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I. Summary 

T h i s  report is  the result of an agreement between the Klamath County 
Commissioners and Oregon Insti tute of Technology Geo-Heat Utilization 
Center for the conceptual design, cost analysis and plan for space 
heating a number of public bui ld ings  i n  Klamath Falls, Oregon w i t h  
geothermal h o t  water. The report is to  ass i s t  Klamath County and the 
ci ty  of Klamath Falls i n  implementation of the plan for funding the 
project through appropriate agencies. T h i s  project was principally 
aimed a t  supplying geothermal heat t o  ten ci ty  and county bui ld ings  
by hot water extracted from the existing museum well. The supply sys- 
tem is also designed t o  include the post office and a new bui lding to  
be bui l t  i n  the vicinity of the courthouse. The f luid would be piped 
from the museum well t o  three l iqu id- to- l iqu id  heat exchangers and re- 
turned t o  the area of the producing well for reinjection into the same 
aquifer. 

The study a l so  considered space heating of 98 additional buildings i n  
the downtown business d i s t r i c t  equivalent to  the ten public buildings 
and incorporating a snow removal g r i d  on Main Street between Eleventh 
and F o u r t h  Streets. The geothermal fluid would be supplied from wells 
i n  the vicinity of Old Fort Road (ci ty  police pistol range) and re- 
turned for  reinjection. 

L 
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Based on the study, the Center has concluded tha t  no major resource 
or  engineering diff icul t ies  exist t h a t  would prevent the ten-bui lding 
project from being completed successfully w i t h  a significant long-term 
savings i n  both scarce fossil  fuels and to ta l  heating costs. A direct 
environmental benefit of the large-scale plan would be a significant 
reduction i n  a i r  pollutants (16 tons per year) from the burning of 
natural gas. 

For a capital investment of approximately $548,900 the delivery system, 
conversion of bu i ld ing  heating systems and waste disposal could be ac- 
complished fo r  the ten b u i l d i n g s  w i t h  potential expansion t o  twelve. 
On an annual basis, operation, maintenance repair and interest on a 
25-year retirement would be $54,240 per year: T h i s  compares w i t h  an 
estimated 1976 annual natural gas heat ing cost of $69,300 or fuel o i l  

sures agai ns t ncreasing scarcity and escalating costs o f  fossil  fuels. 

If the 12-building plan were fully implemented, i t  will: 

ki 
' ' heating cost of $94,900. As an added benefit, a geothermal system i n -  

i 
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1. Provide heat equivalent t o  approximately 159 average homes; 

2. Save 275,900 therms (27.6 million f t 3 )  o f  natural gas, or 
207,000 gallons of fuel o i l  per year; 

3. Provide the equivalent capacity of a 4.1 MW electr ic  power 
p lan t .  

2. Save 275,900 therms (27.6 million f t 3 )  o f  natural gas, or 
207,000 gallons of fuel o i l  per year; 

3. Provide the equivalent capacity of a 4.1 MW electr ic  power 
p lan t .  
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If the 110-building plan were fully implemented, it will: 

1. Provide heat equivalent to approximately 1,140 average homes; 

2. Save 1,970,000 therms (197 million ft3) o f  natural gas or 
1,478,000 gallons o f  fuel oil per year; 

3. Provide the equivalent capacity of a 29.3 MW electric power 
plant. 

It is recommended the county and city proceed with the proposed 
project. Full implementation of the 12-building base plan would 
provide year-around heat at less than 78% of current fossil fuel 
heati ng costs . 

i i i  
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CONVERSIONS ' U  
I, 

This report was written based on English units. The following conversion 
table gives the SI  unit conversions. L 
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1 

1 mi = 1.609 Km (Kilometer) 

1 f t  = 0.3048 m (meter) 

1 f t 2  = 9.290 x 10'2 m2 (square meter) 

1 f t 3  = 2.832 x m3 (cubic meter) 

1 l b  = 4.448 N (Newton) 

1 ft/s = 0.3048 m/s (meter/sec) 



I I. BACKGROUND 

Geothermal space heating has received considerable i n te res t  recent ly  
due t o  the increased cost  and po ten t ia l  shortages o f  other types o f  
fuel. Space heating o f  the type o f ten  pract iced i n  Klamath Fa l l s  
(one we l l  - one house concept) i s  generally no t  economical due t o  
the high i n i t i a l  cost o f  d r i l l i n g  and casing the wel l  (Lund, e t  al., 
1974). Space heating on a large,scale,  o r  d i s t r i c t  heating, has 
proven t o  be a more p rac t i ca l  and an economical a l t e rna t i ve  as 
demonstrated i n  Iceland and Hungary and t o  a minor degree i n  New 
Zeal and (Zoega , 1974; Bo1 d i  zar , 1974; and Burrows, 1974). 

Geothermal d i s t r i c t  heating ex is ts  i n  the United States w i th  heating 
of 175 homes along Warm Springs Avenue i n  Boise, Idaho, being the 
most notable example (Schmitt, e t  al., 1976). Klamath Fa l l s  o f f e r s  
an idea l  s i t u a t i q n  t o  study and evaluate geothermal heating i n  order 
t o  optimize the use o f  a single, or several wel ls  t o  heat a number 
o f  ind iv idua l  homes and/or la rger  structures.  The Dassing o f  House 
B i l l  3185 i n  Oregon during the 1975 regular session, author iz ing the 
formation o f  geothermal heating d i s t r i c t s ,  added impetus t o  t h i s  
study . 
The Klamath County Commissioners contacted the Geo-Heat U t i l i z a t i o n  
Center t o  undertake a f e a s i b i l i t y  study f o r  converting county and 
c i t y  pub l i c  bui ld ings t o  geothermal heat. 
e x i s t i n g  county museum wel l  t o  supply the energy t o  the ten pub l ic  
bui  1 dings . 
We proposed t o  study the ext ract ion o f  geothermal f l u i d s  from the mu- 
seum wel l  by means o f  a pump t e s t  t o  determine po ten t ia l  and e f f e c t  
on neighboring wel ls  and make reconmendations on a de l i very  system, 
bu i l d ing  conversion, f l u i d  disposal and estimated geo-heatjng cost  
effectiveness compared t o  conventional seasonal heating costs. 

They envisioned using the 

I I I.  OBJECTIVES 

The object ive o f  the study was t o  determine. the most economical sys- 
tem t h a t  would provide the required amount o f  energy f o r  heating 
pub l ic  bu i ld ings i n  Klamath Fal ls,  Oregon. 

1. Pumping the  e x i s t i n g  museum we1 1 t o  determine i t s  po ten t ia l  
charac ter is t i cs  and e f f e c t  on nearby wells. 

2. Determine the amount o f  energy required through cl imate analysis 
and bu i ld ing  heat load requirements t o  heat the pub l ic  buildings. 

3. Determine the most economical design f o r  t ransport ing the energy 
from the wel l  t o  the bui ld ings.  

4. De termi ne geothermal r e t r o f  i t requi  rements and estimated costs 
t o  convert each bu i ld ing  from conventional heating methods t o  

Speci f ic  object ives were: 

geothermal. 



5. Determine options f o r  disposal o f  the geothermal f l u i d .  

6. Determine estimated cost effectiveness of the geothermal heat- 
i n g  system capi t a l i t a t i o n ,  operation and maintenance, compared 
t o  conventional heating costs . 

I V .  EXTRACTION AND FLUID DISPOSAL 

A. Museum Well 

The main reason f o r  undertaking t h i s  study i s  t h a t  the major i -  
ty of the publ ic  bui ld ings (except the museum and f i r e  s ta t ion)  
are no t  located w i t h i n  the geothermal wel l  area i n  Klamath 
Fal ls .  Based on meager information and some data from shallow 
"cold" water wel ls (<lOO°F), the p o s s i b i l i t y  o f  d r i l l i n g  f o r  
ho t  water a t  reasonable costs and depths i n  the downtown core 
area i s  f e l t  t o  be marginal and r i sky .  The recent d r i l l i n g  
(1975) of the successful 1235 f o o t  deep county museum geother- 
mal we l l  was f e l t  t o  provide a po ten t ia l  hot water supply f o r  
heating the e igh t  publ ic  bui ld ings i n  the downtown core. 

I n  an attempt t o  t e s t  the po ten t ia l  o f  the museum wel l  f o r  pro- 
v id ing  the necessary energy (hot water), a pump t e s t  was under- 
taken during August o f  1976. I n  addi t ion t o  measuring the pro- 
duct ion o f  t h i s  well, observation wel ls were monitored t o  mea- 
sure the water leve l  and temperature changes i n  the surrounding 
area. The loca t ion  o f  these wel ls i s  shown on Figure 1. 

Due t o  uncertainty i n  the museum wel l  production r a t e  and e f -  
f ec ts  of caving, surging, etc., the pump t e s t  was performed i n  
three stages of increasing pumping rate.  These are summarized 
as follows. 

Average Rate Length o f  Time Casi ng Top Average Temperature 
Drawdown Bel ow 

gpm+ h r s  ft* O F  

320 2 4 184 
470 2 1 1  180 
670 24 27 184 

*Estimated t o  have up t o  a 2-foot ar tes ian head, which i s  no t  
included i n these f igures . 

The maximum drawdown i n  the observation wel ls during the 670 
gpm pumping r a t e  i s  as follows. 

3 
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Distance from Ma x i  mum 
Museum We1 1 Drawdown - We1 1 ft. in .  

KU- 1 
KU-2 
FS-3 
15-4 
MW- 5 
CS-6 
HD- 7 
CP-8 
GC-9 
EB-10 
EA-1 1 
TX-12 

1070 
1305 
129 

1087 
924 
123 
81 0 

758 
1105 
1425 

13 
15 
46 
13 
10 
11 
18-1/2 

21 
9" 
2 
4 

-- 

*Estimated t o  have up t o  a 2-foot artesian head, which i s  not  
included i n  these f igures.  

Since the 670 gpm pumping ra te  i s  approximately the maximum 
r a t e  needed t o  supply heating f o r  the ten publ ic  bui ldings, 
the e f f e c t  of t h i s  r a t e  i s  important. Figures 1 and 2 are 
the drawdown diagram and contour map o f  the area surrounding 
the museum wel l  and ind icate the approximate zone o f  inf luence 
o f  the 670 gpm pumping rate. The de ta i l s  o f  the pump t e s t  are 
given i n  Appendix C. 

The e n t i r e  pump t e s t  took place over only a 28-hour time span, 
thus i t  i s  d i f f i c u l t  t o  p red ic t  the long-term e f f e c t  o f  t h i s  
pumping r a t e  on the reservoir .  It i s  estimated by others (Sam- 
mel, 1976) t h a t  the reserv ior  has high ve r t i ca l  and hor izontal  
permeabil i ty w i th  c i r cu la t i on  t o  depths o f  14,000 feet.  For 
t h i s  reason we bel ieve tha t  the 28-hour t e s t  i s  probably a 
f a i r l y  good ind ica t ion  o f  the long-term'effects. The pumping 
o f  the museum wel l  w i l l  undoubtedly have some e f f e c t  on adja- 
cent we l l s ,  both artesian and non-artesian. 
f e l t  t h a t  weather problems, especial ly r a i n  f a l l  and snow m e l t ,  
have a stronger e f f e c t  on water leve ls  i n  the area. Already 
during the winter  o f  1976-77, which was preceded by an extreme- 
l y  dry f a l l ,  many wel ls have had a s ign i f i can t  water leve l  drop. 
Other wel ls  i n  the geothermal area are experiencing s im i la r  
drops i n  water leve l .  This appears t o  be t yp i ca l  o f  the winter 
per iod i n  Klamath Fal ls .  I n  addit ion, increased pumping by 45 
other wel l  owners i n  the urbanarea appears t o  have some i n f l u -  
ence on the water leve l ;  however, i t  i s  d i f f i c u l t  t o  quant i fy 
t h i s  inf luence. Based on the pump t e s t  a t  the museum wel l  and 
a 1974 t e s t  a t  OIT, the hor izontal  inf luence appears t o  be 
l im i ted ,  w i th  the one-foot o r  greater drop being l e s s  than 500 
f e e t  from the production wel l  i n  the E-kl d i rec t i on  and 2,000 
f e e t  i n  the N-S di rect ion.  

However, i t  i s  

4 
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FIGURE 3 

DRAMDOWN VS PUMPING RA"€ 
FOR THE COUNTY MUSEUM WELL 
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During the course of the pump test ,  several reports were made 
concerning the " k i l l i n g "  o f  ar tesian wel ls i n  the v i c i n i t y  o f  
the museum wel l .  What happened was t h a t  the artesian pressure 
had been ef fected s l i g h t l y  i n  these wel ls causing the head t o  
drop from approximately two fee t  above the casing top t o  one 
foot below. This problem can be corrected by pumping. 

Extending the resu l ts  o f  the pump t e s t  t o  higher pumping rates 
would increase the drawdown i n  the museum wells. Figure 3 
indicates the approximate relat ionship,  w i th  a 1000 gpm pump- 
i n g  rate, producing a t  l eas t  a 6O-foot drawdown. This i n  tu rn  
would e f f e c t  the surrounding wells, extending the inf luence t o  
a greater hor izontal  distance. These higher pumping rates are 
no t  recommended due t o  t h i s  influence. 

B. Reinject ion 

The obvious counter measure t o  prevent excessive drawdown i s  
t o  r e i n j e c t  the pumped f l u i d  back i n t o  the aquifer. I f  t h i s  
i s  attempted, i t  i s  recornended tha t  the re in jec t i on  wel l  be 
a t  l eas t  300 fee t  from the production well ,  so as t o  minimize 
the e f f e c t  on the temperature o f  the l a t t e r .  Two successful 
uses of re in jec t i on  wel ls are known i n  the Klamath Fa l l s  area, 
t h a t  o f  Mazama Mid High and Klamath Union High School. Both 
o f  the pa i rs  o f  wel ls are approximately 300 fee t  apart and ap- 
pear t o  funct ion s a t i s f a c t o r i l y  under a g rav i ty  re in jec t i on  
system. Reinject ion would tend t o  minimize the deplet ion o f  
the  reservo i r  f l u i d  and i s  recornended f o r  fu tu re  planning 
and conservation. 

Two possible locat ions f o r  the re in jec t i on  wel l  can be consid- 
ered. The f i r s t  would be adjacent t o  the downtown core area. 
The loca t ion  would el iminate the need f o r  a re tu rn  l ine ;  how- 
ever, the re in jected warm water would probably inf luence co ld 
water wel ls i n  the area and not  contr' ibute t o  recharging the 
ho t  water aquifers. Returning the warm water and re in jec t i ng  
i t  near the supply w e l l  appears t o  be the most r e a l i s t i c  solu- 
t ion .  This a l te rna t ive  would require a re tu rn  l i ne ;  however, 
since the supply l i n e  trench would already be constructed, the 
only cost  would be f o r  the uninsulated pipe. The re in jec ted  
f l u i d  would then have a good po ten t ia l  f o r  recharging the pro- 
duction aqui fer .  A loca t ion  near the corner o f  Klamath Avenue 
and Broad Street  i s  recommended (see Figure 1). 
Waste Disposal, f o r  addi t ional  discussion on re in ject ion.  

The c i t y  f i r e  s ta t i on  wel l  was also considered as a possible 
re in jec t i on  wel l  f o r  the e n t i r e  system, bu t  was rejected due 
t o  the close proximity t o  the supply wel l  and questionable, 
w e l l  completion pract ices during the o r ig ina l  d r i l l i n g .  It 
i s  recommended t h a t  i t  be only used as the re in jec t i on  wel l  
f o r  the geothermal water from the museum and f i r e  stat ion.  
This l a t t e r  quant i ty  i s  only 182 gpm a t  maximum use. This 
would save providing a re tu rn  l i n e  t o  the main re in jec t i on  
wel l .  

See page 75, 
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C. Other Production Well Locations 

In the event that the use of the museum well is unacceptable or 
that  additional flow is  required for an expanded heating system, 
other production well locations should be considered. Since 
additional flow and/or less influence on adjacent wells would 
probably be the reason for an alternate s i t e ,  a location away 
from the normal well area is  desired. An area that meets these 
requirements and has a good potential for  producing hot water 
is  i n  the Old Fort Road area near the county dump and c i ty  pis- 
tol  range. Public property is  available here, is located away 
from the normal well area, and can provide a gravity flow sys- 
tem due t o  i t s  higher elevation. The area is  located near the 
fau l t  system that is noted for producing "good" hot water wells. 

Several wells could be located i n  this area w i t h  the potential 
for  each producing up t o  500 gpm. They would probably be re- 
quired to  be dril led t o  a t  least  1500 feet  i n  depth and would 
cost $45,000 each. A supply l ine would have to be constructed 
following Old Fort Road and Main Street, crossing the "A" Canal 
near the Main Street  bridge. 

Reinjection could be undertaken either near the production well 
s i t e  or near the museum well s i t e .  
as they are both i n  the known hot water area and the subsurface 
water flow (hydraulic gradient) is i n  the westerly t o  southwest- 
erly direction; t h u s  the reinjected water would probably re- 
charge the producing aquifer. 

The spacing of these wells should be well planned and f a r  enough 
apart so as not t o  influence each other. A recommended spacing 
of a t  least  3000 feet  for production and reinjection wells is 
recommended, and 1000 feet  between production wells. The exact 
spacing would be based on a more detailed analysis of the spe- 
c i f i c  s i t e  and pumping tes t s  of the first two or  three wells. 

Either s i t e  is  acceptable 

. V .  CLIMATE FACTORS 

The objective of space heating or cooling i s  t o  maintain a constant 
optimum temperature inside the bu i ld ings  independent of the outside 
temyerature. For public bu i ld ings  this may be 68 t o  72OF. 

Apart from random irregularit ies,  the outside temperature for a given 
locali ty follows diurnal and annual cycles. The most important c l l -  
matic features which have a direct  bearing on the design of space 
heating are: 

c 
k id  
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ei 

1.  The m i n i m u m  outside temperature which determines t h  
energy required for  heating; and 

2. The number o f  degree-days over the year requiring heating, which 
governs the annual heating requirements. A "degree-day" is 
counted for each 1°F of AT from the desired indoor temperature 
on a 24-hour average. 

I 
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The mean annual heating degree-days f o r  Klamath Fal ls,  averaged 
from 1966 t o  1976, i s  6976 DD/year. The extreme winter low tem- 
perature o f  record i s  -24°F. The mean temperature f o r  a year 
i s  45.6OF w i t h  the mean o f  Ju ly  being 66.7"F and tha t  o f  January 
27.9OF. The average annual wind i s  5.7 mph and the strongest 
average monthly wind i s  7.3 mph i n  March. The cl imate i n  Klamath 
F a l l s  i s  thus su i tab le f o r  d i s t r i c t  heating because o f  the high 
load factor.  

