.ﬁ o

B {s the well loss coefficient (the slope of coefficient from
‘Figure 6), and '

Q ;is'the,pumping rate,
is calculated.
_ Table 10
Skin Factor Calculated from CIP #1
' Step-Drawdown Test Data

Q : - Skin Factor
(ggm) Threé Points Two Points
: | ‘ 4.14 3.27
300 ~12.40 9.81
500 20.70 16.30
700. - 29.00 22.90

(Note - the number of points refers tOfthe.number'of points utilized in the
well loss analysis as depicted in Figure 7) :

If the break in slope was, indeed, Ehe'result‘of an impermeable boundary,
the transmissivity becomes 6.2 x 10" gpd/ft, and the skin factor is
proportionately greater than the values presented above. However, data
from the constant-discharge test discussed below do not support this
interpretation. ) '

-

P
9.2  Constant-Discharge Test.
The constant-discharge pumping test was conducted September 22 through 28,
1986. Data were collected from 10 observation wells in addition to the
pumped well, CIP #1. These are: CIP #2, CIP #3, OIT #3, OIT #4, OIT #5,

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 in Figure 8. Of the 10, the following three yielded to analyzable
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data: OIT #4, because the pressure gauge on the air 1ine was not
sufficiently sensitive; Smith and Klamath-Pacific wells, both because a

response due to pumping CIP #1 could not be d1st1ngu1shed from random

fluctuations and/or measurement error.

The discharge rate for CIP #1 was not precisely constant for the entire

‘test (refer to Figure 9). In fact, it decreased essentially linearly with
time (refer to Figure 10). The cause of the decrease in the discharge of
‘the pump is unknown. It may have resulted from binding of the impellers or
‘plugging of the pump intake by formation materials or a defective gate
‘valve which may have partially closed during the test. However, no
;information is available to support any of these hypotheses.

“The effect of the decreasing discharge was obvious only in the pumped well
‘and manifested itself as a substantial rise in the pump1ng water level
“{refer to Figure 11). The drawdowns in the pumped well, CIP #1, were
,corrected to a constant pumping rate of 348 gallons per minute (gpm) using
“a simplified version of the theory behind VARFLOW. This equates to the

discharge rate for the first day of the test when the discharge rate was

.essentially constant. The corrected drawdowns, plotted in Figure 11, show

-that the drawdown still trends upward. This is an impossibility for a
_constant flow rate. Perhaps in reality, the drawdown data would have
- -stabilized, a hypothesis that is supported by recovery data.

“Drawdown data for usable observation wells are plotted in Figures 12
. through 18. Data plots for the wells which could not be analyzed are
‘presented in Appendix B
~calculated utilizing the Theis non-equilibrium equation. Late-time data,
-where available, were preferred because of the potential for double
;porosity effects to yield erroneous early-time values. Values for
“transmissivity of the aquifer calculated from the observation well data are
;psummarized in Table 11 below. .

Yalues of the aquifer coefficients were

Table 11 . '
Transmissivity‘YaIues Calculated from CIP #1
Aquifer Stress Test, August 22-28, 1986

JELD-WEN °

29

e ' ; Radical Distance Transmissivity Coefficient
. - from CIP #1, r T . of Storage
o Well ‘ (feet) § ‘(gpd/ft) S
»; EI' #1 : P - e X 5 i htnd
clp 2 ' . 910 1.4 x10; 0.075
“CIP #3 — 7 Ty, 720 T 9.6’%'104’ © 0,035
“OIT #3 2,435 3.7 x 104 '0.015
- OIT #5 4,650 7.4 x 105 0.004
‘La Vista Motel 2,760 1.9 x 104 0.039
North Entrance Motel 3,520 7.4 x 105 .0.013
4,790 5.1 x 10° 0.0210
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Examination of the data plots shows considerable scatter for some
observation wells. This is, in part, due to the relatively small discharge
from CIP #1 which could not fully stress the aquifer. Pre-testing water
level trends and fluctuations caused by earth tides, barometric, and other
outside influences were subtracted from the observation well 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 to pumping CIP #1.
Therefore, large errors in drawdown determinations are possible, par-
ticularly for the more distant observation wells or wells Tocated in local
regions of higher than average transmissivity. .

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 in Table 12 below and Figures 19 and 20.

Table 12
Transmissivity Yalues Derived from Pumping
the JELD-WEN Well

Radial Distance * Transmissivity Coefficiegt
' from JELD-WEN, r T of Storage
Well : (feet) (gpd/ft) S
North Entrance 2,000 . I.E 3 IUS 0.006
" Motel* ‘ : )
JELD-WEN** 1,330 4.1 x 105 ~0.010

(* denotes data for pumping JELD-WEN well beginning 7/30/86)
(** denotes data for pumping JELD- HEN well beginning 8/8/86)

These serendipidous tests are valuable as a cross-check for values in this
area derived from the CIP #1 test because the observation wells are
considerably closer to the pumped JELD-WEN well. As a result, the impact
due to pumping was greater than the varied outside inf1u§nces and trends.
These values suggest that the transmissivity of 5.1 x 10° for the JELD-WEN
well derived from the CIP #1 test (Table 11) is reasonably correct.

Residual-drawdown data were analyzed only for the pumped well due to a lack
of confidence in extending the pre-testing trends beyond the end of the
test, The residual-drawdown plot yielded a value for transmissivity of 8.4
x 10" gpd/ft (Figure 21).

The values of transmissivity presented herein compare closely to the bench-
mark values for transmissivity and coefficient of storage of the geothermal
aquifer in the vicinity of Klamath Falls adxanced from the Summer 1984 '
. USGS/LBL test of the city well of 3.15 x 10" gpd/ft and 0.0022,

respectively (for a temperature of 76°F).
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There appeared to have been a slight decrease in atmospheric pressure -

between 8/20 and 8/29/86 (Appendix B). This may account for some of the
rise in water levels-in those wells which showed a positive pre-testing

wagﬁr level trend, viz. OIT #3, North Entrance Motel well, and JELDvwEN

we

9.3 » Interpretation of Results.

No classic impermeable boundaries were observed in the test data. The-
break in slope observed in the data obtained from CIP #1 (both
step-drawdown and constant-discharge tests) mentioned earlier in this
report likely results from a double porosity effect. This effect was also
observed in the drawdown brought about by pumping the JELD-WEN well. A
similar effect was ascribed to the data collected from the Summer 1984 test
of the geothermal aqu1fer. )

Geologic information suggest that boundaries almost certainly exist in the
aquifer. Water-level contours depicted in Figure 22 suggest an east-west
trending structure between the CIP wells, OIT #3, and OIT #4 on the north
and OIT #5 on the south. It is likely that this structure, if it indeed
exists, 1s a fault but does not constitute a &lassic impermeable boundary.
It may simply impede ground-water flow across it while providing 1imited
hydraulic continuity across it (or around it if it is sufficiently short

. length) as indicated by the observed response in OIT #5 during the CIP #1
test. Elsewhere, the existence of the fault may be-obscured by the small
drawgowns in the observation wells or the outside interferences recorded in
the data.

The basis for this suspected fault rests largely on the water level data
from CIP #3. Water levels from this well are questionable since the well
yields very little water. It may not be well connected with the aquifer.
This poor connection is reinforced by the very large scatter in the data
collected from the well during the CIP #1 test.

"Testing results indicate a hydraulic connection between cold water and hot
water aquifers in this area. This was evidenced by the observed response
in OIT #5. Hydraulic continuity appears contradictory considering the

. absence of hot ground water derived from the OIT and CIP wells located
north of the suspected structure. The principal reasons that these wells
do not show high temperatures (even though they exhibit: si1ght1y elevated
temperatures) is governed by the ground-water flow field in this area.. The
relatively steep hydraulic gradient toward the south prevents hot ground

water from being drawn toward the wells in the vicinity of OIT #5
especially considering the relatively small discharge rates of the we11s
and the generally high transmissivity of the aquifer.

A recharge boundary may have been encountered. However, this effect was
observed only in the pumped well data but was obscured by the rise in water
level arising from the decrease in pumping rate during the test. Its
presence is reinforced by the residual-drawdown data plot which.intercepts
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zero drawdown well to the righi of the oiigin (refer to Figure 21). This '

recharge boundary effect could result from a connection with Klamath Lake
or a substantial increase in the transmissivity of the aquifer west and
southwest of CIP #1. The latter is more probable based on the water level
contours which depict a northwesterly trending sink or zone of high trans-
missivity which might be the conduit for the geothermal waters.at depth
moving in a southeasterly direction. . '

10.  ANTICIPATED IMPACTS DUE TO INJECTION AT CIP #1

10.1 Hydrodynamic Impacts.

Specific capacity data indicate that-CIP #1 should be able to accommodate
injection rates of at least 700 gpm. From the data in Table 9, the -
anticipated rise in water level in the injection well at this rate is 140
feet. Since the static water level in CIP #1 is approximately 250 feet
below land surface, there is considerable margin available for error.

Injecfion at this site is not expectéd to cﬁange the general shape of the
flow field, particularly at great distances from the injection well site.
10.2 Hydrochemical Impacts. J

Water samples were collected from the discharge of CIP #1 near the start

and the conclusion of testing. They were analyzed and the results
summarized below. _

: Table 13

Water Chemistry Data, CIP #1 A
Collection date 8/22/86 8/28/86
pH | 7.0 8.0
Suspended solids 24.6 1.3
Total dissolved solids 383 189
Calcium 25.8 35.9
Magnesium 5.9 3.3
Sodium _ : 44.1 ) 38.3
Potassium 1.8 1.2
Bicarbonate 184 218
Chloride 48.5 13.1

Sulfate o <l 10.4
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Table 13, Water Chemistry cont'd. |
Arsenic - . .. 0.05 0.05

Boron S <0410 <0.10
Iron oo 1046 0.71
Manganese ST 0.27 . 0.16

Silica S w2 ow

(Source: Klamath Environmenta] Services) :
(Note ~ all constituents reported in milligrams per 1iter with the
exception of pH, which is reported in pH units) .

