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EXECUTIVE SUMMARY

This report consists of a conceptual design study for district
heating of a 30-home subdiyision located near the southeasy extremity of
the city of Elko, Nevada. While a specific residential community was
used in the study, the overall approach and methodologies contained in
the report are believed to be generally applicable for a large number of
communities where low temperature geothermal fluid is available.

The proposed district heating system utilizes moderate temperature,
clean domestic water and existing community culinary water supply lines.
The culinary water supply is heated by a moderate temperaturé geothermal
source using a single heat exchanger at entry to the subdivision. The
heated culinary water is then pumped to the houses in the community
where energy is extracted by means of a water supplied heat pump. Thé
use of heat pumps at the individual houses allows economic heating to
result from supply of relatively cool water to the community, and this
precludes the necessity of suppiying objectionably hot water for normal
household consumptive use. Each heat pump unit is isolated from the
consumptive water flow such that contamination of the water supply is
avoided. The community wéter delivery system is modified to allow
recircu]ation within the commdnity,-and very little rework of existing
water lines is required. |

The ent1re system coefficient of performance (COP) for a typ1ca1
year of heat1ng is 3 36 exclusive of well pumping energy. This

.relat1ve1y high COP results from the use of recently designed, high

. efficiency heat pumps at the houses. The annual energy savings that

would result from the proposed retrofit during a typical yeaf are 14,647
kW-h per house. Assuming a typical fossil fuel electric power plant
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efficiency of 33 percent, the conversion from electric resistance-

“heating to the proposed district system would save 30 barrels of oil per

year per house, or a yearly equivalent of 900 barrels of o0il saved in
this small subdivision.

Using a single geothermal well adjacent to the subdivision as the
heat source, the proposed design appears to be economically attractive
under current electric power rates in Nevada, having a paybagk period of
about seven years. The total projected system cost in current dollars
is approximately $228,000.

A major part of this cost is due to retrofit of the individual
‘house heating systems which are baseboard electric units, the least
adaptable system for conversion to district heating. For communities
where homes have forced warm air systems, the cost would be decreased on
the order of 20 percent from the above total cost. Further, for
communities already having Qarm potable water, a condition existing in
many western states, the total cost of the heating system would be much
Tower -- perhaps as Tow as 50 percent of the cost projected from the
current design study.

| Coﬁsidering the high retrofit cost %d;—conversion from electric

baseboard to forced air distribution house systems in the single

~community studied and the existence of many western comunities having

70°-80°F drinking water delivered to residencés, it is recommended that
fufther evaluations be made of communities whicﬁ exhibit high potable
water supply temperaturés.:'The evaluafion methodology of this report
can be applied in an effoft to rank prospective comunities on both
economic and technic31 feasibi1ity scales for implementation of this

concept of district heating.
ii
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1. INTRODUCTION

1.1 Project Overview

This document represents the final Conceptual Design Report for a
residential district heating system for a 30-home community in the city
of Elko, Nevada, using a geothermal resource coupled with the existing
culinary water distribution system in the community. The work has been
performed under the auspices of the U.S. Department of Energy (USDOE)
according to a contract with Clemson University, Contract Number DE-
AS07-78CS31744, Modification Numbers A002 and M003. Chilton Engineering
acted as subcontractor to Clemson University and provided éngineering
ﬁnput and all community specific data including geologic and
environmental information.

This conceptual design effort constitutes Phase III of a general
study entitled "Feasibility Study of Existing Water Supply Systems."
Phases'I and II involved basic engineering feasibility and economic
feasibility, respectively, of a_general approach to district heating
using the existing potable water distribution system to supply heated
water; this water is also suitable for all other houeshold uses. The
previously obtained results of Phases I and-1I were used to establish
generalftechniqués employed in the study reported herein.

Thé conventional approach to district heating involves distribution

" of heated water (or steam) through insulated piping to buildings to be

heated.- The sources of energy for most district heating systems in
current use are, in order of decreasing usage, fossil fuel thermal

plants, garbage incineration, cogéneration of electric powér and thermal

‘power, and geothermal resources. Only a few--waste heat, cogeheration, '

and geothermal systems--are in operation; the_prebonderance of district
heating systems are in Europe and are fossil fuel supplied. Among

1
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geothermal systems, perhaps the 1argést and most widely publicized is
that in Reykjavik, Iceland. A more complete discussion of existing
district heating worldwide is given in Appendix A.

The concept embodied in the present design is unique in that dis-
trict heating would be accomplished without installation of an insulated
thermal fluid distributidn system within the usfng community. While |
this is very attractive from a first cost viewpoint, it is only practi-
cal for either (i) low-cost waste heat or (fi) Tow-cost geothermal heat,
since approximately 50-60% of the thermal energy is lost in the uninsu-

lated distribution system. Nonetheless, the concept of dual-usage of

the existing culinary water distribution system is felt to offer a

simple, workable, Tow-cost approach to geothermal district heating.
Further, the concept is believed to be adaptable to many communities
where either low temperature hydrothermal geothermal resources or low-
grade waste heat is readily available.

In keeping with other DOE sponsored demonstration projects, the
conceptual design includes on-site data aquisition and monitoring capa-
bilities. This equipment will permit vgrifjcation of system performance
and pr&vide a data base for use in future similar projects.r

Thevremainihg sections in‘this chapter are intended to familiarize
the reader with the existing community site and its heating require-'
ments. The final section presents a brief description of the proposed
district heaiing system; Chapter 2 describes the geo]ogic/geothermaI

site setting, and Chapter 3 outlines the various heating system

vapproabhes considered and describes advantages and disadvantages of

each. Chapter 4 preSents details of the final design including
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engineering analysis techniques. The economic analysis of the proposed

system is the subject of Chapter 5, whereas Chapter 6 is devoted to
environmental considerations. A summary of the proposed design and
recommendations for implementation are presented in Chapter 7.

1.2 Description of Site

1.2.1 General

A new but already completed subdivision consisting of 30 homes

located near the southeast extremity of the city of Elko, Nevada, is the

- target community for this district heating design. Elko, a city of

9,600, is located in the Humbolt River Valley of northeastern Nevada,
ﬁnd it is at an elevation of approximately 5000 feet. Several mountain
ranges with many peaks near or exceeding 10,000 feet in height dominate
the landscape; notable among fhese are the Ruby Mountaihs. TQe imme-
diate terrain of Elko, however, consists of sagebrush-covered valleys
and low foothills, the highest of which are approximately 2500 feet
above the valley floor. A few areas, mostly in the higher mountains,
are covered with juniper, pinion pine and spruce.

Dug to the high city e]évation and grgfimity of the mountains,
there are wide annual and daily temperature ranges. High nighttime

radiation results in cool nights, even during the summer. The annual

- growing season averages ag;:}QO days, but freezing temperatures have

occurred during every month of the year.

Precipitation is light, averaging 9 inches annually with the
majority of this occurring during the winter months aS snow. For the
forty year period 1939-40 thrpugh 1978-79, the record mean snowfall was

greatest during January followed in order by December and February--
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these are usually the three coldest months in the same order. During
tne~present year, however, total precipitation exceeded 10 inches prior
to mid-May. The amount of precipitation influences the thermal
conductivity of the soil, and this has a significant bearing on the

thermal losses from uninsulated buried hot water piping.

The heating requirement is relatively high due to the severe winter

weather. The average number of heating degree-days during the twenty-
year period 1958-59 through 1978-79 was 7112°F-day/year. The minimum

heating requirement during this perid was 5914°F-day/year in 1978-79;

the maximum requirement was 7990°F-day/year in 1963-64.

Air conditioning is not a significant factor; the average cooling
requirement during the past ten year period was 375°F-day/year. The
worst month is usually July, and the maximum July requirement during
this period was 220°F-days--an average of only 7°F-day/day during the
hottest month of the past ten years.

1.2.2 MWater System |

Chilton engineering of Elko, Nevada, completed an in-depth study of
the Elko municipal water system in November, 1979. A complete descrip-
tion of the existing water system is ine}n;ed in their report of that
date; the following briefly summarizes a description of the existing
cu]inary_water.supply system. '/

The city water is supplied by eleven wells in service, one of which

is not suitable for domestie water and is used only at the golf course.

The peak-season production rates for these wells range from 160 GPM

(gallons per minute) for the poorest flowing well to 770 GPM for the

best well.  The total maximum production,iexeluding the non-culinary

e i RS
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~ water well, is approximately 6270 GPM or 9.03 MGD (million gallons per

day),_with the maximum summer production being 7.69 MGD.

Water storage is provided by four tank-type reservoirs at three
sites with a total capacity of 6.4 million gallons. These provide
gravity supply to the city. The tanks and wells are interconnected with
a network of 10 to 18-inch mains, with future improvement intended to
divide the area into two pressuré zone service areas utilizing gravity
feed. Street mains vary from 4-inch to 8-inch in general, with through-
mains being 10-inch to 18-inch size.

The water from the wells is of generally high quality having total

“dissolved solids ranging from 240 to 481 PPM (parts per million) exclud-

ing one low flow rate well scheduled for phase-out. The largest contam-
inates are, in deséending order, Bicarbonate, Alkalinity, Sulfate, and
Calcium. Chlorination of the water supply is presently on an "as-
needed" basis.

Individual house consumption of water is relatively high. This may
be partially attributed to the present non-metered billing system.
General practice in residential areas is currently to provide l-inch
diameter water lines to individual‘housééf— This is somewhat larger than
that used in most parts of the United states haVing metered water bill-

ing systems.

A district heating system is proposed which will utilize low tem-
perature clean domestic water and existing community culinary water
supply lines. The culinary water supply is heated by a moderate tem-

perature geothérmaT‘source using a'single heat exchanger at entry to the
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subdivision. The heated culinary water is then pumped‘to the houses in
the cammunity where energy is extracted by means of a water supplied
heat pump. The use of heat pumps at the 1ndividua1 houses allows eco-
nomic heating to result from supply of relatively cool water to the

community, and this precludes the necessity of supplying objectionably

" hot water for normal household consumptive use. Each heat pump unit is

isolated from the consumptive water flow such that contamination of the
water supply is avoided. The community water delivery system is mod1i-
fied to allow recirculation within the community, and very little rework
of existing water 1ines is required. The design study is for a 30-house
‘residential subdivision in Elko, Nevada, using a single geothekmé] well

adjacent to the subdivision as the heat source.

N
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2. GEOLOGIC/GEOTHERMAL SITE SETTING

2.1 Summary
The City of Elko, Nevada, (Figure 2.1) lies above and adjacent to

8,960 acres of land designated as a known geothermal resource area. The

geothermal system is assumed to be hot water based with convective mass

r— O l{ﬁ}

transfer occuring along an as yet not fully described major fault line

trending northeasterly beneath the City of Elko. This section describes

-recent investigations conducted concerning this geothermal resource and

the base of experience tﬁat leads the contractor to feel that a suitable

—

geothermal reservoir exists for the purposes 6f this study and the
applications contemplated.

' 2.2 Introduction

r -

2.2.1 General Statement

The following discussion presents the results and conclusions from
a geological and geophysical assessment of the geothermal resources

available for direct use in the vicinity of Elko, Nevada. The assess-

T

ment was performed by Geothermal Surveys, Inc. (GSI), South Pasadena,

o

California, in Conjunction with the City of Elko and the Elko Heat

]

Company. This work comprised a part of the resource assessment phase of

r

- the program outlined in a proposal to the U.S. Department of Energy

entit]ed-"Ffe]d Experiments for Direct Uses of Geothermal Energy: Elko,

Nevada," dated July 18, 1979. ‘The assessment resulted in a report

t

r

prepared by GSI entitled l"D*Ir'ect Use Geothermal Investigations, Elko,

)

" Nevada: Phase I - Resource Assessment, Geological and Geophysical

r

Surveys," dated November 16, 1979, which is ihcluded, in part, below.

The report is available in its enfirety from Geothermal Surveys, Inc.,

o

fii.

the Elko Heat Company, or Chilton Engineering, if required.

-

|y
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The objectives of the Resource Assessment Phase were threefold:

1) to locate the sites most favorable for drilling hot water

wells; |

2) to assess sufficiently that portion of the reservoir being

produced to assure long-term continuance; and

“3) to develop information that can be used to assess the
characteristics of the entire reservoir,

Attainment of these goals involved an evaluation of the geologic
and geohydrologic characteristics of the geothermal reservoir.

The work described herein consisted of reconnaissance geological
mapping, geochemical analyses of water from springs and wells, and a
number of geophysical surveys. Reconnaissance geologic mapping was
conducted to examine exposed rock types and geologic structures that
relate to the distributibn and control of the hot water systems. Water
samples were collected and analyzed to estimate possible source tempera-
ture and to characterize the chemical constituents of the geothermal
waters. Thermal, direct-current electrical, and electromagnetic geo-
physical surveys were carried out to obtain further information on the

- ——

extent of the thermal resource.

2.2.2 Background

In June, 1977 Geothermal Surveys, Inc.vconducted a thermal explora- -

tion survey for the City‘of Elko. The purpose of the survey was to
Tocate favorable sites for drilling municipal water wells. The results
of the early work révealed an anomalous trend of higher temperatures
extending northeasf beneath the City from a group of well-known hot

springs. This zone of high temperatures was intefpreted as an extension
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of a mapped fault to the southwest. This discdvery encouraged further
interest in the local geothermal resources which lead to the development
of an exploration and utilization program for the purposes of assessing,
developing and using the available geothermal energy.

2.3 Geologic Setting

2.3.1 General Statement

The City of Elko is located 6n and along the floodplain of the
Humboldt River as shown in Figure 2.1 The river flows in ah alluvial
valley from northeast to southwest through the study area, between the
Adobe Range to the northwest and the Elko Hills to the southeast.

The Humboldt River valley divides the area into two different
terrains. Td the northwest are exposures of Late Tertiary Humboldt
Formation, a continental sedimentary deposit (Sharp, 1939). A series of
northwest‘trending cuestas, with the longer slopes to the northeast,
rise gently from the valley floor to the Adobe Range.

South of the river the Elko Hills rise rather abruptly from the
valley floor. Some units of the Humboldt Formation occur locally in
this area but outcrops of the Tertiary Elko Formation, which underlies
the Huﬁboldt Formation, are most abundagt:- The Elko Formation also
consists of continental sediments.‘ Higher ridges in the area are
composed of very resistant Paleozoic rocks which unconformably underlie
the Humboldt and Elko Formations.

Tfibutary streams to the Humboldt River from the north flow
southeasterly. From the south, the tributaries flow almost due north.
The Humboldt valley, which is somewhat constricted at Elko, opens more
widely upstream and downstream where broad ierracés.and fans of o]dek

alluvium occur.

10
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Thermal activity in the Elko area is indicated by hot springs and
seeps, by local alteration, and by abnormal temperatures encountered in
some of the water wells. Faulting occurs in at least two northeasterly
sets and provides some control for rising geothermal fluids. |

2.3.2 Stratigraphy

Paleozoic Rocks - The oldest rocks exposed in the study area are

Late Paleozoic quartzites and marine sediments consisting of shale,
sandstone and carbonates (Sharp, 1939). These sediments are strongly
indurated and make up the higher and more rugged topographic elements in
the mountains flanking the Humboldt River Va]]ey.. The o0il well shown on
Plate 1 (Section 16) reportedly encountered Paleozoic rocks at a depth
of 5,490 feet. Primary porosity of the Paleozoic rocks is very low due
to induration; however, the rocks are generally brittle and closely
fractured.

Elko Formation - This unit consists mainly of fine-grained

sediments including light-colored shales and sandstones with lesser
amounts of conglomerate, limestone, chert, rhyolite, tuff and oil shale.
It unconformably overlies the Paleozoic rocks. Recent work on sediments
by Smi%h and Ketner (1976) indicates th;t-;he oil shales are Eocene or
0ligocene in age. Smith and Ketner fherefdre renamed this unit the Elko
Formation, which had been originally described by Sharp as the lower

member of the Miocene Humboldt Formation.

Humboldt Formation - This formation is widely exposed in the study -

area north and south of the Humboldt River. It consists largely of
clastic sediments ranging from fine conglomérate:near the base to weakly
consolidated silts, clays, sands and gravels near the top. The Tower
portion is characterized by abundant rhyolitic tuff and ash.

11
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The age of the Humboldt Formation is presently knbwn_frOm verte-
brate _and plant remains. The lower portion is not older than late
Miocene and the youngest sediments may have been deposited into lower
Pliocene time (Sharp, 1939, p. 154). A sample of rhyolitic tuff from a
locality immediately south Qf the river at Elko has been submitted for

radioactive age dating. At the time of this writing the results are not

.yet available.

The Humboldt Formation is fluviatile and lacustrine in origin and
unconformably overlies the Elko formation. The log of the oil well

shown on Plate 1 indicates that the Humboldt Formation is at least 3,400

‘feet thick at that locality.

Quaternary Deposits - The alluvial fill of the Humboldt River

Valley consists of unconsolidated deposits of silts, sands and gravels.
These sediments overlie the Humbo]dt Formation uncohformab]y. According
to Fredericks and Loelts (1947, p. 9) the alluvium is not more than 75
feet thick. Based on GSI observations related to water wells, it is
believed the Quaternary deposits may be at least 200 feet thick away
from the valley edges.. The exposed width in the immediate vicinity of
Elko is about 3,500 feet. Northeast and southwest of Elko, the exposed
width of Quaternéry alluvial deposits is about one mile.

Older alluvium occurs outside of and stands higher than the present
Humboldt River floodplain. It is'only slight1y more compact than the
younger alluvium, but it is locally disseCted, 20 to 50 feet.

Hot SpringﬁDeposits - These deposits occur in the vicinity of Hot

Hole and several other hot springs to the southwest. They consist of

buff coldred tufa mounds a few feet to about 20 feet thick. The

13
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reconnaissance geologic mapping did not reveal fhesé deposits away from
known.hot'springs. However, more detailed examination would be neces-
sary in order to determine whether or not other hot spring deposits
occur within the older formations.

If such deposits are festricted to existing hot springs, this would
imply that the surface geothermal activity is geologically recent in the
area of Elko.

2.3.3 Structure

"~ A significant number of faults are shown on Plate 1. Their exist-
ence and locations were based largely on air-photo interpretation, the
results of the ground temperature surveys, and some field observation.
Detailed geologic mapping would undoubtedly eliminate some of the
suspected faults, reveal others, and clarify their age relationships.

Faulting occurs primarily in northeasterly and east-northeasterly
trending sets. Although there may be some overlap in age, present
observations suggest that the youngest faulting is the more easterly
trending set. Both sets displace the Humboldt and older formations.
Whether they displace alluvial deposits is not clear from surface
observ;tions. T

A number of northeast trending faults, here called the Hot Hole

Fault Zone, occur along the western base of a ridge formed of Paleozoic

rocks in Section 28. The Hot Hole Fault Zone appears to be a few
hundred to almost 1,000'feet wide. Hot Hole and several other hot
springs occur é]ong and within the zone. »Revealed’as'a ground
temperature anoma]y,'thé Hot Hd]e Fault Zone can be tréced northeasterly

across the Humboldt river alluvium into the soutHwest quarter of

14
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Section 15. There, exposures in bluffs just norfh of U.S. Highway 40 do
not show evidence of northeasterly continuation of the zone.

Based on topography and the ground temperature data, it is believed

that the bluffs are controlled by an easterly trending fault along which

the Hot Hole Fault Zone is displaced about 1,500 feet to the east. The
Hot Hole trend then continues northeasterly through Section 15 and the
southeastern part of Seétion 10. The fault is well-exposed in new high-
way roadcuts in the eastern part of Section 10,

South ahd southeast of the city of Elko the southern margin of the
Hﬁmboldt River Valley appears to be fault'controlled, separating the
rugged topography and older formations to the south from the more gentle
topography and younger formations to the north. GSI has tentatively
interpreted the indicated faulting along the southern margin of the
valley as normal faulting, along which the block to the north has been
rotated downward and the block to the south has been rotated upward
exposing the older, more resistant formations. At a locality in the
northwest quarter of Sectibn 23, about 500 feet south of the southern-
most pert of Highway 46, a measured dip_oq;the fault is 60 degrees to
the northwest.

The linear configuration of the temperature anomaly in the alluvium
suggests that much of this faulting is young. Unless the aluvium is
extremely thin the linear shape suggests that the faulting cuts the
alluvium and controls the rise of hot fluids to or near the surface.

Another indication that the faulting is young is that it appears to

influence the older alluvial surface in Sections 28 and 29.

Exposures 1in the steep faces of the cuestas northwest of the
Humboldt River do not show the type of outcrop pattern that would allow
| 15



the cuestas to be explained as a product of differential erosion. They
may be due to northwest trending faults, although in this case one must
accept a large number of curving, subparallel faults rather equally

spaced over a distance extending many miles up-river and down-river from

r. rr; 4!f”;? 8

Elko. If these faults are present they do not cross the northern margin o

of the Humboldt River valley but are cut off by the east-northeasterly

C

trending fault set.

Another explanation of the cuesta topography is that the area is

|

being tilted progressively toward the northeast, thus causing the

|

southeast-flowing tributaries to cut their left banks. If so, tectonic

-

activity is still going on in a regional sense.

In the Northwestern part of the mapped area, in Section 4 and in

|

Sections 33 and 34 to the north, the cuesta faces expose a gently folded
unit of volcanic ash within the Humboldt Formation. This expresses a

broad anticline with a northeast trending axis.

i

e

2.4 Geothermometry

Hot Hole and four neighboring springs were sampled in May 1979 for
t; : , quantitative analysis of the major cations. The results were used to

- estimafe reservoir temperatures using standard geothermometric tech-
j t‘ ' niques.

T ‘ The results of the geothermometric analysis are shown in Table 2.1.

N 16

U T ey & s oy PSR L R i et AN A S oo




5

-

r—

|

Afii)

|

I

N il il SRR i el el

o

TABLE 2.1
Estimated Source Temperatures

from Geothermometric Analysis

Na-K-CA Silica

with MG correction : Calculated

, Temp. °C Temp. °C
Hot Hole | 10 114
Spring 2 163 114
Spring 3 ) 166 111
Spring 4 161 : 111
Spring 5 163 : 111

The silica-calculated temperature for Hot Hole is in excellent
agreement with that given by White and Williams (1975, p. 42). They
give an assumed source temperatdre of 115°C, based on the silica
geothermometer, and also show the Na-K-Ca values higher than the silica
calculated temperature. - The Na-K-Ca temperature may be high due to
deposition of travertine by the thermal waters (White and Williams,
1975).. A1l of the sampled springs show.values very close to those for
Hot Hole and indicate that they probably arise from a single source.

2.5 Geophysical Surveys

2.5.1 General Statement

In this study, four geophysical methods were applied to the
evaluation of the Elko geothermal resource. Two of these were tempera-
ture techniques, one was a direct-current electrical method, and a few

selected lines of ground electromagnetic data were also acquired.

17
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as faults controlling its distribution, or to gain more information on

‘trical and, to some extent, thermal noise unrelated to the geothermal

Each survey was run with one or more specific objectives, either to

detect localized presence or effects of hot water and/or structures such

subsurface stratigraphic and structural conditions. A significant
factor affecting the geophysical surveys is that the area of interest

1ies directly beneath the city of Elko which is a strong source of elec-

resource.

2.5.2 Temperature Methods

The temperature methods employed by GSI were ground temperature
surveying and downhole thermal logging. Both of these methods were also
employed in their 1977 survey. In the present study the objectives were
to specifically investigate the hot water regime and to obtain more
detailed information thanrpreviously acquired.

2.5.3 Ground Temperature Surveying

Purpose - This survey was conducted to delineate the ground
temperature anomaly associated with occurences of hot fluid and to more
fully understand the interaction between the hot and cold water systems.

Résults - The temperature pattern seen in Plate 2 is in excellent

agreement with that revealed by the 1977 thermal survey. Except

-locally, the same pattrn of interpreted cold water flow routes and the

" distinct N 20° E trend of higher temperatures is present.

- The most recent work revealed two distinct, high température
anomalies entered at probe stations 51-A and 80-A. One of these is in
the vicinity of Hot Hole; the measurement was made approximately 150

feet to the north. The second anomaly islloCated within the city of

18
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Elko, on Court Street between Third and Fourth Streets. The extreme

magnitude of the second anomaly should be treated with caution. Because

anomalously high temperature are interpreted as being caused by heated
ground water ascending from depth to the near-surface along faults or
fractures in the underlying rocks.

2.5.4 Downhole Temperature Lodging

) ]

|

e’/

~ of its local setting it may be an artifact in part. These two zones of
-

. Purpose - The primary objective of this logging was to identify
™ areas with higher-than-normal geothermal gradient, suggesting the

> presénce of hot fluids at depth. As part of GSI's work in 1977, six
] holes were thermally logged. Although an average geothermal gradient
for this area is about 1.5°C per 100 feet, several of the logged holes
EJ ' showed geotherma] gradients greater than 2°C per 100 feet and Well No.

56 showed a gradient greater than 4°C per 100 feet.

r

2.5.5 Vertical Electrical Resistivity Soundings

Purpose - This method was employed to examine the vertical

resistivity distribution at each sounding location. Resistivity of

subsurface earth materials is determined primarily by their water

T

= conteni. The quantity, quality, and teépé;ature of the water affects

; the measured vaiue as does the lithology, texture, and fabric of the

N _ rock in‘that'these pafameters determine fhe porosity of the rock. The

quantity measured in the field is apparent resistivity; dependent not

EJ o | only on the true bulk resistivity of the matéria] under investigation

— | but also on the electrical properties bf the surrounding environment and
5 Lé ' on the'géémetny of the‘Measuring array.
;;j‘.j 20
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Soundings were conducted to gain more information on subsurface
stratigraphy and to identify anomalously Tow resistivity areas and zones
at depth which may be saturated with hot water.

Results - As shown in Plate 3, the Humboldt Formation northwest of
the Humboldt River is marked by moderate resistivities of 20 to 50 oﬁm-
meters. In the vicinity of Hot Hole and other suspected fault zones
measured resistivities range from 3 to 10 ohm-meters. This effect may
be exp]ained by water saturation or by the presence of clays in the
fault zonés. The alluvium is comparatively moderate-to-high in resisf
tivity, 30 to 150 ohm-meters, owing to its coarser-trained composition,
and appears to be up to a few hundred feet thick. In the eastern and
southeastern portions of the surveyed area low to moderate resistivities
occur at depths below the alluvium which are believed td be typical of
the Tower portion of the Humboldt Formation.

2.5.6 Horizontal-Loop Electromagnetic Profiling

Purpose - This technique was employed in an attempt to precisely
define the position and width of some of the faults and fractures
believed to be related to the near-surface expression of the geothermal

- —

resour&e.

Results - Lines SL i and SL 2 were run in an area southwest of Hot
Hole, across and along the Hot‘Hole.Fault trend. Both of these lines do
reveal anomalously conducting zones,related'to the faulting. The
response may be caused by the presence of warm water along the fault
and/or by the presence of clay materials in the fault zones.

ATthough the possibility of’acquirfﬁg interpretable Max-Min data

within the city was considered‘small, Line SL 3 was run down Fifth Street

21
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in an effort to identify the position of the Hot Hole Fault Zone. As
expected, the presence of many power lines and buried pipelines render
the data uninterpretable.

 Lines SL 4, 5 and 6 were run near and slightly northeast of Hot
Hole. Interpretation of the data from lines SL 4 and SL 6 is diffichlt
due to the short profile lengths. SL 5 shows a clear anomaly, identify-
iﬁg an anomalously conducting zone approximately 500 feet wide. This is
interpreted as the Hot Hole Fault Zone.

