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CHAPIER 1

THAHNTY MY VYT ALY
AlCLiWA/WNA L LAY

Notation
The mathemetical model deseribed-herein was developed using
rathematical notation and it is implemented in USASI FORTRAN (2.0)/MASTER
used on the CDC-3300 corputer. For this reason the model will be
described using FORTRAN rules for variable and constant names and symbols.
Thus NCREW, the number of C-130 air crews, is a varlable symbol and not the
product NECH*R¥EXW, Multiplication is indicated by parentheses() or by an
asterisk ¥*; when there is no ambipuity, such as 2x, the asterisk 1s

>

omitted.
Brackets are used to denote trmncation to the :’Larg;est integer
in the expression between the brackets. 'I‘mmcati'c'fﬁ' in the
FORTRAN model i done by using integer variable names.
} Braces are used to dencte sets of expressions which are between
{ the braces and are separated by cormas.
Parentheses are used to denote multiplication, grouping, or

|

MIN { o,T } Means the minimum of the values in the glven set.

subscripts.

MAX {E‘.PKG2,BAG1} Means the maximum of the values 1n the glven set.
The FORTRAN rule for subseripting will be followed; hence, Al
is written as A(I). Capital letters in our alphabet will be used exclu-
sively since they are the only ones avallable on the CIX-3300 computer.
When a letter such as p is preferable due to common usage, it will be called

by an eauivalent such as RHO. Footnotes are serlally numbered and




references in the text are numbered in Lrackets [ -7 .

Description of ADAPTS

' | The Alr Deliverable Anti-Pollution 'Transfer System (ADAPIS) Includes

alreraft, alreraft ground equipment, large moveable Diesel ariven pumps,
hoses, collapsible tanks, and men with their supplies of food, water, ete.

A hypothetical incildent for use of this system would be: a tanker loses
propulsion power during a storm when approaching New Jersey from Venezuela and
is driven aground on a sandy beach. There 1s no danage but no other ship

can approach it due to shoals. Barges are avallable but the pgatherlng and

towing of barges to the tanker from New York Clty and Wilmington, Delaware,

will require five %o seven days and ot least two more days wlll be needed

to lighten the tanker sufflclently so it can be floated. ..'Ijl:'le Coast Guard
and other agencles are notified. The Coast Guard deci.de’s t6'use ADAPTS after
evaluating the sltuatlon including the chances for another storm.

The deployment of the system begins by notifying FElizabeth Clty Alr
Station (ECAS), Cape May Alr Station (CMAS), and Brooklyn Air Station (BAS).
BAS is nearest to the scene and it 1s equlpped with the largest helicopters
(HH~3F's) the Coast Guard uses; BAS immediately loads a pump and Diesel
package into a cargo sling and the ready HH-3F brings it to the scene of the

¢ wxding. A crew is called to man a second HH-3F within an hour.

At CMAS the situation differs; this alr station has only HH-52A's for
helicopters and unlike the HH-3F they can not carry a heavy lcad any

distance. CMAS remains on alert to send 1lts helicopters for work at the




scene in eight hours (after all heavy delivery 1s completed and when the

crews of the HH3F's must rest). At ECAS the ready C-130 beglns loading a

wasan Al As Al mimen arnd T AnAT oAt ae A1) ae o
Ta wTv 0 Wilaa Qo o«
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collapsed rubber tank called a bap package. A sevond and third C-130 are
being, readied by installing a rail system (the loaded equipment is on
pallets that will slide cver these rails when loading and when parachuting
the equipment) ard more C~130 crews are called to be ready by the time

these C-130's are ready. After the first C-130 1s loaded, four salvapge
teams of four men each board the plane and the plane flles to BAS. There
the salvage teams board HH-3F's and are brought to the scene while the C-130
airborne again, flies to the scene and prepares to parachute the equlpment.
When the first salvage team 1s ready and a hellcopter is walting the equip-
ment 1s dropped from the C-120; automatically anchors whe’n i‘g enters the
water except for the A-frame hauling and lifting device (l—ﬂ'.D")"wfuich 1s buoy:-
ant and free floating. The helicopter grapples for the HLD and brings 1t to
the salvage team which assembles the HID while the helicopter attaches llnes
to the anchored equipment and brings either the equipment or the linés to the

salvage team deperding upon the type of helicopter, the distances, and the

weather. The salvage team finishes hauling the equioment to and on the tanker

and then hauls in the end of the hose from the collapsed bag., The equipment
is assembled and the pumping, at a maximum rate of 1000 U. S. gallons per

minute per pump, bepins into the rubber bag. The aircraft continue bringing
equipment and bags until all that are needed are at the scene. In splte of

the distances involved, enough bags can be delivered in 24 hours to liphten

e e T AR T i i 1 O DR R i
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the tanker. Thils 1s the time linit desired. After 19 baps hgvc beernr 11led
and moved to a safe anchorare, an attoamt to pull the tanker sucreeds and
vile Lawmert Is Uowed o New Tork. A Cuusl Guesd Duuy Tersder wWilch vias 56t
to the scene picks up the seven unused bars and brings them to New York.
Coast- tard and conmerical tups tow the full baps slowly to Bayomnne, New
Jersey, where they are enptled into storage tanks or tank barges. All the
equipment 1s eventually brought to BAS where 1t 1s loaded Cn ¢130's for
return to ECAS for repair and repackapging.

The most important aspect of the use of ADAPLS is illustrated by
thlis example. Powerful equipment must be brought from its storape to the
distressed tanker, in time to prevent an oll spill. A tanker, aground or
drifting out of control, 1ls at the mercy of weather. The ﬁeasure of
effectiveness for this mopdel, what can be done in 24 houfs; was picked with
weather in mind, Some tankers become distressed due to roué;'dgather; they
have five days on the average before rough weather occurs again. It is dur-
ing that five day period that salvape can be attemoted. Some tankers such
as the TORREY CANYON become distressed Independently of weather. For those
tankers, the ones that become distressed durlng good weather will have on
the average two days until a storm arrives and the ones that become distressed
during fough weather will have nearly five days until ancther storm arrives.
A small tanker in distress near ECAS can be emptied by ADAPIS in 24 hours
vwhile aé the other extreme a supertanker in distress in the Florida Strait
will require many days of off loading to be emptied. The model solves for
what can be done in 24 hours by ADAPTS in weather up to 40 knot winds, 12

foot seas, and 1000 foot ceiling. An evaluation of the weather forecasted,




the size of the tanker, its distress, and Coast. Gard resources currently
available 1s needed to determine what resources to use and what additional
resources must he obtailned. Thus this mathematical model is an aid in the
decision process. .
The hypothetical incident glves a preliminary description of the
- system, For the purpose of detailed description, we will consider it to
be conprised of four subsystems:
a., ECAS with C-130 alreraft. Other alrecraft there are not used
in ADAPTS so they are ignored.
b. Two other air stations (HP1l nearest to the incident scene and
HP2 next nearest) with helicopters. Other alrcraft there are incldental; |
they are not used in ADAP'S.

¢, The alreraft delivered pumps at ECAS, HPY, and HP2 and the

[ AL

bags at ECAS.

b d. The salvagé teams with life support ecuipment.

ECAS Alrcraf%
The Coast GLard Alr Station at Elilzabeth Cit s, North Carolina
is centrally located on the east coast of the United States. Because of a
reorganization of aircraft deployment several years ago, it 1s currently
4 the only Ccast Guard air station in the East with C-130's. With little
effort it can be doubled to two sources of C-~130's, but because of the
distances involved between C-130 eguipped alr stations, they are indeperdent
. for all practlecal purposes. This model, based upon one C-130 ecuipped air
station, is valid for San Francisco Alr Station and other C-130 equipped

alr stations although ECAS is the only one mentioned in this paper. Table




1 presents the standardized operating parameters for the thrvee types of
Coast - Guard aircraft used by ADAPTS; in 1t are included the ailrcraft used

P Ny ey
4

Dy ADAFIS ard excluded {ftom 1L ate Uie Gihér Uypes opd the Cooct
Guard. Up to 15 C-130's and loaders ar¢e allowed in the model althouph

this number 1s not possible from Coast Guard resources. This hiph allowance
permits "what 1f" questlons. The nunber of loaders, L, 1s constralined to be
less than or equal to the number of C~130's, N, since only one 25K loader!

can be used by a C~130 at a time.

