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Execubve Summary

Expendable Current Profilers (XCPs) do not transmit a
pressure signal from the instrument to the ship. The
depth is determined either by an empirical equation or
by comparison with a reference oceanic variable. This
report provides documentation of a computer program
for the determination of a least squares best fitted
polynomial for determining the depth as a function of
time, using temperature as measured from a CTD at the
time of the profiler drop.
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Documentation of Software for Estimating
Expendable Shear Profiler (XCP) Fall Rates

1. Introducton

A serious problem encountered when analyzing XCP (Ex-
pendable Current Profiler) data is the error in true
depth of the instrument. The XCP is free falling and
does not transmit a pressure signal to the ship. Be-
cause there is no direct measurement of pressure, the
pressure is estimated through the use of an empirical
equation relating time (starting when the profiler is
dropped) to pressure. Variations in launching proce-
dures, initial conditions and oceanic conditions may
result in significant departures of the true pressure
from that estimated by the equation.

The XCP does return a temperature signal to the ship.
If the true temperature profile (versus pressure) is
known, then it should be possible to obtain an accu-
rate estimate of the position of the instrument as a
function of time through appropriate comparison of the
tru. profile of temperature and that returned by the
xCP.

A program to accomplish this has been written and is
documented in this report. The theory and some partic-
ular results are given in the journal (Oceans, Septem-
ber 1981) reprint in the following section; the
detailed program documentation follows.



II. Reprint from Ocan, September 1981

A.W. Green and K.D. Saunders

Naval Ocean Research & Development Activity. NSTL Station, MS 39529

rate and depth errors. In this paper we
ABSTRACT present results of a simple dynamical model for

streamlined bodies, such as expendable
Recent intercomparisons of depths of profilers, falling through water. The model is

expendable bathythermographs (XBT) and applied specifically to XCF'- in this paper,
electromagnetic current profilers with more but we note that it is also applicable to other
accurate shipboard profilers have shown that types of expendables (Green, 1981). Next we
the empirical formulae currently used are in describe calibration methods that reduce depth
error. A theoretical model for the bulk error by analytical treatments of XCP data and
dynamics of XBI's (T-7) and XCP's is proposed profiles from reference instruments, such as
and assessed with recent intercomparisons conductivity-temperature-pressure profilers
between XCP's with accurate Conductivity- (CTD's). We show that the dynamical model is
Temperature-Depth profilers (CTD's). The in general an excellent predictor of probe
records for the intercomparisons were obtained depth as a function of time. We conclude our
in the Gulf nf Mexico, where a rich temperature discussion with some recommendations that could
fine-structure provides numerous features in improve XCP probe performance.
the profiles that quantitatively improve the
XBT/CTD and XCP/CTD comparisons. The theury 2. THE DYNAMICAL MODEL
yields fall rate and total depth versus time
predictions that agree with observations A budy falling vertically through water is
somewhat better than the manufacturer's subject to the bulk forces of hydrodynamic drag
empirical formulae. The theory also furnishes and buoyancy, which dre in balance described by
a rational basis for establishing deployment the following equation:
techniques and probe modifications that can -
improve depth accuracy and fall rate. i4dv/dt =Jrw CDSv2 - g(M Mw) (2.1)

The bulk drag force is proportional to the
square of the fall velocity (v), and the

1. INTRODUCTION buoyancy is determined by the difference
between the body mass and the mass of the water

During the past decade the production displaced, (A list of definitions of the
technology for expendable oceanographic symbols are in Appendix A.) The expendables
profiling instruments has improved currently in use operate over 0 range 9f
significantly, consequently, expendables are Reynolds number (R) between 100 and 100,
becoming increasingly important in where R is defined for a streamlined body as
oceanographic survey work. As the measurement the product of probe length and fall speed
consistency of these devices has improved, the divided by the kinematic viscosity of the
users have increased their demands of quality water. The kinematic viscosity increases with
of the data obtained by the probes. Probe fall depth in the ocean and the fall speed is
rate and depth as a function of time have relatively constant after initial transient
received relatively little attention in adjustment, consequently, the R tends to
technical literature to date. The expendable decrease with increasing depth. If the probes
probes such as XBT's (bathythermographs), XCP's were perfect streamlined bodies moving through
(Current plus BT), XSV's (Sound speed + BT) are quiescent sea water, then we should expect that
not currently equipped with pressure sensors; the drag coefficient (CD) would vary
thus, the probe depth must be estimated from significantly with depth and alter the drag
empirical formulas based on observed fall rates force. This tendency appears to be attenuated
and depths as a function of time. These by probe rotation caused by the axial
empirical formulas do not in general provide stabilizing fins, which disturb ("turbulize")
the best possible estimates of probe fall rate the boundary layer flow over the probe and
or dpth. Motivated by our own needs to increase the wake turbulence. The net effect
imprcce' probe fall rate and depth estimates, we is that the flow regime around the probes is
have ur.-.taken development of experimental fully turbulent. The CQ of the probe is much
methods and theories that will help reduce fall less affected by variations in Re in fully

turbulent flow (Hoerner, 1965), but we should

• • • i i 2



keep in mind that small changes in CQ over
the range of the probe can make significant XCP Fill Rate vs. Depth
changes in fall rate.

2 lO'.8w; 9 - Ll NNW

The buoyancy of a probe also changes due Id CL 351 A O.mt'li
to unspooling of the signal transmission wires. .M : 4,M
The mass of wire loss is partially replaced by = :s. e IS. a2.1
water that is entrained within the probe. To a
good approximation the mass loss rate is
proportional to the depth. Under extreme
operating conditions this simple assumption may Fa4 qA:E ,
be in error (Green, 1981).

Green (1981) found an approximate solution
to (2.1) for the special case in which the
initial probe speed is equal to the nominal
fall rate [v(za) = VT]. The mass slowly
decreases and the drag coefficient slowly
increases linearly with depth; for the model
the changes are assumed to be linear:

M = Moil + Az), CO = Co(I - Bz), -20m

z0; A, B,<< 31

The approximate sc-ution for fall rate as a 3+
function of depth is:

v v- VT 11 + (A + B)z] (2.2)

and -

z - VTt + (A + B) VTt
2  (2.3)

These approximate solutions clearly show the -sam.....
dependence of v and z on the variable 7
parameters. To first order in t the probe
depth is determined by th nominal terminal FIGURE 1
speed [VT = (2Mog'//4CoS) ]. The
coefficient of the quadratic term is also the experimental results presented here the CTD
proportional to the relative changes in drag was lowered to 350 dbar; at this time the XCP
coefficient and mass (A + B). The empirical was launched. The XCP passed the CTD before it
equations for probe depth as a function df time reached 750 m depth. This method provided
are typically quadratic, so we can compare the near-simultaneity.
analytical results with empirical fits of
observations. The use of concurrent CTD casts, would, if

required, make the profiler unsuitable for
Generally the effects of initial transient large scale rapid surveys. Thus, it is

adjustment of the spee on tthe predicted depth important to determine whether a suitable

cannot be obtained except by numerical equation for pressure (or depth) as a function
integration of (2.1). Results of a numerical of time of drop can be obtained from a
integration of with v(z = 0) = -15 m-s- 1 are relatively small number of intercomparisons
displayed in Fig. 1. The variations of A and B with concurrent CTD casts.
are less than the nominal values for an XCP
(Table 4), but the shape of the curve is the We are certainly not the first group to
same. attempt this. Smart (private communication)

has performed a similar study by comparing fall
times with pressures, referencing both to