Line SL 7 was run across new freeway road cuts northeast of the
city that reveal several faults. An approximately 750 feet wide
anomalously conductive zone is indicated by the data.

2.6 Conclusions

The present geological, geophysical, and geochemieal investigations
support the earlier indications that a hot water resource extends north-
easterly beneath the city of Elko as shown by Figure 2.2. This is based
on several sets of areally distributed ground temperature surveys, down-
hole temperature gradient logging in water wells, electrical resistivity
and electromagnetic surveys, chemical geothermometry, and reconnaissance
geolog%c mapping. -

There appears to be strong control bf thermal fluids by faults and
considerab]e mixing of the hot‘fluids and cold ground water.

Temperatures observed at the hot springs are on the order of 60°C.

and original source temperatures, indicated by chemical geofhermometry,

| are on the'drder of 110°-150°C,

The strong control of the near-surface thermal anomaly by fau1ting

F4

and the relatively low salinity of the thermal fluids indicates a
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convective geothermal model. It appears at this time that at least some
of the Elko_thermal'resourceris provided by ground water occurring or
migrating deep enough to become heated by a temperature source still

unknown and rising to the surface along some of the faults in the Elko

area.

This model does not preclude the possibility that higher tempera-
ture geothermal fluids occur at greater depths than so far investigated
by the present study.

Moreover, the thermal trend shown in Figure 2.2 shows only the zone
of the maximum near-surface thermal anomaly supported by the electrical
resistivity work. Extensions and/or thermally active faults occur out-
side the zone indicated in Figure 2.2. This is known from some of the
thermal gradients and anomalous temperaturesvbbserved in water wells
east of the Hot Hole thermal trend.

In general, water wells are of better quality east‘(up-drainage) of
the Hot Hole Fault. Hot water rising along fractures in the bedrock
enters the alluvium of tﬁe Humboldt River Valley and mixes with the
shallow ground water. Thus, wells west (down-drainage) of the Hot Hole
Fault é}e of poorer qualityQ -
| Water wells drilled in the general vicinity of Elko have encoun-
tered hot'Caving mud and higher-than-normal gradients a few hundred feet
or less beneath the surface. Well 34/55-15C1 drilled by Westérn Pacific
Railway Co. in 1911 at their roundhouse (in the approximate center of
present pfoposed 1ndustrial park) enéountered a supply of "warm water"

between 345 and 360 feet which flowed at the surface at the rate of 7

~ gallons per minute. Another well, 34/55-15C2, was drilled approximately

25
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50 feet away from 15C1 and encountered "hot caving mud" at a depth of

280 fget (see Plate 3, page 22, for location of 15C1 and 15C2). It is

likely that in the upper fgw hundred feet the transmissivity of the

young valley alluvium is high enough that cold water flushing is
dominant. In the older, ]ess permeable formations, hot water and high
temperatures are not quickly removed by the ground water.

It appears at this time that geothermal reservoir potential may

occur in the brittle, high]y‘fractured Paleozoic quartzites and

carbonates (especially if solution cavities are present) and in the

coarser sediments of the Humboldt Formation. Calcareous tufa around

some of the hot springs suggests that some of the geothermal fluids may
be passing through Pa]eozoicvcarbonatés. The fine-grained shaly nature
of the Elko Formation suggests poor reservoir conditions and the
Quaternary alluvium is probably not able to store hot fluids because of
flushing by ground water. '

Low~to-moderate temperature thermél fluids are probably available
at depths of 500 to 1,000 feet within the Humboldt Formation. Higher
temperatdre fluids may be available at significantly greater depths in

the Paleozoic formations.

Explor;tory drilling should be concentrated within but not limited
to the shaded area shown in Figure 2.2. ‘Additional exploratory drilling
may be done outside the éhaded area to test the additional extent of the
thermal resource. | 7

GSI believes that the thermal fluids are controlled mainly by the
faults, which are humerous in thelElko area. To the extent that fluids

rising along faults have migrated into adjacent fOrmatidns of high
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perméabi]ity,-this would increase the target area and the volume of the"
available geothermal resource. Until the Tateral extent of such migra-

tion is known, further exploration should be undertaken with the

expectation that production may have to be limited to the zones of

favorable permeabi1fty caused by faulting or extensive jointing.

The shaded area shown in Figure 2.2 is not meant to represent the
entire area within which there may be viable geothermal potential.
There may be further extension northeasterly along U.S. Highway 40,
northerly beyond the city water tanks, and southwesterly along the
airport and. the highway. The producing city water wells are along the
margin of the northeasterly extension of the indicated anomalous zone.
If these had been drilled deeper, thermal fluids or anomalous tempera-
tures might have been encountered.
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3. SYSTEM APPROACHES CONSIDERED

A number of possible system designs were considered for district
heating of the Sunrise Subdivision. These design options along with the
advantages and'disadvantages of each are discussed in the foliowing sub-
sections.

3.1 Common Features

A11 design approaches considered in the design study include

- a single point for heating the culinary water within the
subdivision, with a single geothermal well, .

» increased water flow through the subdivision since the
consumptive flow of culinary water cannot supply sufficient
thermal energy (at a reasonable water temperature) for winter
heating of the homes, and

. continuous throughflow of water at each house.

3.2 Design Options

'The design concept options considered in the study were those
pertaining to the main water supply system, the individual house supply/
return piping and the heating system used in each house.

3.2.1 Main Water Supply System

'The.options eValuated were (a) the-Opén System Concept and (b) the
IsoTated Loop Concept as illustrated schematically in figures 3.1 and
3.2, respectively. Since'the’wafer flbW~rate through the community must
be several times as‘great as‘the consdmptive water flow requirement (see
paragraph 4.2.4), the open systémvconcept requires a significant water
usage downstream of the community; This uée rate must either be con-
sistently high, or the use pattern downstream mustvcoincide with the
héating cyclie requirements of the_subdivision. In the present case,
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there is no constant large flow demand doWnstream, and this effecfive]y
precludes selection of the Open System. It should also be noted that
the Open System concept‘can also be wasteful With regard to the thermal
energy supplied and can impose excessive main heat exchanger requife-
ments. If, however, the'discharge water from the subdivision is
reheated for cascaded usage, this would render the Open System a more
attractive option. ‘

The Isolated Loop Concept for the subdivision requires the addi-
tion of a return main lihe and additional pumping throughout the 1ife of
the system. The return main, even if installed around the perimeter of
the subdivision to minimize street damage and repair, is nonetheless a
significant cost item and is easily the most visible and probably the
most objectionable of all construction activities proposed. The Open
System on the other hand, is simply not feasible for the subdivision
under study for the reason previsouly stated.

3.2.2 Individual House Water Supply

Two approaches were considered for delivery and return of heated
water from the street main water line to_individual houses. The first
of these utilizes the existing 1-in.~diameter water line to each house
for supp]y and an added l-in.-diameter line for return. This is shown
schematically in Figure 3.3,-part A; the dashed line in this schematic
represents added piping and the cross-hatched block represents the heat
exéhange unit for the house. The second approach considered in the
stUdy is to "pair" two houses and‘use the two existing 1-in,-diameter
supply lines, one for supply and one for returh‘as shown schematically

in Figure 3.3, part B.
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The first approach (i.e., single house system) requires more total
piping and considerably more costly and disruptive construction. This
is especially true since the Sunrise Subdivision has new asphalt streets
with new concrete curbs and sidewalks. Each added line connected to the
street main would require "cutting" of the street pavement and possibly
ﬁequire “cutting” of the sidewalk.

The "paired-house" approach, on the other hand, would require only
a connecting l-in.-diameter line between houses, and this could be added
with less cost then the added lines for the single house concept. The
"paired-house“ approach, however, requires a bypass piping system at
each house to permit full-flow to the othervhouse of the pair. This is

discussed in Section 4.1.3.

In general, the choices for heating the systems at the houses in a
retrofit district heating system are

- modification of existing forced air system by addition of a heat
exchanger,

- use of individual room convectors or space heaters,

modification of existing forced air system by addition of a water
supplied heat pump, or

installation of a completely added centra] forced air system and
heat pump..

The first and second of'thesé approaches lend themselves more readily to
use of a relatiVe1y high temperature heating fluid, generally on the
order of 110°F and higher at the individua] houses. Water at this

temperature must be cooled by some means (refr1gerat1on, hold1ng tank,

. etc.) prior to use for kitchen and other consumptive purposes. It also
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. results in higher thermal losses than lower temperature water. A rather
| complete generic study using high temperature water wifh a modified

" | | forced air heating system (existing) was undertaken in phaseva and II

% | but is not included in this report.

ki ’ , - The last two approaches, which feature the use of heat pumps, allow

the use of moderately heated water, say at temperatures of 90°F or less,

supplied to the individual houses. Water at this temperature level

| G

should be suitable for kitchen, bath and other household consumptive use

without further cooling. This is a prime factor in choosing a system

S

design incorporating a heat pump for each house. A heat pump system,

“however, is the most costly type with regard to initial installation

—

costs.
In the Sunrise Subdivision, the existing house heating system

consists of electric baseboard heaters in each house. Consequently, a

completely new or separate heating system is required, regardless of the
type chosen, for each house. The use of a heat pump approach in this
community also requres retrofit of an air-duct system'which is a very

high cost item in comparison with modification of an existing furnace

-

- -

system.
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4. CONCEPT DEVELOPMENT, ANALYSIS AND OPTIMIZATION

4.1 General Corcept

A district heating system is proposed which consists of a central-
ized plant to elevate the temperéture of clean domestic water which is
then pumped through éxisting potable water piping to the buildings in
the community. At each bUi]ding heat is given up to the 1iving space
via a water source heat pump connected to a cehtra1vair distribution

system. Since the design uses clean domestic water as the heating

medium, aI] components in the system, as well as the system design, must

be selected such that contamination of the water supply is avoided.

4.1.1 Central Heating Plant

The centralized plant in this design consists of a water-to-water
heat‘exchanger, a water circulating pump, and the associated control
equipment. Thermal energy is supplied to the heat exchanger from a
nearby geothermal well. This thermal energy is transferred through the
heat exchanger to the potable water supply. The potable water flow will
be many times the normal consumptive flow rate in order to provide
enough ‘thermal energy for heating the houses and to account for thermal
fOSses without excessive water temperature degrédation.« Since the power
required to supply the needed heat to fhe house through the heat pump
dépendé upbn‘thevtémperafure of,the watek supplied to.the heat bump, it

'is‘desired to keep the difference between the water temperature extremes

in the community at a minimum. One of the major objectives is to
determine the community flow rate which will minimize the system
operating cost based on the cost of heat pump operation and the cost of

pumping the needed through-flow.
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4,1.2 Distribution Through Community

Fhe brOposed désign concept uses the Isolated Loop Concept in which
the potable water is heated to a moderate temperature (80-100°F) and
then pumped through the community. The pump used has variable speed
with contro]s-to maintain the community water supply temperature within
a specified range. The water flows through the community losing heat by
conduction through the soil, losing heat through water consumption,
gaining heat from the pumping frictional effects, and transferring heat
to each home through a heat pump isolation loop. The water flowing
through the commuhity is returned to the main heat exchanger to be
reheated and recirculated as discussed in Section 3.2.1. Prior to the
water being returned to the main heat exchanger, some low temperature
}make-up water is added to the system to replace that which is consumed
at the homes.

The proposed system concept makes use of the existing culinary
water supply 1ines in the community. Using these uninsulated lines
saves excavation and resulting surface repair costs associated with
laying new heating pipes. Some additiong]_Piping, however, is required
in ordér to form a closed loop through the community which fherma]ly
iéo]ates the heated section of the community. After selecting a 1oca?
tion for the heéting plant, supply and return lines for the community
are installed. These lines form a closed 1oop through which the greatly
increased water flow will pass. The design of the added lines provides
for supplying the make-up water needed to replace the water consumed at
the houses and also ensures that adequate water flow for fire protection

is available to the community.
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4.1.3 Supply To Individual Houses

The proposed system design features the "paired house" approach.
In this design a pair of adjacent houses make up a single heated water
supply loop as discussed in Section 3.2.2. The existing potable water
line for one house serves as the supply line for both houses. A new

line is installed between the two houses to transmit the heating fluid.

| The existing potable water line for the second house serves as the

return line for the two houses. This design requires only the excava-
tion and refill costs for the connecting piping and causes no street
damage. The two-house design also requires less pipe than the indivi-
dual house design. For these reasons‘the two-house system design was
chdsen.

The house Toop proposed contains small circulating water pumps
which operate continuously to provide hot water to the heat pump
isolation system. The continuous flow keeps the system piping and heat
exchange devices at operating temperature which improves the system
performance. The heat pump isolation loop isolates the water source
heat pump from thé culinary water supply so that the clean water is

protected’from contamination in the event of heat pump failure. The

~isolation Toop consists of a water-to-water heat exchanger, a small

water circulating pump, a water source heat pump package, a small amount
of connecting piping, and the neceésany control equipment (see Figures

4.1 and 4.1.a). The hot culinary water passes through fhe heat

- exchanger tranéferring heat to the water flowing in the isolation loop.

The water in the isolation loop then_passes through the heat pump which

provides heat to the living space through a central air distribution
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system. The controls on this loop will indicate excessive increase or
decrease in loop pressdre which would be caused by failure of one of the
loop components. A large flow requirement of the downstream house of
the pair can be accommodated by flow through the bypass check valve.

4,2 System Analysis

4.2.1 General

In order to begin the design and ana]ysis of the community}heating
system, data regarding existfng piping and other factors are needed.
Required detailed information on the existing community potable water
piping includes:

* the location of al]lpiping within the community,

* the Tength and diameter of 511 piping,

the type of pipe used (pipe relative roughness),
+ the location and angle of all pipe bends,
+ the location of any flow obstructions (tees, valves, etc.), and
« the buried depth of all piping.
Information about the communify in general, such as
- the approximate thermal conductivity of the soil in the area,
- ‘the average consumptive water f16h”;ér house in the community,
. fherma] design data for the houses in the community,
. Tocal c]imatoldgicél_data for the community, and
. the‘location, temperaturé, and flow rate of the heat source
must also be available. Witﬁ this information in hand, the system
des1gn process may begin.
The design of a system to supply heat to an existing 30 house

res1dent1a1 community in the town of Elko, Nevada is presented. The

40

s W
TR T RV,




r

r . ror

- o

3 A

design and analysis of this system are discussed in the fo]]owing'sub-
sections.

4.2.2 Description of the Community/Subdivision

Elko, Nevada, is a town of approximately 9600 located in the
northern part of the state at an elevation of 5050 fget. The 30-house
community under consideration for the proposed district heating system
is called the Sunrise Addition and is shown in Figure 4.2 with its
existing potable water piping layout. The average daily consumptive
water flow for this comhunity is 575 gallons per home. The entire city
of Elko is 1ocafed in an area having known geothermal resources which
could be used as a heat source for the proposed system. The thermal
conductivity of the soil in the areal was assumed to be 0.5 BTU/
hr.ft.°F.  Local climatological data for the last 20 years indicate an
3verage of 7112 degree-days of heating per year. All houses in the
Sunrise Addition are essentially identical prefabricated units, and
thermal design data from the manufacturer indicate a design heat load of
approximately 250 BTU per hour (BTUH) per degree of temperature differ-
ence bgtween the living space and the sqrggpnding environment. The

units were designed for a 77°F temperature difference (the design tem-

. pérature for Elko -is -7°F) which would require 19250 BTUH. The houses

“are currently equiped with electric baseboard heaters having a maximum

outpﬂt of 28150 BTUH. The proposed sysfem is designed to totally

replace_the existing system and will actually deliver approximately 1.8

1. The town of Elko is in an arid region having annual total

precipitation of approximately 9 inches. Soil thermal conductivity

values are very dependent on soil moisture content and range from 0.4 to
1.0 BTU/hr.ft.°F according to [8]. The aridity of Elko would indicate a
Tow value of soil thermal conductivity. ‘
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times the stated design heat load. Detailed study of the thermal design

data gbtained from the house manufacturer indicates that the effects of

~air infiltration were not accounted for in their analysis. The proposed

design will supply enough heat to compensate for the infiltration effect
and also ensure adequate capacity for heating from a cold-start condi-
tion.

4.2.3 Location of the Main Heating Plant and Added Community Piping

The present location of all existing piping in the community is
shown in Figure 4.2. The first system design consideration is the
determination of a location for the system main heating plant. The
plant shod]d be located as near as possible to the community main flow

supply 1line in order to minimize the amount of additional piping needed.

'Excessive‘amounts of piping not only increase initial system costs but

also increase system operating costs through increased thermal losses
and added fluid frictional pressure drops. In the proposed design the
heating plant is placed in the corner of lot number 16 approximately 300
feet from the ﬁaih supply line as shown in Figure 4.3. The proposed
site consists primarily of city right-of-way land with only a small
portioﬁ»on Jot 16. | | T

After choosing the location of the heating plant it is next neces-
sary to determine the routing of the additional'community main piping
required to fherma11y isolate the heated section‘of the community. A
supply line_from the}heating plant to the main distributibn Tine and a

return linevfrom the end of the distribution line back to the heating

plant are required. The lines will be run through community right-of-

’way property bordering the lots. The design of the pipihg_léyout must
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provide adequate water flow for fire protection throughout the commu-
nity, .and the return line must provide for the addition of make-up water
needed to replace the water consumed at the houses. The check valves
installed to accomplish these tasks and the location of the added main

piping are shown in Figure 4.3, and in the detailed well head schematic

~and site plan of Figures 4.3.a and 4.3.b, respectively.

Adjacent houses in the community are paired for the two-house-]obp
system design and have a connecting pipe'installed between them. In

some cases a water supply or return line is installed to connect the

~ house to the added main lines. This occurs only if the existing street-

to-house line cannot be used. Since‘there is additional piping of some
form connected to each house, there will be some trenching and back-
filling of each yard. The proposed routing of the added piping at the
houses is also shown in Figure 4.3.

4.2.4 Heat Pump Isolation Loop Component Selection

and Flow Rate Determination

In order to analyze the heat pump isolation loop (Figure 4.1),
thermal load data for the houses in the community are needed. The data
Set fog a given residence indicates the ;i;; of water source heét pump
package which must be used. For fhe sunrise addition subdivision (in

which all houses are thermally similar), a heat pump which will deliver

“approximately 1.8 times the'desigh thermal load of 19250 BTUH was

chosen. This extra capacity ensures adequate heating and allows for a

possib]e’“co]d-start".condition of theksystem. It also should prolong -
the life of the unit since continuous operation is not reqUired, “After

considering several water-source heat pump packagés capab1e of supplying

- the necessary heat output, the Friedrich model 803/804-024 unit was
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chosen because of its high coefficient of perfobmance (COP) and low
initial cost. A
HaVihg selected the heat'pump package to be used, it is next neces-

sary to choose the water-to-water plate-type heat exchanger which is the

| thermal interface between the potable water supply and the heat pump.

Since the selected heat pump is designed for a water flow rate of 4 to 8

- gallons per minute (GPM), a heat exchanger must be chosen which will

deliver the heat pump's required heat of absorption (23000 to 28000
BTUH) in this flow range. Based on a hot side inlet water temperature
of approximately 85°F and a cold side temperature drop of approximately

10°F (obtained from the heat pump performance curves) the Alfa-Laval

“type PO1VL heat exchanger was chosen. This unit has stainless steel

plates with an effective area of 4.5 square feet. Since the plates will
not corrode, there will be minimal problems with contamination of the
clean water supply, blockage of the fluid flow passages, or decreased
unit heat transfer coefficient.

Determination of the isolation foop flow rate and selection of the
circulating pump are possible once the heat pump and heat exchanger have
beer; chosen. Expressions relating the p;é';éure drop to fluid flow rate

are obtained for the heat pump and the heat exchanger by a least squares

fit of data obtained from the manufacturers. The pressure drop of the

fluid flowing through the small amount of connectfng piping is obtained
from the Darcy-Weisbach equation |

2 . | (4-1)

e LV
he = f G o5

o .
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which may be found in any introductory fluid mechanics text. The
friction factor, f, in équétionA(l) is obtained using the Colebrook
Equation

./l = =2 iog [ e _ 4 2.51 ] -2)

o 370 ¥ Revt

assuming galvanized iron pipe is used having an equivalent sand rough-
ness of 5 x 10-4 feet [1]. The curve representing the combined head
requirement of the flow loop consisting of the heat pump, heat exchanger
and connecting piping iémplotted verses flow rate on a pump performance
curve to determine the 1bop operating point. A_Grundfos 1/20 horsepower
pump model UP 25-42 SF was selected as the pump which delivers the
required heat pump flow rate with a minimum power input. This pump in
the isolation loop delivers approximately 10.6 feet of head at a flow
rate of 5.25 GPM (see Figuré 4.4). Knowing the exact isolation loop
water flow rate, functions ‘are obtained from the heat pump performance
curves which;relate cop, heat‘of absorption, heating capacity, required
power input, and fluid temperature drop to the temperature of the water

entering the heat pump. These expressions will be used in the thermal

- ——

analysis of the heating system.

4.2.4.1 Two-House Loop Flow Determination

In order to analyze the,OVerall conmunity heating system,'the flow
rate in the two-house Toop must be determined. Thetf]ow rate is chosen
sdch that there is an approximate 5°F temperature drop across the‘heat
exchanger. This choice énsUres‘that‘the‘heat pump entering water tem-
peratures for the two homes ére close, and consequently the required

power inputs do not Vany significantIy'between the two adjacent houses.
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- Since the flow rate in the heat pump isolatioh Toop’is known to be just
‘f‘i/ ovef 2 GPM and there wi]1 be approximately 10°F4temperatUre drop across
&J the cold side of the heat exchanger, the two-hodse loop should have a
37 : i flow rate of approximately 10 GPM. |
- The proposed piping layout of the two-house loop is shown in Figure
fug  4.5. It is assumed that all the house-loops have the same number of
‘f pipe bends, va]Qes, etc., with ﬁhe only difference being thé length of
i; | loop piping. The pressure drop across the various pipe fittings is
S found by the equivalent length method using ,
. o * W (6-3)
= f 29 :

and data in reference [2]. Assuming 1 inch diameter pipe fittings
i;v throughout, a value of 14.2 fepresents the total equivalent loss coeffi-

cient, K, for the pipe fittings in the two-house loop (see Appendix B).

|

The expression relating the pressure drop across the heat exchanger as a

function of flow rate will also be used for the loop analysis. The head

| ol

]oss‘through the Tloop piping will be computed using equations (4-1) and

|

(4-2). For this analysis it is assumed that all Toop piping is 1 inch

diameter galvanized iron and the consumptive flow rate is zero so the

o

R A N S

}Ioop flgw is the same throughout. The loop is désigned to have two
circd]ating pumps'(one'per-house) operating Simultaneous]y. A computer
program was written (See Appendix C) which computes the head requi&ed
per pump for the loop at_&arious flow rates;  Values of the average
‘ Iehgth, the maximum length, and the minimum length of fhe loop piping in
‘the-commUnity were used in,the'program. Plotting these‘results on cir-

culating pump performance.curves~indicates an average, a maximum, and a
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minimum loop operating point. In this manner, the Grundfos 1/12 horse-
power pump model UP 25-64 SF was chosen as the pump which could deliver
an adequate flow rate with minimum power required. Using this pump the
average two-house loop flow rate is approximately 8.5 GPM (see Figure
4.6). Although the two-house loop flow varies slightly from loop to
loop, this variation will not significantly affect system performance.

4.2.5 Computer Analysis of System

A computer program has been developed which completely analyzes the
proposed district heating system. A listing'af the program along with
details of data input, a listing of program nomenclature, and a sample
program output are.included as Appendix D. The following information
must be supplied to the program:

- detailed data on the proposed community piping system,

- performance characteristics of system components,

- average daily consumptive water f]ow_for the houses,

- the consumptive flow factor (time average),

- the heating water flow per two-house loop,

» the community main piping flow factor,

* the inftial supply water temperature,

- the ground surface temperature, and

- the soil thermal conductivity.

The progrém is designed to work its way step-by-step through the
community piping network computing flow and thermal losses as well as

the amount of heat delivered to each house. The frictional head loss

for each pipe segment is calculated using equations (4-1) and (4-2).

The frictional head loss across pipe fittings, valves, etc., is calcu-

53




25
HOME LOOP MAX. PIPE LENGTH 293 FEET
20- 1HOME LOOP AVG. PIPE LENGTH 236 FEET -
i .' » w
§ J/ (HOME LOOP MIN. PIPE LENGTH |73 FEET
b 154
o
Ll
o H-" |
= g 0- GRUNDFOS PUMP
n UP 26-64 SF
/12 HP (3200 RPM)
i |
0 = . — . . . e
0 5 10 15 20 25 30 35

FLOW RATE, GPM

FIGURE 4.6 . TWO-HOUSE LOOP WATER PUMP OPERATING POINT DETERMINATION CURVE




S

ror

r

=

r o

r

r

<ifjx;‘

lated using equation (4-3) and data in [2]. The head loss across an
abrupt pipe contraction or expansion is calculated from a least squares
curve fit of data presented in [3]. The density and dynamic viscosity
of water, which are used in the preceeding calculations, are obtained
from least squares fit equations expressing them as functions of
temperature based on data in [4]. The pressure drop across the house
loop heat exchanger is calculated using the equation obtained from
analysis of the manufacturerf; data. The theoretical head loss through

combining or dividing tees is obtained using equations from [5]. The

~ sum of the required heads for all components, excluding the two-house

loops, is used to determine the size of the community main flow pump.
This total head will depend upon the community main piping flow factor
and the size of the added main piping which will be considered in the
section on system optimization.

The heat loss by conduction from the flowing fluid in the buried
piping through the soil to the ground surface is calculated by the
conduction shape factor method, i.e., from the equation

q=keSAT‘ | o o (4-4)
where the shape factor for conductiohrthrough a hqmpgeneous medium
having constant thermal conductivity ke between an isothermal surface
and a horizontal cylinder of length L and diameter D buried with its
axis a distance‘z be]dw the surface is

S = .___Z_II‘_-___._ (4-“5)
ey | Cosh™1(22/D) '
according to [6]. This heat loss can also be expressed in terms of .the

fluid temperature drop for the pipe segment by

G =mCy AT, (4-6)
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where Cp for water is approximate1y 1 BTU/]bm°F. Equation (4-6) may
be solved for the fluid temperature drop usihg‘equations (4~4) and (4-5)
along with the definition of the inverse hyperbolic cosine resulting in
- 4-7
i 2mk L(T,-T,) | (4-7)
pQ Ln[(22/D) + ¥(2Z/D)2-1}

where the mass flow rate, m, has been expressed as the product pQ.

AT

Since the conduction equation (4-4) for the buried pipe segment assumed
a constant value of T1 over the pipe length, a more accurate value of
the heat loss is obtained if a new Ty is calculated as ti-aT¢/2.

The new T7 is used to calculate a new AT¢ which is then used to find

a new T3. This process is repeated until successive values of ATf
agree within a spécified amount. The frictional pumping power requiked
to move the fluid through each pipe segment is assumed to be transformed
into héat which is absorbed by the flowing fluid. This relatively small
temperature increase is added back to the fluid exit temperature found
by equation (4-7) for the pipe segment. The thermal loss by conduction
from pipe fittings in the community is assumed to be negligible. How-
ever, thé frictional heating effects are accountgd for.