Helicopter Air Stations

The air stations nearest and next nearest to the scene of the
distress are the only two air statilons consldered in this model for helicopter
resources. 'The others will almost always be far heyond thg ranpge of hellcopter
operations and ln some lnstances such as scenes of distf‘éss:;or'theast of
Portland, Malie, the nearest air station (COAS) is at or beyond the limit of
loaded HH-3F's, In those Instances, the HH-3F's can work zt the scene, but
the salvapge teams must be delivered by other means. In such an instance this
model 1s inapplicable. The air station nearest to the scene ls called HPL in
the model and the next nearest to the scene is called HF2, Vhenever a distance
is placed into the model that exceeds the capabillity of the hellcopter the
helicopter 1s removed from the model, and if no helicopters are left at NP1,
the model prints this fact and terminates solving the problem. If the mathe-

matical model is solved manually, the total flight time of an HI-3F must

IThis paper use the 25,000 pound caracity loading machine as a standard. it
1s described in the model only by the total time reauired to load a €-130,D.
Change the value of D if other loaders are used.
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not cxeead 182 minutes when it is loaded with a corplete purp and Diesel
set and the total flight tire of an 1H-52A rust not exceed 120 minutes when
it 1s carrying a third of a pum and Diesel set. These times are derived

from the welphts, distonces, and the parameters in Table 1,

Pumms and Bags

The equipment especlally developed for ADAPTS consists of the
pump ard Diesel sets (hereafter called pumps when at the scene and E pkes
when packaged for delivery) and the baps (hereafter called bags when iIn the
water at the scene or when filled and B pkrs when packaged for delivery).

A C-130 delivery E pke consists of:

a. A small rubber tank containing 55 gallons of Diesel fuel,

b. A Diesel englne - hydraulic pum set that iys .packaged to
fleat, PP N

c. A submersible hydraulic motcr in a common housing with a
crude oil pump that 1s packaped with hoses to fleoat,

d. A hauling and lifting device which is an A-frame with a manual
winch and tle-downs, and

e. Packaging material including parachutes, pallet, packape open-
ing equlpment, lines, floats, an< an anchor.

The pump set is capable of pumping 1000 gallons of medium welght

crude oil per mirutz, When a E pkg is dropped out of the tail of a C-130,
the parachutes open automatically and a tilmer is started. Just before the
F pkg hits the water it bepins to open ard the HLD falls out. It floats

free. When the E pkg is in the water, the parachutes are cut off and an anchor

is dropped. It 1is now ready for hauling to the tanker.

-
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A helicopter delivery L pkg 1s the same as ahove except that
parachutes and the anchor are unnecessary; also the packaring is lighter
since 1t will not be dropped. If an HI-52A is used (only for short dis-
tances), the components of an E pkg are delivered separately.

A B pkg conslsts of:

a. A folded rubber bag capable of holding 500 tons (125,000 :
U. S. gallons) of crude oil and a hose,

b.. Flotation tubes and inflater, and

¢. Packaging material Including parachutes, pallet, packape ,
opening equipment and an anchor.

When a B pkg is dropped out of the tail of a C-130, the parachutes

open automatilcally. When the B pkg hits the water, the parachutes are cut
off and an anchor 1s dropped. After a time delay the package opens and the
water sensitive flotation Inflater releases nitropen gaé' 'in’cg ‘the flotation
tubes. 'The hgse floats out (one end is plugeged and the other end is fastened
to the bag filling connection). The flotation tubes stralghten the bag so it

floats ready for filling.

The Salvape Team

The salvage team is comprised of enough men to run the pumps
amd fill the bags at the scene for at least 24 hours. They are equipped
with a radio, emergency lighting, bedding, and food. Roughly four men are
needed per pump forr around the clock operavion but this number may be
changed when weather and season dictate., It i1s converient to divide the
full salvage team into four man salvage teams for purposes of helicopter

load capacity. Thils amount of men can be carried by an Hi-52A to the

-




same distance 1t can carry a third of an E pkg.

i demsmen laacan o £% .
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TARLE 1
ATIRCRAFT PARAMETERS

A salvage team reans a four

Plane Speed in Knots Carrying Reserve Mean Averapge Fuel

Out Back Capacity Fuel Refueling Consumption
Pounds Pounds Time in Pounds/Hour
Minutes

Hi~-52A 85 95 2,000 F+C 200 20 400

HH~3F 115 125 7,000 F+C 600 30 -1,100

C-130 270 290 17,000 C @ 4,000 4o - *-4.000

45,000 F ’ .

F = fuel; C = passergers and cargo
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CHAPIER 2
DEVEIOPMINT OF THE MATHEMATICAT, MODEI,

The desired result of the mathematical model is to find the
maximum nurber of bags that can be filled in 24 hours subject to the
nurbers of C-130's, C-130 air crews, C-130 loaders, helicopters, and L
pkes. Thils 1s a2 model for measuring the operational results that can be
attalned with available resources. Four equations will be derived to
describe these resource constraints. The first one includes C-130's and C-130
loaders; 1t descrilbes the number of plane loads that can be dellvered in
time for the bags to be filled within the 24 hour limit when E pkps are not
constraining. The second equatlon uses C130's only and it yields the maximum
possible nunber of tanks that can be delivered and filled in 24 hours if the
other variables are not constraining. Althouph it is of litj,le use in an
operational model, it is included since it provides a éér;pafiéoh for the
measurling of the effective use of the utmost costly resource, the C-130 air-
plane, The third equation includes helicopters and E pkgs as variables. It
describes the time needed to deliver I pkgs to the scene and the nunber of
tanks that can be filled by them within the 24 hour limit with C-130 aircraft
ard loaders not constrailning. The fourth equation Includes C-~130's, C-130 air
crews, and C-130710aders as variables. It describes the number of baps that
can be delivered within the 24 hour limit. When E pkes are not constraining
this can be converted to the nunber of tanks that can be filled in 24 hours

If the number of tanks that car. be filled in 24 hours is known, the
number of C-130 trips needed to deliver that number of tanks is

X = ;§(2’+ ﬁi P(I))

I=4

10
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This transformation of variables and its inverse,

Z = 2X$P(I)
are uced avtencively. =1

A sttt

A variable named CH:ICKl 1s introduced as an imput so that the user of
the model may choose to or not to check that varlables in the imput card
deck do not violate the allowable range over which they are defined for

this mathematical model. CHECK] also checks the helicopters by type to

ettt e e fn e nm e

see 1f they can carry an E pkg to the scene (distance is the only considera-
tion checked). To use CHECKl, input a value of 1.0 on the appropriate
card., '

Loader Egquation

The amount of bags that can be delivered and filled in 24 hours is
subject to the number of C-130 loaders. The loaders are considered as

-4
servers in a queueing problem and the C-130's as the arriving clients; the !

queuve that results is a deteministic queue with the facility utilization

——

Tactor deperxlent upon both the nurber of servers and the number of clients®:

P =X = averere nurber of arrivals per minute
AMS average nuiber of loadings per minute i

e expected time between arrivals (the reciprocal of averape arrival rate)

is l/,\' , = B+C for each C-130. Thus for N C-130's it is l/)\n = B+C vhich
N

is An = _N arrivals per minute. The expected service time per loader is
B+C

1/« =D. The nuber of servers, s, i1s the nunber of C130 loaders, L. Thus

the faclility utilization fa tor is RHO = ND . It is the fraction of
B+C)L

time that the loaders are busy.

€Coe H1lier & Tlekrerron, Tutrduztion te Creratlons Peseareh. On pare 290
this formula is deflined.

11




The time the loaders have available for loading is described by the
maximum possible time during the 24 hour period during which C-130's are
available for loading., The first loader can begin loading the first C-130
when it ends its standby, A(l). Similarly the Lth loader can begin loading
only when ihe Lth C~130 ends its standby, A(L). This stems from the
definition A(I)S A(1+1) for all C-130's, Other factors that reduce the
available loading time are measured from the end of the 24 hour period to
the time that the last load, which can be delivered in time for filling,
has been loaded. So, for the Ith loader, the time available for loading
18 1440« (B=D)=U=R-A(I1) T}nutes and for all the loaders it is

(1440=B+D=U=R) L= Z;A( I)
I-

The used loading time is the product of the facility utilization factor
times the total available loading time with the total aVaiihble loading
time representing the maximum used loading time possible. Therefore used

loading time is

L
ND
min {1, B+C)L ((1440-B+D-U—R)L-ZA(I))
=1
This number, when divided by the loading rate and truncated, yields the

constrained number of C~130 trips, IXl:

L
min{l, ND } ( (1440-B+D-U-R)L-ZA(1))
L IXl = (B+C)L

I=]1

D
Note that 1 SLEN., If either L or N is equal to zero, there can be
no baps delivered or filled. It 1s senseless to consider L >N, Any
loaders more than C-~130's simply will not be used. IX1 is converted to

" the constrained number of baps filled by the transformation: IXIT = 2(IX1l)=-

12




N
Zm)
=1

Also when RHO>1, the C~130's wait. Since N is finite, the queue length
can not exceed N-L, the nurber of (C-130's not in service. In steady

state the expected time between arrivals Lecores DiCtdelave whore W, the
N

vaiting time 1s the delay:
W =0 for RHO <1 and

W= ND - B-C for RHO=1. When W is considered, one can
L
deduce that the facility utilization attains 1 as its maximum.