Figure 4 i s  a year ly  temperature d i s t r i b u t i o n  curve f o r  Klamath 
Fa1 1s. The curve shows the percent o f  time (i .e. , number o f  days) 
over the year t h a t  has lower outside temperature than the given 
ins ide  temperature o f  70°F. The demand f o r  heat i s  proport ional 
t o  the d i f ference between the ins ide design temperature and the 
outside temperature, and consequently the maximum demand f o r  heat 
i s  proport ional t o  the dif ference between the design room tempera- 
tu re  and the minimum outside temperature. The shaded areas are 
proport ional  t o  the number o f  degree-days requi r ing heating and 
hence the energy requirements. 

A heating system designed w i th  su f f i c ien ' t  power f o r  handling the 
coldest day o f  the year !by use o f  geothermal energy alone would 
obviously only run w i th  ,par t ia l  load most o f  the year and would 
have a very low load factor.  A system designed f o r  handling only 
the maximum load represented by an outside design temperature o f  
25°F would handle a l l  but  13 percent (47 days) o f  the heating re- 
quirements as shown on Figure 4. Thus, geothermal would supply 
the bulk o f  the energy required (90 percent - 13 percent = 77 per- 
cent o r  281 days) over the year i n  a more economical way. The ex- 
i s t i n g  f o s s i l  fue l  f i r e d  heating un i ts  can handle the heating 
requirements below the 25OF outside temperature when i n s t a l l e d  i n  
para1 le1  w i th  the geothermal system. 

Shown on Figure 7 are the estimates f o r  monthly and year ly  heating 
and geothermal f l u i d  requirements f o r  the ten bu i ld ing  base plan. 
The 177,400 therms per year are based on the actual heating require- 
ments, peak heat load and monthly degree days from Figure 6. The 
gal lons per month o f  geothermal f l u i d  required t o  heat the bui ld-  
ings were determined from the estimated heat load requirements and 
a 39°F temperature drop '(184 t o  145°F) between the producing and 
re in jec t i on  wel ls.  

V I .  DELIVERY SYSTEM 
I 

A. In t roduct ion 

The hot water u t i l i t y  must operate t o  de l i ver  the water a t  
spec i f ied minimums o f  temperature and pressure t o  each bui ld-  
i n g  throughout the range o f  demand flow. Demand i s  l i a b l e  t o  
vary widely due t o  i t  being a function o f  weather. One would 
expect f lows on a co ld winter day t o  exceed warm sumnertime 
flows by 20 t o  1. Bui ldings w i th  large demand f luctuat ions 

10 



FIGURE 4 

YEARLY TEHPERATURE DISTRIBUTION I N  KLAHATH FALLS 
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FIGURE 5 

KLAMATH FALLS MONTHLY MEAN TEMPERATURE 
1969 - 1976 
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and long supply lines will need t o  pump water beyond the re- 
quired demand rates t o  maintain temperature for the buildings. 
Control of such a system is  not  complex. Operation of the 
major components, the pumps and valves, can be made automatic, 
requi r ing  a mi nimum of operator moni tori ng by usi ng convention- 
al pneumatic and electronic controls. 

In  the studies of the distribution system two project sires 
involv ing  two different d is t r ibu t ion  schemes were investigated. 
The two different project sizes involve the base study (Line 
A - base p l a n )  t o  convert ten public buildings w i t h  expansion 
t o  12 t o  geo-heating and a larger one incorporating future ex- 
pansion (Line B - expanded plan) ,  as  shown on Figure 8, w i t h  
additional wells for  geo-heating of the 12  public bui ld ings  
plus downtown businesses (98 equivalent buildings) and a snow 
removal g r i d  for Main Street. 

Routes 

The conceptual design of the project distribution system was 
based on the most economical and direct routes t a k i n g  into 
consideration the abandoned Klamath Consumers Heating Company 
steam routes. A Consumer Heating line proceeds down the alley 
between Klamath Avenue and Walnut Avenue w i t h  a 24" x 24" t u n -  
nel from Fourth Street t o  an access (CH5) between Seventh and 
E i g h t h  Streets. I t  appears t h a t  up t o  access poin t ,  CH5, no 
excavation will be required. The o l d  Consumer Heating steam 
line can be removed from accesses C H l  through CH5 and the new 
line installed through the same accesses. Excavation will be 
required for supply and distribution lines, a distance of 4150 
feet. The useable Consumer Heating tunnel from points CH1 t o  
CH5, a distance of 1000 feet, will not require excavation. 
T h i s  line is designed t o  service the existing eight public 
bui ld ings ,  post  office, and allow for future expansion of 
one large public bu i ld ing  i n  the vicinity of the courthouse. 

The second alternative, shown on Figure 8 ,  is t o  place a main 
service line under Main Street w i t h  service connections t o  
businesses on Main Street between Eleventh and Four th  streets. 
The plan would initially connect the eight p u b l i c  buildings t o  
the line. The l ine i s  sized to  allow for future connections 
of the downtown businesses as  more wells are drilled. Portions 
of the return would heat the Main Street pavement for snow 
removal. 

P i p i n g  and Insulation 

The selection of p ip ing  and insulation i s  dependent on corrosion, 
temperature and heat loss. 

When p i  pes are 1 oca ted underground, external corrosi on from 
ground water must be considered. In alkaline soils both asbes- 
tos cement and steel pipe are satisfactory b u t  additional pro- 
tection is normally provided for steel i n  the form of external 
coatings and i n  some soils cathodic protection is required. 

14 



FIGURE 4 

GEOTHERMAL DlSTRlBUT ON SYST&M 

PARAFLOW P L A S  /tfATFAWAIYGL'R 9 

PARAFLOW PLATEHEXTEXCI/ANG€'R L 



L 



i b L i” 
L 

0
 

I- 

17 



E 

i 
LiJ 

L 

L 

L 
L 

L 

Asbestos cement pipe i s  su i tab le f o r  temperatures less than 
210OF. This i s  a l i m i t i n g  temperature f o r  the elastomer seals 
used i n  the s l i p  type expansion j o i n t s  between pipe sections. 
S1 i p  type j o i n t s  are especial ly advantageous since they reduce 
i n s t a l l a t i o n  costs. Above 21OOF steel  p ipe o r  factory  insu- 
la ted  asbestos cement pressure pipe i s  the recommended mater ia l  ' 

w i t h  welded expansion loops placed a t  su i tab le in te rva ls  along 
the l i n e  for  the s tee l  pipe. Since the water temperature w i l l  
probably be less than 190°F i t  i s  recommended t h a t  asbestos 
cement p ipe w i th  s l i p  type expansion j o i n t s  be used f o r  the 
ho t  water transmission l i ne .  

Factory insulated or  s i t e  insulated ( f i e l d  appl ied) p ip ing  i s  
avai lab le f o r  the supply l ines.  Another arrangement i s  t o  sim- 
p l y  i n s t a l l  asbestos cement pipes i n  a trench and t o  pour i n  
granular insu la t ion  over the pipe. The manufacturer claims the 
i nsu la t i on  i s  water resistant,  seals the pipe and protects i t  
from corrosion i n  the case o f  s tee l  piping. 

Factory insu lated asbestos cement underground pipe t h a t  i s  com- 
p l e t e l y  non-metall ic could be used f o r  the supply l ine .  Poly- 
urethane foam insu la t ion  i s  bonded between a t rans i te  casin 
and a t rans i te  core t h a t  provides maximum f low rates (C=150 
and el iminates in te rna l  corrosion. R ing- t i te  couplings w i th  
rubber r ings provide a water- t ight  seal t h a t  permits quick easy 
assembly and allows expansion and contract ion i n  the j o i n t .  
Pipe sizes are avai lab le from 3 t o  30 inches. The recomnended 
design temperatures f o r  the 3- through 10-inch pipe sizes are 
21OOF and an operating pressure o f  130 ps i .  For pipes sizes 
12- through 30-inch the recommended maximum water temperature 
i s  2OOOF and operating pressure 150 ps i .  

A bare asbestos-cement product pipe may be f i e l d  insulated f o r  
the supply l i n e  and uninsulated f o r  the re tu rn  l i n e .  The p ipe 
i s  avai lab le i n  sizes 4- through 16-inch and comes i n  10- and 
13-foot lengths. Expansion and contract ion occur i n  the r ing-  
t i t e  j o i n t s  s im i la r  t o  the factory  insu lated asbestos cement 
pipe. The f i e l d  appl ied insu la t ion  may be foamglass w i th  a mas- 
t i c  overlay t h a t  has proven successful i n  the OIT i ns ta l l a t i on .  

Comparisons o f  the non-insulated, factory  . insulated and f i e l d  
insu lated p ip ing  are shown on Table 1. 

3 
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TABLE 1 

Ccmparison of Hot Water Pipelines I, 
Heat LOSS 

Si ze BTUH/Lineal 
Type Pipe Systems Description ( i n )  f t .  

I 

1. Non-insulated a. Class 150 Transite 4 197 
pipe is an asbestos- 8 244 
f i ber reinforced 16 307 
product. 3 228 

4 243 

b. Schedule 40 Carbon ‘ 8  294 
Steel. 16 368 

2. Factory Insulated a. Temp-Ti te, Transi t e  3 26 
casing w i  t h  polyure- 4 23 
thane foam insulation 8 40 a I and transite,  lined 16 82 
core pipe.  

b. Insul-8 (Rovanco Corp), 3 22.3 
Fiberglass reinforced 4 31.4 
( f R P )  carr ier  pipe, I 6 46.3 
urethane foam insula- 
t ion i n  a PVC jacket. 1 

3. Site Insulated a. Class 150 Transite 4 55 
I pipe insulated w i t h  6 69 

IJ 

L 
L foamglass, black 

b. Gilso-Therm, insula- 4 
Tion poured into open 6 
trench. 

Protexul ate, insula- 4 75 
t ion  poured into open 6 90 
trench. 

D. Size of Pipeline, Flow Characteristics and Insulation Requirements 

The computations for the columns on the PiDeline Data Sheet (Table 
L 

L /  W G I G  UG80GII I~I I IGU uy b 1 1 5  I U I  I v w l l l y .  

1. Flow Rate 
b 

Flows are measured i n  GPM. Working back from each user the 
peak flows are determined for  each l ine segment. L 

ij 
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2. Pipe Diameter 

Pipe sizes are based on peak f low ve loc i t ies  o f  5 ft/sec, 
calculated where D i s  ID i n  Inches and R i s  f low i n  lb/hr.  

i' 
bi 1 '  

t I  

&i 
D = 0.01303(R)1/2 

D = 0.01303(807 GPM x 500 *)1/2 

D = 8.28 i n .  

3. The length, i n  feet,  o f  each sect ion o f  pipe i s  determined 
from the map scale. 

4. Elevation change i s  the differences between the i n l e t  and 
discharge o f  the l i n e  which are read d i r e c t l y  from the con- 
tour  l i n e s  on the c i t y  map. 

L 
b 

5. Head Loss 

Head loss i s  the di f ference between the e levat ion a t  i n l e t  
and discharge o f  the l i n e  and f r i c t i o n a l  losses; 10 percent 
i s  allowed f o r  connections, f i t t i n g s  and valves, calculated 
from the Wil l iam and Hazen formula (C=150). 

6. Heat Loss 

Heat loss per l i n e a l  f o o t  f o r  a s ing le  bur ied p ipe was 
ca 1 cu l  a ted from : 

Q = -w 
Where , 

K = s o i l  conduct iv i ty i n  BTU/ft2 - HR - O F  - i n  

L = length i n  f e e t  

To = pipe outer surface temperature i n  O F  

li 
k; 
r TS = ground surface average temperature i n  O F  

N = depth o f  pipe center l ine below the surface i n  fee t  

D = pipe diameter i n  f e e t  

b 

hi. 

L 

L 

r 

The l i n e s  are t o  be buried i n  a & foo t  deep trench w i th  ap- 
p ropr ia te  spacing o f  supports, t h rus t  blocks, and access 
areas. Heat losses were determined assuming a s o i l  conduc- 
t i v i t y  o f  12 BTU/ f t2  - H - OF wi th  an average surface tem- 
perature o f  3 5 O F .  A dual pipe system (supply/return) buried 
i n  the same trench has about a 15 percent less heat loss i n  
the suoply l i n e  than a s ing le buried pipe. 
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7. Temperature Drop, AT 

AT, O F  i s  the temperature loss i n  degree farenhei t  f o r  each 
segment o f  pipe during average winter flow. The average 
winter f low ra te  i s  estimated t o  be 47 percent of the peak 
based on the winter monthly degree days. The fo l lowing 
formula was used t o  calculate temperature loss: 

AT = 

Where , 
Q = heat 'loss i n  BTU/H 
C = spec i f i c  heat o f  water, 1.00 'lb~f BTU 

R = average winter f low r a t e  i n  lb/H 

If the calculat ions ind icate too great a temperature loss 
for  uninsulated pipe, use Insulated pipe. 

i 

8. Return Temperature Loss, Tout 

L 
P 

Tout i n  O F  i s  the temperature o f  the water leaving the seg- 
ment and mixing w i th  the water i n  the re tu rn  l ine .  It also 
takes i n t o  account temperature loss due t o  the bu i ld ing  
heating system. 



?. TABLE 2 

PIPELINE DATA SHEET 

1. 2. 3. 4. 5. 6. 7. 8. 

Flow Rate Heat Loss Tout, O F  

Peak Veloci ty I .  D. Length Elevation (ft) Head Loss 8TUIHr x l o 4  f l o w  f low avg. f l o w  
Line No. GPM f t l s  i n .  ft. i n  out A p s i  Insul  Noninsul Insul  Noninsul 'rnsul Noninsul 

7 

MAIN SUPPLY LINE, LINE A - BASE PLAN, Tout = 184OF (Museum Production Idel l)  

A1 t o  A2 807 5.3 8 2480 4111 4102 -9 9.3 9.92 60.5 .4/..8 2.415.0 183.2 179.0 

A2 t o  A3 807 5.3 8 720 4102 4097 -5 1.7 2.88 17.6 .1/.2 .7/1.5 183.0 177.5 

A3 t o  A4 732 4.7 8 900 4097 4098 +1 4.3 3.60 22.0 .2/.3 1.0/2.2 182.7 175.3 

MAIN RETURN LINE, LI#E X - BASE PLAN 

X4 t o  X3 732 4.7 8 900 4098 4097 -1 3.4 -- 22.0 ' -- 2.2 -- 
(Broad Street Reinject ion Well ) 

X3 t o  X2 807 5.3 8 720 4097 4102 +5 6.0 , -- 17.6 c- 1.5 -- 
X2 t o  X1 807 5.3 8 1930 4102 4108 +6 12.8 -- 47.1 -- 4.0 -- 144.9 

DISTRIBUTION SYSTEM (SUPPLY/RETURN) FOR LIBRARY, VET. MEM., CO. JAIL & ANNEX, Tout = 165, Tin = 138 

L ib  - S 90 4.3 3 250 4098 4095 -3 1.4 0.65 4.48 .15/.3 2.1 165.0 

L ib  - R 90 4.3 3 250 4095 4098 +3 4.0 -- 4.48 -- 2.1 122.6 

Vet - S 34 1.6 3 170 4098 4098 0 0.1 0.44 3.04 .3/.6 3.8 165.0 

Vet - R 34 1.6 3 170 4098 4098 0 0.1 c- 3.04 -- 3.8 140.6 

J a i l  - S 59 2.7 3 50 4098 4096 -2 -0.6 0.13 0.90 .04/.09 0.7 165.0 

J a i l  - R 59 2.7 3 50 4096 40913 +2 1.1 -- 0.90 -- 0.7 144.2 

Annex - S 21 1 .o 3 383 4098 4108 + lo  5.0 0.99 6.80 .9/.2 13.8 165.0 

Annex - R 21 1 .o 3 383 4198 4398 -10 -7.7 -c 5.9" -- ??.Q 109.2 

F i r e  Sta - S 39 1 .8 3 150 4111 4111 0 .7 0.39 2.96 .2/.09 1.52 165.0 

F i r e  Sta - R 39 1.8 3 150 4111 4111 0 .7 -- 2.96 -- 1.52 136.3 

N 
N 
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2. Booster Pump for Distribution 

The power required t o  circulate the water i n  the dis t r ibu-  
t i o n  lines and heat exchangers is  calculated from the for- 
mula i n  part (1). 

tpb 

resist chemical attack. The design of components for the hot 
water system should have lives o f  30 years or more. 

riables which affect material selection 
are: 

1 

1 
t 

Pressure 
Chemistry 'of the geothermal waters and of the ground 
Heat losses 

ii P = (6.817 x (989 GPM x 500 w) (225 ft) 

P = 76 KW 
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The temperature of the museum well water, based on the pump 
test, July, 1976, was held a t  1 8 4 O F  w i t h  a flow rate of 670 
gpm. Insulated or non-insulated asbestos cement pipe would 
be satisfactory since the water temperature is less than 
2 1 0 O F .  

Chemical analysis of Klamath Falls geothermal waters was 
performed by OIT for Lawrence Livermore Laboratories. Fifty 
water samples from 46 wells were analyzed for chemical con- 
centrations, alkalinity and water hardness (see Figure 10). 
Figure 10a is the chemical analysis results for a sample 
taken from the museum well water during the pump test. 

The a lka l in i ty  values (Q pH = 8.3) indicate the major con- 
t r i b u t o r ' t o  pH i s  the bicarbonate ion and these waters are 
highly susceptible t o  downward pH shifts. 

Scaling is  primarily due t o  silica (70-90 mg/l) and calcium 
carbonate (% 40 mg/l) concentrations. Studies of the Lange- 
l ier  Saturation Index (deposition vs. dissolving) indicate 
t h a t  waters i n  these wells tend t o  deposit calcium carbonate 
rather t h a n  dissolve i t .  This problem appears to  be minimal 
i n  Klamath Falls geothermal water. Artesian wells have a 
h i g h  saturation index, resulting i n  a downhole heat exchanger 
repair frequency of between 29 and 34 years, whereas non- 
artesian wells w i t h  low index have a 14-year average repair 
frequency. The latter reduction in service l ife 
air-water interface 

The following basic materials recommended for this prelimi- 
nary design are (Appendix B presents material technical data 

1. Pipe - factory insulated and bare asbestos cement pipe. 
Insulated asbestos cement pipe i s  recommended for the 
supply line due to  the temperature drop when small flow 
rates occur i n  the line. Non-insulated asbestos cement 
i s  recommended for the return lines. A decision for 
non-insulated supply and return lines (approximately 50 
percent of the cost of insulated supply lines) should 
be made by the developer if  he wishes to  sacrifice i n -  
creased use of fossil fuels for peaking. Insulated and 
bare carbon steel piping would also provide satisfactory 
service; however, i t  is about 25 percent more expensive 
t h a n  transi te. 