In thé_Computer analysis the flow through each two-house loop is
ana]yzed. For this ana]ysis it is assumed that thé/flow rate in all
two-house loops is the same. This flow rate has aiready been determined
and is specified as part of the program input, Since the house Toop
pumps ﬁere chosen as pakt of the flow‘rdte determination, the actual

loop pumping power delivered is also known. The program, however, com-

:qutes‘the theoretical pumping power required for each loop based on the

specified flow rate. The primary function of the house loop analysis is
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to compute the thermal Tosses through the Toop and determine the thermal
operation of the heat pump isolation loop.

After computihg the flow and thermal losses for the pipe from the
street to the house, the consumptive flow of the first house is extracted.
This flow rate is obtained by multiplying the éonsumptive flow factor by
the average consumptive flow per house. The consumptive flow factor may
be varied to model operation during various periods of water consump-

tion. The heat loss due to water being consumed at the house is calcu-

’lated by assuming a make-up water temperature of 40°F and using equation

(4-6). The flow remaining after extraction of the consumptive flow for
the first house is then passed through the heat exchanger of the heat
pump isolation loop for'that'house. ‘

The heat exchanger in the heat pump isolation loop shown in Figure

.4.1 is a single pass, couhterflow unit for which the heat transfer rate

- is given by

= (Th1 -t ) . (4-8)

‘where the effect1veness obtamned from LlJ is

1 exp[ NTU(l N (4-9)

&= ke exp[ NTU(I 0T

: The heat exchanger is the therma] anterface between the potable water

supply and_the heat pump., Assum1ng there is neg]1g1b1e temperature loss
in the lines connecting the héat;bump ahd)heat exchanger and that the
pump ddes not significantly éffect the finid‘temperéture, thé outlet'}
témperaturé of the heat‘ekchahgef cold side fluid, teo, wii1 be the
heat'pump‘enfering water temperatUrel' Similafly, the heat pump exiting

water temperature will be the heaf exchanger cold side fluid’inlet
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temperature, tcj. The temperature drop across the heat pump, or the

heat exchanger cold side, is a function of the heat pump entering water

temperature. The actual temperatures of the heat exchanger cold side
fluid must be determined by trial and error.

At this point in the analysis both fluid flow rates and the hot
side fluid inlet temperature, Thi» are known for the heat exchanger.
Assuming a va]ue‘of tci, the heat exchanger heat transfer rate is
determined using equatibns (4-8) and (4~9). This heat is transferred to
the cold side fluid so tgo may be calculated from

9 = Chin (t co tcw) (4-10)
which is equation (4-6). The value of tcy, which is the heat pump
entering water temperature, is used to calculate the temperature drop
across the heat pump. Knowing the temperature drop, a new estimate of
tej is obtained. This process is repeated until successive values
of tci agree within a specified amount .. The final value of tei
is then used to find the actual heat phnp’ehtering water temperature
which is used to determine the heat pump operat1on.

After determination of the operatlng data for the first house heat

pump,the two-house loop analysis,eontjnues,;The fluid temperature

. increase due to the power dissipated:to’overeome the pressure drop

across the heat exchanger is added in,aand'then the pipe between the two .

houses is analyzed as previously outlined.“The heat pump isolation Toop ,

~ at the second house is analyzed in the same manner as the iso'latwn loop

at the first house. Then the second house consumpt1ve flow is extracted

~and the return pipe flow analyzed. This,return flow is added to the

~street main flow and the temperature and flow effects computed. This
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program w111 determine the operation of the ent1re community heating

two-house loop analysis is performed on all house Toops in the commu-

. nity.

Simul taneous operation of all heat pumps in the community is not
expected under normal conditions because of the excess capacity of each
heat pump. An approximate heat pump capacity may be obtained once the
temperature of the water leaving the main heating plant (community
entering water temperature EWT) has been specified. (For the
temperatufe range under consideration the heat pump will deliver
approximately 35,000 BTUH.) The amount'of heating required for each
house is computed as 250 times the difference between the Tiving space
temperature and the ambient air temperature. An additiona]y30 percent
of this amount is then added to eonpensatehfor air infi]tration. Using
the ratio of th1s total requ1red heat ‘Toad to the est1mated heat pump
capacity, the percentage of heat pump run time is obta1ned. Multiplying
this percentage by the total number of houses in the community y1e1ds
the average number of heat pumps wh1ch should be in operat1on at any
given time. The program has the capaba&a&y to randomly select wh1ch
heat un1ts are operat1ng and wh1ch ones are not in operat1on us1ng equal

spac1ng between those un1ts operat1ng. The unlts in operat1on are then '

analyzed as prev1ous1y descr1bed. The actua1 hour]y power requ1rements

for the heat pumps in operation are obta1ned by using the ca]culated
percentage of run time (caIcu]ated u51ng actua] heat pump capac1ty) for f

each un1t. This mod1f1ed random se1ect10n method w111 more - accurate]y

- mode] actual system performance.{;

Using the preceding outlined methods of analys1s the computer
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system subject to a specified set of conditions. Several of these

. conditions may be varied in order to determine the optimal system

operating point. Details concerning these factors and the optimal
system design will be presented in the section on system optimization.

4.3 System Optimization

At this point in the analysis all system components except the main
flow pump, the main heat exchanger, and the added main piping have been

selected. A system design optimization must be performed in order to

choose these components. This optimization will be based upon system

tqtal cost which ipcludes_both initial cost and system operating cost.
The design condition for the community at any given ambient air tenpera-'
ture will be for (1) the average number of heat pump units operating at
any given time based upon the calculated percentage of run time for each
unit, (2) all flow circulating pumps operating continuously, and (3)
each house.having the average consumptive water flow rate for the commu-

nity. The design load condition for the community is for a -7°F ambient

:air temperatutewwith the added constraint that the maximum variation in

‘,'heat pump powériinput‘betWeén‘any two houses cannot exceed 10 percent.

At this ambienf‘air,temperéture 22 of the 30 house heat pumps should be

operating at any:given_time with each unit operating approximately 43

‘minutes outvqf each hour. Baséd upon the pérformance of the system at
this maximum deSignTéOnditiOn,,the final system components may‘Be
selected and the design completed.

4.3.1 Entering Water Temperaturé

' First the temperature of the water beihg supplied to‘the‘conmunity

from the main heat exchanger (EWT) must be specified. Increased water

60



[

r r_ | E:ﬁn‘wMiiimhvmiff;

r_

 r

r

temperature yields a higher heat pump COP and requires a lower water

- through-flow rate to prevent excessive water temperature degradation.

Excessive water temperature, however, would create a need for some type
of water cooling device at the houses for the consumptive flow. In
order to avoid the need for a water coolng system, a maximum permissible
system water temperature of 95°F (EWT) was chosen. At this temperature
the water feels cool to the touch and should be acceptable to all resi-
dents of the community. Depending upon the available community heat

source, a lower system operating temperature-could be chosen.

For this analys1s EWT's of 90°F, 85°F, and 80°F were selected, and
the computer program was run for several water flow rates at each of
these temperatures,coupled‘nith a -7°F ambient air temperature.
Although 95°F was chosen aS'the maximum permissible water temperature,
it was assumed that the control equipment on the main flow pump would
result in a + 5°F temperature variation range. The computer runs for a
90°F EWT are assumed to beetheam1n1mum attaIned when an EWT of 95°F is
des1red. Mu1t1p1e computer program runs were required in order to |

determine the flow rate nece°3ary at each EWT to resu]t in a heat pump |

1vpower input variation of not moTE'than 10 percent between any two units

in the community. F1gure 4. 7 shows the resu]t1ng heat pump power

~ requ1rements as a functton of system flow rate for each EWT conSIdered v
~ at the -7°F ambient air temperature deswgn conditlon.v Each: plot pre-
" sents the m1n1mum, the average, and the maxlmum heat pump power 1nput

e‘required in the commun1ty along w1th the 10 percent above m1n1mum

cutoff line for each EWT. It should be noted that whr]e there 1s an

ol :
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approximate 10 percent variation in average heat pump power input

requirement for the 10°F EWT variation, the f]ow rate required to main-

tain the 10 percent 11m1t between minimum and maximum heat pump power
input varies from 88 to 166 GPM. It should be further noted that the

minimum heat pump power input is independent of community water flow

‘rate since this is the power required by the first house served by the

water supply system, and the water temperature is essentially independ-
ent of flow rate at the first house in this community.

4.3.3 Energy Analysis-Average Design Load

The resulting flow requirement at the -7°F ambient air temperature
design condition “811 be the maximum operating flow rate for the main
flow pump. The pumplis to be equipped with a variable speed drive such
that at the high speed of the drive unit the maximum system flow rate

wil] be attained. The mid-range of the pump operation was chosen to be

- the flow rate whfeh;will yield a 5 percent maximum variation between

heat pump power 1nputs w1th1n the communlty for a 25°F ambient air tem-

perature des1gn cenaltIOn. (This is the average January temperature in

Elko for a typ1ca1 year.) 0nce aga1n the program was run at EWT's of

~:90°F 85°F and 80°F for var1ous flow rates; however, the obJect1ve of

 this set of runs was to determine the flow requirement to resu]t ina

max1mum var1at1on between heat pump power inputs of 5 percent. The

results are presented in Figure 4.8 using the same format as used in

eh Figure 4. 7. As in'the previous runs,‘the réﬁuired flow rate varies sig-
'nif1cantly w1th EWT wh1le the average heat pump power input var1atlon 1s

- approx1mate1y 10 percent for an EWT variation of 10°F; the requ1red flow
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rate at the 25°F ambient air temperature design condition ranges from 70

- to 125 GPM.
- 4.3.4 Added Return Water Main Piping

Although the flow rate required to result in a particular heat pump

performance level at a given set of temperatures is independent of the

-added return main piping size, the size of the main pump which can

deliver this flow rate is very dependent upon the pipe size. Since the

existing community water piping is 8-in.-diameter, the major portion of

“the main flow frictional Tosses will occur. in the added main piping,

which will be nuch smaT]er than 8-1n.-d1ameter. The actual size of the

added pipe must be. chosen such that the needed f]ow rate may be obtained

'w1th minimum pump1ng power. The computer program was run for added main

pipe sizes of 2-, 3-, and 4-1n.Fdiameter at'the flow rate needed to
yield an approx1mate 5 percent max1mum var1at1on in heat pump power
requirements for each of the three EWT s at the 25°F ambient air

temperature design condition, The resu]ts of the conputer program

include the head requ1red to-pump the g1ven flow rate through the

community pwplng system for eachrof the dlfferent plpe sizes. (In the

computer ana]ysis the nomina] pipe 51ze was taken as the p1pe inner

d1ameter to allow for sca1e bu11d-up 1n the p1pe.) In order to obtain

the tota1 head wh1ch the pump must de11ver, the head requrrement of the

ma1n heat exchanger must also be determ1ned at the needed flow rate.

For each EWT, a system flow rate was determ1ned wh1ch would result

kf1n a 10 percent max1mum var1at10n 1n heat pump power 1nput at the -7°F
B amblent a1r temperature des1gn condit1on. This design cond1t1on

: correSponds to the maximum flow rate through the commun1ty and the
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maximum community design heat load. For the present analysis it is
assumed that the geothermal well will supply adequate water flow at
120°F. Assuming that the temperature drop of the geothermal fluid and
the temperature rise of the community water flow are both approximately
20°F, an appropriate water-to-water tube-and-shell heat exchanger was
selected for the needed community flow rate at each system EWT for the
-7°F ambient air temperature design condition. Having selected the heat

exchanger, the head requirement of the heat exchanger}at the flow rate

corresponding to the mid-point of main pump dperation (25°F ambient air

temperature design condition) may be evaluated. Adding this head to
that required for pumping through the community using various sizes of
added piping resuTtsvin a totaT head requirement for each pipe size (see
Table 4.1). - |

‘Using the flow rate and the total head requ1rement for the differ-
entvsizes of return pipe at each EWT, a pipe size was seTected for each
EWT which corresponds most'closely with manufacturer's pump operating
curves for the given flow rate. Hav1ng chosen a return p1pe 51ze, the

system flow rate and totaT head requ1rement are known, and so a commu-

;nlty main flow pump may be seTected.: The selection 1s made at the 25°F

amb1ent air temperature des1gn cond1t1on for pump operation at 1750

»‘revolut1ons per m1nute (RPM) The main f]ow pump is to be equ1pped with

’vua variable Speed dr1ve 1n the range of 1100 to 3000 RPM w1th the max1mum
'ffi'system flow rate occurrlng in the upper end of the var1ab1e speed drlve
“f"fzfﬁfun1t range. The s1ze of motor requ1red for the maln fTow pump 1s that :
f7}€»nh]ch will allow the unit to}de11ver the.flow rate necessary to result ‘

,__;in 2 10 percent maximum variation in heat pump power input at the -7°F
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ambient air temperature design condition. A pump motor is selected to
deliver this required flow rate based upon the pump operation at the
1750 RPM selection point. (A sample pump operation calculation is
included in Appendix E.) The resulting maximum speed of the pump at
full power is then evaluated to ensure that it is below the upper limit
of the variable speed drive unit. Since pump motors come in discrete
horsepower (hp) increments, the actual maximum system flow rate will be
somewhat greater than that required by the design condition. After ‘the
maximum system flow rate has been determined, the performance of the
heat exchanger must be evaluated to ensure that the unit chosen is ade-

quate. The minimum flow rate obtainable with the variable speed drive

“4s calculated along with the corresponding minimum pump power require-

ment. The results of this analysis yield the optimal system components
for each EWT. A summary of these results is presented in Table 4.1.
From the results presented in Table 4.1 it appears that the optimal
system design will be that having the maximum value of EWT. Comparison
of the 90°F EWT and 85°F EMT cases indicates that for each only the
3-in.-diameter added pipe corresponds with feasible pump performance
curves. For the 2-in.-diameter added pipe subcase a pump could be
chosen which would deliver the required head, but the necessary power
input would be unreasonab]e.' For the 4-in.~diameter added pipe subcase
the required head at the desired flow rate is so small that nb pump
could be chosen. Comparison of these two EWT cases clearly shows the
90°F EWT case to be superior. Since each case requfres the same size of -
addea,piping and the same main flow pump, the initial cost of these

components will be the sahe for each case. The 85°F EWT case, however,
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System EWT, °F

89

25°F Ambient Air Temp.
Design Flow Rate, GPM

. Size of Added Pipe, in.-dia.

Approx. Head Req'd, Feet
1. Main Piping System
2. Main Heat Exchanger
3. Total ‘

Pump Model Selected
(BelTl & Gossett Series 1510)

Maximum § siem Flow ‘;
Rate Req'ﬁ (=7°F), GPM

Pump Motor Size, hp

Max. Pump Speed, RPM

Max. System Flow Rate, GPM

Min. System Flow Rate, GPM

Min. Pump Power Input, hp

Heat Exchanger Selected
(BeTl & Gossett 1ype "WU")"

K K r . r r r r r rr L. {i

Table 4.1 Pumping Requirements and Component Selection

Case 1 Case 2
90 85
70 5 92
2 3 4 2 3 4
150 17 3.5 280 26 6.5
6 6 6 77 7
156 23 9.5 287 33  13.5
1 1/2" AB 1 1/2" AB
88 . 110
2 3
2385 '2258
95 ' | 119
44 - 58
0.20 ‘ 0.35
WU105-4 WU106-4

Case 3

80

125

11/2" BB

166
10
2515
180
79
0.84

WU125-4

K-~3

12
8.5
20.5

2" AB

166
3
2390
171
79
0.29
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requires a larger pump motor and a larger heat exchanger than the 90°F

EWT case. Also, the average heat pump power ihput requirement for the

85°F EWT case is greater than that for the 90°F EWT case. So, not only
does the 85°F EWT case require greater initial capital expenditure than
the 90°F EMT case, buf it é]so requires greater operating power input.

Clearly, the 90°F EWT case is superior to the'85°F EWT case.

For the 80°F EWT case either the 3- or 4-in.-diameter added pipe
size appears to be feasible with only the 2-in.-diameter added pipe
having an excessive head requiremenf for the desired flow raté. In
order to determine which of the two feasible pipe sizes is to be used,
the initial and operating costs of the associated components fof each
pipe size must bé determined. However, it is clear that either pipe
size selection for the 80°F EWT case will require a greater capita]
expenditure than either the 85°F EWT case or the 90°F EWT case since all
the components for the 80°F EWT case are larger than those for either of
the other two cases. Also, since at best the main pump motor for the

80°F EWT case is the same size as that for the 85°F EWT case while the

- average heat pump power input for the 80?F EWT case is considerably

larger than that for the 85°F EWT case, the operating costs for the 80°F

EWT case will be greater than the operating cost for either of the other

.V'two cases. Based upon these results, the 90°F EWT case with the added

3-in.-diameter main piping and associated components was selected.

4.3.5 ‘System Water Flow Rate and Power Requirements

Since all the system components have been se]ectedvahd the main
flow enterinngater temperature chosen, the only variable rémaining is
the System water flow rate at a given ambient air temperature. The
system water flow rate at any given ambienf air temperature was selected

.
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as that which would yield a maximum heat pump power input variation of 5
percent between any two houses within the community. It is believed

that this small amount of heat pump power input variation will ensure

- that all residents of the community will have similar electric power

requirements. Figure 4.9 presents the results of multiple computer pro-
gram runs to determine the flow rate at which the 5 percent power input
variation occurs for ambient air temperatures in 5°F increments from 0°F
to 65°F in addition to the -7°F maximum design conditionl. The Qerti-
cal Tines in the figure indicate the 5 GPM flow range within which the 5§
percent maximum power input variation occurs. The Variafion in average
total power requiréd per house in this 5 GPM flow range was found to be
negligible for any given ambient air temperature. This indicates that a
margih of at least 5 GPM méy be allowed on the system flow rate without
significantly affecting the average total power requirement per house.
It should be noted that'the system flow rate attainable is bounded by
the Timits on the main flow pump package (44 to 95 GPM). The results |

indicate that for ambient'air tempefatures be]ow 10°F the pump will be

operating at a maximum flow; for ambient aik'temperatures greater than

45°F thé pump wi]] be operating at minimum flowQ

Liéted Jjust ébove each ambient air temperature in Figdre 4.9 is the
average nUmbér of héat pump units which should be in operation at any . -
giVeh time based upon the ca1cu1ated percentége of run time for each

unit. It‘shou1d be noted that the worst possible operating condition

1 The controls on the pump variable speed drive should be such that
the system flow rate may be adjusted based upon ambient air temperature
to obtain the flow rate corresponding to a maximum variation of 5 per-
cent in heat pump power input.
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for the proposed system would be at the -7°F ambient air temperature
design condition with all heat pump units operating simu]taneous]y.l At
this maximum flow condition the maximum variation in heat pump power
input throughout the community is 18.55 percent. Only after a prolonged
electrical power outage when all units would stért up simultaneously
should this condition exist.

A plot of the total average hourly power required per house is
presented versus ambient air temperature in Figufe 4.10. These power
values are based upon system performanée at the water flow rate at each
ambient air temperature which corresponds to the approximate 5 percent
maximum variation in heat pump power input, or the flow rate correspond-
ing to the 1imit of main flow pump operation (either maximum or mini-
mum). The total average power required per house is a sum of the
average heat pump power input per house (with the average number of heat
pump units.in operation at any inen time), the per house actual power
input to the main flow pump, the power requirement of the heat pump
jsolation loop pump (1/20 hp), and the power requirement of one of the
two-house ldop circulating puhps (1/12 hp). (For the worst possible
operating condition described in.the preceding paragraph the total
avérage power required per house is 2.12 kilowatts.) Since the plot in
Figure 4.10 is very nearly linear, a mathematical expression relating
the total average hourly energy input required per house to the ambient
air temperature may easily be obtained. This expression is used to

obtain the total average hourly energy input required per house at any

. _given ambient air temperature.
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4.5 Nomenclature (Chapter 4) =~

< O

min

heat capacity ratio of heat exchanger fluids (minimum/maximum)
minimum heat capacity of heat exchanger fluids, BTU/hr-°F
specific heat of water, BTU/1bm-°F

nominal pipe diameter, inches

pipe friction factor

Tocal acceleration of gravity, ft/sec?

frictional heady]péet,feetr

loss coefficient for flow through fittings

soil therma] conduct1v1ty, BTU/hr- ft- F
length of pipe- segment, £eet
water mass flow rate, lbm/hr

number of heat transfer unlts

‘water flow rate, ft3/hr:gnfn

Reynolds number based on p1pe diameter

conduction shape factor

temperature d1fference between#tlmand T2’ °F

fluid temperature drop,_.pr

temperature of surface of pipe, fF

ambient air temperature (ground surface),

heat exchanger hot side fluid inlet temperature, °F

. - heat exchanger hot side f1u1d outlet temperature, °F

heat exchanger cold side fluid inlet temperature, °F

“heat exchanger cold side fluid outlet temperature, °F

temperature of water entering pipe segment, °F
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fluid velocity in pipe segment, ft/sec
buried depth of pipe centerline, feet
constant, 3.1415926

equivalent sand roughness of pipe, feet
heat exchanger effectiveness

density of water, lbm/ft3
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5. ECONOMIC ANALYSIS

5.1 Genéra] Approach

The first step in performing the economic analysis of the proposed
system is to determine the system operating cost for a typical year.
Annuél weather summary data obtained from the National Oceanic and
Atmospheric Administration (NOAA) indicate that the average number of
heating degrée-days per year for Elko, Nevada, during the last 20 years
is approximately 7112, and the year 1975-1976_with 7166 heating degree-
days is a recent year having heating requirements close to this average
value. Using monthly averaged daily temperature profiles for the year
July 1975 through June 1976, the required heat load fof a typical year
may be calculated. Using this heating load, the energy requirements of
the‘prdposed heating system, as well as that for the existing’electric
baseboard heaters, may be determined. By comparing the energy required
for the proposed system with the energy required for the existing elec-
tric béseboard heating system, the average yearly energy saving obtain-

able with the proposed system may be determined.

5.2 Annual Operational Cost

In order to determine the perfofmance of the proposed system during
a typical year; the performance at seVera] ambient air temperatures must
be evaluated. Defai]ed NOAA data for Elko were obtained for the year
July 1975 through June 1976: these data include the daily ambient air
tempefature at three-hour intervals for each mohth;’,Using these, an
average dai1y temperature profile for each month wés obtained. Assuming
that each three-hbur temperature data point represents the mean tempera-

ture during the associated three-hour time period, the réquired heat
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load per house during each three-hour time period of the average day in
each month was calculated. Summing these three-hour incremental energy
requirements for the average day in each month yields the average daily
energy required per house. Since the existing electric baseboard heat-
ers in each house are assumed to be 100 percent efficient, the required

heat load per house will also be the energy required to operate the

~ existing heating system. The total average energy presently required

per'house for each month is obtained by multiplying the average daily
energy requirement by the number of days in the corresponding month.
Summing these monthly totals, the total average yearly energy require-
ment for the exist%ng heating system during the typical year considered
is approximately 20,866 ki]owatt hours (kW-h) per house.

By a similar procedure, the total average yearly energy requirement
for the proposed system was calculated. Table 5.1 presents the total
average hourly energy requirement for the proposed system as a function
of ambient air temperature. Again using the NOAA data for the year July
1975 through June 1976 and assuming that each‘three-hour temperature
data‘point represents the mean temperature during the associated three-
hour time period, the required enehgy ihput per house using the proposed
system was ce1eu1ated for each‘three;hour increment of the average day
for each‘month. Summing these incremental fesu]ts yields ﬁhe average

daily energy requirement for each month. Multiplying each month's aver-'

:‘age daf]y energy requirement by the number of days in that month and

summing the resulting month]& totals yields a total average yearly
ehergy requirement of 6,219 kweh for the proppsed system. Comparing

this result with the energy required by the existing heating system

78

Anum




i6L

r . £ £ r. . r_ . r . r |
. Table 5.1 Energy Requirements of the Proposed System for a Typical Year
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o1 61 258 0.96 52 5.13  1.62 b 7.44 2,22 39 B8.85 2.6 26 12.57 3.63 25  12.87 3.69
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indicates that the proposed system would enable the residents of the
community to realize an energy savings of approximately 14,647 kW-h per
year per house. Since the energy required by'the existing heating sys-
tem corresponds to the amount of heat delivered by the proposed system,
the proposed system has an effective COP of 3.36 (energy output/ energy
input). Although the COP of the proposed system is high, the feasibi-

1ity of applying this design must be determined based upon system costs.

- 5.3 Arnnual ‘Savings

The proposed system would enable the residents of the Sunrise Addi-
tion subdivision to realize a yearly energy savings of 14,647 kW-h per
house.ﬂ Residents of this community currently have very inexpensive
electric power rates, a situation that is to change drastica]]y in the
near future. TheApresent electrical power distribution system serving

this area has become obsolete and is scheduled to be replaced within the

" next two years. The new distribution system will be serviced by Sierra

Pacific which plans to impose uniform rates statewide and currently

(Sept., 1980) charges residents of Reno, Nevada, 7.52 cents per kW-h.

- It is jneﬁitab]a that the residents of ETko will soon be charged this

same amount. At this"present energy rate of 7.52 cents per kW-h, the

probOSed system could save each house in the Sunrise Addition

" approximately $1,101.45 (1980 dollars) pér yeaf in electrical power

costs. (Based upon a national average electrical pOWer rate of 4.5

cents per kW-h, the proposed syStem could save each house owner

-apprbximately $659.12 per year.)

5.4 Capital Cost

In order to determine the payback period for the proposed system,

the total initial cost must be determined. A detailed listing of the
80
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proposed system components and their approximate costs is presented in

Appendix F. For the proposed system a single geothermal well would be

the heat source. The cost factors for the community are grouped into

three categories: (1) the geothermal well and wellhead facility, (2)

the community added main piping and heating plant, and (3) the two-house
loop component costs per house. A well and wellhead facility up to the
main community heat exchanger which could supply adequate water flow at
120°F will cost approximately $29,900, assuming that the well is very
close to the community main heating plant. fhe total cost of the compo-
nents needed for the main heating plant and the compohents of_the added
rcommunity main piping is approximately $40,600. The total cost of the |
components necessary to form the two-house loop system design is approx-
imately $4,800 per housel or a total of approximéte]y $144,600 for the
entire community. Summing these costs yields a total initiél capital
cost of abproximately $215,000. Allowing 6 percent of this amount for
engineering costs results in a total adjusted initial system cost of

approximately $228,000 or $7,600 per house.