Te C-130 Equation

As stated earlier in this chapter, this equation is provided for paping
the maximum number of C-130 trips and the resulting amount of, baps that
can be filled in 24 hours. It is not used in the present model although it
was the first equatlion derived in modeling the operational deployment of
ADAPTS. It led to the derivation of the fourth equation for IX5, the number
C-130 trips that can be made (so that bags delivered can be filled within
the 24 hour 1limit) with given number of C-130's, C-130 loaders, and C-130
air crews. An Intermediate eocuation labeled IX4 will not be described but
since its name appears in several computer runs, its name was not reused to
avoid cenfusion.

Note that 1440-R-U minutes are avallable for a C-130 to deliver packages
in 24 hours and that the C-130 time used is A(I)+B*X(I)+C(X(I)-1) where
X(I) is the nurber of trips made by the Ith C-130. Thus for the Ith C-130,
1HU0-R-UZ A(T)+B¥*X(I)+C{ NI1)-1). This is an inequality because there may
be a fraction of a trip possible in the time available; -C(X(I)-1) indicates
that fer the purposes of fillint tanks the last return triv is not consldered,

13

o i intin el

[ T W AT Y

i
i

RN

[ R




m——te— ] L e

so one return trip ic¢ subtracted. After solving for X(I) and truncating

the possible fraction of a trip, one has: X(I) = 440f§:BLP‘A(Il]
B+C

Next sum over N C130's to have:

N
IX2 = [1440+C~R-U-A(1)]
L B+C 1
I=1

This formula gives the maximum number of C-~1320 trips possible when there
are no waits for loaders and there are enough air crews for the 24 hour
period. Multiply by two and subtract the number of C-130 dellvered pumps
to find the number of C-130 delivered bags.

The Equipment Package Equation

The number of bags that can be filled by the pumps within the 24 hour
limit is a function of the number of pumps and when they ‘are delivered.
There are two ways by which the pumps can be delivered; b;fﬁeiicopter and
by C€-130.
When pumps are delivered by C-130's, the following restrictions

apply:
a. only one pump is in a plane load,
b. the pump is dropped first,
c. the first pump delivered by a C-130 is delivered on its
first trip, and

g d. the remaining pumps are delivered in consecutive trips.
These restrictions did not apply to the network analysis of ADAPTS, the

first two were required to construct the simulation model, and all were

necessary to derive this equation.

When pumps are delivered bv helicopter, the’ number and type of heli-

14




copters are important. Several simplifing assumptions were made, The

first is that zero, one, or two pumps may be prepositioned at either or

"

both helicopter equipped air stativus. Analysis cf tha eimmlar{ion results
have shown that, even with the faster and more powerful liH-3F, the third
and later pumps (when allowed) are delivered so late that they are marginal
in results., Another assumption is that only one nelicopter from HP2 can
be used and that if it is used it is an HH-3F, The assumption of one
type only comes from the fact that HP2, being farther from the scene, will
normally be beyond the range that an HH~52A can deliver a pump., HP1l has
one or two helicopters of either type but the types may not be mixed, they
are mutually exclusive in this equation to avoid the combination of pump
and helicopter delivery schedules that could arise, The two types of
helicopters would be drawing from the same group of pumps sp that pumps
delivered have to be subtracted from the pumps available f;r delivéry by
the other type. It will become evident in the remainder of this section
that, even with these simplifinp assumptions, this is the larpest and most
difficult equation.
A final assumption is that the HH=~52A helicopter can be used to deliver
a pump in thirds; that is, an E pkg which is constructed in three modules
of nearly equal weight, There is serious doubt that this can be done and
atill have a pump with a rated output of 1000 gallons per minute. If it can
not, the portion of the equation that describes such delivery can be removed
without harm,
1, The Ith C~130 delivers a pump on its first trip and, after El

minutes, this pump is ready for use. Thus from the A(I)+E1+B minute to
the 1440th minute, it {s available fo. pumpinp; this is 1440-A(I)-B~El

ninutes of pumping time, The C~1729 i»1tkes a round trip of B+C minutes

15
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before it delivers the next pump; hence, the next punp has 1HU0-A(T)-2¥1-
C-El minutes of pumping time, Similarly the P(I)th pump delivered by the
Ith C-130 has 1440-A(I)~P{I)*¥P=(P(I)-1)*C~-El minutes of pumping time

available. ‘'The total pumping time avallable from pums delivered by the

P(I) P(I)
Ith C-130 is: (14“0~A(I)-E1)P(I)-Biz ‘-Cz:(z—l) which equals3
zZ=1 Z=1

(1440+C-A(T)-E1)P(I)- (g;_c) (P(I Y24+P(1 ))

When this expression is divided by ¥, the pumping rate, and the result 1s
truncated, the result is the numbar of baps that can be rilled by the
punps delivered by the Ith C~130. It 1s labeled IDUM in the FORTRAN model.
When P(I)=0, the result is zero. Note that two off-setting assurmtions are
made:

a. This C-130 suffers no walts and e

CE .
b. the sumation can be made befcre dividing and truncating.

The errors introduced by these assumptions are off-setting so that the

net error is very small. Under scme circumstances when the 24 hour limit
is impossible, IDUM can be negative in this formula. These circumstances
occur when A(I) is close to 24 hours and B4C, the round trip time is large.
To prevent negative values, use max {O ,IDUM} when suming over all C-130's
to find the nunber of bags that can be filled by these pumps.

B The number of bags that can be filled by helicopter delivered pumps
will be derived for HFl using H-3F's, HF2 using an HH-3F, and HP1 using
HH-52A's, The two types olf helicopters at HP1 deliver the same pumps so

they are made mutually exclusive to prevent erroneous results. If HH-3F's

are available, then HH-52A's are not used since they are very limited in

3%¢e Jolley, L. B. V. Surratfon of . I3 liew York Citv: Dover 1961,

The formulae on pages 2 and 3 are used to sclve for the above cleosed form.

16
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comparison. The model is written to set ©52=0 if Ql#0.

a

2. 'The iumber of baps that can be fllled by pumps delivered by HH-3F's

e L e LA T

from HTl is derived by noting that Q1 and Ml are integers each limited
in value to 0, 1, or 2, This allows the use of loplcal IT statcrents
and separate expressions for the nunber of baps fllled with different
resources.

Define G = A(1)+B+2¥Hl as a constant enual to the time the first

helicopter spends waiting for a salvage team, deliveriﬁn; 1t, and returmn-

ing, to HP1 to pick up an E pkp. Note that E24H+G 1s the time the first E

pke, delivered by an HH3F is ready but that baps may not be avallable for
f1lling until AQL)+4B+U. Thus the available pumping time for the fitst

E pke 1s 1440-max {E2+}L1+G,A(l)+B+U} when Ml=1 or 2 and Ql=1 or & and !
it is zero when either Ml=0 or Q1=0., Since-G = A(l)+B+23§H—iL » the formula

can be simplified. Divide by R and truncate to find 'trrxe number of bags

..‘ B ”

that can be filled by the first pump from HP1 during the 24 hour period.
[(1%0—/4(1)-3-132-3}11)]
R ]

If two HH-3F's are at HP1l and there are two E pkgs there, the next
E pkg 1s ready at E2+H1+F when the first salvage team is there and baps 1]
are ready (other salvape teams are delivered after this E pkg in the '
chosen stratepry). Therefore when Ml=2 and Ql=2, the available pump-

ing time from the second pump is:
- 1440-max {E2+}11+F, A(1)+B+H1+E2,A(l)+EHU}

where E2+H1+4F 1s the time to have pump ready when helicopter delivers

it only, where A(1)+B+HI4E2 is the time to have punp ready when helicopter
d=livers a salvape team first, and where A(1)+B+U is the time that a bag
bzcomes avallable for filling. When this is divided by R and truncated,

the results 13 the nurber of ba;s .t ¢an be filled by the second purp

17




if it was delivered by the second HH-3F. It is constrained to be
greater than or cqual to zero; it can be added to the expression for
the first pump, but if there is only one HH-3F at HPl and Ml is equal
to two, the next E pkg is ready at:

G+211+4(S-1) 2H1+H1+4E2 = E2+G+(2S+1)H1 since:

G = Time helicopter becomes available to deliver E pkg

2Hl = time to deliver remaining salvage = teams
H1 = time to deliver this E pkg
E2 = time to set up this E pkg

Therefore the available pumping time from the second pump from HPl1 is
1440~E2-G-(25+1)11 when there is only one HH~3F. The desired expression
is selected by using logigal IF statements toc choose among tlie possible
values of M1 and Ql. The above expression, divided by R and truncated is
the number of bags that can be filled by the second pump in 24 hours if
there is only one HH-3F at HPl. Thus the number of bags that can be

filled by pumps delivered by HH-3F from HPl is equal to:

El&&O—A{l)-B-EZ-BHlﬂ for the first pump plus either
R

flaao~max { E2+Hl+F,A(l)+B+Hl+E2,A(l)+B+dﬂ
LY R 4

for the second pump and two helos or

514404E2~G—(ZS+1)Hﬂ for the second pump and one helo.
R
3. The number of bags that can be filled by pumps delivered

by NH-52A's (in lieu of HH-3F's) from HP1l is derived in a similar manner.

