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CHAPTER 1
INTRODUCTION
Scope of Investigation

During the 1970's, homeowners across America were ex-
posed to a large number of energy awareness programs. These
programs were designed to encourage homeowners to reduce
their energy consumption. They encouraged energy conserva-
tion measures such as insulation, storm windows, and weather-
stripping. These programs, tpgether with increasing energy
costs, have stimulated many homeowners to add energy conser-
vation measures to their homes. HoWever, during the late
1970's, homeowners began to be more interesﬁed‘in economics
of energy conservation measures. They became interested in
dollar as well as energy savings.

To analyze the energy saving potential of energy con-
servation measures for a particular residential structure,
seasonal energy use must be estimated. Several simplified
approaches have been used to estimate or predict residential
energy consumption. Many of these approaches utilize the

heating degree day concept to predict energy consumption

during the heating season.



Heating degree days have traditionaily been calculated
using an 18.3° C base temperature. Use of a base tempera-
ture of 18.3° C, assumes that at outdoor temperatures
below 18.3° C the structure must have an external supply
of heat energy. Thus, 18.3° C represents the balance
point of the structure. Factors which affect balance point
temperature of a structure are internal heat gains, struc-
tural thermal characteristics, solar gains, and thermostat
setting. With improved thermal characteristics and lower
thermostat settings, balance point temperatures are being
lowered. Thus, use of heating degree days calculated from a
18.3° C base temperature may lead to considerable error
in prediction of residential heating energy consumption.

In additioﬁ to prediction errors due to seasonal
heating degree day base temperature, other potential errors
exist primarily in the area of heat load calculations. The
heat load parameter used in degree day methodology has
traditionally been overestimated. Using heat loads larger
than necessary causes over prediction of seasonal energy
consumption.

This research will investigate impact of heat load
calculations and degree day base temperature on prediction

of seasonal energy or fuel consumption in Oklahoma residen-

tial structures.



Objectives of Study

1. Develop computerized analyses té use basic
residential construction and thermal characteristic data to
predict seasonal heating energy consumption usiné degree day
procedures.

2. Use collected energy and constructién data from
Oklahoma homes to evaluate prediction accuracy of the
standard degree day equation.

3. Analyze prediction accuracy of modified degree day
equations such as American Gas Association, National
Electric Manufacturers Association, and American Society of
Heating, Refrigeration, and Air—Conditioning Engineefs.
| 4. Present improved procedures for predicting seasonal

heating energy use in Oklahoma homes.



CHAPTER II
REVIEW OF LITERATURE
Concept of‘fhe Degree Day

Use of the degree day for predicting heating energy
consumption in residential buildings was originated over 40
years ago. A basic assumption used in formation of degree
days was that the amount of energy consumed in a structure
is primarily dependent upon the difference between inside
and outside temperature. Strock and Hotchkiss (1) state
that the degree day is a measure of energy consumption based
on combined knowledge of time and temperature. The know-
ledge of time and temperature is related by the degree day.
By definition, a degree day is the product of one day and
the degree difference in temperature between a reference
temperature and the average}daily outside air temperature.

The reference or base temperature was originally
developed by two general methods (l). One approach was an
analytical method in which inside temperature.profiles were
assumed and average temperatures calculated. After assuming
and analyzing several profiles, early investigators selected

65° F to be a mean reference temperature. This method



was highly criticized for not being a conclusive and reli-
able means of determining base temperature. The second
approach for establishment of a reference temperature was
based on field data. Data were collected on fuel consump-
tion and outside temperature. A linear relationship between
mean outdoor temperature and fuel consumption was found to
exist. From the relationship, it was found that zero fuel
consumption occurred at a mean outdoor temperature of 65°
F. Thus, 65° F was selected and used as a base tempera-
ture for calculation of degree days. With a base tempera-
ture of 65° F, an equation for calculating degree days

was developed.

DD = 65 - Ty, DD > 0 (1)
where
DD = Heating degree days, ° F - days.
T, = Average outside daily temperature, ° F.

65 = Reference temperature, ° F.
To obtain annual heating degree days, daily degree days are
summed over a period of one year. Studies have revealed
annual heating degree days based on an appropriate base
temperature can account for as much as 90 percent of the

variance of calculated heating requirements (2).



Predicting Heating Energy Consumption

Annual degree days have been combined with parameters
of structural heat load and heating unit efficiencies to

obtain an expression for energy consumption.

= 24 x DD x
EC - TDxNQ (2)

where

EC = Seasonal energy consumption, BTU's.

DD = Seasonal Heating Degree Days, ° F - days.
Q = Design heat load, BTU/HR.!

TD = Design temperature difference, ° F.

N = Furnace efficiency, dec.

24 = Constant, hrs/day.

Often, the equation is rewritten to obtain fuel

quantities consumed rather than energy quantities.

% % (3)
\

where
FC = Seasonal fuel consumption, units of fuel.
DD = Seasonal heating degree days, ° F - days.
Q = Design heaf load, BTU/HR.
TD = Design temperature difference, ° F.



N

Furnace efficiency, dec.

By

24 = Constant, hrs/day.

Heating value of fuel, BTU's/unit.

Use of equations 2 and 3 has led to considerable errors
in prediction of heating energy consumption in residential
structures. Because of this, several variations of the
basic equations have been made.

The National Electrical Manufacturers Association
(NEMA) uses equation 4 to predict electrical energy consump-
tion in residential structures heated with electric resist-

ance furnaces (3).

_HL * DD * C :
EE = 5 . (4)

where
EE = Seasonal electrical energy consumption, kWhr.
HL = Design heat load, kW.

]

DD = Seasonal heating degree days, F - days.

TD = Design temperature difference, ° F.

C = Constant, hrs/day.
The constant, C, was used to account for variations in ener-
gy consumption. These variations were assumed to be due to
inaccuracies in loaa calculations, deg;ee days, and various
differences in occupant life style. Based on experience

with thousands of electrically heated residential struc-

tures, NEMA recommends use of 18.5 for a value of C.



A modified degree day approach is also recommended by
the American Society of Heating, Refrigeration, and Air-
Conditioning Engineers (ASHRAE) (4). The general equation

for predicting energy consumption is given in equation 5.

_ (24 * DD * Q) ,
E=mm* n*a) ‘b CF (5)

where
E = Seasonal energy or fuel consumption, units.

(<]

DD = Seasonal heating degree days, F - days.
Q = Design heat load, BTU/HR.
TD = Design temperature difference, ° F.

N = Rated fuel load furnace efficiency, dec.

Hv = Heating value of fuel, BTU/Unit.
CD = Correction factor
CF = Correction factor

24 = Constant, hrs/day.
Correction factors CD and CF are used to modify predic-
tion results of the basic degree day equation. Factor CD
is a degree day correction factor, while Cp is a factor '
which takes into account decreased efficiencies of fuel-
fired equipment with oversizing. Values of CD and CF
are contained in Tables I and II.



TABLE I

HEAT LOSS VS. DEGREE DAYS
INTERIM FACTOR'CD

Outdoor Design Temp., ° F =20 -10 0 +10 +20
Factor CD 0.57 0.64 0.71 0.79 0.89
TABLE II
PART-LOAD CORRECTION FACTOR FOR
FUEL-FIRED EQUIPMENT
Percent Oversizing 0 20 40 60 80
Factor CF 1.36 1.56 - 1.79 2.04 2.32
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The American Gas Association (AGA) recommends use of

equation 6 as an acceptable degree day approach (5).

24 * DD * Q
* *
TD NS Hv_

E = * 0.77 (6)

where

E = Seasonal energy of fuel consumption, units.

DD = Seasonal heating degree days, ° F - days.
Q = Design heat load, BTU/HR.

TD = Design temperaturé difference, ° F.

NS = Seasonal furnace efficiency, dec.

HV = Heating value of fuel, BTU/Unit.

.77 = Correction factor

24 = Constant, hrs/day.

AGA states the multiplier of 0.77 was added because calcu-
lated heét losses for a particular structure are most likely
higher than actual heat losseé\ It is interesting to note
that the product of 0.77 and 24 is 18.5 which makes the AGA
equation very similar to that proposed by NEMA (3).

It should be emphasized that degree day procedures
represent simplified calculation appfoaches. More detailed
models, using hourly weather data, have been deveioped by
numerous groups. Blancett et al. (6) report on three
residential energy prediction models using hourly weather

data. The Electrical Power Research Institute (EPRI) has
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sponsored numerous residential energy use simulation studies
(7, 8). These types of models can be very accurate in
simulating and predicting energy use. However, they are

limited in use because of the requirement of hourly weather

data.
Degree Day Base Temperature

Several studies have been initiated to determine valid-
ity of the 65° F base temperature. Base temperature is
the temperature at which no external application of heat to
the structure is needed. Often, it is referred to as bal-
ance temperature. Balance temperature is a function of
structural heat loss rate, internal heat gains, solar heat
gains, and interior thermostat setting. 1In an effort to
improve energy consumption prediction accuracy, many investi-
gators have looked to the‘degree day‘base temperature as a
source of error.

Nall and Afens (9) investigatea the influence of degree
day base temperature on energy predictiqn accuracy at 60
locations across the United States. A computer model was
used to simulate performance of a 1,200 séuare feet, single-
story ranch house at each of these locations. Results of
the study verified the theory that heating consumption is a
function of heating degree days. However, results also
revealed traditional 65° F base temperature to be inade—

quate in reflecting heating balance point temperature
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of occupied residential structures. A base temperature of
53° F was found to be more appropriate. Nall and Arens
noted that base temperatures or balance temperatures were
difficult to determine due to variations in solar gains,
internal heat grains, and occupant living habits.

| Burch and Hunt (10) tested a 2054 square feet residen-
tial structure before and after energy conservation retrofit-
ting. Before retrofitting, the structure had no wall or
flcor insulation, three and one half inches fiber glass
ceiling insulation, single pane windows, and good caulking
and weatherstripping. Retrofitting included addition of
three and one half inches of insulation to floors and wall,
six inches additional insulation to ceiling'area, and addi-
"tion of storm windows. Results of the study found base tem-
perature before retrofitting to be 63.5° F and 59.0° F

after retrofitting. This finding supports the common
opinion that base temperature should decrease as structural
thermal characteristics improve.

Mayer and Benjamini (11) found 65° F to be an

adequate value for structures with high'hcat losses but was
inadequate for structures with low heat losses. Again, in
this study, balance temperature or base temperature was
assumed to be a function of interior temperature, solar heat
gain, and internal heat gain. Tests were conducted on 50

structures in which balance temperature was treated as a
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variable. This was a conglomerate study of 50 homes and
resulted in an overall base temperature of 62.3° F.
Studies on sihgle or individual structures revealed base
temperature to be 62.1° F.

Harris et al. (12) proposed a single alternative
equation for estimation of seasonal energy consumption for

residential heating. The eqdation is given as follows:

h D 24 Oy
s— [1 - Kd (65 - t + DTO)]

F = ==
Eg C

(7)
where
F = Seasonal energy or fuel consumption, units.

h = Heat loss rate of structure, BTU/hr ° F.

Ds = Seasonal heating degree days (65° F base),
° F - days.
Es = Seasonal utilization efficiency, dec.

C = Heating value of fuel, BTU/Unit.

Kd = Degree day correction factor, dec.

D’I‘O = Indoor-outdoor temperature difference, ° F.
Parameter, Kqr is a base temperature sensitivity
coefficient developed from data of degree days calculated at
different base temperatures for 46 cities in the United
States. Parameter, DTO' is the indoor-outdoor temperature
difference at zero heating energy requirement. Thus, the

primary modification of this approach is a variable base
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temperature. The modified equation was tested on 170
structures in six cities. Mean error of prediction was
found to be 3.4% with a standard deviation of 31.0%. This
was a significant improvement over results obtained from
conventional degree day techniques.

In a study by Fischer (13), data from 54 instrumented
homes and three townhouse apartments were evaluated to deter-
mine adequacy of the degree day technique for estimating
energy consumption in residences. A total prediction error
of less than 7 percent was found in the study. Base tempera-
ture was varied from structure to structure. Overall aver-

age base temperature was 64.4° F.

Heat Loads

Along with base temperature, another potential source
of error in degree day predictions is in calculation of heat
loads. Strock and Hotchkiss (1) noted in their initial
studies of degree day techniques that heat loss calculations
were often too generous. Over predicted heat loads directly
impact energy consumption predictions. AGA modified the
standard degree day equation because of consistently high
heat loss calculations (5). .The proposed AGA multiplier is
used to reduce design loads to actual loads. Harris et al.
(12) attributed sigﬁificant error to heat loss calculations.

Harris suggested average heat loss rates would yield better

results.
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Two of the most common methods of calculating design
heat loss are Manual J method developed by National Environ-
mental Systems Contractors Association and methods presented
by American Society of Heating, Refrigeration, and Air-
Conditioning Engineers (14, 15). Common consensus is that
the Manual J method overestimates design heat loads for
residentiai structures. ‘Impéoved methods of calculating

design heat loads are presented in ASHRAE GRP 158 Heating

and Cooling Load Calculation Manual (16). This manual was

published in 1979 and presents latest ASHRAE techniques for
calculation of design heat losses.

For the most part, heat load calculations are based
primarily on conduction principles. 'Heat loads due to los-
ses through ceilings,'walls, windows, etc. are primarily a
function of heat transfer coefficients, temperature differ-~
ence, and area. Primary exceptions to this ére infiltration
and concrete slab floor heat losses.

Infiltration is perhaps the most highly variable and
hardest to predict heat loss associated with a residential
structure. Infiltration is air leakage through cracks and
openings around windows and doors and through walls and
floors. The quantity of infiltration or quantity of air
flow into and out of a residential structure is dependent up-
on inside-outside pressure difference. Pressure differences
are largely due to wind forces, temperature differences, and
internal pressurization by the éir distribution system (17).

ASHRAE Handbook of Fundamentals outlines two basic tech-
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niques for calculation of heat loss due to infiltration
(15). One method is the crack length method. This method
is based on the amount of crack around windows and doors.
An assumption is made that one-half of the total crack
allows inflow of air while the remaining crack is used for
exhausting of air. Both sensible and latent heat loss due
to infiltration can bé calculated by the crack length
method. The crack length method is generally considered to
be the most accurate method when window and pressure
characteristics can be properly evaluated (17).

The second method commonly used is the air change
method. The air change method is based on a judgment
regarding structural infiltration characteristics. Based on
structural characteristics, an estimated number of air
changes per hour is selected from which heat loss is calcu-
lated. ASHRAE states that measured infiltration rates have
been found to range from 0;45 to greater than 1.5 air
changes per hour in winter conditions (15).

A significant quantity of research has been done to
evaluate infiltration in residential buildings. Behnfleth
et al. (18) measured infiltration in two residences at the
University of Illinois and found infiltration in research
home number one to range from 0.17 to 0.43 air changes per
hour and 0.26 to 0.64 in research home number two. A
conclusion was drawn that measured infiltration quantities

were in good agreement with those found using ASHRAE crack
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length and air change methods. Tamura (19) also conducted
tests in the measurement of air infiltration and found
results supportive of those reported by‘ASHRAE. While many
research findings support ASHRAE methods, others have
suggested ASHRAE design calculations yield air change rates
higher than actual. Hill and Kusuda (20) found this to be
evident in their study of air infiltration. Peterson (21)
recommends use of the air change method and reports measured
air change rates from 0.37 to 0.86 air changes per hour in
residential structures. Tamura (22) states that ASHRAE
crack length and air change methods are adequate for design
load calculations but not for hourly energy analysis
calculations.