5.5 Payback Period

In ordér‘to determine the feasibf]ity of:the_proposed system
desigh, it'is advantageods to examine the length of time.required for
the energy savings of the proposed system’ta 6ffset the initial system
cost. Assumihgra yéarly maintenancé cost of approximate]y‘0;5‘percent v'

of the initial sYstem'cost (in 1980 dollars), the year]y-savings'at the

- 1. It should be noted’tﬁat the two-house Toop costs could possibly
be reduced by as much as $700 per house by using a tube-and-shell heat
exchanger in the heat pump isolation loop and by buying the house-loop

components in quantity from a single supplier.
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current energy rate ($1,101.45 per house) less the yearly maintenance
cost ($38.00 per house) yields a net yearly savings of $1,063.45 per
house for the proposed system. The savings'réalizable by the proposed

system during a given year will be the net yearly savings (in 1980

‘dollars) projected to the year in question using the anticipated energy

escalation rate. The present worth of each of these yearly savings may

then be determined using the interest rate on borrowed money. The pay-

back period will be the time required for the sum of the present worths

of the yearly energy savings to equal the initial system cost of $7,600
per house. Table 5.2 presents the payback period (in years) of the
proposed system as a function of energy escalation rate and the interest
rate oh borrowed money for a current energy cost of 7.52 cents per kw-h.
This analysis assumeswthét the energy escalation rate remains constant

over the time period‘ih'questidn. “Details of the payback period cal-

culations are included in Appendix E. For the case when the energy

escalation rate equals the interest rate on borrowed money, the payback
period may be found by-direct division to be just over 7 years (for a
current energy rate of 4.5 cents per kKW-h a payback period of just oVer

12 years is obtained). -
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Tab1é 5.2- System Payback Period

Annually compounded interest rate on borrowed money, percent

5 6 7 8 9 10 1 122 13 14 15

§ 5 71 7.4 7.7 81 85 89 9.4 100 107 115 12
£ 6 69 7. 7.4 7.7 81 84 8.9 9.4 10.0 106 1.
£ 7 66 69 7.1 7.4 7.7 81 85 89 9.4 9.9 I0.
g_ &8 6.4 6.6 6.9 7.1 7.4 7.7 81 8.4 89 9.3 0.
% 9 6.2 6.4 6.6 69 7. 7.4 7.7 81 84 88 9
% 10 6.0 6.2 6.4 6.6 6.9 7.1 7.4 7.7 8.0 8.4 8
%11 59 60 62 64 67 69 7.1 7.4 7. 80 8.
~ 12 57 59 6.0 6.2 64 67 69 7. 7.4 7.7 8
g 13 5.6 57 59 6.1 6.3 6.4 67 69 7.1 7.4 7.
T 14 54 56 57 59 61 63 65 67 69 7.1 7.
£15 53 54 56 57 59 61 63 65 67 69 7.
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6. ENVIRONMENTAL ANALYSIS

The following material provides a summary of the existing environ-
ment in which the pfoject will be carried out. Special attehtion is
paid to the aquatic environment since we feel it may be fhe most sensi-
tive in terms of potential impacts, both beneficial and adverse.

A description of the human environment along with land use
patterns, site history, and archeology is includéd to complete the
definition of the existing environment. Potential environmenfal impacts
are described in Section 6.3. Requirements for effluent and environ-

mental monitoring programs are discussed in Section 6.4 and a statement

‘on restoration is proVided in Section 6.5.

6.1 Existing Conditions

Baseline data sample points are avai]able both upstream and down-

stream from the ETko sewage treatment plant. The flow of the river

- during mid August, 1979, was well under 10 cubic feet per second, com-

pared to the June flow of approximately 800 cubic feet per second. By
the énd of‘August, severaliareas of the river within the region of Elko
wére drye. A ‘ '

“In the August, 1979, study, major differences were abparent in the
1imfanogica1 characteristics of the river ubstreaﬁ and dowﬁstream from
the sewage treathént plant. Upstream from the sewage treatment plant
Humboldt River p]éﬁkton dUhing the 10wvwater/high}temberatu}e/slower

current stages of the river\were probably producéd endogenoﬁs]y; the

primary substrates for production were algae masses in static water

(primarily Sgirogzra) or attached to rocks (priméri]y Cladophora). The

major changes in river organisms in August compared to June can be
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attributed to reduced current rates which allow algae to gain a foothold
on substrates, and which decrease water turbidity to allow sunlight to
reach the bottom; and higher water temperatures which cause increased
growth and reproductive rates.

The low water levels ddring August exposed bottom environments of
mud or coarse sand in places, and in many places, rocks. Rock bottoms
were usually productive; sand and mud bottqms were almost uniformly
negative. Two general types of habitats were examined: lotic or
running water habitats which exhibited different characteristics
compared to static water habitats. Both habitat types were moderately
productive for several types of macro-organisms, mostly immature
insects: caddisfly larvae, mayfly nymphs, dipteran larvae, and beetle
larvae. Caddisfly larvae which require well aerated water were found in
abundance in lotic situations,rbut greatly reduced in number or absent
in static water. Mayfly nymphs were found in bqth situations. Dipteran
larvae were mostly confined'to static water.

Among the micro-organisms associated with bottom conditions were
many which;afe.normally found associated with filamentous algae or with
stagnant sitﬁations. Théy‘ihc1ndéd diatoms,»protozoans, rdtifers,:
gastrotrichs;'a fewvrqundworms, several forms of a]gae,'and.a few
micfo—crustaceans. A gkeater variety and abundance bf micro-organisms
was found in static”waterbéompared fo 1of1c water.

The river takes on different bioibgical characteristics downstream
from the sewage tréatment plant;} The primary a19ae fodnd in the river

was Scenedesmus denticulatus which had its origin in the'effluent from

the treatment plant. In response to the increased organic material
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entering the river, and probably to modifications of several chemical
factors, populations of rotifers, protozoans, blue-green algae, gastro-

trichs, and chironomid larvae were found. These populations differed

qualitatively and quantitatively from those upstream. Many of the forms

found were typical for stagnant or polluted water.

In areas of running water downtream from the treatment plant, popu-
lations of micro-organisms were not changed significant]yﬂcompared to
points upstream; apparently the running water where found is suitable
for several inSeCt larvae and nymphs. -

6.1.1 Fish

The main fishény Eesources of the project area are the Humboldt

River itse]annd some ponds within the area. The most significant of

the ponds are the old gravel pits near the Twelfth Street overpass

currently under construction. Some are periodically connected to the

‘river while others are not. These contain water all year round and are

stocked periodically with blue gi]], bass and catfish.
At one time the Humboldt River supported cut-throat trout and pro-

duced eXce]]ent fishing when the white man first traveled the country in

vthe 1840'5. Slnce 1900 flsh1ng condltions have deteriorated and cut-

throat have not been found in the main river since the 1930's. Trout
have been e11m1nated by many years of deter1orat1ng watersheds,_poor
water qualrty, and pr1m1t1ve irr19atlon practices. ‘

“Bu]l head catf1sh were planted and established in the. Humbo]dt

River ear1y,1n th1s centuny. In about 1956 initial attempts were made

to establish warm water fish species such as smallmouth bass, white

crappie, large-mouth bass, channel catfish, white catfish, blue gill,
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white bass, and also bull frogs along the river. Sporadic attempts to
establish gamefish along the Humboldt River have been attempted every
two or three years since this date, but it %s just in recent years that
evidence indicates some of the activity has been successful in attempts
to establish these warm water fish."* Best successes in these stockings
were returned by the channel catfish and blue gill sunfish.

The river is not presently a good fishery resource in the Elko
area. The section within the urbanized area of the city, which is
confined by dikes constructed in the 1940's and 1950's, particularly is
lacking in desirable fish habitat. The channeling of the river in the
city will probab]y.not change this situation.

In the project portion of the Humboldt River the more common
species are carp, Lahontan tuichub, speekled dace, Redshine shiner end
the mountain sucker, all ofrwhicﬁ are non-game fish.

The’sewége treatment plant at this time does not appear to be a
]imitfng factor on fish lite, but this may be attributed to the flushing
act1on during per1ods of h1gh flow. In'theory, the effluent should be

detr1menta1 to game fish. It 1s probab]y harmful to some bass, but

- appears to attract catfish.

There are no threatened or endangered fish within the immediate

project area. Fish found in the area are Tisted in Table 6.1.

* Source: Nevada Fish and Game Department, "Stream Survey - Humboldt
River, Elko, Eureka and Lander Counties." February 1974.
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Table 6.1

Fishes Found in the Humboldt River System

In the Vicinity of Elko

Common Name .

Minnows and Carps:

Carp

Lahontan Tui Chub
Lahontan Speckled Dace
Lahontan Redside

Suckers:

'Mountain Sucker

Freshwater Catfishes:

White Catfish
Black Bullhead
Channel Catfish

Sunfishes:

Bluegill
Smallmouth Bass
~Largemouth Bass

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

Scientific Name

Cyprinus carpio

Gila bicolor obesus
Rhinichthys osculus robustus
Richardsonius egregius

‘Catostomus platyrhynchus

Ictalurus catus
Ictalurus melas
Ictalurus punctatus

Lepomis macrochirus
Micropterus dolomieui

- Micropterus salmoides




6.1.2 Amphibians, Reptiles and Mammals

The bottom lands of the Humboldt River Valley have some signifi-
cance as a mule deer range. Deer from adjoining winter ranges seek feed
and shelter during late winter and early spring, but in small numbers.
The activities normally associated with a growing community the size of
Elko and the livestock in the area preclude any abundance of these ani-
mals. ‘

Other mammals which have been historically reported in the project
vicinity, but seldom seen, include: racoon,-badger, spotted skunk,
coyote, bobcat, begver, muskrat, marmot, black-tailed jack rabbit,
cottontail rabbit and an assortment of small rodents.

There are no threatened or endangered amphibians, reptiles or
mammals within the immediate project area.

6.1.3 Birds

The area has a rich bird lTife including shore birds, waterfowl,
birds of prey, a variety of scavengers and song birds.

Of the other bird specieé known to be in the Elko region, at least
seasonally, éome of the more conspicuous include: great blue heron,
Canadian gooée,fmal]ard, American coot, killdeer, barn swallow, réven, .
robin, waxwing, starling, meadowlark, Bullock ofio]e, Brewer blackbird,
western tanager, house finch, Oregon junco, and sparrows. Almoét‘the
entire abové list is absent during winter, returning on migratory
flights for breeding and nesting. |

The Peregrine Falcon and the Bald Eagle are classified as threat-
-ened‘or endangered species and are found in Elko County. However, they

do not frequent the immediate Elko area.
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about 12 miles south of Elko. Spring Creek includes 5,362 lots to

6.2 Human Environment

6.2.1 General

The city of Elko is a relatively large rural community in the state
of Nevada. The city has an active retail business which serves the
surrounding ranch and farm trade areas. The economy is primarily based
on the gambling and tourist enterprises within the city, although
ranching and agricultural enterprises play an important role in the
community's economy. The community does have a few large commerical
establishments, but no manufacturing industries presently exist. It is
anticipated that 1ight industry and manufacturing could possibly move
into the area in the future.

There are three elementary, one junior high, and one high school
serving the community and surrounding farm area. The‘Northeastern
Nevada Community College also serves the city of Elko and the north-
eastern part of the state. There is also one General Hospital and‘a new
facility for'the elderly serving the city and vicinity. Cify officials
presently etimate Elko's population at approximately 9,600.

In addition to growth within the city, development is taking place
in areas south of Eiko, notably at Spring Creek and Pleasant Valley.
The commuhity of Spring Creek was fouhdéd in 1971. The mobile home
estates aré Tocated about 7 miles from Elko and the housing section
accommbdate primarily single family mobile homes and houses. Using a’ |
factor of 2.8 persons per household, Spring Creek could reach an

eventual population of over 15,000 peop1e; however, due in part to such

.fattors as the present economic situation and the availability of jobs
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in Elko, growth has been relatively slow and Spring Creek has an esti-
mated current population of 450 people.

Elko city is one of the few urbanized areas within northeastern
Nevada. Elko County is conéiderab1y less urbanized and more sparsely
populated than the state or the nation.

Anticipating a population of 15,500 by the year 1998, the first
goal selected by the Community Development Committee is "to continue
orderly gkowth. « « within the rangé of available resources.” 'Td
accomplish this, Elko officials are calcu]atfhg and encouraging a growth
rate of 3 percent per year.

Elko's population is supported generally by jobs related to
tourism, ranching and mining. The railroad also accounts for a certain
percentage of basic jobs. Additionally, governmental’agencies - local,

state, and federal - employ many Elko residents. Agricultural

'employment (mostly ranching) is substantially greater and manufacturing

substantially less than state or national norms. White collar and

wholesale and retail trade compare with state norms.

As a result of many federa] government grant programs, several

,projectsAaré currently underway in the area of Elko which may provide

émp1oymént ahd‘businéss opportunities. The relocation plan of the
Southerﬁ Pacificrand Western Pacific railrdads will open up a larger
area fbf thé commercia]vgrdwth of the city and has resulted in plans for'
a dowﬁfown redévé1opment'area.4 The State Highway Depértmént is
currently constructing Interstate 80 highway to bybass Elko to the
nortﬁ._ There Qill be three intefchangés offering easy access into the

city when the highway is complete. The recently completed Elko Airport
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Master Plan calls for the expansion of the airport to better commercial

air carrier jet service. The proposed plan calls for the construction

of an extended runway, an extended taxiway, aprons, and eventually, new

terminal bui]dings.

A1l of the above are indications that Elko is growing and will
continue to do so. Another factor is the migrationvof people out of the
congested cities to rural areas such as Elko. Current economic indi-
cators show that Elko is capable of growing at the desired 3 peréenf
annual growth rate. It is felt thét housing_énd employment can keep
pace with this growth rate.

6.2.2. Land Use

Elko’s major residential areas lie north of the central buéineés
districf extending to the proposed location of Interstate 80. This area
consigts predominantly of moderate to higher income single family‘homes
with scattered small apartment complexes. ‘

The second major residentia] area is the area south of the river

~ which consists of single family‘homes and'mobi]é homes, the latter being .
“on both single lots and in traiier courts due to the fact that much of

‘the area south of the river is zoned for mobile homes. Since the

nétional economic and housing conditions make éﬁéh homes attractive for
a signifitant-section of the p0pu1atidn, development of this‘area has
been takihg‘p1ace rapidly 1in recent.yedrs. SR |

| Between the éentral'buéiness gistrict and the rfver, there is a
third concentration of residehtial development. It differé from the
othef main residential areaé of the city in two important respects; it

has é fairly high proportion of substandard housing; and.in parts, the
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housing is intermixed with other land uses. The small area west of
Second Streef, between Commercial and River Streets, is largely single
family homes with a new trailer court presently being developed.
Between Second and Eighth Streets the residential development is inter-
spersed with scattered small commercial and industrial establishments;
while east of Eighth Street, between Commerical and River Streets, the
area again becomes predominantly residential in nature.

Elko's main commercial area is still largely confined to'thé down-
town érea, consisting of two blocks north and two blocks south of the
Southern Pacific railroad tracks. Idaho Street, which carries the U.S.
Rbute 40 designation, is the main street in town and most of the
conveniénce stores, such as supermarkets, drug stores, jewelry stores,
sporting goods, and clothing stores are located along this thoroughfare.
Commercial Street, fronting on the Southern Pacific railroad tracks,
traverses the second major commercial area and together with Railroad
Street form a center for tourism’and gambling. Some sma]ler cafes and

retail stores are located along River and Silver streets, south of the

tracks. On the extreme east end of town, on U.S. 40 (1-80 é]ternate),

is a newer shopping center, Elko Shopping Plaza, which contains, among

~other stores, a large supermarket and "junior" department store.

~ The Elko Central Business District Plan states that the major dis-
ruptive and incompatible use in the Central Business District are the

Southefn Pacific and Western Pacific railroad tracks. The two track-

'lines are séhedu1ed to be removed from the downtown area. The area thus

freed from‘usage by the railroad will be available to the city to upgrade
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the Central Business District. It also states that "Downtown Elko's
major strength lies in the wide range of services and activities
available. Retail stores, casinos, hotels, moie]s, and offices are all
found in the Central Business District."”

Two other major categories of existing land use are of significance

in this analysis: industrial land and park land. Elko's main indus-

trial area is the Western Pacific Railroad yard located in the Southwest

portion of the city. This area consists of approximately 132 acres.
This yard is scheduled for relocation to the east of the city as a part

of the Railroad Relocation Demonstration Project. The land will then be

~ developed as an Industrial Park. Other industrial areas lie on the

south side of the railroads, generally in the area between Fifth and
Twelfth Streets, although there is a small industrial district between
River and Douglas west of First Street. There are no industries in Elko
which can be considered “heavy industry"; most of the industrial area
consists of bulk oil storage units, warehouses, and coal and lumber
yards, several of which depend on access to the railroad for daily
operations.

City Park (34 acres) Tocated in the north side of the city at
College and Foﬁrteenth Streets, and Southside Park (five acres) just

south of the river between Seventh Street and Lamoille Road, are Elko's

two parks. The Southside Park is scheduled to be relocated in the same '

generaT area as part of the Railroad Relocation Projéct.

6.2.3. Historx'.
.Elko's history started in 1868 when the Centra]‘Pacific Railroad

was completed. The first growth occurred when Elko was a railroad
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construction camp. It held a strategic location when the Central
Pacific opened in 1868. With the Nevada mining camps located to the
northward and to the southward and the gold and silver camps located in
southwest Idaho, Elko became the principal departure point for miners as
well as the transfer point for their freight and supplies. This encour-
aged the establishment of roads to the north and south. In 1907 the
Western Pacific railroad came through Elko and stimulated a new growth
boom. This railroad based transportation system encouraged the develop-
ment of the Victory Highway, one of the nation's first transcontinental
highways, and the development of the airport, a statioh on the first
transcontinental afr mail route. As can be seen, Elko's past has been

closely related to the development of transportation systems which

~connect it to the rest of the nation.

The only building in the Elko area that is on the National Register
of Historic Places is at the Northeastern Nevada Museum. The bulding
was at the Ruby Valley Pony Express Station and was moved ;o its present
site in 1960. | |

The Elko Hot Hole has been a Tocal curiosity for’manyvyéarﬁ with

various attempts being made to use the waters. Theése attempts have all

' been'faifures primari1y'dUe to scaling prob]ém5~caused by the mineral

content in the water. 'A,swfmming pool was operated with these waters in

the 1920's and 1930's. This was the most successful of the attempted

_uses_and it lasted only 10 years.

6.2.4. Archeology

The archeological significances of sites in the Elko area reéult,

from proximity to the Humboldt River. The westward flowing river has
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probably served as a major transportation route across the northern
Great Basin since earliest human penetration into the area. The river
was reported to be the site for winter encampments for many of thé
Numic-speaking Indians who occupied the Great Basin for centuries before
white contact. Fish and other resources from the river supported a
relatively dense population. Occupation was appérent]y intermittent
from 2410 to 1370 B.C., according to radiocarbon dates from deposits in
the South Fork Shelters, located just southwest of Elko. Projecfi]e
point types suggest that occupation was permanent after A.D. 1200. The
mouth of the South Fork was preferred as a site for winter encampment
and was named "Punﬁdungahnivain," meaning "place where the house is," by
the Numic people. However, small encampment sites could be found every
mile or so along the river.

The Humboldt River Valley near Elko has been the scene of human

activity for at least 4,500 years, and probably much longer. At the

time of Anglo-American entry, the area supported a denser population

than host other areas of the Great Basin. Human activity became
progressive]y‘more intense in the 1870's, following mining booms in fhe
Whité Pine mining district in the sodﬁh.v Elko served as a major
commﬁnication-transporfation center Serving mining districts to the
south and as far north as idaho. The flood plain and‘terraces of this
rivervbeér the scars of over a century Of mechaniied transportation,
farming and urban construction. The trabés of earlier occhpatioh which

can be expected to have survived are rare and provide a source of

' knouﬂedgé about the:area's prehistoric and early historic heritagé._
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6.3, 2. Soils

6.3 Potential Environmental Impacts

The development of geothermal resources in the Humboldt River
Valley may result in a variety of environmental impacts, none of which
are considered to be significantly adverse.

6.3.1. Geology

Seismicity - Geothermal areas have often been associated with areas
of seismic activity and the Elko area is designated as a moderate seis-
mic risk zone as previouslyvnoted in this report. The geologic data

available for the Elko area indicates that a fault zone is associated

 with the "Hot Hole" and hot springs in the city. Development of the

resource may result in increased occurrence of microseismic events.
Should an increase in seismic activity occur following development bf
the geothermal resource, surveys will be initiated to monitor such
ectivity.

Subsidence - Whenever large quantities of fluids are withdrawn from

unconsolidated sediments or when declining reservoir pressures reduce

the support for overburden, subsidence may result. However, Elko has

been pumping gkound water for domestic uses from aquifers at a depth of

100 feet to'400 feet for many years and no subsidencefhas occurred. It
is reasonable to not expect any subsidence to result from pump1ng water

out of deeper aqulfers.

There will be no 1mpact on 50115 as result of this progect since
the area of the proaect is conp]eteTy deve]oped

6.3. 3 Water Resources

Deleterious ihpacts to surface and ground water systems are of
major concern during both drilling of the wells and operation of the
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facility. It is critical that domestic and irrigation aquifers not be
contaminated with geothermal fluids should the water quality of the
latter be determined to be poor. Preliminary indications are that the
geothermal fluids are of a relatively "clean" nature and this would not
be a problem.

The well bore will be cased to avoid thermal contamination of the
geothermal fluids by colder ground waters and this casing will not allow
the geothermal fluids to contaminate the colder ground waters which are
used for domestic supplies. The holding ponJ'used for development and'
testing of the well can be lined if required to prevent seepage. A
second user of the spent fluids will be found if possible. Second uses
could be warm water irrigation of crops, aquaculture, or other similar
uses. If this cannot be done, &ue to poor water quality, reinjection of
the waters’into the geothermal aquifer would avoid contamination of sur-
face waters.

Blowout preventers will be installed during drilling and will
remain until the well head equipment is installed upon completion of the
we11f The distributioﬁ Tines will be designed to prevent léakage or
rupture and'wi11'be checked‘periodically., | : B

| The‘water quality (including bacterial counts, TDS, temperature,
pH, turbidity, chemical contaminants.and diéso]ved gases) of the geo-

thermal resource will then determine final disposal. 1In all cases,

state and federal water standards will be considered and met. No so]id

‘wastes will be geherated which will impact surface or ground water.

6.3.4 Air Quality |
Expected sources of air poT]ution from geothermal development in
the valley include vehicle emissions during drilling and dissolved gases
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in the geothermal fluids. The major dissolved gas emitted from most
geothermal fluids is hydrogen Sulfide; however, levels are expected to
be low, sinée there is no indication of gasses in the "Hot Hole" waters.
As mentioned previously, if the water quality is poor, reinjection of

the used geothermal fluids will be done and air quality will not be

-affected.

6.3.5 Noise

The noise generated by this project will occur during the well
drilling and construction phases. The noise associated with these
0perations\will be typical.of urban construction operations. The noise
will be generated only during normal working hours.

The noise during operation will be minimal. This noise would be
generated by well pumps and heat exchangers. The noise levels at the
Tocation of use will not be changed by the use of a different energy
source.

6.3.6 Flora and Fauna

There will be no impact on the flora and fauna of the area. The -

immediate vicinity of the project is currently developéd and impacts

will be too small to affect the general area.

Aquatic life could be affected by the final dispbsal of the used

- geothermal fluids. However, as previously stated, if'the*water quality

is poor, reinjection will be used.

6.3.7 Human Environment

The land use in Elko will not bevaffected in any way by the pro-

- ject. No locations of historical or archeological interest are in the

project.
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The project should not have a significant impact on the economics
of Elko since it is a relatively small program. However, should the use
of geothermal energy prove econdmical, the possibility of future eco-
nbmic impact on other energy typés in Elko could be great.

Some potential exists for industrial accidents whenever personnel
work around equipment and use moving vehicles. These types of potential
industrial accidents will be reduced to a minimum through the implemen-
tation of‘OSHA safety policies, procedureé, and regulations.

The geothermal fluids produced from the wells could possibly be at
temperatures above the boiling point o% water. Therefore, the pipe-
Tines and heat exchange equipment will be insulated forrsafety reasons
as well as for reduction of heat loss. Equipment design and operatihg
procedurés will meet standards }equired for steam systems. The geother-
mal fluid has no inherent hazard other than the elevated temperature.

An accident such as a transfer line rupture or leakage around a
well casing might lead to short-term and Tocalized contamination of sur-
face water or soils. In theory, Teakage can be avoided through the use
of established well casing énd cementing procedures. At the relatively
Tow temperaturgs‘and pressdres éxpected to be enbountered in the geo-
thermal resource in Elko, the potentia] for Ieakage from the casing or
for a well blowout is very‘low, even if reasonable proéedures were not
followed. | | | |

6.4 Effluent and Environmental ‘Monitoring Programs

‘No environmental baseline programs will be conducted specifically

for this project. Detailed baseline information will be avai]abie from
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several sources, including the Bureau of Land Management, the Nevada

- Division of Environmental Protection, and the "Elko, Nevada, Railraod

Relocation Demonstration Project Environmental Impact Statement". Moni-
toring programs will include water quality and gas content of geothermal
fluids from exploration wells or production wells.

If it appears that either induced'seismicity or subsidence are
occurring as a result of the production or injection of'geothermal
fluids, monitoring programs will be estab]ished. Data will be hsed fo
predict the long-term occurrence of either and to determine what subse-
quent mitigation efforts might be required.

6.5 Restoration

Upon completion of drilling and testing of the well drilled, all
equipment and structures not necessary fdr testihg or production will be
removed from the drill site and, where necessary, disposed of at an
approved disposal area. Future land requirements at the well sitevwil1

be determined and the disturbed area reduced to meet those requirements.

The ho]ding pond will be backfilled upon completion of testing and the

land graded and contoured. If the well is to be abandoned, it will be

A;b]ugged in accordance with state requirements.
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7. SUMMARY AND RECOMMENDATIONS
FOR_IMPLEMENTATION

7.1 System Design Summary

A geothermally supplied district heating system for a 30 house com-
munity in Elko, Nevada, has been conceptually designed. This system
consiets primarily of 5 major elements summarized in the following sec-
tions.

7.1.1 Main Water Supply System

The existing community water supply system shown in Figure 4.2,
page 42, was modified such that the heated water flows in a closed loop
as shonn in Figure.4.3, page 44, The modifications include installation
of flow isolation, valves and check valves such that ample fire flow is
available to all areas of the community; The piping design also allows -
for the addition of‘make—up water to replace that which is consumed at
the houses within the communityQ The added main piping passes through
communlty r1ght-of—way property bordering the lots. An added pipe size
of 3-1nch diameter was se1ected as the opt1mum. The water supply system

Vmod1f1cat10n consrsts of approx1mate1y 1308 ft of added 3-1nch dlameter ,
pipe along w1th requ1red pipe f1tt1ngs and va]ves.  ‘;; ’

7.1.2 Well Head and Main Heating P]antA§x§tem

The community w1]1 be supplled with water from a 51ng]e geothermal
, we]1 adjacent to the communtty. A schemat1c of the well head fac111ty )
1nc1ud1ng 1nstrumentat1on po1nts is g1ven in. ngures 4.3a and 4, 3b |
pages 46 and 47. The well must be approx1mate]y 1000 ft deep in order
to obta1n 120°F water in the area where the community is located. The

main heat1ng plant consists of a Bell & Gossett tube-and-shell heat
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exchanger type WU 105-4 which is supplied ample water flow at 120°F from
the geothermal well. .The domestic water tlow_is heated to approximately
90°F and then pumped through the community with a Bell & Gossett series
1510 centrifugal pump, model 1 1/2" AB, having a 2 hp motor connected
through a variable speed drive. The community water flow rate is

adjusted based upon ambient air temperature to obtain the desired flow

- rate given in Figure 4.9, page 71.

The houses were paired for the tWo-house-Ioop design such that
minimal amounts of water piping must be installed. The layout of a

typical Toop is shown in Figure 4.5, page 52. Each loop is connected to

mthe heat pump isolation Toop at eachrhouse such that either heat pump may

be taken out of service without interrupting the water flow to the other
house. The loop contains two Grundfos 1/12 hp pumps model UP 25-64 SF,
one per house, which operate simultaneously and continuously. The Toops
also contain edded.piping with fittings and valves.

