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EXECUTIVE SUMMARY

3

This is a report of a study conducted under the Port Systems Projeact for
the Naval Facilities Engineering Command. An objective of the Port Systems

Project is to investigate methods of predicting the utility requirements of the

port facilities that must be met to support future fleets. The analysis and

results presented in this report are a refinement and extension of the work

reported in A Methodology for Statistical Analysis of Port System Requirements.

The fundamental advance offered by this study is that piadictions can be based

on recorded data rather than DM-25 capacity information. “_ﬂ,_—ww”“””f

o~
s

——— o .
A —

€ This report starts with a brief overview of the first phase of the method-

ology development and continues with the technical approach and the principles
of statistical theory applied. Examples are used to relate these principles to
the analysis of electric power requirements as an aid in understanding the
analytical process inherent in the Methodology. An overview of the analytical
procedures that constitute the basis of the Port Systems Requirements Predic-
tion Methodology is presented. Computer programs used to calculate statistics
are appended. Finally the results achieved are presented.

The unique feature of this approach to port utility prediction is that it
identifies and accommodates the contribution made by correlating the time usage
of electric power consumption data among different ship classes. This results
in non-zero correlation coefficients, which have an affect on the quality of
the prediction. It is shown that as the number of ships using electrical power

incresses, the accuracy of the prediction is reduced.
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1. INTRODUCTION
1.0 Background.

The United States Navy is presently undergoing many chauges. The fleeat is
being modernized to include 600 active ships equ1pp§d,with the most moudern
syastems available. The future port requirements of thase ships will be
different from those of today’'s mix ofkshipl. Port Mastesr Plans under
development recognize that port facilities and services must be upgraded to
meet the needs imposed by a changing fleer with changing operatiug procedures,
It is reasonable to conduct research into existing planning procedures in order
to identify moderu methods which can be used to reflect fleet needs into the
port mester planning process. Current procedures are cumbersome and allow very

little interaction for conducting tradebff studies. This study, focused on

analyzing and predicting electric power requirements, is a first step in

developing theée analytical procedures, It was conducted under the auspices of

the Port Systems Prcject for the Naval Facilities Engineering Command.

1.1 Objective of‘the Pofc Systems Requirements Pred}ction Methodology (PSRPM).

The objective of PSRPM is the deQelo;meﬂt of a statistically based
procedure for amalyzing and predicting port utility requirements. Eventually,
it is envisioned that these procedures can be used as the basis of an inter-
active computer program which would permit an efficient analysis of alturuetive
means of upgradihg port utility systems. ‘

\

This study was conducted in two parcts. The f.vst, described in Summary

Report: An Application of the Puri 3Jystems. Requiremencs Prediction Mechodology

(PSRPM) Using Electrical Measurements at Sewel:’s Point (12 - 76 to 1 - 77),

established the feasibility and the basic methodology of a statistically based,

-
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compuver alded forecasting process., For conveniance, in this report, the first __

e

@ portion ¢f thls scudy #1ll be refarred ro &s Phase I. The extension of chis o
" ‘!.

A

~ study is the subject of this report and {t will be referred to as Phase II.
i
e .-;'IC
. 1.2 Purpose. = ‘
N e
Th purpose of this report is to document the work accomplished to date in :-T:S

f‘ﬂ"‘ i\‘b"
o the development of the PSRPM Phase 'l. ;{‘
Y
W 1.3 Scope.

g This documeni incliidas a summary of the work previously accomplished in

e

» PSRPM (Phase i) as well as a detuiled description of the work accomplished in

':t Phase I1. A description of tle concepts supporting the nethodology and a
review { the statistical prucedures used in the methodology are prasented

' first. Next, the applinztion of these statistics and the computer programs

o associated with vhe statisticzl application are inciuded. Finally, conclusions

"

e and recommendations based on the vesults of the Phase II investigation are

: discussed,
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I1. REVIEW OF PHASE I
2,0 Objective.

The objective of Phase I was to develop the foundation of a statistically
based methodology which could be used as a tool by port designers to predict

port utility requirements.

2.1 Technical Approach to Phase I.

Phase 1 assumed that the requirement for a port supplied utility to a
group of ships could be estimated by statistical methods. If the utility
raquirement for each class was known and the probability that the ship would
need this utility service was given, then a statisical prediction of the total
utility requirement can be made. Phase I used demand data from NAVFAC DM-25
and ship populations and cold iron probabilities were derived from OPNAV INST
3111.14U and NAVSEC Report 6139-72-2 (1977), respectively. This information
was used as input to create a computer simulated port activity model. This
model was then used to compute the probability that a selected ship mix would
create a demand for electric powe: grezter than a port’s deliverable capacity.
This probability is plotted against capacity to yield a goal product omn the
form of Figure 1. Figure 2 models the Phagse I activity flow which leads to the
construction of the graphical representation that shows the probability of
failure to meet the supplied demand.

Electric power was chosen as the initial utility to be studied because it
can be easily measured and the data can be easily formatted for use in a

mathematical model.

R
[N

N
-\‘
bR}
\:
LAl &
rh'!:q"h‘
\:\.\
AN
4

I's
-

=t

-
.
o

il
1_\.:

I'g

Pd

W,

e 1

N Y
AN A

hS
AR
N




R [UNEE— — —— M 2R AR el oAU N WO WAl o AL
R PR NS L SR R AT SR MR SA S ¢ Sf AR AAIA LR R LR LS SR ATV AT AL RS AR S S ri O A SRR R & AP NSO

tan N

A N
\\
A E"
7,
d e

Capacity Requirsment For No
Change in Failwe Rate
N
\
2 PP
RN

.’. R
3 V4 o~ ::
2 ,/“'"'_""Ji I
& /
= 7’
3 Rl
[y, yd
T .,
i i
"o ———"i t i
< &
oy
L
&
o
5
-
]

Preset Fadure Rate, P¢

10
5

ﬁ (X1I0VAVD < QVIEA) ALITIEVIONd

N ACANRRRRLRIHIATROIA S A b A N U A ai




0% s s b B ST SO IR TS 4% 1o 8y N 5 AUIS R RAR & ST AT Bt RO R A 30 e A R AT AU I A RN S R RO R e IO B R o~ Y

' _":4 bl
.~ ..ﬁ _'I
P Bt
el
N
DATA e TREATMENT ==~————s= ANALYS1S —= QUTPUT o

o
e Home Port e Summation e Monte Carlo Graph which presents %?4%
Assignments e Calculate Means Simulation the probability of e
e Cold Iron e Calculate e Central Limit demand exceeding -t}h{
Probability Variances Theorem capacity versus R
s DM-25 capacity -}ES{
Mean and Standard *jﬁi
Deviation of Demand S
for Electrical Power Ly
Conzlusions and L
Recommendations Sy
R
< " 5]

Figure 2. PSRPM Phase I Activity Flow :

2.2 Assumptions — Phage I.

The first phase of PSRPM development applied the following simplifying
assumptions:
¢ The only utility analyzed was electric power, and each ship was assumed

to be drawing its full design capacity for shore power in accordance

with DM-25.

TR
LR

e No consideration was given to the time of day variations that would be

expected for electric power demand.

e Ship class mix was determined by Monte Carlo (random number generation)

:a' simulation.

e The number of ships at cold iron in each ship class is assumed to be

binomially distributed and independent of other classes.