3. EXPERIMENTAL ANALYSIS specific features in the temperature profile.
We have chosen to use as much of the

Present expendables, such as XBT's and teaperature profile as possible with the object
XCP's, measure temperature - not depth or of reducing random errors.
pressure. The probe depths can be inferred
from equations giving fall time as a function The data set used for this study was
of depth (pressure), but a more accurate method obtained during the deployment cruise of the
is based on a mapping of the temperature Acoustically Tracked Oceanographic Mooring
profile of an expendable on a temperature- TATOM '79) project (Saunders, Green-and Bergin,
pressure record obtained with a CTD in spatial 1980). Concurrent CTD and XCP casts were made
and temporal proximity with the probe drop. In in a reqion of strong thermal and velocity

3



gradienis in the central Gulf of Mexico in
December, 1979. The theraal regime was The results for the first order and setond

characterized by a very uniform mixed layer order fits are summarized in Tables 1 and 2

underlain by a strong thermocline, rich in fine respectively. For both orders of fit, it is

structure but belonging to a single water mass. obvious that the initial offsets varied quite
widely, while the fall rates appeared to vary

For each cast, an equation of pressure as a in a narrow range.

function of the time of drop was determined by
fitting the 'observed' pressures and times to a This range may be associated to the 95%

function of the form. confidence limits computed using the Student's
N t-distribution with 24 degrees of freedom.

ptN) (3.1) These limits are denoted as /'... and M-.sttN Qt and have been computed for all the fitted

ago coefficients. The nominal value for the linear
term (using the quadratic formula), 4.544 dbar.

The fit is formally obtained by fitting s-1 is smaller than the lower confidence
the 'observed' pressures Po(to) to limit in Table 2, while the constant and
p(to,N) where to is the observed time and quadrat c terms, 3.1 dbar and -6.75 x 10- 4

P0 is the observed pressure from the CTD dbar.s - , respectively, fall within the
cast. These are related by the equations: corresponding confidence limits and may be

Po = Po[To(CTD)] accepted.

Some values for the quadratically fitted
to = to[To(XCP)] coefficients, together with the associated

parameters from the model equations are given
To(CTD) = To(XCP) * To(offset) in Table 3. For the original model, the

constant term must be rejected at the 95%
It is easily understood, that this procedure level, while the linear and quadratic terms
will work only if To(CTD) and To(XCP) are
monotonic functions of Po and to, cannot be rejected. After some experimentation
respectively. We were fortunate that there with the model, it was found that an initial
were large sections of the temperature profiles velocity of about 15 m s-1 produced
in all the casts analyzed where this acceptable coefficients.
requirement was satisfied. The mixed layer
provided a convenient thermostad wherein the It is higt.ly unlikely that the probes ever
constant offsets between the XCP's and the CTD entered the water at such high speeds, however.
could be determined. A typical plot of The probable cause for the large variation in
interpolated pressure versus time, with both the constant term is the method for
quantities referenced to the same temperature establishing the zero time point (Sanford,
profile is presented in Figure 2. private communication). This variation would,

for small offsets, affect only the constant
term in the pressure (depth)/time equation to a

PRESSURE VS TIME measurable degree.

When the empirical fits were made, the

observed pressure was differentiated with
respect to time and this derivative was plotted
as a function of pressure. A typical example
is shown in Figure 3. The large variation in
the pressure-time derivative indicated to thea possibility that the probe was precessing as it
fell, causing an effectively changing drag

_ coefficient. This was incorporated into the
model as a drag coefficient, varying
sinusoidally with depth. The magnitude of the
variation of the drag coefficient turned out to
be much too great if it were to account for the

I same order of the drop rate as was observed.
This cursory test does not lay to rest the
question of gyroscopic effects on probe

*" dynamics, since it is conceivable that
gyroscopic precession coupled with the
surrounding flow could cause temperature
anomalies and velocity errors. This is a

3. 6. , .M.. subject for future work. We therefore advance
Time ,- the tentative hypothesis that the large

FIGURE 2 apparent variations in the drop speed are
artifacts of the XCP temperature trace and
arise from the restricted flow past the XCP
thermistor.
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_TABLE 1. LINEAR FIT TO PRESSURE VS. TIME
0.* .. .0 494'I t g/SECc)

FIGURE 3
XCP Cast Q0  Q1

4. RECOMMENDATIONS

In view of the variations observed in the 4 5.65 4.63 0.40
pressure time derivatives with depth and the 8 9.60 4.63 1.43
large variation in the initial pressure offsets 9 7.18 4.54 2.27

we make the following recommendations: 12 11.88 4.61 2.23
12 15.03 4.51 2.97

a. a signal should be made available to 13 6.44 4.57 0.87
inform the processor of the initial time of 14 12.77 4.42 2.80

launch and surface impact; 15 4.66 4.58 0.59
16 38.10 4.66 1.14

b. the thermistor should be mounted in a 17 4.19 4.50 1.22

position (perhaps near the tail) where 18 4.52 4.51 1.25

ventilation would be maximum. This would 20 5.02 4.53 1.62
provide for better intercomparison with 21 -0.60 4.85 0.76
concurrent XBT or CTD drops; 22 8.99 4.44 1.26

23 6.73 4.55 1.00
c. the initial probe mass (Mo) should be 25 10.57 4.47 2.29

controlled during manufacture to within a 1% 26 8.04 4.53 1.30
tolerance so that variations in fall speed due 29 3.84 4.63 0.40
to mass variations can be reduced; 31 9.79 4.55 1.71

32 -4.28 4.58 1.66

d. gyroscopic effects on probe dynamics 34 11.27 4.69 2.81
mnd measurements should be analyzed, if 35 8.03 4.64 1.79
practicable; 36 12.29 4.63 2.46

37 5.00 4.57 0.89

e. develop a new body shape nearer to 38 7.99 4.61 1.55
ideal streamlined form with greater diameter to
increase current sensitivity and better 1# 8.504 4.576
thermistor ventilation; 7.464 0.08833.1465 0.083

f. a pressure signal should be multiplexed - 3.145 0.0372

and sent up the signal wire. 5.359 4.53A!/-.' 5.359 4.539

• , m u m ~ l m i r --



TABLE 2. QUADRATIC FIT TO XCP PRESSURE VS. TIME TABLE 4. PHYSICAL CHARACTERISTICS OF XBT (T-7)

