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Introducliu:1 

The propagation vcloci ty of seismic compres siona l or shear ene rgy 

depcnds on the elastic properties of the rock medium. The presence of 

cracks , even in extremely small f ractional volumes, the s tate of fluid 

satura.tion and the permeabi lity with in the rock bc<ly exert a major effect 

on these proper ti es . The in-situ meas urement of thes e velocities and 

their directional variations may, therefore, be us e f ul in qualifying rock 

bodies as to their potential for a radioactive waste disposal site. 

A·survey to determine seismi c compressiona l velocity as a function of 

azimuth and depth was carried out at the Whiteshell Nuclear Research 

Establishment (WNRE ) grounds, Pinah7a, Manitoba in November, 1978. 

Field Procedure 

Fig. 1 shows the schematic l ayou t of the test site. BH is the 

centra l borehole (WNRE - drill site No. 1). JY, KX, JW, SY , BW, CX, CY 

and NY are the shot locations, at var ious offset positions, around the 

borehole. App roximately 3 kg of l~6 % Forcite, detonated i n augured hales 

of 1.2 m dapth , provided the energy source for each shot. Recordings 

werc obtained at 10 m intervals , using a string of t welve hydrophcnes 

(:Mark Proclucts P-27) l ow~red within the borehole. A total of three shots 

were detonate<l al each shot loca tion and r ccorded by t he hydrophone 

stricg at 29-127) 117-215 &nd 205-309 meter depth intervHls within the 

borcl1ole. Th 10 m ovcr lap al]owcd travel time checks between successive 

shots, r edue ing howen':r the nu;::1ber of depth positions for recording from 

36 to 32. . 
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( · Table . l i{ sts the ovcrburden thickness and overburden compressional 

(P) v~ii:»tit:y below the eight shot locations. These values were provided 

by a surface refra.ction survey, perfc..rmed in the sa.me area, by the 

Geologica 1 Sur.vey of Canada. Borehole direction was provided by the 

direc tional survey report from Sperry Sun. The coordinates of the 

hydrophone locations, within the · non-vertical hole, were calculated 

relative to a thrce coordinate system with the top center of the borehole 

as the origin. Positive x direction runs from the borehole to the east, 

positive y to the sou th and positive z vertically downwards. Table 2 

gives the coordinates of the 32 hydrophone locations while tables 3 to 10 

give the x and y coordinates of each shot-point and the horizontal 

dis tances from the shot-point to each hydrophone. 

Field measurement errors 

Distance between the eight shot points and the borehole was measured 

to within +0.5 m by AECL's survey crew. Surface topography is flat to 

within +lm. The x, y and z coordinates of th2 hydrophone locations 

within the non-vertical hole have errors of +.3 meter. Picking errer of 

first events from the high speed (2 m/s) paper monitors, using a tangent 

method, is est~oa t ed to be +.0005 sec. 

The combin8d erro~ , due to these parametcrs, 1s estima ted to be less 

than .001 s econds in trave l tim0. , rep re.scnting , for typical distances and 

velocities of this sur~y , Rn errer in calculated velocity of about 1%. 

( 
1 
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t) 
\. . Intcrpretation 

1. The se1sm1c traces recordcd bj the hydrophone s over the 205-309 meter 

depth in terval from a shot detonated at shot point ex are reproduced 

in the upper half of Figure 2. The fi rst arrivals, marked P, are the 

direct cornpre ssiona l energy. The second event, marked S, is the 

interpreted shear wave arrival. The arrival time ratio of P and S is 

a constant 1.67, indicatine an in-situ Poisson 1 s ratio of 0.22 for 

the rock material traversed to the se depths. Of the 24 shots 

recorded, the 12 trace segment of Fig. 2 is the only one showing a 

correlatable shear-wave phase. 

2. The pha se , marked W, is a dominant arrival on all 'recordings. The 

interpreta tion of this arrival is shm-m as an inset on Fig. 2 and can 

be briefly described as follows: 

The comp ressional wave, trave lling within the rock body from 

shotpoint ex, over-pressures a water-filled shear zone, known from 

drill logs to exist at about 400 meters dep th. The over-pres sur e is 

releascd, where the shear-zone inters ects the drilled hole, with an 

origin tline corresponding to the arrival of the compressional wave. 