£ ® Resource demands per ship do not correlate with the number of ships
{ : present.

gﬁ The logic associated with the computational process associated with PSRPM is
gl

presentad in Figure 3.
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SELECT PORT >
L i 80Hz POWER
1 g
IDENTIFY RESOURCE :ﬁ OM-25
TO BE STUDIED z4
%§ OPNAVINST 3111.140
3% | NAvSEA REPT 6138727 (1977)
ASSEMBLE SH®P CLASS 2 PS MASTER PLAN
DEMAND DATA < SEWELL'S POINT
g
1
ESTABLISH POPULATION &
PORT AT GOLD 1ON FOR
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2.3 Output oi Phase I. ‘ : ' RS

E : _ Ne

: The primary output of Phase I is a mathodology to produce a graphical F&E

. ) ‘\_:.;_‘

?E representation of the probability that the demaand for electric power will a};
LYt . rlel

2 048"
et exceed a given capacity. The general format of this product was presented in félﬁ
ig' '~ Figure 1. The difference between the curves in the Y direction, with X Eﬂg
s e
constant, shows the change in the probability of failure to supply a required 321

s

demand that will occur if the resource 1s not upgraded for future demands. The

R o
Wl

difference in the X directionm, with Y constant, shows to what level of output

e
&J the resource must be upgraded to maintain the current (if satisfactory) failure
t: of probability to meet the total demand level.
. Figure 4 is an example of the actual Phase I product.
I
e
‘ 2.4 Value of Fhase I.
ii Phase I of the PSRPM demonstrated that the capability exists to take
Gé information regarding a port’s utility deuand and produce a tool usable in the
S forecasting of future utility demands. The study utilized design capacity
_ information and applied proven statistical techniques to develop the methodo-
- logy. The power of the PSRPM lies in the application of its fundamental
Eﬁ product i.e., P (Demand > Capacity) versus Capacity curves. Specifically, Navy
| planners and port system designers can assemble alternative ship mixes,
i 53 representing future fleet scenarios, and use the PSRPM to generate its goal
Eﬁq product for each alternative. These products can then be used to predict and

compare the power demand of each alternative ship mix. This is a major

. advantage over the DM~25 method of establishing pier capacity because it can

represent ship types not yet constructed.

i'.'l
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I1I. PSRPM - PHASE II TN
[ S

Rl
3.0 Introduction 524!

Phase II of the PSRPM provides a refinement to the methodology by using e
actual recorded electrical demand data as input to the computational process Mo
in place of DM-25 Present Demand data (design electrical capacity). Because E;g%
there is variation in the demand when surveyed data is used, the statistical

variance of each ship mix becomes increasingly important. Previous studies

have based their prediction of overall power demand for an ensemble of ships on
the calculation of iadividual ship means and individual variances. PSRPM Phase

II astimates the overall power demand of a group of ships by calculating the

individual ship means and the total ship ensemble variance. The governing

Pl

basis for the ability to predict a ship mix‘s utility is the Cerntral Limit

Theoren.

-

3.1 Objective

Phase II of the PSRPM had the objective of applying the modeling

Lo v ]
e

iy

techniques, developed in Phase I, to the analysis of electrical demand data

obtained from Sewell’s Point in 1977.

":.::_4. ]

3.2 Scope of Phase II

A

Phase II of the PSRPM was written so the modeling techniques used in Phase

I could be applied, with modificatien, to analyze actual electrical power

=

: N
%

e
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utilizatinn. The principle differences between the two phases are listed

amp

below: PN

)
7
2

Phase II analyzed the actual three phase electrical power used by '.-“.:1
ships in port at cold iron. Plase I assimed eaéh ;hip drew its
full design capacity for shore power in accordance with DM=25. A
®  Phase I did not take into consideration any time of day variations
which occur in real 1life. The Phase II analysis included a time

variance factor based on the hourly electrical measurements to

s ok | [eag

account for day to day fluctuations in power consumption.
Phase I assumed that the resource demands per ship were not related
to the number of ships present. Phase II recognizes that the

electrical demand of one class of ships can in fact be correlated

with demand for other classes. This affect is determined by the

calculation of interclass and intraclass covariability of

electrical power demand as a function of the total load.

7

The Phase II analysis is based on one day '"snapshots" since the mix

of ships in the port varied from day to day.

.

The output of Phase II is identical in format to that of Phase 1I.

However, the affect of using measurement data will be seen to cause an overall

i}

reduction in the predicted power demand for the case analyzed. Figure 5

&3 displays the activity flow in Phase II,

v 10
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Figure 5. PSRPM Phase II Activity Flow

3.3 Phase 1I Process

The technical objective of the Phase II computational process was to
derive the distribution of electic power demand for a group of ships of various
! classes. The process for obtaining this objective is outlined in Figure 6.
ii The objective class distributions have been assumed to be normal and can be
defined by knowing a mean KVA utilization and the variance in the utilization.

Data for computing the distributions was obtained at Sewell’s Point. From this

& e

data, ship specific mean hourly, mean daily, and hourly variance in KVA usage

!! was determined. Next, the covariance associated with every combination of
F’ ships was calculated. This information constitutes what is necessary to
& generate a port mix of ships or realization.

;: A realization is generated by knowing the probability of a ship class
" being at cold iron and the number of ships in each class asigned to the port,
‘éé A Monte Carlo Simulation determines the ship mix or ensemble of ship classes
:rg which make up each of the 100 realizations. Normal probability distributions
;: representing the KVA demand per class were constructed based on the class mein

and the ensemble variance. Ten different demand levels were determined for

each class using a Monte Carlo Simulation and the probability distributions.

11
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n, X,

N=10
PREDICT DEMAND N=100
FOR REALIZATION

=P

n
"
., CONSTRUCT CUMULATIVE
By PROBABILITY CURVE
!
b P(DD>C) vs C
N
A NS
E INTERPERT
N
\}

b- Figure 6. Phase II Computational Model and Logic Flow



vl
") g
The resulting 1000 port realizations of demand were used to construct a cumula- e
' tive probability ecurve displaying the Probability of Demand Exceeding Capacity “‘{g
RO
, versus Capacity. This P(D>C) vs C curve and its interprecation form the basis ::-';-:a
FB of the PSRPM. ;
U 3.4 Assunptions
&S Enhancenents to the second phase of the PSRPM anelysis are based on
k-

rhanges made to the initial Fhase I assuaptions. The new assumptions are:

S; ©  Ship class electrical demand is based on actial measurements rather
NN
than DM=25 valuaes,
R
Y , 9  The hourly variations in electrical power usage are exaained, and,

O The resource demands per ship are correlated with the number of ships

8]
A\
L present.

‘ﬁ 3.5 Sewell’s Point Data

. The ship class electrical demand information which was used in Phase II

w was obtained from wmeasurements taken at Sewel.’: Point, Norfolk, Virginia in

! December 1376 through January 1977, Hourly sasmples of amperes were recorcdad at
450 - 470 volts AC for each ship present during the measurement time frame.

[5':. The amperes were convarted to xilovclt amperaas (KVA) because components of
electrical power transwission are usually rated in KVAs.

= Kva = Amperes x ( V?) x Volts

:. 1000

|

2

o Figures 7a and 7b are time/date tables of the electrical measurements for ACR-~1

'% and CGN-38 ships. This data is representative of the data taken for the ships

present each day at Sewell’s Point.
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IV. PHASE II - TECHNICAL BACKGROUND o

: 4.0 Introduction 13
(Y8 e
N The PSRPM was developed as a prediction technique for use by port planners - -3
o

a8

=t

in the updating of present ports and in the construction of new ones. The

basis of this prediction methodology is the determination of the probability ‘:‘\'

N

m distribution function for the electrical demand of a group of ships. This (.(';
o

Y

8

distribution can then be used to calculate the probability of the demand

r.-ceeding the facility’s capacity. This is the basis for predicting the power

y &

=2
AR

demand of & given group of shipa.

e v
> e -

3
L s
N

A distribution function 1s defined by its mean, which locates the center,

and by its variance which determines the shape. The variances and means of

L:Q

&:) electrical demand of several ship classes were calculated from the data

i recorded at Sewell’s Point 1976. Since the variance describes the shape of the
distribution, its accuracy determines the quality of the prediction which can

\(; be made from the PSRPM. This study shows that there is a correlation

associated with the ships’ time of electrical usage. The existance of a non

zero correlation coefficient, by definition, establishes a covariance term

¥4

which must be included when calculating the variance in electrical demuand

%3

M caused by a group of ships. The contribution of this term to total demand is
E not intuitively obvious. It will be seen that the covariance tera will impact
:t. the accuracy of a prediction system based on statistical processes.
:';: The methodology developed herein utilizes particular statistical techni-
. ques which provide significantly more information than simply the maximum
S electrical capacity required at Naval ports. This section is devoted to the
explanation of each of these techniques and their relevance to the PSRPM.
6 Included are discussions on the mean, the variance, the covariance, the

* Iy '. R} ‘.-‘ '-" -
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!! standard deviation, and the correlation coefficient. Also included is a review é;
gl
. .q‘
of the conservative factor (K) which was developed as part of Phase II of the tg
- hat
o PSRPM. The details of this factor are addressed in A Comparison of Two Methods Qﬁ
' . "~‘
for Estimating the Electrical Supply Capacity Required for Piers and Drydocks. “%
4.1 The Normal Distribution |
~ N
{1 Figure 5 displays a graph of a normal density function, sometimes called ;j
‘ the Standard Normal Curve. The shape of the normal curve is defined by the !;
q -,:.n
! magnitude of the mean and the standard deviation, or the square root of the :}ﬂ
s
E1 variance., Plus and minus one standard deviations from the mean .:fines the 53
H'- '~
inflection points of the curve. Within this area lies 68.27% of the
%i observaticns.
o f(z)

< Figure 8. Standard Normal Curve

.‘V'!