2. Pumps are fabricated from carbon steel. 

3. Heat exchangers are paraflow plate type. The plates are 
fabricated from 316 stainless steel which has been found 
t o  be the most resistant t o  scaling and corrosion. 
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ki 4. Snow removal g r i d  - 1-inch PVC on 18-inch centers. 



FIGURE 10 

WELL WATER CHEMISTRY 
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1. Temperature of Sample: 69OC 

4. Total Water Hardness (mg CaC03/1): 59.6 
5. Calcium (mg Ca/l): 23.5 

7. Alkalinity to pH 4.5 mg CaC03/1): 44.0 
51 .O 8. Chloride (mg Cl/l): 

9. Sulfate (mg SOk/l): 

4 

2. Sodium (mg Na/l): 200. 
3. Potassium (mg K/1) 3 .a 

6. Alkalinity to pH 8.3 mg CaC03/1): 0 

10. Silica (mg Si02/1): 95.9 

1 

L 

ii 
i 

377. 

11. Total Dissolved Solids (mg/l): 924. 
12. Iron (rng Fe/l): 0.52 
13. pH: 8.30 
14. Conductivity, pv/cm: 1070 

I 
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VII. BUILDING CONVERSION TO GEOTHERMAL (RETROFIT) 

i, 
c 

e .  

i 

L 
I '  

A. 

B. 

General Design Considerations for Establishing the Building 
Peak Heating Load 

An outdoor design temperature of -lO°F, wind velocity less than  
15 mph, and an indoor temperature of 7 5 O F  were used in making 
heat load calculations for this study. ASHRAE Handbook of Fun- 
damentals (1972) , Chapter 20 tables were used as reference for 
design heat transmission coefficients and infiltration losses. 
The calculated heating load (based on bu i ld ing  plans and field 
observations) , rated heating system capacity, fuel consumption 
data and b u i l d i n g  users' comments were considered i n  establish- 
ing a value for the heating requirements (see Table 3) of each 
bui lding.  

General Retrofit Considerations 

Three types of heating systems are resently being used i n  the 
buildings: 1 )  forced air systems; 2 P steam boiler systems which 
circulate steam through the b u i l d i n g  radiators or use steam t o  
heat water which  is  i n  turn circulated through the bu i ld ing  
radiators; and 3) hot water systems tha t  circulate hot water 
through the bu i ld ing  radiators. 

The following considerations were taken into account i n  the ret- 
rofit  design of the heating systems: 1 )  placement of three heat 
exchange devices; 2)  system configuration and heat exchanger 

.design t o  obtain optimum use of the geothermal f l u i d ;  3) minimal 
disturbance of existing a i r  or water flow by new devices; 4)  pro- 
vision o f  control systems w i t h  a minimal number o f  expensive con- 
trol devices; 5) selection of materials for compatibility w i t h  
the geothermal f l u i d ;  and 6) minimization of cost of new 
components 

All of the existing heating systems will remain as backup or 
peaking systems to the geothermal systems that will be installed. 
The existing steam and hot water systems will be connected in 

We have evidence tha t  direct use of hot water from the wells i n  
the Klamath Falls area causes accelerated corrosion ' t o  occur i n  
heating units. If direct use of geothermal well water were 
implemented, heating units may be expected t o  remain i n  service 
for only five t o  12 years before replacement becomes necessary. 
We have had l i t t l e  experience w i t h  direct use of geothermal 
f l u i d  i n  boilers or convectors. Thus we are hesitant t o  con- 
done direct use of geothermal fluid i n  any type of heating sys- 
tem. A l l  heat ing systems i n  this project are designed to  be 
isolated from contact w i t h  geothermal well water by interfacing 
system heating water w i t h  geothermal well water through a water- 
water heat exchanger. Since 100 percent heat transfer from geo- 
thermal water t o  system water is  not possible, the building heat- 
ing  systems will not receive hot water a t  the temperature of the 
well water b u t  a t  some lower temDerature. 

. series-para1 le1 w i t h  the geothermal supply. 
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C. 

I n  many cases the forced a i r  co i l s ,  u n i t  heaters, etc., were 
o r i g i n a l l y  designed t o  operate a t  up t o  200OF. The geothermal 
heat exchangers w i l l  supply water a t  165"F, resu l t ing  i n  the 
geothermal'system being able t o  supply from 53 t o  100 percent 
(see Table 3) of peak heating load requirements, depending on 
the bu i ld ing  system. I f  the ex is t ing  bo i le rs  were used t o  sup- 
p l y  the heat not supplied by the geothermal system, they would 
furnish 11 percent o f  the 177,400 thenns or  19,500 therms per 
year. This would cost  $4,900 per year f o r  natural  gas based 
on the 1976 rate.  Pay-off o f  the addi t ional  convectors would 
be i n  7.1 years a t  t h i s  rate. 

Control s 

The contro l  system f o r '  geothermal conversion w i  11 be. compatible 
w i t h  controls already i n s t a l l e d  i n  the bui ld ing.  Switchover 
from s t r a i g h t  geothermal heating t o  geothermal w i th  furnace 
peaking w i l l  be f a c i l i t a t e d  automatical ly i n  the furnace room. 

The control  scheme f o r  the f i v e  bui ld ings i n  the courthouse 
area u t i l i z i n g  heat exchanger No. 1 i s  described i n  the fo l low- 
i n g  section. 

1. Control sequence f o r  heat exchanger No. 1 

The method f o r  con t ro l l i ng  flows t o  the f i v e  bui ld ings 
from heat exchanger No. 1 i s  as fol lows. 

BOILER VALVE . . . . NORMALLY CLOSED 
3-WAY M I X I N G  VALVE . NORMALLY ON BOILER BYPASS 
GEO RETURN VALVE . . NORMALLY CLOSED 11 & 12 
CIRCULATION PUMP . . NORMALLY OFF 

a. 

see-Figures 

Outside thermostat turns c i r cu la t i on  pumps on when 
outside temperature i s  less' than 70OF. 

b. GEOTHERMAL MODE 

Geothermal re turn valve modulates f low o f  geother- 
mal l y  heated water proport ional l y  t o  room demand. 

c. PEAKING MODE (combination geothermal and bo i l e r )  

I f  the rooms c a l l  f o r  more heat when the geothermal 
re tu rn  valve has reached f u l l  open pos i t ion  the geo- 
thermal re tu rn  valve i s  locked i n t o  the f u l l  open 
pos i t ion  by the l i m i t  switch act ing through the re lay  
and the room thermostats then control  the temperature 
o f  heating water by modulating the three-way valve. 
The l i m i t  switch on the geothermal re tu rn  valve a lso 
renders the supply l i n e  thermbstat ac t i ve  when the 
geothermal re tu rn  valve reaches the f u l l  open posit ion; 
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d. BOILER MODE d. BOILER MODE 

If the water i n  the return line reaches a predeter- 
mined h i g h  temperature (near the incoming geothermal 
water temperature) the h igh  limit control acting 
through the relay closes the geothermal return valve 
( b u t  keeps the supply line thermostat active), opens 
the boiler return valve, and leaves the three-way 
mixing valve under control of the room thermostats. 

When the water temperature i n  the system return line 
drops t o  the low temperature set p o i n t  o f  the high 
limit control, the system returns from boiler mode 
t o  the peaking mode of operation. 

e. 

f .  When the supply l ine temperature drops t o  the set 
p o i n t  of the supply line themostat, the system 
returns from peaking mode t o  geothermal mode. 

T h i s  control system is fully automatic and will control 
the heating system i n  a l l  modes of operation b u t  i t  does 
not incorporate any control of the cooling system. I t  
i s  recommended t h a t  the valves a l l  be pneumatically actu- 
ated. The rest o f  the system can be electronic, pneumatic, 
or  hybrid. Some of the buildings may operate better w i t h  
a different control system or w i t h  modifications o f  the 
descri bed sys tem. 
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FIGURE 11 

CONTROL DIAGRAM 

ZONE THERMOSTATS 

CONTROL SIGNALS 
TO ZONE CONTROLLERS 

L 
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OUTS I DE THERMOSTAT 
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I FIGURE 12 
b 

CONTROL COMPONENT KEY 

SYSTEM SUPPLY 

L" 
i A. CIRCULATION PUMP 

B. SUPPLY L I N E  THERMOSTAT 

C. 3-WAY MIXING VALVE 
1 

D. HIGH L I M I T  CONTROL B 

E.  BOILER RETURN VALVE 

F. L I M I T  SWITCH C 

, 

SYSTEM 
RETURN 
, 



, 
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FIGURE 14 

SYMBOLS 

STRAINER 

MANNUALLY OPERATED GLOBE VALVE 

___Daw- MANNUALLY OPERATED GATE VALVE - 
CHECK VALVE 

MOTOR BPERATED GLOBE VALVE 

,-E-* A I R  OPERATED GLOBE VALVE 

MOTOR OPERATED 3-WAY VALVE 

A I R  OPERATE 3-WAY M I X I N G  VALVE - 
ENTRl FUFAL PUMR 

T* 

I N  VELL J E T  PUMP 
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D. Klamath County Museum Conversion 

Spring S t .  
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COUNTY MUSEUM 

Est heat load 1,430,000 
E s t  gpm 143 @ 165°F AT 20" 

( A m r Y  1 

A b r i ck  s t ructure w i th  a high arched roof, constructed i n  1934 and 1935, 
21,700 square f e e t  excluding the bleachers which are not used. The roo f  
has recent ly  been insulated and heat loss estimates include the insula- 
t ion .  

The bu i ld ing  i s  presently heated by 37 cast i r o n  rad iators  around the 
perimeter and f i v e  forced a i r  fan c o i l  un i ts  i n  the main exh ib i t ion  h a l l .  
A l l  un i t s  are essent ia l l y  as o r i g i n a l l y  i n s t a l l e d  although several radia- 
t o rs  have been relocated. The heating system was or ig ina l l y ,  on steam 
supplied by Consumers Heating. A hot water wel l  now supplies heated c i t y  
water a t  approximately 180°F. A1 though the system has operated sat is fac-  
t o r i l y  since the hot wel l  has been used, heat loss estimates vs. heat i n -  
put  estimates ind icate tha t  the bui ld ing temperature would remain about 
60-65°F during extended periods o f  outside temperatures j u s t  below O O F .  

A geothermal system w i th  p la te  heat exchanger supplying 165°F water would 
supply about 57 percent o f  the required heat using the present rad iators  
and fan co i l s .  

I n  order t o  supply the t o t a l  required heat load w i th  165°F entering water, 
the rad iators  and fan c o i l s  would need t o  be replaced--the rad iators  by 
f inned tube convectors and the c o i l s  by three-row f inned tube uni ts .  

Estimated costs o f  r e t r o f i t "  

convectors $ 5,000 

fan c o i l s  1,500 

1 abor and m i  scel 1 aneous parts 5,600 

contro l  modifications 1,900 

mechanical room inc lud ing labor 3 , 000 

TOTAL $17,000 

*Not inc lud ing engineering (deta i led room by room heat requirements and 
convector spec i f icat ion.  

\ 
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E. Central Fire S t a t i o n  Conversion 
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CENTRAL FIRE STATION #1 

Est heat loss 529,000 BTH 
Est requirements 39 gpm 27 AT 

The bu i ld ing  i s  br ick ,  two f loors,  w i th  bu i l t -up  roo f  reportedly w i th  s i x  
inches o f  i nsu la t i on  i n  the roof. No bu i ld ing  plans are avai lable.  The 
lower f loor  houses equipment w i th  the upper f l o o r  being l i v i n g  quarters 
for  the on-duty firemen. Heat losses are large f o r  a bu i ld ing  o f  t h i s  
s ize  because o f  the large equipment doors on the lower f l o o r  and exces- 
s ive  i n f i l t r a t i o n  losses around windows on the upper f loor .  

The bu i ld ing  i s  present ly heated by a 148°F hot  water wel l  being pumped 
d i r e c t l y  through cast  i r o n  rad ia to r  and f i n  tube convectors. An a u x i l i a r y  
fan c o i l  u n i t  i s  used on colder, days. The present heating system i s  re- 
ported t o  be inadequate on co ld  days w i th  d ra f t s  being objectionable. 

I f  a geothermal system supplies water t o  the bu i ld ing  a t  165"F, the heat 
output o f  the bu i l d ing  rad iators  and f i n  tube un i t s  w i l l  be increased ap- 
proximately 40 percent and w i l l  provide adequate heat. A new c i r c u l a t i n g  

Although the system w i l l  provide s u f f i c i e n t  heat, the e l iminat ion of draf ts 
around doors and windows would make the bu i ld ing  much more comfortable. 
New windows should be i n s t a l l e d  and equipment doors proper ly weatherstripped. 

f '  

I 1  

L 

t 

i 
i, pump w i l l  be required. 

Estimated conversion costs 

pump and materials $300 

1 abor 

f '  TOTAL $600 

A desireable addi t ion would be the i n s t a l l a t i o n  o f  a thermostat ical ly con- 
t r o l l e d  contro l  system. 
contro l  valves cost ing $300 or  less t o  a more elaborate system a t  $600 o r  
more. Modifications t o  the d i s t r i b u t i o n  system t o  al low ind iv idua l  room 
temperature contro l  would a lso be desireable--estimated cost  complete w i th  
contro ls  i s  $3,500. 

Yj 
This could be as simple as two thermostat and 
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F. City Hall Conversion 



KLAMATH FALLS CITY HALL 

Est Heat Load 696,000 BTH 
Est GPM 52 8 165°F AT 20" 

The bu i ld ing  is constructed of brick w i t h  a bu i l t -up  roof. There are  
two floors, each w i t h  approximately 2,900 square feet and a f u l l  basement 
which is only partially used. 

The bu i ld ing  was constructed i n  1914 and parts of the interior have been 
remodeled several times over the years w i t h  interior walls moved and 
ceilings lowered. Plans are not available for any of the work--original 
or  remodel i ng . 

, The present heating system was originally installed as a steam system 
and is  now hot water. A gas fired water (695.8 MBH) heater located i n  
the northwest corner of the basement supplies water a t  200°F to 22 tube- 
type radiators throughout the building and t o  the Klamath Falls Police 
b u i l d i n g  next door. 

Heat load estimations for the bu i ld ing  were d i f f icu l t  since no construc- 
t ion  details  are available. Estimates based on information available 

i 
1 

' indicate that  for  the bui ld ing  as a whole heat output from the radiators 
nearly matches heat loss a t  -10°F outside temperature; however, some 
rooms have more and some less than required. In particular the court- 
room and coffee room on the second f loor  appear t o  be lacking heat out- 
p u t  and would be cooler than desired a t  +lO°F outside temperature. 
Enclosures on some radiators will reduce heat output somewhat b u t  these 
rooms appear t o  have excess capacity and probably will remain warm 
enough. The heavy bui ld ing  construction has considera heat storage 
capacity and deficiencies may not be noticed for short iods of -lO°F 
weather unless wind velocities are high .  

1 
L 

Assuming that a geothermal system w i t h  central heat exchanger will pro- 
vide 52 gpm of 165°F water t o  the buPlding and present pumps, radiators, 
and plumbing are u t i l i z e d ,  the system will supply approximately 63 per- 
cent o f  the estimated peak heating load. This  will provide sufficient 
heat f o r  outside temperature of approximately 15'F above zero. Estimated I I t of the mechanical room conversion is  $3,000. 

Estimated cost t o  convert the system to new wall convectors (1548 BTU/lin. 
f t .) 36 units each eight fee t  long--$16,480 including 

I '  

r i a l s  and 
BI 

engineering costs. 

trol  sys tem--combi ned 
id i t h  police station 

TOTAL $24,480 I 1 

A A  
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Go. City P o l i c e  S t a t i o n  Conversion 

Walnut Ave. 
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KLAMATH FALLS POLICE STATION 

Est 281,500 BTH 
16 gpm 35" AT a l l  new 

23 gpm 27' AT p a r t i a l l y  new 

The bui  l d i  ng i s two-story (second f l o o r  approximately two-thi rds the 
s i ze  o f  f i r s t  f l oo r ) ,  b r i ck  and concrete construction. Total  f l o o r  area 
i s  approximately 6,300 square feet. 

According t o  avai lab le information and p r in t s '  the f i r s t  f l o o r  was o r i g i -  
n a l l y  heated by convectors i n  the o f f i ce  spaces and u n i t  heaters i n  the 
locker  and storage rooms. The second f l o o r  was heated by forced a i r  ( a l l  
the un i t s  were steam). I n  1953 an addi t ional  u n i t  f o r  p a r t i a l  heating 
and cool ing of the f i r s t  f loor  was i n s t a l l e d  (also steam f o r  heating). 
These were l b t e r  converted t o  hot water operation, the water being sup- 
p l i e d  a t  about 190°F from the water heater i n  the City H a l l  which i s  ad- 
jacent. No information i s  avai lab le on the second f l o o r  system and any 
brand, model numbers, etc.  are e i t h e r  missing o r  no t  accessible. 

If the geothermal system supplies water a t  165°F the present system w i l l  
supply only about 55 percent of the required heat t o  the f i r s t  f loor .  
Since there i s  no information avai lab le about the second f l o o r  system, 
estimates are d i f f i c u l t  t o  make. Based on observed s ize  o f  the u n i t  
and o u t l e t  a i r  temperature, the u n i t  may supply from 75 t o  100 percent 
o f  the requirements f o r  the second f l oo r .  

I n  order t o  supply 100 percen't o f  the heat required f o r  the bu i ld ing  
wi thout peak heating i t  i s  recommended t h a t  new convectors be i n s t a l l e d  
i n  the o f f i ces  and new c o i l s  be i n s t a l l e d  i n  both forced a i r  un i ts .  The 
present u n i t  heaters should be adequate f o r  the locker and storage rooms. 
The locker room has forced a i r  ou t le ts  but the present system supplies 
very l i t t l e  heat. I n  order t o  maintain near ly s im i la r  flows and pressure 
drops the system should be designed f o r  35 t o  40"~T. 