7.1.4 Heat Pump Tsclation Loop

An isolation 1oop was des1gned for the heat pump unit to ensure
that fal]ure of the heat pump wou1d not contam1nate the domestic water
flow. A Fr1edr1ch heat pump mode] 803/804-024 unit was chosen based

upon theydesign heat load for the houses in this commuhity and the per-

‘;formance spec1f1cat10ns of this heat pump. The other cemponents of the

v 1solat1on Toop shown in Figures 4. 1 and 4.1a, pages 38 and 39, are an

Alfa-Laval p]ate-type heat exchanger model P01VL a Grundfos 1/20 hp

'water circulating pump mode] up 25-42 SF a sma]] amount of connect1ng

piping, and required pipe f1tt1ngs and va]ves.
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Each house in the community must be modified by installing a
central air distribution system (ductwork/bldWek) to be used with the
heat pump unit. The proposed system is designed to completely replace
the existing electric baseboard heaters of these houses. A housing for
the heat pump isolation system must be provided at each house either in

the crawl space below the house or as an addition outside the house.

7.2 Recommendations for Implementation

| While the project described in this report exhibits technical and
economic feasibility it suffers from a high building retrofit expense
(i.e.; electric bageboard to forced air distribution). There is also a
concern about the acceptability of having warm (70-90°F) drinking water
available at the residence in a community where average potable water
supply temperatures have historically been be]ow.55°F.

However, the concept and the technical evaluation methodology
described will have general applicability to a number of communities in
Nevada and the Western Uhitedlétates where municipal water systems
already exhibit greét]y‘eievated water supply témberathfes. “As an
example, the’community of»Gébbs, Neiada‘has a primary municipalrwatgr
we]]'supp]y temperature of 112°F. This water is pre%entiy deiivered to

an elevated storage tank for cooling and then delivered to residential

“holding tanks for further cooiingl‘ While thisvcondition is»extréme it

is by no means unique. The State of Washington Department of Energy has
identified 89 communities in that state where municipal‘water systems
operate at elevated temperatures, temperatures'consistent with the

requirements desribed in this report.
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: For these reasons it is our recommendation that further evaluations
be made of communities which exhibit high potable water supply tempera-
tures. This effort should rank those communitieés on an economic and

technical feasibility scale for implementation of the concept.
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Appendix A
Traditional District Heatiﬁg §ystem

The concept of district heating has been applied for many years.
It is believed that the first district heating plant was built at
Lockport, New York, in 1877, and the first European plant started in
Hamburg, Germany, in 1893 [1]. American Hydrotherm Corporatfon de-
signed the first high temperature water cascade heating system in the
United States, which was installed at Loring Air Force in 1950, and the
first forced circulation heating system, which was installed et
Lockbourne Air Force Base in 1952 [2]. A number of countries have been
us%ng district heating for many years. See Figure A.1, adapted from
Scholten [3]. In this figure years denotes time period of use of
district heating, and GDR and FRG are abbreviations for the Germany
Democnatic Republic and the Free Republic of Germany, respectively.
Some Communist countries are trying to provide district heating as a
public utility service similar to electrical power. In the.USSR some
two-thirds of all buildings in cities were supplied by district networks
by 1976 [4]). Poland has been fapid]y déve1epingrheating‘networks to
serve industhial and municipal complexes in towns,'making-use of com-
bined heat/power(plants. District heating faci]ities are being extended
to v1rtua11y a11 towns in the Scandinavian countries. Denmark has the

highest proport1on of d1str1ct-heated dwellings in Europe, amounting to

| approx1mate1y one-th1rd of 1ts two-m1111on homes, whereas Sweden has

about one-sixth of 1ts bulldlngs on d1str1ct ‘heating [5]. The largest

district heat1ng system in the worId wh1ch is Operated by Consol1dated

| Edison Company of New York Inc., prov1des some of New York City w1th

' heat and air cond1t1on1ng. Th1s system accomodates ‘some of the largest

bu11d1ngs in the world, such as the Emplre State Bu11d1ng, the
Rockefeller Center, the Chrysler Building, the United Nations Building,
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~etc., in addition to vast residential suburbs. Other major U.S. cities,

such as Detroit, Cleveland, Boston and Pittsburgh, are served by dis-
trict heating systems [5].

A traditional district heating system consists‘of a centralized
plant to elevate the temperature of the heating medium which is then
pumped through insulated pipes to the bui]dfngs where heat exchangers
are used to provide room-heating and domestic water heating. The cen-

tralized plant may be designed to either supply the heating medium only,

or produce both the heating medium and electricity (cogeneration). Most

district heating p]énts at present are fueled by coal, oi]; natural gas,
or waste energy. in addition, géotherma] énergy may be used as a heat
source and has for many years been used to supply the district system in
the city of Reykjavik, Iceland. Nuclear energy may also be used as a
heat sou}ce for the district system, although at present there are no
nuclear powered systems in operation. Many of the larger European

cities use waste incineration to provide heat to a district network.

rParis, for example, receives'approximately 1.2 million pounds of steam
per hour from incinerators which rid the cfty}of 90 percent of all its

‘.réfuée-[4]. The Netherlands, Denmark; Germany, Sweden, Switzerland, and

the USSR;‘all treat waste incineration coupled with waste heat recovery

as an essential part of the services for large cities. Even so, coal,

0il, and gas make up the major portion of fuels used for district heat-

ing (see Figure A.2 from Scholten [3]).
~The heating medium used in district systems is either steam or hot
water. Both steam and hot water ére used in Europe, whereas in North

America, steam is almost exé]usive]y used as the heating medium,
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Generally, hot water is considered to be superior to steam as the heat-

“ing medium for a district system in heating applications requiring

moderate temperatures (not exceeding 212-392°F) [1]. In steam systems,
great care must be taken to insure that the temperature and pressure are
such that'condensation does not occur. Simi]arly, the hot watervsystem
must be pressurized so that flashing is avoided. In the hot water sys-
tem, booster pumps may be provided when it is necessary to move the
heating fluid over large distances. In the steam system, however, all
of the pumping power must be provided at the heating plant. Clearly,
when the heating medium must be tranSported over great distances, hot
water is desired.

One of the major expenses, and perhaps the most wvulnerable part of

- a district heating system, is the buried’piping network. ~The hot water

distribution system requires both a forward supply line and a system
return Tine. Sometimes a second forward pipe for the production of

domestic hot water is added. The pipelines‘normally consist of steel
plpes covered w1th 1nsu1at1on and a protectlve sheath. The pipes are

1a1d be1ow street 1eve1 1n the same concrete 1ncasement. In Sweden, a

country whlch has many d1str1ct systems a trend in the type of p1p1ng

used has emerged [1] For dlstr1ct heat1ng pipes larger than 12 inches

in dlameter, concrete cu1verts are: used w1th the therma1 expansions of

the p1pes be1ng absorbed by compensators or expans1on loops. For pipes

up to 12 1nches in dlameter, prefabr1cated stee1 dlstr1ct heatlng cul-

verts w1th polyurethane 1nsu1at1on and protect1ve sheaths of polyethy-

lene and PVC are used The p1pe 1s gu1ded by the pressure of the earth

) the material will absorb any movement due to therma] expansion. For
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pipes less than 3 inches in diameter, copper has beén used where thermal
expansions are taken up by the pipes being laid in a sinusoidal curve
pattern. It should be noted that the water flowing in these systems is
around 165-250°F [6].

A major problem with these piping networks is keeping the insula-
tion dry. Wet insulation not only greatly increases the thermal losses
but also promotes pipe corrosion. The traditional district system
requires a great deal of excavation and resulting surface repair in

order to run the large amounts of insulated p?ping'needed.
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o Appendix .B
TWofHouse Lobp Loss‘Coefficient Determination
Each two-house flow 1oop‘was assumed to contain the same number of
pipe fittings, valves, etc. The following is a 1isting of loop compo-
nents and their associated flow pressure loss coefficients, K, as

obtained from reference 2 of Chapter 6 for use in the equation

V2 -

hf = K 75"
Quantity Item K each K total
1 Pipe entry region 0.50 0.50
2 Flow through run of tee | 0.46 0.92
4 Flow through branch of tee 1.38 | . 5.52
8  90° pipe elbows | 0.69 5.52
4 Gate valves | - 0.18 0.74
1- Pipe exit region - 1.00 ~1.00

TOTAL 14.20

As an approximation a K value of 7.1 per house is used.

B-1
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Appendix C
Two-House Loop Computer Program
The following is a listing of the computer program to analyze the
frictional flow losses through the two-house flow loop. Also included
is a sample output from this program. All two-house loops are assumed
to have the same number of pipe bends, valves, etc., and the loss coef-
ficients used are those given in Appendix B. - The sample output is for a

two-house loop pipe length of 260 ft.

c-1
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$JoB P=20 RICK PELFREY
REAL MU, LI
C#* OPERATING AT 80 DEGREES F -
RHO=62. 22
MU=5,764E-4
CFS=7.4805%60.
G=32.174
PI=3.1415926 .
C** HOUSE PIPING IS 1 IN. DIAMETER
DFT=1./12.
C** TOTAL EENGTH OF HOUSE PIPING
L1=260.
AREA=P | *DFT*%2/4,
PRINT 50
50 rognAT('1') -
1000 Q=Q+1.
V=Q/( CFS*AREA)
VV=V¥%2/ (2, %G)
RE=RHO*V*DFT/MU
C** GALVANIZED IRON PIPE
E=5.0E-1
- F=0.019
1 B1=-2.*%ALOGIO(E/(3.7%DFT)+2. 51/(RE*SQRT(F)))
A=(1./B1)*%2
1 F(ABS(A-F).LT.0.0001) GO TO 2
F=(F+A)/2.
GO TO 1
2 HF=F*L1/DFT*WV
QA=Q*RHO/(CFS*550.)
C** 90-DEGREE ELBOWS
CKEL=0.69

ELS=8.

C** ENTRY REGION (SHARP EDGED)
CK1=0.5

c** EXIT REGION (SHARP EDGED)
CKE=1.0

Cc** GATE VALVE

CKv=0.184
Gvs=4.
C** FLOW THRU RUN OF TEE
. CKTR=0.46
TEER=2.
C*% FLOW THRU BRANCH OF TEE
CKTB=1.38
TEEB=Y.

‘C** HEAT EXCHANGER (ALFA-LAVAL TYPE PO1VL)

DP=0.032332~0.0035109%Q+0.032623#Q*#2-1, 8784 E-L*Q¥**]
HFHEX=DP*14Y4, /RHO
PHEX=HFHEX*QA
PRINT 100
100 FORMAT(' ,/////// IOX,'RUN WITH FLOW OF ',F3 0,' GPM' o1/
S5, ' ITEM',T15, 'NO. ,T25,'HF EA.',T35,'HF TOT.',Tus,"' PTOT',/)
PRINT 110,CKI*VV CKI*VV‘QA*CKI*VV
- 110 FORMAT(T4,' ENTRY' T16,'1',125,F5.3,735,F5.2,T45,F5.3,/)
PRINT 120 Ll HF/LV, HF, QA*HF F,RE,V
120 FORMAT‘ PIPE' T1R‘FQ .0, T25 F5 3,T34,F6.2,T45,F5.3, 755, F="*,
$4, 170, RE=' ,F8.0, T85, v="! F6. 2/)
PRINT 125, ELS CKEL*VV CKEL*VV*ELS CKEL®VV*ELS*QA
125 FORMAT(TR, ELBONS' T15,F3 0, T25,F5 3,735, F5 2, THS,FS 3,7)
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130
135
140
45
150

160

200

PRINT 130, TEER CKTR*VV, CKTR*VV*TEER, CKTR*VV*TEER*QA
FORMAT(TH, TEES(R)' T15 F3.0, T25.F5 3,735,F5.2,T45,F5.3,/)
PRINT 135, TEEB CKTB*VV,CKTB*VV*TEEB CKTB*VV*TEEB*QA
FORMAT{THL, ' TEES(B)' T15,F3.0,T25,F5.3,735,F5.2,T45,F5.3,/)
PRINT 140, GVS CKV*VV, CKV*VV*GVS CKV*VV*GVS*QA

FORMAT(TH. VALVES' T15,F3 0, T25.F5 3,T35,F5.2,T45,F5.3,/)
PRINT 145, HFHEX 2. *HFHEX PHEX

FORMAT(T#, HT.EXCH, ' ,T16,'2' 125,F5.3,735,F5.2,T45,F5.3,/)
PRINT 150, CKE*VV‘CKE*VV QA*CKV*VV

FORMAT(TY, ' EXIT T16,'1' 125,F5.3,735,F5.2,745,F5.3,/)
HFTOT—(CKI+CKE+CKEL*ELS+CKV*GVS*CKTR*TEER+CKTB*TEEB)*VV+HF+HFHEX*2
PRINT 160, HFTOT QA*HFTOT, HFTOT/2.

FORMAT(/,TQ, TOTAL' T34,F6.2,T45,F5.3,T60, 'HFTOT/2 ', F6.2)
1F{Q.EQ.10) GO TO 200

GO TO 1000 -

CONTINUE :

sTOP

END

CSENTRY

c-3
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RUN WITH FLOW OF 7. GPM

ITEM - NO. HF EA.  HF TOT.
CENTRY 1 0.064 0.06
PIPE 260, 0.053 13.88
ELBOWS . 8. 0.088 0.70
TEES(R) 2. 0.058  0.12
TEES(B) b, 0.175 0.70
CVALVES &4, . 0.023  0.09
HT.EXCH., 2 3568 7.
EXIT 1 00127 0 0.13
/ Co

TOTAL S 22.82

RUN WITH FLOW OF 8. GPM

ITEM NO. - HF EA.  HF TOT,
ENTRY ERS 0.083  0.08
PIPE 260, 0.069 17.95
ELBOWS 8. 0.115 0.92
TEES(R) 2. 0.076 0.15
TEES(B) 4. 0.229 0.92
VALVES 4. 0.031 0.12
HT.EXCH, 2 4,619 9.24
EXIT 1 0.166 0.17
TOTAL ' 29.54

PTOT

0.000
0.024
0.001
0.000
0.001

© 0.000
0.006

0.000

0.040

PTOT

0.000
0.036
0.002
0.000
0.002
0.000
0.009
0.000

0.060

F=0.0350 RE= 25723. V= 2.859

HFTOT/2 1.1

F=0.0347 " RE= 29397. V= 3.268

HFTOT/2 14,77
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RUN WITH
ITEM NO.
ENTRY - 1
PIPE  260.
ELBOWS 8.

TEES(R) 2.
TEES(B) &,

VALVES 4,

HT.EXCH, 2
EXIT 1

TOTAL

RUN WITH

ITEM NO.

ENTRY 1
 PIPE 260.
ELBOWS 8.

TEES(R) 2.
TEES(B) 4,

VALVES u,
HT.EXCH. 2
EXIT 1
TOTAL

FLOW OF 9. GPM

HF EA.

0.087
0.145
10.097
0.290
0.039

5,800 -

0.210

FLOW OF 10,
HF EA.
0.130
0.106
0.179

- 0.119
0.358
0.0u48
7.109
0.259

" HF TOT.
0.105

0.1

22.54

1.16
0.19
1.16
0.15

11.60
0.21

37.12

GPM

HF TOT.
0.13
27.65
1.43
0.24
1.43
0.19
.22
0.26

45,55

PTOT

0.000
0.051
0.003
0.000
0.003
0.000
0.013
0.000

0.084

PTOT

0.000
0.070
0.004
0.001
0.004
0.000
0.018
0.000

0.115

o C D oo o)oK [‘ .

F=0.0344 RE

33072. V= 3.676

HFTOT/2 18.56

F=0.0342 - RE= 367u6. V= 4,085

HFTOT/2 22.77
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Appendix D
Maip Computer Program
The method of analysis used in this program has been previously
described; this section is intended to describe the details of data
input required by the program. Following this section are:
(a) a listing of the program nomenciatufe (pages D-10 - D-16),
(b) a listing of the main program (pages- D-17 - D-26),

(c) a sample program input for the simplified community in the
figure on the following page (pages D-27 - D-28),

(d) a sample prdgram output for the simplified community in the
figure on the following page (pages D-29 - D-31) and

(e) a sample program output for the Sunrise Addition subdivision
(pages D-32 - D-38).

The sample program input and output for the simplified community in the
figure on the following page is included only to demonstrate the analy-
sis routing method and show the output at typical analysis steps. The
sample output for the Sunrise Addition subdivision includes all informa-
tion generated as output from the program for the -7°F ambient air tem-
perature design condition.

In order to analyze the proposed community heating system, detailed
infofmation regarding the prbposed system design must be supplied as
input to the program. The program is designed to analyze the flow and

thermal losses through a given community independently of the main heat-

ing plant. This enables the designer to choose a heat source, -the cor-

| responding heat exchanger, and a main flow pump. It is assumed that all

houses in the community have similar heating requirements and a simple
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expression relating the house heat load to the outside ambient air tem-
perature may be determined and input to the program as BTUREQ (BTUH).
It is futher assumed that the components and flow rates of both the heat
pump isolation loop and the two-house loop have been determined. The
following loop information must be supplied as input:

QHP, the isolation loop water flow rate, GPM; .

PHPILP, the heat pump isolation loop circulating pump power, hp;

AHEX, the heat exchanger effective area, ft2;

U, the heat exchanger heat transfer coefficient, BTU/hr-ft2-°F;

QH, the average two-house loop water flow rate, GPM; -and

PTHLP, the two-house loop flow circulating pump power, hp.

- In addition, the approximate heating capacity of the heat pump and the

total frictional loss coefficient per house for flow through the two-
house loop must be specified as input. The following performance char-

acteristics of the heat pump based upon heat pump entering water temper-

ature at the isolation loop flow rate must be provided:

FNCAP, the heat pump heating capacity, BTUH;

FNCOP, the heat pump coefficient of performance;

FNDT, the water temperature drop across the heat pump, °F; and

FNKW, the heat pump total power input, kW.

These will be functional relations from which the desired quantity may
be determined for a given heat pump entering water.temperature.

In addition to specifying input regarding the two-house loops and
the heatApuhp isolation loops, the following information about the com-
munity must be provided: |

KE, the approximate soil thermal conductivity, BTU/hr-ft-°F;

QD, the average consumptive water flow rate per house, gal/day;
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Z, pipe centerline buried depth in the proposed piping network, ft;
E, the pipe relative roughness in the proposed piping network, ft;

‘D2, the diameter of two-house loop piping between the street and
the house, in.;

DB, diameter of added two-house loop piping between houses, in.;

TN, the temperature of make-up water supplied to replace that
consumed, °F; and

NH, the total ndmber of houses in the community. '
In addition to this general information, detailed information regarding
the proposed piping network must also be pro;}ded.

The program i; designed to proceed step-by-step through the commu-
nity computing both frictional flow losses and thermal losses according
to a path specified by the program data input. The analysis is divided

into a number of computation steps, N, with a step occurring at each

| flow disturbance within the piping network. The steps through the com-
munity must occur in a prescribed order based upon the piping network as

outlined in the following paragraphs. A simplified schematic of a typi-

cal comnunity piping network which may be used for reference is given on
page D-2.

A main flow supply line from the heating plant must be chosen from
which a finite number of left-hand and right-hand (branch of tee is to ‘

the Ieft or right, respectively, of the direction of flow in the main

supply line) primany branches may be.extracted. The system main flow

supply Tine will terminate in a designated‘system return line. The ini-
tial sequence of steps must proceed from the main heating plant along
the main supply line to its joining with the return line. Each of the

left-hand and right-hand primary branch flow rates and the corresponding
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water temperatures are evaluated as part of this initial sequence of
steps. The branch flow rate is determined as the initial system flow
rate times the ratio of the number of houses served by the branch to the
total number of houses in the community. It is assumed that flow con-
trol valves are installed as needed in the community branches such that
the desired flow rate and direction of flow in each of the branches are
obtained.

Upon reaching the end of the main supply line (computationally),
the analysis shifts to the first (nearest the.main heating plant) left-
hand primary branch served by the main supply line. The analysis con-
tiniues along the left-hand primary branch until a secondary branch
occurs or the primary branch terminates into the left-hand return main.

Whenever a branch occurs, the Ieft-most branch is analyzed first.
The analysis continues until another branch is encountered or a combina-
tion with an unknown flow is reached. When an unknown flow is to com-
bine with the known flow, the analysis must proceed to evaluate the
unknown flow. The case of not more than one right-hand and one left-
hand secondary branch from a primary branch may be handled with ease.

If multiple secondary branching occurs, caution must be exercised in the

 flow analysis routing. -

If a left-hand secondary branch (branch of flow dividing tee to the
leff of the left-hand primary flow direction) occurs, the secondary f]ow'
rate and temperature are evaluated, and the water temperature and flow
rate‘remaining in the primary branch are stored with the analysis pro-
ceeding along tﬁe secondary branch. The secondary analysis continues

throhgh the secondary branch until it joins fhe left-hand return line;
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the return line analysis then proceeds until the end of the primary
branch is encountered. At this point the ahélysis shifts back to the
primary branch at the point where the left-hand secondary was extracted
and the remaining primary branch flow is analyzed. The primary branch
is joined with the left-hand return 1ine and the analysis proceeds along
the return line to the next flow disturbance.

If a right-hand secondary branch of a left-hand primary branch is
encounteréd, the secondary flow rate and temperature are evaluated and
stored with the analysis proceeding along thé.primany branch. The pri-
mary branch analysis continues until it joins the left-hand return line;
the return line analysis continues to the point where the secondary
branch joins. The analysis then shifts back to the right-hand secondary
at its initialization point. The secondary is analyzed until joining
the left-hand return line. The return line is then analyzed to the next
flow disturbance. The analysis proceeds through all left-hand primary
branches in the order which they appear fo110wiﬁg the direction of the
main supply flow.

After all left-hand primary branches have been analyzed, the left-
hand return line will be joined with the end of the community‘main sup-
ply line to begin the Community main return line. The return main is
analyzed until an unknown.flow empties into it. At this point the
right-hand branch nearest thé end of the main suppiy Tine must’be ana-
lyzed. The methbd of analysis of secondary branches is the same as out-

1ineq for the left-hand primary branch with branches now ending jnto the

"main return line rather than the left-hand return line. The right-hand

primary branches are analyzed in reverse order (from the main supply

*
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line end, back to the heating plant) until all branches have been ana-

lyzed. The system return main is then analyzed until the main heating

plant is reached. Somewhere béfore returning to the heating plant the
system make-up water is added. |

It must be noted that the outlined method of analysis is for a com-
munity piping layout such as the one shown in the figure on page D-2. If
the system return line were located on the opposite side of the commu-
nity, the roles of the 1eft-hand and right-hand branch analyses would be
interchanged. In that case the right?most branch would be analyzed
first. .

When laying out the pairing of the tWo-house Toops, it is important
to take care that the return from a particular two-house loop does not
occur upstream (in the analysis chain of events) 6f the flow extraction
for that two-house loop. If this situation does occur, some estimate of
the temperature of the water entering the main flow from the two-house
Toop must be made; this estima;é will introduce some error into the sub-
sequent analysis.

- Once the order of the piping network analysis has been determined,
it is necessary to break the analysis into N computational steps. A
step is required at each of the fdi]owing types of flow disturbances:

(1) a smooth{bipe bend, .

(2) an abrupt pipe cdntractidn,‘

(3) a two-house loop flow extraction,

(4) a two-house loop flow return,

.(5) a flow dividing tee, or

(6) a flow combining tee.

The total number of analysis steps, N, must be provided as input as well

D-7
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as the following data at each step I:
L(I), the length of the pipe segment through the street, ft;
H(I), the number of houses served by the flow extraction;

D(I), the nominal diameter of the pipe segment through the street,
in.;

L1{I), the length of the pipe from the street to the first house of
the two-house loop, ft;

LB(I), the length of the added pipe between the two houses of the
- two-house loop, ft;

L2(1), the length of the return pipe from the second house of the
two-house loop to the street, ft;

RET(I), the step to which the two-house Toop flow returns; and

B(I), the calculation indicator.
These definitions will hold for each type of flow disturbance unless
otherwise redefined below. |

(1) For a smooth pipe bend, L(I) will be the negative of the angle

of pipe bend in degrees with all other parameters except D(I) and B(I)
zero. _ |

(2) For an abrupt pipe contraction all parameters except D(I) and

B(I) will be zere. D(I) w111 be the smaller diameter of the plpe con-

traction w1th the 1arger d1ameter given by D(I-1).

(3) For the two-house 100p flow extractlon only B(I) will be zero.
The step begins at the po1nt of flow extraction and extends a1ong the
streetAto the next,fiow dfsturbanee.”‘First the flow threugh the two-
house Toop is analyzed. The analysis then returns to the pipe segment
from_which the two{house ldop flow was extraeted,,and this segment is

analyzed.
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(4) For the two-house loop flow return all paraheters except L(I),
D(1), and RET(I) will be zero. The step begins at the point where the
flow returns and extends along the pipe through the street to the next
flow disturbance. RET(I) will be the negative of the step from which
the two-house loop flow was extracted.

(5) For a flow dividing tee, only H(I), D(I), and B(I) will be
non-zero. D(I) will be the diameter of the branch of the tee.

(6) For a flow combining tee, D(I) is the diameter of the run of
the tee and all other parameters except B(I)~;re zero.

In addition to the input parameters previously described, the fol-
1owing must be input and may be varied to model system performance at a
variety of conditions: TII, the temperature of the water exiting the
main heating plant and entering the community, °F; TES, the outside

ambient air temperature, °F; and FF, the system flow factor (times 100

GPM).
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Program Nomenclature
A dumny variable used in subroutine FLOSS
ADJKW adjusted average hourly power input to a heat pump, kW
AHEX effective area of heat pump isolation loop heat exchanger, ft2
ARATIO ratio of tee branch area to tee run area

AREA cross sectional area of pipe, ft2

B(I) 1indicator for type of calculation to be performed at step I
Bl dummy variable used in subroutine FLOSS
BTUREQ heat load required per house, BTUH

c heat capacity ratio of heat exchanger fluids (minimum/maxfmum)
CAP heating capacity of the heat pump, BTUH

CET dummy variable used in conduction ehape factor equation

CFS  dummy variable to convert fIOW-in GPM to ft3/sec (cfs)

CMIN minimum heat capacity of heat exchanger fluids, BTU/hr-°F

cop heat pump coefficient of performance\(COP)

COPAVG average heat pump COP

COPTOT sum of heat pump COP's .

COSHI inverse hyperbolic cosine

D(I) diameter of pipe segment at step I, in.

D2 diameter of pipe segment between the house and street main, in.

D21 diameter ratio for evaluating head loss through contraction
| DB diameter of added pipe between houses for two-house loop, in.

IDE : d1ameter of end section of main supply pipe, in.

DELTAP total pressure drop of main flow through the commun:ty, psi

DFT diameter of pipe in feet

,DI' diameter of bipe segment being analyzed at a given step, in.

D-10
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e/ DPHEX pressure drop across heat pump isolation loop heat exchanger, psi
| DTF  temperature drop of flowing fluid, °F
¥ DTFA  dummy DTF value used for comparison, °F
. DTFAVG average temperature drop across heat exchanger, °F
- DTFTOT sum of temperature drops across heat exchangers, °F
Li DTHP  sum of temperature drops across heat pumps, °F
; DTHPAV average teﬁperature drop across the heat pumps, °F
U
| E pipe relative roughness, ft -
EJ EF heat exchanger effectiveness
EFF  dummy variable used in EF calculation
v .
) FNCAP function used to calculate heat pump qapacity
EJ FNCOP function used to calculate heat pump COP

FNDT  function used to calculate temperature drop across heat pump

FNKW  function used to calculate heat pump power input ‘

F pipe friction factor calculated from the Colebrook Equation
FF community main flow factor for adjusting system flow rate
FT variable used in calculating head loss through pipe bend

FT1  dummy variable used in calculating FT
FT2 dummy variable used in calculating FT

G local acceleration of gravity, ft/sec?