AND XCP

XCP Cast Qo QI Q2 "p XBT(T-7) XCP

4 5.65 4.63 -0.141 x1O5  0.40 Initial 0.740 kg 1.480 kg
8 7.29 4.71 -0.653 x 10-  1.40 Probe Mass
9 1.55 4.70 -0.891 x 10-3  1.93

11 11.26 4.63 -0.128 x 10-3 2.22 Water 0.161 kg 0.650 kg
12 3.85 4.87 -0.235 x 10-2 2.02 Displacement
13 3.93 4.65 -0.526 x 10- 3  0.70
14 3.16 4.69 -0.150 x 10-2 1.79 Initial Bulk 0.125 0.35
15 2.19 4.68 -0.110 x 10-2 0.57 Drag Coefficient (Hoerner, 1965: torpedo)
16 32.46 4.85 -0.124 x 10-2 0.62
17 -0.22 4.62 -0.714 x 10-3  1.24 Relative Mass 14.1 7.17
18 -1.18 4.70 -0.134 x 10-2 1.09 Chatge
20 -1.00 4.69 -0.837 x 10- 3  1.20 (mlxlO.O)
21 -0.94 4.87 -0.228 x 10-3 0.76

22 2.85 4.60 -0.849 x 10-3  0.51 Relative Change 0.6 1.13
23 1.67 4.70 -0.883 x 10-3 0.63 Rn
25 6.30 4.58 -0.649 x 10-3  2.17 _lxlO4)
26 6.20 4.52 -0.313 x 10-

3  1.26 (m x

29 6.38 4.68 +0.124 x 10-2 0.38
31 4.95 4.68 -0.758 x 1-3 1. Nominal Fall 6.5 4.731 .95 4.6 -0758x 1-3 .36 Speed (m s-)
32 -12.44 4.85 -0.194 x 10-2 1.47
34 1.21 4.96 -0.148 x 10-2 1.68 Probe Length 0.215 m 0. m
35 4.94 4.74 -0.638 x 10-3 1.71
36 3.55 4.88 -0.144 x 10-2 1.56 Probe Cross 2.11
37 3.28 4.61 -0.399 x '0 . 3 0.85 Pro Cr2
38 2.03 4.79 -0.117 x 10-3 1.14 (mtxjo.3)

1' 3.956 4.708 -8.315 x 10
-4  APPENDIX A

7.323 0.115 7.042 x 10-4 LIST OF SYMBOLS
tocrA-' 3.085 0.0485 2.967 x 10-4

p,*.s 7.041 4.76 -5.35 x 10- 4  A (M0 - M)/(Mo 700 m), the
0.871 4.66 -1.13 x 10-3  relative change in probe mass

B CO - CD(700 m)1/CD 700 mCo  Initial drag coefficient of the
probe after impact

CO  The probe drag coefficient
g Gravity acceleration 9.8 m s-I
9 g(1 - Mw/M o )
H Probe range

TABLE 3 M Probe mass
MProbe mass at impact
Mw Mass of displaced water
N Order of the least squares

A(10-5) 8(05) t0 v(z-O) QO Q Q20-3) polynomial fit
p Pressure

7.06 6.00 0.35 is 3.6625 4.7007 -0,979 Po Observed CTD pressure
10.00 3.6772 4.6994 -1.169 S Cross section area of probe normal
20.00 3.7283 4.6943 .1.613 to axis of figure30.00 3.7%3 4.6877 -2.017 Qn nth coefficient of least
6.00 0 -2.353 4.7034 -0.979 squares polynomial

5 0.622 4.7022 -0.979 T Temperature10 2.387 4.7014 -0.979 T0  Observed temperature

4.085 12.450 -663 T (CTD) Observed CTD temperatures
0.10 5.249 8.797 -.3.425 T~off set) Computed temperature offset0.15 4.946 7.181 -2.282 To(XCP) Observed XCP temperature
0.20 4.554 6.218 -1.711 t Time
0.25 4.207 5.562 -1.370
0.30 3.912 5.077 -1.141 v Vertical spee

VT (2Mo g/,wc S)%, the nominal
fal speed

z Depth, z 0
p Mean value
0Standard deviation

6



III. Summary Program Documentation

PROGRAM: XCP-FALL-RATE

PURPOSE: To compute emprical rates of XCP's based on simultaneous XCP and

CTD temperature data

MACHINE: UNIVAC 1108

LANGUAGE: FORTRAN V

AUTHOR: Kim David Saunders

FILE LOCATIONS: Absolute, Relocatable and symbolic
Elements - CODE331*WORKFILE.MAIN/XCP

INPUT: Unit 8 - input FEB File - XCP data

Unit 9 - input FEB File - CTD data

Unit 5 -

line 1: ISEGX, ISEGY

line 2: PLIMX (1), PLIMX (2)

line 3: PLIMX (3)

line 4: ANS

line 5: IDEGREE

ISEGX - seg. no. for XCP cast on unit 8

ISEGC - seg. no. for CTD cast on unit 9

PLIMX (1) - upper pressure limit for computing temperature
offset

PLIMX (2) - lower pressure limit for computing temperature
offset

PLIMX (3) - starting pressure 'or T/P intercomparison

ANS - yes (for XCP temp. smoothing) no (for no smoothing)

IDEGREE - degree of fitting polynomial

7



OUTPUT: Unit 6 - Pressure limits (repeat of input)

- Short FEB file headers

- Averages of XCP and CTD temperatures

- Temperature offset

- NT, N2, T1, T2

- Coefficients of best fit polynomial

- Standard deviation of fit

Unit 20 - Listings of pressures, temperatures and fall times

Unit 25 - DISSPLA Plots

NT - Number of temperature points in input for

interpolation

N2 - Number of points to be interpolated

T1 - Starting temperature

T2 - Ending temperature

SUBROUTINES CALLED: INITLZ

XCPRDR

CTDRDR

TMPOFS

TMPCOR

DPTCOM

PTINTP

TTINTP

FITTER

PLOTER

INTRPL

((DISPLA Package subroutines>>

8



ADDITIONAL
INFORMATION: 1. The XCP FEB File must have the form:

4 variables: P, T, U, V

2. The CTD FEB Fi , must have the form:

8 variables, P, T, (other 6 are not used)

3. The maximum length of a segment is 1000 cycles

4. Each drop is stored in a separate segment, and the data
should be interpolated to 1 decibar pressure surfaces, and
low pass filtered with a cutoff of about 8 decibars. The
filtering and Interpolation may be done via ZFILT and
ZINTERP. Both of these are standard FEB File utilities.