This energy propo ga tes upwards , as a "tube-wave", within the 

incliuc<l, wnter-f illcd borchole , producing phase W. The propaga tion 

veloc:i.ty of thi s phase is depcndent on the compressional ve loc ity of 

th2 fluid and the modulus of rigidity of the surrounding rock 

material. For the jndicatc d depth intc r val this vclocity is 13l~O 



m/ s. Event 'WR is the "tubc-·wave" after prop.1ga ting downwarâs and 

reflecting f rom the bottom of the b orehole. 

The dominant high frequency componen t of the P first events is about 

200 Hz, wh ile t hat of t he tube-wave is abo ut 100 Hz. The thickness 

of the shear zone provides a line rather than a point source, 

contributing to the lower frequency of the highly correlatable, 

tube-wave transient. 

3. The main thru st of the experiment was to determine seismic 

compre s sional velocity as a function of azimuth around the borehole 

at all depths. The results from the GSC vertical-velocity survey for 

the WNRE No. 1 bore-hole are shown in Fig. 3. It appears from thi s 

figure that a 3 layer earth section (Model No. 1) might be an 

appropriate simplifica tion. Beneath a 20 meter thickness of 

low-velocity sedimen t a ro ck material having an averag·e verti cal 

velocity of 5.265 km/s is assumed to cxist to a depth of l.5 0m . Be low 

this, a material wi th an average vert ical velocity of 5.593 km/s is 

ass11mcd . We allow thesc two lower l ayer s to have a simple velocity 

anisotropy i.e. the velocity in any horizontal direction may be 

higher or lower than the velocity i n the vertica l direction . The 

contact at 150m is assumed t o be horizonta l. The upper, low velocity 

l ayer , is givcn t1 e c1cpt'hs and ve lo :::it:ies of Table 1 and is assumed 

to be isotropie in the immediate area of each shot point. 
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Wc define the velocity in any direction, Vs, in one of these 

anisotropie layers as; 

where 

Vs = Vx/A 

. 2.a.) 1/2 + sin v 

~ is the angle from vertical of the ray path 

k = V /V the ratio of horizontal to vertical velocity 
X Z 

Snell' s law of refraction at an interface is modified from the 

familiar form; 

to; 

where 

= 

= sin -0-2 

Vx2.A2 

+ sin2e-1)1/2 

• 2.D. ) 1/2 + sin v
2 

An itcrativc, ray tracing proce <lurc, deve lop e<l from equations 1 and 

(1) 

(2) 

2, hss bce n employed to sa tisfy the maa sured travel times, horizontal 

dist ances and hydrophone <lepths and the assumcd horizontal layering 

and vertica l velocities of Made l No . 1 (Fig . 2). Listings of these 

progn:.111:1 are givcn jn Appcndix A. 
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Figure 4 sho\..·s the: c;:ilcul2 tcd horizontal velocity, at 32 depths, 

obtaineà from shot-point JW. Figure 5 shows the value of "k" the 

ratio of these horizontal velocities to the vertical velocity of 

Model No. 1. The discontinuity a t 150 m in Figure 5 bas been caused 

by the assumed step in the vertical velocity for the model and this 

step is obviousiy not justified. 

A simpler assumption, Model No. 2 of Figure 2 has, therefore, been 

employed i.e. a two layer model with the same low velocity layer but 
. 

now overlying a uniform layer of 5.5 km/s, vertical velocity 

material. The "k" factor deterr.iined from this model is plotted in 

Figure 6 for shot-point .JW. The discontinuity at 150m is avoided and 

Madel No. 2 has been assumed for all the remaining calculations. For 

this si~p ler model plot s of k fa~tor vs depth become redundant and 

are not included as plots for this report. Figures 7 to 13, tables 

11-18 give calculated hor izontal velocities vs depth for the 

remaining seven shot points. 

It is di fficu l t t o form any ideas as to velocity trends from the se 

figures.. A scattcr of + .05 km/s is to be expected from the error 

analysis. The discontinuities occurring at about 120m and 200m 

depths must be i gnorcd as they are due t .o sligh t mi s-ties of the 

overlapping segments . 

A serics of plots of horizontal vclocity vs. azimuth at, roughly, 30m 

clepth intcrva l i:: are shor,;n :n Figures lL1 to 18. Figure 19 summarizes 
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the gradua l trend, from ~ha t appears to be a random scatter of 

velocity with azimuth, 5.4 .:_.05 km/s, at shallow depths to what may 

be a meaningful, anisotropie, distribution of velocity at depths 

greater than about 250m. 