The differences between the two anaiyses. particuiarly reduced pH, elevated
suspended solids, TDS, chloride, iron and manganese in the first sample

" appear to be the presence of residua1 chemicals and metals mobilized by the .«

chemical treatment performed on the well prior to testing.’ They do not
seem to represent an influx of waters of a different source late in ‘the
test. A very large imbalance in.the anions and cations of the second
sample appears to result from difficulties inherent in analyzing waters
that are low’in total dissolved solids. The error appears to lie in the
bicarbonate determination which seems to be uncharacteristicaiiy high for
waters in this area. , ; ;. ,

The gross chemistry of water from CIP #1, OIT #5 (thermal effiuent). and

~water from the OIT heat exchangers (presumab]y from OIT cold -water weils)

are compared in Figure 23. For plotting purposes, the imbalance in the
8/28/86 sample from CIP 1 was artificiai]y removed. )

Because the ‘thermal effiuent is hotter and higher in 105, chioride. , ,
sulfate. arsenic, and boron to name a few constituents, it is evident that
an-impact on the chemical quality of the ground water down-gradient of the

,injection weil site will occur The question is, is the impact acceptable?.

i;i The water 1eve1 contour map drawn from water 1evels measured in the 11
.+ observation wells (Figure 22) illustrates that the predominant direction of

ground water flow is southerly, away from CIP #1. This is consistent with’
the conclusions of previous investigations in the mdin hot well area of
Klamath Fatls (Sammel, et.al., 1984; WEN, Inc., 1985). Additional water
lével data in the region south of CIP #3 and’ the La Vista Motel and east of -

- the JELD-HEN ‘'well would serve to more definitively portray the flow field

in this area. -However, there is a moderately high degree of confidence in
the contours drawn in the figure based on the available data. The west to
northwesterly flow direction north of CIP #3 appears to be a local
phenomenon superposed on a regional pattern. v i

Thermal effluent disposed of via CIP #1 will migrate down-gradient from the
well in response to the established ground water flow field. The width of
the thermal effluent plunie, neglecting dispersion, can be calculated using
Darcy's Law. A first approximation of the plume dimensions is depicted in
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' Figure 24, Calculations in support of the plume dimensions are presented

in Appendix C. From this analysis it appears that none of the wells
immediately down-gradient from CIP #1 will be impacted. That includes the
La Vista Motel well, which by virtue of its proximity to the flow path of
the effluent, appears to have the greatest potential for impact. Likewise,
by virtue of their locations, OIT wells 5 and 6 enjoy immunity from impacts
of injection at CIP #1 in spite of the conclusion that the thermai and cold
water aquifers appear to be coupied in this area. S :

Impacts farther down-gradient are more difficu1t to predict due to gaps in
the data. However, in general, it is ‘our understanding that the chemical
quality of the ground water decreases between the College Industrial Park
and the main hot well area in Klamath Falls. Few, if any, users derive
culinary water supplies from the aquifer in this area. A ‘positive impact
due to an increase in temperature in 'some thermal wells that 1ie a!ong the
path of the plume may occur. ’ L , :

1. POLICIES GOVERNING ésorusgnntrérrausur DISPOSAL

11 1 State Policy.

The main goal of the State s policy is to prevent degradation of water
quality ‘in an aquifer to insure proper management of all ground water
resources so maximum beneficial use of the resource will be most’
effectively attained. The State needs to be reasonably certain that there
will be no substantial thermal, chemical or pressure interference with
existing uses or potential uses of the receiving aquifer.

Oregon Administrative Rules, Chapter 690 Division 65 (Appendix D) of the.

. Water Resources Department describes the standards and procedures for low

temperature geothermal- wells and effluent disposal systems. Low:
temperature geothermal effluent disposal systems are classified as either

.Standard or Nonstandard

Basic information jncluded in this report and required by the State uater

Resources Department includes 11thology and well construction information
for CIP #1, aquifer stress test results, hydraulic communication with
thermal and non-thermal wells, and water chemistry from both the producing
and receiving aquifers. ‘Appendix E contains information on CIP #1 and
water chemistry for the OIT geotherma1 wells., '

'Since the proposed injection plan includes disposal toa different aquifer
" as compared to the producing aquifer, DEQ will probably require a Water

Poliution Control Faciiity (WPCF) permit.
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11.2  City Geothermal Resource ﬂanagéuentilct;r

The purpose of the City Geothermal Resources Management Act, Sections 8.250'
to 8.298, is comprehensive management of the geothermal resource and

thermal ground waters within and adJacent to. the City of Kiamath Falls,
Oregon. ' o . :

In furtherance of the purpose of this Ordinance. it shall be the po1icy of
the City to conserve and protect the.geothermal fluids and ground water
within and adjacent to the City. In order to enhance reservoir -
productivity and benefit; prevent wasteful extraction and disposal of
geothermal fluids and thermal ground water; prevent geothermal water
temperature degradation; prevent thermal pollution of surface environs and
water; and prevent harmfui 1ntermix1ng of geothermal fiuids ‘and other
ground water. - S ) , ,

In order to eiiminate wasteful and harmful effects of thermal fluids or
water surface discharges, any well or geothermal facility discharging
geothermal fluids onto the ground or into any public ditch or drainage
facility, shall cease such discharging within five (5) years of the

’ Ordinance effective date. which was July 1, 1985.

The City Manager may, upon’ recommendation of the Geothermal Advisory
Committee, grant exceptions to the five year requirement. The owner must
meet certain conditions provided in 8 264 of the Act.

12.  LEGAL AGREEMENT =~ -

12.1 Factorst

A legal agreement will be necessary for the coordination of geothermal :
discharge water usage by the City of Kiamath Fa11s and Oregon Institute of -
Technology. ™ '~ - L s . : : '

Based on OIT's present and projected use of discharged geotherma1 fluid,
the City Attorney has identified the foiiowing factors that wi11 need to be
addresses.

a. The legal authority of both public bodies to enter into ‘the
agreement. .
"b. - ldentification of theipoint at which the' city would “cdpture“ the

discharge, assuming such point will be located on the 0IT campus,
an easement from OIT to the City for purposes of installation,
maintenance and repair of the "capture" facilities.

c. 'Resoiution of what, if any, level of quantity.and temperature of
geothermal discharge fluid will be available from 0IT. OIT plans
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to caséhde'discnarged from existing buildings to provide heat to
new buildings; therefore, they may be reluctant to guarantee any
’ mlnimum levels in the discharge.

d. The responsibility for compliance with the City's Geothermal
Resources Management Act and with requirements contajned with the
Oregon Administrative Rules as both apply to the geothermal

injection requirements. It is expected.that OIT would request that -

the City assume this compliance responsibility.

e. An allocation of the responsibility to address any 1ega1 r1ghts of o

"downstream” users of the current discharge. There are parties -

currently utilizing the OIT discharge below the College Industrial W'

Park, and though any legal claim to establish water rights would

appear questionable, it is expected that OIT would require that the

City take the responsibility for addressing any such claims.

f. The term of the agreement.

12.2 Hater Rights.

‘Nater rights have been checked in the four section drea 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 to be three water
rights on file. Bruce Froemke has a right for supplemental irrigation of
eight acres, JELD-WEN has a water right for flushing the channels of the
Harbor Yiew subdivision, and Mountain View Professional Building
Association has water rights for water and space heating a building on
Mountain View Blvd. In addition to these, there are a number (48) of wells
in the area for exempted uses for which not water rights are needed, yet
which must be considered.

Asphalt: Construction Company has a surface water right on record, No.
53353, of 1.5 cfs from a pond fed by the OIT/MWMC discharge to be used for
dust control. In 1985, Klamath Pacific Corporation, current owners of the
plant, drilled a new well which is now used for dust control.
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"APPENDIX A

Supplemental Calculations for: -
© OIT effluent flow rate
OIT collection system
MWMC collection system
. - Pump station
Transmission and distribution piping
CIP energy analysis of buildings
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) BUILDING: Quality Components
: xxxxxxxxxxxxxxxxxxx:xxxxxxxxxxzxxzxzxxxxxxxxz*xxxxxxxxxxxxxxxxxxxxxxxxxxx

. CLIENT CITY OF KLAMATH FALL PROJECT INDUSTRIAL PARK
xxxxxxxt:xxxxxxxxxxx:xx:xxxzxxxxx:x:xxxzx:xx:x:xxxxxxzx:xxxxxxxx:xxxx:xzx
SIMPLIFIED ENERGY ANALYSIS (SEA) VERSION 3 o _
PRODUCT OF FERREIRA % KALASINSKY ASSOCIATES, INC
323 SR 23I TP P32 2322028332222t 2222232 2223332222283 83

ZONE DESCRIPTION SUMMARY FOR ZONE 2 B OFFICE
ZONE AREA 1920.. s@ FT ’
VENT RATE 067 . CFM PER S@ FT
. SUMMER OCCUP. TEMP - 78 DESREES FAHR
WINTER QCCUP. TEMP 70 . - . DEGREES FAHR
UNOCCUPIED TEMP. 82 DESREES FAHR
DESIGN R.H. so %
ROOF ' WALL 1 NET GLASS . WaLL 2 - .
AREA 1920 . a3s 2 256 - v
U-?:'-‘.CT . 0“ e 09 1 . . 6 . . 65 -
MASS z0 o N/& 5
COLOR 1 LS N/A . &S
DIR. HORIZONTAL  WEST WEST .~ NORTH
SHADING N/A “N/A 5 ‘N/A
INSICE

SHADING  N/A N/A& : 1 | " N/A
' GUSPENDED CEILING SFECIFIED | '

FLOOR DATA

w
o
~
c
~,
-
n

ON-GRADE PER 13T2 FEZT LOSS "4

INTERNAL LDADS

OCCUPIED LUNGCCUPIED
PESFLE . | i e e
NUMEER © L0018 ) a FER .S@ F0OT
SENS mE:T : 20 - =0 BTU/ PERSON
LATENT <EAT 245 B ~3s - ETU/ PERSON
AVE 0CcuP o 90 IR a PERCENT
LIGHTING T Tl men T
LIAD ; 3 .. - WATTS/ S@ FOOT
AVE USASE g0 - 100 , PESCENT
% TO PLINUM - 0 O . PERCENT
EQUIPMENT : o : : .
LOAD : .S 9 WATTS/ S@ FoOT
AVE USRGE 90 ) PERCENT
INFILTRATION )
AIR CHANGES N/& .5

ZONE HEIGHT N/A 8




PF TECT INDUSTRIAL PARK

PEAK HEATING LOAD SUMMARY FOR ZONE 2 o .. OFF1ICE
: SENSIBLE- LATENT: TOTAL -

ROQF . =3864.96 - -3854.96

waLL " =13480.84 . -13580.848

GLASS -11858.4 . =118%8.3

FLOOR -5940 e -5£940 )

TOTAL BTU/HR =35344.2 o B -35334.2

BTU/HR-SF -18,40844 -0 B _=18.40844

PRESS ANY KEY TQ CONTINUE

TEMP - HEATINMG HUMID
°7 Q : 0
32 : 0 U
87 0 Q

2 9 .0
: D) . 0
7& D Q
&7 Iy} Q
&2 ) O
=7 3] )
&2 1)) . )
" a7 b} 0
2 Q y}
37 9 ' V)
ia 0 0
g 218,088 0
b Tac1.782 Ny
i7 11ée3. 8 0
12 18892. 23 0
7 o) Bad S T -0
2 24248.89 Q.
-3 2887S.41 Y]
-3 32302.L4 Q

+ oy !
’ Ay
.



rO vYau NANT TQ VIEW SEA

. { '-:..
L
r‘:.
r! : 5
'NT MBTU
P(:NT METU
G % E& KWH- -
UXIL KWH
I2CEL (KWH)
g AL MBTU
T BTU / SQ FT
. U L USAGE
',U"L
LECTRICITY
f‘
ﬁ AM
1T
D&l
R SEL
i\
!
4’ '
\.
Ty
I.‘ -
|
\.
"
i

G
¢ .

ENEREGY SUMMARY
. UNOCCUP

QCCUP
0
18474

0
62185.82
32.35582

CONSUMPTION

27134.09
)
0
0
0
Q

708.9197.

- 9974.72
6000.121
o ,

. 30453.13

1S.8827S

KWH
CU FT
LBS"
GALS
LBS
GALS

GRAPHICS :?

e
. o K]

TOTAL -
o

16397.93
L 21878.13
708.9197

0 -
$25608.66

48.20857 .