Est imated conversion cos t  using the ex i s t i ng  system i s  essent ia l l y  zero 
s ince water would be supplied from the c i t y  h a l l  except a t  a lower tem- 
perature. The system should be inspected and perhaps rebalanced. The 
cool ing c o i l s  i n  the forced a i r  u n i t  f o r  the f i r s t  f l o o r  could be used 
f o r  heating. Tota l  cost  should not  exceed $650, 

Estimated cost  f o r  new convectors and new c o i l s  i n  the forced a i r  un i t s  
i s  $3,220 inc lud ing labor  but  not  engineering and planning. I 

new convectors and forced $ 3,220 

contro l  system--combi ned 5,000 

TOTAL $ 8,220 

a i r  c o i l s  

w i t h  City H a l l  
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H. Klamath County Court House Conversion 
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KLAMATH COUNTY COURTHOUSE 

Est 1,280,000 BTH 
80 gpm @ 165°F AT 32" 

L 

A four-story ( including the basement) masonry bu i ld ing  w i th  approximately 
24,960 square feet.  

This bu i ld ing  i s  present ly having the second h a l f  o f  a new heating system 
ins ta l led .  The f i r s t  h a l f  o f  the system was i n s t a l l e d  l a s t  year. The 
bu i ld ing  i s  being converted from steam heated cast i r o n  rad ia to r  heat t o  
water-forced a i r  heating and cooling. 

Thomas Sheet Metal, a loca l  heating and a i r  condi t ioning firm, has done 
de ta i led  heat loss calculat ions and the new heating system design. Fan 
c o i l  un i ts  for  the f i r s t  por t ion o f  the conversion were reported t o  have 

conversations w i th  the Airefco, Inc. , the c o i l  suppliers, ind icate the 
un i t s  have the capacity t o  heat t ha t  por t ion o f  the bu i ld ing  w i th  165°F 
enter ing water. 

The second h a l f  o f  the conversion had the designs based on 165OF enter ing 
water i n  an t ic ipa t ion  o f  the .possible use o f  geothermal heating. 

Heating c o i l  spec i f icat ions have not been made avai lable so tha t  OIT per- 
sonnel could check the designs 'but  based on the telephone conversations 
i t  i s  estimated t h a t  approximately 80 gpm o f  165°F water w i l l  be required. 
The temperature drop across the c o i l s  i s  estimated t o  be 32°F. 

The only modif icat ions necessary f o r  conversion t o  geothermal heat w i l l  
be the plumbing t o  enter the buil 'ding and t o  bypass the recent ly  i n s t a l l e d  
s team-water converter. The system w i  11 require balancing and checking 
operation a t  the geothermal water  temperature. Estimated cost i s  $800. 

I, 
i 
L 

, been designed based on 18OOF entering water temperature and telephone 
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COUNTY COURTHOUSE EXTENSION 

Est Heat Loss 1,474,000 BTH 
148 gpm 8 165OF AT 20°F 

An extension added t o  the south side of the o r i g i n a l  courthouse bui ld ing.  
Construction was l i f t  s lab w i th  insulated cu r ta in  w a l l  and near ly 50 per- 

The heating system consists o f  ind iv idual  forced a i r  convector un i t s  
along perimeter walls, forced a i r  un i t s  i n  the hallways and courtroom 

A l l  un i t s  are 
supplied w i t h  2OOOF water from the main steam-water heat exchanger i n  
the main courthouse. A l l  un i t s  a c t  as a i r  conditioners i n  summer w i t h  
c h i l l e d  water supplied from a c h i l l e r  i n  the courthouse. 

1 
L 
u 

I, cent glass. 

1 
on the fou r th  f l oo r ,  and convectors i n  entrance foyers. I 

i 
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Mhen operating the u n i t  conditioners on high fan speed w i th  165°F enter- 
i n g  water temperature and AT o f  13°F the un i t s  should provide 1.02 times 
the estimated peak heating load. The convectors and forced a i r  un i t s  
w i l l  provide about the same proport ion o f  heat requirements for  t h e i r  
respective areas but the AT i s  higher f o r  these un i ts .  Therefore, w i th  
design f low rates the ex i s t i ng  system should keep the bu i ld ing  barely 
warm enough. 

Several female workers have stated the bu i ld ing  i s  co ld w i t h  the present 
system. This could be due t o  fau l ty  operation o f  the system o r  due t o  
body rad ia t ion  losses t o  the large window areas. This would be more no- 
t i ceab le  by women than men since the women have more sk in  area exposed 
and tend t o  wear l i g h t e r  weight c lo th ing  which increases rad ia t ion  losses. 

L 

i 
Since the heating capacity and the heat load are essent ia l l y  equal, mea- 
sures t o  reduce heat loss should be investigated, especia l ly  those t h a t  
reduce rad ia t i on  through the window areas. 

The cont ro l  system--mainly t o  contro l  the operation o f  the valves and 
bo i le r - - i s  included i n  the courthouse cost  estimate. 
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VETERANS MEMORIAL BUILDING 

Est heat load 527,000 BTH 
Est requirements 34 gpm 31OF AT 

The bu i ld ing  i s  o f  masonry construct ion w i th  bu i l t -up  roof, two f l o o r s  
plus a Dar t i a l  basement w i th  some storage and mechanical rooms. The 
bu i l d ing  has been remodeled w i t h  dropped ce i l i ngs  and has had a centra l  
forced a i r  cool ing system ins ta l led .  

The bu i ld ing  i s  present ly heated w i th  steam supplied from bo i le rs  i n  
the courthouse. 

I f  the bu i ld ing  i s  supplied w i t h  165°F water from a geothermal system 
the present heating system w i l l  supply 53 percent o f  the required heat 
1 oad w i th  34 gpm and ex1 t water temperature o f  148°F. The water from 
the present system could be routed through the ex i s t i ng  cool ing c o i l s  
i n  the centra l  forced a i r  system t o  make up the remaining heat require- 
ments. Three new zone pumps w i l l  be required. 

The system should be provided w i th  modulating contro ls  t o  ad jus t  system 
water temperature whi le maintaining constant a i r  c i rcu la t ion .  
would provide a very sa t is fac to ry  condi t ioning system. 

This 

Estimated conversion costs 

plumbing modifications, mater ia ls $ 2,700 

p l  umbi ng modi f i cations, 1 abor 1,600 

*control sys tem 12,000 

TOTAL $16,300 
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J. Klamath County J a i l  Conversion 
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KLAMATH COUNTY JAIL 

E s t  Heat Loss 590,350 BTH 
Est gpm 59 8 165' EWT AT 20°F 

A three-story concrete structure. The o r ig ina l  j a i l ,  b u i l t  i n  1927, was 
two-story, w i th  the t h i r d  f l o o r  addi t ion i n  1957. There i s  approximately 
2,960 square fee t  per f loor .  

The bu i ld ing  i s  heated by steam supplied from the bo i le rs  i n  the county 
courthouse. The f i r s t  and second f l o o r  have the o r ig ina l  cast  i r o n  radia- 
tors, and the t h i r d  f l o o r  has f i n  tube convectors. The estimated heat 
output of 543,000 i s  less than the estimated requirements a t  -10°F out- 
s ide temperature. If the geothermal system supplies water a t  165OF the 
system w i l l  provide approximately 53 percent o f  the required heat. 

I n  order t o  provide the required heat the rad iators  and f i n  tube convec- 
to rs  must be replaced w i th  higher output units. 

Estimated conversion costs 

convectors (382 fee t  t o t a l  ) $ 6,200 

Pump 300 

*controls 10,540 
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G E OT HE M A L  BUI LDlNg BUI LDlNG 

' COUNTY JAIL 
(with Geothermal Retrofit) 

(And necessary pipe slze changes) 
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K. Klamath County L ibrary  Conversion 

Klamath Ave. 



KLAMATH CITY - COUNTY LIBRARY 

Est 1,783,000 BTH 
90 gpm @ 165 AT 40°F 

U 
$i 

The bu i ld ing  is  constructed of brick--approximately 20,000 square feet 
of single story constructed i n  1974 and approximately 7,800 square feet 
two-story constructed i n  the l a t e  1950s. Plans a re  available f o r  remod- 
eling of the two-story portion i n  1969 and constructing the one-story 
portion i n  1974. Plans for the original construction are  not available. 

The b u i l d i n g  has two heating systems. The two-story portion system con- 
sists of a steam-to-water converter, three forced a i r  units, and floor- 
type finned tube convectors. The system is outside a i r  temperature 
modulated and appears t o  have been designed for  about a 200°F WT w i t h  
30" AT. 
found . No records of exactly what equipment was installed have been 

kill 
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The single story new portion also has a steam-to-water converter, five 
forced a i r  units and four u n i , t  heaters. Specifications indicate the 
forced a i r  coi ls  are  t o  operate a t  200°F maximum EWT w i t h  maximum AT 
of 60°F. The u n i t  heaters are  to  operate a t  200°F maximum w i t h  14.5 

Recomnended conversions : 

n 1  

1 AT. T h i s  system is also outside a i r  temperature modulated. 

; I  New Portion (1974) 

The five forced a i r  units on the roof for the new portion should provide 
95 to  100 percent of the required heat load a t  -1OOF and these units 
could remain as is since the bu i ld ing  has considerable heat holding ca- 
pacity and long periods of continuous - 1 O O F  weather are rare. The four 

. u n i t  heaters (one i n  loading area and three under floor) will provide only 
about 30 percent o f  the required heat and must be replaced. Estimated 
cost is  $1,200 including labor. 

Old Portion 

The three forced a i r  units should provide about 65 percent of the re- 
quired heat and should be replaced. The head l ibrar ian 's  off ice  i s  now 
much too cool and must receive more heat. Estimated cost is $1,250' i n -  
c luding  labor. 

The floor-type convectors on the second floor should provide adequate 
heat. They now have about 30 percent more capacity than required. 

Mechanical room'plumbing, valves, etc. for' geothermal system $2,000 
i ncl udi ng 1 abor . 
Automatic control system t o  coordinate w i t h  courthouse controls and 
boilers $15,050. 

Total estimated conversion cost  $19,500 excluding engineering. 
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L. Klamath County Court House Annex Conversion 

3rd St. 
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COUNTY COURTHOUSE ANN EX 
(Old Elks Lodge) .L 

Est 418,200 BTH 

The b u i l d i n g  i s  constructed of brick and has recently been remodeled t o  
serve as the courthouse annex. Plans for the remodeling are available 
bu t  not exactly "as b u i l t " .  

A completely new heating system has been installed. The present system 
consists of a 502 MBH gas fired water heater, 12 heat pump AC units, 7 
convectors , and 4 u n i t  heaters w i t h  associated outside temperature moni- 
tor ing controls. 

t 

L 
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Present water requirements I 
66.4 gpm - 80°F - 12.52 AT for heat pumps 

3.74 gpm - 190°F - 20" AT for convectors ( i n  foyers and stair  t i  

wells) 

4.3 gpm - 180°F - 20" AT for u n i t  heaters ( i n  basement) 
ird 

In the present system water a t  approximately 200°F from the heater 
("boiler") i s  mixed w i t h  water returning from the system t o  maintain 
the required supply water temperatures, i.e., 80, 180, 190°F. i '  
In order t o  obtain a larger temperature drop and thus make the geother- 
mal system more efficient, the annex heat pumps could utilize water dis-  
charged from the courthouse complex across the street. The existing 
mixing valves will operate satisfactorily for this purpose. A separate 
low temperature supply line would supply water t o  the heat pump water 
distribution system. 

The convectors and u n i t  heaters must be supplied w i t h  165OF water by a 

i n  the courthouse. A t  165°F the existing units will supply only about 
53 percent of the required heat. The most economical retrofit will be 
t o  install four new u n i t  heaters i n  the basement and install additional 
rows of f i n  tubes i n  the convector units. Existing p ip ing  and pumps 
are sufficient t o  handle the increased flow since the flows are very 
small. 

1 Estimated costs 

L 1  mechanical roo $1,500 
b ,  u n i t  heaters (i ncl udi ng p l  umbi ng ) 800 

convector modifications 1,000 

TOTAL $3,300 

b 
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I 
I h i g h  temperature supply line directly from the main plate-type exchanger 
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VIII. ECONOMICS 

lli 

The economics of a u t i l i t y  system becomes more attractive w i t h  an 
increasing load factor u n t i l  the system reaches full  capacity use. 
Presented i n  this section is  the economic outlook for  the base plan 
(ten public buildings), including future expansion t o  12 public 
bui ld ings  and for the expanded plan for 110 bui ld ings  .(each like 
one of the ten bui ld ings  i n  the base plan) i n  the business district, 
equivalent to  and including the 12. When taking advantage of low 
cost geothermal energy the developer must determine whether this in-  
centive jus t i f ies  investment i n  a geothermal system near a resource. 
In arriving a t  this determination he must trade off energy (fossil  
fuels) cost savings against such considerations as d r i l l i n g ,  supply 
and distribution costs, r e t ro f i t  costs, labor and comnunity response. 

The results of the cost analysis for the various project sizes of 
the study are shown i n  Tables 4, 4A and 48 and Figure 14. The ten- 
bu i ld ing  plan includes a system that allows a second phase expansion 
t o  12 bui ld ings  w i t h  the addition of the post office and one future 
public bui lding.  

The t h i r d  project level analysis i s  based on a separate main supply 
system and snow removal g r id  along Main Street. In addition to 
supplying the 12 bui ld ings  by means of the base plan d i s t r i b u t i o n  
system, future heat load and customers can be added along the route 
up t o  5000 gpm total geothermal water flow. T h i s  flow could serve 
the central business d i s t r i c t  (from Eleventh t o  Fourth Streets) 
equivalent t o  a heat load of 110 b u i l d i n g s  l ike the ten bui ld ings  
of the study project. The main 16-inch line would supply geothermal 

.- f l u i d  from approximately e i g h t  wells i n  addition to  the museum well, 
located i n  the Old Fort Road area. The number of wells required de- 
pends directly on the total  flow a t  the maximum heating demand. Each 
well was assumed to  support a nominal 500 to  600 gallon per minute 
pumping ra te  and was estimated t o  cost $45,000. T h i s  cost is for 
a drilled and cased depth of 1500 feet. The return pipeline would 
service a Main Street snow removal gr id .  Capitalization costs and 
annual costs based on a 25-year retirement for the three projects 
are  sumnarized i n  Table 4 for comparisons. The energy equivalents 
and values of the geothermal energy for the three project sizes are 
summarized i n  Table 6. 

The geothermal costs per therm for the 10, 12 and 110 buildings are 
$.265, 8.197 and $.148 per therm, respectively. For comparison the 
most recent cost of heating the ten bu i ld ings  w i t h  natural as dur- 
i n g  1976 was $.251 per therm, $.344 per therm w i t h  o i l  and i.440 
per therm .wi th  e lectr ic i ty .  The capital investment on the geother- 
mal system could be payed off i n  12.3 years using the expenditures 
on fossil fuels (natural gas) t o  heat the ten buildings, based on 
1976 rates. A geothermal system also provides an insurance against 
inflation of fossil fuel heating. 
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I tem 

1. Wells 
2. 
3. 
4. I n s t a l l e d  Snow Removal Grid 

Del ivery Pumping, Controls & Pump House 
Ins t a l  1 ed Del i very Sys tem 

TABLE 4 

COST COMPARISONS 
\ 

Pro ject  Option Capital Costs 

Base Plan Expanded Plan 
10 Buildings 12 Bui ld ings 1 T O  Bui 1 dings 

$ 35,000 $ 35,000 $ 540,000 
36,400 36,400 291,000 

137,900 144,500 333,900 -- L- 188,000 
14,600 16,300 16,300* -- 4,400 4,400* 

5. Heat Exchangers 
5a. Post O f f i ce  Heat Exchanger 
6. Bu i ld ing  Conversion (Re t ro f i t )  133,000 150,000 150,000* + 

6a. Post O f f i ce  Conversion -- 17,000 17,000* 
Subtotal $ 356,900 403,600 $1,540,600 

7. Engineering Costs la 12% 42 , 800 48 , 400 184,900 
8. Pro jec t  Contengencies @ 20% 71,400 ,96,900 308,100 

TOTAL $ -  471,100 $ 548,900 $2,033,600 

U 
0 

Annual Costs 

1. Del ivery Costs (Pumping) $ 2,030 $ 2,030 $ 16,300 
2. Amortized Cost o f  Capital 18,840 21,960 81,340 

19 000 3. Maintenance Allowance 4,500 5,000 
4. Tota l  Cost (per year basis)  25,370 28,990 

5. Effects o f  I n te res t  @ 7% 21,670 25,250 174,900 

TOTAL COST PER YEAR $ 47,040 $ 54,240 $ 291,540 

Annual Cost Per Therm $ 0.265 $ 0.197 $ 0.148 

(25-year ret i rement a t  no i n te res t )  

$ B -$116,640 

(&year ret i rement)  

. 
*Includes heat exchangers and conversion f o r  12 pub l i c  bu i ld ings only. 





TABLE 4B 

APPROXIMATE COST OF UNDERGROUND P I P E  

Ins ta l l ed  Total  Cost* 
Transi t e  Temp-Ti t e  

Non-i nsul ated Insulated 
S i  ze Length Class 150 Class 150 Non-Insulated Insulated 

in .  ft. $/ft. $/f t .  Supply Supply 

3 1050-S 

4 1050-R 

4 (post  300 
o f f i c e )  

8 41 00-S 
U 3550-R 
N 

14 9700 

16 9700 . 

9 

-- 2 

2 13 

4 18 

9 40 

11 50 

Base Plan (12 bui ld ings)  

Expanded P1 an (1 10 bui 1 d i  ngs ) 

*Ten percent added f o r  f i t t i n g s ,  anchors and access areas. 

r 

$ 10,400 $ 18,500 

3,000 6,600 

56,200 1 19,400 

266,800 597,500 

309,400 725,600 

66,600 144,500 

333,900 725,600 



TABLE 5 

BUILDING CONVERSION COSTS 
BUILDING SUPPLY WATER TEMPERATURE = 165'F 

c 

cost o f  Heat Load % Peak W i  t h  Cost o f  Addi t ional  
Bui 1 d i n g  Peak BTU/Hr x lo6 Exis t ing Convectors Convectors (100% PK) Conversion Total  

Museum 1.430 57 $ 6,500 . $ 10,500 $ 17,000 

F i r e  Stat ion 0.529 100 -- 4,100 4,100 

City H a l l  0.696 63 16,480 
1 13,000 32,700 

City Pol ice Stat ion 0.282 55 3,220 

Courthouse 1.280 100 -- 
1 17,800 17,800 

Courthouse Ext. 1.474 100 -- 
Veterans Memorial 0.527 100 -- 16,300 16,300 

'< 

County J a i  1 0.590 53 6,200 15,000 21,200 

L ib rary  1.783 65 2,450 17,050 19,500 

Courthouse Annex 0.418 95 1,800 2,500 4,300 
I 

TOTALS 9.01 79 $ 34,850 $ 96,250 $133,000 



TABLE 6 

ENERGY UT I LIZATION AND SAVINGS 

Value o f  Natural Gas Value o f  E l e c t r i c i t y  
Bui l d i  ngs Therms/yr i n  1976 0 $,251/therm BBLs o f  oil  i n  1976 @ $.015/KWhr 

Equi va 1 en t 

BASE PLAN 

Three City 29,400 $ 7,400 525 $ 12,900 

Seven County 148,000 37,100 2,640 

Subtotal 177,400 $ 44,500 3,165 
(10 bui ld ings)  

Future Pub1 i c  Bui ld ing 39,400 (est.) 9,900 700 77,300 

Post Of f ice 59,100 (est.) 14,800 1,060 26,000 

P TOTAL (12 bui ld ings)  275,900 $ 69,300 4,930 $121,300 

EXPANDED PLAN 

110 Equiv. Bui ld ings 1,970,000 $494,000 35,200 $866,800 



b 

A cost comparison was developed t o  include escalation of natural 
gas and amortization of the capital investment on the geothermal 
system over a 25-year period. Starting w i t h  1976 as a dollar 
base, natural gas prices were escalated a t  a 7 percent per year 
ra te  through ten years. Since natural gas supplies and usage may 
be restricted w i t h i n  the next ten years, the escalation was not 
carried beyond 1987. Beyond 1987 i t  is  assumed some form o f  syn- 
thetic gas will be required o r  conversion t o  some other form of 
fossi l  fuel heating, such as coal. 