The sinusoïdal func tion ( Fig. 19), sketched upon the velocity vs. 

azimuth r esults at the 309.9 rueter depth is; 

V(~) = 5.45 - 0.09 cos (0 - 97) - 0.10 cos 2(1 - 38) 

The .form of this equation has been chosen· for the following reasons: 

1. Suppos e there to be, within the crystalline rock body, a 

uniform trend of decreasing ve locity at some azimuthal angle 

"a". This trend could be due, for example, to a series of 

plane, paralle l, dipping beds in which velocity 

incremen tally i ncrea ses or, in the limit, a dipping layer in 

vihich velocity i ncreases with çlepth, the layer or layers 

having been t r unc a t ed, horizontally at the surface. It 

could, as we ll, be simply due to a decrease in the "quality" 

of the rock in direction 11 a 11
, pos sibly indicating an 

incr eas ing fr ac t u r e dens ity i n tha t direction. Velocities 

measure<l at a given de pth within the borehole, for raypa ths 

trave liing s ub::;tant i a lly horizontal pa th s from different 

direc t ions sho11 l d show a VQr i at ion with az imuthn l ang l e ~ of 

él pp }~ox i rna t e l y ; 
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r' V(0) - Vo - A cos(~ - a) 

where V(~) velocity at azirouthal angle ff 

Vo average velocity 

A velocity variation amplitude 

a azimuthal angle of minimum velocity 

2. A horizon ta 1 layer, having transverse, _velocity anisotropy 

about a vertical axis, possibly due to past or present 

anisotropie stress and a resulting non-random foliation or 

crack patteru will exhibit a velocity variat~on with 

azimuthal angle ~ of approximately; 

V(ff) = Vo - B cos 2(~ - b) 

where B - velocity variation due to transverse anisotropy 

b - azimuthal angle of minimum velocity 

The combined form of these equations has five unknowns and we have 

only 8 data points at each depth, each of these with an estimated 

errer of 1% or about +.05 km/s. In spite of tl1ese errors and the 

poor statistical sample a trend may be indicated by the calculated 

curve indic~ted in Figure 19. 

The first velocity trend term indicnte s an amplitude varia tion of 

0.09 km/s with the mini1uurn direction to the east (97°) and a maximum 

to the \..'2 t;t . The trnnsve r s e anisotropy term i ndicates an nmpl itude 
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variation of 0.1 km/s with the directions of munmum value ro the 

northeast (38°) and south~est (218°). An anisotropy factor of about 

4% is thus indicated whi.ch is certainly well within typical values 

for laboratory and field measurements of many crystalline rocks. 

Discussion 

For the shallow depths of this survey it may be more appro~)l:iate to 

assign the velocity variations to crack patterns rather than to rock 

formation or recrystallization under anisotropie, paleo-stress fields. A 

crack patte~n, of course, results from stress relief, and, in general, 

the cracks will propagate in a di.rection, normal to the least compressive 

stress. The presence of cracks even in extrernely small fractional 

volumes, can exert a major effect on the elastic properties and 

therefore, seismic velocities of a rock body. The state of fluid 

saturation and the permeability will also influence these propE:rties. 

The dominant cause of energy dissipation, at seismic frequencies, within 

water-saturated, crystalline rocks, prob ab ly results from fluid flow 

along and between cracks (O'Conne ll and Budiansky, 1977). This m~chanism 

should be mo s t effective to a compressional wave-front advancing in-li.ne 

with the long axis of a system of water fi lled cracks. Attenua tion 

should be highest and seismic vc locity l owes t in this direction even 

thcui:;h bounù.::n:y stre ss condit ions are hydrostatic. The same directional 

effect woul<l be ob tained if an inüi~lly r nndom cr ack pattern, within o. 

rock matcrial , wL1s al t ercd by a prcs·entl:-; ac tive anisotropie stre ss 

fiel d . Minimum vc l ocitics would be obtained in ci1 c direction of minimum 
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stress, but, as beforc, the crack pattern, now altcred in resporise to the 

stress, would have a long dimension also in this direction. 