9I



IV. Runstream to Create and Run the Program

IrSi RUN : CP/CTO CAL ISRA TIONd PRO6PAn K 1 SAUNflFAS X4k733 -40O10A331

C00E33I*UORKFILF4I I M.AILFRIXCP-CAL IS
I "4SE bI~tOOF33I00ONF1LF
2 d)AS6.UP XCP-PR-Z*F//?ClCG
5 -- if-*Ff---cF PR r -______ -

14 fiASS.Ak XCP-PQ-?
C. pkKPI PRIWS/NCP-P*-?

6 dHDG.P TEST RUN :XCPIC M CALIBRAION PROGRA14 - Kj SAUkOFAS - W4731 -WOR0A331
7 isPRT.S k,.NAKE*/WCP-CVAtTiS

8 iPRT.S b.HAPIXCP-CALIS

In isG.? 7fl.VJPi/pflf
II IiAss'UP 2Sj///700"
1? aFREE 2!-

1. Aes&.am ps.

14 arRs '-s.
I - -aFRS, -Pfl-----

16 CI*SG.Ax W.
17 aFOQ*S 6."Afi1/CP-CALJA
is iFOR9S I*. I OwlL IICP-CAL IS
19 QFOP.!, 4.XCPROR1XCP-CALF'
2nl iFOR.S W.CWDRORIXCP-CALIR
n-I-- aFO*v,i b.1ewcF%011GP GAL lii

72 aVoR.s b.?4pcORiYCP-CALIA
23 deOFfqS b,.0PTCOIHJ1CP-CAL IS

24 aoR.s 4.PTlIdrP/XCP-CAL IS
PS .FOP.S bV.TINPiWCP-CA&kTR

26 aFOR.S W.FITrEk/xCP-CALIS
27- - - F~e - -POw* 16 A f RO G -CAL I-4--
78 i'FOR.S KIISFILF.INTRPLAKTPMA
29 aADDPL Ii.mAPIXCP-CALI&
3nl 4PACK W.
31 aPRVP it.
32 aRRMPT PRINT%

34 e&F XCP-PP-2

aPRT.S W.MAP/XCP-CAI.18

V. Map Runstream

TEST RUN : CPICIO (AL IARAITON PROGRAM - it nl %.AuwnRS - X713 -W090A31

C00E331*WORKFTLE( I 3."AP/XC P-CALIB
I *MAP.IS *W.XGTINKCP-CALIR

7 IN W.NAJN/XCP-CALJPh.ITL ?lXCP-CALIB.CPR/XICP-CALIS

Is IN N-TNPOrSIXeP-CALIR.. T'PCORa/XCP-CALTA ,.DPTCO"/XCP-CALTB

S N to .PTTkTP1iCP-CAtfft..INI*fX*-C*LS&7-rfCCt!
6 Jft N.pLo?(rJEcp-cAtiR.c('fnr3ii*NDsrJLE .?D[AI
7 1I I. CO * 341 Rfit .INTo Pi I*Nt**-------

8 LIS DI~SPLAOLJRP-n.

&aves v.Ru .#gtI*eP--e*t-fP

10



V1. Listing of a Typical Program Runstream with an Example of the Output to Unit 6

lf',T ;9 : xCr/,CTr CALIPRA1IONI PROGPAq V *1 $ AUMOEQS X41~33 -NiOPOI331

I &FPEE 2S

3 *FpEE XCP-Zs
4 wUSE Z5,XP-2

S i1AS6,AX 25
6 uASS,1VJ IN1.U9V,!S937
I wAS69T 99,//2000O

4 d*$6,T 8,F///?00
9 wPovE IN1.LJ

13 dcopy,G 14199

1 1 &FpE.S 141
12 -ASG#TVJ Iw2.U9Vv039

is Copv !wN'.e
14 firREE 1NZ
is INXOT W.X~T/XCO-CALIB
16 9.1

1 120
19 YES

I *FPEt 2Si

OASG.T ?O,Fli/2000
FACILITY WARNING 10000C00O0000

4ASGOLP XCP-2S,F/u*/200
FACILITY *CJECTEO *eO00O*O%03n~f

iFrin XeP-2s
FACILITY WARkNN IOOOOOOOOO0fl

aAS.(,ex XCP-25.

acEs WCP-25.
FURPUQ27W3S £33 RL73RI 04110/6SI 15:IS:S?
(040 ERS.

&USE 2S,XCp-2s

*LERS 20.
FUkPU9273S E33 OL73RI O4flU.i91 1I:39:OG

aASG.Au w.
FAClTYv WARNING I10200000000



TilQjs xcP/CTO C&LISki8TJQN P*rOQ.%AM a o A&UNOERS X4133 ...0 ,OAS3t

0 j:) V~J IuI,ugv.%937

FAC1L1Vy WaRt4ING 1VU0JOOIOO0fl

FACILITY WAP41NG 1OU3OCOO~liDn

aIU V( I fIO
fu#,Pib:27R38 F33 RL?3.9[ nas/lflhiq 1s:j9:O7

4COPY,G I'4199
Coibr33i*OUTP1EoS COPIED ON 06/I11An AT Ib:Z:3 Sf'7UDS *CF-S9370

W9 (LOCKS O3PTED.
EOF EVCOUN?[PrD ON INPUT TAPE

iolt~ INI
RE ADV

0bAG,TVJ XNZ,U9V,nb39

dCUPV Iw~
FURPUq27R38 E33 RL71RI Of#/10/RZ IS:?O:52

836 PLOCK4 COPIED.
[OF EICOUNTEQFD ON INOUT TAPE

OF'REL IN2

ixQT d.XT/XCP.CALl8
foolEo THE INPUT SESPENTS FOR THE ECP AND CTO OAT& IN MRE FORWA

ENTER THE UPPER AND LOWER PRESSURE LtI
T
S Fog COOPUVIMS T4E TEMPERATURE OFFSET

PLIPIIEZ) 7O.OOO3

EftTE4 STARTING PRESSURE FOR T/P INI1CcOF&RISON

RE# p 9v-sp 9 C 9 PTO h is is 4n
00 YOUJ WANT SPOOTHI46 OF XCO TERPEP*TUPE! 77

12



1Tf~ -?P XCPICrr CALIPRA1!ON FIQO~i9AM 01 0 SAUVrERS - K133 -NUP(JA33I

00 9 7 L 'z 1 11130oig F 404 0

TL0~* 2 * . 7

47 377

T~e z I I. TC0030

i'.1rl THE~ D~rrc~ of FIl~ 'OLYNOPJRL

I A I I

SIANIPV4D EVITAIONl OF P~lFSSU,7E .91Ob33I4

BEG4I F OISSPLA FLOT riffRAT1ON.

PLOT NO. 1 ITH4 T14E TITLE
3PIDT US P~rSSuQ~s

HAS REF* CO04PLET~ga.

PLOT 10. READ)S
PLOT 1 1%.211.45 fat t0 APR, 1941 JORZEUNOS ,NAVOCEA OISSPLA 0ET 4.