Research in heat loss from concrete slab floors was
primarily conducted during the late 1940's and early 1950's.
Dill et al. (23) derived three heat loss factors:

1. Pactor Fl: Factor Fl represented heat loss in

BTU per hour per linear foot of exposed edge
divided by the number of degree-days in a
particular month.

2. PFactor F2: Factor F2 represented heat loss in

BTU per hour per linear foot of exposed edge
divided by the average tempefature differences

between inside air and outside air.
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3. Factor F3: Factor F3 represented heat loss in
BTU per hour per linear foot of exposed edge
divided by difference in inside air temperature and
the ground temperature measured one foot below
surface.
Of the factors, F3 was féund to yield the best estimate of
slab floor heat loss. Howééer, it was somewhat impractical
to use since ground temperature data was not readily avail-
able. Because of this, Factor F, was suggested as the
best factor to be used for general purposes of estimating
floor heat loss.

Bareither et al. (24) studied heat losses from concrete
slab floors of various configurations. 1Isotherm patterns,
drawn for each floor type indicated floor heat loss at a
distance of three fee£ from the exposed edge of the floor
was essentially straight downward and the magnitude was
practically constant. Because of this, two equations were
proposed for estimating design heat loss through concrete
slab floors laid on the ground. One equation describes
losses through perimeter sections of the slab while the
other estimates losses through the interior floor section.

ASHRAE utilizes results obtained from the>abdve studies
to define recommended procedures for calculating heat losses
through slab floors (15).A The proposed procedures identify
two types of floors. Type one floor is an unheated concrete

slab floor on grade. Type two is a concrete slab floor
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which contains heating pipes or hot air distribution ducts.
In both cases, heat ioss was found to be more nearly propor-
tional to perimeter length than to floor area. Therefore, a
floor heat loss factor, F2, was developed. This factor
represents heat loss in BTU per hour per linear foot of
exposed edge per degree Fahrenheit temperature difference
between inside and outside temperature. Factor F, is
amplified in the ASHRAE procedure to account for interior
floor loss to the ground. Recommended values of F2 are

proposed for general design purposes.
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CHAPTER III
DATA COLLECTION AND PROCEDURES
Data Collection

To adequately evaluate prediction accuracy of degree
day techniques, detailed energy consumption and structural
data were required for a large number of Oklahoﬁa houses.
Data were collected on a total of 207 houses in Oklahoma.
All houses were single story structures with no basements.
Of the 207 houses, 105 were heated with natural gas
furnaces, 8? with electric resistance furnaces,and 15 with
electric air source heat pumps. Data were collected with
the help and cooperation of several utility companies within
the state. Arkansas-Oklahoma Gas, Lone ‘Star Gas, Oklahoma
Gas and Electric, and Oklahoma Natural Gas companies were
~instrumental in collection and gathering of data related to
residential structures heated with natural gas (25, 26, 27,
28). Public ServicevCompany of Oklahoma and State Rural
Electric Cooperatives provided data for hcuses heated with
electric'resistance furnaces and heat pumps (29, 30).

Energy consumption data were obtained from billing
records of companies supplying the heating fuel or energy.

Energy consumption data were obtained for calendar year 1978

20
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for many of the houses and for heéting season 1978-1979 for
the remainder. For each house, seasonal heating degree days
were calculated for the season over which energy consumption
data were recorded. Degree day information was obtained for

the various locations from Climatological Data for Oklahoma

published by National Oceanic and Atmospheric Administration
(31). These degree days are reported using a 18.3° C
base temperature. |

Heating season energy consumption data provided by
ﬁtility companies were monthly data which included base
usage. Therefore, it was necessary to evaluate each home
independently to determine base loads. Base loads represent
relatively constant energy or fuel use by items such as
appliances, lights and water heating. Base usage is
difficult to determine. One method used by many utility

companies and recommended in the Residential Conservation

Service Model Audit consists of plotting monthly energy or

fuel consumption as a function of monthly degreebdays (32).
The plot is linear in nature with the slope of the line
representing fuel or energy usage per degree day. From the
plot, base load can be estimated by extrapolation of the
line.to zero degree days. For this research, base loads
determined by this technique appeared to be questionable in

accuracy. Texas Energy Management Training Manual

recommends estimation of heating season base load by

examining energy consumption during non-heating season
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months (33). For purposes of this research, both techniques
were employed. However, results obtained from the latter
method were primarily used.

Structural data were obtained for each residence
through an onsite inspection by utility company employees.
Structural data and thermal characteristic data were
required in sufficient detail to enable calculation of heat
loads. A summary of the type of structural and thermal data
collected is contained in Table:III. Specific energy con-
sumption, structural, and thermal data are contained in

Appendix A.
Load Calculations

For purposes of this research, heat loads were calcul-
ated by two methods. The first method is one commonly used
by engineers in heating, ventilating and air. conditioning
fields. This method is described in detail in the ASHRAE

GRP 158 Heating and Cooling Load Calculation Manual (16).

. The design heating load of each structure was calculated by
this methodology using an outdoor design temperature of

~ -10.6° C and an indoor design temperature of 22.2° C.
Original programming of this methodology was done by Okla-
homa Gas and Electric Company (34). Modifications to the
program were necessary to adapt input-output data routines.
While modifications were necessary, no change in calculation

methodology was made.
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TABLE III

REQUIRED STRUCTURAL AND THERMAL
DATA FOR CALCULATION
OF HEAT LOADS

Floor Area

Floor Type

Window Type

Perimeter Length

Type of Duct System Wall Area

Duct Location
Duct Insulation
Door Type

Door Area
Window Area

Window Location

Wall Construction Type
Infiltration Characteristics
Heating System Type

Ceiling Insulation

Floor Insulation

Wall Insulation
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In addition to the ASHRAE heat load program, a revised
calculation procedure was developed. Investigation of the
standard degree day equation (equation No. 3) reveals a
parameter of design heat load in the numerator and design
temperature difference in the denominator. Division of heat
load by temperature difference yields a heat léss rate in
watts per degree Celsius. 'Awmajority of the design heat
load is due to conduction and is calculated according.to the

basic conduction equation as described in equation 8.

O) (8)
where
q = Heat loss rate, W.
R = Thermal resistance, ° C-mz/W.
A = Area, m2.
Ti = Inside design temperature, ° C.
Tq = Outside design‘teﬁperature, °C.

Dividing conduction heat loss by design temperature
difference yields a heat loss rate equal to the éuantity of
area divided by thérmal resistance (A/R). Therefore, in
this stép, design temperature difference actually becomes an
irrelevant term. However,_this is not exactly true for heat

loss calculations in areas such as floors and infiltration.

" These heat loss calculations are normally not based on

conventional conduction principles. Because of these

principles, the revised load calculation procedure was
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developed. The procedure consisted of a computer program
called Computerized Residential Heating Analysis (CRHA)
(35). The nrimary difference between ASHRAE heat loads and
heat loads calculated by CRHA is ﬁhat the iﬁtent of CRHA is
to calculate average heat loss rates while ASHRAE programs
calculate design loads. Again, it should be pointed out
that heat loads calculated.bf’the conduction equation
actually become heat loss rates when used in the degree day
methodology. Therefore, primary emphasis in the CRHA
procedure was to revise calculations of infiltration and
floor heat losses to reflect average heat loss rates rather
than design loads.

All research houses in the data set contained suspended
frame floors over unconditioned crawl space, concrete slab
constructed on grade, or a combination of the two. Floor
heat loss calculations are vastly different for the
different floor types.

For suspended frame floors, normal procedure is to use
the basic conduction equation as shown in equation 8. How-
ever, for suspended floors over an unconditioned crawl
space, use of outside design temperature leads to over-
estimation of heat losses. This is because the stem wall of
the crawl space does provide some resistance to heat flow
which in turn causes an increase in crawl space temperature.
For an unvented crawl space, an energy balance can be used

to determine the unvented crawl space temperature under
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design conditions. However, few houses in Oklahoma have a
completely unvented crawl space. In reality, actual
temperature of the crawl space at design conditions is
somewhere between the vented and unvented condition. The
program assumes a crawl space air infiltration rate of 1/8
air change per hour. Thus, a crawl space temperature is
first calculated using an energy balance of heat flow
through the floor and stem wall assuming an unvented
crawl space. The unvented crawl space temperature is then
corrected for the 1/8 air change per hour to obtain the
temperature for the vented crawl space. The procedure takes
into account the added resistance of the stem wall.

Heat loss from concrete slab floors was calculated
based on procedures set forth by Bareither et al. (24).

Equation 9 was used to express slab floor heat loss.
QHF = [F x PL x (Ti - TO) + 3.94 x (FA - 0.91 x PL)] (9)

where
QHF = Heat loss rate in concrete slab floor, W.
F = Heat loss factor, W/° C-m.

PL = Perimeter length, m.

T, = Temperature inside, ° C.
T, = Temperature outside, ° C.
2

FA = Floor area, m".
3.94 = Heat loss constant, W/mz.

0.91 = Constant, m.
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The first component of the equation represents heat
losses through the perimeter edge. Factor F is a perimeter
edge heat loss factor which has a value of 0.477 for slabs
with perimeter insulation and 0.839 for slabs with no
perimeter insulation (24). The second component describes
heat loss throughkthe floor interior. This includes floor
area inside of a 0.91 m boundary around the perimeter (24).
Heat loss through this region.of the floor is asstimed con-
stant with a value of 3.94 W/m2,

Air infiltration heat losses were evaluated by classi-
fying each structure as to its quality in the areas of
caulking, weatherstripping, etc. Each hoﬁse was classified
as tight, medium, or loose. Basically, the ASHRAE crack
length method was used to calculate infiltration heat loss
(15). Crack length is normally détermined by measurement of
crack length around windows and doors. An additional assump-
tion ié'made in crack length methodology.that only one-half
of the total crack should be used for calculation purposes. -
This assumes outdoor air enters through windward cracks and
exits througﬁ leeward cracks. In the CRHA program, one-half
of total crack léngth'was‘estimated by multiplying total
window area in équafe meters by 2.46. Through a study a
several example homes, this approximation was found to be
reasonably accurate. The approximation was validated by

Public Service Company of Oklahoma in an independent

analysis (29).
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Air infiltration rates corresponding to various

structural classifications are contained in Table 1IV.

o

Values of air inflow rates are given in cubic meters of air
per hour per meter of crack. Equation 10 is used to
calculate heat loss due to infiltration around doors and
windows (15).

q; = 0.386 x CL x Qi X (Ti - T.) (10)

o

where
qg. = Infiltration heat loss around windows and
doors, W.
CL = Crack length, m.
Q. = Air infiltration rate, m3/hr—m.
T. = Inside design temperature, ° C.
Ty = Outside design temperature, ° C.
0.386 = Constant, W/° C—m3.
A component of air infiltration is also attributed to

wall area. Research results from Simplex Industries were

used to derive equation 11 (36).

dj = [0.4906 * WA * (T, - T;)1/2.0 (11)
where
q;,, = Heat loss rate from infiltration in walls, W.
WA = Wall area, mz.
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TABLE IV

AIR INFILTRATION RATES

Classification Air Flow Rate
(m3/hr—m)
Good A 1.3
- Average 2.6
Poor 5.2

Source: American Society of Heating, Refriger-

ation and Air-Conditioning Engineers
(15).

29
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T.
i

Inside design temperature, ° C.

Ty = Outside design temperature, ° C.

0.4906

Heat loss factor, W/° c-m2.
Heat losses in air distribution ducts were calculated
as a percentage of the overall structural heat loss.

Percentage values are contained in Table V.
Degree Day Applications

After heat loads and seasonal heating degree days were
determined for each research house, initial evaluations of
seasonal heating energy predictions were made. Prediction
accuracy of the standard degree day:equation (equation no.
3), NEMA modified equation (equation no. 4), ASHRAE médified
degree day equation (equation no. 55, and AGA modified
equation (equation no. 6) was determined using both ASHRAE
and CRHA heating loads. Each house was evaluated with each
equation. Seasonal energy consumption predictions from each
equation or methodology was then compared to actual energy
or fuel consumption to determine accuracy of prediction.

After determining accuracy or inaccuracy of the various
degree day methodologies, methods of improvement in predic-
tion accuracy were investigated. 1In this investigation, at-
tention was again given to the original degree day equation
(equation no. 3). Basic parameters included in the equation

which affect seasonal prediction are degree days, heat load,



TABLE V

DUCT HEAT LOSS FACTORS

No Insulation 20%
2.54 cm Insulation 15%
5.08 cm Insulation 10%

Source: National Environmental Systems
Contractors Association (14).
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design temperature difference, furnace efficiency, and
heating fuel value. Potential errors in overall prediction
could be attributed to any one of these parameters. In
order to narrow the possibilities for error, an investiga-
tion was initiated using 55 of the 87 research houses heated
with electric resistance furnaces. Using homes heated with
electric resistances furnances allowed use of a constant
value for furnace efficiency of 100 percent. Along with
furnace efficiency, design temperature difference and
heating value of fuel could also be treated as constants.

By a process of elimination, only parameters of design heat
load and seasonal heating degree days were left to.make
contribution to error and variance of prediction. Because
design heat load or heat loss rate was calculated using the
two methodologies previously described, primary attention
was given to seasonal heating degree days. Aé was noted in
the literature review, much speculation as to primary source
of error in degree day methodologies has been attributed to
seasonal heating degree days.

Using the base data set of 55 houses heated with
electric resistance furnaces and standard degree day
methodology given in equation 3, seasonal heating degree
days were varied to determine overall impact on prediction
accuracy. Degree days were varied by changing the base or
reference temperature. Seasonal heating degree days were

calculated using base temperatures ranging from 12.8° C
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to 18.3° C. A method of converting seasonal heating de-
gree days from one base to another was developed by Harris
et al. (12). However, this methodology was a general
derivation based on nationwide data. A more site specific
investigation was.done for Oklahoma. Locations of Idabel,
Goodwell, and Oklahoma City were picked in the State of
Oklahoma for analysis. These locapions represent the broad
range of climates found in Oklahoma.  Idabel represents the
extreme warmést‘area in Oklahoma, while Goodwell represents
the coldest. Oklahoma City serves as an average. A method-
ology was developed to change total seasonal heating degree
dayé from one base temperature to another.

.From the analysis of the 55 houses, the degree day base
temperature which yielded the best results was determined
for each heat load methodology. After selecting appropriate
base temperature, the test was repeated using the remaining
32 research houses heated with electric resistance heat.
This procedure was used to verify results obtained from the'
first step in the analysis.

Final step in the analysis was to evaluate prediction
accuracy of the standard degree day methodology using new de-
gree day base temperatures on research houses heated with
natural gas furnaces and electric air source heat pumps. At
this point in the study, conclusions were drawn on the effec-
tiveness of reducing degree day base temperature on predict-

ing seasonal energy or fuel consumption for residential

structures.



CHAPTER IV
ANALYSIS OF DATA AND RESULTS
Comparison of Load Calculation Routines

Both ASHRAE and CRHA routines were used to calculate
structural heating loads for each house in the_research data
set. Even though the CRHA routine is based on principles of
heat loss rate rather than design heét loads, loads were cal-
culated at design conditions to enable a comparison of the
two procedures. Design conditions are based on -10.6° C
outside air temperature and 22.2° C inside air temper-
ature. Table VI contains a summary of average loads of the
entire 207 research home data base.