N

! When the variance in a set of data changes, the overall shape of the curve

%ﬁ changes. Figure 9 shows the effect of increasing variance on the shape of the
distribution curve., Phase II is interested in the shape of the normal curve
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Pl(x) is normal with mean

P, (x) W,, and variance a‘lz.
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Pz(x) is normal with mean

2
H,, and variance o,

B T, (x)

Figure 9. The Effect of Increasing Variance
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. when the variance increases. The change in the shape of the curve, li}‘."."‘.‘
-r-f \_.b-_;;
N
particularly in the wings, reveals the degree of prediction accuracy inherent Y

iy LA
- N
'3;- to the methodolgy. Also the new shape redefines the maximum electrical demand :j;:{.j
- .

for a given mix of ships. b
a G
o hald
ol
F,ﬁ 4,2 Mean el
[ oSS
One parameter of an entire group or population that is of interest is the m
-5 _-.,'?‘3.‘
Er: population mean, B, because it is one method used to describe the population’s :1
id "-.“:\..
. center. If every item, or ship in the case of this report, were totally ﬁ_\';
i EAY
& accessible and measured its mean would he computed by the formula: m
» *.
) ~'t"~'.'4‘
‘:'\ 1) .}.{J‘
s N ( -*:.’1

where # = population mean

f

: N

{ in = gum of all values of the variable of interest for the whole
1=1 population

23 N = Number of elements in the population
Lo

-

-

LI
LI T P P ORI
ML R R
et ').’_l S W \iﬁ‘-- N




RN {05

'

it

f"’

Eg
St L.

Py

-

WL
e

)
.

V'

1‘- .

[x

ey

FXETWEUAF U ZFC S R P ARl R LN R ERA S sl S S AR DACIAS TR A Rl L it i et B RCu - o o e ST ANLE A
(‘ .‘

Py
4

Statistical inference about a population mean requires information
obtained from samples of the population. In the case of the Sewell’s Point data
the information gathered arw samples of the population. The sample average, X,

which is analogous to a pépulation mean is defined as:

<

¥ = i
i=l n
where x = value of the average (2)
n
3.x; = sum of samples
i=1

n = qpumber of samples

4,2.1 Summation of Means

If two or more 3ets of data of equal sample size have been collected, the
mean of the sum (X; + x,) is equal to the sum of the means. Example 1 is an
example of the applicatiun of this statement. Data was extracted from the

weekday mean KVA line of Figures 7a and 7b.

Example 1:
AOR~-1 CGN-38 (AOR-1 + CGN-38)
2 _Observations 13300 KvA 40720 KVA 54020 KVA
obberbsEofs 24 2 24 pairs
Mean 554.7 KVA  1696.67 KVA 2250.82 KVA

554.16 + 1696.67 = 2250.82 = 2250.82 KVA

22
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. 4.3 Variance ?
! A second population parameter that is of interest in this study is 2 or tt:._:
\ the population variance. Variance is the measure of the dispersion of a popu- :"S
f-f‘ lation. The variance within a population is the sum of the aquares of the _C:

}'*-1

)

A difference between each particular observation and the mean. This sum is then

7

divided by the total number of observations.

N
2 . X (x =—u)2 (3)
i=1 N

"~ -- “
Q

When just a sample of information about the population is known, then the

s sample variance, 82, is defined as:

N " -2
2 = Y x-%

- i=1 a -1 (4)
! The n-1 is used 30 that the sample variance will be an unbiased estimator
. of the population. It is the range of recorded values that is of interest in
:f:,', PSRPM because it is the upper portion of this range that defines the wmaximum
; = demand of electrical power for an ensemble of ships. Hence, from this maximum
{ 3 demand, design specifications for future ports and ship mixes can be developed
- and/or evaluated.
-
i 4.3.1 Summation of Variance
~ Section 4.2.1 stated that the mean of the sum was equal to the sum of the
E means. In the case of variance, the sum of two variances may not equal the
"
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variance of the entire sample. Example 2 uses the same data as was used in

Example 1 to show that the sum of two variances may not equal the variance of

K
")"'

P
} I

the sum.

R
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pury
2
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Example 2: Using Equation 3.

78
{1

>

-

»
AL
A

Variance(AOR) + Variance (cgy) * Variance(por + coN)

.~
2, s
ataan !

275.9058 + 14375.36 # 340296.4

.
o

¥
AR Ay
» L *."
L
LA

Bl

[yttt
4

14651.66 ¥  340296.4

5 |

e
e"a"
Bl

To permit the computation of the variance of the sum of demands such as

I,

Ml the AOR and CGN, the concept of covariance shall be introduced.

“ The relationship between two variables may, under certain conditions

v,

N (normal correlation) be described by way of a single number, which is a

ii symmetrical function of the observations. This single number is covariance and

is typically defined in the equation:

I

“l

= S DTN YONE )

Sey © —T X TXAYL T
ol n-l j=) (3)

W,

o

;ﬂ where (x), yl),(xZ, ¥2)s sees  (Xp» yn) denote the observed values of x and y.

- The sum of the products of the deviations from the mean may be expressed as:
. n _ _ n 1 B n =
o Zlxy =Xy -~V = Z;inyi - —(X % 2 vq) (6) -
3 i=1 is ni=l i=1 =

" The variance of the sum of AOR and CGN observations can be expressed as

a; Equation 7.

:‘_: 24
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24 . ? W
-5 [(AOR; + CGN,) - (ADR + CGNJ] ,ll,,g:‘?

s2
(AOR + CGN)
n-1

€D

In Equation 7 the observed mean values of AOR and CGN are the KVA readings

E? taken at common times, (i.e., 0100, 0200, 0300, ..., 2400), The term (ADK +
. COR) is the summation of the means of the readings and is not dependent on the
Eg time in which the readings were taken. A further expansion of Equation 7
reveals:

:

' 2 24 2

- i=l

t‘i n=-1

24 - — T 2

. _z:((nxomi - A0R)2 _ 2(AOR; - AOR)(CGN, - CGN) , (CGN; - CGN) ) (8)
li i=1 n=-1 n~-1 T n-1
it

3

4 —5y 2

m' Recall that the variance of the AOR observations is 2:(AOR1 = AOR)

! i=]1 n-1

24
and the variance of the CGN observations is )3 (CGNy ~ o) 2

T
R
.

i=1 n-1

i )

RN

The middle term in Equation 8 is in the form of the covariance. Refer to

——

Equation (5).

(2R

i 24
i 3" (AORy - AOR)(CGN; - TGN) 9)

AN : = covariance
" i=1 - n-1

‘o, 25
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The total variance of the sum of the hourly KVA usages can be determined

through the construction of a covariance table which is a convenient way of
organizing the variance and covariances. The present example illustrates this

fact.