DATA FOR PLUT

No0. OF Cupvfs DRAWN I

NaRTZ. AXIS LE1NGTH 7.3 INS.
VLPI. AXI$ LCN6I'4 9.0 INS.

U017. ORIGIN .3013 VERY. ORIGIN .O03

mcoRIZ. AXIS LINEAR

STEP SIZE .1%Z9*CI UNITSIINCH

13



TrbT OL5 : XCP/CTI CAL111R&T|IN PPOL5PA
x 

- I 0 FAUNO(aS - X4133 NOP0A331

06-LT. AXIS LINkAR
SIFP SIZE *bbb?*02 UNLTS/I.4CH

* LCION OFURRENT P14TS1 ORI][ih

X 3: 1.,00 v: a'1 INCHI!
* FROm LObit LEFT CoRNEP OF PAGE

TtT 7dJ : lCp/C1O CALIeRATION PROGFAM - 0 SAUNDERS - 1$733 -NOOA331

DLCTTING COMPE.CINt

... DISSP.A VERSION PO **,*
NO. OF FIRST PLOT ic

PLOT 40. ! WITH TNT TITLj
OP/DT V$ PRrsSt;RE - FILTEPED$

HAS 9EEt COMPLETEO.

PLOT It. RLAlS
PLOT P is.29.Op FRI 10 APR, 1981 Jo0:EUpoS v "VOC[A DISSPLA VCR 8.0

DATA FOR PLOT

N3. OF CURVES ORAkN 1

sORI7. AIS LENbTH 7.0 INS.

VLRT. AXIS LENGTH 9.0 INS.

tORI?. ORIGIN .333) VER . ORIGIN .0300

S4OP Z. AXIS LINEAR
SlEP SIZE *1NQ*qO! UNITS/INCH

(RTr, AX S LIN EAR

STEP SIZE 6bb?*02 UNITS/INCH

*LOCATION O URN NSCLOII
* X: 1.30 1= OSS INCHS

o 
.

* FROP LOWER LEFT CORNER OF PAGE 0

(thO ISSPLA -- 2930 VCTORS GENRATEr IN 2 PLOT rRAMES.

8414 INONO IN CONTROL 4oor

14



V11. Program Listings

TEST RUN XCP/CTfl CAL IPRATION PROGRA0* - K nl SAUNDERS - NA7t3 -NOQDA331

COO[331*WiO'EllrE I( ).MANA JJRP-C ALIP
""~t hf"It u ft a;IYlktfff-**G"**
CALL WCPPDR 4 RFAD XCP DATA FROM FEB FILE

___- akk DW -- I R-f -*t R*BAIA t**$- Fi-f-Itf- *9* "%T 9
*CALL TMPOIS 6 CALCUILATE TEMPERATUJRE OFFSET

£-*tt Ittpfet a- -calls ft -i*~-7i*f*-tOI
6CALL OPTCOM a SFLECT coI4NoN DEPTH INTERVAL

7 C(Ikt P-14q 1 *1p I*Tfppo ifif PFfSt*Wf 04 fIWPEPATUjPE
PCALL. TTNP 1) 1'TFIPOLATF TINF ON TEMPEATIIRF

-4-- -CAtt Frf*t - -- A----i- TI-I PRFSSUR(.-4 CUVE-
II' CALL PtOT(R a PLOT THE PRISSURFITIME CURVE

a; kfa~ fxCp at1i



TEST RUN : fCP/CTO CAL IRRAION PROGRAM - K rl SAUNDERS XK733 -440Q01331

C00E3lfl*WORKFTtf(1 )INJTL7/XCP-CALTr,

I Sttfl*Ot11t6iE Thilt7
7 C

ot -------- --- - - -----------------

6 C PURPOSE TO TNITIAL TZE THE XCP CALIFORATJON PRO60AN
7 C

In C
11 ComNoIDgIAGS1 1D1A644to
17 COMMON IRDATAI VR(1041003

it COMMON /&DOCI/ FOOCR4IO#

16COMMON fRHDC1 I FDoCR 6100

17 COMMON ltill/JNOI10

144 COMMON IRLOCK21 PtTNXI)0).PLTMC4IOI.TSEBC.ISES3.TOFSfT
19 COMMON /RI.OCI13/ EP 00 PIIO0.TM
2n SEFAL SUFFERi0.flflfl

-?-I---------- f-oIII P&f~-4#4--IUrFFRiviI -

22 uiRITgo6.Itfl)
23 kEAo4s.?&V9)) IFGK.JSERC

?fb InG FORMATI' ENTER THE INPUT SEGMENTS FOR THE
?s I 'evcP AND CID PATA I* FERfF soNmAlitf
26 20(j FOOMATI)

244 READ45.2001 PLIpqXIII.PL1w423
29 fwRIITff.3O31 tN~APJM?
3n 103 FORMATS' PLINKS)) = 0.67n.91, PLIN9S?) 19620.8111
31 IF 4 PLINXSII.tl.Pt11M 4 6018 1006
32 IF' 4 PLTMK4II .r0. PLIN121 I 601T0 2000

%PL I"E X .. II)P L- I-1

36 ]nun0 C ONT INUF
37 VLIMCIDI PLINXIII
304 PLINC121 PL INK(7)
39 14- CONA1 *- NhR1E--o8ADF -AMD-&0121%PaF4IU -J*$ F-S *.0

Isn I 'COMPUTING THE IEP PFRATURr OFFSET'//s
16I bRUTE 46910pt--
to? SOEA0 45200) PS KNEE3)

163 PtINC4313PLINUE3t
1114 102 IORMATE' ENTER STARTING PRESSURE FOR TIP INTERCOMPARISON',/)
4s RE TORN,

'Sb IND

8PRI.S U.XCPRnR/KCP-CAtT&

16



TEST RUN .XCP/C~p f*IJftRATTON PROGRAM - k n sAuNorRS s x~srus -41ORfA33

CODE 33 1*WDRxf rLE I IXCPROR/XCP -CALIF
I SrUBAiERTJ1NF XCP~fWR

C

C --

6 C PURPOSE TO OFAD IN XCP DATA FROM LOGICAL UNIT 6 INTO THF
I C *4 * RtPf f* A***i-A*4l- f*A-WiFfU-14 -#AiF 1IS-*4
A C PRF%%URr, ANP TFM4PP47UQF ARRAY%. TO COMPUTE Tier VCPI
-9 r. HHE-----------q~. ARRAY ROM FF PRESSUR ARRAY. USING file[- -
I10 C INVERSE Of TOM SANFORD'S ALGORITHM.