220 2%




xxxxxxxxiixxxxxxxxxxx#xxzxx:xxxxxixkxxxxxxxxxxxzxxxxxxxxxxxxxkxxxxxxxxxxx
CLIENT CITY OF KLAMATH FALL PROJECT INDUSTRIAL PARK

-xxxxxxx:xxxxxxxxxxxxxxxxxxxx:xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx*xxxxx;
SIMPLIFIED ENERGY ANALYSIS (SEA)

VERSION 2 N

PRODUCT OF FERREIRA & KALASINSKY. ASSUCIATES, INC-

xxxtxnxxxxxnxxxxxxxxxxxxuxxxxxxxuxnxxxxxuux:xxxxxxxxxxxuxxxuuu

ZONE DESCRIPTION SUMMARY FOR ZONE

ZONE AREA

VENT RATE

.SUMMER QCCTUP. TEMP
WINTER OCCUP. TEMP
UNQCCUPLED TEMP.
DESIGN R.H.

ROOF
AREA 12240
U-FACT  .025
© MASS 10
€OLOR 1
DIR HORIZONTAL

SHADING N/&
INSICE
SHADING wN/A

SUSFENDED CEILING SF

FLOOR DRAT~ -
ON=3RADE =ER

INTERNAL LIADS

FEJFLE
'NUMEER
SENS HEAT
LATENT HEAT
AVE dccue

LIGHTING
L0AD
AVE USAGE
4 TQ PL=NUM

EQUIPMENT
LOAD
AVE USAGE

INFILTRATION
AIR CHANGES
ZONE HEIGHT-

2S& FEET LOSE 4

12240
733
78

&8

<0

S0

WALL 1 NET
2048
.S8&
<0

" «83

EAST

N/A

N/A

ECIFIED

QCCUPIED

.002

-E
ot

90

1.589
100
0.

18.3
%0

N/A

N/&

(¢
n

‘SHOP
sQ FT ;
CFM FER SQ FT
DEGRESS FAHR
DEGRESS FAHR
DESREES FAHR
%
GLASS WwaLL 2
0 - 2048
.1 .091
N/A . : ot
N/A .68
NORTH EAST
27 N/A
1 N/A
LF
UNGCCLS £2D
0 PEX SO F30T
sas BTU/ PERSCN
a3z BTU/ PERSON
0 PESRCENT
0 WATTS/ Sa FoaT
O PERCENT
0 PERCENT
0 WATTS/ S@ FoaT
) PERCENT
16

iy

Lo ‘ L_,..J

Al



f "0JECT

ROOF
waLl
{ .ASS
i LOOR

TOTAL BTU/HR
 *U/HR=SF

PEAK HEATING

INDUSTRIAL PARK

LOAD SUMMARY FOR ZONE 1
SENSIBLE LATENT =

-18034
-81803.27
0
-1182
=111377.3 0
-%.09%3S o

RESS ANY KEY TO CONTINUE

,,
[
J

HEATING - HUMID
0
0
0
Q
0
O
4€1.7787
1288.712
aLlS.edd
2962.277
I769.508
4638, 441
€473.3574
&310.3508
714— -

7eE4,.72
8821.10S
Q4S8.03S
10452, 54
113351.92
12122, 34
1300E.Té

oo

G000 00CoOCCOTO0O0O00O00

SHOP

TOTAL
-180%4
-81803.27
0
-11520
-111377.3
-9.0994%

\

i -
PR PR g




C° ANT MBTU
HF<ANT MBTU
LGT % EQ KuH
. AUXIL  KWH

. MISCZL (KWH)
TOTAL MBTU °
MBTU 7/ S@ FT

FUEL USAG=

FUEL

ELECTRICITY
GRS

STEAM

QIL

CaAL
DIESEL

ENERGY SUMMARY

gccue
-0
2T728.54
" 107782&
T 20282.73
0
772414
508.1784

CONSUMPTION

10977714
189846.2
0

0

)

0

uNgocurP

148133
1.976714

0 .

145139.3
11.85685

KwWwH .
Ccu FT
Lss
GALS:
L3S
GALS

DO YCU WANT TO VIEW SE8 GRAPHICS :7?

TQTAL
0
1708461. 46
1077338

0
7917354
20,0354

N0282.73

RONE A WGl LS S S ISR SN .

NI

R R T o
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BUILDING: Preczsion Data Carr1age o ,
xxxxxxxxx:xxxxxxxxxzxxxxx:*xxxxxxxx.x:xxzxxxxxxxxxxxxx;xxxxxxxxxxxxxxxxxx

CLIENT CITY OF KLAMATH FALL PROJECT INDUSTRIAL PARK

t******!!:!!t!*t!x!!!!XX!!XX!!X*X!XX!XXX***X*!X*XXXXXXXX*X*XX#***X!*!*X*!-'

SIMPLLIFIED ENERGY ANALYSIS (SEA) VERSION 3
PRODUCT OF FERREIRA % KALASINSKY ASSUCIATES, INC
xxxxxxxxxxxxxxxxx:xxxxxxxxxx:xxxxxxtxxxx:xxxxxxxxxxxxxxxxxxxxxx:xxxxxxxxx

ZONE DESCRIPTION SUMMARY FOR ZONE ‘i : - - SHOP
" ZONE AREA 9600 sa FT :

VENT RATE 0 _CFM PER SQ FT

SUMMER 3CCUF. TEMP 78 DESREES FAHR

WINTER QCCUP. TEMF &8 DESREES FAHR

UNGCCCUFIES TEMF. &8 . ' DEGREEZS FAHR

DESIGN R.H. g0 I '»

ROCF . WALL L NET BLAS3 WwaLL 2

AREA | 94600 1120 - o 232

U-FACT . 53 . 58&: ol u‘#u

MASS 10 S0 N/A S

coLar 1 .45 O ON/A -1

"DIR . SCRIZONTAL - SCUTH NGRTH NORTH -

SHADINE N/A : N/A . .27 - N/A ‘

INSIDE : ‘ -

SHADING WN/A N/A 1 . N/A

SUSPENDES ZEILING NOT SPECIFIED

FLOOR 24TA . o _
ON=-3R#SE FER T20 FEST LOSS &0 ETU/LF

'zN'r;-ra.-.. LIADS e _
QCoUPIES  NGCSURIES

PEOFLE _ .

- NUMBER <0021 0 FPER S@ FOOT.
SENS HEST 345 335 . BTU/ PERSON
LATENT HEAT 43T . oazE BTU/ PERSON
AVE QCZl SO ) F'E.-\Co..NT
LIGHTING . . g
LOAD 1.351 .0 . WATTS/ S@ FOQT
AVE USAGE 100 - - , O - PERCENT
% TO PLSMUM . ) o  PERCENT
EQUIPMENT . o
LOAD .5 0 . 'WATTS/ Sa FoaT
AVE USAGE - 90 0 , PERCENT
INFILTRATION : '

AIR CHANGZS  _ ~ N/A o .2=
ZONE HEIGHT N/A : 14.5

4.\
| I
.

1.
—

.l.-.' ‘

sy



*X*XXX*zxxx!t!*X!*!XX*:XX!***X&***XXX****!*!***!t83******!!3***!!*82!13!!

CLIENT CITY OF KLAMATH FALL PROJECT INDUSTRIAL PARK
xxxtxtxxxxxxxxxxx:xxx*xxxxxxxx:xxxxxxxxxxxxxx:xxxx:xzxxxxxxxxx:xxzxxx:xxx

SIMPLIFIED ENERGY ANALYSIS (SES)
"PRODUCT OF FERREIRA & KALASINSKY ASSQCIATES,

"VERSION 3

S

INC

xxxxxxxtxxxxxxxxxxxxxxxxt:xxxxxxx:xxxxxxx:xxxxxxzxtxxxxxx:xxxx:xx:xxxxxxx

ZONE " AREA
VENT RATE
SUMMER QCTUP. TEMP
WINTER CCCUP. TEMP

UNQCCUPIZD TEMP.
DESIGN R.H.

- RQOF
AREA 2700
U=FnCT o033 -
MASS 0
COLOR L -
DIR HORIZONTA
SHADING N/&
INSIDE
saaozws N/ &

SR 137
INTESNa. _CADS
FEDPLE
NUMEER

SENS HEAT
LATENT <EAT
AVE CEIUP

LIGHTING
-LOAD
AVE USAGE
% TO PLENUM

EQUIPMENT
LOAD
AVE USAGE |

INFILTRATION
AIR CHANGES
ZONE HEIGHT

- ZONE DESCRIPTION SUMMARY FOR ZONE

~
<

2700 sa FT
o . CFM PER S& FT
78 DESREES FAHR
&8 DESREES FAHR
&2 DESRESS FAHR
S0 %
WALl 1 NET BLASS
%33 . €38
- 05: L
=Q N/A
° bd NiH
L WEST WEST
N/ & e P
N/ = !
SFECIFIED
FEET LOSS &u BTU/LF
QCCUFLIED UNOCCUP IED
. 002 ‘:’
250 2
245 245 -
?0 - 0
2.5 .5
%0 100
- 10 . )]
.S 0
50 0
N/A 2%
N/A 8

QFFICE

WALL 2

L]
.06
30.
Y
NORTH
N/A

PER 8@ FQOT
BTU/ PERSON
BTU/ PERSON
PERCENT

WATTS/ S FQOT
PERCENT
PERCENT

WATTS/ Sa@ FOOT

_ PERCENT




PROJECST INDUSTRIAL  PARK

o -

- P K HEATING LCAD -SUMMARY FOR ZONE

SENSIBLE LATENT
ROQF - =300192
WALL -113322.5
GLASS L0
FLOGR = =19200 |
TOTAL BTU/HR ~432714.5 Q

BTU/HR-SF =48.07443 0

PRESS ANY KEY TO CONTINUE

PROJECT INDUSTRIAL PARK

F. < HEATING .3AD SUMMARY FOR =GNE

SENSISLE LATENT
ACCF ~ZaZs.7 :
. WALL . =l%&4d,Z%s
P -3I3a¥2
FICR -3a20
TATAL STU/=R -21733.20 Q
STU/HR=5F ~1T. 18048 »)

FRESS ANY KE: TO CONTINUE

b+

" TOTAL

=200192
Q .