- H(I)  wnumber of houses served by branch at I

}’HFL(i) head loss throughibranch of tee for left-hand branch at I, ft

HFR(I) head loss through branch of tee for right-hand branch at I, ft

HF frictional head loss, ft
HF2 total head required for flow through two-house loop, ft

D-N
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HFLS tee head loss for flow into left-hand secondary branch, ft
HFRS  tee head loss for flow into right-hand secondary branch, ft
HFTOT total head loss thirough main community piping, ft

I incremental counter in main program
Il incremental counter in two-house loop analysis

ICHK heat pump spacing increment check value

IHP average integer number of heat pumps operating

INC spacing increment between heat pumps in operation

INCT . indicator for which heat pumps are to be operating

JL counter for number of left-hand primary branches
JR counter for number of right-hand primary branches
K counter for analysis of right-hand primary branches

K13 loss coefficient for flow through branch of combining tee

K23 loss coefficient for flow’throhgh run of combining tee

K31  loss coefficient for flow through branch of dividing tee

K32 | loss coefficient for flow through run of dividing tee

KA dummy variable used in subroutine LOSSKr(flow through tée branch)
KB dummy variable used in subrodtihe LOSSK (fléw through tee run)

AKB Toss coefficient for flow through pipe bend in main program

KC loss coefficient for flow through pipe contraction '

KE soil thermal conductivity, BTU/hr-ft-°F

KM loss coefficient for flow through half of two-house loopA

KW ~  heat pump power input, kW

L(I) 1length of pipe segment at step I, ft
L1(I) 1length of two-house loop‘pipe from street to house, ft
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L2(I) 1length of two-house loop pipe from house to street, ft
LB(I) length of added two-house loop pipe between houses, ft
LI length of pipe segment being analyzed, ft

A

M. dummy variable in transfer statement for B(I)
MU dynamic vicosity of water, 1bm/ft-sec

N number of analysis steps

NH tota1 number of houses in the comnun1ty

NTU number of heat transfer units (heat exchanger ana1ys1s)

P ~ power required to overcome a certain frictiona] head, hp

PI  constant ©

" PHPILP heat pump isolation loop pump power requirement, hp

PRCT fractional run time for heat pump unit

PT | total community pumping power requirement, hp

PT2 total two-house loop pumping power requirement, hp
PT2AVG average value of PTZ for all loops, hp

PT21 'number of two-house loops

- PT2TOT tota] power required for all two-house loops, hp

PTHLP power required to operate two-house loop pump, hp

QIN(I) flow to be added into m&in,flow at step I, GPM
QL(I)i,flow entering left-hand branch at step I, GPM
QR(I) flow entering right-hand branch at‘step 1, GPM

. Q flow rate be1ng ana]yzed at a given step, GPM
- QABS heat pump heat of absorpt1on, BTUH

QADIST heat added due to flow disturbance friction effects, BTUH
QALOAD community heat load calculated by energy balance, BTUH

D-13
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QAPF  heat added due to pipe flow frictional effects, BTUH

QCFS  community water flow rate in cubic feet per second

Q@  domestic water flow rate, GPM “

QE water flow rate exiting end of main supply, GPM

QEL water flow rate exiting left-hand return line, GPM

QEM  water flow rate exiting main return line, GPM

QH ho@se Toop heating water flow rate, GPM

QHEXT sum of water flow rates through the heat exchangers, GPM
QHP water flow rate throughvthe heat pump; GPM

QI initial community water flow rate, GPM

QIM f10w rate through main after extraction of house loop flow, GPM
QL1 dummy flow rate, GPM

QLCF  heat loss due to consumptive water flow, BTUH

QLHP  sum of heat pump QABS's adjusted for run time, BTUH

QLOAD communi ty heét load based upon temperature difference, BTUH
QLS | water flow rate entering 1eft—hand secondary branch, GPM

QLSC  heat lost due to conduction through the soil, BTUH

- QM make-up water flow rate, GPM ..

QR1 : dummy flow rate, GPM

QRATIO ratio of tee branch flow rate to combined tee flow rate

QRS wafet flow rate entering fight?hand secondary branch, GPM

STEP  indicator of step at which the minimum heat exchanger EWT occurs
STEPHP indicator of worst heat pump operating point
SUMH sum of houses ahalyied | | |

SUMHP sum of heat pumps analyzed

TIN(I) temperature of water to be added into main flow at step I, °F

D-14
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- TMIN

TL(I)
TR(I)

TA

TAVG
TCI
TCI2
TCF
TCO
TE
TEE
TEL
TEM
TES
THETA
THP

'THPAVG
i
- TID

e
TLS

TMINHP
TOTP.
TS
TTOT

temperature of water entering left-hand branch at step I, °F
temperature of water entering right-hand branch at step I, °F
dummy temperature variable, °F -

average heat exchanger entering water temperature, °F
temperature of heat exChanger cold side inlet water flow, °F
dummy temperature variable to check successive TCI.values. °F
temperature of consumptive watér flow, °F

temperature of heat exchanger cold side outlet water flow, °F

‘temperature of main supply exiting waf;r flow, °F
indicator for type of tee, 1 = dividing flow, 2 = combining flow

'temperature of water exiting left-hand return line, °F

temperature of water exiting main retdfn line, °F
ambient air temperature, °F |
angle of smooth pipé bend, degrees
sum of heat pump entering water temperatures, °F

average heat pumpventering water temperature, °F

‘temperature of water in componént being analyzed, °F
temperature of wéter being supp]ied fo the community;‘°F
_ﬁétef témperature in mainAafter house loop flow extraction, °F
«’ temperature of leftfhaﬁd éecondany branch water fiow, °Fv
‘~temperature of make-up water, °F |

minimum heat exchanger entering water temperature, °F

minimum heat pump entering water témperature,.°F'

average total p0wéf required per house, kW

:temperature of water entering right-hand secondary branch, °F

sum of heat exchangef entering water temperatures; °F

heat exchanger heat transfer coefficient, BTU/hr-ft2-°F

D-15




VELC

WAVG
WMAX

WTOT

velocity of water in pipe, ft/sec

dummy velocity variable used in calculating loss through tees

hourly power input to heat pump, hp
average heat pump power input, hp
maximum heat pump power input within the community, hp

sum of heat pump power inputs, hp
consumptive water flow factor

distance pipe centerline is buried below the earth's surface, ft
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$JoB P=20 RICK PELFREY _
DIMENSION QL(20),QR (2 )), TL{20),TR(20),HFL(20),HFR(20)
DIMENSION L(70),H(70),D(70), LI(70),LB(70) L2(70) RET(70),B(70)
DIMENSION QIN(60).TIN(60)
REAL L,L1,LB,L2,LI1,MU,NH, KE, KW

INTEGER STEP STEPHP
c***************************************«***********u*******n*****u*****

CcH## NOTE: THESE FUNCTIONS ARE FOR A FRIEDRICH HEAT PUMP MODEL ebeled
CH¥a 803/804-024 WITH 800 SCFM AIR FLOW AT 70 DEGREES F bedoled
CHhax " DRY BULB AND 5 GPM SUPPLY WATER FLOW (2500 LBM/HR) el

FNCOP(T)=-14,663+0.64375%T=-0.0074571%T**2+2 B8889E-5%T*#3

FNCAP(T)=-104.06+4.4771%T-0.0U48078%T**2+1, 7576E-L4%TH*3

FNDT(T)=-46.43+1.8648%T=0.020416*T*¥*2+7,5758E-5%T**3

FNKW(T)=4.6369-0.099095%T+0, 0014714 *T*#2-6,666TE-C*T**3
T L L PR A A A - e S LT T T

TI=T11=90.

TES=-7,

FF=1.00

BTUREQ— .3%250.%(70.-TES)

KE=0.50

READ,QD,NH,N,E,D2,Z,TH

DB'DZ

X=1.
QD=QD/ 1440,
QH=8.5
C APPROXIMATE HEAT PUMP CAPACITY 35000 BTUH
RUNT=NH*BTUREQ/35000.
HP=RUNT+1
INCT=INC=NH/ IHP
CRAACAE KA AT AT I IEE 1T U 0006 IEIEIETEAE 06 0606 060600 0060606 060606 060 0600 06 360606 060 0 20
C*% DENSITY (RHO) AND DYNAMIC VISCOSITY (MU) OF WATER bl
C¥% AS FUNCTIONS OF TEMPERATURE (TI) . e
RHO=62,363+0.005252*T1-8. 8518E-5*TI**2
MU=0.0017254-2,0277E=-5%T147.4358E-8¥T | ##2,
c******************************************«****************************
C* THE ISOLATION LOOP MAKES USE OF AN ALFA-LAVAL PLATE HEAT EXCHANGER *#
C* TYPE POIVL WITH AN EFFECTIVE AREA OF 4.5 SQUARE FEET bold
C* AND A GRUNDFOS 1/20 HP PUMP MODEL UP 25-42 SF DELIVERING 5 GPM bobel
C* THE TWO-HOUSE LOOP USES TWO GRUNDFOS 1/12 HP PUMPS (ONE PER HOUSE) %+
C* MODEL UP 25-64 SF NITH AVERAGE TWO-HOUSE LOOP FLON OF 8.5 GPM W
- AHEX=4.5 - '
. U=640.
QHP=5,
CMIN=500.*QHP
C=QHP/QH
NTU=U*AHEX/CMIN
EFF=EXP({=NTU*(1.-C))
EF=(1.-EFF)/{1.-C*EFF)
PHPILP=1/20.
PTHLP=1/12.
PRINT uu AHEX, U, QHP
44 FORMAT(' 1'./////,5X.'THE ISOLATION LOOP USES AN ALFA-LAVAL HEAT X
SCHANGER TYPE POTVL WITH AN EFFECTIVE AREA OF ', Fu. 1' SQ.FT1.',/
$,5X, ' THE OVERALL U VALUE IS ',F5.0,' BTU/HR, SQ FT.F',//
$,5X,'A FRIEDRICH HEAT PUMP MODEL 803/80“-02“ 1S USED WiTH 800 SCFM
$ AIR FLOW AT 70 DEGREES F DRY BULB',/
§,5X, ' THE 1SOLATION LOOP WATER FLOW RATE 1S ',F3.0," GPM' /
$,5X, 'SUPPLIED BY A 1/20 HP GRUNDFOS PUMP MODEL UP 25-42 SF' 21/
$,5X, 'THE TWO-HOUSE LOOP IS SUPPLIED WITH TWO GRUNDFOS 1/12 HP PUMP
§S (ONE PER HOME"./.SX, MODEL UP 25-64 SF DELIVERING AN AVERAGE LO
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41
2

43

ui

Sg; F%ogoor 8.5 GPM (SIMULTANEOUS OPERATION)',///)
IN .
50 FORMAT(' ',5X,'VALUES OF PARAMETERS FOR THIS RUN',//)
PRINT 51,RHO, MU, E, QD*1440. ,QD, X, QD*1440. #X, QD*X, QH*1440. . QH, FF
51 FORMAT(' ,uX, 'DENSITY OF WATER, RHO- ,F5.2," LBM/CU.FT.",/
$,5X, 'DYNAMIC VISCOSITY, MU=',F8. 6, LBM/FT SEC.',/7/
$,5X, '"RELATIVE ROUGHNESS, E=',F7.5,' FT. Zi
S,SX"AVERAGE CONSUMPTIVE WATER FLow qo=F, Fu. o,' GAL/DAY/HOME  OR
S 1 F5. .3,' GAL/MIN/HOME®',// ‘
§,5X, , CONSUMPTIVE FLOW FACTOR ‘TIMES AVG.), X=',Fh4.1 //
s‘sx DOMESTIC WATER FLOW, QD0=',F4.0,°' GAL/DAY/HOME ~ OR ',F5.3,
- 8§ GAL/MIN/HOME' 7/
$,5x HEAT ING WATER FLOW, QH=',F6.0, 'GAL/DAY/HOME OR - ',F5.3,
$f GAL/MIN/HOME" , 7/
$,5X, "COMMUNITY MAIN PIPING FLow FACTOR, Ff=',F3.1,//)
_ PRINT 52, D2, DB, BTUREQ
52 FORMAT{' ',&X, 'DIAMETER OF EXISTING HOUSE_PIPING YF4.2,° IN.',//
$,5X, 'DIAMETER OF ADDED HOUSE PIPING ° JFu.2, IN A/
S,5X, "REQUIRED HEAT LOAD/HOUSE, BTUREQ- F6.0,' BTU/HR.',//)
PRINT 53, Ti,KE TES,Z
53 FORMAT(' ',&x, Y INITIAL SUPPLY WATER TEMPERATURE, Ti=',FYy, o" F',//
s‘sx *THERMAL CONDUCTIVITY OF SOIL, KE— ,FU.2,' BTU/HR.FT.F,//,5X,
S'TEMPERATURE OF GROUND SURFACE, TES=' ‘ru .0, r'./( SX, *DISTANCE Pi
SPE 1S BURIED BELOW GROUND SURFACE, 2=',Fu.2,
c*************************************************&**ﬂ-il!**&***i**ll—***l
READ, (L(1),H{(1),D(1),L1(1),LB(1),L2(1),RET(1),B(1),1=1,N)
TTOTEWTOT=WMAX=COPTOT=DTFTOT=QHEXT=PT2TOT=PT21=HFTOT=0. -
QAPF-QLSC—QLCF-QLHP=QADIST-THP—DTHP—O ‘
TMIN=500.
SUMHP=SUMH=0.
PT=0.
JR=JL=0
g73§'112g926
=3.1
CFS=7.4805%60.
C INITIAL SYSTEM WATER FLOW RATE
Q1=Q=FF*100.
PRINT 60
60 FORMAT( 1! {/ 'STEP' 110‘ PIPE LOCATION' T29, PIPE' 136, 'PIPE’
S, Tuu‘ TOTAL 753, EXIT"T62 REYNOLDS' 173, FRICTION , T84, 'HEAD',
$792, PgWER' ,T101, *ToTALf, 7170, TENT. ', T119, Y TEMP. ,T128,'EXIT')
PRINT 61
61 FORMAT‘ ',2%, 'N', T15, 'AND! T29,'DIA."T36, LEN,? ‘Tuu,'uuussa' 153
‘ FLOW', 763, NUMBER' T74, ' FACTOR', T8Y, Loss"ryz REQD' T101,
S POWER; T110,'TEMP T119,'LOSS',T128,‘TEMP )
PRINT
62 FORMAT(T13,'BRANCHING',TSO,‘IN. ,T37, FT.',Tuu,'Housss' 152 TGAL/M
SLN' T85,'FTi',T9u,'HP' ,T103, "HP', 1112,'r' TIZI,'F',T130, o 1/)
RINT 70,Q,

70 FORMAT(' ', 7X,'MAIN SUPPLY',T50,F8.2, 7127 F6.2) '
GRS R INRIR IR S IE T T I IEIE TN IEIE I T I IE I T IE B E0 000000 B 00000 00

c*****************'ll*I*****************************ﬂ-ﬁ********I**********l

DO zoooo 1=1,N A ‘

M=B(1) :
: GO TO (1,2,3,4,5,6, 7 8, 9 10,11, 12,13,14,15,16,17), M
c B(l);OM %TERATE ALONG SELECTED PIPE SEGMENT

IM=T|

QIM=Q-QD*X-QH :

IF(H(1).EQ.0) QIM“Q

- PT2=HF2=0.
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N =
OV O~ W

11=0
1F(H(1).£Q.0.) 11=3

C CALCULATE TEMP. LOSS IN PIPE FROM BRANCH TO HOUSE

on

100 11=1141
GO TO (110,120,160,180),11
PIPE FROM STREET TO HOUSE
110 LI=L1(I)
D1=D2
Q=QD*X+QH
PRINT 115
115 FORMAT(/,T13,'STREET TO HOUSE')
7 60 T
PIPE BETWEEN HOUSES
120 LI=LB(1)
DI=DB -
Q=QH
PRINT 125
125 FORMAT(T13,'BETWEEN HOUSES')
GO TO 200
PIPE FROM HOUSE TO STREET
160 Li=L2(1)
Dl D2
Q=QH-QD*X
PRINT 165

165 FORMAT(T13, 'HOUSE TO STREET ')

GO TO 200
180 CONTINUE
IF(RET(1).GE.0.) GO TO 190
IF(ABS(RET(1)).LE. 1) GO TO 182
TWO-HOUSE LOOP FLOW RETURNS BEFORE IT IS INITIALIZED
SPECIAL FUNCTION FOR THE SUNRISE ADDITION SUBDIVISION
TIN(1)=0.5%(TIN(1-1)+TIN(1+1))
QIN(1)=QIN(1=1)
TWO-HOUSE 'LOOP FLOW RETURN INTO STREET MAIN
182 Q=QIM+QIN(!)
TI=(QIM*TIM+QIN(1)*TIN(1))/Q
__ PRINT 185,=RET(1),QIN(1), TIN(1)
185 FORMAT(T13, 'RETURN FROM',FH, o,rso,ra 2,T127,F6 2)
PIPE THROUGH STREET
190 LI=L(1)
DI=D(1)
PRINT 195, 1
195 FORMAT(T2,13,T11, ' THROUGH STREET')
CALCULATE TEMPERATURE LOSS
200 DFT=D1/12.
QCFS=Q/CFS
DTF=0.
TA=TI
COSHI=ALOG( (2.%Z/DFT)+SQRT((2.%Z/DFT)**2,=1,))
CET=2. *PI*KE*LI/(RHO*QCFS*COSHI*3600.)
210 DTFA=DTF
DTF=CET*( TA-TES)
IF (ABS(DTF-DTFA).LT.0.001) GO TO 220
TA=T1-(DTF/2.) .
GO TO 210
220 TA=TH
CALL FLOSS(PI,DFT,QCFS,RHO,MU,E, L1,G,RE, F, HF,P)
HEAT LOSS BY CONDUCTION THROUGH THE GROUND
QLSC=QLSC+QCFS*RHO*DTF*3600. ,
DTF=DTF-HF/778.16

D-19
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12%

122
123
124

125
126
127
128

129
130
131
132
133
134
135
136
137
138
139
140

m
142

143
uy

5
146
147
148
149
150
151
152

Ti=TI1=-DTF

C HEAT ADDED DUE TO FRICTIONAL EFFECTS

225 FORMAT('+

QAPF=QAPF+P#*2545,
PRINT 225,D1,L1,Q,RE,F,HF,P,TA,DTF,T}
,T29,F4.2,735,F6.2,T50, F8. 2 T62,F8.0,T73,F6.4,T82,F6.2,

$192,F6.4, T110,F6 2, T119,F5 2 7127 F6.2

PT2=PT2+P

HF2=HF2+HF

iF(11.€Q.4) GO TO 350

IF(11.£Q.3) GO TO 300

C HEAT PUMP ISOLATION LOOP

TCF=TI

SUMH=SUMH+1.

Q=QH
DPHEX=0.032332~0.0035109%Q+0.032623*Q¥#2~1_ 8784 E-L*Q*¥*3
HL=DPHEX* 144, /RHO
P=HL*Q*RHO/(CFS*550. )
PT2=PT2+P

HF2=HF2+HL
QAPF=QAPF+P*2545,
QHEXT=QHEXT+Q
tF(SUMHP.GT.RUNT) INCT=NH+1
1 F(SUMH. EQ. INCT) GO TO 226

DTF=0.

C HEAT PUMP NOT OPERATING

GO TO0 230

C HEAT PUMP IN OPERATION

226
C CHE

227

228

C FIN

229

230
235

TCI=T1-17.
IF(INC.GE.2) GO TO 227
CH CONDITION TO CHANGE. INC FROM 1 TO 2
1CHK=( NH+SUMH) /2.

1F(RUNT.LT. ICHK) INC=2
TCO=EF*TI+(1.-EF)*TCI
TC12=TCO-FNDT(TCO)
IF(ABS(TC12-TC1).LT.0.01) GO TO 228
TCI=TCI2

GO TO 227

COP=FNCOP( TCO)

KW=FNKW( TCO)

CAP=FNCAP( TCO)*1000.

PRCT=BTUREQ/CAP

ADJ KW=PRCT*KW

QABS=EF*CMIN*(T1-TC})
DTF=QABS*7.4805/( Q*RHO*60.)
DTF=DTF-HL/778.16

QLHP=QLHP+QABS

DTHP=DTHP+TCO-TCI

THP=THP+TCO

W=ADJKW/0, 745712

SUMHP=SUMHP+1,

LF(W.LT.WMAX) GO TO 229
D_WORST OPERATING HEAT PUMP
TMINHP=TCO

WMAX=W

STEPHP=1

WTOT=WTOT+W

COPTOT=COPTOT+COP

PRINT 235, SUMH, QH, HL, P‘Tl DTF,TI- OTF
FORMAT(T15, 'HEAT EXCH.Y, TS, Fk.0,753,F5.2,T82, 6.2, T92 F6.4,
$T110,F6.2,3X,F5.2, 3X, F6.2)
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173
174
175

176
177
178
179

180
181
182
183
184
185
186
187
188

189

190

191
192
193
194
195
196
197
198
199
200
201
202

203
204
205
206

207
208

209
210
211

212

213
214
215
216
217
218

219

220
221
222

JF{SUMH.LT. INCT) GO TO 250
PRINT 240,COP,CAP, PRCT H,TCO TCO-TCI TCI, QABS KW, ADJKN
250 FORMAT(T15 "HEAT PUMP',5X coP=',F5. 2 7X TCAPACITY=" ,F6.0,' BTUH',
$7X, ' PRCT=! 'F6 i, T91 F6.4, T109,F6 2, 3X FS. 2'3X F6. 2 /,
$T25 'QABS=', F6. 0, BTUH' 7X, 'Ku="' ,F5 » X, ' ADJKW=" ,F5 3)
INCT=INCT+INC
250 TTOT=TTOT+Ti
DTFTOT=DTFTOT+DTF
IF(TI.GT.TMIN) GO TO 260

"C FIND MINIMUM HEAT EXCHANGER ENTERING WATER TEMPERATURE

TMIN=TI
STEP=1
260 TI=T1-DTF
IF(11.E£Q.2) TCF=TI
QLCF=QLCF+QD*X*RHO*( TCF-TM)*3600. /CFS-
1F(H(1).EQ.1) 11=2
GO TO 100
300 QIN(RET(!))=Q
TIN(RET(1))=T1
MISCELLANEOUS PiPE BENDS, TEES, VALVES, ETC.
LOSS COEFFICIENT OF 7.1 PER HOUSE COMPUTED FOR TWO-HOUSE LOOP
KM=H( | )*7.1
HF=KM#*( QH* 144, / (CFS*P I *D2%%2/k . ) ) ##2/(2.%G)
P=QH*RHO*HF /( CFS*550. )
QAPF=QAPF+P#*2545,
PRINT 310, HF, P
310 FORMAT(T13,'PIPE BENDS,VALVES,ETC.',T82,F6.2,T92,F6.4)
PT2=PT2+P
HF2=HF2+HF
TI=TIM
Q=QIM
PT2TOT=PT2TOT+PT2
PT21=PT21+1.
PRINT 325,RET(1),HF2,PT2
325 FORMAT(T13, 'ADD TO STREET AT STEP',F4.0,6X, ' TOTAL LOOP PUMPING POW
$ER (THEORETICAL)',T82,F6.2,T92,F6.4,/)
GO TO 100
350 PT=PT+P
HFTOT=HFTOT+HF
PRINT 360, PT
360 FORMAT('+',T799,F7.3,/)
GO TO 10000

A F A6 I 3 I 363030 36 DI 3 0B 36 D0 A6 96 3630 6 93063 363 00 3620 300605 36 9636646 00 36 3 O 0 0 00
C B(!)=1 EV?LUATE LEFT HAND BRANCH FLOW FROM MAIN SUPPLY
1 DI=D(|

JL=JL+1

QL(JL)=QI*H(I)/NH

TL(JL)=TI

QRATI0=QL{JL)/Q

¢RATIO—(DI/D(| 1))%*2

EE=1,

CALL LOSSK(DI,Q,CFS, Pl,VELC,G, TEE, QRAT10, ARAT10,K31,K32)

HFL(JL)=K31*VELC

HF=K32*VELC

Q=Q-QL(JL)

PRINT 1010, 1,JL
1010 FORMAT{' ', 13,6X,'LB(",12,") TEE-RUN')

GO TO 900
CH AN SN IS IEIE I IS0 I IE 0026 S I I 000 3600 0 3 S

C B(1)=2 EVALUATE RIGHT~HAND BRANCH FLOW FROM MAIN SUPPLY

o0
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223
224
225
226
227
228
229
230
231
232
233
234

235

236

237
238
239
2uo
2m
242
243
24y

245

251

-C B(1)=6 END ITERATIONS ON LEFT-HAND RETURN LINE ' ,

c*************#*********************************************************

2 Di= D(l)
JR=JR+1
QR(JR)=QI*H( 1 )/NH
TR(JR)=TI
QRAT 10=QR(JR)/
ARAT10=(D1/D( 1~ 1))**2
TEE=1 :
CALL LOSSK(DI,Q,CFS,P1,VELC,G, TEE,QRATI0, ARAT10,K31,K32)
HFR(JR)=K31*VELC
HF=K32*VELC
Q=Q-QR(JR)
PRINT 1020, 1,JR
1020 FORMAT(' '.13,6X,'RB(',12,') TEE-RUN')
c*****ﬁg*lg*zgg********************************************************ﬁ

C B(1)=3 END MAIN SUPPLY LINE
3 QE=Q

TE=T!
DE=D( })
K=JL=0 .
Q=0.
PRINT 1030, | 2D(1).QE, TE
1030 £8R¥3T(' ,I3 LX, YEND MAIN supPPLY' ,125,F4,1,750,F8.2,T127,F6.2)

1
c************gggguﬁ************n*********************************#u*****
C B(1)=4 INITIALIZE LEFT-HAND BRANCH

- JL=JL+1

Q=QL(JL)

TI=TL(JL)

HF=HFL(JL)

PRINT 10“0 i,JL

1040 FORMAT(' ' l3 4x, LHB(' 12,') TEE-BRANCH')
GO TO 900
c**************************************u********************************

C B(1)=5 END LEFT-HAND BRANCH & INITIALIZE LH RETURN LINE
5 K=K+1

IF (K.EQ.1) GO TO 6
PRINT 1050,1,D(1),Q,
1050 FORMAT(® ', 13,uxX, END L.H. BRANCH',T25,F4.1,750,F8.2,7T127,F6.2)
TI=( TEL*QEL+Q¥*T1)/(Q+QEL)
QRATI10=Q/(Q+QEL)
Q=Q+QEL
ARATIO=(D(1)/D(1+1))%*2-
DI=D(1+1)
TEE=2.
CALL LOSSK(D},Q,CFS,P1,VELC,G, TEE,QRATI0, ARAT10, K13,K23)
, HF-(K13+K23)*VELC
PRINT 1052,
1052 FORMAT(' ' 13 4X,"'LH RETURN TEE-COMB.')
GO TO 900

c****************************************************#******************

L 4

PRIy NN )

6 QEL=Q.
TEL=TI -
PRINT 1060, 1, D(l)‘
1060 FORMAT(' ',13 X, END LH RETURN ', T25,F4.1,T50,F8.2,7127,F6.2)
GO . TO 10000

C B(1)=7 EVALUATE AND INITIALIZE LEFT-HAND SECONDARY BRANCH FLOW,
Cc EVALUATE REMAINING PRIMARY BRANCH FLOW
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320.