13 C ----- -

I k C
tsCQflfGN ;OIAC6: &4 A~~o 1---______

16 COMMON lROATAi# NR(IMOI

in COMMON /ROOCF/ FDOCRl1nni
19 -- Ono! ON fR98t~ Aof 9*4,OGI--- --- -

20 COMMON /RHORI IRWDRI 1003

22 COMMON /RLOCK2/ PIIMXIlnI.PtIMCI1OI.ISFGC.IsEGK.lorsrT
21 - QM~ -- fN9-*4CN*,t ;rFl 61nnn3.IRn00I.i 1 Ioi~ -

?4 COMMON /hLDCX7/ YES.AWS

26 INTEGjER YES.At9S

30 IDIAG121 = 1

31 IOIAfiI,1 310M

33 3isA~4si "

36 JDJAGI&I Ji0

37 1IAi~tfl) I
3A------- iniarA nj I ~n~'u
fin C

413 c *--A _____________*

N's C------- -- - - - - - -

46 c
'.7 O9-99 1 _3 -oo

'9 999 C441INF
so1 LJO 998 1 r .. 000

57 TXIl) n

s% 99b CAlNT tINll

S6 C

17



TEST RUN~ XCPICTD CAL IRRATION PROSpaN K 0 %A&IWOERS - 141713 440908331

59 --------- 4- --------------. -~l ----0

6,p- CAtt- ?RF-AOPf#A.F.ISFc; m___
63 D001j Irr = I .1000

-411 ---- -r, 0U6F+E44-
65 IiiIPx -ST- 101)n .0R. Ipx .LT. I1 5 S0O10110n
LE. PNHrPK -CRUFFRO11

67 TY1JPI) =RUFFFRI2.z)

&9 Irnuc CONTINUE

70 C - -------

73 C
c6 sNBOT1 MtP Tf#Pf4ATuW$5 IF DISIR£O

75 C
76
77 C

79

go - R5A44.JO4 4 -S
a] 100u FORMW(' 001 WO ANT SNOOTNd OF XCp TEmpERATURfS ?7911)
&Z 1.-1 --- F-*SIIA-L-A64 -- - -~ --- --- - --
83 IFIANS .Nt. wrs RETURN
84 too !gemi -99
8% lxi 2*TI' ~XI1IO?(xI2.uI2l~3te1
86 101 UE
87 DO0 100? 1 3.998
so tU41 ITKK411U,.2
89 fln0? CONTINUE
90U-- --- O iA

91 E No

aPRT.S .CJ0RflR/XCP-CAL1s

18



TEST RUN ICPICTD CAL IRAITN PROGRAM - f) 0!AU~nDRS -X4713 -*OROA33 I

COOF33j.igORNF1LEII).CDDRJXCP-CALIP

C

6 C PURPOSE TO READ IN CID DAVA FPO" LOGICAL UNIT 8 14TO THE
7 c -*"A* -9*W Ff R ***A' -*" fir N***iF F Ar -1H OI A 10 H4*
p C PRI'SSIORE APW) TFMPRATIJRF ARRAYS. TO COMPUTE THE VCPV

- C--------*~fA FROM 1.- HE 3ID AU:A;.o U L.LI44f usVi
in) C JNWVFRSC OF TOM SANdFCPC'' AtGOniTmm.

17 C - - ---------------- - - - - - - - - --

If$ C

-t-Comm~ ON ICS jCJAE:1f flf- -- ---

16 COMMON /ROA7A/ WRt 100001
17 (0e4ww lRo"CIt ol tooutm
IR COMMON /OCV i FDOCR I I
19 t 404w tvne0(Af I*oe*-witt-
2n LOMMON /RHDRI IRH0RI 1003

24 COMMON 114LOCK7/YES*Akv,

2PIOU! VALE hCEEVises.urifll .1)1
2-9 F f0 U I VAL F-hEf 4 11 a 3). fffP+ -f4*R4H*O-t I .1(Cy4 1 t1

31n 10 1*6? A 311

31 IDIAb6)2 =0I

37 J4TA1J34 = inn

-3-3 004C0 B if

35 C-* 64? ~

qp1 C

4.6 VRIII =0
1.7 999 COhIINIJE
4sp 110 99P 1 1.1000i
4Q pc#l) F)

5 1 - gait- {-41*l-1*4f-- - -_

,4 C - --- -------------------------

S 1 C LnAP Ift IMF CTO f.111
s C

19



TEST RUN XCP/CIO CAL ZARAITON PROrPAH K 0 SAUtj0FR9, - X47.33 -Nd0IDA333

F? C

S9 CALL ZRfAOI9.rF.IsrGci
W -- M__ NO Zr. 1N 1 -%F .6 .A ND-4**O*4+ 11Nt .4+4I-64--499

61 no0 3000 1 = 1.1000
67IFI4409ill N.WIat Gave* PEW

63 1PC= BUFrRr(1.ri # .4999
b~l1Ff IPCA.L O.3.R. IPC.Grol-fteof SOTO 3000

6s PCtIpcl RUFrEIZli.I3

67 Mlist COTIN!UE
0IF 4101441).M[ .10) &010 ?(#1%

69 ]PC = UF 1011.13 * .%999
7n IMFEA.1.1 O0R. IPC.67.1Of03 60TO *000
71 PCIIPC3 = Rurt(it 3.T1

73 23110 CONINUE
74 loan CONINUE
7s 3friAN, .Nf. irsp RrTURN

77 1CX8113.?5.tTr~l.33+TC(1-13.o.2(1C1.74?CI-2)..1sC(13

79 rio inn? I =.3.99s
An l =i x#I)#Il

81 IM12 COWTINUE
112 lPFIURN

A3 q 999 RIrf(6.tnl
-#P4- -- -jflP-- Fo -+041L --F0*O----I FF i FILE 61C-4o UR 0IR*-"iA1?N I

a S VTOP
Fib IN&

aP01.S ki.T POFIXCP-CALIB

20



TEST RUN :XCPICTO CALIpIRATION PROrPAM - It f) ''AIfNOFS X1173ll -NORDAII2

COoE331.bNORNrItE11I.TMpofS/XCP-CALI-
I stufmo&JTlk TNPnFs
2 C

C- - ------------------------------------ __ .--

s C
6 C PUJRPOS.E :THIS SISROUIJt1M COMPUiTIS THE AVFRArf OFFSETIFlrNPERATURI
7 C OVf*r a ffvf * *SaVtwff" "FfoW-**#*6f t #Rf*If*a 1* 1t41V,

p C Fog~ CORRECTING T141 XCP IEMPERAIWIFS.
4- ~- - a----4#-f4 = *~afic i f IIC 1l'I

It C

12 C

14 Comm /LIAGSI IDIAG(II

COMmN IRflocit inocP(flhi

17 EOMOW--IIWO F / VO)C*t*4)0FI
IP COMPMONd /fOocAl 4oocRtifl0i
19 c-#mx4e* tPEWRI 140#fRR-Rff-" -

20 ~COMMON /RLOCKI/ 1rgn~l.x1ln~~1n)TEOrIPin0

22 COMMON /PLOCK3/ TFMP41Ipnnfl.P(1flflfl.IF I IOWU

23 -F-*&--FllFFf-R+"*fttf*F~l - - --

4rU1VALFNCr (VR(II.R(ICVR(3.1I)