Design heat loads calculated from ASHRAE procedures are
consistently higher than those calculated by CRHA proce-
dures. Based on average values from the entire data set
CRHA procedures yield design heat loads approximately 32 per-
cent lower than ASHRAE. A further breakdown of load calcula-
tions for each procedure is shown in Table VII. In Table
VII, load calculations for each basic structural heat loss
item are shown. Calculafion differences for windows, doors,

walls, and ceilings are small. The differences are due

34



TABLE VI

AVERAGE DESIGN LOADS FOR

207 RESEARCH HOUSES

35

Standard

Mean Minimum Maximum Deviation
Method (W) (W) (W) (W)
ASHRAE 16345 6892 41052 5569
CRHA 11058 5408 3186

23387




AVERAGE COMPONENT DESIGN LOADS
FOR 207 RESEARCH HOUSES

TABLE VII

Standard
Mean Deviation

Component Method (W) (W)

ASHRAE 2181 1221
Windows

CRHA 2462 1283

ASHRAE 310 134
Doors |

CRHA 309 135

ASHRAE 2010 805
Walls

CRHA 1875 1137

ASHRAE 1827 1024
Ceilings

CRHA 1530 840

ASHRAE 5477 3548
Floors

CRHA 2055 797

ASHRAE 3306 1085
Infiltration

CRHA 1953 640

ASHRAE 1233 946
Ducts

CRHA 874 731

ASHRAE 16345 5569
Total

CRHA 11059 3186

36
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primarily to differences in internal assumptions of thermal
resistance. For example, in the walls, ASHRAE corrects wall
R-value for 20 percent wood framing while CRHA does not.
Major differences in overall calculation of loads occur
primarily in floors and infiltration. As stated in the
Chapter III of this thesis, infiltration calculations in the
CRHA procedures were designéd to represent average heat loss
rates and, therefore, average or reduced loads. The same is
true for calculation of floor heat loss. Of tﬁe 207 re-
search houses, 96 had suspended frame floor construction and
111 had concrete slab frame construction; A comparison of
floor heat loads by both procedures subject to floor type is
contained in Table VIII. From information contained in
Table VIII, a major difference in floor heat loss calcul-
ations occurs in calculation of loads for frame floors. 1In
the ASHRAE methodology, heat loads fbr suspended frame floor
are calculated by conduction principles at inside and out-
side design air temperatures. . This together with the
thermal resistance of the floor yields a heat load at design
conditions. The primary difference in CRHA prodedures is
that a combined R-value of the floor and stem wall is used.
Heat losses from a suspended frame floor follow patterns
shown in Figure 1. Heat energy moves from the conditioned
space through the frame floor into the crawl space area.
From the crawl space, heat energy flows through the stem
wall and into the ground. 1In most cases, heat lost to the

ground is neglected.



TABLE VIII

COMPARISON OF FLOOR HEAT
LOAD CALCULATION

Floor Type Method Mean
(W)
ASHRAE 7980
Frame |
CRHA | 1882
ASHRAE | 3314
Slab

CRHA : 2210
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Even though crawl spaces are vented, common practice is
to close vents during winter seasons. Even if they are not
closed, the stem wall still provides some resistance to heat
flow. This resistance is noticed primarily in the fact that
crawl space temperatures are.higher'than outside temper—
ature. An energy balance on‘the floor section can be made
as was discussed in Chapter III. This procedure accounts
for the added resistance of the stem walls and provides the
primary difference in the ﬁwo calculation routines. It
should be noted that stem wall resistance is particularly
significant when the frame floor has low thermal resistance
or R-value. However, as frame floor thermal resistance
increases; thermal resistance of thé stem wall becomes less
significant. Figuré 2 contains a frequency distribution of
frame floor R-values for the 96 houses with suspended frame
floors in the research data set. Most of.the houses had no
added insulation in the frame floor. Therefore, stem wall
resistance was significant and contributed greatly to the
differences in calculations.

| Differences in slab floor calculations are primarily in
assumptions concerning heat loss factors. ASHRAE
methodology utilizes equation 12 to estimate design heat
load for concrete slab floors with no embedded supply ducts

and equation 13 for slabs with embedded air distribution

ducts.

dg = 76.9 - 1.0 x RV (12)

9 = 48.1 - 0.7 * RV (13)
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where
qe = Floor heat load, W/m.
RV = R-value of stem wall insulation, ° C—mz/w.
76.9 = Constant, W/m.
48.1 = Constant, W/m.

1.0 = Coefficient, W2/° C-m3.

0.7 = Coefficient, W2/° C—m3.
ASHRAE procedures and methodology base all slab floor losses
‘on periﬁeter heat loss factors. These factors are amplified
to account for losses to the ground.

As was stated in Chapter IiI, CHRA procedures were
derived from research results obtained from Bareither et al.
(24). These procedures establish a separate heat loss for
perimeter and ground. Basic heat flow patterns for concrete
slab floors are shown in Figure 3. Heat loss in the outer
0.91 m of perimeter edge is primarily a function of edge con-
struction and inside-outside temperature .difference. Heat
loss in the inner floor area is a function primarily of
ground temperature.

Differences in infiltration calculations occur in basic
assumptions and methodologies. = Both prdcedures categorize
houses according to infiltration characteristics. Houses
are categorized as tight, medium, or loose. ASHRAE proce-
dures are based primarily on the air change method. ASHRAE
air infiltration rates used for design conditions in

Oklahoma are contained in Table IX. Much of the literature
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TABLE IX

ASHRAE AIR INFILTRATION
RATES ‘AT DESIGN
CONDITIONS

: Infiltration Rate
Category (Air changes/Hr)

Tight 0.67
Medium 0.97

Loose 1.27

44
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review contained in Chapter II stated that design infiltra-
tion rates of 0.3-0.8 were common. Values used in Table IX
are much greater than this.

CRHA infiltration calculation procedures are based on
principles 6utlined in Chapter III and reflect loads based
on average conditions. The purpose of comparing heat load
calculation procedures in this research is not necessarily
to prove one procedure correct over another. Rather, the
purpose is to critically review current simplified calcula-
tion procedures in connection with degree day methodologies.
However, from this comparison, it appears significant work
is needed in calculating heat loads with simplified proce-
dures. Some of this work is already being conducted.
Fischer (13)'in his study compared the ASHRAE methodology

contained in ASHRAE GRP 158 Heating and Cooling Load

Calculation Manual to data collected on actual homes heated

with electric resistance furnaces (16). Actual loads were
calculated from hourly data of energy conéumption and
inside-outside temperature difference. Findings from the
study revealed ASHRAE célculated 1oads to be approximately

50 percent higher than those actually measured.
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Analysis of Existing Degree

Day Methodologies

One of the primary purposes of this study was to
evaluate prediction accuracy of currently employed degree
day methédologies. This was accomplished by comparing
estimated energy or fuel consumption to actual consumption
for each research house in the base data set. For each
house, percent error in prediction was calculated according

to equation 14.

pgr = FP_- FUA

*
FOR 100 (14)

where
PER = Percent error in prediction.
FP = Predicted energy or fuel consumption, units.
FUA = Actual energy or fuel consumption, units.

Analysis of various degree day methodologies was initially
done using only houses heated with natural gas and
electricity. Houses heated with heat pumps will be
discussed in a later section.

The first methodology analyzed was standard degree day
methodology shown in equation 3. The equation utilizes
basic parameters of heat load and degrée days with no
assumed correction factors for either parameter. Results of
the analysis are confained in Table X. Rated full load
furnace efficiency of 75 percent was used for natural gas

furnaces and 100 percent for electric resistance furnaces.
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TABLE X

RESULTS OF ENERGY CONSUMPTION PREDICTION
USING STANDARD DEGREE DAY

METHODOLOGY
Load Standard
Calculation Furnace Mean Error Deviation
Procedure Type (Percent) (Percent)
ASHRAE Electric 64.3 50.0
CRHA Electric 16.6 28.9
ASHRAE Natural Gas 6l1.6 40.4
CRHA Natural Gas 7.5 ' 30.4

*Mean error is the average percent error in prediction of
energy consumption as calculated by equation 14.
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From results shown in Table X, it can be seen that both
calculation procedures yield unsatisfactory results with the
standard degree day equation. Clearly, ASHRAE procedures
greatly over predict energy and fuel consumption. This is
the primary reason why many attempts have been made to cor-
rect or modify standard degree day methodology.

One of the first attempté to modify standard degree day

methodology was made by NEMA (3). Equation 4 represents

'NEMA's proposed modification with the value C equal to 18.5.

NEMA methodology originally was only developed for predict-
ing electrical energy consumption. Therefore, analysis of
NEMA methodology was done using only’the electrically heated
portion of the base data set. Results of the analysis are
contained in Table XI. Again, furnace efficiency is taken
by NEMA to be 100 percent.

Modifications by NEMA were found to significantly
improve prediction accuracy for both load calculation
routines. Not only was mean percent error reduced, standard
deviation was also lowered.

ASHRAE Modified Degree Day Methodology was shown in
equation 5. Correction factors Cb and Cp were added to
modify and improve overall accuracy. From Table I, at de-
sign condition, C

D

for a 20 percent oversized furnace. The value of CF is

is 0.82. CF was taken from Table II

1.56. Factor Cp only applied to fuel-fired furnaces and

therefore is taken to be 1.0 for electric furnaces. Results
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TABLE XI

RESULTS OF ENERGY CONSUMPTION
PREDICTION USING NEMA

METHODOLOGY
Load Standard
Calculation Furnace Mean Error Deviation
Procedure Type (Percent) (Percent)
ASHRAE Electric 26.6 38.5

CRHA Electric -10.1 22.3
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using ASHRAE Modified Degree Day Metho@ology are contained
in Table XII. Natural Gas furnace efficiency of 75 percent
and electric furnace efficiency of 100 percent is used in
the ASHRAE methodology.

Modifications to standard degree day procedures made by
ASHRAE show no improvement. Prediction error is greater
with the modified procedure than that obtained from standard
procedures. Because of this, the American Gas Association
proposed revisions to the ASHRAE method (5).

AGA proposed equation 6 to be used for more accurate
prediction of residential energy and fuel consumption. The
AGA methodology suggests a seasonal furnace'efficiency of
67.5 percent be used for natural gaé furnacés and a seasonal
furnace efficiency of 97.5 percent be used for electric
resistance furnaces. Results of using AGA methodology are
contained in Table XIII.

Results using AGA methodology were found to be
significantly improved over standard degree day methodology
and ASHRAE Modified Degree Day Methodology. Results from
AGA are similar to those found by NEMA. This was expected
in that the major differences between the two methods is in
assumptions of furnace efficiency.

Tables XIV and XV contain summaries of the various
degree day methodologies for both ASHRAE and CRHA load
calculations. From the summaries, NEMA and AGA

methodologies appear to provide best prediction accuracy.
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TABLE XII

RESULTS OF ENERGY CONSUMPTION
PREDICTION USING ASHRAE
MODIFIED DEGREE DAY

METHODOLOGY
Load Standard
Calculation Furnace ‘ Mean Error Deviation
Procedure Type (Percent) (Percent)
ASHRAE Electric 34.7 40.1
CRHA Electric -4.4 23.7
ASHRAE Natural Gas 106.7 51.6
CRHA Natural Gas 37.6 38.9
|
TABLE XIII
RESULTS OF ENERGY CONSUMPTION PREDICTION
USING AGA MODIFIED DEGREE
‘DAY METHODOLOGY
Load Standard
Calculation Furnace Mean Error Deviation
Procedure Type (Percent) (Percent)
ASHRAE Electric 0 29.7 39.4
CRHA Electric -7.9 _ 22.8
ASHRAE Natural Gas 38.2 34.5
CRHA

Natural Gas -8.0 26.0




TABLE XIV

SUMMARY OF DEGREE DAY PREDICTION

METHODS USING ASHRAE
HEATING LOAD

52

Degree Standard
Day Furnace Mean Error Deviation
Methodology Type (Percent) (Percent)
Standard Electric . 64.3 50.0
Methqd Natural Gas 61.6 40.4
NEMA :
Modification Electric 26.6 .38.5
ASHRAE Electric 34.7 40.1
Modification Natural Gas 106.7 51.6
AGA Electric 29.7 39.4
Modification Natural Gas 38.2 34.5
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TABLE XV

SUMMARY OF DEGREE DAY PREDICTION

METHODS USING CRHA
HEATING LOAD

Degree Standard
Day Furnace Mean Error Deviation
Methodology Type (Percent) (Percent)
Standard Electric 16.6 28.9
Method Natural Gas 7.5 30.4
NEMA ,
Modification Electric —lOfl 22.3
ASHRAE Electric -4.4 23.7
Modification Natural Gas 37.6 38.9
AGA Electric -7.9 22.8
Modification

Natural Gas

-8.0 26.0




54

Development of New Constants

One approach to improve prediction accuracy of degree
day methédology was to utilize the basic degree day equation
and apply an»overall correction factor. This is basically
the technique of improvement that all modified degree day
procedures have used. Two correction factors were
developed. A factor, GFact, was developed to be used for
natural gas heated homes. EFact is the electric resistance
correction factor. Equations 15 and 16 illustrate use of

the factors.

FUG 0.071 x Q x DD x GFact (15)

FUE 0.732 x Q x DD x EFact (16)

where
FUG = Seasonal fuel consumption, m3,
FUE = Seasonal energy consumption, kWhr.
Q = Heat loss rate, kW.
DD = Seasonal heating degree days (18.3° C base),

]

C-days.

GFact = Nafural gas correction factor.

EFact = Electric resistance correction factor.
.071 = Constant, hrs/° C-days.

.732 = Constant, hrs/° C-days.
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Notice that furnace efficiencies have been incorporated
into the factors of GFact and EFact. Furnace efficiencies
are variable and are relatively hard to determine without
extensive on-site investigation. Because of this, furnace
efficiencies were incorporated into the basic constants for
ease in utilizing equations 15 and 16.

Optimum values of GFaéé and EFact were determined by
equating the right hand side of equations 15 and 16 to
actual energy or fuel consumption of the reseérch houses.
This was done using both ASHRAE load calculation procedures
and CRHA procedures. Results are shown in Tables XVI and
XVII.

It should be emphasized that GF%ct and EFact are merely
constants which serve to improve predictidn accuracy. They
were developed from the base data itself. Therefore, before
constants such as these are applied for use in Oklahoma

houses, more data are needed to validate their accuracy.

Influence of Base Temperature

on Heating Degree Days

In order to determine effect of degree day base
temperature on prediction accuracy, it was necessary to vary
base temperature and note corresponding changes in overall
prediction accuracy. In this process, it was also necessary
to determine change in magnitude of seasonal heating degree

days as a function of change in base temperature from the
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TABLE XVI

CONSTANT CORRECTION FACTOR USED TO IMPROVE
DEGREE DAY ACCURACY FOR NATURAL
GAS FURNACES

Load Mean Standard
Calculation Error Deviation
Methodology GFact (Percent) (Percent)

ASHRAE 0.83 ‘ 0.6 25.1
CRHA 1.25 | 0.8 28.5
TABLE XVII

CONSTANT CORRECTION FACTOR USED TO IMPROVE
DEGREE DAY ACCURACY FOR ELECTRIC
RESISTANCE FURNACES

Load Mean Standard
Calculation Error Deviation
Methodology EFact (Percent) (Percent)

ASHRAE 0.61 0.2 30.5

CRHA 0.86 0.3 24.7
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standard 18.3° C base. Three locations within the State

of Oklahoma were used to determine this change. The loca-
tions were Goodwell, Oklahoma City, and Idabel. Long term
average degree days for each location are shown in Table
XVIII. The locations of Goodwell and Idabel represent
extremes in Oklahoma climate. As can be seen from the tabu-
lation of degree days, Goodwell represents colder regions of
Oklahoma in the Oklahoma panhandle. Idabel represents

warmer regions of southeastern Oklahoma and Oklahoma City

represents average Oklahoma conditions.