=19200

-432714.5

 =-45,07443

TaTAk
_-ENCS 2

PP =T - R
-2%a<,3%6
=J3870
-Z8a0

2. wesen -
" ¥ Y7 dﬂ!-g

SIRNE

(R



|
1

-

HUMID -

& m—

;\‘
NS
B QJECT INDUSTRIAL PARK
TP HEATING
~7 0 ‘
{2 0
g7 0
g2 0
! )
/2 0
0
. 0 ’
0

CSO0OOoOCO0000O00O0CO0O

52 749.932
7 408S5. 55
[ 42 80962, 1
=z . 121068.2
32 181172.3
7 201280, 4

PRESS ANY KE: TO CONTINUE

/
N..
FROJEST . INDUSTRIAL PARK
WP . HERATING HUMID
22 281386.5 O
r.7 - 29S0ST.S 9 -
b2 ISUsET g .
i TTawTE. S o
P 32:Ses.7 )
- 5 -g7OSEL L W
=3 - Gul S S
".
3.
i
1 .
L




FOUANT MBTU
' ANT MBTU
LET & EQ KWH
AUXIL  KWH

- MISCEL (KWH)

TATAL MBTU

MBTU / SQ FT "44.18892

-FUEL USAGE

FUEL

ELECTRICITY
GAS

STEAM

CQIL

CoAL

DIESEL

90 YOU WANT T3 VIEW SEZA GRAPHICS

ENERGY SUMMARY

accur
o .
278S98.7

70047.98

7S74.377
0

343823,

CONSUMPTION

8571S.859
1504714
0

0

o

0

uNaccup

1226115
80935.248
v

1283737

101.9298

KwH
CU FT
LBS
GALS
LSS

. GALS

“)

TATAL

0

78141.22
7S73.377
0
1797241

- 146.1188

1504714

~———

- ot



L

R JECT INDUSTRIAL PARK o |
"¢ HEATING LOAD SUMMARY FOR ZONE 1 ~ swoP

- ) o
Lo SENSIELE LATENT TOTAL
WQUF -30019.2 LD =30019.2
laLL -113322. ‘ S =113322.%
;¢}ss L0 BRSSO o .
TLIOR : -19200 SEREA -19200
OTAL BTU/HR -162841.7 O -142541.7
JEJ/HR-SF -16,92143 = O -16.93143

IS8 ANY KEY TO CONTINUE
|

.

rinp REATING HUMID
{7 0 0
2 v 0
a7 9 0
-} 9 Q -
7 0 Q
T2 Y] 0
e 0 )
‘ I v
€7 0 ’ 0
=2 0 i
r7 747,063 )
az 18433.22 -9
:7 TIPS ' 1) -
D= 1732T.57 y] |
‘w7 €EF1E. T (VI
== =2cd7 .89 Q
i 7 34504, 58 0
ca 102380.9 0
s L120ZEE. 3 0
i” 1..;8 1-'1-«0 0
€60046.8 0
-a 173882.2 Q




ENERGY SUMMARY

accuP UNOCCUP

L. .ANT MBTU  © o
HPLANT MBTU  940S4.64 .  &454S55.4
LET % EQ KWH 70047.98 §093.245
AUXIL KWH 3383.075 0 '
‘MISCEL (KWH) 0O o
TOTAL MBTU' 344572.4 - 693077.7
MBTU / S@ FT. 28.01402 . S6.34779
FUEL USAGE
FUEL CONSUMPTION -
ELECTRICITY  81494.3 KWH
GAS 759%10.1 - CU FT
STEAM 9 .- L3S

. OIL 0  GALS
CaAL 0. L3S
DIESEL 9 BALS

DO YCU WANT T3 VIEW SEA GRAPHICS :7

TOTAL
0

Souwe07S
o
1037650
84.3418

759510. 1
78141.22

g

g
—a

e
=l

LRHSALT () 2+, -, /0123224789, 3 <=>?7PABCDEFGHISKLMNOPERSTUVWXYZL\ ]I~ _'abcdefghi jklmna 1

PUHSALT () X+, =, /012373247891 3 <= >PDABCIEFGH I IKLMNOPRRSTUVMXYZL\ 1~ _ *abo::!e«F‘qun':J klmnop 7
TR () X+, =, /0123384 7EF <= >TTABCIEFGHITKLMNOPERS TUVIWXYZ L\ i~_‘abcadatghi jklmncog

0

ar .,


http://UNocC!.JP
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GED-HEAT CENTER
CLIENT CITY OF K.FALLS

XX**XX*X*XXX*XX***X*X**3*3X*X***X*X*X#X*X#*X*X**X**Xl*****XXXX***X**X!XX!
SIMPLIFIED ENERGY ANALYSIS (SEA)

R e It T et ettt et T ettt eT et etssststtststsItstItsttisc

PROJECT EQUITORIAL

VERSION -3

FRODUCT OF FERREIRA % KALASINSKY ASSOCIATES, INC

****XXX****X!*********#X****X***X*****XX*X*X*XX#X*X***X*X*#*X****X*XX**!X

ZONE DESCRIPTIDN SUMMARY FOR- LONE

ZONE AREA
VENT RATE :
SUMMER OQOCCUP. TEMP

WINTER QCCUP. TEMP

UNQCCUPIED TEMP.

. DESIGN R.H.

ROQF
.-AREA <058 -
U-FACT «04S
Mass <0
COLOR .S

DIR HDRI;DNTAL
-SHADING N/A :

INSIDE

'SHADINu N/A

2058
'1
78
72
&S

S0

WALL 1 NET.
0

.06

30

.&S
NORTH
N/A

N/A

SUSPENDED CEILING SFECIFIED -

INTERMAL LOADS

FEDFLE
NUMBER
SENS HEAT
‘LATENT HEAT
AVE OCCUF

LIGHTING
LOAD

AVE  USAGE

% TO PLENUM

EQUIFMENT
LOAD .

AVE USAGE

INFILTRATION
AIR CHANEGES
ZONE HEIGHT

OCCUPIED

« QOE
22
245

30

- N/&

N/A

OFFICE CORE

s@ FT
CFM PER €@ FT

DEGREES FAHR

DEGREES FAHR.
DEGREES FAHR
%

N/7A - *

UNOCCUF IED

WAL 2

« 06

=
-

.65
NORTH
N/A

N/7&

' PER.S@ FOOT

ETU/ FERSON
BTU/ PERSON
PERCENT

~WATTS/ s@ FOOT

PERCENT

.PERCENfY 

NATTS/ s FDOT

PERCENT




. PROJECT -

PEAK HEATING LDAD SUMMARY . FOR ZO&E 15

ROOF

. WALL

BLASS

FLOOR

TOTAL BTU/HR
BTU/HR-SF

'PRESS ANY KEY

FROJECT

FPEAK COOLING

SOLAR
TRANSEMISSION
FLOQR :
INTERNAL

TOTAL BTU/HR
BTU/HR<CSF
SPACE SEN.
- BTU/HR=-SF

PRESS ANY KEY

LPLANT MBTU
HFLANT MBTU
LGT & E2 KWH
AUXIL KuH

SMISCEL (KWH) .

 TOTAL MBTU
. MBTU / SQ FT
. FUEL USAGE
FUEL
. ELECTRICITY
GAS
STEAM
GIL

gt

EQUITORIAL

SENSIBLE
=-2917.21S
0
0
0

. =2917.215
-1.417S8

TOQ CONTINUE

EQUITORIAL

LATENT

LOAD SUMMARY FOR "ZONE

SENSIEBLE
o
1250.3338
0 .
11352:44

2602.468
6 12378
<602.48

- g

ﬁ-lbwld

TO CONTINUE

LATENT

2521.0S5

ENERGY SUMMARY

occuP
3217 .5464
_S141.%
10394.86
2057.033
0
£0856.77
24.71174

CONSUMPTION

1 18397.32
22087.86
5 !

0

oy

UNGCCUP
16946.36
S084.427
1918.4%94

34021.33

16.83126 .

KWH

-CU FT

LBE
GALS

R

UFFICE CORE

TOTAL

0
0

0 .
-2917.218

QFFICE CCRE

TOTAL
0
2S0.2TS
Q
13873.49

18133.73
7.2487S

TOTAL
3217.964

22087.88

13478.9°9
I973.83
0
84878.1
41.243

=2%17.218

(£

[

Lo

[N—— g

L

oo

(I

!
p—]
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GEO-HEAT CENTER
CLIENT CITY OF K.FALLS ‘
*XKXXXX*X*XXXXXXXXXXXXXX**X!*X**!!*X!i*t*x***xX**XX**X**X*XX*X*X*X*X:X!*X

SIMPLIFIED ENERGY ANALYSIS (SEA)

l***32*******X**#!XX****X*X*X***##*****X**X***X*X**X***X****X****X******X*

PROJECT EQUITORIAL

VERSION 3

FPRODUCT OF FERREIRA &% KALASINSKY AS:OCIATES,RINC
xxxxxxxxxxxzxxxxxxxxx*xxxx*xxxxx*xxxxxxxxxz:xxx*xxxxxxzxxxxx*xxx*xxxxxxxx
ZONE DESCRIPTION SUMMARY FOR ZDNE

ZONE AREA
VENT RATE -
SUMMER OCCUP. TEMP
WINTER OCCUP. TEMP
UNOCCUPIED TEMP.
DESIGN R.H. '

ROOF

AREA 31588
U-FACT = .045
MASS 20 o
CoLor - .S

DIR - HORIZONTAL
SHADING® N/A&

INSIDE

SHADING N/A

SUSFENDED CEILING SFECIFIED

FLOOR DATA .
ON-GRADE PER

INTE=NAL LOADS

FEOFLE
NUMEER

2ENS HEAT
LATENT HEAT
#AVE QCCUP

stﬁlINE
LOAD
HVE U:AGE
% TO PLENUM

EGUIEMENT

LOAD
AVE USAGE

INFILTRATICN
AIR CHANGES
ZONE HEIGHT

204 FEET LOSS

1

OFFICE PERIMITER

3158 . 8@ FT
.503 - CFM PER S@ FT
78 DEGREES FAHR
72 DEGREES FAHR
&5 DEGREES FAHR
50 %
WALL 1 NET  GLASS
772 344
30 N/A
e N/A
WEST. - WEST
N/R .S.
N/A 1
36 BTU/LE
. OCCUFIED UNOCCUFIED
<08 0
250 250
245 245
S0 o
1'5 .:5
90 100
g0 0
.S 0
90 0
N/A .5
N/& %

WALL 2

- 484
‘1377
30
9

NORTH

N/A

N/A

PER S@ FOOT

BTU/ FERSON
BTU/ FEREON
FERCENT.

WATTS/ s FOOT -
FERCENT o
FERCENT

WATTS/ s@ FOOT
PERCENT h




PROJECT

EQUITORIAL

FEAK HEATING LOAD SUMMARY FOR ZONE 1

ROGF

WALL

GLASS
FLOOR

TOTAL BTU/HR
BTU/HR-SF

FRESS ANY KEY

FROJECT

- —— ———

 PEAK COOLING

SOLAR
TRANSMISSION
FLAOGR

" INTERNAL

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

FRESS ANY KEY

CPLANT MBTU
HPLANT METU
LET % EQ KWH
AUXIL  KWH
MISCEL (KWH)
TATAL MBTU
MBTU / S@ FT

FUEL USAGE

FUEL

ELECTRICITY

GAS

STEAM

oIL.

COAL
DIESEL

SENSIBLE
-347&. 465
-8114.4
-12569.76
-7344

~-32504.62
-10.29279

TQ CONTINUE

EQUITORIAL

LATENT

LOAD SUMMARY FOR ZONE

SENSIBLE
23719.76
Q394.17%9

~7344
60842.82

B&&12.77
27.42644
§6612.77
27.42646

TO CONTINUE

LATENT

46322.6
46422.6
14.7

ENERGY SUMMARY

QCCUP
11868.7S
73760.78
15920.45
427%9.774

-0

1S437S.3

48.88388

CONSUMPTION

Sl647.22
1646803.3
0
Q
0
0

UNGCCUP

93042. 48
4733.05
3294.327

120439.9

S8.13804

KW
CU FT.
LBS
GALS
LBS
GALS

DO YOU WANT TO VIEW SEA GRAPHICS :?

OFFICE PERIMITER

TOTAL

o =8878, 465

-8114.4
-12569.76
-7344
-32504.462 -
-10.29279

OFFICE PERIMITER

TOTAL
23719.74
9394.179

-7344
107245. 4
133038. 4.