Remembering:

2
2 - 5 (AORy - A0RK)
37 (AOR) Z O
n-1
24 2
2 (CGN; - CGN)
8 (coN) Z i
n-~-1
2 (AOR A0R) (CGN, = CTN)
COV(aoR, CON) * 24— !
i=1 n-1
The covariance table is written aé:
g2 cov
(AOR) (AOR, CGN)
2
COV (cen, aom) s (ceN)

The COV of an AOR and a CGN is, by its definition, equal to that of the

CGN and AOR. Therefore, using Equation (6):
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2(a0R + coN) = %2(aoR) * 200V(40r, coN) * 82(CoN) (10)

which is the sum of the terms in the above mentioned covariance table.

ol
» _.‘"

“r ’r

LI §
r
4,

4

. 3
P S R Pl L g

The calculation of Equation (6) is repeated for every possible combination

:

of ship classes in order to construct the master covariance table. Ships are

» y
(oW
..
.
LR R
-

even compared to other ships in the same class to determine intraclass

covariances (as opposed to interclass covariances).

4.4 Standard Deviation

E This statistic aids in the description of the width of the distribution
curve. On a normal curve, ! standard deviation, 8, on either side of the

~

E_; distribution mean defines the curve’s inflection points. Between X + s and

X - 8 lies almost 68% of the observed data, and between X + 38 and X - 38 lies
i 99.9% of the data.
o The variance of a sample grouping of data carries the uaits of the data
squared (KVAz) and ig, by definition, the square of the standard deviation.
. The covariance is difficult to interpret as a measure of the reiationship

between two variables because its value is given in terms of the observation’s

.L:-

‘..;.;‘ units. However, dividing the covariance (XVAZ i this study) by the product of

- the standard deviations, or square root of the product of the variances (KVAZ):

A a number which is dimensionless and indepeandeat of the units of measure is

-

created. This number is the correlation coefficient. "

- LK

0 4.5 Correlation Coefficient iy
Correlation is used to determine the dagree of association between two

ﬁ items. The statistic r is called the sample correlation ccefficient. To

)

)
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account for the fact that electrical usage generally peaks during particular - ::
witaaloa
. morning and afterncon hours, the PSRPM utilizes the statistical techniques !-.::'._Q
. involved with correlation. In all cases -1<x<l. If r = -1, there is a perfact \\.
negative relationship and if r = +1, there is a perfect positive relationship. ;:‘_'-\::::
Ll
ﬂ. In the case of the PSRPM, the correlation coefficient is a nornalized value l"l:
indicating the strength and character of the relationship of electrical power '.;j:l;-.‘_:
'}': ugage as a function of timne between any pair of ships. If the correlation is
W
positive the inplication is that the maxlaum and minimum usages occur at
Ll
f_’;; approximacely the same time; if the correlation is nagative, the waximum of the
o usage of one ship occurs approximately when that of the other is at a minimum.
v
- Thus a negative correlation has the effect of reducing the variability in the
N sum of the usages. Figure 10 shows the resulting correlation table for the
&
' ships present at Sewell’s Point during the survey. The average weekday and
Lo,
. weekend correlation coefficients are .75 and .22 respectively.
The following shows an example of the computation of a correlacion
coefficient. The ships com)ared are once again the AOR-1 and CGN-38.
’ Equation 1l is commonly used to determine the correlation coefficient.
o Example 3:
. 3 % .
r = Xy = C()ny (11)
-
& Sxx Syy %% fy
'l_ Sy = nv Xy -T\cZy
w_: 1,'=], J.=l i=l
w2 4 24
. = o 2 [(AORy)(CGNp)] - Z (A0Ry) Z (CGNy )
and i=] i=1 i=1
K¢ n
Syx n.'z x2 = (%)
‘:'. 1=} i=l
LY
.
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By = m2, ¥ - (L) e
> 44 =1 &1 Sy
R 24 24
' = a 2 (coNd) - (T cony)?
N i=] i=]’
2 24 24
El AOR, = 13300 ;(AOR:L)Z = 7377250
by at
o 2. coN, = 40720 2 (CoN )2 = 69418900
i=]1 im]
24
Ry ZI:(AORi)(CGNi) = 22579225
' : i=
e
Sxy = 24 (22579225) - (13300)(40720) = 325400
3 A
. Sex = 24 (7377250) - (1.3300)2 = 164000
< 2
o syy = 24 (69418900) - (40720) = 7935200
. 325400
2 Then, = ,285 = correlation coefficient
- \/(164000)(7935200)
R
-
-‘-
3
The circled correlation coefficients in Figure 10 show a computar
]
A
‘ a:‘- generated value of r = .28,
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Furtheraore, the accuracy of the prediction is based on the square of the

nuaber of ships present in the wmodel. For example, the number of ships in the

model defines the dimensions of the covariance table. N ships produces a N x N
table. The numbers on the diagonal define the variances and the number on the
off diagonal are the covariances. We have:
N Variances, and

N2 - N Covariances

The variance of the sum of demands would be:
u'2 (x1+x2+...+xn) - NV+(NZ‘N)WV

where V is the average variance and TOV is the average covariance.

The magnitude of the covariances may be small but as the number of ships,
N, increases so does the total variance. The increase can be seen to vary as
the square of the number of ships. As the variauce increases (as N increases)
the distribution curve widens and the area under the wings is increased pre-

dictability becomes less precise.

See Figure 1ll.

maxy maxy

Influence of Covariance on Maximum Resource

Figure 11,
' Specification
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The value of the correlation coefficients not only gives an idea of the

iol

tendency of the ships to have corresponding peak and lull periods of power

N
= utilization, but they are indicators of the predictibility of distribution of e
- the maximum demand made by the ships. In order to make the statement that r is ;fﬁ
i

a measure of the predictibility of total demand consider the following:

L5
e iEg
LA

sl 4

r covarliance

. ) (12)
M 2 2
N JS (x) $°(y)

Assume ship x and ship y have a variance of 1 and a currelation

-
o

s
E‘i—::"

:g coefficient of .5. The covariance would then equal:

r\jsz(x) sz(y) = .5

P

and the sum of the terms of the covariance table would be:

-
F.

= o%(xt+y)=3
.5 1

If the correlation coefficient were .1 instead of .5 (keeping the

Ny '

t? individual variances = 1), the variance of the sum would equal 2.2 which would
change the overall shape of the final cumulative probability distribution

®

= curve. The overall shape of the distribution of the total demand for a

resource, and hence its predictibility, has a major effect on the
specifications of che capacity of the resource since specifications which are

Ry defined by normal distributions are normally stated in a particular number of

standard deviations about the mean (x + ns).
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4.6 Conservativeness Factor

l It is known from experience that the resource consumption of a group of L‘r
N ships 1s less than the capacities of all the individual ships added together. \
o This is attributed to both variation in an individual ship’s demand and coinci- .
! dental loading between ships, leading to a certain amount of diversity in the

h loading between two or more ships serviced from the same transformer. The DM~

p;‘ 25 method accounts for this effect by taking the maximum designed electrical

: capacity of the various ships and reducing their sum by multiplier (called a

’g diversity factor) depandent upon the number and class of ships serviced by the

"-l transformer.

. The PSRPM calculates a diversity factor, not as a mechanism for accommoda~

S ting the diversity effect as with the use of the DM-25 diversity factor, but

) rather as an illustrative parameter. The actual capacity itself is predicted

i by the PSRPM and the diversity factor illustrates how the capacity for a ship

o group relates to the sum of the capacities for the individual ships.