Daily average temperature data were compiled for calen-
dar years l974(ahd 1978 for both Goodwell and Idabel. From
daily average temperatures, seasonal}heating degree days
were calculated for base temperatures from 15.6° C to
18.3° C. From this data, reduction in seasonal heating
degree days from seasonal heating degree days calculated
with a 18.3° C base were plotted as a function of base
temperature. These graphs are shown in figures 4 and 5.

Daily average temperatures were also developed for
Oklahoma City for calendar year 1978 and for a 34 year
period of record. Daily average temperatures for the 34

year period were obtained from an Oklahoma City weather tape

. compiled by the National Oceanic and Atmospheric Administra-

tion (31). Seasonal heating degree days at various base

temperatures were calculated. Reduction in seasonal heating
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TABLE XVIII

LONG TERM AVERAGE
DEGREE DAYS

Location Degree Days
(18.3° C base)

Goodwell 2400
Oklahoma City 2052

Idabel 1519
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degree days from the 18.3° C standard as a function of
base temperature is expressed in Figure 6 for the Oklahoma
City location.

Each of the three figures reveal reduction in heating
degree day base temperature can be approximated by a linear
function of base temperature. The figures also reveal only
a relatively small variation due to data taken in different
years. Figure 7 contains a comparison of the three loca-
tions. Assuming that Goodwell and Idabel represent extremes
in Oklahoma climate, all locations in Oklahoma would be
expected to fall in the range illustrated by Figure 7.

Using average degree day data for each location shown
in Table XVIII, an average percent reduction in seasonal
heating degree days per degree day éhange in base tempera-
ture can be calculated. The slope of the line for each
location represents the reduction in seasonal heating degree
days per degree Celsius change in base temperature. By
dividing the slope by long term average seasonal heating
degree days (18.3° C base), a‘degree day correction fac-
tor can be derived. This correction factor represents the
reduction in seasonal heating degree days per degree Celsius
change in base temperature as a function of seasonal heating
degree days calculated at 18.3° C base. Correction fac-
tors for each location are shown in Table XIX.

As an example of the use of the degree day correction
factor, suppose long term average seasonal heating degrée

days are desired for Oklahoma City for a 16.3° C base tem-
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TABLE XIX

DEGREE DAY BASE CORRECTION FACTORS

Average
Degree Days Correction
Location (° C-days) Factor
Goodwell 2400 ; 0.090
Oklahoma City 2052 0.091

Idabel 1519 0.110
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perature. From Table XIX, the correction factor per ° C
change in base temperature is 0.091. For a two degree
change in base temperature, total reduction will be 0.182
times the long term average degree days (18.3° C base)

for Oklahoma City. For this procedure, total reduction is
373 degree days. Therefore, long term average degree days
for Oklahoma City at a base temperature of 16.3° C are
1678.

Harris et al. (12) developed a degree day correction
factor, Kd' This was done by calculating seasonal degrée
days at various base temperatures fof 46 cities across the
United States. For each city, the average percent change in
total number of degree days per season per degree Farenheit
change in base temperature was determined. These values
were then plotted against the total number of degree days
per season at a base temperature of 65° F. The results
are shown in Figure 8. For the range of degree days (65°
F base) foqnd in Oklahoma, the Harris correctioﬁ factor,
ranges from approximately 0.50 to 0.63. This is equivalent
to values of 0.09 to 0.113 in terms of degree Celsius, and
thus, is in very good agreement with results obtained in
this study. The equation developed by Harris to predict
Kd is shown in equation 17.

= 0.577
Ky = 6.398/DS (17)
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=
i

g = Degree day correction factor (° F base)
D_ = Seasonal heating degree days (65° F base)
Equation 17a is an identical relationship using heating

degree days with 18.3° C base temperature. The value

- Kg given in equation 17a is a correction factor based on

change in base temperature per dégree Celsius.

Ky = 8.19/(pp) 277 (17a)

Because of the good agreement between the study by Harris
(13) and the study completed in this research, equation 17a
was used to correct seasonal heating degree days for various

base temperatures.
Reducing Degree Day Base Temperature

An additional approach to improve degree day methods of
predicting seasonal energy or fuel use in residential struc-
tures was éentered around the parameter of seasonal heating
degree days. From the review of literature, it was found
that degree days were formulated on a base or reference tem-
perature of 18.3° C in excess of 40 years ago. Much
speculation has been givenlto the need for reducing base tem-
perature. Houses constructed during the past 20 years have

typically been constructed with higher thermal standards
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than those of the 1930's and 40's. Therefore, using the
base data collected for this study, an analysis was made on
the effects of reducing seasonal heating degree days by
reducing basevor reference temperature. To determihe these
effects, the standard degree day equation (equation 3) was
utilized with no correction factors applied. The data set

of 87 houses heated with eléctric resistance furnaces was

‘divided into two base data sets. One data set contained 55

"houses and the other contained 32. 1Initial analysis was

made using the 55 house data set. Electric resistance
houses were chosen for the initial phase of this study
because of their relatively constant furnace efficiency.
Furnace efficiencies for electric résistance furnaces are
commonly taken to be in a range from 95 to 100 percent. For
this phase of the study, electric resistanée furnace effi-
ciency was taken £o-100 percent. Therefore, the only vari-
able parameters in the basic equation were heat load and
seasohal heating degree days. Values for heat loads were
calculated with both ASHRAE procedures and CRHA procedures.
Fixing heat load calculations by these procedures,; seasonal
heating degree days were reduced by reducing base tempera-
ture. For CRHA load calculation proéedures, base tempera-
ture was varied from 15.6° C to 17.7° C. Base

temperature was varied from 12.7° C to 17.7° C for

ASHRAE load calculation procedures. Results bf this step in

the analysis are contained in Tables XX and XXI.
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TABLE XX

PREDICTION ACCURACY AS A FUNCTION OF
BASE TEMPERATURE FOR CRHA LOAD
CALCULATION PROCEDURES.

Base Temperature Mean Error Standard Deviation
(° C) (Percent) (Percent)
17.7 8.1 | 29.8
17.2 2.2 28.3
16.7 -3.6 26.7
16.1 -9.4 25.1
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TABLE XXI

PREDICTION ACCURACY AS A FUNCTION OF BASE
TEMPERATURE FOR ASHRAE LOAD
CALCULATION PROCEDURES

Base Temperature Mean Error Standard Deviation

(°C) (Percent) (Percent)
17.7 52.9 : 50.8
17.2 44.6 | 48.1
16.7 36.4 45.5
16.1 28.1 42.8

. 15.5 19.9 40.2

; 14.9 11.7 37.6

‘ 14.4 3.4 ~ 34.9

i 13.8 -4.8 32.3
13.3 -13.1 29.7

12.7 -21.3 27.1
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From this analysis, a base temperature of approximately
16.9° C appears to yield best results when heating loads
are calculated with CRHA procedures.. A base temperature of
14.2° C seems to be more appropriate for ASHRAE load
procedures.

Seasonal heating degree days calculated at base temper-
atures of 16.9° C and 14.2° C were used to analyze the
data set wiﬁh the remaining 32 houses héated with electric
resistance furnaces. Prediction results using these base
temperatures are contained in Table XXII. Mean errors and
standard deviations reported in Table XXII are within reason-

able limits for degree day applications. These values sup-.

port the base temperature results obtained on the original

data set of 55 houses.

The final step in this phase of the overall study was
to evaluate prediction accuracy using fixed degree day base
temperatures of 16.9° C for CRHA load proceduresAand
14.2° C for ASHRAE load procedures on research houses
heated with natural gas furnaces. A rated full load furnace

efficiency of 75 percent was used in the basic degree day

‘equation. Results are shown in Table XXIII.

Again, results of using reduced values of base tempera-
ture appear to be satisfactory even on houses heated with
natural gas furnaces. Even though the mean error reveals
overall prediction to be loﬁ, prediction accuracy still

falls within a tolerable band of plus or minus 10 percent.
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TABLE XXII

PREDICTION ACCURACY USING MODIFIED BASE
TEMPERATURE ON 32 ELECTRICALLY
HEATED HOUSES

Load Base Mean Standard
Calculation Temperature Error Deviation
Methodology (°C) (Percent) (Percent)

ASHRAE 14.2 2.9 26.7
CRHA | 16.9 5.4 20.5

TABLE XXIII

PREDICTION ACCURACY USING MODIFIED BASE
TEMPERATURE ON RESEARCH HOUSES
HEATED WITH NATURAL GAS

Load Base Mean Standard
Calculation Temperature Error Deviation
Methodology (°C) (Percent) (Percent)

ASHRAE ' 14.2 -3.8 _ 24.2

CRHA 16.9 -7.0 26.3
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Heat Pumps and Degree Day Methodology

Of the 207 research houses, 15 were heated with elec-
tric air source heat pumps. Prediction of seasonal energy
consumption for a house heated with an electric air source
heat pump on a simplified basis is normally done by first
predicting energy consumption for the same house assuming it
is heated with an electric resistance furnace. Knowing ener-
gy consumption of an electric resistance furnace, a seasonal
efficiency can be applied for the heat pump to obtain season-
al energy consumption. As has been stated earlier, electric
resistance furnaces have relatively constant efficiencies
near 100 percent. Seasonal efficiency of a heat pump is
expressed as a seasonal performance factor. Seasonal per-
formance factor (SPF) is a ratio of energy output over the
heating season to energy input to the heat pump. A common
average value of SPF for Oklahoma is 2.0. This says that
over the entire heating season a heat pump outputs two times
as much energy as it consumes. This is because the heat
pump moves energy rather than converts energy. Electric
resistance furnaces and natural gas furnaces convert an ener-
gy or fuel source to usable heat. The heat pump extracts
heat from one source and moves it to another location. Air
source heat pumps extract heat from outdoor air and move
this heat to the interior of the home as usable heat. There-
fore, if the energy consumption of a house heated with an

electric resistance furnace is known, energy consumption
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of the same house using a heat pump can be calculated by
dividing electric resistance energy consumption by the
seasonal performance factor. 1In this study, an SPF of 2.0
was used. Prediction results obtained from the various
degree day methodologies are contained in Table XXIV.

With all methodologies, prediction accuracy of seasonal
energy consumption of air source heat pumps is low. In some
cases mean error is acceptable, buf standard deviation is
high. Similar results are obtained when using degree day
methodology based on constant reduced base temperature.
These results are shown in Table XXV.

There are at least two primary reasons for the poor pre-
diction accuracy of energy consumption in houses heated with
heat pumps. One has to do with the particular year in which
base research data for this study was taken. The winter
seasons of both 1978 and 1979 were extremely cold. In ex-

tremely cold conditions, heat pump capacity is reduced while

structural demand for heat increases. During these times,

supplemental heat in the form of electric resistance strip
heaters is employed. As already stated, SPF of resistance
heat is 1.0. Therefore, in cold conditions and severe
winter seasons, SPF may drop well below 2.0. This can
result in a major source of error.

The second reason for error in prediction of heat pump
energy consumption is the base assumption of average values

of SPF. Seasonal efficiencies vary from one applicatidn to



TABLE XXIV

PREDICTION ACCURACY OF DEGREE DAY
METHODOLOGIES FOR AIR SOURCE

HEAT PUMPS
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Degree Heat Standard
Day Load Mean Error Deviation
Methodology Methodology (Percent) (Percent)
ASHRAE 10.0 42.0
Standard
CRHA -21.8 52.8
ASHRAE ASHRAE -9.8 43.3
Modified CRHA ~35.9 34.4
AGA ASHRAE -13.2 41.7
Modified CRHA ~38.3 33.2
NEMA ASHRAE -15.2 40.7
Modified CRHA ~39.7 32.4
TABLE XXV
PREDICTION ACCURACY USING CONSTANT DEGREE
DAY BASE TEMPERATURE FOR AIR
SOURCE HEAT PUMPS
Load Base ‘Mean Standard
Calculation Temperature Error Deviation
Procedure (°C) (Percent) (Percent)
ASHRAE 14.2 -33.4 31.4
CRHA 16.9 -32.1 36.3
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another. Assuming constant efficiencies for all houses can
lead to significant error. Additional research is needed in

the area of seasonal efficiencies for heat pumps.



CHAPTER V
SUMMARY AND CONCLUSIONS
Suhmary

Energy consumption, thermal, and structural characteris-
tic data were collected for 207 houses in the State of Okla-
homa. The data were used to evaluate simplified degree day
techniques for predicting seasonal heating energy or fuel
consumption in residential structures. Various degree day
methodologies investigated in the sthdy were the standard
degree day method, National Electrical Manufacturers Associa-
tion modified method, American Society of Heating, Refrigera-
tion, and Air-Conditioning Engineers modified method, and
the American Gas Association modified degree day procedure.
All methods were found to have considerable error of
prediction. An investigation into the reason for errors in
prediction yielded two major sources. One source of error
was found in calculation of heating loads. For the study,
heating loads were calculated by two methods. Commonly used
and accepted ASHRAE procedures served as one method while an
additional procedure was developed which concentrated on

average heat loss rates rather than design loads. From the

analysis of both procedures, ASHRAE procedures appear to

77
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over predict design heat loss values. Major errors of
over prediction within ASHRAE procedures appear to be in
floor and infiltration heat loss calculations. The study
was not intended to promote the revised load calculation
technique over ASHRAE procedures. However, results appear
to be more satisfactory with the revised load calculation
procedures.

The second major source of error in simplified degree
day methodologies was found to be in . degree day base tempera-
ture. An investigation was made into the effect of varying
base temperature on prediction accuracy of standard degree
day methods. Lowering base temperature achieved good re-
sults in improving overall predictign accuracy. Using CRHA
load calculation procedures, an optimum base temperature of
16.9° C was derived. Using ASHRAE procedures, a base tem-
perature of 14.2° C was found to yield best results.

This finding supports earlier conclusions that ASHRAE load
calculation procedures overestimate design loads and there-
fore result in over prediction of seasonal energy or fuel
consumption. A base temperature of 14.2° C appears to be

an extremely low base. To illustrate this, Oklahoma City,
Oklahoma has an average seasonal heating degree days (° C
-days) value of 2052 when calculated using 18.3° C as a

base temperature. At a 16.9° C base temperature, average
seasonal heating degrees are 1765. At a base temperature of
14.2° C, the value is 1025. The latter value appears to

be extremely low.
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Even though 16.9° C appears to be a reasonable base
temperature, it should not be taken as a strict value for
common use. As derived in this study, errors in calcula-
tions of heat load are incorporated into the derivation of
base temperature. Therefore, if significant errors were
made in the load calculations, base temperatures reported by
this study will also be in efror.

While the study did not yield a conclusive determina-
tion of degree day base temperature, it was valuable in
noting errors in currently used degree day procedures. It
was also valuable in determining sources of error, need for
improvement, and need for future research. In addition, by
using analysis résults from the study; improved predictions

of seasonal heating energy or fuel consumption can be made

on Oklahoma homes.

Conclusions

1. Calculation of heat loss rate with ASHRAE
procedureé yielded excessively high values. Errors in
calculation procedure were found to be primarily in floors
and infiltration.