The time necessary to deliver the pump is:

18



2H52 = round trip time to delever salvape team
H52 = 1/3 pump delivered

H52 = time of trip back to HP1

H52 = 2nd third delilvered

H52 = time of trip back to HP1

_H52 = last third of pump delivered

TH52 = total for the first punp

H52 = time of trip back to HFL
2(8=1)H52 = time of round trips to deliver the remaining salvape teams
5H52 = time to deliver the second pump
This totals to (25+11)H52 for the second pum.

By a reasoning, process simllar to the derdvation for HP1l equipped with

HH-3F's we arrive at the nurber of baps that can be filled by HH-52A
delivered pumps (from HP1 only). It is equal to zero if etlther there are
no pumps or no helicopters, it 1s constrained to be greater than or equal
to zero when M1 and Q52 are eaual to either one or two. The expression is:

max { 0, [llMO—max {E2+E+11H52-1IQ‘52*H52JA(1)+}3+L$]}
N R

for the first pump and .
max {o, [1uuo-E2.F-25H52+9952*H52~(3—@52)*3*}{52]}
_ R

for the second pump. The model bypasses these expressions whenever QL 1s
preater than zero since delivery by Hi=-52A is not done when HH-3F's are
available.

4, The last portion of the equipment package eaquation is the number
of bags that can be filled by pumps delivered by an HH-3F from HP2., As
stated earlier, the possibility of using HH-52A's from HI;2 is very remote

due to the greater distance and tre lsscer capabllity of the HH-52A.
19
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This part of the medel is constructed with one HH-3F at HF2. It could be

changed to allow two but 1t is doubtful that the second would be used
sirce it would be on standhy during the time the first nimm from HP? 1s
delivered. It represents a resource that would have marpiml effect so
for simplificatior of the formula, it was not included. Since Q2 eocuals
zero or one only, a logical IF statement 1is used to bypass this expression
when there are no helicopters.

The first from HF? is ready _f‘or use at:
nax §2+F_+}12,A(1)+B+U} shence, the resulting expression for the number of
bags filled is:

max {o, RL440-max { E2+F+H2JA(1)+P,+I}J}
L R*

For MZ2=2, the second pump 1s set up at EPKG7=F247+3H2 but the second
-
bag is not ready until: U+ min { second trip by the first C-130, first trip

by second C130 if N 2, first trip by first C-130 if P(l)=0}

The second trip by the first C-130 takes A(1)+2B4C minutes. The first

trip by the second C-130, when there is a second C-130, takes A(2)+B
minutés. A penalty is assigned to this time to increase it beyond the

secord trip time of the first C=130 whenh there is only one C-130. The first

trip by the fir'st C-130 1s considered only if 1t delivers no pumps, thav is

if P(1)=0. This means that a second bag was delivered and is available for

use.~ The resulting expression for the bags filled by the second pumrp is
max {o_, [}MO-—ma.x L}I?{.me, min { EAG2, mmca}}]}

T
where EPKG7 = E2+F+3¥H2

BAR = A(1)+B+U if P(1)=0
= A(1)42B+C+U if P(1)#0

20
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TRAG2 = BAG2+) if MN=1
A2Y+B+U i1 N#d
Thus the number of baps that can be filled by purps at the scene 1s
the sum ot the number of bags that can be filled by
a. the ovumps delivered by C-130's,
b. the punps delivered by HI-3F's
or delivered by HH-52A fiom HPl, plus

¢. the pumps delivered by an HiE-3F from HP2,

The C-130 Syst.em Equatlon

The nurber of C-130 trips that can be made to delilver bags in tine for
them to be filled in 24 hours is IX5, the dependent variable in this eouation.
By using the transformation,

L -
IXST = 2*IX5—§ P(I), we have tne number 0.1;‘ bagh’ that can be filled
I=1
in 24 hours, IX5 is the result when the independent variables, the irout, are
the nuber of C-130 loaders, L, the nurber of C-130's, N, and the nuhber of
C-130 alr crews, 7T,

T Ul cquatlon there are many restricting assumtlons. They will be
discussed as .éhey arise. The first assumrtion is that the mmutber of trins
taken by a C-130 is the minirum of two values; the f -t - e nuber of
trins that it can take due to the endurance of the air ¢ assirned to that
C-130 and the scrond is the nurber of trins that it cai take due to the tiwe
available to that C-130 before 24 hours are finished.

The formula is derived by pairings the first L C-130's to the L loaders.

Then the next L C-130's are paired to the L loaders.. Tor eyarmle when I, = 3

and Y = 5, tre Tirst leoader serves the first and fourth €=130's. There are

several asswmtions inherent in this mairine. The first is that the secord
21
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proup of C-130's causes no delava to the first; that is, any delay suffered
is absorbed by the second groun. Actually both grouns suffer delays and
this assunption assirps all the delavs to the second rroun. Since there is
no attempt made to measure the delays of ecach C-130, this assurmbjon does
not induce measureable changec. The next assumption is that after an
initial delay eoual to the loading of the first C-130, the I+lst C-130 loads
during the time the first C-130 is away on a trip. The initial delay serves
to phase the alreraft, this assumtion holds whenever 2D <B+C (distance from
ECAS to the scene is preater than 165 miles when loading time is 90 minutes).
It causes some overestimation of the number of trips vhecnever the distance
is less than 100 miles: however, thls is first of all a remote possibility
and secondly this is a distance for which the actually avallable resources
in hellcopters becomes constraining for JX3T. Hence }1’61;}.@ error was noted
in the verification. e

The .last major asstﬁnp‘cion was that, when N>2L, only the first 2L, (-130's
need to be considered and that the remalning C-130 alrcraft may be lpnored.
This assumtion holds for the shorter distances since there is not enough
time during C-130 trips for two loadings to be accomlished before the
alrborne C-130 returns. The third C-130 for a piven loader always causes a
long walt; that is, for each server, there 1s alvays one in service and
walting. What 1s a shorter dlstance? For N >2L, three loadings must
occur within the time of a round trip - this means 3D SB+C. This means that
thls assumptlon causes no error under 375 miles when loading time 1s 90 minutes
To the north of ECAS this distance 1s nearly the limit at which two helicopter
equlpped air stations can be used. For all practical purposes this ‘means that
IX3T becores constraining. To the south of ECAS the same constraint occurs at
present, and In several years, there will be adiitionsl C-130's «¢ = .mi Alr

Statlon so that distance will no lonrer be permanc.
22
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Tt can be scen that with the distances involved and with the other
factors of eouipment and locatlons, these assumtions cause 1ittle trouble

and allow this equation Lo be decivad. Toir cadn of tho first

|
I 0130 e the 5
time avallable for each to make round trips is the minimum of GO¥CitID¥NC(T) ;
and 1440+C=R-U-A(T). The first is the air crew time available and the second i
is the C-130 time available in 24 hours; since both must be available, the :
lesser value 1s used. It 1s divided by P+C and truncated to yleld the num-
ber of trips made be that C-130. For the next L C-130's the frst number 1s

unchanped and the second becomes LA440+C-D-R-U-A(T) to incormorate the initial

delay. 'The lesser value is then divided by B+C and truncated. The t1rips

by each C-130 are sumed to form IX5. Thus IX5 equals

min L,r} ' :

[nin { 60*CI:'J\ID*F—IC(I),114H0+C-R-U-A(T)}] + g
L B+C - . ‘:

=1 - ' i
1
‘ min{ 2L, } {
' 3’ Fnin { 60*CZ-ND*NC(I),114140+C-D-R-U-A(I)}J
- BiC
p A :

U S

I=I+1

Should the need arise, a third sumration could be derived for 2L <N<3L;
however, since this summation would be effective only for distances preater
than/375 miles and since these distance occur mainly at the limit of effective
helicopter availability, it will not be done.

Because of the many assumotions taken 1n deriving this constraint eouation’
over thirty verification commarisons were made between the mathematical model
and the simulation model. The differences caused by the above assumptions are
not simirieant until the distance, Di, 1s less thar; 100 miles or pgrezater than

650 miles. Both conditions are rare for the Fast Coast.
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Finally, the model selects the most constroininm set of consbraints
as described by the equations for IX1T, 1¥3I', and IY5T as the maxinun number

of’ bafgy¥ that can be filled in 24 hours.
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CHAPTER 3

VERIFICATION OF THE MATHFMATICAL MODEL

S e

Verification of the mathematical model could not be accomolished by

comarison of results with actual field tests of ADAPTS since the sysLem

I e Reed e

15 5t111 in prototyre developnent. Verification was accomlished bv procsed-
Inp in a three sten corparison.

