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EXAMPLE SYSTEM DESIGN

INTRODUCTION

An example solar energy system design was prepared following the guidelines of the design manual. The
example is intended to show how the equations, tables, figures, checklists, worksheets, and evaluations are
used in the solar energy system design process.

The system selected for the example application is a closed-loop antifreeze system that can be used to
supplement heating of service water for a dormitory. The example system uses flat plate collectors that are
mounted on the roof of the dormitory.

Numbers used to identify sections, headings, tables, figures, checklists, and worksheets for the example are
directly related to those used in the main text of the design manual.

The example solar energy system design was pertormed using the inch-pound (I-P) units and symbols.

SECTION 1

CONCEPTUAL ANALYSIS

1.2 Owner/Architect/Engineer Conference

The “owner” is a college in Tucson, Arizona, that is considering a solar energy system to supplement the
service hot water load in a men’s dormitory. Checkiist 1~1 summarizes the owner’s goals.

13 Conceptual Site Survey
1.3.2 Preliminary Load Estimate

Ideally, either historical records of service hot water usage or real-time data collection would be used to
estimate the service hot water load. In this example, these methods were not available for use. The load is
estimated based on the ASHRAE 1980 Systems Handbook guidelines for hot water demand (Table 6 of the
Service Water Heating section).

The dormitory contains 100 rooms, 25 per fioor, and there are three students per room. The school is on the
trimester system with about half the capacity during the summer trimester (May to August). The hot water
load, by month, is determined below using the equation from Worksheet 1-1. The average hot water demand
is 13.1 gal/student per day.
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Cold Water Hot Water
Month Gallons  Temperature (°F) Temperature (°F) Load(Btu/month)
January 122,000 48 140 93.16 x 10¢
February 110,000 48 140 84.0 x 10¢
March 122,000 50 140 91.13 x 10¢
April 118,000 52 _1 40 86.19 x 10¢
May 61,000 57 140 42.02 x 10¢
June 59,000 59 140 39.66 x 10¢
July 61,000 63 140 38.98 x 10¢
August 61,000 75 : 140 32.91 x 10¢
September 118,000 79 140 59.74 x 10°
October 122,000 69 140 71.90 x 10°
November 118,000 59 140 79.33 x 10¢
December 122,000 54 140 87.08 x 10¢
Total 806.00 X 10°

Load {Btu/month) = (gal/month)(8.3 ib/gal)(1 Btu/lb-°F)(T, — T }°F

1.3.3 Physical Constraints

A sketch of the dormitory building is illustrated by Figure A. Checklists 1-4 and 1-5 outline the results of the
building site survey. :

1.4 Conceptual System Selection

Due to the relatively large static head, approximately 50 ft, and the freeze potential at the site, the conceptual
system selected for this site is a closed-loop antifreeze system, as illustrated by Figure 1-3 of the manual.

1.5 Conceptual Performance/Cost Study

1.5.1 Conceptual Array Sizing Method

The expected performance of the system, for both an average flat plate and an average evacuated tube
coliector, can be found in Table 1-3 of the manual.

Flat plate performance = 269,000 Btu/ftzsyr
Evacuated tube performance = 287,000 BtuAt2syr

Solar Design Manual
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The estimated required array, storage, and mechanical room sizes are calculated per Section 1.5.1 as
follows.

a. Array area = (806 x 10° Btu x 0.80) + (269,000 Btu/ft2yr) @ 2400 ft2 (fiat plate)
b. Array area = 2250 12 (evacuated tube)

c. Storage size = 2250 to 2400 gallons

d. Mechanical room size = 100 to 150 ft2

1.5.2 Preliminary System Cost Estimate

The cost estimate will be based on the assumption that fiat plate collectors will be used. The sytem cost
range is estimated as follows.

a. Minimum cost = $40/§t2 x 2400 ft2 = $96,000
b. Maximum cost = $80/t? x 2400 ft2 = $192,000

A representative 40-1t? flat plate collector can currently be purchased for $520. This represents less than 30%
of the system cost and is acceptable.