": The diversity factor depends strongly on the criterion established fot

! relating the capacity to the parameters of the demand distribution. This was

- accomplished through a number defined as the conservativeness factor (K) which

:«:.‘ is the number of standard deviations above the mean demand at which the capaci-

o ty requirement is set. The larger the K factor, the more conservative the

1 estimate of required capacity.
;‘:‘i The evolution of the conservativeness factors for the PSRPM may be found

o in greater detail in A Comparison of Two Methods for Estimating the Electrical

é‘ Supply Capacity of Navy Piers, 1/83. As a result of this study, the recommen-

) dation was made to continue the DM~25 process as a direct, simple, and conser-

ﬁ\ vative process for designing the power capacity of permanent installations.
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- V. PSRPM - PHASE II COMPUTER PROGRAMS .-.':
. 5.0 Introduction
Phase I of the PSRPM utilized a suite of five data base programs and two {q
P AR
" data analysis programs in addition to computer aided graphics package to !
generate the probability (Demand > Capacity) versus Capacity curves. Phase II @,_:
e Iy
" reduced the number of data base programs to one, and modified one of the data ,‘_‘:’
", analysis programs to permit future refinements. :-‘?'!
% 5.1 PSP2 FORTRAN Programs
. The program PSP2 is an enhanced version of program PSPl. A listing of
"-‘:" PSPl may be found in the Summary Report: An Application of the Port Systems
< Requirements Prediction Methodology (PSRPM) Using Electrical Measurements
N Recorded at Sewell’s Point (12-76 to 1-77). PSP2 generates realizatioms
i similar to PSPl but substitutes electrical usage data obtained from the
observations made at Sewell’s Point in place of DM=25’s Present Demand values
5.3 in calculating the total KVAs used. There is one data base program and one
data analysis program which assigt PSP2. Complete listings of the programs and
g sample: of the data files are located in Appendix A.
et
_-::l 5.1.1 Data Base Program
- The surveyed data was formatted for FORTRAN and entered into a program
.a called KVADB. This program created the data base KVA.DBS (KVA Data Base) which
.\_; containg the ship class, number of days in port, date, daily hourly KVA
by

i readings, and mean hourly KVA usage, and summed mean hourly KVA usage. The

-

el

data base distinguishes weekday from weekends by the use of a minus sign in
column 1. Appendix A contains a printout of KVADB and KVA.DBS, and Figure 12

presents a schematic of this logic.
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i 5.1.2 Data Analysis Program

o A program separate from PSP2, named PSPJ§ was created to construct the

E:: covariance and correlation tables. PSP was made scparate from PSP2 to aid in

| the incoropration of refinements to the statistical .techniques which were uced

& to calculate values in each table. Refinements and changes to procedures can

3%1 simply be made to PSPP without having to modify the master PSP2 program.

’ Figure 13 provides a view of the computer process. PSP{ uses data from

E KVA.DBS to generate the Master Covariance and Correlation Tatles. Information

E\{ from the KVA.DBS and these tables is inputted to PSP2 which generates the data
E-_' points, from the realizations, for the P(D>C) vs. C curves for different port

| . scenarios.
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VI.  APPLICATION R

6.0 Introduction

All of the statiastics discussed in Section IV have a relevance to the
prediction of the overall demand. The mean for each class of ships defines the
center of the diastribution for that class and the total variance defines the
shape of the dis:iribution in the form of the standard deviation. The
correlation coefficient provides an indication of the degree of association

between the peak electrical demand periods of any pair of ships,

6.1 Objective

The objective of this section is to discuss the application of the

statistics presented in Section IV and to present the importance of the

L contribution of the covariance in the shaping of the distribution curve.
)
ﬁ 6.2 Covariance

-, Hourly KVA readings were taken over the period of several days for 28

t‘ ships in 22 classes at Sewell’s Point. This data was used in this study to

demonstrate a methodology to predict future port utilization requirements.
PSRPM is a demonstration of a particular type of prediction methodology which
utilizes the means and variances associated with the hour to hour and day to

day electric power consumption utilizations. The computation of the sum of the

variances which define the future requirements is not a trivial task. In order

to simplify the computation a physical manipulation of the terms in the

quadradic equation (see Equation 7) permits the summation of the variances

and covariances belonging to two sets of ship data. Executing this procedure

&,
»"a’s

for every pair of ships (784 Phase II combinations) results in a 28 x 28

covariance table. The Master Covariance Tabie is presented in Figure 14,

-V
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we The Master Covariance Table is unique bmcause it provides a visual atd :'_Z-':
e R0
~ easily accessible represencation of the wvartation in KVA utilization of any ""
. particular class mix of ships. ""‘"
o Take for example & group of ships made up of S,, S4» 85, and Sp.  The ".
;.": value of the ensemble variance would equal the sum of the corresponding

variance and covariance terms taken from the Master Covariance Table. Figure
.
- 15 exhibits this example.
}‘\
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- Figure 15. Use of Master Covariance Table
B
-~
;E Ensemble Variance would then equal \7'2’2 + VA,A + VS,S + Vm,m +
2 2
. 200V, , +2COV, o +20COV, +2COV, o+2COV, ~+2COV, which is
-';
greater than Vz’2 + VA,-Q + VS,S + Vm,m + Vn,n‘
3
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be influenced by the incorporation of covariance.

6.4 Determination of Variations

The ma jor portion of the PSRPM work was in the identification and
determination of the variances in KVA utilization that occurred becween ships
at cold iron. The data sheets which were constructed for the survey, see
Figure 7a and 7b, permitted the calculation of the hourly and daily means and
variances. Figure 16 is presented as an aid in che discussion of the

determination of the total variance in a ship’s power utilization.
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" 6.3 Correlation Coefficient L
R S
" If the correlation between the pairs of ships analyzed were zero then by :::-:l}
i definition (see Equation 12) there would aot be a covariance term in the ,’f‘.“
LEY ‘:".ﬂ
quadradic equation defining the sum of the variances (see Equation 9). The ::-}:3:
- }-.?:1
;} absence of covariance would permit the summation of the individual variances in ::;'i
Y '\“l
a defining the shape of the distribution curve. Section IV showed that there is :',;
o in fact correlation between ship’s time of resource usage and thus the :::‘:j:j
- contribution of the covariance term to the shape of the distribution is \\‘
= important. Figure 1l presents a representation of how the maxiaur damand can RN
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y {r Jr  ;  ;
Hourly Mean X100 X000 %0300 %2200 X2300 %2400 *hd
X
wm

Figure 16. Noticnal Sewell’s Point Data Sheet

From the hourly means, x,, a mean, x;d and a variance szh, can be

calculated which represents the distribution of the power utilization over the

*5’ period of one day. The daily means, x;, produce a mean, ’Ed which is the same
e as the mean of ~he hourly means,'ih, (see Section 4.2.1). But the variance
[’ that 1is aaeo;iated with the daily mea;ls, szd. is not equivalent tu Szh. It is
" at this point where an indepth look at the variances is warranted.

L: A simplistic s)proach to the development of the methodology would be to
iﬁ neglect any correlation between the ships’ power utilization and calculate the
s

'.'\‘ mean and sum the standard deviations for each ship class. These two statistics
ti would define the KVA utilization distributions for the various classes of
:-‘ ships. An assumption of a zero correlation would result in the values of the
:- off diagonal elements of the covariance table being zero. Thus the total
. variance of the distribution would result from the sum of the diagonal
i elements. The value of the standard deviation in a N x N covariance table
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would ba influenced by the factor N. This procedure however would deny to the
study the influence of the opurational and environmental variations.

The most conservative approach, which would maximize the influence of the
operational and environmental variations, makes the assuaption thar there is a
perfect correlation (r=1) between the power utilizations of the various ship
classes. This assumption creates a value of 1 for the diagonal and off
diagonal elements of the covariance tablae. Hence, the value cf the total
variance would propogate as the square of the number of ship classes analyzed.
(Nz) and the standard deviation would propagate as the sum of the standard
deviations. The resulting statistics which define the utilizaticn distribu-
tions would consist of a class mean and a standard deviation influenced by + N.
Example 4 illustrates tha boundry conditions established by 0 { r < l.

Example 4:

N = 10 classes of ships each with:

T = 100 KVA
g2 = 100 KVA
s = 10 KVA

With no correlation (r = 0) the suomation of the 10 diagonal elements of

the covariance table results in a total variance of:

10 (100) = 1000 = g2

thus
s = 31.6
45
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With perfect ensemble correlation the summation of all the elements of the

i A
s,

6
P 4

covariance table results in a tctal variance of:

2

4 ,
P
P4

E

82 « (100) (100)

k8
o’

".’.’:
3

thus
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s = 100
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Both conditions would have the same mean but different standard devia-
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6.4.1 Variations in KVA Utilization

Two factors may contribute to the variations in ship’s electrical power
consumption. Thene factors are the operational conditions of the ship and the

environaental conditions present at the port. Variations in KVA utilization

occurrad from weekday to weekend. The operations profiles for the majority of
the ships were basad on a Monday to Friday work week. Noticeable reductions in
the power requirements of each ship occurred on weekends primarily due to the
crew not conducting routine training and maintenance operations on Saturdays
and Sundays. The differences between weekday and weekend power requirements
ware great enough to require a segregation of the data. Only weekday data was

used in the construction of covariance and correlation tables.