2. Currently used modified degree day methodologies do
not satisfactorily predict residential seasonal heating

energy or fuel consumption in Oklahoma.
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3. Use of revised load calculation procedures
developed in this study and a degree day base temperature of
16.9° C yields improved results in prediction of seasonal

heating energy or fuel consumption in Oklahoma houses.
Suggestions for Future Work

From this study, it can be clearly seen that work is
needed in the calculation of structural heating loads.
Current load calculation procedures need to be re-evaluated
for accuracy. One method of evaluating actual structural
heating loads is by collecting hourly ehergy consumption and
temperature data for residential structures heated with elec-
tric resistance furnaces.? Because resistance furnaces have
efficiencies of 100 percent, hourly énergy consumption can
be correlated with inside-outside temperature differences.
By obtaining energy consumption or energy demand as a
function of temperature difference, heating demand or load
can be estimated at design conditions. This type of data
will aid in determining accuracy of present simplified load
calculation techniques.

Further investigations need to Be made in the areas of
design heat loss in concrete SIab—on—gradé floors and
infiltration. Even though significant research has been
conducted in these areas, research specifically oriented to
determination of design loads in each of these components is

needed. Further investigation is also needed in the area of
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degree day base temperature. Studies relating base temper-
ature or balance temperature to internal heat gains of a
structure are needed. Further work is needed in studies
such as the one reported in this thesis to develop more
insight into appropriate degree day base temperatures.
Research in seasonal efficiencies of air source heat
pumps is also needed. Seasonal efficiencies of residential
heat pumps vary with heat pump design, structural thermal
characteristics, sizing, and geographical location. Studies
need to be conducted to determine more reliable techniques

of estimating seasonal performance.
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COLLECTED AND COMPUTED DATA

FOR RESEARCH HOUSES

Research data for the 207 houses used in this study are

contained in Table XXVI. Definition of the variable list is

as follows:

1.

2.

12.
13.

14.

o

DD - Seasonal heating degree days, C-days.
QCHRA - Design heat load calculated by CRHA
methodology, W.

QASHRAE - Design heat 1oadicalculated by ASHRAE
methodology, W. '

FUA - Actual seasonal energy consumption. If FUH =
1, FUA = m3. If FUH = 3 or 4, FUA = kWhr.

TLA - Total living area, m2.

RC - Ceiling thermal resistance, ° C-m2/W.

FAF - Frame floor area, m2.

FAS - Slab floor area, m2,

RF - Frame floor thermal resistance, ° C—mz/W.
DA - Exterior door area without storm doors, m2.

DAS - Exterior door area with storm doors, m2.

GAS

Single glass area facing South, m2,
GAN - Single glass area facing North, m2,

GAE Single glass area facing East, m2,

88



15.
16.
17.
18.
19.
20.
21.
22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

89

GAW - Single glass area facing West. m?,

GASD - Double glass area facing South, m2,
GAND - Double glass area facing North, m?,
GAED - Double glass area facing East, m2.
GAWb - Double glass area fading West, m2.

PL - Perimeter length, m.

WA - Net exterior wall area, m2,

RW - Exterior wall thermal resistance, ° C-

RCOL - Roof color; 1 = Dark, 2 = Light.

FTYP - Floor type; 1 = Suspended frame, 2 =

Concrete slab, 3 = Combinat;on.

SLABI - Concrete slab insul?tion; 1l = Yes, 2 = No.
DUCTL - Supply duct location; 1 = No duct system,
2 = Concrete slab, 3 = Attic space, 4 = Suspended
frame floor, 5 = Conditioned space.

DUCTI - Duct insulation; 1 = No insulation, 2 =

2.54 cm duct insulation, 3 5.08 cm duct

insulation.
WC - Wall construction type; 1 = Brick veneer,
2 = Frame, 3 = Masonry.

IC - Infiltration condition; 1

ll

Tight, 2 = Mediunm,

3 = Loose.

OCC - Number of occupants.

FUH - Type of heating system; 1 = Natural gas,
2 = L.P. gas, 3 = Electric resistance, 4 =

Electric heat pump.
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RESEARCH DATA
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APPENDIX B

FLOW CHART OF CRHA HEAT LOAD

CALCULATION PROCEDURES
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INPUT DATA

CEILING HEAT LOSS CALCULATION

Eq. 8 -

pp. 23-24

WALL HEAT LOSS CALCULATION

Eq. 8 -

pp. 23-24

DOOR HEAT LOSS CALCULATION

Eq. 8 -

pp. 23.24

WINDOW HEAT LOSS CALCULATION

Eq. 8 -

pp. 23-24

DUCT HEAT LOSS CALCULATION
Table V - pp. 30-31

112

CONCRETE SLAB FLOOR HEAT LOSS
CALCULATION

Eq. 9 - pp. 26-27

SUSPENDED FRAME FLOOR
HEAT LOSS CALCULATION

Eq. 8 - pp. 25-26

INFILTRATION HEAT LOSS CALCULATION
Eq. 10 & 11 - pp. 27-28

TOTAL HEAT LOSS




APPENDIX C

LISTING OF CRHA COMPUTER PROGRAM
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LISTING OF CRHA COMPUTER PROGRAM

The following computer program contains calculation
methodology for the CRHA load calculation program. In
addition, the program also contains cooling load calculation
data, energy consumption calculations, and fuel or energy
prediction verification statements. The program is written
in Fortran IV Language for an IBM 370/168 computing system.
All equations, constants, and data contained in the computer

program are in the English system of units.
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AM MTTHCDCLOGY BY KEN JCHES AND SAM HARP 0OF THF AGRICULTUSAL

NEERING DEDPARTMENT AT CKLAHOMA STYATE UNIVERSITY.

CCOING AND MCDTIFICATICN BY LANTY SCHULTZ.

FROGRAM

COMMCON /CHFCK/GFT 3 CHY 4 QCT 4CCCTLT 3CHTR, QCTRyEFACT,,FACT2, TDIFFH
N ZUSAGE/KJAN JKFER yKMAP g KACR yKMAY 3 KJUN ZyK JUL s KAUGy KSEP y KOCT
+ KNOV G KDEC yKEASEyHJIANyFFEQ s FMAF 3 FATRy HMAY s HUUN , HIUL 4 HAUIG ,HSER,
+ HOCT HMNOV sHDFC HBASE, [FFLAG,TCFLAG, IDDFLG
CCMMON /CONATA/NAMEZANC 19 ADDZe PNAMEZRADD L 4RFADD2 ,CCUNTY ,FA,
CCCOLWRCHFTIYPFASF yFACS yRGF ySLABT 4DUCTLyDUCTI 4y DAL FDWDASHEDS,

cCcMMQ

GSAS,

C‘AFTDGAWT'DLOWAIWC'QWOIC'FU"'CCCL yPNGIPLF 4 FEH ZBEC,LCCC,

cEE,

DIMENSIDON

NIMEN
D IMEN
DIMEN
SEAL
nryBL
nata
SATA
CATA
SATA
JATA
TATA
ATA
~ATA
NATA

%% SE

TOIFT
THIFF

A%k CA

CALL
IF (1

*%k Cr

11¢C =
IFTYP
1nucT
15 UH

¥ CA

QYA =F
AHw=W
DEDAN=
QgrDS=
CkFD=0

GANW GAE 3G AWs GASDSs GAND, CATND, CAWDy GAST, GANT,
DRy CONLET , IDDTYP, 1D, ICCCLH

SINN INFIL(3)

SION PRNAVE(1)Y),PACC1( 1)), 2ALD2(190)

SICN INSTR(19)

1C

= PEFECISICN COUNTY

CNGLCLO L CELEC/1000000,0,72000,0,341340/
INFIL/3EMIN, 3FAVG, 3HMA X/

TeT/N010,47.06/ '

WETOF Sy WL TORN oW TLEr Wy WETDIRE/ 2540927 a0 060 e0460,0/
WETDT S, WETOTN g WETC TWey YFTNTE/ P20 0916009370437 0/
WETDDS s WE TODN g WETCOW s WETODE/ 2790351960445 00449,0/
TOH S TIH I TOC,TIC/1300,72e23GG0 0,760/

ETORETEN g ETDRCy ETORL /727405520030 43000 6400/
CORFNGCOFF14COEF2/16e784~1+33F=D2,6G0FE~N6/

T TEMFEFEATUCE CIFFERPENCFES

H = TIH - T0OH
C = TCC - TIC

LL SUOROQUTINE INDATA TC INSLY STRUCTURAL OCATA

INDATA(ISTOR)
STOP Qs 1) GC TC 22580

NAME (20) 3 ADD1 (2N ) 4 ADN2(2N) , IPAGESA (29950 ), ILOGO(32, 3€)

NVERT IC (INFILTRATION CTND.) TI INTEGER FOF QUTPUT PUPRPCSES

INT(IC)

= INT(FYYP)
t = INT(DUCTL)
= INT(FUH)

LCULATF PRESENT HEATINSG LOAD

A*TNIFEH/RC
AXTOIFEH/RY
CAXTOVIFFH/ED
DASXIDIFFH/RED S
FON+NHCS
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QAEG1I=(GAS+CANYCAE4+CAW) FTDIFFH/0LES
QHG2={GASD+GAND+GAFC+GAWC ) *TLIFFE/1,.7
OFGA={GASTH+CANTY+GAFT+GAWT)IX*TNIFF+/2,86
NFG=CHG1+CKHG24Q+G3
IF (DUCTL oFGe 100) DX =F40)
IF (DUCTL +FQe 2¢0) DX=Z,40
IF (DUCTL +=Ce 3.0) DX=4,0
IF (DUCTL oGe 440) DX=2.0
IE (FTYP L,EQe 240) GO T2 111F€
QRFCS = 049
QHFS = 0,0
IF (FTYR LEG. 1) GO TO 1119
IF (SLABYI +FQs 1) F=0,27¢
IF (SLABI +FGe 2) F=0,4%5
QFF={(FX*CLXTDIFFH)+ (1 2S*{FA-(3,0%CL)))
IF (DUCTL oFQe 240) QHF=OHF k1,7
GC T2 1129

1110 IF (W€ oFQe 1) LSW=0.732
IF (WC .GE. 2) USW=0,5%2
UUFE=1,N/2SF
CCR=(USW*PL%1,S)/(LF%xFA)
TCS=(TOHXICT 4T IH-DX )/ (FCF+1 4N)
TCS=(Na873%TCSIH(N.125%TCH)
QHF = F*FAX(( TIH-DX }=-TCS)
GO TN 1120

1118 IF (SLABIEQ.1) F = 0,276
TF (SLABIZFQaW2) F = NJ4EH8
PLRE = PL x (FACS/FA) !
QHFCS = (FXPLR*TDIFFH) + (1a25%(FACS=(3.,0%¥PLF)))
TF (DUCTL «FGo 2e0)) AHFCS = GRFCS * 1.6
IF (WCeEQel1) LSW = 0,372
T (WCeGEW2) USW = Q.58
1IF = \,.’)/'JSF

DLF = PLX(FASF/FA)

PCFE = (USWXDPLF*Xx1e5S)/{UF*FASF)
TCS = (TOHXRCF4TIH-CX)/ (RCF+1.2)
TCS = (N0P75%TCE)+{0.125%TO)

QFFS = UF*FASFX((TIK-DX)=-TCS)
OHF = GHFCS+QHFES .
1120 GTA=GAS+GAN+GAE+GAW+GASC+GANC+GAED+GAWD

+ +GAST +GANT +CAFT 4GAWT

IF (IC +FQe 1) Q=14.0

IF (IC +EQ. 2) G=28,0

IF (IC «EQe 2) Q=77.0

QIHS=((GTA%*D ,75)%Q*0.24*TDIFFH)/11.5
QIHL=(D«D064%WAXTD IFFH)/2,)
QFI=QIFS+ATHL
QFT=CHA+QHW+QHC+QH C4QHF 1Gi1I

UFACT = QHA/ (TDIFFH*FA)Y + AW/ (TDIFFH%FA) + QHD/(TDIFFH*FA ) +
+ GHG/(TDIFFH*FA) + GHF/{TDIFFH*FA) + QHI/(TODIFFH*FA)
IF (QUCTI +EQs 140) DL=0,.20

IF (DUCTI +FGe 2.0) DL=0.15

IF (DUCTI «FQe 340) DL=C,10

IF (DUCTL L Te 3.0) DL=9,.D

QFDT=GHT*DL

CFL = QHT

QHT=OHT +QHDT

OH = GHT-QHI
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CALCULATE PARASITIC LNAC FAR GAS HEATING

FANT = (24.0%DC/(TDIFFH#*1,5))

IF (DUCTL +=Gs 1¢0 «0Re FUH «GTe 2eD) GU TG ¥23A

IF (CCOL JNE. 1.0) GO TN 91827 .

IF (QHT JLEe 2400040) FLEN = 0.1R7*FANT

IF (CHT «GTe 240000 ,AND. CHY oLF, 30D00,0) FURN = 0,2CAxFANT
IF (QHT «GTs 300900 ,0) FURN = N¢373%FANT

GC 1€ 1328

IF (QHT «LFe 280004C) FLON = N,14°%FANT

IF (OHT oGTe 2870040 ¢ANDae QFT oLF e 37000.0) FURN = 041E7%F ANT
IF (CHT oGTa 20000,0) FLRN = D.2Sa*%FANT

Gr TC 1328

FUCN = N.0

CHM = FURN#%PEC

CHMP = CHMAQHTR/QHT

X% SET CORRSCTICN FACTCES TG ACORPNPRIATE VALUES FO0P FUSL TYPE USED

GHI = 2€2.5%CCCH+2+ ISX((FA+WA)/34D)+1850.0

CFACT1 = 1.18

GFACT? = 1.32

GFACTZ = 1.%4

EFACT1 = 14N

FFACT2 = 1.072

FFACTZ = 1405

EFACT = 1400

8 = QHT/TDIFFH

C = (CHL) /TNDIFFH

NELT = COEF2%B%R + CCEF1%B 4+ CCEFO
DELT = AMAX1(2.,0,DELT) "

NELT = AMINT (11,0, DELT)
DELT = 4000.0/R

DELT = 5075.0/C

RCD = 7243 - DELT

ADD = AMIN1(£5.0,80D)
BCDC = €5.0 - BDD
DELTNN = 755,00 * RCDC
pRceRP = 0N - DFLTDD

*% RDOC=0 FOP £5 F BASE TEMDETATURE
*% 3CDC 1S DFGPREES REDUCTICN IN EASE TEMPERATURE

DK = €4368/(0D%*%0,577)

FACT2 = 1.0 = (DKX¥ECNC)

TOCCR = DD*FACT?