26 C

31 1

3'. TXAV =TXAV Xl

-r - - IG.V--L Tt-A*--IV -I ~ -- ~-

17 10"- VAN*1Wu# -

-. 9 -- -*V--r-ff *---- - - -

4 0 YOFSUT=TXAW-TCAV

'.7 Inn FORMAl~lg' A Txy .Gb' rCAv :'.Cjj6.sI

4AI --OF .- - --- ----- -- -

'.'e RE TURN

aPP1.1, W.T MPCOIh/XCP-CAL 114

21



TEST RUN : CPIC1O CALIPRATION PRO(,1AM - K f) %AUNOEPS X47U33 -NoROa33IV

COOE3Ii*MORKFILFSI ).JMPCOPIXCP-CALIP

2 COMMON /IIIAGS1 1DTA6Ul

NCOMMON /0DOCAI ADOCPRIniO

p COMMON ISLOCA I AOOCREIll lOIPIGO.CJCIP(00

0 COMMON JPLoc~pfK1I 1410A* tiOCopi.Kl0003.P1000).TCII;Fo 6 C419

in COMMONk IPLOCKI/ TFMP(lflDOI.P(iOOI.IT~rtifoos
11 4- !- a _ a

13 r(4)vA44G"[I4=RI "Q&U-Rg .3

litIFIC1I .rc. a .op. Twill 1 .. D) 6010 3000

1F) lfl(n CONTINUF
17 -rTu

TEST RUiN -XCPiCTD (ALIPRAIION PR0(&AM K n) siumNERS 1%7313 -NORDA331

C00E33 1*IORXF ILFI I3.03'TCOM1XCP-,CA1. TA
I- -~v~.wt ~~* - -- -

2 COMMON ID1665/ 101661103
-3---- eo" A1."al.f

q COMMON /R0OCI/ JOOCPlID

4, COMMON /RnOCA/ ADOCPlIDD

In COMMON /PLOCx3/ lrMPfIflfll.PIlfDIl.IMIOU00)
l7*- - ---- PfAI BUFFER 11n;irtne -- - ---

12 rOUIVALFNCE IVRII).PUFFERII.3ll
IV It -tit 3# * OaflO-t------

lq 17
BeO IWO3 1 m21ii f-____o----

16 Ivf ARI3.F.XI 0. IClI-Il *LE. TCCII I 60T11101~
17 - F*rft .P. .0*. vftI--.-f*. 0 fo lott
IR 17 = 1? * 1

2nl 11601 PLTMX141 12-6

22 rhO

22



TFSY RUN XCPICTO CAL.IARIOw pPOGpAm - K n %AUUDP'RS 1%1?33 -410R1331

CO[31*IORNFJLEII ).P? INTP/lCP-CAL IP
I suaBfouj11N PYINIP
7 COMMION IAGS/ 101*61101

------(g~qgq oW-#B'*IF -v 0 1#1- s -- "- a

4'COMO Ingqqo iooIi rnocpItrln I
4 C61WOU /PDOCf i FDOCR4i1ft0
b COMMON /ROOCA' ADOCRI]OU)
1 ~CO#NN f HOR# JRNODIiel

9 ~ ~ CMO -- /-P-' -tO1GK9-I P71*44-0-*Iin.4 I4 *-1.iff. nn6K I41nn.P43~ ro

In COMMON jPLOCK31 7impgIjnnfl.PtlfOoaIIN~rl1000
II144 O~fkt tCN*%/I FP?4 004 .P2fIG0at -114F 74 1Ono)

1? COMMON lJPL0CKSITl.T?.01.Nf.N2
13 prFA& BuFFP41.IWI41
14 rOULVALrNCE (VR4l;.PUVFtupEI.11I

1? 1 P&Jg4lo) *0.0"I

ImTI TxlII)
19 12 T14121

?v - -tf4-T, *To~-1t hi-~-$E~
7? TT I = 10*1T1 0 s.

23 IT? 10017 *0.4
74 TI 1?11*fl.
2S 12 117/10.

7b~ I )00 1 11.1?
?1-- 4- t ----- * 4- -14- 4

2P IJ 12 11 41
29 TIKP(IlI = coisJ
inl P4111 Z PelilJ
31 BOGO CONTINUt
37 hr = 17-11#1
55 NP z- -n-
34 (d 1 i Iflinn
31; 47 1N7 I

37 I1119P24021 *r~f. III GOTO 10O2

59 1062 a.p = k2 - I

4Pl 16 1Ln3 t 1.1000o
41 PIll n

4r CALL 1MTPPLee.u1.TFNP.P.b?.1fW~p?.*pl
44 k[ILAuN

4PP TS V.? I INTPIXCP-CAIif%

23



TEST RUIN :XCPICTD CAL IPRA lION PROGPAH - K 0 SACINI~rS X%7A33 -N0RDA351

COOE331*WORUIFILEIIJ.TTJNTP/XCP-CALIF
I SUmI*,ft..r ITIWYP -----

2 COHeqON /nfIGS/ MOA6flflI

COMMON /hOOCh1 100CR (100
SC.WN IinOO F I f6oC-*tI1)Ot--- -

6 comMON /Rnocai ADOCRfIn0)
7 Cofwe* /fWoQ*/ I*Itll--

pCOMMO /A1LOCKI/ l1NKl00I.TX11GO0I.Pl(1OO3.-TC40O5.9C(OIS

in Com kof /RtLOCKII TrmP(InoolIp(1000TI~rII000)

12 C0,qmON /PLOCKS/TI.T?.DT.NT.k7

14I foIIvALFNCE lVGI 13.RUFFFPII.j))

16Ir_ 17 Pikf--- * 0.001

IN 1 = - IIf~ * naI
-7 - on I-- Zl I l -----

2 0 TF14PI II IXITJ)

22 Inc0 CONTINUE

2b 0 NT M**.5/0 N?, 9 '.16 TI = %6?(l0P TZ '070-81/

20 ~ idl 50707 1 Z- a.flnf

30 11107 CONT INUf
31 194 fftAA*411 fl#SPLAV*-f 0AOWS~~fC.,CTC#*
32 2V(, FOPNATISX'.1S.'C,20.61

34 C

36 DJO 10011 1 = 10110

3A Int'l cnTIaNurp
39 99FGrsA*IIliI. 0II'L*V OF APRAVS fT(o(7.s1.T1Ptt9-:1.

on Irv ifOB ATtX.J,'G2O.8)

47 (hn

aPP lwS- -. 1V1FtrUf*C F ~AIN

24



TEST PuN : CPICTO (ALiPRATION PROGRAM A D 6 SAUNDERS -X4733 -4i0QDA1I1

Coor331.u0AKFTLFE6).r11TER/NCP-CALIPk

I SARUT4-Id fITTF -

2 COMMON /n1*651 101*61101

COmmoN ipooci/ 100CR 6100)
f.40ONt /fl80Ci FRO"U-444WV*- ---

6 comMOoN ICOOCAI AOOCRC100I

P CompMON IPLOCK1/ 11Nfx6 1 0001.1K61000,.P1110003.TCEiOOOI.Priinlni

in cOMMON /PLOCK3I TFMP(lO~flI.P(InnIO).TmNEIOOI

IIt-~#~ A0-M/$D2 44104 .P~ot 4 66110814M144M)

I? COK1MON 16LOCK%/11.12.DT.NI.h?