The va r i at ional vc locity t e ;·ms of the cqua tion appear to be large 

cnough to be signif i Cé.n t relative to the estimated errors. If 

significant, they can only be assumed valid f or a region within a radius 

of a few hundred meters around the borehole. A more regional 

interpretation would, of course, require an extended experiment. 

speculate, however, that; 

We 

1. A crack pattern with a long dimension ru~ning NE-SW may 

exist at depths of 250-JlOm beneath the survey site at 

WNRE No. 1. 

2. This direction may also be the direction of least 

compressive stress. 

3. Rock "quality" ma.y improve to the west of the driïl 

hol e , or alternat ively, iso-velocity planes within the 

cryst s lline rock clip to the eas t. 
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Conclusior-,s and Recommendations 

l. The correlatable shear wave, evident in Figure 2, allows a 

calculation of in-situ Foisson's ratio for the rock matcrial, 

traversed by seismic energy from shotpoint CX. The value of 0.22 for 

this ratio is not surprisic.g although indicating rather competent 

material considering the shallow depth of the trajectory. 

Far more interesting, would be a measure of the variation of this 

parameter, as a function of azimuth about the bore-hole, 

unfortunately denied us by the nature of the shot pulse. The 

dynamite blasts, act approximately as point sources of compressional 

energy with little generation of shear-wave energy and as stated 

previously, only one shot out of the 24 recorded produced a 

correlatable shear wave event. Horizontal shear waves (SH) eau be 

produced by explosive charges, for exarr..ple, by using three 

horizontal, linear charges. These are aligned in the direction of 

the borehole and the center one shot first. The charges on either 

sicle of the center are then detonated, separately, produçing an 

increased amount of polarized shear ene rgy due to the discontinuity 

of overburdcn properties created by the center shot. Hhile quite 

possible at W.NRE, Pinawa , where over burdcn might responcl to a plow, 

it would be an iml1racticti l technique in areas of exposcd crystalline 

rock. An alterna tive method, may be provided by rcpetitive, pulses 

frorn a suitaole mech .'ln ical dcvice uith recordini;s " stackcd" until .:;. 

sufficient sir;na l to noise l:a ti o h<is hccn ac.hie \•cd . We h:ive 
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rccorrunendcd a trial, for wlia t may pr0vc to be a sui table mechanical 

device, for an experiment at Chalk River, Ont. 1.n the fall of 1979 .. 

The "Mini-Sosie" recording and field stacking capability may prove to 

be a suitabl e partner for this energy source. 

2. The "tube wave" of Figure 2, originating from the shear zone at 400m 

is intercsting as its velocity within the bore-hole should vary with 

the modulus of rigidity of the rock material in the innnediate area 

surrounding the bore-hole. Other experiment~, such as the vertical 

velocity surveys carried out by the G.S.C., have noted many such 

events and are better designed to analyze this wavefonn. It' s 

efficient generation at certain points within the borehole may relate 

to rock permeability. We will be watching for it :in subsequent 

surveys. 

3. In the area of borehole WNRE No. 1, variations of compressional 

velocity as a function of azimuth and depth are apparent but are 

rathQr close to our cstimatcd errors. A well organized fracture or 

foliation pattern or lateral change in rock type would be expected to 

producc significantly l arge~ variations. This may prove to be true 

for other loca tions, certainly at Chalk River there appears to be a 

variation of 10-20% around borehole CR-1. It is suggested, 

there fore, th~ t additiona l survcys of this type be fund ed for other 

locat ions of interest to the> Radwaste Disposal Program. The 

technique will b 2 much more va1uabl e when shear waves can be 

,gcne;_·ated éln<l dc l.: ectcd . Ho l e- to-holc r ay pa th tr n j ect:ories rather 
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thnn from surfocc-to-hole would prob.:ibly be more diagnostic of rock 

properties , as the surface, low-velocity-layer would thus be 

eliminated fro m the calculations. 

Reference 

O'Connell , R.J. and Budiansky, B. Viscoelast ic Properties of 

Fluid-Saturated Cracked Solids. Journa l of Geophysical Research, 82, 

1977, pp 5719-5735. 
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and hydrophone paire It rcquires the x and y coordinates of the shot 

point s a~d hydro phoncs . 