1.5.3 Evaluation of Cost-Eftectiveness

The simple payback period can be calculated foliowing the steps in Section 1.5.3.

a. Output = 269,000 Btu/ft?syr x 2400 ft? = 646 x 10° Btu/yr
b. The cost of electricity in Tucson, Arizona, is $19.92/MMBtu
C. Therefore, the value of the annual energy saved is

646 x 108 Btu/yr x $19.92 x 1076 Btu = $12,870/yr

d. The simple payback periods for both the minimum and maximum cost estimate are
Minimum = $96,000 + $12,870/yr = 7.5 yr
Maximum = $192,000 + $12,870/yr = 15 yr

The payback periods are within the owner's goal of 15 years, The allowable first cost can be calculated
foliowing the steps in Section 1.5.3.

e. Value of energy saved = $12,870/yr

f. From Table 5, using an interest rate of 12% (estimated over the life of the system, an
economic life of 20 years and a fuel price change of +2.5%/yr, the economic factor is 8.956.

g. The allowable first cost is then $12,870 x 8.956 = $115,300

This is in between the minimum and maximum cost estimates of the system. The system will be cost-etfec-
tive if it can be installed for this amount or less.
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CHECKLIST 1-1

SOLAR ENERGY SYSTEM GOALS

1. Building owner/user A college in Arizona
(name)
Address, Tucson, Arizona,
2. Desired solar application:
Hot wateronly __X___ Space heating | Space heating and hot water

3. Reasons for interest (rank in order):

__2__ Promotion of renewable energy/conservation of fossil fuel

__1__Save money

- __3__Own a solar system
4. Expected solar fraction:
Hot water heating (%) _80__

Space heating (%) _N/A_

5. Overall expected cost benefits
Maximum initial investment allowed ($)_200,000____
Maximum years allowed to pay back investment (yr) 15

Minimum yearly fuel cost saving ($/yr)___—

—  — " _ _—— — _ — ____———— ___]
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CHECKLIST 1-2

SERVICE HOT WATER DATA

A.  Building Hot Water Requirements

1. Dailyload___22 gal/day (maximum per student), __ 13.1 gal/day
(average per student)

How determined? ASHRAE 1980 Systems Guidelines

2. Daily use pattern Mostly daytime, 7 days/week

3. Temperature 120 °F
4. Load profile {list monthly hot water load estimates) (galions): (000 omitted)
Jan_122_ Feb _110_Mar_122_Apr_118_May _61__ Jun_539
Jul_61__ Aug_61__Sep_118_0Oct _122_ Nov_118_Dec_122_
5. Total annual load __1,196,000 gallons____
B.  Main Heating System

1. Energy source: Gas Electric _ X___Qil Steam

2. Hot water heater/storage capacity __ 1070__gallons

3. Hot water circulation: Yes No X

4. Cold water temperature __ 79__°F (max) _45___ °F (min)

Solar Design Manual



Example System Design | Conceptual Analysis— Page EX-7
— ]

CHECKLIST 1-4
BUILDING INFORMATION
Date July 1987
Building A college in Tucson
1.  Primary building use: ___Dormitory
2.  Number of floors: 4 Total floor area ___77,350___ {t?

3. Utilities available:

Natural gas Propane gas Fuel oil

Electric: _120/208___ voit, _1/3__ phase, _2/4 _ kW

4, Water quality: pH__8.5 Dissoived solids ___<10__ ppm

- — _ _—_—_____ _— — _— __ _— _—  __ ____ —_——— ———— — ——
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CHECKLIST 1-5

COLLECTOR AND STORAGE LOCATIONS

Potential collector location: Roof _X_ Ground Wail

it roof, type: Flat _X__ Pitched
If pitched, pitch line direction _ and slope

Roofing material ____Built up with cap sheet

Area available for collectors _58.5_ ft (N/S) x _325___ ft (E/'W)
Potential shading problems __elevator equipment ropom

Provide sketch showing shape, overall dimensions, and location and type of any
obstructions or potential shading sources.

Potential storage location: Indoor __X____ Outdoor

If indoor, available area ___50;_ ftx__ 30__ft; Ceiling height __15__ ft
Access to storage Iocation:' __20 x8__door sizes other
Potential mechanical equipment location: Indoor __X__ Outdoor ___
If indoor, availablearea __5__  _ftx__ 75 ft

Approximate distance collector to HX or storage ___ 50___ ft (elev) 25 ft (horiz)

Approximate distance HX to storage __ 0___ft (elev), __10___ft (horiz)

Solar Design Manual
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SECTION 2

FEASIBILITY STUDY

2.2 Application Review
2.2.1 Data Gathering and Conservation Measures

Checklists 2-1 through 2-4 are filled out as attached. The only conservation measure is to lower the tank set
temperature to 120°F.