I1 ALM f4 Pon 1 .f~ff#lon fI.I -4-0004-1-24 1004.1?? T 100W0

1'e REAL ALPHA I i.811 A jInon I v 100D I

16 1 T111911)I.h?4I.V41.1&41Ifl
8

IAI.

IQ ICO zon = 1.WAG1

2n' will z 1.0

22 C

2% - .W-

26 IgCK .ra. n *OR. KI GT. 91 RETURN

k1 3fl( FOlRNATI F'N~TFR iI.4 flFIprf OF FITTING POIW~OIALI/I I

29 341 *- FQASMAT4b
3n CALL ORT),L5lTIqj?,P?.W.N7..l.COE.LPHA .BEIA.K.Tl11.

II 4 TIT.-TH, ~l.NIII
32 CALL COFSIP.tOEF.ALPNI.3FrTh.M.A.TI? 3.131 .T111INDW)

TI -- -- 4-- - - - ----- .--- - -- -- .

34 6RI1E66.991
I S1, 1U414 I 3.1 I K

36 WR14Tr46.Iofl I.Aill

37 1)103 LONTINUF
3P kL)ROR

7. r)0 20111 J 1.11

43 pp= PP £4 -J4-

46 2n01 CONT INUE

49 MWITF4£.?OOI ERROR

sn 2nD FORMATI' STANDARD OEVIATION OFl PRESSURE 4 .67n.l.*/I

52 Ifli FOR9ATIXI3.I01.G15.73

S3 641 TO 9M)1

mq 999 RfTISRN
F im

25



TEST RUN .XCPICTO CAL IPRATIOW PROGPAM - P f SAUNDERS X41733 -NONOA33I

aPR7,S W.PLOTrA/XCP-CALIB

lEST RUN :XCP/CTD CAL IPRATTON PROGPA; X nf S&UN DERS -1731 -NORDA331

CODE331#WORKFILEII I.PLOIEQRCP-CALIP
I suBROUTII PLOTER-

7 COMMKON IO1*65, 101,464101
-3 - - ------- 0*O -,#-RATA. vli fl"filI__

4 COMMNON IROOCII IDOCRI]OAS
I COMMON IROOCf/ FOOC04HIOO

6 COMMON /#RDDCAJ ADOCROIDD)
7 COMMON /*NOR/ IRHO*4 tfIl

p ~COMMON ISLOCK11 I FNq14Dl.lfltj)I,PR1OflO3.TCInfl(fl)PCII0OI

to COMMON iPkLOCM5/ itMPtionli.Ptinnfos.Timitionot
it C"*"O4 iftiLOCR$#itf*P ?4IOR 801 wPP4OOO#fW vT If P4 16004

17 COMMOk /RLOCK1%,l.T?.0W.kT.N
13 VNrAL . U4P~AI 0ovt omtv**44#Ivm1fl0 Inot

14- ---- fOUlALENCr p11II,..D6ll.IWI ------ -- -- loW(7u

16 C
17 C
if C
19
?fl C

-"- -- -C- - COMPUrr Ft %e6fOglAD EAf-O-4f
27 C

2do

26 V0 10A0 I = ?.M42

78 W(11 IP2gJI-P7IJ-111/ITIMPEJI-TJmr2J-ilI
29 Pull)=Z &pItj).pa4j-iItp.
30 MIS1 Tlwi?Ijl
31 lan C400T IN"u
47 C

33 C----- - --------------------------- --------------- --

35 C
36 C PLOT THE PRESSuPF TIME DERIVATIE AS A FUNCTION
37 C OF PRESSUPE
3A C
39

40 C
41 C
47 NI =N2 -1
43 CALL COmPUS

46CALL ilytionGP/fT VS PRESSUREI'.IpO,*nP~fll 4D81%ECI$0.flo.

4f6 CALL GRAFEO..p.,Ia....flf..&00. a
47 CALL FRAME
*A (ALL CPO.;,

49 CALL CUR V4 W4 ;) PV 170.& .0t
so1 CALL FMOPLIII

wawirgo.snts 1,b411s.pvcis
54 stor CONTINUE

5', i~o boon 1 7 x7
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TEST R&bN XCPICTD CAL l1RI FION PROr, PAR - M n) SAUNDF PS - )(4 73 -NORWO*I 1

57 6OC(Cr CONTINUE
5A CAott "AWpt.471
%9 CALL TITtrl'DPIO1 VS PRF%%uRr - F1tTqrfls'oan.

61 1'PQV%StIRF lflHi'.oon.i..q.)

63 CALL FRAPE
b4 cAtt CPO."

65c CALL CURVffal?).PW12).kI.l
6*-- F ---- AH: FN9OiP+--------- - -

67 COLL AFIGPL (I I
bp CALL 7ff'f%~-~!*-4s-it
69 1 *Iimr islcoss .lfo,
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-2 --- Att FQAq---______

73 CALL CROSS
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ii C 1THIS SUI'ROUTINE TNTEPPOIATFS. FROP VALUES OF THE FUNCTIOV
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p c

in c THIS ALGORITHM WAS PURLISHFD ltd CONN. ACK. IS(IDIOCT 1972
It f ~ "RATTN R11 IPIO5I AiNA.4-96-D.fry 1OF C0nNHERCtEOFEICE F -
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14 c
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19 C -L = SUM4-- ;pul AA-pm S -
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23 z0&T1-+O 4b-4,-5*-lU-A4 P4;T1
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ai rcESIIRED POINTS.

2P C
79 C OUTPUIT P404 IF* S --- *---

311 C V =ARRAY OF nINFNSION N WHERE THE INTERPOLATED V
191 c 4"419#-A" *0fli
32 C

J4 C iGECLARATIOM STATEMENTS
3% C ___

36 OTW NSEON Xfl .YELJ.UCtdI.Vlkl
17 FOUIVALENCf 9flO.x3Iv4OflV3I.4GI.TT4&
38 REAL 1M.3ISN

41 C ___

42 C

43 C uNINZ4W D-C4TN

4p LPI:LO*1
6049--
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- ------ 1i4-.A--SE-.0 9 C T9i
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S4 it CONTINUE
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139 UP.*RSIw5-38
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