42.12646

TOTAL
11568.7S
186803.3
20&83.35
7574.101
V)
274815.2
87.02192

1

..
e

s e

[N

g

pU———

]
b

e

A S S

.[.-, .w-’



x*xxxxxxxx::xxxxxxxxxx:xxx*xx*xtxx.x*xx**xxtxx:xxxxxx:xxxxxx*:xxxx*:xxxxx
- GEOQ-HEAT CENTER o
P . CQLIENT CITY OF K. FALLS PROJECT EOUITORIAL '
XX*X!X!X*X!X#X*X!*X*X&#Xk*#X#X*lk*¥***XX***#KX**X*****X*!X*tht*t**it*t**
SIMPLIFIED: - ENERGY ANALYSIS (SEA) - VERSION 3
o FRODUCT OF FERREIRA. % KALASINSKY ASSCCIATES, INC .
i 1220332233 3¢¢32322323 2282223322 282332322303323032202222228433¢33¢2¢22832323388 24

. ZONE DESCRIPTION SUMMARY FOR ZONE 1 . RECIEVING
i, ZONE AREA . 800 - sQ FT
(" VENT RATE .433 . - CFM PER SQ FT
SUMMER OCCUP. TEMF 78 - - DEBREES FAHR
pe WINTER QCCUP. TEMP 72 . DEGREES . FAHR
| UNOCCUPIED .TEMP. 60 : DEGREES FAHR
DESIGN R.H. 50 : % :
. ROOF WALL 1 NET GLASS WALL 2
LY AREA 800 ’ 780 ) O
§ U-FACT 047 - . - 085 58 0 .3
MASS 20 30 N/& - 30
{~  COLOR .S e N/& . "9
* DIR HORIZONTAL  EAST o WEST NORTH
, SHADING N/A - ONA .5 . N/A
.. INSIDE -
' .SHADING N/A N/ZR 1 v N/A

SUSPENDED CEILING NOT SPECIFIED.

FLOOR DATA : ‘
ON-GRADE PER &0 FEET LOSS 3é& BTU/LF

INTERNAL LOADS

GCCUFIED UNOCCLFIE
FEQFLE B L SRR :

, NUMBER . .oo2s o ' PER S@ FOOT
' SENS HEAT 250 250 . ETU/ PERSON
8 LATENT .=EAT 245 . 285 ETU/ PERSON

AVE OCCLP o 0.  PERCENT
|7 LIGHTING o . . .

g LOAD i.g o WATTS/ Se FooT

) AVE USAGE 50 0 . PERCENT
+ % TO PLENUM 0 0 PERCENT
e '

EQUIPMENT . - |
¢ LoAD .5 0 WATTS/ €a FOOT
i AVE USAGE 90 0 PERCENT -
INFILTRATION |

.~ AIR CHANGES ' N/A R S
- ZONE HEIGHT N/A 1

2




PEAK HEATING LOAD SUMMARY FOR ZONE 1

ROOE

WaLL

GLASS

FLOOR _
TOTAL BTU/HR
BTU/HR-SF

PRESS ANY KEY

_ PEAK COOLING

SQLAR
TRANSMISSION
FLOCR
INTERNAL

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

PRESS ANY KEY

CFLANT MBTU
HPLANT MBTU
LET % E@ KuWH
AUXIL KWH

MISCEL (KWH)
TOTAL METU

METU / S@ FT

FUEL USAGE

FUEL

ELECTRICITY
GAS

STEAM

aIL

. COAL

DIESEL

EQUITORIAL

SENSIBLE

-2348.8
(o)

-2160

. =10.88212

TO CONTINUE

EQUITORIAL

LOAD SUMMARY FOR ZONE 1

SENSIBLE
o .
401S.4SS

-2180
£960.8
7816.255

9.770319
7816.255
$.770319

TG CONTINUE

ENERGY SUMMARY
UNQCCUP

QCCuP

)
343%51.49
4040, 646
1211.304
)
€2276.39
£5.34549 -

- CONSUMPTION

6§462.824
84458.48
0
0

"0
Q

" LATENT

LATENT

490
420

«56128

S0107
0
13210.874

S4239.72
&7.7994&4

KWH
cu FT
LBS
GALS
LES
GALS

DO YOU WANT TO. VIEW SEA GRAPHICS :7

RECIEVING

TOTAL
-23&68.8
0 .

T =21460 -

-8705.7

"=10.88212

RECIEVING

TOTAL

0

401S.455
-2150
6450. 8
8306, 255 -
10. 38282

TOTAL
v}

- 8445E.45
4040, 24¢
2422,.:78
0
10681c. L

33. 1450

——— =

N e

L




L2223 2303322383 33333333233% 3
GEO-HEAT CENTER
CLIENT CITY OF K.FALLS ,
X**X*Xt*t*****}X**Xt!******!***XXX*XXX*X*X****X**X***X****X**Xl**!**tt!xx

SIMPLIFIED ENERGY ANALYSIS (SEA)

KXXXXEEXXILEXSLXXRLXXXLLXALKIRKKKIKAXRKRARELE

PROJECT EQUITORIAL

VERSION 3

PRODUCT OF FERREIRA & KALASINSKY ASSOCIATES, INC

R AKX XXX KX AXLKXNK LR L K

ZONE DESCRIPTION SUMMARY FOR ZONE

ZONE AREA
VENT RATE
SUMMER OCCUP. TEMF

WINTER QCCUF. TEMP

UNQCCUPIED TEMP,
DESIGN R.H.

’

ROOF
AREA ‘13284
U~-FACT . 047
MASS 20
COLOR .S
DIR - HORIZONTAL
SHADING N/A
INSIDE

SHADING N/A

SUSFENDED CEILING NOT SPECIFIED .

FLOCR DAT
ON-GRADE PER

INTERNAL LOADS

FECFLE
NUMBER
SENS HEAT
LATENT HEAT
AVE OCCUF

LIGHTING
LORD"
AVE USAGE
%4 TQO PLENUM -

EQUIPMENT
LOAD .
AVE USAGE

- INFILTRATION

A&IR CHANGES
ZONE HEIGHT

13284

.108 .
R

72
&0

S0

WALL 1 NET
1160
e 0GS2
SO.
.9
NORTH
N/A

N/&

OCCUFIED

D023
<50

. 245

75

1.33

N/7A

N/&

SQ FT

CFM PER 8Q FT
DEGREES FAHR
DESREES FAHR
-DEGREES FAHR

%

GLASS
240
.38

N/A

N/&

NORTH
b3

i

S47 FEET LOSS 3& BTU/LF

UNGCCUFIED

250
248

Py
..".5 .

100

100

“o

e o

L2222 2222342823283 ¢333283330

ASSEMBLY

Wall 2
2652
.085
>0
7 ’

SOUTHEAST

N/A

N/A

PER S@ FOOT.
BTU/ FERSON
BTU/ ‘FERSON
PERCENT =

WATTS/ S FOOT
PERCENT.
PERCENT

WATTS/ S@ FOOT
PERCENT




- PROJECT

'PEAK HEATING LOAD SUMMARY’Fﬂé ZONE 1

ROOF

. WALl

GLASS

FLOOR

TATAL BTU/HR
BTU/HR-SF

PRESS ANY KEY

FROJECT

PEAK COOLING

-~

SCLAR
TRANSMISSION
FLOGQR

- INTERNAL

TATAL BTU/HR

* BTU/HR~-SF

SPACE SEN.
BTU/HR~-SF

. PRESS ANY KEY

CPLANT MBTU .
HFLANT MBTU
LGT & EQ KWH

AUXIL  KWH
MISCEL (KWH)
TOTAL METU
MBTU. / S@ FT
~ 'FUEL USAGE
~ FUEL
 ELECTRICITY
- BAS
STEAM
QIL
. COAL
- DIESEL

EQUITORIAL

SENSIELE

. =39333.92

-876%9.5
-12492
-76597.14

=-S.9146478

TQ CONTINUE

EQUITORIAL -
LOAD SUMMARY

SENSIEBLE
7608.132
Z1846.8

-12492
188614.8

185277.8
13.94744
18S277.8
13.94744

TQ CONTINUE

‘LATENT

FOR ZONE

LATENT

7485.534

7485.534
5435

ENERBY SUMMARY

Qccup
28384018
S7S41
111712
1091&.7S

0
804440,5
37.97384

CONSUMPTION

164569
314241.6
Q

0

0

Q .

UNOQCCUR

2T&6700. 6
27873.13
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APPENDIX B

Supplemental data plots for aquifér stress test
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APPENRDIX C

Calculations in support of plume dimensions
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Varcy 's Law

=T L w

i3 the flow in the aquifer (gallons per day),

is the transmissivity of the agmlfer {gpcl/ € widtn),
ts wilraalie geadient (€R/€L), and

is the width of .the stream tube (feet). T

L€ 0

Therefore, the width of the-plume, ﬁegledting dispersion,_

w=Q /T

In the vicinity of CIP-1

we (700 gpm x 1449 min/day)

(3.4 x \B° gpi/fr) x ( 58 €t / S86 ft)
= 296 feet

In the vicinity of CIP=2

w= ___ (70 ¢ 1440 min/day)
(1.4 x 18”7 gpd/ft) x (25 £t / 2300 ft)
= 662 feet

In the vicinity of La Vista Motel

w o= (70@ gpm x 1446 min/day). :
(1.9 x 1ag gpi/ tt) x (25 £t / 3100 £t)
= 657 feet

WILLIAM E. NORK, Inc.

Reno, Nevada 89503
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APPENDIX D.

Oregon Administrative Rules
Chapter 690, Division 65
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_ resource will be most effectively attained. ' l

CHAPTER 690, DIVISION 65 - WATER RESOURCES DEPARTMENT

STANDARDS AND PROCEDURES FOR ~* |
. LOW TEMPERATURE GEOTHERMAL WELLS AND EFFLUENT DISPOSAL SYSTEMS

€5-005 POLICY 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 Resources Director (Director)
under the provisions of ORS 537.010 to 537.795. The Director recognizes that these fluide
are developed primarily because of their thermal characteristics and that special

management is necessary. - Reservoir assessment ‘of Low Temperature Geothermal‘.Fluide '
shall be conducted by the Director .in the same manner as ground water Invéstigations )

outlined in ORS 537.665 and ORS 537.685.

(2) The purpose of the following -rules is to provide standards and procedures for the

‘development, use and management of Low Temperature Geothermal Fluids, while insuring

proper: management of all ground water resources so maximum - beneficial use of the

(3) These rules supolement OAR €90-10-G05 to 690-10-045, 690-60-005 to 690-63-045, and

690-64-000 to €90-64-010. Rule 690-60-050, paragraph &7 and 690-61-181 are hereby
rescinded. ' ' i . s ,

DELETE: S LT s e T T e ,
[690-60-050 (47) . "Thermal Ground Water'": means ground water having a
temperature greater than 90 degrees Fahrenheit or 32 deqrees Celsius. (The statutes -

of Oregon delegate to the Department of Water Resources the- appropriation and .

supervision of thermal gqround water having a’ temperature of less than 250 degrees
Fahrenheit or 121 degrees Celsxus, and occurrmg wnthm 2000 feet. of the Iand

surface.)]

[690-61 181 CONSTRUCTION OF‘ THERMAL OR HOT ‘J\'ATER WELLS' SRS
All thermal or hot water wells having 8 maximum water temperatue of. less than 250
degrees Fahrenneit (121 degrees Celsius) and constructed to depths of less than 2,000

feet shall be constructed in conformance with- rules 690-61-006 through 690-61-176. -

The bottom-hole temperature shall be measured and recorded on the water well
report g

I\




(n

)

6)

(4).