2.23 Thermal Load Requirements

The ASHRAE data for hot water usage calculated in Section 1 stilf épplies.
2.3 Sizing/Performance Analysis

2.3.1 Computer System Simulation

The example system simulation program chosen for this example feasibility study is F-CHART version 5.5.
The initial input required to run F—-CHART 5.5 is determined using Appendix 2B and the F-CHART user’s
manual. >

Collector Parameter Set
1. Number of collector panels
As a first cut, 54 coliectors are estimated. . This is an area, 10% less than that caiculated in
Section 1.
2. Coliector panel area = 40 ft
3. FaU, = 0.792; this is the value for an average flét plate c6lle¢tor as shown in Section 1.5.
4, Fpta = 0.616; this is the value for an average flat plate collector as shown in Section 1.5.
5. Collector slope = 32°. For this first run, this is set 1o the site latitude.
6. Collector azimuth = default value (0).
7. Incidence angle modifier = 8, for the program to caiculate the modifier values.
8. Number of glazings = 1.
9. incidence angle modifier constant = (no input required).
10. Incidence angle modifier values = (no input required).
1. Collector flow rate/area = 17.5 Ib/heft?, as recommended in Appendix 2B.
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12.
13.
14,

15.

10.

11.

12.
13.
14.
15.

16.

Collector fluid specific heat = 0.875 Btu/lb°F, the value for 50/50 propylene glyool'ét :
Modify test values = 2, for no modification.
Test collector flow rate/area = (no input required).
Test fluid specific heat = (no input required).
Storage Parameter Set
City call number = 215 for Tucson, Arizona
Water storage volume = 2140 gallons, 1 galAt? of array area
Building UA = 0 for DHW only
Fuel = 1 for electricity
Efficiency of fuel usage = 100%
Domestic hot water = 1

Daily hot water usage; the monthly values are input by typing “7 V*

Jan 3936 May 1968 Sept 3333
Feb 3929 June 1967 Oct 39836
Mar 3936 July 1968 Nov 3933
Apr 3933 Aug 1968 Dec 3936

Water set temperature = 120°F

City water temperature; the monthly values are input by typing “@ V"

Jan 60 May 65 Sept 70
Feb 60 June 75 Oct 70
Mar 65 July 75 Nov 65
Apr 65 Aug 75 Dec 60

DHW storage tank size = 2140 galions

UA of auxiliary storage tank = 23.8 Btu/he°F; the auxiliary tank is 1070 gallons, 4.5 ft
diameter, and ¢ ft high. The installed insulation is 2.5 inches thick with a k = 0.031 Btu/h«fte°F

Pipe heat loss = 2

Inlet pipe UA = (no input required)

Qutlet pipe UA = (no input required)

Relative ioad heat exchanger size = 1, the default value

Collector storage heat exchanger = 1 5

Solar Pesion Manual
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17. Tank side flow rate = 18.375 lb/hreft?; calculated as 5% greater than collector side flow rate
(1.05)(17.5 Ib/hreft?) = 18.375 lo/hreft?
18. Heat exchanger effectiveness = 0.60, as recommended in Appendix 2B

Results are listed below.

Tucson, AZ 08-04-87
Design Handbook Sample Run 1

Water Storage System
Flat Plate Collector

Solar Heat DHW Aux

MMBtu* MMBtu* MMBtu* MMBtu* F
Jan 108.3 0.0 55.0 22.5 0.59
Feb 114.1 0.0 49.4 15.0 0.70
Mar 143.9 0.0 545 11.3 0.79
Apr 156.4 0.0 52.3 5.6 0.89
May 162.0 0.0 273 0.0 1.00
Jun 153.6 0.0 26.1 0.0 1.00 .
Jul 139.8 0.0 26.9 0.0 1.00
Aug 141.8 0.0 26.9 0.0 1.00
Sep 140.9 0.0 51.6 6.5 0.87
Oct 137.0 0.0 53.8 10.6 0.80
Nov 112.7 0.0 52.7 17.8 0.66
Dec 100.6 0.0 54.9 24.8 0.55
Yr 1611.0 0.0 531.7 o, 1140 0.79

Note: MMBtu = Btu x 108

The results show that with 54 collectors, the solar fraction will be 0.79, meeting 100% of the load during the
months of May through August.