FACT2 = 1.0000

IF (FUH (EQ. 1) COMNST1 = GFACT1*FACT2/CNG

IF {FUH +FQe 2) CONETY = GFACT1IXFACT2/CLP

1F (FUH +FGs. 2) CONETY = EFACT1*FACT2/CELEC

IF (FUH oEGs 4) CONST1 = EFACTI%*FACT2/CELEC/SPF
IF (FUH «FGe 1) CONST2 = GFACT?2%FACT2/CNG

IF (FUH +FQ. 2) CNONST2 = GFACT2%FACT2/CLP

IF (F'H +ECe 3) CONST2 = EFACT2%FACT2/CELEC

IF (FUH oEGe 4) CONET2 = EFACT2XFACT2/CELEC/SPF
IF (FUH +5GCe 1) CONST3 = GFACT2I%*FACT2/CNG

IF (FUH oEQe 2) CONST3 = GFACTI%XFACT2/CLP

IF (FUH +5Qe¢ 3) CONST3 = EFACT2*FACT2/CELEC

JF (FUYH «FGe 4) CCNST3 = EFACT3*FACT2/CELEC/SPF
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% CALCYHYLATE FLEL LSE

FUL ={24.%COCORQHT)I/(TOIFFH)I%COCNSTL
F1)2 =(24.*%DDCOFXOHT)Y/(TCIFFR)*CCNST?2
TUR 2 (24 4%TRCOF*QHT)/Z( TDIFFRH)XCONSTS
FUAZ (28, %DDCOF*XCHA )/ {TCIFFH)*CCNST
FLW=(24.,%¥0DCCR*CHW) /(TCTIFFH) *CONST
FUG=(24  XxCNCCR%XGHG )/(TC IFFH ) %CONST
FUGL=(28¢%CDCOFRXQHG1)/ (TLIFFKY®CCNST
FUG2=(28.*DDCORXQHGZ) /(TDIFFH)*XCCMST
FUGR2= (24 +*CUCCR¥OHG2Y/ (TCTIFFH)YXCONMST
FUD=(28.%0DCCF*CHD ) /{TDIFFH)*COCNST
FUD1=(2%*¥COCNR¥OHCNY/ (TDIFFH) #CONST
EUN2=(2A4 % COCOFXQHC S}/ {TCIFFRYXCOMST
FUF={ 244 XDDCCRYQHE ) /(TCIFFH)IXCONST
FUF1=(2A4 *CRCOR*CHFS)/Z(TCIFFF)XCOMST
FUOF2=(24¢%CDCOFR*QHFCS) /(TCIFFH)*XCONST
FUT=(244%DDCCR*QHT )/(TD IFFH)I*CNNST
FUDT=(24 +%CDCNFRXOHCT I/ (TOIFFFI*CONST

*% CALL BASE FCT VETIFICATICN GOF PESULTS

la)

CALL PASE(FAASELHTCT)

la¥a)

FOINY &€ PUNCHE TESULTS

TFUF = INT(FUH)
WOITE (659222) FUHs HTOT 3 GHT 3 CHL s QHy ICs FAs WAs GT A OCC s FBASE yPL ¢ RC 4R W
+ FIYE,DD : :
22 FCEMAT (//5(' ',8F10,2))

WRITE (7¢223) FUH,HTOT 3 CHT s CRL sy Qhy TCy FA WAWGT AL OCCy BBASEYPL 4yRCHRW,
+ FTYP,DD

n

232 FCEMAY (8F17.72)
GC TC 1940
C
C *% END OF CATA -— TIME TO QUIT
c .
Z2ED  WIRITE (£,2279)
2?70 FCFMAT (1H 4 '%k%kXkxk PRCGPAM TNDING — END OF CATA *okkkk*k?)

STCF
END
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SLPRCUTINE INDATA(ISTOPR)

INDATA —— FQCGRAMMED BY JEFF FARRIS -- MUDIFIED AY LAFRY SCHULTZ

THIS SYUBRCUTINE FETRIEVES CATA FC? THE AUDIT PROGFaANV,
CHECKS FOR EARCRS AND IF CORRECT PASSES DATA BACK TC CALLING
PGS AN, ELSE IT PRINTS ERPCP ANC CONTINUES.

IVFLICIT REAL (K)
DIMENSION INSTT (12), NANE(20), ADND1(20)s ADD2(20), FNAME(10),

- FADD1(10), RADD2(10)

CCMMCN /CNCATA/NAME yADD 1 ,ADDZ9SNAME,RADD1yRADD2sCCUNTY,,FA,
= TCCLWRC3FTYFR,FASF yFACS ,RSF,SLABI+DUCTL» OUCTI s DALFRD,,DAS,RDS,
- CAS3CANCAE sGAWSGASD,GAND yCASD 4CAWDsGAST »GANT,
CAET o 3AWT 3P Ly WA WCoF W,y IC,FUL; CTCL o PNGoPLP 3 PEH»PEC,CCCy
= SPF 40D CrCLHRZIDDTYR, ITD,ICrOLK

COMMON /CHECK/ZQFT 3 CHT 3 QCT+CCCILT yCHTR 3y QCTR W EFACT ,FACT2 4 TRIFFH
CCOMMON JUSAGE/KJAN s KFER JKMAR (JKAPE s KMAY 3 KJUNSK JUL s KAUGIKSED 4 KNT T,

+ KNOVKDEC yKBASE yHJANHFFEB,HMAFR ,FAFRy HMAY 3 FJUN, FJUL , HA'ICy HSEP,

1N49
1050

10€0

2n)

219

+ FOCT  HNOV HOEC ,HBASE . IHFLAG ,JCFLAG, IDDFLG
TEAL IC )

NCURLE PRECISICN CCLNTY

NDATA STAR, ASTEN, END/'STAR?®, '#kik*!', 'cND '/
ISTCF = 9

[RCGIN INPUT OF SYMBCL AND ALPHA FIFLDS

FEAD (S,1050) <SYMBCL

FCFMAT (1A4)

IF (SYMBOL +EQ. STAF +CFe SYMNBCL «CQe ASTER) GO TC 1069
IF (SYMBIOL «FQ. FND) GC TC 22560
I1~C = 1

GC TC 220)

CEAD (£,1070) NAMF

CEAD (S,1070) ADD1

TEAD (5,1079) ADD?

FOCRMAT (20A4)

TEAD (551080 ) &ENAME

FEAD {5,10€60) RADD1

PEAD (5,1080) RADD2

FCRVAT (10A4)

FEAD (5,10€0) CCUNTY

FCEMAT (14A8)

REGIN INPUT OF NUMEFIC [ATA, CNE VALUE PER CAFRD

CFAD (S,1109) INSTF

CALL TRANSUINSTR,IGC,FA)

GC TC (210422004220C42200), 17C
TEAD (S,110)) INSTFR

CALL TRANS(CINSTR,IRC,2C(CL)

GO TO (22042270,2200,2209), I™C
“EAD (£,1100) INSTR

CALL TRANS(INSTS,I1RC,RC)

IF (5C +5Qe D6)) PC = 149

GG TO (230,2200,22C0,2200), ITC
PEAC (S,1100) INSTR
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SLPRCUTINE INDATA(ISTOPR)

INDATA —— FQCGRAMMED BY JEFF FARRIS -- MUDIFIED AY LAFRY SCHULTZ

THIS SYUBRCUTINE FETRIEVES CATA FC? THE AUDIT PROGFaANV,
CHECKS FOR EARCRS AND IF CORRECT PASSES DATA BACK TC CALLING
PGS AN, ELSE IT PRINTS ERPCP ANC CONTINUES.

IVFLICIT REAL (K)
DIMENSION INSTT (12), NANE(20), ADND1(20)s ADD2(20), FNAME(10),

- FADD1(10), RADD2(10)

CCMMCN /CNCATA/NAME yADD 1 ,ADDZ9SNAME,RADD1yRADD2sCCUNTY,,FA,
= TCCLWRC3FTYFR,FASF yFACS ,RSF,SLABI+DUCTL» OUCTI s DALFRD,,DAS,RDS,
- CAS3CANCAE sGAWSGASD,GAND yCASD 4CAWDsGAST »GANT,
CAET o 3AWT 3P Ly WA WCoF W,y IC,FUL; CTCL o PNGoPLP 3 PEH»PEC,CCCy
= SPF 40D CrCLHRZIDDTYR, ITD,ICrOLK

COMMON /CHECK/ZQFT 3 CHT 3 QCT+CCCILT yCHTR 3y QCTR W EFACT ,FACT2 4 TRIFFH
CCOMMON JUSAGE/KJAN s KFER JKMAR (JKAPE s KMAY 3 KJUNSK JUL s KAUGIKSED 4 KNT T,

+ KNOVKDEC yKBASE yHJANHFFEB,HMAFR ,FAFRy HMAY 3 FJUN, FJUL , HA'ICy HSEP,

1N49
1050

10€0

2n)

219

+ FOCT  HNOV HOEC ,HBASE . IHFLAG ,JCFLAG, IDDFLG
TEAL IC )

NCURLE PRECISICN CCLNTY

NDATA STAR, ASTEN, END/'STAR?®, '#kik*!', 'cND '/
ISTCF = 9

[RCGIN INPUT OF SYMBCL AND ALPHA FIFLDS

FEAD (S,1050) <SYMBCL

FCFMAT (1A4)

IF (SYMBOL +EQ. STAF +CFe SYMNBCL «CQe ASTER) GO TC 1069
IF (SYMBIOL «FQ. FND) GC TC 22560
I1~C = 1

GC TC 220)

CEAD (£,1070) NAMF

CEAD (S,1070) ADD1

TEAD (5,1079) ADD?

FOCRMAT (20A4)

TEAD (551080 ) &ENAME

FEAD {5,10€60) RADD1

PEAD (5,1080) RADD2

FCRVAT (10A4)

FEAD (5,10€0) CCUNTY

FCEMAT (14A8)

REGIN INPUT OF NUMEFIC [ATA, CNE VALUE PER CAFRD

CFAD (S,1109) INSTF

CALL TRANSUINSTR,IGC,FA)

GC TC (210422004220C42200), 17C
TEAD (S,110)) INSTFR

CALL TRANS(CINSTR,IRC,2C(CL)

GO TO (22042270,2200,2209), I™C
“EAD (£,1100) INSTR

CALL TRANS(INSTS,I1RC,RC)

IF (5C +5Qe D6)) PC = 149

GG TO (230,2200,22C0,2200), ITC
PEAC (S,1100) INSTR
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SLPRCUTINE INDATA(ISTOPR)

INDATA —— FQCGRAMMED BY JEFF FARRIS -- MUDIFIED AY LAFRY SCHULTZ

THIS SYUBRCUTINE FETRIEVES CATA FC? THE AUDIT PROGFaANV,
CHECKS FOR EARCRS AND IF CORRECT PASSES DATA BACK TC CALLING
PGS AN, ELSE IT PRINTS ERPCP ANC CONTINUES.

IVFLICIT REAL (K)
DIMENSION INSTT (12), NANE(20), ADND1(20)s ADD2(20), FNAME(10),

- FADD1(10), RADD2(10)

CCMMCN /CNCATA/NAME yADD 1 ,ADDZ9SNAME,RADD1yRADD2sCCUNTY,,FA,
= TCCLWRC3FTYFR,FASF yFACS ,RSF,SLABI+DUCTL» OUCTI s DALFRD,,DAS,RDS,
- CAS3CANCAE sGAWSGASD,GAND yCASD 4CAWDsGAST »GANT,
CAET o 3AWT 3P Ly WA WCoF W,y IC,FUL; CTCL o PNGoPLP 3 PEH»PEC,CCCy
= SPF 40D CrCLHRZIDDTYR, ITD,ICrOLK

COMMON /CHECK/ZQFT 3 CHT 3 QCT+CCCILT yCHTR 3y QCTR W EFACT ,FACT2 4 TRIFFH
CCOMMON JUSAGE/KJAN s KFER JKMAR (JKAPE s KMAY 3 KJUNSK JUL s KAUGIKSED 4 KNT T,

+ KNOVKDEC yKBASE yHJANHFFEB,HMAFR ,FAFRy HMAY 3 FJUN, FJUL , HA'ICy HSEP,

1N49
1050

10€0

2n)

219

+ FOCT  HNOV HOEC ,HBASE . IHFLAG ,JCFLAG, IDDFLG
TEAL IC )

NCURLE PRECISICN CCLNTY

NDATA STAR, ASTEN, END/'STAR?®, '#kik*!', 'cND '/
ISTCF = 9

[RCGIN INPUT OF SYMBCL AND ALPHA FIFLDS

FEAD (S,1050) <SYMBCL

FCFMAT (1A4)

IF (SYMBOL +EQ. STAF +CFe SYMNBCL «CQe ASTER) GO TC 1069
IF (SYMBIOL «FQ. FND) GC TC 22560
I1~C = 1

GC TC 220)

CEAD (£,1070) NAMF

CEAD (S,1070) ADD1

TEAD (5,1079) ADD?

FOCRMAT (20A4)

TEAD (551080 ) &ENAME

FEAD {5,10€60) RADD1

PEAD (5,1080) RADD2

FCRVAT (10A4)

FEAD (5,10€0) CCUNTY

FCEMAT (14A8)

REGIN INPUT OF NUMEFIC [ATA, CNE VALUE PER CAFRD

CFAD (S,1109) INSTF

CALL TRANSUINSTR,IGC,FA)

GC TC (210422004220C42200), 17C
TEAD (S,110)) INSTFR

CALL TRANS(CINSTR,IRC,2C(CL)

GO TO (22042270,2200,2209), I™C
“EAD (£,1100) INSTR

CALL TRANS(INSTS,I1RC,RC)

IF (5C +5Qe D6)) PC = 149

GG TO (230,2200,22C0,2200), ITC
PEAC (S,1100) INSTR
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2200

2278

2274

2241
220

2260
2270

2271

+

FEAD (5,G9) KJULsKAUG,KSEF,KECTkNCV,LKDEC
PEAD (S+$9) KBASE

*% FTAD HEATING FUEL USE

EEAD (S5599) FJANyHFEBy HMAF 3 HAMD o FMAY, HJUN
PEAD (5,S7) HJULyHAUG,HSEP 4FCCT,HNGV, HDEC
QEAD (5,€C) FEASFE :

FCEMAT (7F1)5)

CALL LCOKUP FOR DATA VALUES DFGREE DAYS (DC) AND
CROOLING HOURS (COOLER)

IF (INNDFLG +EQ. N)

CALL TABLF1 (CCUNTYDD+CCIALEN, ITCH,IDDTYR)
IF (IDDFLG «EQe 1)

CALL TARLEZ2 (COUNTY DD COCALEALIRC,LIDDTYR)
IF (I7”C L,=Cs 2) GO 10O 2200

COFRECT COCLING HOUFS
COCLFR = CRCLHR * ),.82
CTNVERT DT AND COOLFR T INTEGFTS FOF DUTPUT PUEPCSES

10N = INT(DN)
ICCCLH = INT(CCCLHR)

CALCULATE SEASCNAL FERFCRMANCE FACTOR (SPF)

SPF = 2,572 - 0.,000143 * DN
SETURH
CONT TNUE

THIS BLOCK OF CCDE ATTENRTS T3 “ECCVEF PRCGFAM
FXECUTION WHEN AN ERFOR CCCUFS IN THE INPUT DATA

TEFRCE = [FRFCF + 1

WEITE (22,2278) INSTP, ISFRNP

FOONAT (10A14F10.2,418) o

WRITE (25,2274) NAME, ACD1, ADPN2, COUNTY

FrCEMAT (1140, '"NAME = 1 ,20A4,./," ADOI1 = 1V, 20A4./,
* ADC2 = 01,2048,/ 4 COUNTY = ' ,20A4,//)

If (IRC +FGe 3) GO TO 1CED

IF (IPC «SGe 6) GO TO 2250

DEAD (S,2250) SYM3CL

FCEMAT (1A4)

IF (SYMBOL +.EQe. ASTER) GO TO 1060

IF (SYM30L .FQ. END) GC TO 2269

GC TQ 27240

WILTE (£,42270)

FORMAT (1H , 'ka%k*x% DPECGRAN TACING — END OF CATA #dkx&*?)