The first step was to assipn nurbers to each of the procedures and events
that occur in the operatioral deplowirent of ADAPTS, This was done by observing

the field tests of the prototwne equipment and timing the events as they

occurred. The results of cach test were comared and the duration of each event
was evaluated with the followine criteria: {
1

a. was the work done 1In a knowledreable manner free of hesitation

and false starts,

b. were any of the delays that occurred strictly attributable to

[T I

the nature of the test, that 1s, penerated by the test,

c. 1if this event was repeated many times over, would the speed

of the work increase,

d. 1s there a faster wayv of doing this, and

e. would this event occur in the same way durdng an actusl
operatioral deployment?
Since ADAPTS involves the use of aircraft, portable salvage ecuipment, and
people, the use of an aviator, a shloboard engineer of a rescue shiv, the
exccutlive officer of a rescur shiv, and a cilvil engineer to evaluate the
3 events was anoropriate. The resultine times for accormlishing the events were

combined to form the time required to merform tasks!, Tach task was so defined

ot all of Theso ©f wg rai s C . in. Hhe times nertinert to woic rer o
are dven in Arvendix A oo ule ©osves of the defined constante,
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that it could be placed in a network for critical path analysis, critical

path analysis followed using the ICES-Project 1 package for computer analysis
of the network. The methad wae tadiane hur it did proarace wall whan wunrking
with small quantities of resources. The results were easily verified as both
reasonable and optimal for the resources and strategies. But as more resources
were added, the PERT-CPM networks became too cumbersome to form.

The second step of the verification was to construct a discrete simu-
lation model that allowed a wide range of resources and printed enough data so
that it could be compared with the results of the retwork analysis. GPSS was
selected for the simulation language; it proved well suited for the task. Many
assumptlons were required to complete the simulation model, (see Volume 2 of
this report) they were of several classes:

a. first the practical number of rerources that could be examined by
the model; e.g. a matrix column was needed per C-130 to log flight completions.

b. second that certain strategies (order in which tasks were done) wer:
best. For example the strategy  that was optional for one helicopter was to:

1. deliver a salvage team,

2. work at scene as long as needed,

3. deliver one prepositioned helicopter delivery E pké,
4, work at the scene as long as needed,

5. deliver remaining salvage teams with work at the scene during
trips allowed,

6. deliver remaining E pkgs with work at the scene during trips
allowed, and

7. make trips solely for working at the scene.
This strategy was assumed to be best for the first helicopter when more than

one helicopter 1s available. Whenever possible, the choice of strategy was

verified by network analysis.




c. third the printed results need not cover éll data penerated. This
334 not rrove satisfactory and the printed output was doubled. .
'fhe assumntions used in the develonrent of the simulation were not commatable
with sume of the networks that had been investiprated; however, for four of
the networks the asswrrtlons and inputs were directly comparable (see Table 2)
These four dircet comparisons showed the validity of the simulation model.
Several relative comparisens were also made. These vere comparisons with the
 same resources where the stratory used in the sirmulation mcdel reserbled tle
stratepy used in the FERT-CPY analvsis. Thev showed results differing by one
or two bars £illed in 24 hours. These commarisons showed that the stratersins
used in the simation rozZel were gererally tetter than or ecual to the stro-
tories used in the networiks.  fThis tonded to vrove the assumtions on strateries.

The fiml sten of the ver;!.f‘icatibn was to make commarisons hetvicen the
results of the simalation rodel and the matheratical model wher identiczal re-
seurces g strategles wore used as innuts. For thirty different resowrees end
location corblinations, duplicate cormuter runs were made. There vas only one
rensurerent of results uzed for this corrarison and it was the nurber of bocs
filled in 24 hours. The absclute vilue of the differences between the results

of the two rodels avera—2d a2t 1.333 bars

3
5 bars: th

3 rooresents a 4.5 percent error

Lie

ae

vhich io mecortable for nlanmming vurmones.  The rrenhed results of the sihuln-

I I - P P o e, 5 vy a- KR 3 2o 8 - K] -
Slon and Lhie matheratiosl models vreduced nenrly identlieol curves (sce Firore 1
e et AR W ST SN N KA cdoyqind oo 4= . c'; R, SN : P 2 1 T TP B -~

P RITEN wio Tirre alse dllustrates that the muermer of bams Tilled doen
vt Lareenyly with Slatanee.
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TABLE 2

SIMULATION MODEL VERIFICATION!

. —————— e e e

o —

Event Percent Difference between methods

Run 1 Run 2 Run 3  Run 4
Last E pkg set up 3.34 0.16 1,52 1,02
First C1l30 returns to LCAS 0.84 0.84 0,84 0,84
First bag filled 3,95 1.96 1.96 3.22
Second bag filled 0.36 0.17 0.17 0.17
Third bag filled 0,74 0.14 0.14 zeroc
Fourth bag filled 0.59 1,21 0.14 zero
Fifth bag filled 0.63 0.12 0.12 0.39
Tenth bag filled 0,38 0.76 . 0.08 0.14
Twelfth bag filled 0.34 - 0.68 0.08 0.24
Twentieth bag filled 0,24 0.47

1This 1s condensed from volume 2 of this report.
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livered by a C-130 be delivered one per trip, starting with the first trip,
withoub skipping a trip wntil ¢the last E phy hoo boon delivered. The
simulation model allows gars of bap-only trips before all I plps have been
delivered but it 5ti11 1imits the C-130 to earrying one E pke per trin. The
"PERT.cM analysis allowed any combination. The simulation model allows the
helicopter at HP2 to be an HH-52A or an HH-3F but the mathematical model allows
an HI-3F only. The netvork, telrny less restrictinpg, allowed any tvne of
helicopter. A final example of difference is that the retwork and simulation

model output lists when each tank would be filled while the mathematlcal model

gives only how many tanks can be filled in 24 hours.
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Number of Bags Filled in 24 Hours

50 7
Simulation Model
40 1
307
20 1
10 - Mathematical Model

T T T —r v T

0 200 400 600 860
Nautical Miles from ECAS to Scene

Figure 1 Mathematical Model Compared With
Simulation Model?

17dentical resources and similar delivery
strategies:
Resources
5 C-130's at ECAS with rails installed on the first

10 C-130 air crews each with 12 hour endurance
A manifold and an HLD in each E pkg

=4A rails used

6 Salvage Teams at ECAS

4 E pkg's at ECAS, 2 at HP1l, and 2 at HP2

5 C~130 loaders rated at 25,000 pounds

2 HH~3F hellcopters at HPl and 1 at HP2

Strategies

Only 2 packages per trip; either 2 bags or 1 bag
and 1 E pkg in whici. case the E pkg is dropped
first.

E pkg deliver:

c-130 # Trip Number
Simulation Mathematical Model
1 1,3 1l
2 1 1,2
3 - -
4 2 1
5 - -
~ 30




Eafetatell Control for Contimued Verification

Since this medel g baSed ucon a prototyre of ADAPTS, controls are.
necenzarv. First, any Sicferences between the prototyne system ancl 'che firmal
svstem must be deters 'i:*.:v: and then the model must be corrected. Second, actual
depioymn‘c of ADAPTS will help further define the time needed to accorplish
the tasks Involved argd these time values should te used in licu of the values
riven in Aprendix B. 2t examle of thre former would be a radical chanme in
the size of a teni so that Epree T pkes could be carried by a C-130 instead of
two. The formila 2 = 27 - Z P(I) would have to be chanred with a 3 r'enlacim_:
the 2 and the tire need tI fill a .maller tanl would be less so R woul
lon-er equal 121 wren & nanifold is used. The latter tyre of correction vov]v
hecome necessary when n uneynected minor dciéy is found to reoccur often in

1"10 haulirg of a T pl~: then this delay rust be added to the current value of

u.

Tre control for tre first possible proun of errors is to review the rmodel

whenever the enuirrent desirn is chanced and whenever rmere ecuinmert is nur-
chased, A comnarisen tetveen the characteristics of the oid eauinment uron
vhich the model is bocz=3 and the new eou:‘m:rx-*.nt will deronstrate vhether the
mwrdel rust be cher-el or 2 tati uw e lu_”,.u1(1.1 must be changed or notrnine he
e,

"me control forte sacond nossible proun of errors that could arise and
1 oarise fx Lo pecord the tiise that everv tasi reoulres for
roretetien, el de, U veon an accu-ate and detalled loe off the denlovrents

OF DT A oned Dl arent As cormloted, the dnta rencrated by the covlov-

et rhend bererse B oy daba Tror ordor denlodients, o Averase values
)
ST e et ot s pendnal the mode! Vx111/\ 3. Tt Az Jdoshtiud
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that probability distributions will be derdvahle for these values cince
the eauirment will evolve as experdence 1s pained: the chanees in the
equipment may occur too rapldly for deployments with the same equipment to

accurmilate data to generate a probability distribution.