Assuming that the example simulation program overestimates the output by 20%, the installed performance
can be estimated by:

installed Solar Contribution = (DHW -~ Aux) + 1.20
= (531.7 MMBtu - 114 MMBtu) + 1.20
= 348.1 MMBtu

Installed Solar Fraction = 348.1 +531.7 = 0.65
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2.3.2 Construction Costs

Following the guidelines of Appendix 2C (Costs are expressed in 1985 U.S. dollars and must be adjusted to

the year of proposed construction):

A.

The National Average “Bare Costs” are:
1. Collector + Thermal Storage Tanks

BC = 9.13(2,160 ft3) + 21,308 = $41.029
2. Mechanical Material

BC = 7.05 (2,160 1) + 5,337 = $20.565
3. Electrical Material

BC = 0.134 (2,160 f1?) + 2,432 = $2.721

4, Mechanical Labor

BC = 2.93 (2,160 f1?) + 18,662 = $24.991
5. Electrical Labor
BC = 0.026 (2,160 ft2) + 1,550 = $1.606
6. Other
BC = 0.018 (2,160 t2) + 743 = $782
7. Freight Costs - $1000 assume for this example
Bare Cost at Tucson, Arizona

BC

Tucson

41,029 + (.989)(20,565) + (1.022)(2,721)
(.961)(24,991) + (.953)(1,6086) + (.961)(782)
$90.447

Subtotal Cost at Tucson, Arizona

N+ 8

Subtotal Cost 90,447 + .07(41,029 + 20,565 + 2,721)
(.0529 + .0715 + .01)(24,991 + 1,606)

$98.524

4+ 0

Total Cost
Total Cost  =($98,524 + 1,000)(1.296) = $128 983
where: $1,000 = freight cost

CostAt? =$59.71/§t2
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2.3.3 Economic Evaluation

The system is evaluated economically by looking at the total life cycle costs (TLCC) of the existing system
and of the solar retrofit system. The two TLCCs are assumed to be:

TLCC, 4, soter = PMT + PV, 10 + PVosu

TLCC =PV

without solar aux fuel

where: PMT = design and installation costs
PV = present value of the annual auxiliary
fuel expenses
PVoeu = present value of the annual solar energy
system O&M costs

aux fuel

No tax credits or salvage value is included in this example, and the design cost is excluded. Also, the existing
system is assumed to last as long as the solar energy system.

To convert the annual auxiliary fuel and O&M costs to a present value, the modified uniform present worth
(MUPW) formula is utilized as foflows:
(Note: Table 5 of Section 1 can be used, also.)

MUPW =A_[(1 +e)/(d—e)}[1 = {(1 +e)/(1 + d)}N]

where: A, =  annual cost at beginning of study period ($/yr)
e = annual energy escalation rate (decimal)
d = annual discount rate (decimal)
N = study period, yr

For this example, the following values are assumed:
e = 0.025/yr
d=0.12/yr
N=20yr
Therefore, MUPW = 8.9564 A
The annhual auxiliary fuel cost is determined from the F-CHART run.
Aux fuel cost = Aux MMBtu x $19.92/MMBtu
The annual operating costs are assumed to be 5% of the solar energy collected, or:
Operating costs = (.05)(DHW,,5,, — AUX, g, )($19.92/MMBtu)

The annual maintenance cost is assumed to be 2% of the instalied costs.

The first cut of the economic evaluation is as shown in Table 1.
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Aux. Oper- Mainte-
Designh and Aux. Energy Energy  ating nance
Installation Requirement Costs Costs Costs
System Costs ($) (MMBtu/yr) ($/yr) ($/yr) ($ryr) TLCC ($)
No solar 0 531.7 10,591 0 0 94,861
With solar 128,983 183.6 3,658 347 2,580 187,961

As can be seen from Table 1, the TLCC with the solar energy system is much greater than the TLCC without

a system. Therefore, some optimization is required.

The first step in optimization is to maximize the output of the system. The second step is to reduce the array

area and, therefore, the system cost until the TLCC, with solar, is less than the TLCC without solar.

below.