The annual capitalization figure for  the geothermal system was 
developed us ing  a 7 percent interest ra te  (typical of present 
municipal bonds), and included delivery costs, maintenance allow- 
ance and fossi l  fuel peaking costs. Figure 14 i l lus t ra tes  a com- 
parison between natural gas escalation and the three geothermal 
project sizes. 

'i 
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IX. ENVIRONMENTAL CONSIDERATIONS 

The use of a geothermal resource for  space heating is generally re- 
garded by environmental groups as a positive action provided care 
i s  taken i n  planning the development, uti l ization and disposal of 
the f l u i d .  

ii 
i 

i 
t 

The several phases of geothermal I development may effect  various 
environments, either -due t o  physical alterations or dischar e of 
pollutants. These stages of geothermal development are: 1 4 ex- 
traction; 2 )  energy conversion ( f l u i d  transmission and heat ex- 
traction for  direct  use); and 3) waste disposal. The major cause 
of physical-biological development is related to  the following: 

A. F l u i d  Extraction-Reservior Effects 

Precipitation i s  the source of most ground water i n  the 
Klamath Basin. Polar Pacific winter a i r  masses account 
f o r  t h e  greatest contribution of moisture i n  t h e  bas in ,  
w i t h  most o f  the precipitation occurring i n  the higher 
elevations. The Klamath Falls station reports a mean 
annual precipitation of 14.3 inches, while i n  the higher 
elevations a t  Crater Lake i t  i s  60 inches. Most of the 
surface water i n  the vicinity of Klamath Falls is  derived 
from three streams: Sprague River, Williamson River and 
Wood River. A significant amount of water also enters 
Upper Klamath Lake from springs and seeps i n  or near the 
lake and from small tr ibutaries on i ts  periphery. I t  is 
estimated the total  water collected i n  the basin from a l l  
the above sources i s  3,100,000 acre feet per year (1.01 x 
10l2 gallonslyear). The annual outflow to the Klamath 
River is  1,205,000 acre feet a t  the Keno station. The 
total  geothermal f l u i d  pumped and from artesian wells i n  

Y 
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Klamath Fa l l s  i s  estimated a t  5.0 x l o 8  gallons per year (2000 
tpm i s  the peak use). This represents 0.1 percent o f  the t o t a l  
annual f low o f  water i n t o  the basin. There appears t o  be a 
s ign i f i can t  recharge o f  the subsurface ground water by means 
o f  percolat ion o f  meteroic waters through the extensive frac- 
t u r e  zones i n  the basin. The waters are heated as they perco- 
l a t e  downward by the higher than normal temperature gradient 
i n  the basin and r i s e  as they encounter the deep range f ront  
f au l t s .  The geologic environment o f  the ve r t i ca l  f rac tu re  
zones i s pr imari  l y  o f  consol i dated rocks , fractured 1 ava f 1 ows 
and pyroc last ic  material. Due t o  the nature of t h i s  geologic 
environment there appears t o  be no concern f o r  the ef fects of 
subsidence as the geothermal f l u i d s  are extracted. 

.i, 
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L 9. Energy Conversion 
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Depending on the pro jec t  s ize  selected, the d i r e c t  environ- 
mental benef i ts  w i l l  be a reduction i n  the general leve l  o f  
a i r  po l lu tan ts  i n  downtown Klamath Fal ls .  Although these bene- 
f i t s  would be smal 1 f o r  the base plan, the reduction could be 
s i g n i f i c a n t  for  the expanded plan t o  110 equivalent bui ld ings:  
3,000 pounds o f  part iculates,  118 pounds o f  s u l f u r  oxides, 
3,900 pounds o f  carbon monoxide, 1,580 pounds o f  hydrocarbons 
and 23,600 pounds o f  Nitrogen Oxides per year (USEPA, 1974). 

Surface disturbance would be minimal f o r  the base plan, since 
the main l i n e  i s  confined t o  the a l l e y  between Klamath and 
Walnut Avenues. 

C. Waste Disposal I 

The disposal o f  geothermal f l u i d s  i s  a dual consideration--one 
o f  surface discharge and one o f  re in jec t ion .  

The f l u i d  as wel l  as the heat should be considered a resource. 
I t i s  i m p l i c i t  t h a t  "disposal" i s  considered only a f t e r  the 
resource i s  no longer "useful". 
t o  be desired by an i r r i g a t i o n  d i s t r i c t ,  f o r  instance, then 
discharge o f  the water i n t o  canals i s  considered a use o f  the 
geothermal f l u i d ,  not  disposal o f  it. 

Surface disposal may be considered i f :  

If the water i s  pure enough 
I u 

id  

1 

.lr 
1. The f l u i d  i s  o f  low s a l i n i t y  (<lo00 ppm). The t o t a l  

dissolved so l ids (TDS) f o r  the museum wel l  i s  924 ppm. 

2. The spent f l u i d  i s  cool (< lOO°F) .  The estimated tempera- 
tu re  o f  discharged water from the bui ld ings i s  145°F; 
therefore, f u r the r  use o r  cool ing would be required for 
surface discharge. 

77 



3. The discharge reservo i r  (lake, pond, stream or  canal) 
capacity o r  f low grea t ly  exceeds the geothermal f l u i d  
flow. It would be necessary f o r  c i t y  storm drains t o  
handle the discharge from the county buildings, which 
are already accepting geothermal f l u i d s  from approxi- 
mately 45 ar tes ian and pumped wel ls  i n  addi t ion t o  
surface runof f .  

4. The natural  recharge capab i l i t y  o f  the geothermal res- 
e r v o i r  i s  approximately the same as the r a t e  t h a t  f l u i d s  
are being withdrawn. 
Fa l l s  the recharge grea t ly  exceeds the withdrawal , since 
i n  pumped wel ls  water leve ls  have remained essent ia l l y  
the same f o r  years, w i t h  exception o f  seasonal var iat ions.  

Indicat ions are t h a t  i n  Klamath 

Reinject ion of the f l u i d  i n t o  wel ls  i s  generally the prefer red 
mode o f  disposal. This involves technical and funding problems 
concerning the number and locat ion o f  wells, the necessity f o r  
pumps, and the monitoring o f  the process f o r  induced seismic 
a c t i v i t y ,  etc.  I n  general, a wel l  w i l l  accept as much water 
(due t o  a hydrostat ic head) as can be pumped. The depth and 
loca t ion  o f  re in jec t i on  wel ls  are another concern. The fo l low-  
i n g  f i ve  approaches have been suggested o r  employed (Howard, 
1975). 

1. Reinject ion i n t o  the same st ra ta,  but  s u f f i c i e n t l y  "up- 
stream" from the production wel ls  t o  al low f o r  natural  
heating o f  the water i n  the t r a n s i t  distance. 

Reinject ion i n  the same s t ra ta  but  "downstream" from the 
production wel ls.  This method allows f o r  the maintenance 
o f  f l u i d  pressure but does not  requi re  t h a t  nature reheat 
the re in jec ted  f l u i d  f o r  l a t e r  w i  thdrawl from production 
wel ls.  

3. Reinject ion a t  a lesser depth than the production wells, 
a t  the top o f  the reservoir ,  w i t h  l i t t l e  l a t e r a l  displace- 
ment between we1 1 s. 

Reinject ion a t  a greater depth than the production wells. 
This method i s  perhaps more a t t r a c t i v e  than (3)  above, 
because the deep wel ls  need only  be about h a l f  the number 
o f  shallower wells. 

Reinject ion i n t o  an e n t i r e l y  d i f f e r e n t  s t ra ta  and reser- 
vo i r .  One must be cer ta in  the s t ra ta  i s  not  i n  close com- 
munication w i t h  a domestic water aqui fer .  This approach I 
probably creates more geological-hydrological complexities 

~ 

2. 

< )  

4. 

5. 
I 

i t h e r  o f  the four  preceding methods. 
I , 
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The f i r e  s ta t i on  we l l  accepting discharge f l u i d  o f  182 gpm 
from heat exchanger No. 3 i s  s im i l a r  t o  (4) above, whi le the 
main re in jec t i on  wel l  located a t  Klamath Avenue and Broad 
St ree t  i s  s i m i l a r  t o  (2) above. 

The advantages o f  re in jec t i on  are: 
pressure i n  producing reservior,  prevents subsidence, and e l im i -  
nates surface disposal concerns. 

Disadvantages are: costs o f  disposal wells, possible need f o r  
r e i n  j e c t i  on pumps possi b i  1 i ty o f  cool i ng produci ng reservoi r, 
and p o s s i b i l i t y  o f  chemical deposition blocking the pores o f  
the formation i n  the re in jec t i on  region o f  the wel l .  

Ground water r i g h t s  w i l l  need t o  be established w i th  the State 
o f  Oregon Water Resources Department (SWRD) f o r  the pumped 
f l u i d s .  The same department i s  responsible f o r  ground water 
recharge i n t o  the discharge wel l .  Final  ru les  and regulat ions 
governing recharge wel ls have not been completed but  i t  i s  ev i -  
dent a t  t h i s  time that :  l )  the recharge w i l l  need t o  be i n j e c t -  
ed i n t o  the same aqui fer  from which the f l u i d s  were removed; 
and 2) the ext ract ion and re in jec t i on  wel ls  w i l l  need t o  sa t is -  
fy SWRD requirements i n  regards t o  casing and rou t ing  t o  insure 
the i n t e g r i t y  o f  other aqui fers which may have been penetrated 
dur ing the d r i l l i n g  processes. 

i t  helps t o  maintain f l u i d  
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BOARD OF COUNTY COMMISSIONERS 

KLAMATH COUNTY QREGON 
COUNTY COURTHOUSE -2- KLAMATH FALLS, OREGON 976001 

February 9, 1976 

Paul J. Lienau 
Geo-Heat Utilization Center 
Oregon Institute of Technology 
Klamath Falls, OR 97601 

Gentlemen: 

Your letter of January 27, 1976 was presented to us by Mr. Earl Kessler 
with your recommendation of a feasibility study on Klamath County’s geothermal 
well. 

Please use this letter as a formal request by this Commission to employ 
the team of Paul J. Lienau, Gene Culver and John Lund to perform the feasibi- 
lity study for Klamath County. 

As you gentlemen are aware, funds for this project must go through the 
budgetary proceedings; however, funds could be made available by July 1, 1976. 
If it would be convenient for you to commence your work sooner than this, an 
Agreement could be executed to facilitate your time, but payment would have 
to be made after July 1, 1976. 

We would like to express our gratitude f o r  the opportunity to cooperate 
with O.I.T. in such a worthwhile project. 

Sincerely yours, 

BQ#.D-G=> coMMIssIoNERs 

Cbaban of the Board 

’ I  

td 
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Conceptual Design/Feasibi 1 i t y  Study 
for 

Klamath County/City Geothermal Space Heating 

ABSTRACT 

A geothermal space heat ing p ro jec t  has been i n i t i a t e d  by the Klamath 
County Commissioners to provide geothermal energy fo r  space heating of 
K1 amat h County/C I t y  bu I 1 d i ngs . 

This study, t o  be performed by Geo-Heat U t i l i z a t i o n  Center personnel, 
i s  t o  es tab l i sh  methods by which the Klamath County Courthouse bul ld ing,  
County J a i l ,  Memorial bu i ld ing,  Elks bu l ld ing,  L ibrary,  C i t y  J a i l ,  and City 
Ha l l  could be economically converted to u t i l i z e  geothermal energy for space 
heat ing i n  l i e u  o f  or i n  conjunction w i t h  present ly i n s t a l l e d  more conven- 
t i ona l  heat ing systems.. The study w i l l  r e s u l t  i n  a conceptual design and 
f e a s i b i l i t y  repor t  and a formal proposal requesting funds for the f i n a l  de- 
s ign and const ruct ion o f  the pro ject .  

Na r ra  t i ve I 

A. Study Objectives 

1. Perform a conceptual d e s i g d f e a s i b i l i t y  study to convert Klamath 
County Courthouse bui ld ing,  County J a i l ,  Memorial bu i ld ing,  Elks 
bu i ld ing,  L ibrary,  C i t y  J a i l ,  and C i t y  Ha l l  t o  geothermal space 
heat ing u t i l i z i n g  the we l l  located a t  the Klamath County Museum. 

Wr i te  a proposal to be submitted to appropr iate agencies for 
the f i n a l  design and construct ion of  the pro ject .  

2. 

6. Background Informat ion 

Geothermal waters of  moderate temperature ( less than 200°F), have been 
u t l l i z e d  f o r  d i s t r 4 c t  space heat ing i n  iso la ted cases throughout the 
world. Perhaps the most s i g n i f i c a n t  u t i l i z a t i o n  i s  the cap i ta l  c i t y  
of Rekyjavik, Iceland, where 88,000 people have v i r t u a l l y  a l l  of  t h e i r  
space heat pravided from hot geothermal wel ls.  - 
Nine downtown Klamath F a l l s  churches are considering using geothermal 
energy to provide t h e i r  space heating requirements. 
estimated costs o f  i n s t a l l i n g  a geothermal system, i t  appears tha t  cap- 
i t a l i z a t i o n ,  operat ion and maintenance costs amortized over a 25 year 
per iod are about h a l f  of the 1975 heat ing season fuel  costs. 

Geothermal energy a l so  provides insurance against r i s i n g  pr ices of  
f o s s i l  f ue l s  (coal, o i l  and natura l  gas). 

A f te r  determining 

' C. Study Plan. To meet the object ives of  t h i s  pro ject ,  the fo l lowing 
tasks w i l l  be accomplished i n  sequential order. E '  

Y 

by performing a temperature gradient measurement and pump t e s t  t o  
determine maximum output. 

84 

1. The museum w e l l ' s  po ten t ia l  and charac ter is t i cs  w i l l  be determined 



2. 

3.  

4 .  

5. 

6 .  

7. 

The pump t e s t  w i l l  he lp  determine the po ten t i a l  o f  the museum wel l  
and the e f f e c t  on nearby wel ls  which w l l l  be monitored before and 
dur ing pump tes t .  

Heating load requirements f o r  each bu i l d ing  w i l l  be computed from 
plans, i f  avai lab le.  If plans are not avai lable,  measurements 
necessary t o  compute heating load w i l l  be made. 

Recommendations for r e t r o f i t t i n g  requirements and estimated cost 
to  convert each bu i l d ing  from conventional heat ing methods to  
geothermal w i  11 be made. 

Recommendations on transmission/distribution p ipe l ine  i n  terms of 
route, type, s ize,  pumps, network contro ls ,  and estimated costs 
w i l l  be made. 

Options for disposal of  geothermal f l u i d s  w i l l  be studied and a 
recommendation made according t o  method and cost. 

Estimated cost  ef fect iveness i n  terms o f  cap i ta l i za t ion ,  operation, 
and maintenance of  the geothermal heat ing system w i l l  be compared 
t o  conventional seasonal heating costs. 

Based on the data gathered i n  t h i s  study a formal proposal w i l l  be 
w r i t t e n  requesting funds f o r  the f i n a l  design and construct ion of 
a geothermal space heat ing system to be submitted by Klamath County 
t o  appropr iate agencies. 

D. Organization and Management Plan 

The study w i l l  be performed by personnel from the Geo-Heat U t i l i z a t i o n  
Center a t  Oregon I n s t l t u t e  of  Technology. The pro jec t  d i rec to r  w i l l  be 
Paul J. Lienau, who w i l l  d i rec t ,  coordinate and contro l  t h i s  pro ject .  

The proposed work plan according t o  the study plan to accomplish the 
object ives of t h i s  study i s  as fo l l ows :  

Week (begin June 21, 1976) 

Task from Study Plan 1 2 3 4 5 6 7 8  

1 X 

2 x x x x  
3 x x x  
4 x x x  
5 X 

6 x x  
7 x x x  

Fina l  Report X 
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E. Budget 

1. Salaries 

7 man weeks @ $550 per week 
(Culver, Ltenau and Lund) 

$3,850 

578 

L- 
Other payroll expenses (OPE) @ 15% 

Total Salaries $$,428 

2. Services and Supplies 

Drafting, reproduction and film $ 600 
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CONCEPTUAL DESIGN/FEASIBILITY STUDY 

KLAMATH COUNT CITY GEOTHERMAL SPACE HEATING 

t u- FOR 

ADDENDUM TO BUDGET 

# &  
The f o l l o w i n g  endorsements approves a d d i t i o n a l  f u n d i n g  
t o  Oregon I n s t i t u t e  of  Technology for t h e  pump t e s t  
per fo rmed on t h e  Klamth County Museum Wel l .  