6.4.2 Operational Variations

Figure 17 shows the probability of incurring the maximum daily demand as a

function of the time of day. It illustrates that peak usages usually occur at

e
1w

1000 hours and at 1400 hours. This is most likely due to the preparation of

meals, training, and the required system check outs. The correlation that

Ty
cre

occurs between classes of ships from hour-to-hour is incidental. It is an

explicit relationship, strongly dictated by present managerial practices,

«
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6.4.3 Environmental Varjations

Environmental factors such as temperature, wind speed, and cloud cover
effect the power requirements of a mix of ships on a day to day basis. Changes
in these conditions do not usually happen rapidly enough to be classified as
time of day variations so they are considered to be day to day variations. The
influence of the environment can be pictured as an addition to or subtraction
from the ship’s required operational loads. That is, the ships will carry out
their normal day to day activities and will turn the heat up on cold days or
use the air conditioner on warm days, thus increasing the total overall power
utilization. The affect of the environment is the largest cc:iributing factor

to the total variance of the distribution.

6.5 Problems in the Data Sets

Hourly readings of electrical power utilization were recorded for the
ships present at Sewell’s Point from 20 December, 1976 to 21 January, 1977.
Numerous classes of ships werzs present ia port, but not all at the same time,
and their time spent at cold iron was not necessarily continuous from day to
day. Problem areas in the data sets occurred in four areas: (1) coinciden-
tally of data, (2) discontinuity of data, (3) weekday to weekend variations,
and (4) cold iron status. The only method available to cope with inconsistent
or discontinuous data was for the investigator to make educated guesses on what
the missing data would have been and on what effects missing data had on the

final results. An elaboration on each of the problem areas is included below.

6.5.1 Coincidence of Data

Each ship maintained its individual schedule of operations and arrived aad
departed according to operations orders. Figure 18 shows a tiweline of the

presence of each ship for which data was recorded. The lack of overlapping
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20 22 246 26 28 30 0l 03 05 07 09 11 13 15 17 19 21 Oy
- 21 23 25 27 29 31 02 04 06 08 10 12 14 16 18 20
L
E AD-14
AD-37
, AFS-1 - —_
A0-143
v AOR-1
(% AR-5 - -
{3 AS-36
ASR-7
w0 ASR=-21 —
v ATF-69 -—
CG-16
v CGN-38 —
N cv-59 —_
CV-67
. DD-931
s DD-963 -_
s DDG-2 — —_—
DDG-37
o FF-1037
*. FF-1052 - —_— -
LCcC-19
A LRA-113
T LPA-248 —_—
o LPD-4
LPD-12
! LPH-2
- LPH-7 U
3 ‘ LST-1179
* SSN-637 —_
N

A

] ‘ Figure 18. Timeline of Ships Present at Sewell's Point
December 20, 1976 - January 21, 1977
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data prevented the complete incorporation of the day-to-day or environmental

variations into the covariance table.

6.5.2 Discontinuity of Data

Interruptions in data sets occurred periodically. The twe major rcasomns
for discontinuous data sets were the failure of data recorders and the shifting

of the ship’s desire to use ship’s power versus port power.

6.5.3 Cold Iron Status

The entire PSRPM study has assumed that if a ship was receiving power from
the port than it was at cold iron. Due to the location of the electrical
meagsuring equipmert (at the transformers), it was not possible to determine if
the ships drawing port supplied power were in fact at cold iron. The knowledge
of whether a ship is at cold iror or not has an impact on the calculations ard
assumptions leading to the determination of the maximum demand. If ships are
using supplied power and their probability of usage has not been taken into

consideration, then the estimates arrived herein are low.

6.6 Summary

The statistics discussed in this report each had an impact on the total
electrical demand of the ensemble. The mean established the central region of
utilization, the correlation coefficient showed that there was more than
individual variance contributing to the distribution of curve defining the
power utilization, and the covariance was the contributing factor to the

increase in total variance.
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VII. CONCLUSIONS .

A
®

7.0 Introduction

X
‘Q The primary output of Phase II is similar in format to that of Phase L. A *:i:
N >
s graph displaying the probability that the demand for electric power will exceed ttz

capacity versus capacity was generated. Three scenarios are displayed in

-
"

Figure 19. Scenario 1 is basically a Phase I/PSP1 output using the ships that

were present at Sewell’s Point on 22 December 1976, Scenario 2 used PSP2 and

LA

o only the mean KVA utilizations as inputs and Scenario 3 included is representa-
oS

gﬁ tive of the curve if the Master Covariance Table values were incorporated into
o~ PSP2.

-

i\ 7.1 Objective

3

The objiect of this section is to present the conclusions reached as a

result of the PSRPM Phase II.

]
.

o

7.2 Scenario One Sewell ‘z Point - Using DM-25 Values

A principle output of the PSRPM is an estimate of the probability that a

-~

group of ships will exceed the electrical supply capability of the port

xR

-
.

facility. This concept was demonstrated in Phase I using Present Demand

specifications stated in DM-25. In Scenario One PSPl was run using the ships

a

ay, that were present at Sewell’s Point on 22 December 1976 as a data base and
N their respective DM-25 values as KVA utilizations. The distributions created
Y

- by the realizations involving the 22 December ships is represented in Figure 19
-~ as dots.

"
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PROBABILITY OF EXCEEDING SPECIFIED DEMAND FOR KAV

I3

8407610

[

Scenario 1 Sewall's Point—1977 Using DM-25 Values ()
PERCENT Scenario 2 Sewell’'s Point—1977 Using Mean KVA Values (o)
Scenario 3 Sewel's Point—1977 Using Covariance Matrix (*)
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Figure 19, Probability of Exceeding Specified Demand for KVA.
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7.3 Scenario Two Sewell‘s Point ~ Using Mean KVA Values
!! A second set of values were calculated and plotted which reflect the
@: ships’ utilization of the calculated mean KVAs. The mean values for each ship
N
v class were calculated over the surveyed time period. Phase II generated a
!' series of random numbers to determine the number of ships present in each class
R

per realization in accordance with the Binomial Theorem. Next, the mean KVA
gi values corresponding to each ship class were multiplied by the number of ships
<« in that class present in the realization and summed. Like PSPl, PSP2 executed
l
Q} 100 realizations and listed the total KVA values in decending order. The

results of their distribution and the values corresponding to the Central Limit

Theorem are plotted in Figure 19 as circles (o) and a solid line respectively.

P

7.4 Scenario Three Sewell’s Point Using Covariance Tabie Values

—
-

The third curve on the graph represents what the proovability of failure to

meet demand curve would look like if all of the factors contributing to varia-

A

tion were incorporated into the covariance values. Since the variations due to

the environment were not included the curve was shifted slightly to the right

from where it would actually be located. This compensates for not incorpora-

ting this variance in the model. PSP2 generated a series of random numbers

¥y

to determine how many ships of each class are to be present in each realiza-

tion To determine the KVA demand of the ships present, PSP2 is formatted to

initiate a slightly more advanced procedure based on the distributions created

by each ship’s mean and the single total variance which was derived through the

’

summation of the elements in the covariance table which are particular to that

2o

realization. If, in the process of constructing a realization, there was not a
Sewell’s Point calculated covariance available PSP2 substituted representative

statistical values for the covariance. These representative values were deter—
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. nined by using a mean equal to 60X of the DM-25 value and a standard deviation E;}?;Q
) SN
) of 6X of the DM~25 value in the computation of the covariance. A correlation :":j_‘-fl
] ;_...:.'.‘
. coefficient of .8 was used as the final term in the calculation of the repre- \.
. ."‘
" sentative covariance. These particular values for x, s, and r were determined gg;
~ through analysis and comparison of the Sewell’s Point data to DM=25 values. '.:
* These points on the cumulative distribution curve are plotted as (*) in Figure NN
(AN Wy
19.
>

7.5 Interpretation of Scenario Curves

Ve

ﬁ Each scenario curve can be analyzed separately to reveal particular
< characteristics of demand specification versus probability. Or all three of
o the curves can be analyzed as a whole to present a picture of how the PSRPM
* predicted values compare to the DM-25 predicted values, and how the addition of

covariance changes the shape of the curves, particularly in the distribution

4

N wing.