Tucson, AZ

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Yr
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- — — — -Optimum Output Run ~

Water Storage System
Flat Plate Collector

Solar Heat DHW

MMBtu MMBtu MMBtu
113.9 0.0 55.0
117.2 0.0 49.4
142.8 0.0 54.5
149.5 0.0 52.3
149.9 0.0 27.3
140.1 0.0 26.1
129.2 0.0 26.9
133.5 0.0 26.9
138.0 0.0 51.6
139.6 0.0 53.8
117.9 0.0 52.7
106.3 0.0 54.9
1577.9 0.0 531.7

Table 2 summarizes the F~CHART runs for a variety of array sizes.

Aux

MMBtu

20.5
13.8
116
7.2
0.0
0.0
0.0
0.0
7.3
9.8
16.1
226
108.0

Since the maximum load exists during the winter months, the system output can be increased by increasing
the collector slope. This resuits in an optimum siope of 42°, with the corresponding F-CHART run shown

0.63
0.72
0.79
0.86
1.00
1.00
1.00
1.00
0.86
0.82
0.70
0.59
0.80
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Table 2 - Results of F-CHART Runs for Varlety of Array Sizes

20% Reduction
in F~-CHART Output
Number »
of Panels Solar MMBtu Aux MMBtu F Aux MMBtu F
54 1577.9 109 0.80 179.5 0.66
50 1461 .1 121.3 0.77 189.7 0.64
45 1314.9 138.7 0.74 204.2 0.2
40 1168.8 158.4 0.70 220.6 0.58
35 1022.7 183.2 0.66 2413 0.55
30 876.6 214.6 0.60 267.4 0.50
25 7305 251.1 0.53 297.9 0.44
20 584.4 293.1 0.45 3329 0.37

The first cut at the economic evaluation assumes that the installation cost remains $59.71/t2. Table 3
summarizes the results of the TLCCs for the various system sizes.

Table 3 - Results of TLCC Calculations for Various Solar Energy System Sizes

Aux. Oper-  Mainte-
System Design and Aux. Energy Energy ating . nance
(No. of Installation Requirement Costs Costs  Costs
panels) Costs ($) (MMBtu/yr) ($/yr) ($/yr) ($/yr) TLCC ($)
54 128,974 179.5 3576 350 2,580 187,244 i
50 119,420 189.7 3779 339 2388 177,690
‘ h
45 107,478 204.2 4,068 328 2,150 166,107 h
i
40 95,536 220.6 4,394 307 1,911 154,756 i
i:
35 83,594 241.3 4,807 291 1,672 144,229 1‘
30 71,652 267.4 5327 265 1433 134,571 |
25 59,710 297.9 5,934 233 1,194 . 125,638
20 47,768 332.9 6,631 196 955 117,467

As can be seen, none of the systems have a lower TLCC than the existing nonsolar water heater.
To complete this example, Table 4 summarizes a second economic evaluation with an assumed
electrical energy cost of $39.84/MMBtu.
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Table 4 - Second Economic Evaluation of Solar Energy System

Feasibility Study— Page

Aux. Oper- Mainte-
System Design and Aux. Energy Energy ating nhance
(No. of installation  Requirement Costs Costs Costs
panels) Costs ($) (MMBtu/yr) ($/yn) ($/yr) ($/yr) TLCC ($)
0 0 5317 21,183 0 0 189,723
54 128,974 179.5 7,152 700 2,580 222,407
50 119,420 189.7 7,558 678 2,388 214,573
45 107,478 204.2 8,136 656 2,150 205,479
(119,355)" (2,387) (219,479)"
40 95,536 220.6 8,788 614 1,911 196,860
(114,006)" (2,280)* (218,635)1
35 83,594 241.3 9,614 582 1,672 189,889
(108,426)" (2,168)" (219,163)!
30 71,652 267.4 10,654 530 1,433 184,655
(103,308)" (2,066)" (221,980)"
25 59,710 297.9 11,868 466 1,194 180,872
20 47,768 3329 13,262 392 955 178,612 .