I i  

tp' 

ITEM COST t 

I 

Iw 

Cost o f  County Museum Pump Test  $2,085.55 

O r i g i n a l  amount budgeted f o r  t e s t  1,000.00 

A d d i t i o n a l  Funding Approved $1,085.55 

I 

L L -  ENDORSEMENTS 

i i  Approv ing  
A d m i n i s t r a t l v e  O f f i c i a l s  

Klamath County P r o j  ec t Ma nag e r I 
L 
kd 

u 

. ,  Name 2J 4.. 
Y Chairman of t h e  

? I  D i r e c t o r ,  Geo-Heat 
T i t l e  U t i l i z a t i o n  Center  

0 '  

Date y-/d- 717 

L 

It By Board of County Commissioners 
L 





PRODUCT DIRECTORY 

Pipeline Suppliers 
L 
LJ 

a.  Transite 
Mr. Howard D. Harvey 
Johns-Manvi 1 le 
215 Market Street 
San Francisco, CA 94105 

B.F. Goodrich Chem. Co. 
6100 Oak Tree Boulevard 
Cleveland, OH 44131 

‘ L  
I L 
~C 

b. CPVC i 

2. Factory Insulated P i p i n g  Systems: 

a .  Rovanco Corporation - FRP Insul-8 
Mr. Jim Curry 
431 5 McCal 1 is ter P1 ace 
Washougal WA 98671 
Phone (206) 835-5585 

(Address as above, la . )  
b. Temp-Tite 

3. S i te  Insulated Piping Systems: 
ij 
6 
c 

L 

a.  Protexulate 
Div. Pluess Staufer (North American) Inc. 
One World Trade Center 
Suite 2173 
New York, NY 10048 
Phone (21 2)  466-0550 

b. American Gilsoni te Company 
1150 Kenneeott Bui ld ing  
Sa l t  Lake City, UT i 84133 
Phone (801 ) 328-031 1 

The E. J. Bartells Company L 524 North Tillamook Street  

c. Foamglass 

b 

L 
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Heat Exchangers 

1. Bert Farnes Company 
W 

t, Mr. Larry Paulus 
1 0805 S . E. Cascade Boulevard 
Portland, OR 97323 
Phone (503) 639-1 557 

L 
2. Bell and Gossett I l l  

8200 North A u s t i n  Avenue 
Morton Grove, IL 60053 

Controls 

1. Johnson Control 
Mr., Daniel Green 
Portland, OR 

2. Branom Instruments 
Mr. Dennis Rainey 
Medford, OR 97501 

L 
L 
li 

Pumps 
\ 

1. Inters ta te  Pump Company, Inc. 
Mr. Lee Campbell 
72'09 South Sixth Street 
Klamath Falls, OR 97601 



i 
L 
i 
1 

li 
A. Dri l l i ng :  12-i nch 14-inch 

I 1. Sof t  t o  500 f t .  $ 9.60/ft. $11.2O/ft. 
2. Rock t o  500 f t .  24.00/ft. 28.00/ft. 
3. 500 ft. cost increases $l / f t .  for every 100 f t .  
4. 10 percent increase i n  30 days 

I B. Casing: 1 

12-in. - $9.60/ft., installed 
10-in. - $9.13/ft. 
10 percent increase i n  30 days 

I t  

C. Downhole Heat Exchanger ( D H E ) :  .b 

t 
i '  
thl 

2-in. - $1.56/ft., Mud Leg - $25 

When a DHE is  used, the pipe length  i s  approximately twice the depth 
of a bore hole. A 12-inch bore hole receives a 10-inch casing pre- 
forated a t  producing aquifer and below s ta t ic  water level. 

? -  

D. Well Completion: 

1. Cement/Bentonite - $7.75/sack installed 
2. High carbon shoe on 12 i n .  - $150 
3. Mud clean-out - f i r s t  hour on driller, $85/hr thereafter. 

Clean-out normally requires three t o  four hours. 

i t i d .  

I 
ii 

The above costs were quoted july 22, 1976, and are subject t o  change w i t h -  
out  notice. 

ir \ I 
, a  

lj 

L 

i i  

I ?  

i 

d 1 '  
L 
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Jo hns-Manville 
Sales Corporation 
215 Market Street 
San Francisco, Calif. 94105 

1; 
1 1  

b (41 5) 362-4353 
January &, 1977 

b 

Yr. Paul J. Lienau, Physicist 
Oregon Institute of Technology 
Klamath Falls, Oregon 976Ql 
Dear Mr. Lienau: 

The following are estimating prices for the proposed 
county heating district In Klamath Palls: 

1 

The above estimating prices include the necessary couplings 
and rings for assembly but do not include any fittings. 
Freight to Klamath Falls has been included in these prices. 



Manufacture & Propetfies 
Johns-Manville TRANSITE Pipe is an asbestos- 
cement product. It is composed of an intimate 
mixture of Portland cement, silica and 
asbestos fiber. The material is completely 
free from organic or metallic substances. The 
pipe is formed under pressure on a steel 
mandrel creating a dense wall with a smooth 
interior surface. Final curing of the product 
is done in an autoclave employing high 
pressure steam for dimensional and chemical 
stability. 
TRANSIT€ pipe is an asbestos-fiber-reinforced 
product. The asbestos fibers have a tensile 
strength as high as 400,000 psi and the fibers 
are oriented in the material in such a way as to 
utilize their high tensile properties for maxi- 
mum reinforcement and stress resistance. The 
high strength of TRANSITE pipe may be 
demonstrated by examining the hydrostatic 
and crush strengths of each size and strength 
of pipe. (See below.) Continuous plant testing 
assures the maintenance of these high 
values. 

Flow Characteristit% 
TRANSiTE pipe comes in ,IO' and 13 lengths. 
The long length, its smooth interior and 
factory-made close-tolerance joint make 
possible a coefficient of C=140. This high 
carrying capacity can result in the use of 
smaller diameter pipes and lower pumping 
costs. 

Hydrostatic Strength 
Each standard, random and short length of 
Transite water pipe is designed to have 
sufficient strength to withstand an internal 
hydrostatic pressure listed in the table below. 

loo 150 200 

TESTPRESSURE 400 6& 800 

(hs strrdad length In every 900 Is t g t d  to pessueo shown md 

SAUPLING 
HYDROSTATIC TEST 

(5 second dwell 

. CLASS 

thm retested to routine pmaue. 
~ 

Flexural Strength 

Design Approach 

Each standard length of Transite water pipe 
in sizes 4, 6 and 8 inches has sufficient 
strength to withstand, without failure, total 



NOMINAL 
'IPE 'IZE* 

INCHES 

CRUSHING STRENGTH PER LINEAR FT, LB 
' CLASS 100 CLASS IS0 CLASS 100 ipe has the crushing strength indicated 

e right when tested in accordance with 4 4.100 5.400 8,700 
6 ,4.000 5,400 9.OOO 
8 4,000 5,Sm 9.- 

10 4,400 7.m 1 1 . m  
12 5.200 7.m 1 1 . m  
14 5.200 8.600 13,500 
16 5.800 ' 9,200 15,400 a 

T 
B f 

P 
0 
t n 

f 1 
Corrosion Resistance 

below are Pipe Samples taken from in-senrice ous installations for mine drainage, in cinder fills and for 
rs old- where aggressive waters, and salt water disposal lines are further evidence of Transite 

the best indices of Transite p/pe'r pipe's high stability. maintained hydraulic efficiency and 
rosion inside, outside, and ail-the-yay- long, economical performance. They document why 
pipe is immune to rust, electrolysis, Transite pipe is considered the most corroslon-resistant 

trochemical types of corrosion. Numer- water pipe in general use by the water works industry. 
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Installation Guide 
The Johns-Manville Installation Guide (TR-62A) for 
Transite Pressure Pipe is available - at no cost - to 
Engineers. Superintendents, Contractors,, Foremen and 
laying crews for guidance In following specifications. 
Order from your J-M representative or contact the nearest 
J-M Customer Servlce Center listed on the back page. 
CONTENT OF GUfOE AS FOLLOWS 
Receiving and Handling ........................... 
ExcavatingTrench. ............................... 
Supporting Pipe .................................. 
Lowering Into Trench ............................. 
Assembly of Pipe and Coupling ...................... 

I " " " " " '  Use of Shorl Lengths 
Cutting and Machining Pipe ........................ 
Assembly at Fittings .............................. 
Thrust Control at Fittings ........................... 
Installation at Hydrants ............................. 
Senke Connections .............................. 
Backfilling and Tamping ........................... 
Pressure Tests -Leakage Tests ..................... 
Repaln To Damaged Pipe .......................... 
Pulling Pipe Throu$h Casings ....................... 
BridgeCrosslngs ................................. 

.................. 

Excavation and Bedding 
As with other pipes, the trench for Transite pipe should be 
excavated with bell holes, or granular material placed 
under the pipe to provide uniform bearing along the full 
length of each section (Class C Bedding - WPCF M.O.P. 
9). The narrowest practical trench at the top of the pipe 
which will allow preparation of the bedding and pipe 
assembly is recommended. This is usually considered to 
be the pipe diameter plus 18" to 24". 

Handling 
As with any pipe, Transite pipe should be handled in such 
8 way as to gvoid impact which might damage the pipe or 
the joining ends. 
Two men can handle 4". 6" and 8" pipe manually. It's 
that tight. They can handle 10' and 12" with ropes, and 
require mechanical equipment only with larger sizes. The 
llght weight of Transite reduces cost of on-job hauling, 
storing, stringing out, lowering and assembly. 

Joint Assembly 
Transite Pressure Pipe is joined with Ring-Tite couplings 
and is factory-belled. A push or a pull is all that's needed 
to assemble. For smaller sires only a bar and a block of 
wood is needed. For larger sizes efficient coupling pullers 
are used. Either way, assembly is fast, simple, sure. 
Stabbing or popping-on is not recommended as a method 

Thrust Control 
Thrust control is required wherever the pipeline: changes 
direction, as at tees and bends; changes sizes, as at 
reducers; stops, as at dead-ends; or is expected to 
develop thrusts at valves. The type and extent of thrust 
control required depends on pipe size, pressures, type of 
soil and type of fitting. Thrust control is normally designed 
by the engineer. Location. type and size are his responsi- 
bility and should be included in the project plans and 
specifications. 

95 

Minimum Radius of Cunfafure 
For Pipe on Curves 
Transite pipe may be deflected at the joint within the limits 
(maximum) described and illustrated below. Because of 
deflection at the joint, cutves in a line can often be made 
without fittings, reducing installation costs. Pipe to be 
deflected is assembled straight then offset as needed. 
Deflecting pipe sometimes requires a wider trench at the 
outside of the curve. If offset exceeds the maximum 
recommended for standard lengths the curve is too sharp. 
In this case. short lengths can be used to increase the 
number of joints and sharpen the curve. 

i 
MINIMUM RADIUS / I OFCURVF ( F F m  I 

IUS OF E--- 
IJCU . 313.5 147 ,"..VE , 

185.5 371 
124.0 249 

93.1 186 PIPELINE TO CURVE 
FROM POINT A TO B 74.3 149 

A , ................ .\ 
DEFLECTION 

PER 
COUPLING 
(Degrees) 

13' LENGTH 
(Inches) 

1.1' 

10.9" 
13.6' 

? 

Pipe in s i res  4"-12" may be deflected up to 5'; pipes 14" and 16" 
up to  4'. These deflections apply 80 couplings b l l r d  on the iob 
site. For factory-bdled couplings, use &ieSlolf ef the above I d -  
flection. or offset.. 

ortant advantage with Transite pipe, 
as fittings and valves are available with Ring-Tite joining 
design. The flexible connections made this way allow full 
pipe lengths to be used at fittings. Deflection can be taken 
at couplings which permits making changes in direction up 
to 5" whether horizontal or vertical. This flexibility helps 
by-pass trench obstructions. Short lengths are avallable 
to assist in accurately locating fittings. If exact location of 
fittings is necessary, Transite MOA (machined over-all) 
pieces are available to eliminate additional labor costs of 
machining in the field. 

3 



I / 
b, ACCESSORIES 

Cipo Sire 

6" Class 200 
4" thru 6" Classes 100 & 150 - 4" CIOS8 2M) 

8" thru 16" Clarsor 100. 150 & 200 

Fittings - Adaptors - Connections I Tra 
r in t 

corpor8Hon stop 

%" 
1" 
1" 

' the TransHe Short Lengths (ME€ & MOA) 
As shown, short lengths may be machined-over-all (MOA) 
or machined-each-end (MEE). Following is a listing of the 
lengths and types of short lengths available: 
For 4" and 6" (10 ft. lengths) . . . . . 3'3" MOA 

For 6' (13 ft. lengths) . . , . . . . . . . 
For 8" thru 16" . . . . . . . . . . . . . . . . . 3'3" and 

$3" end 6'9" MEE 

$3" and 6'6' MEE 
6'6" MOA 

33" and 66" MEE 
UACWINEO W U 4 L L  YICRINEO UCR.CN0 - I i i i l i  

I .  

Ffitings 
Cast iron fittings (Including elbows, tees, crosses, 
reducers, valves and hydrants) are available with Ring- 
Tite bells in Classes 100, 150 and 200 for pipe sizes 4" 
through 16". Specify-'"Cast Iron Fitting or Valve, with 
Ring-Tite Bells." Cast Iron Fittings conform to ASA 
A21.10 and AWWA ClOO standard specifications. "Cast 
Iron Fittings with Standard Bell." 

Adaptors 
a. From Transite to C. 1. Mech. Jt. or Poured Bell 

" L  
AT MECHANICAL JOINT FITTING 

b. Transite Class to Class c. Transite (ME) to Flange. 

CLASS TO CLASS ADAPTOR 
C '  

. &i Picti d. Transite (PE) to Steel or PVC' e. Transite (PE) to CI 

PIPE TAPPEDIFOR PIPE TAPPED FOR 
IRON PIPE THREAD CORP. STOP THREAD 

Transite pipe has a thick wall and will therefore engage 
more threads of the corporation stop-so the boring-bar 
must travel farther down in order to thread the corporation 

NE TO THREE 

A properly inrtallod corporation stop-showing goorenwk In SeWlCO 
oipo and detolt of correct numbor of thrords exporod aftor tlehtcning. 

amps 
- .. 

linea 
soils 

' resis 
throi 

(PE) -Plain End 

AWWA THREAD I Tapping Sleeve" 

Fabrlcated wlth many types of 
outlets (M.J.. fhd., Flange etc.) Spocify d h o r  brorr 

01 golvmlrod Iron 
buahinp. 

- 
'All accessories other than Transite brand available through your local 
Water Works Supply House. 

4 

MJXlInUm Ske d Outlot 
Rocommendod with ServI~e CI 

(Inches) 

Service Clamps' 

Transite Bushed Couplings 

All bushings are threaded into coupling wall 
and securely bonded with epoxy cement. 



Short Form SpecHication For Transife Asbestos Cement Pressure Pipe 

SECTION 1. MATERIAIS 
1.1 Pipe and Coupllngll, In sizes indicated on the 

contract plans shall be Class 100, 160. or 200. All 
pipe and couplings shall be manufactured and water-tight seal. 
tested in accordance with "AWWA Standard for 
Asbestos Cement Pressure Pipe for Water and Other 
Llqulds" AWWA CbW. 

1.11 Pipe shall be properly machined on each end to 
facilitate joining the pipe sections and to provide 
automatic end separation of pipe in each coupling 
assembly. SECTION 2. INSTALLATION 

d lengths shall be 10 feet in 4" (10 Ig. also 
in 6") and 13 f a t  In 6" through 16'. Up to 

10% of the total footage of any one size and class 
may be furnished In random lengths (7' min) . 

1.2 Couplings The inner surface of each coupling shall 
have gasket retaining grooves which, when the pipe 
is assembled, shall compress the gasket to form a 

1.3 Rubbor Rings shall be of uniform solid cross-section 
and conform to ASTM D 1869 "Rubber Rings for 
Asbestos Cement Pipe". 

2.1 All pipe. couplings, fittings and rubber rings shall be 
installed in accordance with contract plans and 
specification and the "AWWA Standard for Installa- 
tion of Asbestos Cement Water Pipe" AWWA C 603. 

Warranty & Warranty Limitations 

All products sold are subject to the following warranty: J-M warrants for a period of one year from date of delivery to the 
original retail purchaser that the Product is free from defects in materials and workmanship. J-M MAKES NO OTHER 
REPRESENTATION OR WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, IN FACT OR IN LAW, 1NCLUDlNG WITHOUT 
LIMITATION, THE WARRANTY OF MERCHANTABILITY OR THE WARRANTY O f  FiTNESS FOR A PARTICULAR PUR- 
POSE. The limit of J-M's liability for failure of its Product to meet the foregoing warranty shall be, at J-M's sole option 
repair or replacement of the defective Product and shall exclude any damage caused by accident, misuse or abuse of the 
Product IN NO EVENT SHALL J-M BE LIABLE FOR INCIDENTAL OR CONSEQUENTIAL DAMAGES. 

The physical (or chemical) properties of Johns-Manville TRANSITE Ring-Tite Pressure Pipe 
' 

represent typical, average values obtained In accordance with accepted test methods and are 
subject to normal manufacturing variations. The indicated minimum values are as shown. This 
information is supplied as a technical service and is subject to change without notice. Check the 

9 



for conveying chilled water and low temperature 
hot water (35410°F) Sizes 3"- 30" 

CH-8 
INSTAU FASTER THAN MANY OTHER 

COSTS LESS INSTUlED 
OUTPERFORMS OTHER INSULATED PIPE 

This factory-insulated pipe is designed espe- 
cially for central heatlng/coollng systems in 
multi-building projects. 

ildSULAlED PIPE SYSTEMS . 

SYSTEMS NOW AVAILABLE. 

Descrbtion 
Factory insulated underground pipe -one unit 
that is completely non-metallic. 
TRANSITEa CASING. Light and rugged auto- 
clave cured asbestos-cement resists corrosion 
from aggresshre soils and water. Withstands 
normal field handling associated with pipeline 
constructlon. Meets broadest range of earth 
loading conditions. 
POLYURETHANE FOAM lNSUUTlON k 
bonded between a lined casing and cure, and 
capped at both ends with water and heat 
resistant end seals to ensure complete 
encasement . . . to malntaln high thermal 
efficiency. 
TRANSITE LINED PiPE CORE. Provides maxi- 
mum flow rates (C=150) and eliminates 
internal corrosion. 
RING-TITE a COUPLING with rubber rings 
provides proven. water-tight seal . . . permits 
quick easy assembly, even in a wet trench 
. . . allows expansion and contraction in the 
joint . . . eliminates need for loops. conven- 
tional expansion joints and other costly 
accessories. 

Do not use for steam condensate. 

Approval or Acceptance 
TEMP-TlTE Pressure Pipe k manufactured 
and tested in accordance with Joh-ns-Manville 
Material Specification. Performance require- 
ments for individual component parts, as 
Indicated in the J-M Specifications. meet 
or exceed those covered in the following 
specHicat ions: 

ASTM-D1869 Federal Spec. SS-P-351 
ASTM-C541 (Upon application) 

AWWA-C400 TYPE I I ASTWC296 
ASTM4428 TYPE II ANSI-A165.3. ANSIJ8.7 

arison Data 
basis -8" diameter 
100 ft. of pipe no expansion loops OT joints 

Temp-Tlle 
Pmrsun Pipe 

field Applied 
Inulia1.d System. Kz.14 @ 50°F mean temperature 

K1.16 @I 150°F mean temperature 

feet/"F/Hr 
' Where "K" Is expressed in BTUIinchIrquare hmnlop.Systsma Pound 

Welded Facto* 
Note: m e  foregoing values represent "average 
values." Slnce the apparent density of poly- 
urethane foam may vary considerably within 

.11 to .18 at either of the mean temperatures to a 

operating temperature, and cell sbucture of lolnts loops not i,,&d&. 
the foam may significantly affect the resultant The above provMes for 
conductivity "K" value. 