5 7.5.1 PSP2 Mean Curve Compared to PSP2 DM-25 Curve

;:;J It has always been surmised that DM-25 over estimates a port’s electrical
~ power requirements. But the safety margin built into DM-25 associated with
; \F this over designing has never been determined., Figure 20 presents KVA values
| y of the PSP2 Mean Curve and the PSP2 DM-25 curve for constant probabilities of
‘: ;'E failure to meet demand. From these values it appears as though the DM-25
| o process incorporates a safety factor of approximately 2,

2

5
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7.5.2 PSP2 Mean Curws Compared to PSP2 Covariance Included Cuzve

The PSPZ Mean Curve compared to the PSP2 Covariance Included curve shows
the influsnce of the operational variances only. As stated before, the
environmental variations were not incorporable because of non-coincident data.

The slight difference in the mean hourly KVA utilizations from weekdays to

Acceptable Failure to PSRPM DM=-25 Safety
Meet Demand Rate KVA KvA Factor
Requirement Requirement

0 9700 21700 2.23

o1 8500 17500 2.06

o2 7200 15000 2.08

Wb 6000 12600 2.10

.6 4700 11500 2,45

.8 3600 _ 1500 2.08

Figure 20. Determination of Safety Factor

weekends (7.32 greater on weekdays for AOR (38 KVA), and 1.252 greater on

-

wezkdays for CGN (21 KVA) reveal that as majority of the power utilized is in

L=l

fact used for environmental and hotel purposes. As stated in Section 7.4 thé

-
o

Covariance Included Curve w&s shifted slightly to the right to compensate the

s

study for not incorporating the daily environmental variatioms. This shift was

I~

justified since the output of the Master Correlation Table shows that there is

'_
D,

a very high correlation between most of the classes of ships even without

»

considering the environmental variations. Keeping this in mind, the Scenario 3

B

curve tends to approach the maximum staudard deviation boundary condition, r=l.
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Studies and surveys to date have been mainly concerned with the mean power _-’.:j'f"*
r. consused by each single ship in port. Periodically maximum demands were
=N recorded but no correlation to the time of the occurrance of the maximunm
)
e deaands has been made. The PSRPM has tried to "statistically blend" the means
» and variances, into a distribution which is different from a distribution based
\-
solely on the mean utilizations. The resulting widening of the wing redefines
A
%\ the maximum power specifications of a port given a particular mix of ships.
",
’".
- 7.6 PSRPM Versus DM-25
:r Even though the PSRPM process provides an accurate prediction capability ,
s
it is a complex procedure to use. Additionally, it makes no allowance for the
"
C.'
1‘}' increase in demand that occurs in the life span of a typical Navy ship. PSRPM
‘... is useful and economical when an estimate of actual utilization would meet the
. needs of the circumstances being investigated. The methodology cjan aggregate
i-:- individual ship power usage data to predict the usage by various combinations
<
of ships and thereby is capable of predicting power use at the pier level.
|
! The comparison of a PSRPM prediction compared to a DM-25 prediction
) results in an overall reduction in the predicted power demand. Thus, a design
'S
gf' capacity derived from DM-25 appears to be conservtive.
-
i 7.7 Limitations to the PSRPM
: The PSRPM output provides a demonstration as to the potential of the
statistical techniques available for port system analysis. The statistical
l\'.
techniques used in the development of this methodology incorporate the
correlation concept which in turn allow for the computation of statistically
o
h based diversity factors and an estimation of the probability of failure to meet
v3
N 56
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i demand given the covariance table values. Although the data was sufficient to ._..-'
TSN, /

refine PSPl into PSP2 the methodology is limicted in several areas. N

:;.: The Sewell’s Point Survey measured power utilization at the transformer ::;::i
ol A
. \“.n*'v
level. Without the supporting details of usage conditions (cold iron status, S

stand down time, testing of ship’s systems, general ovetrhaul, teaperatures and -

’,4'.
5
N

lack of sufficient overlapping data, etc.) the data reduction i3 subject and

limited to broad statistical interpretation. Since the lata was collected over

x the Christras L:wliday season, when many parsonnel were on leave and ship
< activity was low, tha power consumption cannot be cousidered representative of
;‘E the yearly normal. In addition, it is uncertain whether an hourly sample
. period provides sufficient detail to identify peak loads of short durationm.
: The applicability of the Binominal and Centcal Limit Theorems impose
limitationa to the study. An understanding of the operational profiles of the
. ships, such as the time in port as compared to deployment time is essential in
:'.'. the assumption of a binominal distribution. Further investigation on the
N

influcnce of ome ship’s electrical consumption affecting another ship’s

congsumption and sa the accuracy of the assumption that 1if a ship is not its

5 |

houeport then its presence is substituted with a similar ship at the homeport,

Ly

vy

needs to be accomplished. The Central Limit Theorem made the assumption that

the data could be represented by a normal distribution. The sample

.

l‘q.

YN distribtutions obtained in this study are generally closer to the normal
: :;: distribution in the median region with inaccuracies in the wings.

3B A

‘. Taking into consideration the limitations stated, and realizing that the
f PSRPM is the demonstration of a concept which is intuitively correct with
X problems to be resolved, it is concluded that the results of this methodology
ﬁ be considered preliminary and that their use for planning estimations be sub-
;‘.’, ject to this fact.
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n VIII, RECOMMENDATIONS el
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® 8.0 Discussion e
' The Port Systems Requirements Prediction Methodology was developed to

demonstrate the ability to make predictions about port utilicy service

1

o requirements. The application of the techniques devaloped in the PSRPM is not
limjited to the electrical pover resource but is applicable to every service
~ resource the port has to deliver separately or in combination. A foundation
™ for the future development of prediction methodologies was made through the
lessons learn:d in the overall development of the PSRPM. Based on PSRPM,
:‘E enhancements :o the decision wmaking process and to the design of future data
. gathering programs are envisioned in experimental design; understaunding of
::‘\ present design methods; and economic analysis.
Phase I was the initial attempt in developing a prediction methodology.
It validated the theoretical basis by comparing calculated data to the Central
Limit Theorem Data. The calculated data was very clean in nature since it was

composed entirely of theoretical means. The output of Phase I proved to be

::*: usable and quite understandable in its application to the objective of the
study. Phase II built on the first phase by incoroprating actual measured data
o and introducing hourly and daily utilization variances. The calculated values
" once again tracked very closely with the theoretical Central Limit Theorem
= values. An understanding of ship correlation, covariance, and the influence of
i :: large numbers of ships on the overall outcomes of a prediction has now been
a developed. Phase II presents areas where improvements to both the experimental
; EE process and the applica~ion of statistics may be improved. The next logical
step is the development of a more refined, accurate prediction methodology,
:::' possibly a Phase III, which would involve a validation by direct comparison of
its conclusions with monitored parametars.
]
'l:;‘
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8.1 Objective

The objective of this section is to present recommended applications of a

PSRPM bdased procadure.

8.2 Experimental Design

The PSRPM product was developed to incorporate the Sewell’s Point data.
The statistical techaiques used wers adapted to what information was available,
and the resulta are a product of this adaptation. The specific arme whers the
PSRPM has contributed to future axperimental designs is in the planning of data
acquisition process. Sub areas of the data acquisition procuss, such as when
to take the uata, what data to take, and how many ships should be instrumented,

have all been addressed in the development of the PSRPM.