7 DI=D(1)

QLS=QI*H( 1)/NH

TLS=TI

QRAT10=QLS/Q

¢227|o=(ol/o(|-1))**2

=1.

CALL LOSSK(D!,Q,CFS,PI,VELC,G, TEE,QRAT10,ARATI0,K31,K32)

HFLS=K32*VELC

HF=K31*VELC

QL1=Q-QLS

Q=qQLS

QLs=qQL1

PRINT 1070, |

1070 FORMAT(' ', 13,4X,' LHSB TEE-BRANCH')

GO TO 900 N
c************************************************************************
C B(1)=8 RETURN TO PRIMARY BRANCH WHERE LH SECONDARY BRANCH BEGAN

8 Q=QLS

TI=TLS

HF=HFLS

PRINT 1080,

1080 FORMAT(' ' |3 4X, ' LHSB TEE-RUN')

GO TO 900
c*********************************************************************l*
C B(1)=9 JOIN LH RETURN LINE TO MAIN SUPPLY, RETURN LINES

9 Q=QE+QEL

Ti=(TEL*QEL+TE*QE)/Q

QRAT 10=QE/Q

ARAT 10=( DE/D{ 1 +1))%%2

DI=D( 1+1)

TEE=2.

CALL LOSSK(DI,Q,CFS, P1,VELC,G, TEE,QRAT10, ARATI0, K13, K23)

HF={K13+K23 ) *VELC

PRINT 1090, 1

1090 FORMAT(' ', 13,4X, 'RETURN MAIN TEE-COMB.')

GO TO 900

\c***********************************************************************

C B(1)=10 END ITERATIONS ON RETURN MAIN

10 QEM=Q
TEM=TI
PRINT 1100,1,Q,T!
1100 FORMAT(' ' |3 hX 'END RETURN MAIN' 150,F8.2,T127,F6.2)
GO TO 10000

c***************************************************ﬂ*******************

C B{1)=11 [INITIALIZE RIGHT~HAND BRANCH .
11 Q=QR(JR)
Ti=TR(JR)
HF=HFR(JR)
PRINT 1110, 1,JR
1110 ngMAT(' "213,4X, 'RHB( ', 12,") TEE-BRANCH')
=JR-1 _

GO TO 900
T L bbb b b

C B(1)=12 EVALUATE RIGHT-HAND SECONDARY BRANCH FLOW, EVALUATE
c AND INITIALIZE REMAINING PRIMARY BRANCH FLOW
12 DI=D(1) ,
QRS=QI *H( 1 )/NH
TRS=T]
QRAT10=QRS/Q
ARATIO=(D1/D( 1-1))#*#2
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343
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362
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367

368

TEE=1
CALL LOSSK(DI Q,CFfs, PI,VELC,G, TEE QRATI10,ARATI0, K31, K32)
HFRS=K31*VELC
HF=K32*VELC
Q=Q-QRS
PRINT 1120, 1
1120 FORMAT(' ',13,4X," RHSB TEE-RUN')

GO TO 900
CHH AN NN NN NN W NI H I 0N IE 30NN TN

C B(1)=13 END RIGHT-HAND BRANCH & INITIALIZE RETURN MAIN
13 PRINT 1130 I, D(l)‘Q,TI

1130 FORMAT(' '.13,4X, "END R.H. BRANCH',T25,F4.1 ,150,F8.2,T127,F6.2)
TEM-(TEM*QEM+T|*Q)/(QEM+Q)
QEM=QEM+Q

QRAT 10=Q/QEM -

ARATIO=(D(1)/D(1+1))%*%2

Di=D(1+1)

TEE=2.

CALL LOSSK(DI!,Q,CFS, PI VELC,G, TEE,QRAT10,ARAT10,K13,K23)

HF-(K13+K23)*VELC

Q=QEM

TI=TEM

PRINT 1132 1

1132 FORMAT(' ,|3 4X, 'RETURN MAIN TEE-COMB.')
0T
c*****g***2*222*********************************************************
C B{(1)=14 RETURN TO RH SECONDARY BRANCH AND INITIALIZE
14 Q=QRS :

TI=TRS

HF=HFRS

PRINT 11&0 1

1140 FORMAT(' ',13,4X, 'RHSB TEE-BRANCH')

GO TO0 900
G NN NN W NI I B30I 60 TE I IE 26 36 3 36060000 362690 630 69690 030 396 30 M0 36 -
C B{1)=15 EVALUATE LOSSES THRU A THETA-DEGREE PI|PE BEND
C ##%%  THE FOLLOWING EQUATIONS WERE TAKEN FROM CRANE TECHNICAL
C *%#% PAPER NO. 410 (CURVE FIT PERFORMED FOR FT) -

15 THETA==L(|)
FT1=0.027702~0.0048356#D( 1 )+6. 124 E-U4*D( | ) #%¥2-3 ,2565E-5*D( | ) ##*3
FT2=5.9632E~7*D( | ) ##*y4
FT=FT1+FT2
KB=FT#*{ THETA*0.1297+3.823)

AREA={ PI*D(1)**2) /(4. *luu )
V=Q/( AREA*CFS)
HF={ KB¥V*¥2)/(2,%*G)
PRINT 1150, I, THETA
1150 FORMAT(' *,13,5X,F4.0,' DEGREE BEND')

GO TO 900
c******************************************************#****************

- C B{1)=16 EVALUATE LOSSES THRU AN ABRUPT PIPE CONTRACTION

16 D21=D(1)/D{ I-1)

C THE FOLLOWING EQUATION WAS OBTAINED FOR 'KC' VALUES TABULATED

'C IN ROBERSON/CROWE 'ENGINEERING FLUID MECHANICS' PAGE 304
KC=.50008-, 18499*DZ1+1, 0212%D21#%2, =3, 0589%D21%%3, +1, 7T228%D21 %%},
AREA=(PI*D( 1)*%2, )/(4. %14y, )
- V=Q/( AREA*CFS)
HF=( KC*V*%2,}/(2.%G)
PRINT. 1160, |

1160 FORMAT(' ', 13,5X, 'CONTRACTION')

GO TO 900
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369
370
371
372
373
374
375
376
377
378
379
380

381
382
383
384
385
386
387
388

399
400

401
402

403

404 .

CH I IE 30000 3 I I 06 0636 363 300063006 0060 06 360026000 06600639006 06 06 06 3006 0 00 0

C B(1)=17 ADD IN MAKE-UP WATER
17 QM=NH*QD*X
DI=D(1)
Ti= (Tl*Q+TM*QM)/(Q+QM,
Q=Q+QM
QRAT 10=QM/Q
ARATIO=(DI/D(1-1}))*#*2
TEE=2,
CALL LOSSK(D},Q,CFS,Pl,VELC,G, TEE,QRATIO,ARATIO,K13,K23)
HF=(K13+K23 )*VELC
IF(X.EQ.0.) HF=0.
PRINT 1170,1,QM, TM
1170 FORMAT(' "l3 ux, ADD IN MAKE-UP HATER' 153, F5 2,7T110,F6.2,/,8X,'C
SOMBINATION')
c****u*********«***********»«***u***************************************
900 P=(Q*RHO*HF)/(CFS*550.)
QADIST=QAD I ST+P*2545.,
PT=PT+P
TI=TI+HF/778.16
HFTOT=HFTOT+HF
PRINT 950‘D(l) L,HF, P, PT,TI
950 FORMAT('+',T29, Fi. 1, T50 FB 2,783,F5.2,4X,F6. u 2X,F6.3,T127,F6.2)

10000 CONTINUE
c********u********«**n*******u*********************************u********n

c************************************************************************

DELTAP=HFTOT*RHO/ 144 .
TAVG=TTOT/SUMH
WAVG=WTOT/SUMHP
COPAVG=COPTOT/SUMHP
DTFAVG=DTFTOT/SUMHP
THPAVG=THP/SUMHP
DTHPAV=DTHP/SUMHP
PT2AVG=PT2TOT/PT21
PRINT 10010, TMIN, STEP, TAVG, DTFAVG, QHEXT/SUMH
10010 _FORMAT('1',/,5X, 'MINIMUM HEAT EXCHANGER ENTERING WATER TEMPERATURE
$=',F6.2,' DEGREES F -~ AT STEP ',12,/
g,ng'A¥ER?3£ HEAT EXCHANGER ENTERING WATER TEMPERATURE=',F6.2,' DE
GREES
$, 5X, 'AVERAGE TEMPERATURE DROP ACROSS THE HEAT EXCHANGER=',F5.2,' D
SEGREES F',//
$,5X, ' THE, AVERAGE QUANTITY OF WATER SUPPLIED TO THE HEAT EXCHANGER .
LF5.2,"' GAL/MIN')
PRINT 10020, TMINHP, STEPHP, THPAVG, DTHPAV, WMAX, STEPHP, WAVG, COPAVG
10020 FORMAT(//,5X, 'MINIMUM HEAT PUMP ENTERING WATER TEMPERATURE=',F6.2,
$' DEGREES F - AT STEP ', 2,/
,5X, 'AVERAGE HEAT PUMP ENTERING WATER TEMPERATURE=',F6.2,' DEGREES

N7
,5? '?;ERAGE TEMPERATURE DROP ACROSS THE HEAT PUMP-' F5.2,' DEGREE
S
,5X TMAXIMUM HEAT PUMP POWER INPUT REQUIRED=',F6.3,' HP - AT STEP
l2 /
5X TAVERAGE HEAT PUMP POWER INPUT REQUIRED="', F6. 3" HP',
, 59X, ' AVERAGE HEAT PUMP COEFFICIENT OF PERFORMANCE= ,F5. 2 //)

PRINT 10100 PT2AVG
10100 FORMAT(' ' ux "THE AVERAGE THEORETICAL POWER REQUIRED TO PUMP THE
$SUPPLY WATER FROM THE STREET TO THE HOUSE AND BACK 1S ',F6.3,' HP'

$,//) ,
TOTP=PHP I LP+WAVG+PTHLP+PT/( SUMH¥*.5)
PRINT 10110, TOYP, TOTP*0.745712

mmmmmmm
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1011osFORMAT(uX ;STHE AVERA?E POWER REQUIRED PER HOME IS ',F5.3,' HP',
3
$,5X, ' ASSUMING A 50% EFFICIENT MAIN FLOW PUMP',//)
QALOAD’QLSC*QLCF+QLHP-QADlST'QAPF
PRINT 10120, QLSC QLCF,QLHP, QADIST+QAPF QALOAD
10120 FORMAT(//,10X COMMUN I TY HEAT FLOWS' (/,QX,
$'HEAT LOST BY CONDUCTION THROUGH soiL’ ,F9.0,' BTU/HR',//,UX,
S'HEAT LOST AS CONSUMPTIVE WATER FLOW ,F9.0, BTU/HR',//,&X
S'HEAT TRANSFERED TO HOME HEAT PUMPS ',F9.0,"' BTU/HR',//,uX,
S'HEAT ADDED DUE PIPE FRICTION & FLOW '/,ux
$'  DISTURBANCES (TEES,BENDS,ETC.) ,F9.0,' BTU/HR',//, 41X,
'*********' ,7,uX,
'TOTAL HEAT LOAD ON MAIN HT EXCHANGER ' ,F9.0,' BTU/HR',//)
QLOAD=QCFS*RHO*(T11~T1)*3600.
PRINT 10130 QLOAD =
10130 FORMAT(3X,' LOAD USING M*CP*DT ACROSS MAIN HT.EX.',F9.0,' BTU/HR')
. PRINT 101&0'Q‘DELTAP HFTOT, PT
10140 FORMAT(///, »15, 'MAIN PUMP. FLOW RATE ',F6.2," GAL/MIN"/,TIG‘
s! PRESSURE bRroP” ! F6 2‘ PSi® ‘/,T16,'REQUIRED HEAD ' ,F6.2," FEET',/
§,T16, ' POWER REQUIRED ,F6.3, P*)
PRINT 10150
10150 FORMAT(//////)
sTOP

'c***********************************************l******ﬁI****************

SUBROUTINE FLOSS(P!,DFT,QCFS,RHO,MU,E,LI,G,RE,F,HF,P)
REAL MU, LI
AREA=( PI®*DFT*¥*2,)/k.
V=QCFS/AREA
REB(RHO*V*DFT)/MU
C COLEBROOK-WHITE EQUATION
1 B1=-2,00"ALOG10(E/(3.7*DFT)+2.51/(RE*SQRT(F)))
A={1./B1)%¥2,
{f (ABS(A-F).LT.0.0001) GO TO 2
F=(F+A)/2.
GO T0 1
Cc DARCY-WEISBACH EQUATION
2 HF=F*(LI/DFT)*(V¥¥*2/(2%G))
P={ QCFS*RHO*HF )/550.
RETURN

c************#**********#****#******************************************

SUBROUTINE LOSSK(DI,Ql,CFS,P1,VELC,G,TEE,Q,A, KA, KB)

DFT=D1/12,

QCFS=Q1/CFS

AREA=(P| *DFT%%2, ) /4,

V=QCFS/AREA

VELC=(V¥¥2,)/(2.%G)
C THEORETICAL HEAD LOSS COEFFICIENT EQUATIONS FOR FLOW THROUGH SHARP
C EDGED TEES AS OBTAINED BY BLAISDELL FOR CONVERGING FLOWS IN U.S. D A.
C TECHNICAL BULLETIN NO. 1283 (1963) - THETA= 90 DEGREES

C TEE=1. FOR DIVIDING FLOW,,..CALCULATE K31,6K32

C . TEE=2., FOR COMBINING FLOW....CALCULATE K13,K23
KA==1,+4,#Q=-(2.~1, /AR¥2 ) #Q##2
KB=2, #Q-Q*#*2
RETURN
END
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62-d

STEP . PIPE LOCATION PIPE  PIPE
N AND DIA.  LEN,
BRANCHING iN. FT,
MAIN SUPPLY
THROUGH STREET 4,00 175.00
2 90, DEGREE BEND 4.0
3 THROUGH STREET 4,00 50.00
STREET TO HOUSE 1.00  50.00
HEAT EXCH.,
HEAT PUMP COP= 3,90
QABS=27201. BTUH
BETWEEN HOUSES 1.00 50.00
HEAT EXCH.
HEAT PUMP COP= 3.84

QABS=26041. BTUH
HOUSE TO STREET 1,00
PiPE BENDS,VALVES,ETC.
ADD TO STREET AT STEP 6.

L) THROUGH STREET 4.00 25.00
STREET TO HOUSE 1.00 50.00
HEAT EXCH.
HEAT PUMP COP= 3.90
' QABS—27195. BTUH
BETWEEN HOUSES 1.00 50.00
HEAT EXC| :
HEAT PUMP COP= 3.84

HOUSE TO STREET 1.00 50.00
PIPE BENDS, VALVES,ETC.
ADD TO STREET AT STEP 7.

5 THROUGH STREET - 4.00  25.00
RETURN FROM &,
6 THROUGH STREET 4.00 25.00
RETURN FROM . 5,
THROUGH STREET 4.00 250.00
8 LB( 1) TEE=-RUN 2.0
9 THROUGH STREET 4.00 50.00
10 RB( 1) TEE-RUN 2.0
1" THROUGH STREET 4,00 125.00
12 CONTRACT {ON 3.0
13 THROUGH STREET 3.00 100.00

1 END MAIN SUPPLY 3,0
15  LHB({ 1) TEE-BRANCH 2.0

50.00

QABS=26032. BTUH

E. £ r. .
TYOTAL  EXIT REYNOLDS  FRICTION  HEAD
NUMBER fFLOW NUMBER FACTOR LOSS
HOUSES GAL/MIN ’ FT,
100.00
100.00 105149,  0.0226 1.20
100.00 0.00
100.00 105149, 0.0226 0.34
8.90 37430,  0.0323 3.98
1.~ 8.50 : .20
CAPACITY=36426. BTUH PRCT=0.6870
KW=2,714 ADJKW=1, B65
5 8. so 35750, 0.0324 3.23
CAPACITY=35065. 8TUH PRCT=0.7137
KW=2.655 ADJKW=1,895
2210 on. 0.0325 3.32
TOTAL LOOP PUMPING POWER (THEORETICAL) 23.98
91.10 95791.  0.0228 0.14
s 8.9 330,  0.0323 3.98
CAPACITY=36420. BTUM PRCT=0.6871
KW=2,714 ADJKW=1,865
" g.gg 35750. 0.0324 3.65
cApAclrv=3§oss. BYUH PRCT=0,7139
.655 ADJKW=1,895
8.10 31071,  0.032% 3. gz
TOTAL LOOP PUMPING POWER { THEORETICAL) 23.98
82.20 86434,  0.0231 0.12
8.10
90.30 94951,  0.0229 0.14
8.10
98.40 103469.  0.0227 1.6
51.53 0.00
51.53 54181,  0.0243 0.10
20.28 0.00
20.28 21322,  0.0279 0.04
20.28 0.00
20.28 28429.  0.027% 0.14
20.28
u6.88 6.28

r

POWER
REQD
He

0.0303
0.0000
0.0087

0.0089
0.0111
2.5007

0.0514
0.0033

2.5008
0.0078

0.0111
2.5415

0.05141
0.0025%

" 0.0032

0.0413

0.0000
0.0013

0.0000

0.0002

0.0000
0.0007

0.0740

r-

TOTAL
POWER
HP

0.030

0.030
0.039

0.042

r r—
ENT. TEMP, EIT
TEMP, LOSS - TEMP,

F F F

90,00
90.00  0.28 .
89.72
89.72 0.08  89.63
89.63  0.66  68.97
88.97 6.42  82.56
80.18 10.88 69,30
82.56 0.64 81,92
81.92 6.14 ° 75.717
73.50 10 42  63.08
75.77  0.62  15.1%
89.63  0.04  89.59
89.59  0.66  68.93
88.93 6.4t 82,51
80.14 10.88  69.26
82.51 0.64  81.87
81.87 6.14  75.73
73.46 10.4% .05
75.73 0.62  715.11
89.59 0.05  89.54
75.15
88.25 0.04  88.21
7%.11
87.13  0.40 .
86.73
86.73 0.15  86.57
86.57
86.57  0.97  85.61
85.61
85.61 0.7 84.89

84.89
86.74

Eiial T v B¢ B A2,




0e-a

16

17
18

19
20

21
22

23
24

25
27
28
29
30
32

33
34

35
36

37
38

39
81

42
43

LL]
u6
u7
50
51
52
53

sS4
55

r . r.

_THROUGH STREET 2.00

RHSB TEE-RUN 2.0
THROUGH STREET - 2,00
LHSB TEE=-BRANCH 2.0

THROUGH STREET 2,0

90. DEGREE BEND 2.0
THROUGH STREEY 2.00

90. DEGREE BEND 2.0
THROUGH STREET 2.00

END LH RETURN 2.0
LHSB TEE-RUN 2.0
THROUGH STREET 2.00

END L.H, BRANCH 2.0
LH_RETURN TEE-COMB, 2.0
THROUGH STREET 3.00

END LH RETURN 3.0 -
RHSB TEE-BRANCH 2.0
THROUGH  STREET 2.00

90, DEGREE BEND 2.0
THROUGH STREET 2,00

END L.H, BRANCH 2,0
LH RETURN TEE-COMB. 2.0
THROUGH STREET 3.00

90. DEGREE BEND 3.0
THROUGH STREET 3.00

END LH RETURN 3.0
RETURN MAIN TEE-COMB,3.0
THROUGH STREEY 3.00

90. DEGREE BEND 3.0
THROUGH STREET 3.00

END RETURN MAIN
RHB( 1) TEE~BRANCH 2,0
THROUGH STREET 2.00

LHSB TEE-BRANCH 2.0
THROUGH STREET 2.00

90. DEGREE BEND 2.0
THROUGH STREET 2.00

END R,H. BRANCH 2,0
RETURN MAIN TEE-COMB,.2.0
THROUGH STREET 3.00

END RETURN MAIN
LHSB TEE~RUN 2.0
THROUGH STREET 2.00

150.00

50.00

125,00
250.00

125.00
250.00
125.00

175.00

300.00

100.00

450.00

450.00

100.00

150.00

' 125.00

300.00

125.00

50.00

12.50
79.65
79.65

79.65
18.75
18.75

98577.
72290.
19715,
19715,

19715.
52574.
48193.

26287.

26287,

65718,

65718,

ouILT.

94147, -

65718,

26287,

26287.

111672,

39431,

0.0260

0.0265

0.0305

0.0305

0.0305

0.0272

0.0256

0.0293

0.0293

0.0248

0.0248

0.0241

0.0241

0.0267

0.0293

0.0293

0.0238

0.0280

0.0984

0.0000
0.0132

0.0000
0.0008

0.0000
0.0015

0.0000

0.0008

0.0000
0.0260

0.0010
0.0042

0.0000
0.0025

0,0000
0.0042

0.0000
0.0042

0.0000
0.0u8Yy

0.0000
0.0023

86.74
86.32
86.13
84,38

80,98
86.13
83.32

86.32

84,48

82.43

82.14

82.04

81.12

86.58
85.94

84.63
81.02

85.94

0.92

0.20

0.63

1.31

3.08

0.21

0.3%
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Le-a

56
51

58
59

60

62

63
64

65
66
67
68
69

-RHSB TEE~RUN 2,0
THROUGH STREET 2.00

END R,H. BRANCH 2,0
RETURN MAIN TEE-COMB.2.0
THROUGH STREET 3.00

END RETURN MAIN
RHSB TEE=~BRANCH 2.0
. THROUGH STREET 2,00

90. DEGREE BEND 2.0
THROUGH STREET 2.00

END R.H. BRANCH - 2.0
RETURN MAIN TEE-COMB,2.0
THROUGH STREET 3.00

ADD IN MAKE-UP WATER
COMBINAT1ON 4.0
THROUGH STREET 4.00

END RETURN MAIN

250.00

175.00

175.00

250.00

250.00

275.00

9.38
98.40
98.40

25,56
123.96
123.96

123.96

19715,
124815,

19715.

19715.
137959.

130340,

0.0305

0.0236

0.030%

0.0305

0.0235

0.0223

0.0000
0.0892

0.599
0.601

0.601
0.695

0.695
0.696
0.696
0.697

0.697
0.878

0.878
0.967

85.59

80.95

85.59

83.17

80.60

40.00
71.96

3.45

0.27

2.43

3.36

0.34

0.29

P VIR
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THE 1SOLATION LOOP USES AN ALFA«LAVAL HEAT EXCHANGER TYPE POIVL WITH AN EFFECTIVE AREA OF 4.5 SQ.FT,

THE OVERALL U VALUE IS 640. BTU/HR.SQ.FT.F

A FRIEDRICH HEAT PUMP MODEL 803/80u4-02u4 1S USED WITH 800 SCFM AIR FLOW AT 70 DEGREES F DRY BULB

THE 1SOLATION LOOP WATER FLOW RATE 1S 5, GPM
SUPPLIED BY A 1/20 HP GRUNDFOS PUMP MODEL UP 25-42 SF

THE TWO-HOUSE 'LOOP IS SUPPLIED WiTH TWO GRUNDFOS 1712 HP PUMPS (ONE PER HOME )
MODEL UP 25-64 SF DELIVERING AN AVERAGE LOOP FLOW OF 8.5 GPM (SIMULTANEOUS OPERATION)

VALUES OF PARAMETERS FOR THIS RUN

DENSITY OF WATER, RHO=62,12 LBM/CU,FT,

DYNAMIC VISCOS!ITY, MU=0,000503 LBM/FT.SEC,

RELATIVE RQUGHNESS, £20.00040 FT.

AVERAGE CONSUMPTIVE WATER FLOW, QD=575. GAL/DAY/HOME OR  0.399 GAL/MIN/HOME
CONSUMPTIVE FLOW FACTOR (TIMES AVG,), X= 1.0 .

DOMESTIC WATER FLOW, QD=575. GAL/DAY/HOME  OR 0.599 GAL/MIﬂIHOHE

HEATING WATER FLOW, QH=12240,GAL/DAY/HOME OR 8,500 GAL/MIN/HOME

COMMUNITY MAIR PIPING FLOW FACTOR, FF=0.9

DIAMETER OF EXISTING HOUSE PIPING 1.00 IN.
DIAMETER OF ADDED HOUSE PIPING 1,00 IN.
REQUIRED HEAT LOAD/HOUSE, BTUREQ=25025. BTU/HR.

INITIAL SUPPLY WATER TEMPERATURE. Ti= 90. F

THERMAL. CONDUCTIVITY OF SOIL, KE=0.50 BTU/HR.FT.F
TEMPERATURE OF GROUND SURFACE, TES= =~7. F

DISTANCE PIPE IS BURIED BELOW GROUND SURFACE, Z=3.50 FT.

Sawnzem: Samme
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STEP .
N

WM Sw N

7

PLPE LOCATION PIPE  PIPE
AND DiA. LEN.
BRANCHING IN, FT.
MAIN SUPPLY
THROUGH STREEY 3,00 45,00
STREET TO HOUSE 1.00 63.00
HEAT EXCH,
HEAT PUMP COP= 3.90
QABS=27216. BTUH
BETWEEN HOUSES .1.00 90.00
HEAT EXCH.
HEAT PUMP CoP= 83

BS-25956. BTUH
HOUSE. TO STREET 1.00 70.00
PIPE BENDS,VALVES,ETC.
ADD TO STREET AT STEP 11,

THROUGH STREEY 3.00 140.00
5. DEGREE BEND 3.0
THROUGH STREET 3.00 113.00
93. DEGREE BEND 3.0
THROUGH STREET 8.00 .25.00
STREET TO HOUSE 1.00 70,00
HEAT EXCH.
HEAT PUMP COP=-3,90
QABS=27143. BTUH
BETWEEN HOUSES 1.00 67.00
HEAT EXCH,
HEAT PUMP COP= 3.83

QABS=25898. BTUH
HOUSE TO STREET 1.00 - 70,00
PIPE_BENDS, VALVES,ETC.
ADD TO STREET AT STEP 9,

THROUGH STREET 8.00 37.50
STREET TO HOUSE 1,00 90.00
HEAT EXCH.
HEAT PUMP COP= 3,90
QABS=27096. BTUH
BETWEEN HOUSES 1.00 65.00
HEAT EXCH.
HEAT PUMP coP= 3
QABS‘25826. BTUH
HOUSE TO STREET 1,00 110,00

PIPE BENDS.VALVES,ETC.
ADD TO STREET AT STEP 13,

THROUGH STREET 8.00 29,00

TOTAL  EXIT REYNOLDS  FRICTION  HEAD
NUMBER FLOW NUMBER FACTOR toss
HOUSES.  GAL/MIN FT.
95,00
95.00 133188,  ©0.0235 1,22
8.90 37430.  0.0323 5.02
1. 8.50 .20
CAPACITY=36445, BTUH PRCT=0,6867
KW=2.715 ADJKW=1.865
8.50 35750,  0.0324 6.56
2, 8,50 .20
CAPACITY=34970. BTUM PRCT=0.7156
KW=2,652 ADJKW=1,898
8.10 35071, 0.0325 4.65
TOTAL LOOP PUMPING POWER ( THEORETICAL) 29:26
86.10 120711, 0.0237 3.15
86.10 0.00
86.10 120711, 0.0237 2.54
86.10 0.00
86.10 u5267. - 0.0232 0.00
8.90 37430.  0.0323 5.58
3, 8.50 5.20
CAPACITY=36356. BTUH PRCT=0,6883
KW=2,711 ADJKW=1,866
8. ;o 35750,  0.0324 4,89
y, 5.20
CAPACI1Y-3“903. BTUN PRCT=0.7170
KW=2, 650 ADJKW=1.900
8.10 34071.° 0.0325 g.gg
TOTAL LOOP PUMPING POWER { THEORETICAL) 28:1“
77.20 40588.  0.0236 0.01
8.90 37430.  0.0323 7.17
5. 8.50 5.20
CAPACITY=36299, BTUH PRCT=0. 6894
KW=2, 708 ADJKW=1.867
8.50 35750.  0.0324 4,74
6. 8.50 5.20
CAPAC!ITY=34822. BTUH PRCT=0,7186
KW=2,647 ADJKMW=1,902
8.10 34071, 0.0325 1.31
TOTAL LOOP PUMPING POWER { THEORETICAL) 32:25
68.30 35909.  0.0242 0.00

POWER
REQD
HP

2.5003

0.0140
0.0111
2.5448

0.0095
0.0056
0.0626

0.0681

0.0000
0.0550

0.0000
0.0001

0.0125
0.0111
2.5021

0.0105
0.0111
2.5“7ﬂ

0.0095
0.0056
0.0603

0.0001

0.0161
0.0111
2,5034

0.0101
0.0111
2.5508

0.0149
0.0056
0.0690

0,0001

TOTAL ENT,
POWER TEMP.
HP F

0.029 90.00

89.93
89,10
80.30
82.68
81.52
73.13

75.40

0.153 89.43

0.153 89.34

TEMP.
LO?S

0.07

0.83
10.89

.15
10.38

0.87

0.92
6.40
10.86
85
10. 36

0.86

0.10

.18
10,84

0.83
10.33

1.35

0.08

|

EXIT
TEMP,
F

90.00
89.93

89.10
82.68
69.41

81.52
75.40
62.75

4.5

89.69

89.69
89.49

89.49

.