CUTEYT FIECD SUMMAFY ANC CONTENTS OF ERROR FILE
WEITE (£,2271) 1EFFRCR

FORMAT (1H1,'SUNMARY OF ERRCFES FCF THIS RUN'y/,
1HO, "NUMREF OQF ERROFS = ' 12)

122
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SUBBCUTINE TRANS(ITEXT, I7C, "NUWV)
TFANS — PRCOGRAMMED BY JEFF FATRIS -— MODIFIED BY LAFRY SCHULYZ

THIS IS A SUBFCLTINE WHICH TFANSLATES NUMBERS KREAC 1IN
CHAPACTER FOFRM INTC THEIR CCFNRCT REAL VALUE EGUIVALENT,
THE NUMBEDS VAY RE EITHENR INTEGER PR REAL REPRESENTATINNS
ON INPLT,

VARTABLE LIST
ITEXT - 10 FLEMENT VECTCR CONTAINING CHARACTEFR STFING
QANUM = REAL NUMRER EGUIVALENT PETURNED TC DRIVEC
1°C ~ INTEGFF FETUFN COOF
IFC = 0 FCR A NCRVAL FETURN
I"C = 1 FCR AN FREC™ CCOMDITION
SURPRCGRAM LIST
QCRA® - FUNCTION SUAPTOGRANM WHICH GIVES REAL VALUE
FOE CCPOFESPONCING CHHARACTER REPRESENTATICN.
CNLY CONE PARAMETER IS DASSED, THE CHARACTEFR TC
BE TRANSLATFD.

DINENSICN TTEXT(10)
CATA [ZZRCye NINEy IDECFT, JTEBLANK /'0%', 298, ¢ ,1, ' v/

ASSUME NCRMAL FETURN WILL NCCue
ICc = 0
INITIALIZE ©NUM SO IT CAN RE USED T3 ACCUNULATE A LATFE® TRTAL
FENUM = 0
CHECK CHARACTER STFING FOR INVALID CHARACTER
DC 19 I=1, 19
IF (ITEXT(I) «EQe IBLANK) C7 TC 1)
IF (TITEXT(I) «GEes IZERC +ANDe ITEXT(I) +LEs NINE) GO TC 10

IF (ITEXT(I) EQ. INDECRT) C¢N YC 10

IF ABQVE CCONDITICN FAILS - INVALID CHARACTER
SET APORCORIATE FETURN CNCE AND RETUPRN

I”C =1
FETURN
CONTINUE
SET DECIMAL FCSITICN (ICECPS) TC Oy ASSUMING INTECGCER NINMBEP
ICECRS = )
LCCATE DECIMAL FCSITICN (IF ANY) AND SET IDECPS
NneC 20 I=1, 10
IF (ITEXT(I) o.NE. IDECPT) GO TC 20

IDECPS = I
GC TC 30

20 CCNTINUE
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CCNY INUE

SET FLAG Y0 HELF LCCATE EEGIM ANC END OF CHARACTEFR STF ING
FLAG = 0 8BFFORE FIRSY CHAPACTER FCUND

FLAG = 1 AFTER FIRST CHARACTER FCUND

FLAG = 2 AFTER FIRST RLANK AFTER LAST CHARACTER FCUNPR

INITIALIZE IFLAG TC. 0 17 STAFT LCCF

IFLAC = O

N0 55 I=1,s 10 :
IF (ITEXT(I) <EQe. IBLANK) CT TC 40
IF (IFLAC JNEs D) GO 70O 59

IREC = 1
IFLAG = 1
GO TO 39 :
IF [IFLAG +EGe N +0ORe IFLAC »5Ge 2) GO TG 50
IEND = I - ’
IFLAG = 2

CONTINURE

CHECK FOR INTEGER VALUF, IF <0 GC TO INTEGER SECTICN (100)
IF (IDECPS +EQ. ) GO Tr 129

CRECK T0O SFF 1F CHAFACTER STFING NEGINS WITH CECINMAL FCINT
1F SO FROCESS CNLY DECINAL PA™T CF NJMBER

IF (FOECPS .EQ. IHEEGY CC TN 7)
PECCESS INTFCFR PART NF REAL NUMAFF

I+CLD = INECPRS - 1
DC 60 1=13%G, IHOLD
PNUM = RENJNM + PCHAFCITEXT(I)) * 10.0 **x (IDECOS - I - 1)
CONT INUE
CONTINUR

CHFECK TN SEE IF CHAFACTEFRF STFING ENDS WITH DECINMAL FCINT
IF SN END PPOCESSING NF TFAL NUMBF®

1F (IDECPS +EQ. IENC) GC TO ¢
PPNCRESS DECIMAL PAFRT 0OF REAL NUMAFRE

I+CLND = 106CPS + 1
DC 20 I=IHCLD, IEND
FNUM = FAUM + RCHRAR(ITEXT(1)) * 10,0 ** (IDECPS - [)
CONTINUE
GCTC &9

SECTINN JF CODE FOR PPOCESS ING OF INTEGER (IDECFS = 0)

CCNTINUE

1f (IREG +EQ. 0) 60 TO 120

DC 110 U=I1EFG, IEND _
RAUM = CAUM + RCHAR(ITEXT(IY) * 19.0 **x (IEND - I)

CONTINUE
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SECTICN OF CCNPDE TO FROUNC NJMEER
TC DESIRFD NUMBER CF SICe. FIGURES,

CCNTINUFE

IF (IDECPS +EQ. 0) CO TC 120

ISIGFG = TEND - IDECPS

IPLACF = 10%x*ISIGFG

RCUND = S.0/(FLCAT(IP_ACE)*10.1)
IENUM = TINTO(RANUM+FCUND )*IOLATCE)
FNUM = FLOAT(ISNUM)/FLCAT(IFLACE)
PEOCESSING CCMFLETEND, FETURN TFSULLTS
PETUERN

END

125
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FUNCTICN RCHAR(IN)

FCHAG —— OFQGPAMMEC BY JEFF FARRIS

THIS SURPRCGRAM CHANGES THE C(HAPACTER FORM CF A NUMBER

INTO ITS CCoRSCT INTEGE® VALUZ.
EXAMPLE:

19y = g

oy = 9

DIMENSICN ITAR(10)
CATA ITARB /100, P10, vz, 130, apav, 501, g1,
- 1P, 18, 1gry

LCCKUD CHARACTET N TAELE {(1TA3) AND BY PGCGSITICN
IN TARLF ASSIGN APBFNPRIATEI INTEGES VALUE.

NC 1N I=1y 19
IF (IN o NC o ITAB(I)) CGC TC N
RCHAR = FLOAT (I - 1)
RETUEN .
10 CCANTINUR
FETURN
END

126
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SURFQUTINE RASE(RBASE,.HTOT)
EASE —-- 26 NCV 7@ VERSICN —-- LAEY SCHULTZ

AUDIT VALIDATICN RCUTINF, FCR LSF WITH ANY TYPE CF FUFL.

IMBLICIT FEAL (K)
DIVENSICN INSTR(10), NANE(20), ADD1(20), ADC2(20), FNAME(10),
- PACD1(1) ), RACD2(19)
CCMMCN /CHFECK/QHT 3 CHTsQCT+CCCCLT 4CHTRy QCTRIEFACTFACT2,TDIFFH
COMMCN /CNCATA/NAME,ADD13ANDN24RNAMFE,ZADDL1sRADD2s CCUNTY s FA,
~ FCCLWRCIFTIYFyFASF yFACS ¢RSF +SLABI,CUCTL,DUCTI»DAsFD4DAS,LRDS,

= CASsCANCAF yGAWsGASD,GAND»CATCH»GANDIGAST s GANT»

— GAET yGAWT +T Ly WA WCyPWy ICeF ULy COCL 9PNGyPLP 4yFEHyPECyCCCy
~ SPFsDDsCOCCLHRLZIDDTYP, ICO, I CCOLK
CCMMON /USACE/KJAN JKFEB JKNAR JKAFR yKMAY yK JUN yK JUL s KAUGKSEP 4 KOCT,
+ KNOVeKNEC KBASEZzHJIAN) FFEB, FMA7 y HAPR 3 HMAY » HJUN, HJUL +HAUGHSEP,
+ HOCTYsHNOV,HDEC yHBASE,IRFLAGC,ICFLAG, IDDFLC
NOUBLE PRECISION CCOUNTY

*% DEFINE PERCENT FRROR FUNCTICKN
FER(ESTHLACT) = (EST-ACT)I/ACT*100,.0

X% MAIN CALCLLATICNS

IF (FUH «5Te 2) GO T0 1111

HTINT = (HJAN+EFEB+FNARSFAFR4FDICTHHNOV4AHDEC) - (HBASE*7,.0)
CTOT = (KMAY+K JUN+KJUL4+KAUG4+KSEE) - (KBASE % S5,0)

GC TC 2222

TNTK = KJANKFERQ+KMAR+KAPF+KMAY+KJUN+KJUL +K AUGH+KSFP +KOCT+KNOV+KDEC
HTOT = (KJANKFEB+KNAR+KAPR+KOCTHKNUOVHKDEC) = (KEASE % 740)
HCTCT = TCTK - (KBASE #%:.12.0) ,

CTOT = HCYCTY — HTQY

IF (HTOT JLFCe 0e0) HTOT:I-O

SNE= (24 ¢ VXCC*kGHTREFACTAFACTZ)/(TDIFFHX3412,0%HTOT)

IF (FUH «5Ge 1) CFACT = (HTCTVXTRIFFHX100000040)/(24,0%N0*QHT)
IF (FUH +EQe 2) CFACT = (HTCTAXTDIFFH*G2000:0) /(24 D¥DD*CHT)
IF (FUH +SCe 3) CFACT = (HYCTATDIFFH¥34130)/(24.0%DD*QHT)

IF (FUH +GTe 4) CFACT = (HTCTXTNIFFH*3413.0%SPF)/(24.0%CNXQHT)
OCT = £2R(&PF, SNE)

IF (FUH +ECe 1) PRICE = ENG

IF (FUH «£Ge. 2) PRICE = PL?

IF (FUH «GT. 2) PPICE = PEH
HCOST = HTCT * PFRICE

CCAST = CYOT * DEC

HLPFT = QHT/FA

HLEFTR= QHT=/F A

CLPFT = QCT/FA

CLPFTR= QCTR/FA

*% CALCULATE PERCENTAGE DIFFERENCES

OCTOH = N0

PCTDC = 0.0 .
IF (HCOST WNEs Ne0) PCTCH = EFT(CHTy,HCOST)
IF (CCOST oNFEe NeN) PCTLC = EPR{CHT,LCCOST)
IF (FUH +LE. 2) BBASE = HBASE

IF (FUH «GTs. 2) 3BASE = KBASEFE

FETULRN

END
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SURFCUTINE TABLE1 (CCUNTY,

NCs CCCLER

s IRC,
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IDDTYP)

THIS IS A BLCCK OF CONE TC LCCK UF VARIABLES DD AND COOLHF

BY INPUTING

DIMENSICN CLIST(77),

T(77

DCURLFE ®RECISICN CCUNTY,
INDTYD = 2

DATA

CATA

CLIST(
CLIST(
CLIST(
CLIST(
CLIST(
CLIST(
CLIST(

1) /PADALIR?
2)/'ALFALFA
2)/VATCKA?

4) /'BE AVER?
E)/IBECKHAN ¢
6) /'BLAINE?
7) 7 RF YAN?
CLIST( 8)/'CcarCno’
CLIST( 5)/'CANADIANY
CLIST(10) /'CAFTER?
CLYST(11)/'CHERCKEE?
CLIST(12)/'CHOCTANW?
CLIST(13)/'CINARRCN?
CLIST(14)/"'CLEVELAN?
CLIST(1S),'COALY
CLIST(15)/'CO:MANCHE?
CLIST(17)/'COTTCN?
CLIST(18)/'CFAIG?
CLIST(19)/'CPREEK?®
CLIST(?20)/'CUSTER?
CLIST(?21)/'DELAWARE"
CLIST{(22)/'DEWEY?
CLIST(23) /'ELLIS?
CLIST(24)/'GAFFIELD?
CLIST(2E)/'GARVIN?
CLIST(PE)/'GRADY?
CLIST(27)/'GF ANT?
CLIST(28)/'GREER?
CLIST(?G) /THARMON?
CLIST(20) /"HARFER?
CLIST(31)/'HASKELL?
CLIST(32)/'HUGFES?
CLIST(33) /'JACKSCN?
CLIST(34)/'JEFFERSC?
CLIST(25)/'JOFNSTCN?
CLIST(3E)/'KAY?
CLIST(37)/'KINCFISH?
CLIST(38)/'KICHWA®
CLTST{3G)/'LATIMER?
CLIST{AO)/'LEFLORE"
CLIST(41)/'LINCCLN?
CLIST{42)/'LOCGAN"
CLIST(£3)/'LOVE?
CLIST(Aa4) /' MAJUCR?
CLIST(4E5)/'"MARSHALL?
CLIST (46)/*MAYES?
CLIST(47)/'MCCLAIN?
CLIST(A8)/'MCCURTATL?
CLIST(49) /'MCINTOSH?
CLIST(S0)/'MUFRFAY?

THE COUNTY NAMF,

v2)
cLISY

7T (
VERK
ZeyT( 3y
ZaT( Gy
72T ( Sy
T ( &
ZeT( 7
/e TH
ZaTH(
ZryT(19,
ZyT(11,
2T (12,
ST (173,
ZyT (14,
ey T(15,
/e T(1F,
ZaT (17,
ZeT(18,
ZeT(1C,
e T(2N,
ZeT(21,
/s T (22,
/'T(?3|
LeT(24,
ZeT (25,
/2T (26,
/9 T(27,
e T(27,
Z2T(29,
/T (3D
ZeT(31,
ZeT (322,
/e T(3R,
/T (24,
e T2,
e T (35,
/H»T(27, 1
79T (38,
T (3T,
Ze T (20,
Z+T(41,
ZeT(82,
79T (23,
2T (44,
Z27T(45,
72T (46,
s T(AT7,
Zr»T (AR,
72T (4G,
ZyT(50,

1y
2

=1}
Q,

1) 7L 1,
1)eT( 2
1)e T( 3y
1), T( 4,
1).7T{ 5,
1)eT( 6
1),TC 7,
1)e T( S
1)sT( G
1)sT(10,
1)sT(11,
1),T(12,
1),7T(13,
1),T(14,
1)sT(15,
1)sT(1E,s
1)eT(17,
1),T(186,
"1)eT(1G,
1), T{2n,
1),7(21,
1),T(22
1):T(23,
1)eT(24,
1),T(25,
1),T(2€,
1)97(27,
1)s7(28,
1) ,T(2G,
1) TL 30,
1)s7T(31,
1), T(32
1), T(33,
1),T(34,
1)s T{(35,
1), T(3E,
) £ T(37,
1)eT(38
1),7T(39,
1), T(40,
1),T(41,
1).7(42,
1)97(43,
1),T(44,
1),7T(a5,
1)eT(46,
1):7T(47,
1),T(48,
1)sT(49,
1).7(50,

PECVIDES ACTUAL DEGFEE DAYS.