AZH'.UTH j _s th e procrv.:.i uced to com pu t e the az. i :nuths of the shot point 

and hydrophonc pair . Zero aziôuth is along tha ncsative y dire ction 

and r un.s clockwisc. Input t o this program are th e x and y coordinate s 

of the shot point s a.."1d hydrophonese 

Pro gram INCIDIS deterrd!1es the averaee co::;prassicn a l veloci ty, horizo n t al 

P veloci ty and an i sotropy factor,k. After i ni tial iza.ti:on and inputting 

the horizontal di s~an c e of the 's hot point-hydrophone pair , hydrophone 

depth an~ travel ti~ e , it calls subroutinc LAYER to dcternine the valu e 

0 of ho r iz or: t<ü P v e l oci ty , average P v eloci ty and anisotropy factor, k" 

T~ o solution is itor&ted to within . 0001 of the k value~ 

The result of horizontal P ve locity and an i so tro py factor vs dep th 

and 8.;~ir.iu t h arc plotteà by PlWTOR . IL.:put t o thi c pro gr-a:-:i are t he 

horiz•) n t a l P v e lo c i ty, &.nisotro py fac t or~ depth und azir.rnth of each 

shot poin t-h ydro phone pair . 
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4 FO RMA T(3F8c3,Al0) 

IFCV2oLT.,lc)ST OP 
-------rrnf ·nr t 2 .1 OTS~-----------------------------

1 u FO~MAî <l Hlvü T HE FOLLOWING TABLE GIVES l'HE PERTINENT RESULTS * t 
l * FROM SHOT*9J\lQ,.;qQ THE CORRESPONDil\W HYO ROPHO NE{'t t///) 

-------....,.,·rR fTET2ti-iT ·- --- -----·--
1 l FORMAÎ (l X9*PHONE ~.3x ~aKOR OISTOç]X9*0EPTH9CçJX,oARR T!MEO~Jx, 

1 *GÀN A .o ,3X , *VELOC •t3X1*H- VEL~,3x,§K -FACTOR* J 
------~~~1K~-'flTTZ.-rdl 

12 FOHMAî(lX~*-----*t3X1•--------~9JX9*------o,3x,o--------o,3xt 

--------1ro- 2-o-·-r:T-;J2- -----
J J= I 

7~ 
\. . 
~ 

RE AD { l ~ 5 l O::'.: l. T ~ T I..J 
-~5--F' u1'.{fvff,-rT2Tb-;J-,-----

AL PH~' J O. 
2 tl CO NTINUE: 

------------f-fH:·ü'-----· -------------------·--------·--·- · 
CALL Lt1YER 
I F ( 1'. 8 S ( 4 N 1- A C ·• M i F ( I ) ) o L E ~ 0 " 0 O 0 1 ) G 0 TO 26 
7~N rTIT:::-:-i\! ..Jt· /iC--_____ _ 

GO TO 2f.'. 
26 CO~H !NU E·'. 

·------------ ---,.,~~F -n r~·Li.R:f J:c-- -----·----------·-·------ -----.. - -------·--------
IF< D J < I > ~LT~1so~ > GO TO 33 
AL.PH ;; lOo 
l'.Tli:~T - ---

M-.J2 -l 11 

2'1 CO NT HJLJ E 
·-----------C"Z\LC. [î~YtTr-··- ·-·----------

l F UH3 S ( /l!~f~C~td~2 l .,L.E,, OGOOOl>GO ïQ 32 
t1 r~?::ft.i~ f·' AC 

---------r;u-ro~-çi _ __ _ 
3 i~ MW ( I > : .. 1,r..iF r.C 

GA t1 t, :. ) u 8 I> ,..,, f\ T 1~ N { T /d\ F ) / J 0 ) /;. l 5 9 2 6 
--·- ·------·- --- ·-·-r,u -· ·r C1 " ·3 i:;-·-··----- ·- ---·--- --- ·· ·-- - --·------· 

3J cor.n HN r~ 
G Ji.t,1 A:..: 1 L; 0 ~ ;: /;,, r t: hl ( T fd'1 G ) / 3 ., 1 t, 15 ~} ;_ 6 

- ---·-----3<t-·- co f\ffi ï'1uc:-------·--- ---------------· 

--------------· 

r .. (\ \:in l C ( f! .;'.j 1.1 ) 1. f DE 1 T 9 0 J ( I l ~· T LJ 'i G /1J .H1 ~ VE L f VE L H ~ M'! FA C 
t_ . • J \,l H )f !f ·, .ti .• , ( 1 ;~ ~ (.' X. ~ I ,:~ ' l .1 ~ ; y J u: c~ • ë. ~· L;.!\ ) ~ F s 0 ? \1 :1 ~ 9 F s f• 3 <s >-: (' F ~j !• 1 ~ 5 ;\ I' F 6 (> l.') 