(5)

(6)

65-010 DEFINITIONS: : , , o
Bottom Hole Temperature: The maximum temperature measured in the well or bore

- hole. 1t is normally attained directly ad]acent to the producing zone, and commonly

at or near the bottom of the borehole.

Low Temperature Geothermal Effluent: The outflow, discharge or waste fluid, with

its associated dissolved or suspended constituents (being original or introduced), that .

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

Low Temperature Geothermal Fluid: = -

e
.

(a) - Any ground water produced from a Low Temperature Geothermal Well which is .

- used for its thermal characteristics; or .

(b) any other fluids, approved by the Director, that circulate, with or without
withdrawal, within a Low Tempersture Geothermal Well, where in all cases of

(a) and (b) the fluid circulated because of its thermal characteristics, is used for.
various heating andfor cooling  purposes including, but not- limited to,

residential, commercial, industrial,  electrical, agricultural end aquacultural
applications. ‘

Low_ Tempersture Geothermal Reinjection Well: Any well as defined under. ORS

537.515(7) that is constructed or used for returning Low Temperature Geothermal

Effluent to a ground water reservonr.

Low Temperature Geothermal Well: Any well as defined under ORS 537.515(7) with &
‘bottom hole temperature less than 250°F that is constructed or used for the thermal

properties of the fluid contained within.

Nonstandard Low Temperature Geothermal Effluent Disposal System: Any Low

Temperature Geotherme! Effluent stposal System in whlch one or more of the

follownng condxtions are met:

- ~(a)‘ Any portion of the effluent is disposed of in a manner considered non-benefncxal

by the Director. This includes, but is not limited to, dnsposal via storm sewer,
drainage hole or direct dxscharge to land surface or a surface water body.

e/

o

¢ e er—



¢)

(8)

(b)

(cl

-

. The effluent contains contamlnants, other than heat, that have been added to
the Low Temperature Geothermal Fll.lld. y ‘

The effluent is reinjected to a ground water reservoir that is not eonsldered
suitable by the Dlrector. Factors which may render @ ground water reservoir -

‘unsuitable include, but are not llmlted to, chemlcal or physlcal incompatibillty l
)of the flUldS involved or adverse hydraullc characteristics of the receiving

reservonr.

@

There are existing or potentlal problems or speclal cond:tions as determined by
the Director. Problems or special conditions resultlng from the effluent

) disposal system which may warrant a nonstandard desugnatlon include, but are

‘ tnot llmlted to, instablhty of near-surface earth rnaterials, undue alteration of

thermal characteristlcs, unreasonable head changes or downslope subsurface

B leakage of effluent. )

Secondary Use. Consumptlon of Low Temperature Geothermal Effluent for beneficial

use lncludlng, but not limited to, domestic, irrigation, stock,vvatering, commereial

and industrial uses.

,’Standard‘ Lowb Temperature' Geothermal Effluent Disposal ‘System: Any Low-

Temperature Geothermal Effluent Disposal System in which one of the following

conditions are met:

(&)

No contamlnants except heat have been added to the Low Temperature .

’ “Geothermal F‘luld and the effluent is put tea Secondary Use. o
)

No contamlnants except heat have been added to the Low Temperature
Gecthernal F'luxd and the effluent ls returned to the producmg or ‘other sultable
ground water reservoxr and there are no other exlstmg or potential problems or

. special conditions as determined by the Director mcludmg, but not lirnited to,

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

E candd. o

3. - -




~ SUBDIVISON 1
weu, CONSTRUCTION STANDARDS

.65-015 LOW TEMPERATURE GEOTHERMAL WELL AND REINJECT!ON WELL

CONSTRUCTION. Low Temperature Geothermal Wells ‘and Relnjection Wells shall be
constructed in eonformance ‘with applicable rules (OAR 690-10-005 to 690-10-040 and

.690-60-005 to 690-63-0&5) thh specmc addltions and modxfscatnons as descrnbed in OAR'

‘ 690-65-005 to 690-65-070.

65-020 LOW TEMPERATURE GEOTHERMAL REINJECTION WELL LOCATION' For
appropriations not exeeedmg 15 000 gallons per day no Low Temperature Geothermal
Reinjection Well shall be located within 75 feet of any existing Low Temperature
Geothermal WVell utilizing the same ground water reservoir without authorization from the
Director, unless both the withdrawal and reinjection wells are on the same parcel of land
and are used by the same ground water. appropnetor A vanance from the 75- foot setback
requirement may be issued by the Director, ‘following a written request for special
standards (described by €90-60-040) by the water well constructor or landowner, who under

the provmons of 537.753, is eonstructmg the well, if hydrologic and thermal conditions '

permit closer spaemg.

.For appropriations exceeding 15,000 gallons-per day, the appropriatcr shall submit plane~fnr

review to the Director or his autharized representstive, indicating sepsration distances -

between production and reinjection wells on the parcel of land on which the eroduetion well
is located, on.the pareel of Tand on u}hich the reinjection well is located, and on all
adjomlng parcels of land. ln addmon, ‘the plans ehall indicate the antxclpated hourly
productlon and remjection rates, the maxnmum anticipated da:ly production, and any
planned safeguards against undue thermal and hydrologic interference wuth existing rights
to appropnate ground water and surface water. - '

65-025 DESCRIPTION OF PROPOSED USE: For any Low Temperature Geothermal
Well or Low .Ternperature Geothermal Reinjection Well, the report required under ORS

537.762 prior to commencing construction shall -identify the intended use of the well, the
appropriator's name and the appropristor's mailing address.

€5-030 IDENTIFICATION OF INTENDED WELL USE: Any Low Temperature

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

e

b me—en |
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r , 65-035 WELL-HEAD PROTECTION EQUIPMENT: Adequate weli-head equipment to

~ insure public safety and the protection of ‘the ground water. resource shall be immediately ..
' ( installed on any Low Temperature Geothermel Well or Low Temperature Geothermal

Reinjection Well when fluid temperatures af €5° C (150°) or greater are encountered .

r during drilling. Low Temperature Geothermal Fluids produced during drilling or testing of
such a lwell shall be disposed of in 'such @ manner as to minimize 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

) well,

) 65-040 PUMP TESTING OF :LQW TEMPERATURE GEOTHERMAL RE(INJEC*‘IO.N
WELLS: All Low Temperature Geothermal Reipiection Wells shall be pump tested for &
period of at least one hour; results must be recorded on the water well report. This i

- minimum test shall be conducted as follows:

{.-. N

{ (¢)) Pnor to testing, the statlc water level in the well shall be measured and
recorded.
Water shall be pumped into or from the well at a measured and steady rate; the

- rate shall approximate the maximum anticipated injection rate of the operating

{ . | well.

For tests that withdraw water, only bailing or pumping the well is acceptable.

‘ (3)

[ - (4)  The water level in the well shall be measured and recorded both at the end of
B pumping and after one hour of recovery.

' For proposed disposal exceeding 15,000 gallons per day the Director may

- (5)

prescribe 8 more detailed test that could include, but is not limited to,
Increased frequency of water level measurement, increased test duration and
monitoring of observation wells. Such modifications will be required when
possible impacts resUlting from the development include, but are not limited to,
thermal or hydrologxc interference with existing water rights, water quality

degredatlon or failure of well constructzon.

Se .




65-045 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 st the discharge point at the beginning and conclusion
of a timed productlon test (i.e. pump. or bailer test - air test unacceptable), - The maximum
temperature measured in the borehole and its cori-esponding depth is required on the water
well report for a'Low‘Ter'_npe_x"ature Gebfhérmal Well that does not withdraw grouﬁd water,

65-050 ADDITIONAL STANDARDS FOR LOW TEMPERATURE GEOTHERMAL
REINJECTION WELLS: Procedures required to rein]'ecr{ effluent into a Low Temperature

Geothermal Reinjection Well r_nust'. not ‘cause failure of casing and seal material or other.

components of the well construction,
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( - N | sueorvxsrow 2
LOW TEMPERATURE GEOTHERMAL EFFLUENT DISPOSAL
[ o . : “‘,_ L _
65-055 EFFLUENT_ DISPOSAL BY REINJECTION ] FLUID QUALITY ASSESSMENT:
{ Prior to reinjection, users required to file for water: rights shall supply the Director fluid
quality information concerning the Low Temperature Geothermal Fluid, the Low
Temperature Geothermal Efﬂuent, and the ground water in the receivihg zone of any Low
Temperature Geothermal Relnjection Well for ‘systems that withdraw and reinject ground
: water in -order  that the Low Temperature Geothermal Effluent .Disposal System be
classified as Standard or Nonstan&ard. The required information shall include a certified
(! chemical - analysis for-the following parameters: - Temperature, pH, Suspended Solids,
i Speciﬁc Conductance, Total Dissolved ‘Solids, Total Coliform Bacteris, Arsenic, Boron,"
l Calcium, - Carbonate or Bicarbonate, Chloride, Iron, ‘Magnesium, .Manganese, Potassium,
Silice, Sodium and Sulfate. If poor water quality or water quality incompatible with the
”"'rginjectloh zone fluids is suspected, the Director may require additional speciﬂg data. The
. Director may v;raive the requirement for specific portio;ws or all of the chemical analysis if
the fluid quélity is known to be suitable for the intended withdrawal and reinjection.
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| susostrou 3
WATER RIGHTS PROCEDURE

- 65-060 PROCESSINC:OF‘ APPLTCA‘TIONS. The apprupriator shall make application
". for a water right to apprupriate Low Temperature Geothermal Fluid unless an exemption is

' provided for under ORS 537.545. ;

7 65-065 EXEMPTION F' ROM WATER RIGHT PERMIT APPLICATION / USE OF LOW
TEMPERATURE GEOTHERMAL FLUID: Low Temperature Geothermal Fluid appropriation

for single industrial or commercxal -use including, but not limited to, " electrxcal, ~

agricultural, aquacultural, heating and/or cooling in an amount not exeeedmg 5,000 gallons
per day shall be exempt from application for a water right as provided for undér ORS.
537.545. This exempt[on applies to the use of ground wauter for any such purpose to the

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

that established by a ground water right certificate.

65-070 WATER RI'GHT'LIMl.TATION FOR NONSTANDARD EFFLUENT DISPOSAL
SYSTEMS: 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 C_eothermal Fluid shall be inferior to all 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 Disposal System is upgraded to 8

Standard Low Temperature Geothermal Effluent Disposal System the associated water
right retains the priority date _es_tap_lisr}ed upon initial filing. '
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APPENDIX E
Supplemental data for wells CIP #1 and OIT #5




: ate to be filed with-tne

"/:A-cs.'t RESOURCES DEPARTMENT.
s SALEM. OREGON. $7310

( i of well completion..

1

Y ‘D

“n;ué\ &v%u}.m vn-. )

. STATE OF OREGON
. (Plene P er pnm)

(Do ot vme ahon this l.nc) ]

e war 2 3BSAE - ICL.