88.51
82.11
68.88

81.26
75.15
62.52

T4.28

89.34

88.15
81.76
68.56

80.94
74,85
62.26

73.50

89.25

PRVWLZH TN W W ROV, PN o~
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13

14
15
16

17

18

19

RETURN FROM 7,
THROUGH STREET 8.00 51,00
END MAIN SyPPLY 8.0
RETURN FROM 2,
THROUGH STREET 4,00 15.00
-RETURN FROM 19, o
THROUGH STREET 4.00 5.00
RETURN FROM 8, :
THROUGH STREET 4,00 140,00
END LH RETURN 4.0
RETURN MAIN: TEE-COMB,8.0
THROUGH STREET 8.00 8.00
STREET TO HOUSE 1.00 70.00
HEAT EXCH.
HEAT PUMP COP= 3.86
QABS=26294. BTUH
BETWEEN HOUSES 1,00 60.00
HEAT EXCH,
HEAT PumMp COP= 3,72

QABS=24578. BTUH
HOUSE TO STREET 1,00 70.00
PIPE BENDS,VALVES, ETC.
ADD TO STREET AT STEP 18,

THROUGH STREET 8.00  60.00
.__ RETURN FROM 17,
THROUGH STREET 8.00 8.00
STREET TO HOUSE 1.00 90,00
HEAT EXCH. E
HEAT Pump COP= 3,83
QABS=25983. BTUH
BETWEEN HOUSES 1,00  35.00
HEAT EXCH,
HEAT PUMP COP= 3.69

QABS=24209. BTUH
HOUSE TO STREET. 1,00 -87.00
PLPE BENDS,VALVES,ETC,
ADD TO STREET AT STEP 12,

THROUGH STREET 8.00° 50.00
STREET TO HOUSE 1,00 70.00
HEAT EXCH.
HEAT PUMP CoP= 3,84
QABS=26013. BTUH
BETWEEN HOUSES 1.00 60.00
HEAT EXCH.
HEAT PUMP COP= 3.6

.69
QABS=24157. BTUH

8.10 ,
76.40 40168, 0.0236 6.01
76.40
8.10
8.10 8518.  0.0339 0.00
8.10
16.20 17036,  0.0291 0.00
8.10
24,30 25553. - 0.0271 0.07
21,30
100.70 0.01
100.70 52945.  0.0226 0.00
8.90 37430.  0.0323 5,58
7. 8.50 5,20
CAPACITY=35356. BTUH PRCT=0.7078
=2, ADJKW=1,887
8.50 35750. 0.0324 4,38
8. 8.50 5.20
CAPACITY=33Lh8. BTUN PRCT=0.7482
=2,609 ADJKW=1,952
8.10 35071, 0.0325 g.gg
TOTAL LOOP PUMPING POWER (THEORETICAL) 27.63
91,81 48266.  0.0229 0.01
8.10
99.91 52525,  0.0226 0.00
8.90 37430. 0.0323 7.17
9. 8.50 5.20
CAPACITY=34399, BTUM PRCT=0.7150
KW=2.653 ADJKW=1,897
8.50 35750.  0.0324 2.55
10. 8.50 5,20
CAPAC|TY=33055. BTUMH PRCT=0.7571
Kw=2, 600 ADJKW=1,968
8.10 345071, 0.0325 5,78

2,62
TOTAL LOOP PUMPING POWER ( THEORETICAL) 28.53

91.01 47846, 0.0230 0.01

- 8.90 37430, 0.0323 5.58

11, 8.50 20
CAPACITY=35034. BTUH PRCT=0.7143

KW=2, 654 ADJKW=1,896

8.50 35750. 0.0324 - 4,38

12. 8.50 20
CAPACITY=32998. BTUH PRCT=0.7584

KW=2,599

ADJKW=1,971

0.0001

0.0000
0.0000
0.0004

0.0002
0.0000

0.0125
0.0111
2.5304

0.0094
0.0111
2.6172

0.0095
0.0056
0.0592

0.0003
0.0000

0.0161
0.0111,
2,5436

- 0.0055
0.011)

" 2.6394

0.0002

0.0125
0.0111
2.5423

2.6428

0.153

0.153
0.153

0.153

[=1-]
-

0.154

0.154

0.154

87.66

T4.54
74.15

73.90

84,04
82.76

82,75
81.6M4
73.24

75.52
75.10
67.28

69.39

82.75

82.64

75.65
T4.94
67.13

0.13

0.25
0.04

0.78

0.87
6.20
10.5

0.72
5.80
2.83

0.81

0.12
0.01

1.10
6.13
10.3

0.41
5.7
9.68

1.00

0.10

0.86
6.14
10.41

0.71
5.70
9.66

oy x P

- F N T

83.92
69.64
82.7%
81.64
75.52
62.85
75.10
69.39
57.59

68.40

57.4
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20

21

22

23

24
25
26

27

28

HOUSE TO STREET 1.00 70.00
P1PE_BENDS, VALVES, ETC.
ADD TO STREET AT STEP 22,

THROUGH STREET 8.00 27.50
STREET TO HOUSE 1.00 103.00
HEAT. EXCH.
HEAT PUMP COP= 3.83
QABS=25913, BTUH
BETWEEN HOUSES 1,00 60,00
HEAT EXCH.
HEAT PUMP CoP= 3.67

QABS=24015, BTUH
HOUSE TO STREET 1,00 103.00
PiPE BENDS,VALVES, ETC.
ADD TO STREET AT STEP 23,

THROUGH STREET 8.00 32.50
RETURN FROM 20,
THROUGH STREET 8.00 27.50
RETURN FROM 21,
THROUGH STREET 8.00  65.00
STREET TO HOUSE 1.00 100.00
HEAT EXC
BETWEEN HOUSES 1.00 90.00
HEAT EXCH.
HEAT PuMP CcoP= 3.75

THROUGH STREET 8.00 15.00
68. DEGREE BEND 8.0
THROUGH STREET -8.00  15.00
RETURN FROM 24,
THROUGH STREET 8.00 22.00
STREET TO HOUSE 1.00 117.00
HEAT EXCH
BETWEEN HOUSES 1.00  63.00
REAT EXCH.
HEAT PUMP coP= 3,

THROUGH STREET

QABS=24920, BTUH
HOUSE TO STREET 1,00 103.00
PIPE_BENDS, VALVES, ETC.

ADD TO STREET AT STEP 27.

73
QABS=24686. BTUH
HOUSE TO STREET 1,00 113.00
PIPE BENDS,VALVES,ETC.
ADD TO STREET AT STEP 30.

8.00

25.00

r._ r. .
8.10 34071.  0.0325 ;.gg
TOTAL LOOP PUMPING POWER (THEORETICAL) 27.63
T 8211 43167. 0.0234 0,00
8.90 374830, 0.0323 8.21
13. - 8.50 2
CAPACITY=34920. BTUH PRCT=0.7166
KW=2,650 ADJKW=1,899
8.50 35750. 0.0324 4.38
1, 8.50 , 0
CAPACITY=32842. BTUH PRCT=0, 7620
KW=2,595 ADJKW=1.978
8.10 34071, 0.0325 ﬁ.gg
TOTAL LOOP PUMPING POWER (THEORETICAL) 32.u46
73.21 38489, 0.0238 0.00
8.10 ‘
81.31 42748,  0.023h 0.00
8.10
89,41 47006. 0.0230 0.01
8.90 37430. 0.0323 7.97
15, 8.50 5.20
a.so 35750. 0.032Y4 6.56
16, 8.50 5.20
CAPACITY=33825. BTUH PRCT=0.7398
wzz.s 8 ADJKW=1,937
8.10 34071.  0.0325 6. gs
TOTAL LOOP PUMPING POWER (THEORETICAL) 3u 40
80.51 42328. 0.0234 0.00
80.51 0.00
80.51 42328, 0.0234 0.00
8.10
88.61 46587. 0.0231 0.00
8.90 37430, 0,0323 9.32
17. 8.50 5.20
8.50 35750. 0.0324 4,59
18, 8.5 5,20
CAPACITY=33567. BTUH PRCT=0, 7455
KW=2,611 ADJKW=1,947
8.10 343071, 0.0325 3.51

. .62
TOTAL LOOP PUMPING POWER (THEORETICAL) 34.45

79.7

41908,

0.0235

0.00

0.0592
0.0001

2.5468

0.0094
0.0111
2.6521

0.0140
0.0056
0.0696

0.0001

0.0001

0.0000

- 0.0000

0.0001
0.0209
0.011M
0.0098
0.0111
2.6108
0.0153
0.0056
0.0739
0.0001

0.154

0.154
0. 154
0. 154

0.155

0.155

69.24

82,64

82.58
81.32
72.95

82.58

81.10

79.83

79.69
78.51
78.51
77.42
69.36

T1.54

79.69

79.66

78.78

68.44

82.58

81.32
5.2
62.58

74.51
68.84
57.14

67.67

G S U Ton S
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STREET TO HOUSE 1,00 . 65.00
HEAT EXCH,
BETWEEN HOUSES 1.00 75.00
HEAT EXCH.
HEAT PUMP COP= 3.74
QABS=24803. BTUH
HOUSE TO STREET 1,00  70.00

PiPE BENDS,VALVES, ETC.
ADD TO STREET AT STEP 35,

29 THROUGH STREET 8.00 25.00
RETURN FROM 28,
30 THROUGH STREET 8.00 10.00
STREET. TO HOUSE 1.00 103,00
HEAT EXCH.,
BETWEEN HOUSES 1.00 65.00
HEAT EXCH.
HEAT PUMP COoP= 3.71
QABS=24394, BTUH
HOUSE TO STREET 1.00 100.00

PIPE BENDS, VALVES,ETC.
ADD TO STREET AT STEP 34,

31 THROUGH STREET 8.00 7.00
32 45. DEGREE BEND 8.0
33 THROUGH STREET 8.00- U4h.00
RETURN FROM 31,
3 THROUGH STREET 8.00 50.00
RETURN FROM. 29,
35 THROUGH STREET 8.00 10.00
STREET TO HOUSE 1,00 100.00
HEAT EXCH,
BETWEEN HOUSES 1.00 - 60.00
HEAT EXCH.
HEAT PUMP COP= 3,66
QABS=23859. BTUH
HOUSE TO STREET 1.00 100.00

P1PE BENDS,VALVES,ETC,
ADD TO STREET AT STEP 38..

36 THROUGH STREET 8.00 52.50
STREET TO HOUSE 1.00 70.00
HEAT EXCH, .
BETWEEN HOUSES 1,00 117,00
HEAT EXCH,
HEAT PUMP COP=

3.65
QABS=23712. BTUH
HOUSE TO STREET 1.00 27.00
PIPE_BENDS, VALVES,ETC.

ADD TO STREET AT STEP 47,

r r. r_

8.90 37430.  0.0323 5.18
19, 8.50 5,20
8.50 35750. 0.0324 5.47
20. 8.50 5.20
CAPACITY=33696. BTUH PRCT=0, T427
KW=2,.615 ADJKW=1,942
8.10 34071, 0.0325 g.sg
TOTAL LOOP PUMPING POWER { THEORETICAL) 28:33
70.81 37229, 0.0240 0.00
8.10
78.91 41488, 0.0235 0.00°
8.90 37430.  0.0323 8.21
21, 8.50 5.20
8.50 35750.  0.0324 4,74
22, 8.50 5.20
CAPACITY=33261. BTUH PRCT=0.7524
KW=2, 604 ADJKW=1.959
8.10 34071, T 0.0325 6.23
TOTAL LOOP PUMPING POWER { THEORETICAL) 32.62
70.01 36809,  0.02u41 0.00
70.01 0.00
70.01 36809, 0.0241 0.00
8.10 ‘
78. 1 41068. 0.0236 0.01
8.10
86.22 45327, 0.0232 0.00
8.90 37430,  0.0323 7.97
23, 8.50 5.20
8.50 35750. 0.0324 4,38
2y, 8.50 .20
CAPACITY=32686. BTUH PRCT=0, 7656
KW=2,592 ADJKW=1,98%
8.10 34071. ~ 0.0325 g.gg
TOTAL LOOP PUMPING POWER ( THEORETICAL) 32:02
77.32 uo648. 0.0236 0.01
8.90 37430. 0.0323 5.58
25, 8.50 5,20
8.50 35750. 0.0324 8.53
26. 8.50 . 5.20
CAPACITY=32518. BTUH PRCT=0,7696
KW=2,589 ADJKW=1,993
8.10 35071, 0.032% 1.79

.62
TOTAL LOOP PUMPING POWER ( THEORETICAL) 28.93

0.0606
0.0001

0.0000

0.0184
0.0111
0.0101
0.011%
2,6276

0.0135
0.0056
0.0699
0.0000
0.0000
0.0001

0.0001

0.155

0.155

0.155
0.155
0.155

0.155

0.155

78.68

77.68

77.65
76.47
76.47
75.69
67.81

69.94

77.65

77.64

76.62

75.93

75.91

75.9N

75.79

75.00

75.00
"73.64
65.97

68.04

0.06

0.02

[-X-20)
~NO -
VOOow

5.7
9.7

1.15

77.64

77.64
77.53

68.79
76.51

70.34%
75.91

74,78
74.78
74.08
68.45

56.82

67.32
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37

38

39

40

L))

42
43

. by

45

46

47

u8
49

50
51

52
53

54

55
56

57

THROUGH $TREET 8.00 7.50

RETURN FROM 36.
THROUGH STREET 8,00 - 60.00

STREET TO HOUSE 1,00 100,00

HEAT EXCH, .

BETWEEN HOUSES 1,00 60.00
HEAT. EXCH,
HEAT PUMP COP= 3,62

QABS=23485., BTUH
HOUSE TO STREET 1,00 100,00
P1PE BENDS,VALVES,ETC.
ADD TO STREET AT STEP 40.

THROUGH STREET 8.00  60.00
RETURN FROM 39,
THROUGH STREET 8.00  30.00

STREET TO HOUSE 1.00  70.00

HEAT. EXCH,

BETWEEN HOUSES 1.00  83.00
HEAT - EXCH.
HEAT PUMP CoP= -3.59

QABS=23110. BTUH
HOUSE. 7O STREET 1.00 20.00
PIPE BENDS,VALVES,ETC.
ADD TO STREET AT STEP 46,

THROUGH STREET 8.00 37.00

86, DEGREE BEND 8.0
THROUGH STREET 3.00 135.00

70. DEGREE BEND ~ 3.0
THROUGH STREET  3.00  75.00

RETURN FROM 41,
THROUGH STREET 3.00 118.00

RETURN FROM 37,
THROUGH STREET 3.00 . 58.00

90. DEGREE BEND - 3.0
THROUGH STREET 3.00 210.00

89. DEGREE BEND 3.0
THROUGH STREET 3.00 116.00

4. DEGREE BEND 3.0
ADD IN MAKE-UP WATER
COMBINATION 8.0

THROUGH STREET 3.00 113.00

5. DEGREE BEND 3.0
THROUGH STREET 3.00 185.00

END RETURN MAIN

68.42 35970. 0.0242 0.00

8.10
76.52 40228. 0.0236 0.01
8.90 37430, 0.0323 7.97
27. 8.50 5.20
8.50 35750. 0.0324 4,38
28, 8.50 5.20

CAPACITY=32247. BTUH PRCT=0.7760
KW=2,584 ADJKW=2,005
8.10 34071, 0.0325% g.gg
TOTAL LOOP PUMPING POWER (THEORETICAL) 32.02
67.62 35550. 0.0242 0.01
8.1
75.72 39809. 0.0237 0.00
8.90 37430, 0.0323 5.58
29, 8,50 5.20
8.50 35750. 0.0324 6.05
30. 8.5 5.20
CAPACITY=31838. BTUH PRCT=0.7860
KW=2.577 ADJKW=2.026

8.10 34071, 0.0325 ;.gg
TOTAL LOOP PUMPING POWER { THEORETICAL) 25.99
66.82 35130, 0.0243 0.00
66.82 0.00
66.82 93679. 0.0211 1.86
66.82 0.00
66.82 93679. 0.0241 1.03

8.10
14,92 105036. 0.0239 2.03

8.10
83.02 116393. 0.0237 1.21
83.02 0.00
83.02 116393.  0.0237 4,40
83.02 0.00
83.02 116393, 0.0237 2.43
83.02 0.00

11.98
95.00 . 0.00
95.00 133188, 0.0235 3.07
95.00 0.00
95.00 133188, 0.0235 5.03

95.00

2.6893
0.0135
0.0056
0.0686

0.0001

0.0000
0.0312

0.0000 {
0.0174
0.0382

0.0254

0.0000
0.0919

0.0000
0.0507

0.0000

0.0000
0.0735

0.0000
0.1203

0.155

0.155

0.155

0.155

0,156

. 156
. 187

.187
0.204

o OO

0.242

0.268

0.268
0.360

0.360
0.410

0.410

0.410
0.48Y4

0.484
0.604

75.719
Th.88

74.75
73.63
73.63
72.94
65.35

67.40
74.75
73.7M

73.64
72.87
72.87
71.93
64,45

66.48
73.64
73.55
73.30
72.41
71.78
71.70
71.39

4o.00
67.28

67.15

0.13

0.22

75.77

67.32
.75

73.63
73.63
72.94
67.40
55.9

66.29

Th.60
66.29

. 72.87

72.87

71.93

66.48
55.21

66.25

73.55

73.5%
73.30

73.30

73.16-

66.25
T72.22

67.74
7.70

71.70
71.39

71.39
71.22

T1.22

67.28
67.15

67.15
66.93
66.93
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MINIMUM HEAT EXCHANGER ENTERING WATER TEMPERATURE= 71,93 DEGREES F = AT STEP 41
AVERAGE HEAT EXCHANGER ENTERING WATER TEMPERATURE= 78.14 DEGREES F

AVERAGE TEMPERATURE DROP ACROSS THE HEAT EXCHANGER= 5,93 DEGREES F

THE AVERAGE QUANTITY OF WATER SUPPLIED TO THE HEAT EXCHANGER = 8,50 GAL/MIN
MINIMUM HEAT PUMP ENTERING WATER TEMPERATURE= 6U.U5 DEGREES F « AT STEP &1
AVERAGE HEAT PUMP ENTERING WATER TEMPERATURE= 70.85 DEGREES F

AVERAGE TEMPERATURE DROP ACROSS THE HEAT PUMP=10.06 DEGREES F

MAXIMUM HEAT PUMP POWER INPUT REQUIRED= 2,717 HP = AT STEP 41
AVERAGE HEAT PUMP POWER INPUT REQUIRED= 2,593 HP

AVERAGE HEAT PUMP. COEFFICIENT OF PERFORMANCE= 3.76

THE AVERAGE THEORETICAL POWER REQUIRED TO PUMP THE SUPPLY WATER FROM THE STREET TO THE HOUSE AND BACK IS 0.065 HP

THE. AVERAGE POWER REQUIRED PER HOME 1S 2,766 HP OR 2.063 KW
ASSUMING A 50% EFFICIENT MAIN FLOW PUMP

COMMUNITY HEAT FLOWS : _
HEAT LOST BY CONDUCTION THROUGH SOIL = 354497. BTU/HR
HEAT LOST AS CONSUMPTIVE WATER FLOW 210366. BTU/HR

HEAT TRANSFERED TO HOME HEAT PUMPS 593266, BTU/HR
HEAT ADDED DUE PIPE FRICTION & FLOW
DISTURBANCES (TEES,BENDS,ETC,) . 4018. BTU/HR

LITTTYY YL
TOTAL HEAT LOAD ON MAIN HT EXCHANGER 1114110, BTU/HR

LOAD USING M*CP*DT ACROSS MAIN HT.EX. 1091920. BTU/HR

MAIN PUMP: FLOW RATE 95.00 GAL/MIN
PRESSURE OROP 12.15 PSI
REQUIRED HEAD 28.17 FEET
POWER REQUIRED 0.604 HP

o
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Appendix E
Sample Calculations

Pump performance calculations

For a given centrifugal pump, the performance of the pump changes

as a function of the speed of rotation of the pump as follows [101:
o _ N H1 _ (N1)2 P1 _ (N3
Q2 N H N2 - P2 -\N2

where

the head developed by the pump, feet of fluid;
the speed of rotation of the pump, RPM;

v = =T
]

the power input to the pump, hp; and

Q = the capacity of the pump, GPM.

For the 90°F system entering water temperature case using a 3-inch diam-

eter system return line at the 25°F ambient air temperature design con-

‘dition, a flow rate of 70 GPM and a head of approximately 23 feet of

water are required. For this application, a Bell & Gossett series 1510
pump model 1-1/2 inch AB with a 5-1/2 inch diameter impeller was chosen.
At a speed of 1750 RPM, the pump delivers the required head and flow

rate and operates at 51 percent efficiency corresponding-to a required

power input of 0.79 hp. At the f7°F ambient air‘temperature design con-,

dition, the maximum system flow rate of 88 GPM is required._ The motor

size required to deliver this f16w rate is |
P2 = (Q2/Q1)3 P1 = (88/70)3 0.79 = 1.57 hp.

Choosing a 2 hp main fTow pump motor, the actual maximum system flow

rate obtained is

Q2 = (P2/P1)1/3 Q1 = (2/0.79)1/3 70 = 95.4 GPM.

E-1
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The maximum pump speed is

N2 = (Q2/Q1) N1 = (95.4/70) 1750 = 2385 RPM,
and the maximum head de]iveréd is |
H2 = (QZ/QI)2 Hl = (95.4/70)2 23 = 42.7 ft.

At the minimum pump speed of 1100 RPM, the performance of the pump is
as follows:

Q2 = (N2/N1) Q1 = (1100/1750) 70 = 44 GPM,

H2 = (N2/N1)2 H1 = (1100/1750)2 23 = 9.1 ft, and

P2 = (N2/N1)3YP1 = (1100/1750)3 0.79 = 6;20 hp.

Payback period determination

The proposed system saves the residents of the community P per year
in 1980 dollars. Based upon an energy escalation rate e, the system
will save the residents

F =P (1+e)"
in year n. The present worth of this future amount is given by

P = F/(1+i)" = P [(1+e)/(1+)1",

’where i is the annually compounded interest rate on borrowed money. The

payback period is the length of time required for the summation of these
yearly saving bresent worths to equal the total initial system cost PT.

' This eduality may be written as

N N
PT = Y. PW = 3P [(1+e)/(1+i)2".
n=1 n=1 : .

Using the geometric series with x = (1+e)/(1+1)

N
v = x(1-xM/(1-x),
n=1 ‘

which holds for all cases except x = 1 (e = i), one may obtain

PT = P x(1-x")/(1-x).

A M h e d

-



r

I &

r

\

Solving for the payback period N yeilds

oLl ]

T in X ~ T TaC(1+e)7(14)

E-3
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Appendix F

System Components and Related Costs

Geothermal well facility costs

QTY unit Item

30 ft
4 ea
5 ea

2 ea

Community main

cost/unit

geothermal well 8-in. diameter X 1000 ft deep

we11 completion

3-in.
3-in-
3"ino

3-in.

black steel pipe
black steel elbows
black steel pipe flanges

malleable iron gate valves

1308 ft
4 ea
16 ea
| 3 ea
4 éa
8 ea
6 ea
3 ea
16 ea
90 ft
1ea

2 ea

2 ea

3-in.
8-in.
3-in.
‘3-in.
3-in.
3-in.
8-in.
8-in.
8-in.
3-in.

3-ino

piping and heating plant
iron pipe
X 3-in. ductile iron tees

ductile iron elbows

X 1-in. ductile iron tees.
iron gate valves (flanged)

ductile iron pipe flanges

iron gate valves (flanged)

iron swing check valVes (flanged)

ductile iron pipe'flangés
X 2-in. pibe insulation

strainer

pressure gauges

temperature sensors

$5.52/ft
14.40/ea
25.88/ea
153.00/ea

subtota]4~

3.50/ft
104.33/ea
42.83/ea
40.00/ea
142.54/ea
33.97/ea
381.00/ea

498.65/ea
89.29/ea

5.58/ft
240.75/ea
33.10/ea
22.78/ea

Cost
$19,200
10,000
166

58

129

- 306
29,859

4,578
417
685
120

570
272
2286
1496
1429
502
241
66
45
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1 ea

1 ea

1 ea
1ea
100 yd3
20 yd?
150 ft2
330 Mhr
48 Mhr
24 Mhr
48 Mhr

1 pkg

Bell & Gossett pump with 2 hp motor
variable speed drive for main pump
Bell & Gossett main heat exchanger -
main controls package

trenching and backfilling

pavement repair

concrete block building including labor
install pipe with fittings |
install insulation

pump setting

heat éxchanger setting

install main controls

Two-house loop component costs (per house)

625.00/ea

1000.00/ea
1300.00/ea
1000.00/ea

22.00/yd3
13.00/yd?
50.00/ft2
30.00/Mhr
30.00/Mhr

© 30.00/Mhr

30.00/Mhr
500.00/pkg
subtotal

1 pkg added 1-in. loop piping with fittings, installed

1ea Grundfos 1/20 hp stainless steel pump

‘1 ea Bell & Gossett 1/12 hp bronze pump

1 ea
1 ea

1 pkg

- house ductwork, installed

Friedrich heat pump package

Alfa-laval plate type heat exchanger

heat pump loop controls, ihsta]Ied

heat pump and circulating pump installation

subtotal per house

subtota1

625
1000
1300

1000
2200

260

7500
9900
1440
720
1440
500
40,592

400

150
170
950
650
500
500,
1,500
4,820
144,600

1 B 8.




6 percent engineering cost

-

""J Total system initial cost
-

) Total adjusted initial cost
| : ;

215,051
12,903
227,954

e
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