Uses for the Model

A prime use for the model i§ to determine the outcome of the deploynent
of a given set of resources to a dlstress that arlses. Then the need for
alternative measures can be determined. Should an incldent arise in
which it is required that a tanker to be emptied of 1ts cargo and another
tarker is available to receive all of 1t, this would be the preferred alter-
native. 'The possibility exists that ADAPIS would be needed for 10, 12,
of 20 hours and then tankers would be avallable., The possible combinations
are numerous. In many of them the model can be used directly, in others
the model results must beA interpreted. In some cases the model can be used
to provide upper and lower bcunds on what can be done. The model was used
in such a manner for Volume 1 of this report.

Each equation is based upon 24 hours (1440 wminutes) for results. By
changing 1440 to another time, the investigator can compute results in 10,
12, 36, 48, ete. hours should these times be important. The model can be
changed by replacing 1440 wherever it appears with TIME. This new variable
can be read in initially and incremented in a DO loop to glve results at
regular intervals of time.

A final use of the model is to evaluate the effectlveness of an equipment

change. By using the model in simulated distresses with and without a proposed

-
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eaquipment change, the investipator can determine the effect of the pronosed ’3
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change and 1t can be evaluated along with the cost (among other factors) of
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APPENDIX A

0001 c ADAPTS MATHFMATICAL MNONFL
non? NIMENSTON A()15) oP(15) «PMAX (15) +NC(15)
0003 RFAD 900«NJOS
0004 900 _FORMAT (12) - - —
000Ss nn 2 K=1:NJ0R
0004 PRINT R29,K B o -
0007 829  FORMAT(1H14+15X%Xs17H NDATA SFT NUMRFR »12)
NONA READ 904 s NeNCREWCFND
0009 904 FORPMAT(TZ+TA9FS.?)
0010 TF(N.GF.).ANNLNLLELIS) 60 105 .
0011 PRYNT AR3D
0b12 A30 FORMAT (15Xe14H N WAS CHANGEDN) -
0013 PRTINT RN74N
0014 B07 FORMAT(15X+4H N =415)
0015 N=16
nole PRINT R0O7N
n0Y? S READ 901e(A(T)oT=1sN)
0018 READ 901+ (P(I)s1=)eN) -
0019 801 FORMAY (15FG6,0)
0020 REAN 902sNFeN)19N2aN0]1 902052 M]1 M2 CHECK]
6021 902 FORMATY (6FS.0+215+F5,0)
nQgze2 PEAN_ 9034 «SeDNsF1aF2eF 4Py} L
0023 903 FORMAT (T15+7F10.0)
0024 B = Ns (A ¥NFE/2720420.
0025 C = 6.%DE/29,
0026 Hl = _32,+N1/2,
0027 H? = 32.,+D2/2,
aoPn HB52 = 30.,+2,%#D1/3,
0029 KFEY=0
030 TF(CHFCK] FN,0,) GO TO 98
0031 PRYNT 800
0032 RN0  FORMAT(1HNs15Xe13H NATA FPRORS=)
0033 C PMAX(T) TS AN UPPER UPPER ROUND FOR P(])
0034 DO 50 I=1N
0035 PMAX(T)=(1440,=A(1))/(R+C)
0036 JF(PMAX(T).GFL.P(T1)) GO _TO 590
no37 PRINT A01+TeP (1) sTePMAX(T)
0038 B01 FOPMAT(15Xe3H P(eT2¢3H) =¢F10,5s6H PMAX(91243H) =eF10,5)
: 0039 50 CONTINUF
3 0049 C HELYCOPTFRS ARF_CONSTRAINFD RY DISTANCF
H 004&) MHI=N]1+10,
1 004? MH2=MINT (10,4 (N1¢N?)/2,4]10,4N2)
1] 0043 MHS2=24HG2=50
j n04s IF(MH] ,6T,182) _01=0,
: 0045 1F(MH2,.GT.182) N2=0,
? D046 IF(MH52,6T,120) 052=0,
f 0047 TF(N1,NF.0,) 052=0,
s N04A IF(MILLF,?2) 60 _T0 51
§ n049 PRINY R02+M1 .
11 noso RN?2 _FNAPMAT (15XeGH M] =.Y1" COlRMENT _PACKAGES AT HPY)_
» nnsl KEY=1
1] 0052 S1  IF(MP2.LF.2) G0 _T0 S2 . . __
' 0053 PRINT RO ,M?
8| 0054 AN FNOMAT(15XeSH M2 =41542AH ENUIPMENT PACKAGES_AT _HP?2) - L
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NOGS KFY=1
N0SA B2 _IF(0Y M F.2.) GO TO 53 .

Tt N e AT

- st i >

n0S7 PRIMT R14e01

D0SA_____BRO4 FORMAT (15XsSH 01 _=+F5.1915H HH=3F#S_AT_HP1) — .
noce wEY=1

0060 S3__JF(A2.1.F.1.). G0 _TO 54

0061 PRINT RNG.N?

0062 B80S __FORMAT (1SXe6H Q2 =eFS.1915H HH=IF#S_AT HPZ)

0063 KFy=1

0064 . _ 84 ___IF(NS2.LE.2.) GO TO 56 R
N06S PRINT R06.NG2
DOR6____ANG__FORMAT(15XsAH Q52 =eFb.)e16H HH=52A#S AT HP))

noer KFY=1

006B_____ 56 YF (! JLE.NJAND L JLFL15) 60 Y0 87

0069 PRINT ROBsL oN

0070 BOR__FORMAT(1S5Xeé4H I =e15:16H LDADFRS AND N_=s1S5+AH C=130%S) .
0071 KEY=1

0072 ST ___IF(L.GEL)) _GO_T0 S8

0073 PRINT R0O9,L

0074 809  FORMAT (15X e4H L =215)

0075 KFEY=1

0N76 58 _ DO _S9 1=24N

0077 J=1=1

0078 TE(ACI)LLELALLIY) GO _TO_S9 — -

079 PRYINT R10sJeA(J)sToA(T)

poRrg B0 _FORMAT (15X e 3H ACeT2¢3H) =eFS.194He AleT2e3H) _=oFS.l)

poAal KFy=1

poAaz 59 CONTINUE

0083 IF(O1,NF.0,.0R.AS2.NE,0,) GO TO 60

0084 PRINT 204401

ho8s PRINT R0540Q2

00A& PRINT 806s052 '

0087 KFY=]

NORS 60 IF(KFY.EQ.Y) GO YO 999

0089 PRINT R11} :
0090 R11  FORMAT (1H+e29X e 4HNONF) !
0091 98  SuMP=(Q, -
0092 SUMAL =0,

0093 SUMAN=0, _
0094 NCYEMP = NCREW !
0095 DO 10) T=1eN '
0096 NC(I) = 0

0097 SUMP=SUIMP+P (T)

0098 SUMAN=SUMAN+A(T)

00S9 TF(T.GT.L) GO TO 101

0100 SUMAL =SUMAN

N0l 101  CONTINUF

0102 RHO = (N®D)/((R+C)#L)

0103 IX1 = (AMINI()1.eRHO) )2 ((1440,~R=U=ReD)#_=SIIMAL) /D

0104 C__IXY IS . THF LNADFR AND €130 CONSTRAINT FOUATION

0105 NUP=P#(

0106 . _IF(NUP.GT.N) NUP=N

nioT C ASSTAN CRFWS TN AIRPCRAFT

0108 . _S00..DO_SO0L IT=)4NVP -
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0109 IF (NCTFHP.LF.0) GO TO 502

01)o NC(IT) = NC(IT)+] —

0111 501 NCTFMP = NCTFMP=}

0012 _IF(NCTFEMP,.GT,0N)_GO_T0 500 S

n113 502 IXS = 0

0114 EN_=_60,%CFND_ — I

nis TA = 144N sC=Dal)

0116 NO 503 TJ=1.NYyP

0117 IF(TJ.6T,L) GO TO Sn4

NiiA IXS=TXSeAMINL (ENSNC(T0) e TA=A(TJS))/Z(ReC) e AR
n119 GO TO 503

NI20 504  TIXS=TXS+AMINL(EN#NC(TI) =D TA=D=A(T1 1))/ (R+C) e

0121 503 CONTTINUF

niz2? IXGT = 2#1XS-SUMP

0123 1X2=0

0124 DO_600 T=1aN

0125 600 IXP=IX2+(TA=A(T))/(R+C)

0126 C__IX2._1S THF MAXIMUM NUMRER_OF_ C130 _TRIPS THAT CAN RF MANDE IF_ .
0127 ¢ EACH PLLANF HAS A LOADFRe IX?2 IS NOT USEN TN FINNTING THF