State Permit No. .

within 30 days from the date |
(1) OWNER:

NOTZ:

Page 1 of. 2° Pages snmitted(w). LOCATION OF WELL:

r;. .~ City of namath Fells . " LW I'Caunly ‘G.amath Drllur‘s well number )
AYTress -South 5th and alnut Str T '1"-‘-'". A M v S¥ vsection 17 T 335 R SE WM.
anams’ Of.‘ 2 Bearinx and dist from or subdivision corner ‘
r{2) TYPE OF WORK (check) . R C ,
l ‘New Well 3~ Deepecing I} =~ Reconditioning (3 - Ammﬁ ”
f abandonment. describe material and procedure in Item 12 ( ll) WATER LEVEL: Comp'ete d weu. g
[:"(3) 'TYP E OF ‘VELL: (4) PROPOSED USE ‘Ched‘) Denth 3t which water was tirst found 2_25 £%®.
g:‘:: ? '?::,':;‘ g Domestic [ Industriat [ Municipa! O | statc tevel. . £t. bejow land surtace. Cate ‘
" Dug O Bored O - ! lrrigation D Test Well XXOther T Aﬂem pressure Ibs. per square inch. Date
. —
{ CASH\G INSTALLED ged D westeaXE (12) WELL LOG: Dlameter of well below castng — 9.
.:’.5/ 8 mun. from " 0 n. . GALL S 50

S Diam. from" ......734 2. to 1500 . - Gage -
* Diam. from PUNNIR ; B <. R . ft. Gage

e SAmemme.

- ‘ " Depth drilled

1300 - 1560

£t Depth of completed well

* ‘Formation: Describe \alor. texture, grain size and siructure 3f materuals:.
; and show thicknest ard ndtuve %I each stratum and sGuifer peneirated.

with at least ene entry foc ¢ach thange of {ormalicn. Report eack eRange in

PERFORATIOVS. ?cr!onu a 8 Yu U N o" i position of Static Water Level and inidicate principal water-bearing siraw.
{' Type of pertorator used __Factory = - R ' b MATERIAL Frem | To ] SWL. .
| Size of pestorations 3 0. by 3 — ' _Light brcwn chalk ol _¢6
.20..0........_.... perforations trom 0'9:.0..... ® t ._..lim..... . i _E- t brown snhaie [ 123!
- - rd
el i PRTTOTIMIODS IO emeen . N Y. o) _Sand rock l_g__ izel
[ « ©earsecersessrate soresrens cer!oru ons tmm SRR N 7- Y e P i ,ﬁr_gl__‘:t_a_:g 126 150
. _Lava yock 130§ 1é2; =
. (7) SCBE' '\S Wl sereen dastalled? [ 'lg me :' Grav slsv 142 | 3%9
{ Muzufsctusers. Nime i e ' - Sock Er“Y) 150 : 182
P~ e - Model No. ite Oray clay 162 | oz
k-—'-. e Slat size __..._.s«zmm...'i - to n Qe shal° Hard) 1671 331 :
! Dum. ... Slot size .. Set trom -t %0, ol Bro&en lava rock ~with cl,:-.-, 192 i 233 ,
) o _prun _with grev & preen i gl
. !s o =
(3) WELL msrb 'l%?r::;"‘:.ew.g‘&?: }e:':lur, lfve! b e 'F]_ac_{ !&v:-watp; gt 29‘.."‘" 228 1_2)
1" Wasa pumz test made? T Yes GNo l!yu by wham? - _fAoneycomd lava. 3121 2761
| v  gl/mea, with 8. drawdown after b M&L’érﬂL 3761 40
L = o . - Y . _Bro¥%sn Tava 410 AZS
, . " - — _Flue Orsy Cley 435 1S3,
o , e — ,_.gsls_izx:ay) &35 | 3771
{ Bader test - -eal.fmin. with fr. drawdown after . ke Piriisk Gray : 78 &77 =B<
Aeesian flew - £.0. 7. : 31;:# Lg s €as 41_4
f; -pe'amu of waler D-epv..\ dstesian Sow encountered ... £ Terk s:arted’ 317 “13° 78 "empleted 5/29 ] w T
: s s "' Dase well drilling machine moved off 3¢ weil ‘19 7

(9) CO\STRLCTION. ; R
cement. .

r . Well seal=bfaterial used o
, " Wel! sealed from tand yistaceto’ . 21

'~ Diamater ¢f welt tore .o boitom ot secl. lﬁ -
) Diamerer of weli tere hewvl ua- 12
" fiumber of sacks of cerment uted in wall seal .
. How uas rement grout piaced? .

g re

8,~.;_.._. ~ e

-

deene
wnonacns § waeees 00 puea ¢4

R et mompasse Soes o o be

T s eresemammes imben & ssrura ceees T eed e s 3

¢k v ewmmaren e esepes. o st corm—

+ somsccomme e sese  smamst o 1o atne < Sesmenns cess ¢ 40e

Wis g drive sbee ‘used? mes o Ne Pl..gz
n

o -

wsel 204 desn sesaceacees Tiese0ssess MBI
oo

- Size: location
‘ay _strata_contain -musatle wver? Ti¥es :GQ‘&\

o Ol wazer?

zepen &f sirald

Methad of sealmt siraia ef¢

Was weu gravel p‘ckeu’ £ Yer X No S:ze of grivel: .

2

*g -

Srawet placed from PO

| (Signed)

st . (el D o

£/

' Drilling Machios Ogerator's Cestificatlon:
Thig well wir constructed upder my direct supervisien.
- Materals uszd ond ailcraauen repcrted abcve are wue to @y

- best ka:ulﬁe apd "xet
“( é‘ d-‘— ........ Da.a . ‘[!(........', 18.25

(Dnmn: “Wochina Operators N )
Drilling Macaine Op-rator’s License No. 362

. Wsater Well Contractor’s Certification: ~

“Teis well was drilled urder my jurisdictien and this report g
" tue teo the bost cf my knowledge and balisf.

ncoe Vell [rilling

- Name y
- Percn, tiowe oF cocporationr «1’..7: o pmne.
Aacdress (.00 '0 30: sz m""’ p.ln\.nv e veae 4421—... oo -ve

(Water Well Contoactur)

Centriter's License Neal X2 Dae & '// cemeene 39 78

1T AMMNTTIAM G SHITTR '€ VCEATEE B W

SR PG A



.(3) TYPE OF WELL:

_ Dug O

.Dumcur of el tore Below sul
- Numkter of sacks ¢ cement .md tn wall seal ... i . zacks

| emesemvencoprces smmees oo

‘Was well pravei gecked? ™ Yes ™ No

-sen oo
L

WATTR RESOURCES DEPARTMENT.
3 WATEL \LTM. ORECON sm316 ~
. within 30 ¢ays trom the date
. of well completion.

Nel (Bort. )
S‘l‘%‘lrg OF OREGON

(Please type o7 priat)
(Do not wﬁu abore this une)

. 5.

State Well No. _Qu\l 5\ - ' /

State l’ermlt Nc

(1) OWNER: NOTE: Page 2 of 2 pages. suhnitted
“City of Klamath Falls '

ns

(10) LOCATION OF WBLL.

County Klamath ‘Driller’s well number

South Sth gnd Walput Streeg‘f ,

(2) TYPE OF WORK (check):

New Well a Deeperunz o Reeondmonb( D
1£ abandonmen?, describe material and procedure {n Item I:.

) PROPOSED USE (check):

Domestie [ Incustrial O Municipal O |
-Irrigation O Test Wel D Other -0

)] CASING INSTALLED: .

Rotary O Driven O
Cable (0 Jetted O
Bored OO .

Threaded {J Welded

' —” Diam. from ft. 2t GCage
aemeemee?® Diam. from %t f. Gage
® Diam. trom’ -2 to £ Gage

Q) PERFORATIOVS Perforated? O Yes O No.

‘(12) WELL LOG:

N %  SWteSeetion 37 T 3858 SF WAL
Bearing and distance from section or subdivision corner
. Aha;l.don a 7 . . -
— | (11) WATER LEVEL: Completed well.
Depth st which mter was ﬁm found 295 £2.

Static level

1. below land surface. Dau
Artesian pressure

fbs. per square tnch. Date

Diameter of well below easing _.......Q........
1E00  ft. Depth of completed well 1500

Formation: Describe color, texture, grain size and structure of materials.
and show thickness and nature of each stratuin and aquifer penetrated.
with at least one entry for each change of farmation. Report each change in
position ef $tatic’Water Level and indicate principal water-bearing stzata,

Cepth drilled

Well aeax-b 2te"3a USEE . cien .
Well seatec from 3ad .30 0
Diameter of well zare 10 vattcm of vest

e

A —— Y

——" )

o e 0

Fow was cemert 736t placed? .. e e ot e e

Cae  aeieeemsessecdes  en

Aessemeiaieeyiet 001t 5 sese e ses . MeaEe 00 sk -,

o mbe 10 o secmtma..aseireress Boase apapve <1 o

v e reseas emem s seess remers: comue coe

Was a drive sno¢ used? (J Yes "1No Plun e Bi222 JOcation . ... .. 2

" Did ary steata conisin unusable water I Yes 0 No

‘-\'g‘
2

Method of sesiing steaza off

23te®

g-stri of sioata

$ies of gruval: ...

N %

Gravel olaced from ”. i

t

i Co:-.‘:tctcr‘s Lizense 209, 505

Y “of peiiorator used MATERIAL Trom To swL
Size of perforations in. by to. Eard Clay Conglomerate: 614} 61§
~ perforations trom £ 0 n | _Broken Lava Sock = 618] €E5
s e e PECTOTAtiONS from £t. o an | Gray Lava i . 685 109
e e e e - PETTOTations from ... f” ol [ A Gray & Brovn Lava ~765]  §9§
_ R 1 _E sva Rock ~ ~ ~  } B9Hl 91§
(7) SCREENS: Well screen installed? O Yes O %o 1 “Red & Gray Lave Fock 915] 1096
Manutacturer’s Name Eleck & Gray Lava 10981 115G
e - — Modal No. _lava Rock with Clay 11%0| 13€0
Bl -~ SIOT 5128 e Set from fr e ® Crgy Lava fock 1_;50 1155
Otars. ... Slot 5z¢ ... Se¢t fram & to ®~ Eroken Lava with Ern. Shes le 1185 1207
’ _Plack Lavs =frzetured= ~ 11207] 1233
(8) WELL TESTS:  Pmeaya o ymoum water level Grey Beselt _ _ [323s[aase
‘Was a pump tes: mace? [ Yes £ Ne If yes, hy whom? G*az ar.i ﬁ‘l AN A=A '.1'00'2’ 1268t 1 i}?
Fieid: QL /min. with fr._drswdown after . | E0CK "'1____“" 15-"._____"5 t Ern.Shale 1316} 1333
. . . . : . | _COray Basalt 1538] 1405
- - T | Liit srowm Todle 1405 1230
- - nari_c__zro'm' Shale 1430] 15K
Bailor test gal./min. widh £t. drawdgwa after hrs. Eard Eock 13C 16
Astes'an flow £:p.1. i } i
T -erature of water Depth artesiun flow encountsred ... £ Werk started 3/ 17 lﬂ 73 c:;m;m«s 5/ 29 -] 78
(ﬂ) co\ STPL CIION : » y i Sate weil m‘ machine mov;d aff of well ’Ol‘q 13 78

Drilling Machine Operatar’s Certification:’ »
This well was coensiniirted under my direct supervision.

: \!aurial.. useé and iniurmation reported above srz iTue 10 my

et

Date’ .9./..3:1.........
342

( r "m Kacane Operatar) -
Dnun( Machine Operator’s Licease Mo. ..