Fabriaied ~ y r t o m r  

Marenal inslmllolion Grading or Spcial 
Ortinage Syaumr a confined area as compared to a "free rise" 

the cmduc'vity may vary from This chart shows the re la th  inst&l& cost d 
8.. Temp-Tite pressure pipt, 85 chosen. Furthermore* the ultimate age* the of The cost of required 

materials, labor and normal excavation and 
back fill costs. Special grading or draining 
systems normally required under wet trench 
conditions is estimated as shown. 
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Plpe Sire 

3 
b 0 0 2  00 '  0, DQ, 0 6  0 7  0 8  Tl 

3.00 3.84 4 -00 d .oo 6 .92 4.63 5.59 4.01 1 .oo 

1g.w IJ.VL 14.W 1b.W 17.48 14.71 17.15 14.15 I 0.W I C  Li 
14 14.00 16.22 16.38 18.40 20.15 17.15 20.00 16.46 1.01 
16 16.00 18.46 18.62 20.80 22.80 19.39 22.64 18.70 1.09 
19 18.00 20.94 21.10 24.00 25.78 21.87 25.12 21.18 1.45 
20 20.00 23.28 23.44 25.45" 27.80. 24.21 27.65 23.52 1.01 

c 

L 

b 
L 

4 3.95 4.81 4.97 8.00 9.02 5.60 6.58 5.04 1.52 
6 5.85 6.91 7.07 9.00 8.88 7.70 8.96 7.14 0.97 L, 8 7.85 9.1 1 0.27 12.00 13.22 8.90 11.52 934 1.97 

10 10.00 11.66 11.82 14.00 15.07 12.45 14.51 11.89 1 *09 

SHORT LENGTHS (L) 
MOA ME€ 

PIPE SIZESf STANDARD LENGTHS (Q 

10' 3'4 " 6'-9 " 3" t 4" 
6" 13' 3'.3" I 6'4" 

13' 6'-6" 6'-6" 8" thm 30" 

APPROXIMATE 
WEIGHTS OF PIPE 

INCLUDING COUPLING 
Sizes  I 1bs.lFt. 

3 13.2 ' 

4 19.3 
6 23.1 
8 39.9 

10 50.7 
12 72.8 
14 96.4 

123.8 :: I 147.5 
qn ran n 



operating kwi. However. k, no hutarm, Is l o m p l k e  pipe recan- 
mndd to be used In oxcost of the lor ego in^ conditions. regardless of 

f 

Coefficient of Expansion for Wet 
thermal expansion Transite=4.5 x in/in/"F 

'bMmlsn takes olwo rn * H h  Imwh el #p an6 m not curnulotire Soamly b l m n  pp *nh ran.r. rath mmrnurn 01 25- rhos mmmum 
pnubd*r a *P.c* aolety fmctor of 11' for z0o.F 1.rnpnhln chow8 

Comparative Thermal Data ECONOMICS 
CHIUED WATER 

6.000 d 8" Bere Steel - Heat Gain = 405.000 
5,OOO' d 8 Temp-lite - Heat Gain I 40.000 

NetDm. = 

In 1 year (8760 HRS.) Heat Gain= 
BTU. or 259,150 Tons/Yr. Assuming lW/TON/ 
Hr, the additional cost per year for not Insulating 
Will be approximately $25,915. If cost of mohey 
is 7%, the present worth of this Heat Gain is: 

I; 

$106,252 in 5 yr. period 
$182,027 in 10 yr. period 
$274.440 in 20 yr. period 

F '  

This does not consider the further adverse effects 
n, nor changes in energy costs. 

L 
ECONOMICS ii HOT W A T a  

5,000 ot 8 '  Bere Steel - Host LOSS = 1.19o.OOO 
5.000' Or B" Temp-lite - Heat Loss = 230.000 

Net om. = T~G~~~ZBTUJHR. 
In 8 months (5840 HRS.) Heat Loss t 

9,110,400,000 BTU. Assuming a million BTU's 
to be worth $3.00, the additional cost per year 
for not insulating will be approximately $27,162. 
However, if cost of money is 7%, the present 
worth Of this Heat Loss cost is approximatety: 

$1 11,364 in 5 yr. period 
$190,786 in 10 yr. period 
$287.646 in 20 yr. period 

L 

, ;  

L 
'J 

L 
3 6 8 12 I6 M 24 10 This does not consider the further adverse effects 

'Johns-Manviiie can provide you with a detailed heat loss/gain computer analysis which will include a 
PIP,E,$;$ of inflation, nor changes in energy costs. 

fmancial analysis if so desfred. Your Johns-Man representative will be pleased to advise you of the &talks. 
3 

1 00 



Pressure Pipe Friction Loss of Heed Chapt 

4000 8.05 13.70 6.80 7.20 
4250 9.40 15.30 7.23 8.09 
4500 9.95 17.00 7.65 8.81 
4750 10.51 18.80 8.08 9.92 
5000 11.06. 20.60 8.50 10.90' 

8.93 11.92 I 5250 
9.35 1332: 5500 
9.78 13-90 5750 

I 6000 

_- -_-__-. -- 
-- -.--"__._- - .- - ___- ..-. - -_-I. -__ _.-_ 

*- "-I~-c.",-~-I_-***.,~ -_,----. - 
.).I_ 
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Short Form Specification 

TEMP-TIT€ Pressure Pipe 
for 

Section I MATERIALS 
1.1 Pipe: All underground insulated 

pipe 3' and larger shall be Johns- 
Manville TEMP-TITE Pressure Pipe 
with RING-TITE joints. One TRANS- 
ITE RING-TITE coupling and two 
rubber rings shall be furnished 
with each standard and short 
length of pipe. 

1.2 Fittings: All fittings shall be cast 
iron pressure fittings RING-TITE 
bells conforming to A W A  stan- 
dard C-110 or welded steel fusion 
coated epoxy lined with Ring-lite 
mechanical ends per AWWA-C201. 
C-209 modified, C-207, C-206 
as manufactured by Pipeline 
Accessories Corp. 

Section II  INSTAUATION 
2.1 All pipe, couplings, fittings, and 

rubber rings shall be installed in 
accordance with Johns-Manville's 
Installation Guides for TRANSITE 
RING-TITE Water Pipe (TR-62A) 
and Insulated Pipes (TR-616A) 
and as shown on the contract 
drawings. 

5 
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h*i 

COPPER CORE/ 
TEMP-TITE" 
H EAT-TI TE TM 

TEMP-TITE @ 1 KOOL-KORE TM 

SUPER TEMP-TITE" 

JOHNS- M ANV I C E  PREl NSULATED PIPES 

Temperature 
Umlb - O F  

35260 
35-260 
3521 0 
3573 

21 0-450 
35-21 0 

Operating 
Pressures- PSI 

0-1 50 
0-1 50 
0-1 50 
0-1 60 
0-500 
0-1 00 

Warranty & Warranty UmNations 

Water & Condensate 

Water 
Water 
Water 

Water (I Steam 
Condensate 

WARRANTY: 
All Products sold are subject to the following warranty: J-M warrants for a period of one year from date of delivery to the 
original retail purchaser that the Product is free from defects in materials and workmanship. J-M MAKES NO OTHER 
REPRESENTATION OR WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, IN FACT OR IN LAW, INCLUDING WITHOUT 
LIMITATION, THE WARRANTY OF MERCHANTABILITY OR THE WARRANTY OF FITNESS FOR A PARTICULAR PUR- 
POSE, OTHER THAN THE LIMITED WARRANTY SET FORTH ABOVE. Every claim under this warranty shall be deemed 
waived unless in writing and received by J-M within thirty (30)  days of the date the defect to which each claim relates is 

1 discovered or should have been discovered. 
LIMITATION OF LIABILITY: 
It is expressly understood and agreed that the limit of J-M's liability shall be, at J-M's sole option, repair or resupply of 8 
like quantity nondefective Product and that J-M shall have no such liability except where the damage results from breach 
of J-M's warranty. It is also agreed that J-M shall not be liable for any incidental or consequential damages. breach of 

Id 

iy 

i; warranty, strict liability, or any other theory, other than the limited liability set forth above. 

The physical and chemical properties of Johns-Manville Pipe Products represent typical average 
values obtained In accordance with accepted test methods and are subject to normal manu- 
facturing variations. They are supplied as a technical service and are subject to change without 
notice. Check the Johns-Manville Customer Service Center or local representative to assure 
current information. 

For Infomation on other I-M Products and Sus&ms call Product Information Center at (303) 7741aoO k. 2745 

h Johns- 
Greenwood Plaza Denver, Colorado 80217 

PIPE CUSTOMER 8ERVICE CENTERS 
FLORIDA-P. 0. BOX 185. GREEN COVE SPRINGS. 32043, (904) 284-3091 

CALIFORNIA- P. 0. BOX 9087. LONG BEACH, 90810. (213) 834-6471 
CALIFORNIA-P. 0. BOX 1587. STOCKTON. 05201. (209) 082-1500 

ILLINOIS-P. 0. BOX 46, WAUKEGAN. 60085. (312) 6252900 
NEW JERSEY-MAIN PT., MANVILLE. 08835. (201) 7255000 

TEXAS -0ENlSON. 75020. (214) 185-6390 

i 

1 
CANADIAN JOHNS-MANVIUE CO., LIMITED 565 LAKESHORE ROAD EAST, MISSISSAUGA, ONTARIO 

MONTREAL OTTAWA TORONTO WINNIPEG FT. SASKATCHEWAN VANCOUVER Lcr 
JOHNS-MANVILLE INTERNATIONAL CORP., GREENWOOD PLAZA, DENVER, COLO. 80217 CABLE: NHNMANVIL 

MIAMI NEW YORK SAN FRANCISCO ii 
. -- b"" 8n5 

Litho in U S A .  



Specification No. S.81 

Series R56 
Paraflow Plate Heat Exchanger 

For pressures up to 125 psi 

The  Series R56 Paraflow, a lower pressure version 
of the R55 type unit, i s  a large capacity plate heat 
exchanger manufactured by APV for a wide range of 
heat transfer applications. 

A strong but simple mild s t ee l  frame, finished 
in a chemical-resistant black paint, i s  available in 
five s izes .  The  unit i s  designed t o  provide up to 
1960 sq.  ft.  of heat transfer surface when equipped 
with the maximum of 350 plates, and is engineered 
t o  permit the handling of up t o  700 GPM of liquid 
with relatively low pressure losses .  

Series R56 plates, type II/150 low pressure, measure 
61-1//4” x 16-3/8” and are manufactured a s  standard 
in  316 s ta in less  s tee l .  Gaske ts  are supplied in elas- 
tomers selected to withstand a wide range of liquids 
and temperatures. 

The heat exchanger frame cons is t s  of a head and 
end support connected by a top carrying bar and 
a bottom guide rail. These  form a rigid unit which 
supports the plates and follower. The  follower may 
be unclamped and easily moved along the top bar to 
permit full access t o  all plate surfaces for cleaning 
or inspection, and each plate is individually re- 
placeable. Six t ie  bars are used t o  clamp the follower 
and plates t o  the head. 

Ports of 4” inside diameter have s ta in less  steel 
liquid bushes and 4” sanitary 3A or s ta in less  steel 
lap joint flanged connections. 

Connector plates of s ta in less  s t ee l  with either 4” 
or 2-112’’ ports are available to allow the Paraflow 
t o  be sectioned for multiple duties. 

APV Paraflow, Series R56, closed and open. 

1 04 



Accessories are quoted a s  additional items. These 
include commercially obtainable thermometers, pres- 
sure gauges, and steam fittings. 

For a fu l f  description o f  the design and principle o f  the 
APV Paraflow Plate Heal Exchanger, request catalog A340. 

FRAME TIEBAR 
SIZE SIZE 

1 1 

2 2 

3 
4 
5 

6 

7 

8 

3 

4 

5 

TYPE 11/150 
PLATE CAPACITY 

10 - 60 

60 - 120 

118 - 170 

168 - 215 

213 - 255 

253 - 290 

288 - 322 

320 - 350 

LENGTH 

.5' 1-1/4" 

7' 3-1 /2" 

9' 0-3/4" 

R56 plate weight 8-3/4 Ibs. 
Frame weight 2000 to 2400 Ibs. according to size 

10' 5-1R" I 

I I 

A. P.V. COMPANY, INCORPORATED ' Tonawanda Industrial Park. 395 Fillniore Avenue, Tonawanda, New York 14150 m Phone: (716) 692-3000 

1 Representation in principal countries throughout the world 
105 

3c-870 



L Specification No. S.169 

i Series HXCB 
U Paraflow Plate Heat Exchanger 

U U W 

Type HXCB-4 (4 tie bars) 
for pressures up to 60 psi 

Type HXCB-6 (6 tie bars) 
for pressures up to 100 psi 

The Series HXCB Paraflow is a floor-mounted small 
capacity plate heat exchanger manufactured by APV 
for u s e  as an integral part of equipment involving 
continuous heating or cooling of various liquids. 

T h e  unit will provide up to 87 sq.ft. of heat 
transfer surface when equipped with the  maximum 
of 48 plates, and is engineered t o  handle up t o  180 
GPM of liquid with relatively low pressure losses. 

Series HX plates measure 33” x 9” and are manu- 
factured as standard in 20 swg s ta in less  steel. 
P l a t e s  of other metals t o  meet special  processing 
conditions a l so  are available. Gaskets can  be  sup- 
plied in materials to  suit  the requirements of a wide 
range of liquids and temperatures. 

The heat exchanger frame cons is t s  of a head and 

follower of painted steel. The  follower and p la tes  
are suspended between a top carrying rail and bot- 
tom guide bar, and all plate surfaces are eas i ly  
accessible for cleaning or inspection. 

Ports of 2” inside diameter have s t a in l e s s  steel 
liquid bushes and 2” IPT, sanitary 3A, sanitary 
ISS, or s ta in less  s t ee l  l ap  joint flanged connections. 

Connector plates of s ta in less  steel are available 
to allow the Paraflow to be sectioned for multiple 
duties. 

Accessories are quoted as additional items. These  
include commercially obtainable thermometers, 
pressure gauges, and steam fittings. 

For a full description of the design and principle of the 
APV Paraflow Plate Heat Exchanger,request catalog A340. 

6“ )-c-l8’’-4{ 

if A. P.V. COMPANY, INCORPORATED 

L 
Tonawanda lndustrial Park, 395 Fillmore Avenue, Tonawanda, New York 14150 Phone: (716) 692-3000 

Representation in principal countries throughout the world 
i nc 



Specification NO. S.73b 

Series HMB L 
Parajlow Plate Heat Exchanger 

W 

For pressures up to 100 psi 

The Series HMBL Paraflow is a medium capacity plate 
heat exchanger manufactured by A P V  for a wide range 
of industrial liquid heating and cooling duties. 

A strong but simple s t ee l  frame finished with 
a chemical resistant black paint i s  available in 
three s i z e s  with capacit ies up to a maximum of 187 
plates. The  unit is designed to  provide up t o  686 
sq.ft. of heat transfer surface when equipped with 
the maximum number of plates,  and i s  engineered to  
permit the handling of up to  300 GPM of liquid with 
relatively low pressure losses .  

Series HMB plates measure 43-7/8” x 12-1/2” and 
are manufactured as standard in 20 swg s ta in less  
steel. P l a t e s  of other metals to  meet special  pro- 
cess ing  conditions a l so  are available. Gaskets can  
be  supplied in materials to  suit  the requirements of 
a wide range of liquids and temperatures. 

The heat exchanger frame cons is t s  of a head and 

, 

end support connected by a top carrying bar and 
a bottom guide bar to form a rigid unit which 
supports the plates and follower. The  follower 
may be  unclamped and easily moved along the top 
bar to  permit ful l  a cces s  to  all plate surfaces for 
cleaning or inspection, and all  plates may be 
individually removed from the  unit. 

Ports of 2%” inside diameter have s ta in less  steel 
liquid bushes with sanitary 3A or s ta in less  steel 
lap joint flanged connections. 

Connector plates of s ta in less  steel are available to 
allow the Paraflow to be sectioned for multiple duties. 

Accessories are quoted as additional items. These  
include commercially obtainable thermometers, 
pressure gauges, and steam fittings. 

Series HMBL Paraflow, Elosed and open Series HMB Paraflow plate 



Heat transfer area per plate: 3.68 ft2 

1 3'91~'' 850 
la 3 - 62 
1b 62 -- 96 4'434" 

I I 2a 96 - *  124 
2b 124 - 156 4'434" I 5'2%" 

3 3 156 - 187 4'4'4" I 

! 

5'1 1" 1150 I 

I 
I 

4 - 9  i 
I 

1 1 
I 

I I 

A. P.V. COMPANY, INCORPORATED 
Tonawanda Industrial Park, 395 Fillmore Avenue, Tonawanda, New York 14150 Phone: (716) 692-3000 

Representation in principal countries throughout the world 
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INTERSTATE PUMP CO., IMC. 
7209soUttrethst. 

Klamath Falls, O w n  97601 

1 r 
I O E E X X  CGTI'VT OF "?E?. 

3"rnht  T 

ICLALATtl FACTS, ORA'ION 97601 J 

- 
G 
i L. 

1.- - W ' romnmic SUBJECT: wf;: QUOTS AS FOLLQWS t STIMATF ONLY: 
, DATE L January 12, 1977 I M E S S A G E  

1000 GFN @ 225' TDH 

100 HP Motor Une S t a r t  U O V  
100 Panel Line S t a r t  rclO\r 3 
1OOW Nelson Drive with Barber Control 
Young raidator, Penn Heat Sensor, h o n t  control f o r  sa&ty 
100 Ft, 
17 AC 8 Discharee head 
Bowl assembly f o r  184 degree F temp, 

Balanced impellers and keyed shaft. 
10' 8" suction with s ta in less  s t e e l  cone s t r a ine r  

8" x 24 x 13 Column, o i l  tube and shaf t  

bm extra bowl l a t e r i a l  

Instal led on your base $ 74,896.00 
Pulling of existing c o i l s  @ $25.00 per hr, plus $8.00 per hr f o r  helper 

VOTR: NO !Ct!UNG POLR OR MEYIXR RASE.. NO PLUMEING OF PIPE FMilMD PUMP. 