0128 c VALUE OF 7, 1T IS _THE UPPFR _ROUND ON_THE C130#S

n129 (o IX3Ts THF MAXIMUM NUMRER OF RAGS THAT CAN RF FILLFD RY

n13n c PUMPS AT THF_SCENFE —_— O,
n13] C 1IXS IS THFE MAXIMUM NUMRER NF C130 TRIPS THAT CAN RE MADF DUF T0

n132 C THE _NUMRBRFR _OF C130%2Se ATR _CRFWSs AND_LOANERS. —
n133 TX2R=2# I X2~SUMP

0134 PRINY 827 .
n13s 827 FORMAT (1HOs 30X 24HUNCONSTRATNFED C130 TRIPS)

2136 PR INT R2S54]1X2 .

n137 B2S FORMAT(1S5Xe7H IX?2 =¢T5419H C130 TRIPS AT BEST) l
n13s PRINT A3141X?R . !
n139 A3l FORMAT(1SXe7H IX28 =+15430H BAGS FILLED TF NO CONSTRAINTS) !
0140 EP = F2+H] ;
0141 FPKG2 = A(1) +R+FP 3
YA EPKG]l = FPKGR42,%H1 — :
0143 EPKG3 = EP+F ]
n144 RAG] = A(1)+Rel |
0145 IX3T=0 ‘
n1as IF(M1,FQRe0,0R.Q),EQ,0,) GO _TO 200 i
n147 TX3T=MAX1 (0,9 (1440.=A(]1)=R=F2=3,%#H1) /R)

048 IF (M1.NF,2) _6GO_TN_200

0149 IF(01.FR.1.) GO TO 201 ‘
0150 IX3AT= _TXIT4MAX] (N,001440,~AMAX] (FPKGRsAMAX] (FPKGP9RAGL) ) /R)

n1s1 GO TH 200 j
0182 201 _ TX3T=_IX3Te MAX] (049 (1440,=FPKG1=2,258H1)/R) ;
n153 200 IF(N1.NF.N.) GO TO 300 i
1564 IF(052,FE0a0 e ORLMLLEN,NY_GO_TO_300 §
0155 EPKGS = FP4F+) ], #H52=4,8HR2#0NG? ‘
n156 TXAT=IX3IT+MAXY1 (N,9()1440,=-AMAX] (FPKR44RAGL) ) ZR) 1
2157 IF(M1,NF.2) 6O TO 300 ;
N15R EPKGS = FPeFe25,#H52=9,8H528N52¢(3,=N52) #S#HSD :
h159 TXITSTXIT+MAX] (N, 0 (1440,=FPKGS) /R) |
0160 200 _IF(M2,FN.0,0RN2,EN0,) GO _TO 409 ‘
n16] FPKB6E = FP4F+H2 ’

nye2 IXAT=TXATMAXI (N, 0 (14460, -4 "X (FPKGAGRARY) ) /RY o !
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nA3 T UIF(MPLENLL) GD TO 400

164 _FPKGQ? =_FEPKGAR*2.%H2 . —
n1es RAG? = RAG) A :
N166 . TF(P{)1)NFald) RAGZ=RAG2+R+C S ——— e
Nle7 TOAGP=RAGZ2+1,

MAR  TFINJNF.YY _TRAGP=A(D2YeRsll

n169 IX3T= IX3T¢MAX)(O.,(1440.-AMAX1(EPKG7.AMIN1(RAG?.TRAG?)))/R)
NITO___ 400 DO _40) I=1eN____

ni7i INUM ={1440,4C~ FI'A(I)—(RO()*(P(I)*lrl/?.l"P(l)/p

M7e o IFCIDUMLGELN) GO _T0 401 e
n173 PRINT B12+1¢1NUM

N174____ _RIZ__FORMAT(15Xs3H I12e13:8H_ INUM_=919) __ _—

ni7s INUM=0

D176 . _ 401 IX3AT=I1X3T+IDUM
ny77 C IXIT 1S THF NUMRFR AF RAGS THAT CAN BE FILLED DUE TO C~130 AND
1178, _.C LOADER CONSITRAINTS. —

0179 C IX]1 IS THE MAXTMUM NIMRER OF ?FFFCTIVF PLANF LOANDS IN 24 HOUQS,

0180 € IX3T JS.THE NUMAER _OF. RAGS_THAT._CAN_BE. FILLED_DUE_TO. £ PKG. CONSTRATN

niAl C Z 1S THF MAXIMUM NIMRER 0OF RAGS THAT CAN RF FTILLED IN 24 HOURS,
n1Aa2 IX) T=2# I X =SUMP

NiR3 C IXST = MAX NUMRFR RAGS THAT (AN BE FILLFD DUF TO C130 CREW CONSTPA]N
0184 Z=AMINO (IXITeIXATLIXST)

01AR5 PRIMY R2A

01RA .. .. B26 _FORMAT (1HO31 X LIHINPUT _VALUESE)

n187 PRINT RAO0Rel oN

N1RAK PRINT_R40+NCRFW _ PR

N1R9 B40 FORMAT(2H +11XsAH NCRFW =42XeT3+94 AIRCREWS)

0194¢ PRINT R41+CFND_ ..

0191 R41 FORMATI(PH  +11XeP3H CRFW FNNURANCFE « CEND =sFB547¢6H HOURS)

niaz PRINT_R42¢FN -
0193 B42 FORMATIPH +2AXe3H ORF10,2e8BH MINUTES)Y iR
N194 PRIMT_ RSN i '
01985 AS50 FORMAT(1HO 914X eSHC=130e5X e THSTANDRY «3Xs&HNIIMRER 94X o AHNUIMRBER)

0194 PRINT RS}

ni1o7 851 FORMAT (IS sAHNUMRER ¢SXa4HTTME 96X 904 HCREW 16X e 4HFPKG)

0198 PRINT_RG2

0199 as2 FODMATQITYolHIoRXoaHA(T)oﬁX-GHNC(T)oSX»4HP(T))

0200 NO_ /83 _Ik=1sN

0201 B53 PRINT RS44TKsA(TK) «NC(TK) 4P (IK)

0202 884 FORMAT(16Xe1248XeFS.096X01246XeF5.0)

0203 PRINT AKS

N204____ 855 FOPMAT (1HOe17Xs4HLOAD sAX s 4HHEL Qe 4X o THRPUMPING) —
0208 PRINT RS6K )
0206 BS6_ FORMAY (18X ¢SHC=1309eSX1SHSTNRY 1 SXe4HRATE) :
0207 PRTINT RS7eNsFeR :
N208 _ AS7 __FORMAT(11Xe+3F10.0) .
n209 PRTINT ASR - :
0210 RS8__FORMAT(IHO s 18X 2HEY s BX s 2HF 24 BXe 1HU) 2
0211 PRINT QG74F14F2+1) _
n21z PRINT _A024M] :
NP1l PRINT RN34M? ¢
024 _PRINT _R04.0Q1 ?
n215 PRINT ANG N> . .
pRl6 L PRIMT. ANGASZ . ... - - . ;
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n217 PRINT R134NF

0218 _B13 FOPMAT(1S5XsSH DK =+F10,2425H4 MILFS_FROM FCAS T0 SCENEY)
n21e PRINT R144N1

0220 . —8la_ EQRMAT(15X+5H D} =9F10,2+24H MILES FROM HP1 TQ SCENE)Y . ...
nPr1 PRINT R]154N7

077z H15 __FORMAL 1S XeSH D72 _=eb 10.2924H MILES FHOM HFZ 10 SCENED) ..
06223 PRINT R1A4S

N274 __ R16  FORMAT(I1SXeSH S =eF10.2e¢23H_SAILVAGFE_TFAMS OF 4 MFNY
n22% PRINT R174SHIMP

0276 A17 _FORMAY (15Xe7H SUMP =9FR,2¢23H _C=130_DELIVFRED FE_PK6SY __
n227 PRINT A28

0228 828 _FORMAT (1HO,31Xe7HOUTPYY=) _ __ _____ _ _ . N
0729 PRINT A194RHO

0230 819 FORMAT (15Xe42H AVFRAGF FACTLITY USAGF FOR | OANFRSWRHO  =4F10,2)
0231 PRINT 82048461

0232 . 820 FORMAT (15X942({_FIRST BAG _READY _FQR _CONNECTING AT RAGYL _=9F10,2)
n233 PRINT B818,1X1

N234 R18 FORMAT (1SXe44H G130 _TRIPS MAXICI30W.DR_CONSTRATNTSIX) = o15)
0235 PRINT R43,4,1XS

N234 B4l _FORPMAT (15X 44H €130 TRIPS MAXSAIR CREW.CONSTRAINTS IX5 = _215)
n237 PRYNT B8444TX5T

n23A8 R44 FORMAT (15Xs44H 24 HR BAG MAXSAIR CREW CONSTRAINT, IXSI 2 o 15)_._
0239 PRINT R21.7TX1T

0240 21 __FORMAT (15Xe44H 24 HR_BAG MAX3IC1304) DR COMSTRAINTSeIX1IT = o15)
nza41 PRINT R22,1X37

n242 822  FOAMATU1SX.44H 24 HR RAG MAXIPUMPLHELQ CONSTRAINISIXAT=: -___a_lfz)--__
0243 PRINT R2347

0244 23 __FORMAT (1H0y 18X 3RHTHE MAXIMUM NUMRFR OF RAGS_FILLED.Z__=zsF10.0)
0245 GO TO 2

0246 Q99 _PRINT R24

0247 8246 FNRMAT (15X.12H RUN ABORTED)