Water Well Coutractar's Certification:

This well was drilled under my jurisdiction and this repest is
tue o the best ot my knowledge and belint,

Name C.&C &‘103"311..@.'..1111":
: firm 2 r oriat)
Addzess PQO. Box J2 Eorris, CA 95023 *

(s: "ned] “..MNQ 2

(Water Well Contractor)

3, S

Date

{USE ADDITIONAL 3MLETS IV NECESSARY)

| SPeSaSE-138
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l' -7 196z oi/p
E—— WATER WELL m.rom‘ . . sttewelTo . c;’ / -20 //
(R i k3 bt R L. e . .
RS Y | STATE OF OREGON " A+t ., State Permit o,
(  OWNER: (1 wr.LL TESTS: - Deawdown is “mnunt - tor lovel is

N —, o e lowered below statie Iy

Waeow  Lofin e SN WL A AV WY A Wasapump test made? K] Yes €] No I yes. by w whom??- YTt S747
Meres 400 il ilh sTdenN O S : Yictd: gal. lmln. with gt drawdown stter hr
O sh e s e 88 me e iemre csmmwsudsiimimesie see sesesem - 22 Y 'n' _[// L. 7/ -
e WELL: ' — - - z
” - o o .

) LO(’Z.} TION OF : LT Bailer test gal./min. with gt drawdown aficp hr
County T Aoy, n\ ) - Owaer's number, If any~— Artestan - D- > — ——
o ~rL r ow . g.p.m. Date e

ins i Section S0 T IS R Y /o wam
b and " Temperawre of water, Was a ehc:nlm anl sis made? R( >
Bossiaz and ¢istanse 'rom;tc‘zn or :x.bdtvtslon comer -—ny as L A0NY == E 2] z\
At

-J..?'Lfi"

(12) WELL LOG:

Diameier of Well cmmgZ! o Ioche

Deoth dritted / 7/ £~ " . Depth of comipleted wett } /L ¢

O

A, Ct————————. . SP———— ———
e ——

(3) TYPE OF WORK (check):

|

e well;{ _Deepening (] = Reconditioning O I;bandéh a
:qgcoa::cn& descride matertal and procedure fn Rtem 1L - T
{#) PROPOSED USE (check): |(5) TYPE OF WELL:

. o Ro Dri
Somestle (J Industrial O MMunicipal O a::’ % Tetted g
wizadea 0 Test Wel O Omer K|l buwe TG Bred O

6) CASING INSTALLED:- - '3\_::39:49 Welded 28,
../" * Diam z.'oa“.,L__.tLtoé_el.'i-’.’.n. Cage S22
45 * Diam. om J/-?—é ©T Gage.‘g..,é:_.—

o

J <" Dlaz. from /.é'.,l frt 14.......... gt Gage ‘2 },..,.....

Formation: Descride by color, character, size nf material end structure, er
show thickness of equifers and the kind and nature of the material (n ‘ecc

] stratum ymtrutcd with at least one entry for each changs of formatior

MATZRIAL FROM T0

Sec J77iChed Shees

") PE&I‘O"{.&TIOYS'
ze of perforaze: used

_:Z: [ ::-'arauau / J

Perforated? £ Yes O Ne

sn.hyj‘{’ n

. emeeee B€TI0T2%0NS from 2%
4.[.\2___.. serforaticas tsom .léi.é..__ £©. to —/7/° "
pervisrasiorns Lrom ft. to 0
pestarations Som f. to 2 N
. O.._._.. aerfarazons from 2% o £°®.
'8) SCREENS: Well sreen installed (3 Yes o0
fanufaciumy’s Name
T Model No.
—— S50t SiZE Set trom £t to <8
2R e $168 $13¢ e = S8 from fr. t | wore saites J4 ) /6 1960 - Complersa , CZZ 3/’-1 19

9) CONSTRUCTION: .
cas well gravei jacked? (J Yes ,’Q"Na Size of gravel:

inavel placed o %o . - -
. _ -
T3 & sutface soz! srovided? X Yes []No To what depth? a&..g.z_ ©®
. fatesial used In seale O T2 MEN

1€ any 3to3ta cnntain ucusadle water? 7 Yes No

- gzeotwaerr C "/-[2 ~_Depth of strata 3.9_?
| i2mhed of sealing sirata o2t ([;_5_14/ t_gﬁw Py

1 ‘YATEP.. LI.';VELS:

a sel’
sTALAN Dreasuie Ibs. per square inch Date
o2 Acceptad by , R
Sigred] ' Date — 10
sacd] {Owr.ers - 1
(U ADDITR

(13) PUMP:
Manufacturer's Name
TYPE! e

HP.

Well Driller’s Statements :
This well was drilled under my jurisdiction ard this rcport is

true to the best of my knowledge and belies,

NAME ﬁE\S/OiC/

(?cmn. nm. 9( corperuuon mpc cr print)
Driller’s well n ' O / / .

ISignedl —T

T "“""_f/y Tz
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anle, o

Stte Wall A\O. AT AT
Cuunty ... . Lot een

PA¥ - L1 By T R ——

Owaer: .. ..Q”"'”’l Tochnheal. X "t“-t”

Dui ucr. e q‘o -'tﬁ"(‘v oll mdl’inf-‘

Date Drilled

Owncr’s No.. Z.#' .5.............

R 3 Raasadd = £
e - - : {Fect below and surfse © Thicknrs
o CHARACTER or mmmx. . From To (Ceet)
e R S el TS NSRRI

a3

L5 ..21.\ l«x\'c-

R
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w57 L im
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LETATE K \(ci '\i::'.:s Staar YWeal i ¢ ..'...'“".'.'. e

&
salem. Orogon

County ...

. . Appiicatinn Naw. ... cvveercerere canriee
‘.O.wm:r- LCreen Tochateal Ins ‘Owner’s No. # 5
Dritler: .20 Be Storey Hell Drillins Date Drilled ? 23 é 2 i
0 R CIIARACTER OF MATERIAL r:: LT :::: -.':x'.::.:n .
Lee . Teeess momeme —morsssmemsmne_ssmsmameecond e T W0 SEIRE S -T-; LY ¥t — z—iss
. Suilic rock 0 1 38 '3'0
arcm shale 30 5 13
Yollow ciay 11;3 - €5 22 X
]
Pink lave 85 99 M
Sini shele 99 165 - 7 '
f.:'o'-m' lava 165 172 85
“ed iava 172 [ _ 2v8 7
_3ray basalt, "I.2. 2L8 ! 372 226
Jlns chsle . 372: 375 : 3 ,
Irar basalt, 7.3, - 375 - 265 2
ireown fas2lt - Lsc ; Gari 2% _ |
Irayish brom Tzeslt 1sc 433 13
Srmm lawva L9s ' 515 22 . ]
Zed tufd seak 515 533 _18
Noddishk srom rack 533 ! ) 13
aray bazalt '. 355 L 533 s S -
2edcish browmn Dasalt 559 572 32 ;,
_Groy bssalt s | é: 11 N
Zlacic basalt 682 861 9 *._
Bed 1.a.va. : ' 691 697 6 .
Jrey basalt 697 - 768 7 : .
%ed 1ava 28 780 12
LY
Gra7 basalt 280 obg 150 .
_Placle ba;g;t _ou0 | 53 T _



. f ~_PACIFIC NORTHWEST LABORATORY RICHLAND, WA
MATERIALS DEPT., CORROS!ON RES. AND ENGlNEERI NG
DATE:____ September 14, 1979 . |
" -.@QJECT OIr C COCERATION (pg/2) 08 OTHER
[ > SAMPLF ID | OIT Heat Exchan-| OIT Heat Exchand Test Inlet | Test Outlet
| paravETER ger #1 9/6/79 ger #2 9/6/79 o/6/19 . | 9/6/19 :
+ L OH 8.09 3.8 B T8 3.78
N conoucnvm 246 236 1050 1056
' FTDS ' 167 — 167 . 798 ~801_
[ SUSPENDED_SOLIDS o <10. <10
1" TURBIOITY o . —
- CO‘,(‘I_'ITRAT_I‘VON) e o
L SO;‘-(TURBIDIM,ETRIC). e
(- SOF (TON CHROM.) 225 | 2.2 __318.5 381.9
| [-E_(ION CHROM.) 1.4 1.4
—[ CI1-[TIIRATION) _ - — 49.1 — 49.5
([ M3 (ELECTRODE) | <0.02 0.02 0.9 1.2
/ 5102"’ '(COL’.ORIMETRIC) L SE .88 88
,_ \40 "(COLDRIMETRIC) R —
I Aargems o e,
|| & \%on Chrom.) 3.8 3.2
. ng'. (Ion Chrom.) 6.2 6.1 0.8 0.3
i | pH (Field 20°C) N 8.9 8:9
0, (Field, Added Gas) >1.0 ppm - »1.0 ppm 0.2 ppm 0.3 ppm
R |
. |
[ s
=
!‘.
‘ ARGON PLASMA EMISSION SPECTROMETER RESULTS
. CONCENTRATION (mg/2)
SAMPLE ID| OIT Heat Exchan-| 01T Heat Excnan-i vest Inlet Test Outlet
PARAMETER get #1 9/6/79 | ger #2 9/5/79 36/79 . 8/6/79
A <0.1 _ <0, 1 T 9.1 01
U1 As J.0s 0.2 ] 0.1 U.15
4B <0.0] <00 L 0.9 1.0
[8a <0.0 <0.01___ T <0.0] <0.01
[ ca 21.3 —_21.3 25.0 25.2
Fe <0.1 <0.1 <Q. | <0.1
K .
K] <0.05 <0.05 775 U.16
q T, 7% .71 .05 <U.05
Na 33 34 L i}
P <0. 1 ~ 0.1 <01 <0.1
S3 11.8 11 ) _ 38.2 38.7
Sr _ 0.1 0.1 2.3 0.3




PACIFIC NORTHWEST LABORATORIES RICHLAND, §W
MATERIALS DEPT CORROSION RES. AND ENGlNEERING

NATE: 9/14/79 PLASMA RESULTS
rROJECT:_OIT . CONCENTRATION (mg/2)- o

- SAMPLE ID |OIT Heat , OIT Heat - Test Inlet e Test Qutlet -
SARAMETER ~ Exchanger #1 Exchanger #2 | 9/6/79 | 9/6/79 :
Aq IR <0.01 - <0.01 -<0.01 " <0.01
Cd , <0.01 <0.01 <0.01 <0.01
Co —__|__<0.01 <0.01___ <0.01 <0.01__
Cr - <0.01 . <0.0] <0.01 - ‘ <0.01
Cu_ . a <0.01 . . <0.01 : <0.01 <0.01
Mn- ' : _<0.01 <0.0] <0.01 <0.0L
Mo <0.5 —<0.5 - <0.5" 1. <0.5
Ni <0.01 <0.01 <0.01 : <0. 01
Pb : S : <0.1 <0.1 <0.1 S <0.1
Sb <Q.05 <0.05 <0.08% : <0, 05
| Se _<0.1 <0.1° <0.1 . <0.]
Sn <0.1 <0.1_ <0.1 <Q.1 -
| Th <0.1 <0.1 <0.1 <0.1 »
T1i <0.08 <0.05 <0.05 4 <0:05 -
T1 <0.1 <0.1 <01 . . <0.1
U . <0.05 <0, 0% <0.a8 <0.08 -
| Zn <0, 05 _<0.08 <0.05 ~<0.08
Ir <0.05 (1,05 <0.05 _<0.05
REMARKS
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