2)/1575.04,414540/,
2)/1325.0,4796.0/,
2)/17EE4N43793.0/,
2)/1225.0,5162.0/
2)71220.0,828F.0/,
2)71452.1,4373.0/,
2)/1780.0,3525.0/,
2)/1520.0,4122,0/
2)/1500e0,43532.0/,
2)/1740.0,3200.07,
2)/15680.0,5151.0/,
2)/1780¢N4335440/
2)/ 9504N,S31340/,
2)/1611,5,4130,0/,
2)/1755.0,3809.0/,
2)/15820.0,4003,0/
2)/1625.0,3528.0/,
2)/7148040,4381.0/,
2)/1570.9,3¢32,0/,
2)/1400.0,4107,0/
2)/1520.0,431840/,
2)/1490.0,4473,9/,
2)/1300.0,5010.0/,
2)/1450,0,4469,0/
2)/1€59.0,3737.07/,
2)/71590.0,3715,0/,
2)/1375.1,455540/,
2)/71580.0,3272€,0/
2)/1490.0,3593,0/,
2)/12€0.2,8569,9/,
2)/1675.0,3914.0/,
2)/1725.0,3C02,0/
2)/1550,0,35805,0/,
2)/7168040,32439.0/,
2)/17604093420.0/,
2)/1425.0,4880.0/

2)/12A75.03A4329.0/,

2)/1€10.0+426G0/,
2)/1740eN,3592.0/,
2)/7170040,43E05,0/

2)/71E€040+48462.0/,
2)/1500.,0,4139.0/,
2)/17506743471.0/,
2)/71375.0,42°8.,0/

2)/717800,3%318,.,0/,
2)/715840,0,4362.0/,
2)/1€25.0,4084.0/,

2)/71700,09266140/

2)/7167540,3691.0/,
2)/71720,0,3691.,0/7,
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CLIST(51) /'"MUSKNGEE"*

CLIST(E2)/ 'NORLE?
DATA CLIST(S523)/'NOWATA?

CLIST(%4)/'CKFLSKEE"

- CLIST(55)/'CKLAHGCMAY

DATA CLIST(S€) /'OKNLLGEE?

- CLIST(57)/'0SAGE?

CLIST(S58)/'CTTAWA?®
CLIST(S9)/*PAWNEE?
DATA CLIST(RO)/'PAYNE?
CLIST(61)/'PITTSIUS!
CLIST(E2)/'PONTOTCC?
CLIST{(f3)/'COTTAWAT,.
DATA CLIST(€4)/7*PUSFMATA?

- CLIST(CE)/*FOCER NI
- CLIST(%6)/'FOCFRS?

CLISY(<7)/'SEMINOLE"
DATA CLYIST(52)/*'SEQUOYAH?

- CLIST(AG) /'STEFHENS?

CLIST(7Q)/'TE XAS!*
CLIST(71)/*'TILLMAN
DATA CLIST{72)/'TULSA"
CLIST(73)/*'WACOCNER?
CLIST(74)/'WASKHINGT?®
CLIST(75) /"WASHITA?
NDATA CLIST(7A)/'wOCCS?
CLIST(7?7)/7*WOCOCWARC?

ZeT(51,
ZyT(=2,
/2 T(53,
/+sT(54,
ZesT(5E,
/2y T(56,
ZyT(S7,
/T (58,
/2T (R0,
/ey T(F O,
/ey T(E 1,
ZrT(E2,
/e T(53
/e T(HA,
/2T (ES,
/'T(F’&’
ZeT(ET7,
/2T (52,
/2T (RC,
ZaT(70,
ZaT(71,
ZaT(T72,
ZeT(72,
/2T (74,
ZeT(TS,
ZyT(TE,
SaT(77,

INITIALIZE RETUPN CCDE (IPC) TN 1
IF FERECR CCCUPS IN CCUNTY NANMC RETURN CODE (IRC) IS SET Tn 2

IFC =1
DC ”RSHY I=1, 77
IF (CLIST(I) +EQe COUNTY)
COCNTINUS
1=C = 2
GN TC 8700
CCOLKED = T(1ls1)
DD = T(1,2)
FETURN
END
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1), T(S51s 2)/716320.0,4710.0/,
1)9T(E2y, 2)/71470.0,4231€40/
1), T(53s 2)/71475.0,4307.0/,
l)'T(E“r 2,/]6?5-0'3775-0/'
1)9T(SS, 2)/71€50.044223.0/
1), T(S€Ey 2)/71€620.0,3984.0/,
1)2T(S57y 2)71875.0,8350.0/,
1)eT(S8s 2)/14506)4+42)19.0/,
1),T(5Sy 2)1/1500.0,4258.0/
1)y 7(60s 2)/1510e0,85%6.,0/,
1)sT(Ele 2)/1730.0,8079.0/,
1)sT(62y 2)/71740,0,369€ .0/,
1)eT(E3y 2)/71€30.0,3823.,V/
1)eT(EQGy, 2)/17€0eN93759eN/,
1),T(EE, 2)/1375.0,86A8,0/,
1)eT{6EY 2)/1E30,0:8452.2/,
1)esT(E?y 2)/1580.0,3728.0/
1) T(E8y 2)/7165N0.N92EE6340/,
1)y T(EQy, 2)/71€50.N,3028.0/,
1)eTL70s 2)/71125.0,4516240/,
1) T(71y 2)/71577%e743933.,0/
1), T(72y 2)/1550eN:4118.0/,
1)sT(73y 2)/71570eN,816040/,
1)eT(74y 2)/71500679424824)/
1)sT(7E, 2)/71475.0,420F,0/
1)e T(76Hy 2)/71200,N38550.N/,
1)eT(T77s 2)/1320eN0,48336.0/

cn TC 2600
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SUBFRAOUTINE TABLEZ2(CCUNTY, DD, CCCLHR, IRC, IDDTYP)

THIS IS A PLOCK CF CODE TC LCTK 4P VARIABLES DD AND COOLHR
BY INPUTIMG THE COUNTY NAME, CRCVIDES DEGREE CAYS FOR
'78 - '79 FFATING SFASCN,

DIMFASION CLIST(?77), T(77,2)
DTUYRLE POECISICN CCULNTY, CLISY
10DTYP = 2

DATA CLIST( 1)/'ADAIR? ZaT0 1y 1) sT( 1y 2)/15754N,4023.0/,
CLIST( 2)/'ALFALFA" ZeT (0 25 1)eTC 24 2)/7122%,n,4587,0/,
CLIST( 2)/'ATCKA? ZaTC0 3y 1),T( 3% 2)1/71785.0,3597,0/,
CLISTC 4)/Z7'BEAVENY /4T ( Ay 1)sTL 4y 2)/1225,0,5222¢0/

NATA CLIST( S)/'BECKRANM Y ZyTU 55 1)0T( 5y 2)/1420.N0,A2983.0/,
CLIST( E)/'BLAINF? ZaT( EW 1)sT( €4 2)/71850,.0,8461.0/,
CLIST( 7)/¢ATYAN? ST 70 10010 79 21/1780.042712427/,
CLIST( 3)/'CACEO? SaT0 8y 1)y T &y 2)/71520,.0,415640/

FATA CLISY( S)/'CANADTIAN! ZaT(. G 1)eT( Sy 2)71500.0,8410,0/,
CLIST(V))/'CAFTER? ZeT(1IN, 1), 7(10y, 2)/1740,0,3049.0/,
CLIST(11) /'CHEFCKER Y ZHaT{11l, 1)+T(11ls 2)/1580.0,8124.0/,
CLIST(12)/'CHNCTAW? SeT(12y 1)4T(12y 2)/178046,32784.07

MATA CLIST(12)/'CINARRCN? ZaTC13s 1),TL13s 2)/ GS0.N,S22€.07,
CLIST(14)/'CLFVELAN? /rT(1%, 1) 4T(16,s 2)/71€610,0,0033.0/,
CLIST(1S)/'COAL? ZyT(1%5s 1)sT(15 2)/1755,0,3597.0/,
CLYISTC1€) /' COMANCE Y ZeTU1R, 1) 4T(1€s 2)/1520,0,2989,0/

NATA CLISY(17)/*'COTTIGN?® ZeTU17g 1)eT(17¢ 2)/71625.0,3532.0/,
CLIST(18)/'CRAIG! ZeT(18g 1)3T(18y 2)/1400.0448536eN/,
CLIST(13)/'CRFEK® ZeT(19, 1),T(19, 2)/1570.0,3329,0/,
CLIST(20)/7'CUSTFN ZeT(20, 1),T(20, 2)/71400.7,4272.07

DATA CLIST(21)/'DELAWARE? ZeT(P1a 1)0T(21, 2)/1520404A42G€40/,
CLIST(22)/'DEWEY? ZaT(P2, 1) 4T(22, 2)/711%00.0,45489.0/7,
CLIST(P3)/'FLL IS ZaT (23 1)sT(23s 2)713DD0.045077.0/,
CLIST{P4) 7'GAFFIFL? ZyT(28,y 1),T(24, 2)/1850.0,4565,.,N/

NATA CLIST(PS) /'GARVIN® ZaTL2%, 1) s T(28y 2)/71E50.N:3%962,0/,
CLIST(26)/7'GRACY " ZeTH(2€s 1)4T(2€6s 2171560042750 .0/,
CLIST(27) /7GR ANT Y ZaT(27, 1)sTL27s 2)/1375.0,84671.0/7,
CLIST(28) /'GREED? ZeT(28, 1)y T(28y 2)/148040,3875,0/

DATA CLIST(DPG)/'HAENCNY /aT(27, 1),T(29 2)/714S0.N,3%08.0/,
CLIST(30)/'HARBER? ZeT(30, 1) 4T(30s 2)712E0.0,8617.0/,
CLISY(31) /'HASKFLL ! ZeT(2ly 1)sT(31y 2)1/1675.0,32540,9/,
CLIST(32) /'HUGHES? ZsT(37,s 1)eT(32y 2)/1725e0,373€.0/

DATA CLIST(32)/'JACKSON? ZeT(322, 1),T(33, 2)/1550.04,8183,0/,
CLIST(34) /' JEFFEDPSCH /T34, 13,T(34, 2)/71€80:0,2281,0/,
CLIST(3IS) /P JOHNSTCNS ZeT{25, 1) T(35, 2)/17€E0.,0,2416,0/,
CLIST(3E)/'KAY? ZeTUEy 1) T(3€y 2)/7182%,045160.0/

DATA CLIST(37)/'WINGFISH! . /Z4T(37, 1),T(37, 2)/718735.0,4558,0/,
CLIST(3E)/'KICRA" ZeT(28, 1)sT(38, 2)/1510.N,4341,0/,
CLIST(2G)/'LATIMER » /e T(2C, 1), T(39, 2)/1740.0,3835.0/,
CLIST(A0) /' LEFLNRE? ZeT(A0, 1), T(40, 2)/7170HN,N,3438,n/

DATA CLIST(Aa1)/'LINCOLNY ZeT(ALl, 1), T(41y 2)/1550.0,4006.07,
CLIST{42)/'LOGAN? ZeT(A2s 1)eT(82y 2)/1500.0,3529.9/,
CLIST(43) /' LCVFS ZsT(A3, 1)sT(43, 2)/71750.0:3314.07,
CLIST(248) /94 JaR? ZeT(r8, 1),7(84, 2)/1375,0,4865.0/

DATA CLIST(45)/*MAFSHALL?® ZyT(AS, 1).T(45, 21/1780.0,3257.0/,
CLIST(&4€)/'MAYFS? ZeT(86, 1), T(46,s 2)/1580,0,4614.0/7,
CLISY(37)/'MCCLAIN? ZaT (874 1) T(Q47s 2)/71€6€25.0,3813,0/,
CLISY(48) /'MCCURTAT? /e T(22, 1):T (A48, 2)/71700.0,2457 .0/

CATA CLIST(4S)/'MCINTOSH ZeT(a9, 1),T(49y 2)/1675.0,8015.0/,
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- CLIST(50)/'MUPRAY ¢ Z2T(S0, 1) sT(S0, 2)/1740.0,35170/
- CLIST(S1)/'"MUSKOGEE? ZeT(S1y 1) T(EY, 2)/1€20,0:4160.0/,
- CLIST(E2)/'NORLE?® ZsT(S2y 1)9yT(52, 2)71870.0,4223.0/
DATA CLIST(S3)/'NOWATA" ZyT(53s 1)eT(S3y 2)/1475,044516.0/
- CLIST(54)/'0KFUSKEE"? /9T (24, 1)4T(ELy 2)/1€25.27.:3880.0/
- CLIST(SES)/'OKLAHLNMAY ZeTIS5S, 1)4T(S55, 2)/1550.0,64279.0/
NATA CLIST(S6)7"OKWMLLGEF? ZaT(S€y 1) T(SEy 2)/1€E20,0,38964,0/
- CLIST(57)./*0S AGE? /2T(57y 1) T(S7s 2)/1475.0,4507.0/,
- CLIST(SE)/'OT TawA? Z2T(5R, 1),T(SBy 2)/1450,9,4891.0/,
- CLIST(5G)/7'PAWNEE? ZeT(FCy 1)eT(59y 2)/1500.0,4190.0/
DATA CLIST(END)/'PAYNE? Z2aT(EN, 1),T7(60s 2)/71510.0,4605.0/,
- CLIST(ELY /'PITITSBLS ZaT(EL,y 1) sT(ELYy 2)/71720.0,389940/,
- CLIST(A2)/'FONTOTCC? ZaT(62s 1)y T(E2: 2)/71780,0,3569.0/
-~ CLYIST(E2Y/'POTTAWAYY ZeTUF3S 1),7(63s 2)/1£30.0,3916.0/
DATA CLIST(FA)/'PUSHMATAY ZeT(%hy 1) T(68y 2)/17€N,04362€.0/,
- CLIST({O6S) /7'FOCER MT® ZsT(ESs 1), T(EEy 2)/137E,0,8365N/
- CLIST(SE) /'RUGFRS Y /sT(EE, 1) ,T(664 2)/1S320.0+14719.07,
- CLIST(E7)/*SEMINCLE"® ZaT( 57y 1) T(6Ty 2)171£90,1043557.0/
DATA CLIST(4R) /'SEGUOYAR? ZoT(ERY 1), T(68By 2)/1€EEN.,N0,43568.0/,
- CLIST(6G) /*STEFHENS? ZHyT(FG, 1), T (6T 2)1/71€500,437150/,
- CLIST(70)/°'TE XAS? ZaT (7 1) T(70s 2)/7112€E,0,8254.07,
- CLYIST(71) /' TILLMAN /e TI71s 1) e T(71s 2)/71570.0,3986.0/
DATA CLIST(72)/°'TULSA? JeT(72s 1) eTLT72s 2)/1550.0,8228.0/,
- CLIST(73)/*wWAGOCNFFR* /ZeT(73s 1)eT(73y 2)/1570.0,422340/,
- CLIST(74) /7' WASHINGT?® ZeT(74,4 1),T(74s 2)71500.0,8323.0/,
- CLISY(75)/'WASHITA ! ZoTU75, 1)eT(7Sy 2)/7147540,4200007
DATA CLIST(7#)/'WNCODS? SaT{TE, 1) T{76, 2)/1300.0,46484.0/,
- CLIST(??) /'wOCCwWART? ZaTC774 1) T(77y 2)1/132D0.7,4976.3/

INITTIALIZE RETULREN CCDF {IRC) TC 1
IF EEGPOC OCCLT™S IN COUNTY NANT 2ETUIN CODE (IFC) IS SEY 10O 2

1C = 1t
DC BS00 I=1, 77
IF (CLIST(I) «EQe. COUANTY) GN T 8600

RS00 CCNTINUFR

1IcCc = 2

GC 12 R70n0
RAQOD CCCLFR = T(I,1)

CC = T(I42)
R700 FFTUGN

END
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