8.2.1 When to Record Data

The Sewell’s Point data showed that generally, the maximum power
requirements occurred in the late morning and in the early to mid afternoon.
Knowing this, it does not appear necessary to record data around the clock.
Instead, measurements of more frequent intarvals or of a continuous nature
taken during the observed peak usage periods, would display short periods of
maximum power utilization, Since the Sewell’s Point data was acquired in the
wintertime, the completa spectrum of the ships’ power requirements for heating
and cooling has not been complsted. It appears feasible to schedule the next
data gathering exarcise during the seasomn which traditionally has the greatest
influence on the base’s overall power requirements. Sampling rate requircments
have been reviewed and it has been determined that operationally based
variations require more rapid sampling than the hourly case, Environmentally
induced variations can generally be estimated and should be sampled less

freauently.
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1% 8.2.2 What Data to Racord }-\..E
[ ey
An in depth analyasis of the correlation coefficients and the mean pover ::1"{

>

utilizations of the various classes of ships will aid the experiment designer

Zl

_ in developing a more efficient scheme of ship instrumentation. However, ship ::.‘;:
Eé level power utilization information is required. The next logical step would §:

be to measure the utiliszation at the ship level, perhaps at the ship’s buss, :i-i';
*H" to deternine if the ship was in fact at cold iron. This would permit the ::;:‘
(‘;3\ extrapolation of the data to all of the ships of a similar type, and hence, ‘\:-E?“~
& vy

port scenarios can be synthesized and analyzed. -

8.3 Assistance to Port Master Planners

-
£
'& The concept of forecasting the future can be seen to be very complex. OUne

can only make educated guesses on technological advancements and requirements

>

-y -
-~ "K .

i

of the future. The PSRPM provides understandable and almost immediate feedback

i on the "what if’s" of the future. Additionally, with refinement, an b\'
interactive capability is envisioned. This study can benefit the Port Systems ‘V

L %1 ".::. d

‘;.3 Project by providing analytical procedures for utility demand data acquisition -‘_\'.-}q

e X "\':\‘.1
projects. With futher refinement, PSRPM could be used to assess the impact of PI

\! selected MILCON Projects and/or serve as a basis of an acquisition strategy.

~ Finally, as familiarity with the process is gained, procedures could be

I‘l

~ developed which would present NAVFAC and fleet planners with an analytical

« review of existing and planned facilities on an interactive basis. AN

:J / e :"\ .\

i ASAN

.\:.‘.

NG N

‘ E 8.3.1 Present Design Procedures - DM-25 -

| The present process for establishing the electrical power service

.

:§ requirements for a port involves the blending of knowledge about a berthing

plan with the DM-25 process. Until now, it was not clear to port planners how

1L

congservative DM-25 was. Results from the PSRPM show that DM~25 designs with a

=
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safety margic of approximately 2. The P3RPM can provide some insight to how

large the power distribution system should be without approaching an
overdesigned specification. Because of its simplicity, directness, and built
in conservativeness the DM-25 procedure should remain the primary design

approach.

8.3.2 Economic Analysis

Capital investment strategies for port electrical utilities, time value of
money, and rate of return are all based on two questions; how much power is
required in the future and for how long is this present supply level adequate?
The PSRPM can provide assistance in estimating how long a particular power
systen can deliver the maximum load specification. Given an acceptable failure
tc meet demand rate and the known mix of ships a time of useful life of the
present power system can be established. From this information, the most

economical use of funds available can be determined.

8.3.3 Lead Time Estimation

When the decision is made to modify the port’s existing facilities, the
PSRPM caun provide an estimate to the planners as to how long the present system
can gatisfactorily supply power. This information gives the port planner

guidance on when to scheduse the required construction projects.

8.4 Summary

The PSRPM project demonstrated that the statistical techniques developed
can allow port planners to establish, with some confidence, the utility usage
demandsd for various combinaticna of ships which are expected to be served. A
strong relationship between the data acquisition process and the validity of

the PSRPM can be implied.
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PHASE II COMPUTER PROGRAMS
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KVADB is a FORTRAN program which creates the data base KVA.DBS. It
contains the ship class, number of days in port, date, mean hourly KVA usage,
and summed mean hourly KVA usage.

i " .DIR KVADR.FOR =~ ~ —
- ZIRTLKE Non-existent file  KVADE.FOR

JGIR [KV\UK\S734s1301 KUADE.FOR
K KVADR  FOR 4 ©OS7>  29-Dec-81 NOAF:  [573451301

«TY [S7345 1307 KVADE,FOR
g FROGRAM KVAUR
J IMFLICIT INTEGER (A=-2)
REAL FACTOR
S DIHENSTON NAMEZ2(2) vD(30,25) s M(2:25) ,8(2,25)
['..\ [.:.........—...................................-............_................................_................................................_............_..........._............................._................‘......
by 10 TYFE 100
READ (5,110 ERR=10) NAME
ﬁ OFENCUNIT=6+ACCESS='SEQIN’ yFILE=NAMEs DEVICE="08K ")
OFENC(UNIT=7yACCESS=/APFEND’ » FILE=/KVA. DRSS/ yDEVICE=/TEK /)
: FEAD(S»120) NAME2»DAYS
" o 20 Twle
N FEAD (& 1300 (MCIrJd) s di=la 25
"~ 20 CONTINUE
: 00 30 I=l.0AYE
B REATICS» 130) (D(Tvd) vdmls2s)
R 30 CONTINUE
£ DETERMIME CONVERSIGN FACTOR
N IM1=0
* 00 40 J=1,DAYS
IF (D¢Jel) LER. -1 GOTO 40
- ML=M1+Iidy2)
% IML=TML+L
; A0 CONTINUE
. ML= TFIXCFLOAT (ML) ZFLOATCTML) D
| . FACTOR=FLOAT (MC1s2)) /FLOATCML)
o~ C  CONVERT AMFERES TD KUA
o . 00 60 T=1,0AYS
o ne 50 Jmgenn
. T TR DY AFLDAT (DT e L) 2 XFACTOM
Cs0 CONTTNUE
- L0 DONTTNUE
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, RSN
r R
L‘i KVADR '.'n'._'
\‘ LW .\ o'
e
PN s

L}

« 0.
alll

. 0 CALCULATE STANOARD DEVIATION oo
by D0 90 J=2,25 S
) £1=0 S
§2=0 O
m - 181=0 -{_
£ 162=0 e
N0 80 I=1,0AYS :

- IF (D(Iy1l) ,LT. 0) GOTO 70
N S1=81+(DCTyJ)y=M(1rJ) ) kXD

Y I181=I51+1
. GOTO 80

N 70 §2=G24+(D(Ty J) =M (25 J) ) %KD

& 152=182+1

80  CONTINUE
5 G61y D=TFIX¢(BART (FLOAT(S1) /FLOAT(IS1-1)))
3 S(2s I =IFIN{SART(FLOAT(S2) /FLOATCIZ2~1)))
90 CONTINUE

. YGRS RES!

'~ S(201)mmi
e  WRITE OQUT DATA INTO DATA RASE KVA.DES

100 FORMAT (Y TYFE IN NAME OF FILE WHICH CONTAINS DATA")

- 110 FORMAT(AS)

gi 120 FORMAT(2A5515,110X)

1 130 FORMAT(25IS)

| WRITEC(7+120) (NAME2(I)sI=1+2) +DIIAYS

8 N0 140 I=1s2

gLy WRITE(T»130) (MCTrJ)vd=1s25)
WRITE(7»130) (S¢CTsJddsd=le25)

! 140 CONTINUE

1 00 150 I=1+0AYS
WETTE(7,130) (D(Isdd)ad=1y25)

. 150 CONTINUE

. CLOSECUNIT=4yARCESS=/SEQRIN’ »FILE=NAME » DEVICE= ' NSK )

I FLOSE (UNIT=7 s ACCESS=/ AFFEND  FTLE=KUA+DES /s IEVIOE=/ USK /)

END
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KVA.DBS

Listed below is a sample listing of KVA.DBS.
the number of days in port and the hourly KVA values.

A

weekday means
weekday standard deviations

weekend means

It contains the ship class,

weekend standard deviations minus signs denote weekends
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