'These values are based on the cost estimating procedures of Section 2 instead of the assumed cost
of $59.71/ft2. ‘-

Using the assumed installation cost of $59.71/ft?, the instaliation is economical from approximately 35 panels
down to at least 20 panels. Using the installation cost estimating procedure outlined in Section 2, the TLCC
bottoms out at 40 panels and at that level is approximately $30,000 more than the TLCC without a solar
energy system. This example solar system will be designed using 40 panels.

e e e —————

Solar Desion Manual




Example System Design Feasibility Study— Page EX-17

e e e ]

CHECKLIST 2-2

BUILDING INFORMATION

(Sheet 1 of 4)
Date July 1987

Building A coliege in Arizona

BUILDING CONSTRUCTION CHARACTERISTICS

1. Primary building use: ___Dormitory

2. Provide sketch/plan with overall dimensions and orientation.

3. Number of floors: __4

4, Volume of occupied space: _618,800__f?
5. Gross floor area: _77,350_ ft?

8. Window glazing: single __X___double

7. Window shading coefficient:

8.*  Windows, number and area: noth __ windows ea. ftz= ft2
9. west : ft2 - ft?
10. east - ft2= ft2
1. south __ e 2 - ft2
TOTAL .
i2. Door types and number;
north _____single ____ vestbule ___ revolving = ____doors
13. west ____single____ vestibule ____revolving = ___ doors
14, east ____single____ vestibule ____ ravolving = ____doors
15. south ___ single____ vestibule _____revolving = ____doors

TOTAL, doors

16. Gross wall area: north ft?
17. Gross wall area: west ft2
18. Gross wall area: east fi2
19. Gross wall area: south it?

TOTAL, ft?

*items 8 through 18 are not applicable.
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CHECKLIST 2-2
BUILDING INFORMATION
(Sheet 2 of 4)
@ Value
20.* Net wall area: north ft? (Net = gross less window
and door area)

21. Net wall area: west ft? :
22, Net wall area: east ft2
23. Net wall area: south ft2

TOTAL_____ f#

{‘ 24, - Roof construction: Support structure

Surface material

, Slope Area ft2
| “U” Value
25. Floor: Slab-on-grade ft2
Over unheated space ft2
“U” Value

BUILDING USE CHARACTERISTICS

26, a. Number of occupied hours per week: _168_ hours

b. Number of occupants: _300_ occupants (for offices, employees and visitors; for stores,
employees and customars; for religious buildings, schools only count occupants)

! 27. Number of custodial hours per week: after dark, summer _N/A__ hours

after dark, winter _N/A__ hours

Saturdays _N/A__ hours

Sundays _N/A__ hours

*ltems 20 through 25 are not applicable.
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CHECKLIST 2-2
BUILDING INFORMATION
(Sheet 3 of 4)
28." Temperature and relative humidity inside conditions:
Season Temperature Humidity
a. heated - winter QOccupied hours °F % RH
Unoccupied hours °F % RH
b. air-conditioned - summer Occupied hours °F % RH
Unoccupied hours °F % RH
29. Ventilation, outside air:
a. during occupied hours — on/off: amount in total cfm = ft3/min
b. cfm per person (line 29a + line 26b) = cfm/person
c. during unoccupied hours — on/off; amount in total cim = ft3/min b
30. Type and location of space heating equipment: _____ Single unit ____Multiple units
____Boosters
- ~ ___ Outside, location — ___ = - — — - _
___ lnside, location
Type and location of water heating equipment: __X__ Single unit ____ Multiple units

Qutside, location

_X__ Inside, location Basement
31. Utilities available
Natural gas Propane gas Fuel oil

Electric: _120/208_ volt, _1/3_phase
32. Water quality: pH___85__ Dissolved solids __<10__ppm  Solids _None_
Dormitory has installed water treatment system.

*ltems 28 through first part of 30 are not applicable.
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33. Collector and thermal storage locations

a.

CHECKLIST 2-2
BUILDING INFORMATION

(Sheet 4 of 4)

Collector location— Roof __X__ Ground wall

If roof, type — Flat __X____Pitched
If pitched, pitch line direction and slope
Area available for collectors __59.5__ ft {N/S) x __325__ ft (E'W)

Provide sketch showing shapé and overall dimensions of collector iocation with
location and type of any obstructions or potential shading sources.

Thermal storage location — indoor __X___ Qutdoor

Provide sketch/plan showing all dimensions and access.
Mechanical equipment location — Indoor __ X__Outdoor ___
Provide sketch/plan showing all dimensions and access. |
Approximate distance collector to HX or storage __50__ft (elev), _ 25_ ft (horiz)

Approximate distance HX to storage __0__ft (elev), _ 10__ft (horiz)
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