0N24R8 2 CONT INUE

nN249 STOP

0250 | FND




APPEMDIY B

GTOSSARY
ACT) Standby of the Ith C-1230. It includes alr crew and aircraft standby,
rall installation time, tire required to notify the alr station, and the
time to start response. A(T) is defincd in the order the (-130's become
available; hence, A(1)2A(2) SACT)SA(I+L)SACM).
ADAPTS The acronym used for the Alr Deliverable Anti-Pollution Transfer
System. It 1s descried in chapter 1.
B The time required to load a C-130, fly it to the scene and drop a load
of two packages. Loading time includes fueling time for the C-130, B =
DH+20+60%DE/270
C The time reaulred to fly the C-130 back for the scene to ECAS.
C = GOXDE/290 ’
CEND The allowable flipht time for C-130 air crews, the Crew ENDurance.
CHECKL A keying variable used to call for irput data checks; a value of
1.0 calls for the checkirg. |
D The time required to load a C-130, standardized at 90 minutes using a
25K loader and 120 minutes using a nmakeshift loader.
DE The distance from ECAS to the scene in nautical miles
D1 The distance from HPl to the scene in nautical miles.
D2 'I'r;e distance from HP2 to the scene in nautical miles.
E1l The set up time for a C-130 delivered E pke, it is the lapsed time from
the corpletion of the dron to the time the pum ls ready for use. It is
standardized at 75 minutes.

E2 'The set up time for a he?* -+t 0 A=Uuyepad T pke,” 1t 1s the lapsed tirme
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from the unloading, of the heliconter to the time the pum 13 readv for une.
It is standardlzed at 20 minutes.

ECAS Elizabeth City Alr Station in North Carolina. The only Ceoast Guard
Alr Station on the Fast Coast eaquipped with C-130's.

E pkg 1he package of equipment uscd in the ADAPTS svstem to pum oil into
the folding tanks. Tt 1is packaged for dropping from a C-130 or for delivery
by a helicepter and it includes anr HLD, purm, prime mover, and fuel.

F ‘'Ihe standby time of 1lst helicopter. It includes air crew and helicopter
standby, sling installation, loading time, and the time required to notify
the Coast Guard and to start response.

Hl A standardized heliconter trip time for HF1 using HH-3"'s. The averape
of 30+10+60%*D1/115 and 30+50¥D1/125 where the looding, refueling, unleading,
time to fly to scene, and the returning from the scene are all included.

Hl = 324D1/2 minutes )

H2 A standardized helicopter trip time for HP2 using HH-3F's,

H2 = 324¢D2/2 minutes; 1t 1s the one way trip time.

H52 A standardized helicooter trip time for HPL using HI-52A's.

H52 = 3042*D1/3 minutes; it 1s the one way trip time.

HID 'The acronym for the A frame used in ADAPTS. It is used to haul in the
E pkes and the T pkgs; it has a manual winch and tie dovmn lines.

HP1 “'I‘he symbol used to desipnate the Coast Guard Alr Station nearest to the
scene of distress from which helicopter are flovn.

HP2 'The symbol used to designate the next nearest air station from which
helicopters are flown to the scene of distress.

Incident See Pollution Incldent,

IX1T 'The number of tenks that can be filled in 2U4 hours due to C-130 and

-
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C-130 leader constraiants. IX1 is the corresponding number of (-130 trinps,
IX2 The maximum number of plane loads that can be delivered due to the
nurber of C-130's without regard to other uonstraints,

IX3T The number of tanks that can be filled in 24 hours by the pums
constrained by the method of delivery and the number of helicopters.

IX5T The number of tanks that can be filled due to C~130, =130 loader,

ard C~-130 air crew constraints. IX5 is the corresp_ondinp; nurher of C-130
trips in 24 hours. '

Ml The number ¢ E pkgs at HPL, Ml = 0,1,2

M2 The nurber of E pkgs at HP2, M2 = 0,1,2

N The number of C-130's.

NC(I) The number of air crews assigned to the Tth 1-30.

NCREW The number of alr crews available to fly C-130's.

NJOB The number of data decks being run in the FORTRAN model.

P(I) The number of E pkps delivered by the Ith C-130.

Pollution Incident The inminent threat of a spill or a spill of such marni-
tude or signifilcance as to require inmediate response o ¢ ....n, cleanup
or dispose of the material (oll) to prevent a substantial v.reat to public
health or welfare including finfish, shellfish, or other wildlife and shore-
lines and beaches.

Potentlal Spill Any accldent or other circumstance which threatens to result
in the discharge of oil or other hazardous substance. A potentinl soill can
be classified as minor, moderate, or major.

Ql The number of HI3M's at HP1. 1

]

0,1,2
Q2 The number of HH3F's at HP2., Q2

0,1

41

W T L - S WO ek R

RS- AU TP7 SO Y S

i B g - A U

e st ot e At




€52 The nurber of HH52A's at HI1. 052 = 0,1, 2

R The tank f11ling rate, standardized at 120 minutes f111ing vime pluws hookup
time, It equals L2l minutes 11 maniiolds are avatlaple ana it eauals Lid
minutes 1f no manifolds are availahle.

Bho or RHO The Facility Utllization Factor for the C-130 loaders.

S The number cf four man salvage teams.

SUMP  The total number of E pkes delivered by ¢-130's.

N
SUMP = ZP(I)

I=1
T pkg The package desipned for air dropping from a C~130 containineg a folded
rbber tank of 500 tons of oil capacity. It also contains hose and an anchor.
The tank is sometlmes referred to as a bag.

U The time lapse hetween the entry of the T pkg into the water and the time

that the hose end is at the distressed tanker. Tt 1s standardized at 40 minutes

when using an HIDland at 12 rinutes when using a helicopter tow to Lring the

hose emd to the tanker. These times are based upon a distance of 100 yards from

the anchored tank to the dilstressed tanker.

Z¥ The maximum number of tanks that can be f171led in 2U hours.
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APPENDIX C
SAMPLE ADAPTS PROBLEM

DATA SFT NUMAER 13

UNCONSTRATNED €130 TRIPS
26 €130 _TRIPS_AT_BEST oo oo
46 RAGS FTLLFD TF NO CONSTRATNTS

INPUT VALUES=
L= 2 LOADERS 8NN N = !
NCRFW = 3 ATRCRFWS

C~130 STANDRY NUMRFER
NUMRER TIME CPFW
1 AL NC(T)
1 13. 1
2 RB. 1
3 88, 1

LOAD HELQ PUMP (NG
C-130 STDRY RATE
90 43, 121,

(g ]

?0. 40, '
FQUIPMENT PACKAGES AT HP)
FQUIPMENT PACKAGES AT HP2
HH-3F#S AT HP]

HH~3IF#S AT HPZ?

HH=572A4S AT HP]

A5,00 MILFS FROM ECAS T0O SCENE

AS.00 MYLFES FROM HP)_TN SCENE

RS.NC MILFS FROM HP? TN SCENF

e 00 _SALVAGE _TEAMS 0OF 4 MEN
200 C-130 DFLIVERFN F PKGS

D T X
iy Band

£
A0.

Q2

=]
o i S JhaS B AV ]

2

R b e
| N g ] A
T ]

wnl
c
=
©

OUTPUT=

AVFRAGE FACTILITY USAGFE FOR _LOADFRSIRHO

FIRST RAG RPEANY FOR CONNFCTING AT RAGI

C130_TRIPS MAXIC1A0+LNR_CONSTRATNTSIXY =

C130 TRIPS MAXIATR CRFW CONSTPATINTs IXS5

24_HR BAR _MAXSATR CRFW CONSTRATNTe IXST -
T
-

0,92

1R1.89
24
1?
22
46
55

24 HR RAfG MAXSCIR04t.DR CONSTRAINTS.TX!
24 HR_BAG MAXIPUMPGHELN CONSTRATNTSeTX

T

_THE_MAX M1 o AAGS.FILLEDsZ = pz.




E_ APPENDIX D :
FORMAT FOR INPUT OF DATA

Data is entered into the FORTRAN model in sets preceeded by
a single card with the variable NJOB on it (format statement 900).
NJOB is the number of data sets being investigated during the cur-

rent computer run of the model.

Each data deck consists of five cards using format statements:

Card Format Statement Numbers on Card

1 904 N, NCREW, CEND
; 2 901 A(I), I =1,N g
: 3 901 P(I), I =1, N y

4 02 DE, D1, D2, Q1, Q2, Q52,
! M1, M2, CHECKI
] 5 903 L, S, D, E1, E2, F, R, U
1
§
[ i
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