Ph: 5031882-6321 
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Paul J. Lienmi 
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GEOlHEAT UTILIZATION CENTER 
OREGON INSTITUTE OF TECHNOLOGY - KLAMATH FALLS, OREGON 97601 

June 25, 1976 

M r ,  Lee Campbell 
I n te rs ta te  Pump Co., Inc. 
7209 So. 6 th S t .  
Klamath Fal ls ,  OR 97601 

Dear M r ,  Campbell: 

As you know, we are conducting a f e a s i b i l i t y  study t o  
provide heat for  City/County governmental bu i ld ings 
from the Museum hot water wel l .  

In order t o  determine the po ten t i a l  and e f f e c t  on nearby 
wells, we discussed w i t h  you the p o s s i b i l i t y  o f  doing a 
pump t e s t  on the Museum well .  
receiv ing an estimate and date when the t e s t  could be 
accomplished. Please include i n  the estimate the costs 
f o r  p u l l i n g  and replacing the heating c o i l s ,  supplying 
co ld  water t o  the w e l l  i n  order t o  k i l l  the estimated 
150 gpm ar tes ian flow, i ns ta l  1 ing a shut-of f  a t  the pump 
and a p ipe from pump t o  the storm sewer catch bas in 

We would appreciate 

- .  
(150 f t . ' f r om the we l l )  and run the t e s t  f o r  up t o  24 
hours, depending on the budget, 

We would appreciate any suggestions you may have fo r  
conducting t h i s  test .  

Thank you for  your cooperation and I look forward to 
hearing from you soon. 

Sincerely yours,, 
I 
I 

Paul J. Leinau, Di rector  
Geo-Heat U t i l i z a t i o n  Center 

PJL:dts 
cc: Mr. Earl Kessler 

County Eng i neer 
Courthouse 
Klamath Fa l l s ,  OR 
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INTERSTATE PUMP COMPANY, INC. 
7209 SOUTH SIXTH STREET 
KLAMATH FALLS, OREGON . 

5031882.3464 

SALES ORDER 

Date July 9, 1976 

SOLDTO Oregon Institute of Technolow Scheduled Shipping Date 

Customer P.O. NO.- 

ship to: Well Test County Museum hot water wen 
N W  Address 

Via: Markings 

SALES TAX TERMS: c -  
h 

L 
i d  

The Purchaser a fees  that any material or labor furnished to him in addition to the above described work shall be charged at current prim 
and added to an shall become a part of this contract. 

described herein shall remain in the name of the uller. and shall not pass from the vllcr to the purchaser or to his 
51~CcesSOfs until 111 purchase money (includlnBnd;ferred Payments. notes given for purchase mon and renewals thereof) shall have been fully paid in cash by the purcbavr 
Said Property shall not become 1 Part of any rerlty. but shall remain tbc prronal property p t h c  seller. regardless of the manner of tb use or of its attachment to an; realty or other property. until full cash payment i s  made as i f o m i d .  

The capacity, rprcd. lift. and aI1,other u y i c e  rquiremcnts 8nd gu!ranteer !nd or warranties herein rtahd sh$l be confided as me if it is found the art1 is 
crooked to the extent that the mechanical o rttion of the pump i s  !mpaired. or if t l e  well docs .not properly furnlsh the pump with the a m u n t  of clean. non-arm- 
and/or non-gaseous water. free from sand. &itus apd/or other forrim substances, called for herein wuhin the total head or lift spcdficd herein. 

It is hereby understood and agreed that all work ordered hereunder is precarious and uncertain in its nature and all gullin of um reinstallin pumps, reprir work rltentions well work, sand pumpin corrections. or other work herein spcclfied etc ahall be strictly a t  thk purcharer'r r i h  de &&ration wdl not k liable 
for d m a r  of a b  Jund grrtialarly incluih loss or drmagc for diminution or fail& oi'crop shortage of watr.  inability 01 faiiure to ruppl same or for diminua- 
tion or cessation of wate; ow; nor shall the &or ration be liable lor any d a m  es or delays of any kind on account of rtickinq of pump in the weh in r i y  position either 
wben bein pulled out or being reinstated nor sf% the Cor ration be liable for nn damages on account of delay in making repatn or installing b virtue dr 
defect in &e well .or b virtue of the well not being in con%ion to recewe the maclinery, or by virtue of unforesccn or changing conditions in the wdl  or in or about 
the premises on which tbe well 18 located. 

'Time is the VSrnce of this W m a n t ,  a d  S h 4 d  PuKhaar fail to make #y payment above sprcjfied when the aamc is due or fail to do anything el% muired hewunder the entire unpaid brlance of the purchase prlrr shall at the option of el et  k c o m  immedtatcly due m d  payable and shall bear interest thereafter at the 
highnt lawful rate: and Purchaser :grccs to make full payment 01 aurh brlrncc. Should Phrchrter return rsid machintry to Sclltr or should Seller repossess raid machinev 
the Seller mry rttain all payments reviously made :a comprnution lor use of said michincry, and Seller ms at its option se:ll #rid machintry at public or rivate ral; 
with or without notice, and credit tRe net procnds. after cxpenas. on the amounts unpaid hereunder. Any br ince over the sald amount, unpaid hereunder sffall bc a d  
to Purchaser on demand. If the ne! procvds of tuch sale arc insufficient tn covtr thc.;rmount unprid hereunder, Purchaser :peer to ay any deficicw upon d e m d  In 
htu ,of such resale, Seller may, at tts option. credit the reasonrble value of. said machinery as determined by it. Iris all crpcnres an$ Fttorn s fccs heron inwrred; as kz;f:;: provided, to the unpaid amounts due under this contract. in which event Purchaser rgrtcs to pay Scllrr any difference or dcficlenq zit my -1st or reman duc 

The title to and ownership of the prow 

nt as rovided herein. All rights 
inclu8ng a reaFnrble attorney's 
agreed that this instrument shall 

waived. and that the accrptancr 

a t  
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Sdes 
1WERSTATE PL'hlP COVPASY, ISC. 
7209 SOUTH 6TH ST. PHONE 503/&E2-=64 Service 

KLAMATH FALLS, OREGON 97601 

. gregon ~nst.i:~u*%e of Tech-?. 
?us=inlss Offlce I . --=lea% ?ails, Orejcn 976nl 

I 

i 
. _  _ '  -.. . . -  

* -  

1% per month FINANCE CHARGE applied to past due accounts. 

I ----+-. . . 

-4- ! %------t 
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MUSEUM WELL PUMP TEST 
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GEO-HEAT UTILIZATION CENTER . 

OREGON INSTITUTE OF TECHNOLOGY - KLAMATH FALLS, O R E G O N  97601 

I%: 503/887 6321 

DIRECTOR November 24, 1976 
Paul J. Lienau 

ASSOCIATE DIRECTORS 
Gene Culver 

John W. Lund Mr. Ed Sammel 
COO RDl NATOR 

John Smith 
Water Resources Division 
Branch of Ground Water 

RESEARCH ASSOCIATES 
Sherman Aiiilerron 
Thornas Connors 
Lerov Fisk 
Charles Hiqher 
wllli,llll . l l ~ l l i l \ t ~ i l  

Ihwr h,ti I 
Saul Laskin 
Jerry Newcornl) 
Jav Silva 
Larson Svarievik 

Mail Stop 411 
Reston, West Virginia 22092 

Dear Ed : 

test .  
Please f i n d  enclosed material on the museum well pump 

I apologize for not sending i t  earlier. 

The elevations were taken from a topographic map. John 
will run a level survey for more accurate elevation values. 
The drawdown plots are water level changes from t = 0.0 min.  
A short circuiting ohm meter was used t o  measure drawdown, 
g iv ing  a scale limit of 1.0 mm. i n  most cases. Shown below 
is a sketch of the apparatus: 

We;# 

1 bvf; br*cd f*p C W & t  m*?s. pc* W d C *  s+;;c 

We feel this technique was very successful, enabling 
one t o  make f a i r l y  rap'id measurements dur ing  the i n i t i a l  
period of pumping. 

The enclosed temperature gradient measurements were 
made on wells before and after the test .  

We are very grateful t h a t  USGS is  w i l l i n g  t o  interpret 
this data. 

All of us here a t  OIT have been very busy f i n i s h i n g  up 
four reports (Klamath Falls Geothermal Mini-Heating District 
Feasibility Study, Optimization of Geothermal Home Heating 
Systems, Corrosion on DHE's and County/City District Heating 
Feasibility Study) ,  I n  addition ERDA awarded OIT a contract 
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Mr. Ed Sammel 
Page 2 

to  study the adaption of geo-heating to the Agri -Business 
Industry. 

holidays, and look forward to meeting with you in the near 
future. 

I wish you and your family the best for the coming 

PJL:sef 

Very truly yours, 

P d  
Paul J .  Lienau 
Director, Geo-Heat 

a 

It 

I 

1 

lization Center 
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HUSEUM WELL 

Locati'on o f  Well: Klamath County Museum, Wal l  Street and Spring Street 

Inside Diameter: 10" & 8" Depth: 1,235 feet 

450 1/2 feet  o f  10 inch casing 

150 feet of 5 inch Column and 5 Stage 8 Inch Bowls. 

S ta t i c  Water Level a t  S tar t  o f  Test: about 150 GPM Artesian. 

L" 
D r i l l e r :  E. E. Storey and Son 

i 
t Me11 Dr i l l i ng ,  Inc. 

i i 

m 

PUMP TEST DATA 
August 4, 1976 
,l0:38 Started 

Elapsed Time 
( m i  n)  

0 
7 
22 
37 
52 
67 
82 (noon] 
97 
112 
127 
142 
157 
172 
188 
202 
21 7 
232 
247 
252 
267 
277 
292 
307 
322 
352 
367 
382 
397 
41 2 

260 
360 
360 
320 
320 
320 
31 0 
31 0 
31 0 
460 
460 
460 
470 
470 
470 
470 
470 
575 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 

3 
4 
4 
4 
4 
4 
5 
4 
4 
11 1/2 
11 1/2 
11 1/2 
12 

; 11 
! 11 

11 
11 
17 . 
24 
24 
24 
25 
25 
25 
2s 
27 
27 
27 

Temperature 
(" F) 

1 86 
183 
184 
1 84 
184 
182 
182 
182 
182 
182 
182 
182 
180 
180 
182 
1 82 
182 
180 
180 
1 80 
182 
182 
182 
182 
182 
182 
182 
182 

117 

Condition o f  
Water 

(Clear, Muddy, etc.) 

C1 ear 
II 

I1 

II 

I1 

I 1  

*I 

I1  

0 

11 

I1 

II 

I1 

*I 

I1 

11. 

II 

I1 

I1 

II 

II 

II 

It 

I1 

11 

II 

II 

II 

. 



Elapsed l ime 
( m i 4  

427 
442 
457 
472 
487 
502 
51 7 
532 
547 
562 
577 
592 
607 
622 
637 

. 652 
667 
682 
697 
71 2 
727 
742 
757 
772 
787 
802 (mid] 
817 (am) 
832 
847 
862 
877 
892 
907 
922 
937 
952 
967 
982 
997 

101 2 
1027 
1042 
1057 
1072 
1087 
1102 
1117 
1132 

\ 

670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 
670 

Drawdown 
(ft) 

27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
26 
26 
26 
26 
25 
25 
25 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 

-Temperature 
(OF) 

182 
184 
184 
184 
184 
184 
184 
184 
184 
184 
184 
184 
184 
184 
1 84 
184 
184 
1 84 
184 
184 
184 
184 
184 
184 
184 
184 
184 
184 
184 
182 
182 
182 
182 
182 
182 
182 
182 
182 
182 
182 
182 
182 
182 
182 
182 
1'82 
182 
182 

Condition o f  
Water 

(Clear, Muddy, etc.) 

Clear 
I1 

N 

I1 

I1 

II 

II 

I1 

II 

II 

II 

II 

It  

II 

I1 

II 

I 1  

II 

II 

II 

II 

I 1  

II 

I 1  

II 

II 

II 

0 

I1 

II 

II 

II 

11 

11 

I1 

I 1  

0 

I1 

I1 

II 

I1 

II 

II 

II 

I1 

II 

118 
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Elapsed Time 
( m i d  

1147 
1162 
1177 

r '  

L 

Capacity Drawdown Temperature Condition o f  
Water 

(Clear, Muddy, e tc . )  , 

C1 ear  

( G W  (ft) ( O F )  

I1 
670 28 182 
670 28 182 I1 670 28 182 

II 

L 

t 



Observation Wel l  Data 
Result ing from Museum Well Pump T s t  

470 gal min-1 @ t=136.2 min and 670 gal min-l  8 249.0 min. 
and shutdown 8 t=1704 min.) 

t (Pumped Well began discharging 320 gal min' 8 t = O  min. 

J DEPTH 

BOTTOM 
TEMP. 

73.3 

WATER LEVEL 
FROM MEAS. PT. 

t=O.O min. 
(cm) 

DISTANCE 
TO 

PUMPED 
WELL (ft) 

MEASUREMENT 
PROBLEMS 

DRAW DOWN 
;=1704 min. 

(cm) 

ELEVATION 
(ft) 

DISCRIPTION WELL NO. 

159.0 33.2 4116 2 .1 1070 none 
Klamath Union H.S, 
Recharge wel l .  . 

KU-1 

D - 

4121 .5 1305 KU- 2 
I 

b 

Klamath Union H.S, 
Production We1 1 

38.1 O i l  i s  used t o  break 
the a i r j w a t e r  i n t e r -  
face. This o i l  i n t e r -  
face caused d i  f f i cul-  
t y  with our measuring 
instrument, thus re- 
s u l t i n g  i n  the  scat- 
t e r i n g  pts.  on the 
p l o t .  

415.4 

116.9 none 4113 f .3 96.9 129 F i r e  S ta t i on  w e l l  
pumped and r e t u r n  
ed t o  same w e l l  (3 
Broad and Wall. A 
cable t o o l  b i t  i s  
a t  the w e l l  bot-  
tom. 

Lowel 1 Jone' s 
w e l l  i s  pumped 
and used t o  heat 
two commercial 
bu i l d ings  @ 310 S 
Spring Street. 

FS-3 

-~ 

32.5 196.5 - 

~ 

t 
4104.5 - - 3  LJ-4 none , 1087 



WELL NO. 
1 DISTANCE 
I TO 
' PUMPED 

WELL ( f t )  

924 

123.0 

81 0 

283 

Mw- 5 

WATER LEVEL 

t=O;O min. t=1704 min. PROBLEMS 
ELEVAT I ON FROM MEAS. PT. DRAWDOWN MEASUREMENT 

(cm) (cm) 

4119.5 't .3 183.0 26.2 none 

4109.5 -f .3 92.8 28.3 D i f f i c u l t  t o  measure 
due t o  small open-- 
ing. Ref. p t .  was 
moved dur ing tes t .  

4113 .05 141.3 47.2 Passing t r a i n s  caus- 
ed a 0.2 cm reading 
f 1 ucuat i  on. 

4108.8 2 .05 72.0 Pump was turned o f f  
24 hrs. p r i o r  t o  
t e s t  r e s u l t i n g  i n  
water r i s i n g  t o  f i l l  
head p i t .  Some mea- 
surements were made 
o f  t h i s  water leve l  
from a reference pt .  

CS-6 

highway pavement. 

Coke Plant Well 
i s  pumped t o  
heat comnercial 
bu i l d ing  Q 105 
N. Spring S t .  

I 

A 

5 
HD-7 

316 

/ 
CP-8 

I WELL / 
D I  SCRIPT ION DEPTH 



WELL NO 
WATER LEVEL 

FROM MEAS. PT. 
t=O.O Min. 

(cm) 

GC-9 

DRAWDOWN MEASUREMENT 
PROBLEMS t=1704 min. 

(cm) 

'EB-10 

' DISTANCE 
DISCRIPTION 

Garrison C l i n i c  248 
w e l l  i s  pumped t o  
heat c l i n i c  @ 
1437 Esplanade S t .  

. EA-11 
d 

Iu 
Iu 

' 
ELEVATION 

4118.9 .1 

TX- 1 2 

84.6 

Artesian 

- _ .  

167.6 

475.5 

53.0 none 

22.4 Artesian f l o w  ceased 
dur ing t e s t .  The w e l l  
rebounded back t o  
ar tes ian f low i n  7.0 
min. a f t e r  shutdown. 

4.0 Well may have pa r t -  
i a l l y  caved in.  Ran- 
dom meas. were made on 
the  we l l  dur ing the 
t e s t .  

dur ing a po r t i on  o f  
the t e s t .  

9.9 The wel? pump went on 

b u i l d i n g  (h 120 
East Main S t .  

Esplanade Apt. 
w e l l  i s  abandon- 
ed. 

Thexton I s we1 1 
i s  used t o  heat 
a home by pump- 
ed method @ 235 
North A 1  ameda . 

I I I 

._ - - 

1105 4120.5 .3 

+ 
1425 4138.0 - .1 

I t 
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I (2. 

GEOTHERMAL WELL DATA 

Temperature Log LJ-4 

Location: 310 SPRING STREET Owner: LOWELL JONES LOGGING 

We 1 1  c1 ir 'ac t er it i c  9 S 

7/12/76 8/5/76 8/20/76 

4.9 f t .  - 4.5 ft.- - 
Date: 

SM. : 

DEPTH 
(ft 1 

Temp 
( C O )  

1. 30.9 43.7 - - -  SWL 

40 

- 
- 42.3 42:8 48.5 - - -  2. 

80 - 45.8 46.7 51.2 - - -  3. 

4. - -  -I 

w 
Iu 50.2 51.1 54.7 - - -  120 - 

52.2 53.2 56.2 - - -  160 - 5. 

6. 54.3 55.4 57.6 - 200 - 
240 

280 

320 

- 
- 
- 

56.1 57.1 58.8 - - -  a. 
8. 57.8 58.9 59.9 - - -  
9. 

10. 

59.7 60.6 61.0 - - -  
61.5 62.4 61.9 - - -  360 - 
63.0 63.8 63.7 - - -  11. 

12. 

400 

440 

480 

520 

- 
- 
- 

64.1 64.9 64.5 - - -  
65.2 65.8 65.4 - - -  13. 

14. 63.9 64.7 64.3" - -  
* Bottom (h 499.4 



GEOTHEWAL WELL DATA 

Temperature Log MW-5 

Loca t ion : 1737 M F U  WAY Owner : R F U N C F  

We 1 1  Characteristics: Deoth 
Date: - - -  

- - -  SM: : 

DEPTH 
(ft 1 

Temp Temp Temp 
(cO) (cO) (cO) 

1. - - -  
.- - - -  2. 

3. 

4. 

5. 

6. 

w - - -  
- - -  
- - -  

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

- - -  
- - -  

*Bottom 
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