- ........ 2 t, .. - c ON 1 I N vr~·-· ----- ·-·- - ----· -· -- -·- -- ···-·-·---·- -·- --··--··--·--·------·--- - - - ..... -. -· ·---... -· _ .. -· ·---·----- -

r:.o 10 1 

--~ ---·-------- - .. ---·--·~··-----·----·-----·----·-- ·----·-------- ----·------·-·---



• 
., 

-~--- ··--·- ·- · --- -- su t~r~OUTINE L!tYE.R . . -- ## ·- --
---·------- - ------------

CO~MON VltV? 1H ltDELî9ALRH,OJ(3?) 
(--~.. C 01.• H 0 r--J V 3 t M ·.! :: D 2 > 9 J J ~ H?. • X 1 t X 2 ~ X :1 ç Tt\ N G , TAN F ~ T I J ' VS 1 

-· -(J1----~c~u;.~,~ or-r7..f\:FAt ~1-~ ~f 
CO NM ON VELtVELH,AN2 
N=-:f-1=0 

~-~------,...~ Tr P=1· 

l 
SIGr~= l. 
CONTI NUE 
ALPK=ALPFr+s1~ 
tiLPri A::1\ LPH*3 ~ 14 15926/1130, 
T /.\t J1\ :: T l\~4 ( ALP !ü\ ) 

·----.A NF 2 =-~Nr(JJ )-"ti A NF r:TJl 
SH! ~=SJN <ALPH,\ ) 
COSEJ\::;l ,/SINA 

~------C~(~)Sl:1\C=coStA*COS~A 

V22==V2 *V2 
DNUM=ANF 2*V2 

---------AcT=· cvr<.;'"vr~cn·sE7~2-ANr1-·~v~1---
I F <F AC f c LT. O e >GO TO 21 
DEN;:SQr~T CF/',Cl) 

~------~~NG~Dl'JITP.7DDT" ____ _ 
IFC MM oEO.l>GO TO 40 
X 1 =~H ~ Î.-\NA 

-X2i".(ffJTJJ1-;;-R lT,'fT"ArJG 
DIST :::X l .:.X 2 
GO TO 38 

--i+U---CONTTN ,.: 
Xl:::Hl"IANA 
X2:: <H2""Hl) * TANG 

-----------v32:::v3;.;v3-----------
AN 22=AN2~AN2 

COTG~lo/TANG 
------~·ur-G2~JTG'f"CtïTG 

FF 1\Cï:.:: U~NF2 '·'\'22~ ( 1. ~f'. NF2~COTG 2 ) ... l\t·J22{7 V3 2 ) 
IF( FF!~CT,.l.1.,0G}GO TO 21 
DF Eh!:; s 1.m TTi--F ;\ c·r-,- --·----·---------·--------------- ·--- --·------·-
l~NF~AN22~V3/DfEN 
X3-<DJ(JJ) -H2 ) ~îANF 
ll 1 ~) 0?.";\J:{.'if2 ,, /.. 

313 (; Cr·n r:\!LIE 
I F CA8S (DISTrDELî ) oLEoOcOOOO l) GO TO 23 

-------1TTOTST:"Gl:DE[ lTffo~ro-2-1--·- --- ---·------
N:: 1 
SI Gf\)::-: l ~ 

-r r rr~;r: o:rn=:UTozo 
GO TO l 

20 CO:·n :l NUE 
·--------- -----------·c:;1r_P:.: s1 t::lT/c .,-·--------------·- - -····- ·---··---·- ---·-·----------··-·· --:------·---· ---.- -- ---·------- ·····--···-·--·-

r--· '· 
·1.,_ 

Go 10 1 
2 J. CO~·fî I ~4lJE 

----srGr~=-= ~·1 o ·-------------
M== l 
l" F U~ c r.:: ' c 1 ) GO T 0 2 2 

··-··- · ----- r.o · 1 o r·-·--~ -- ------- ·· -·---------···-.,··---------------- ------------·----·---·-·--
? .:!. l. 0:, 1 1 t,; U E 

STCl '.:-:S f[P/2" 



• ___ -:_ ___ ___ __ - -· - cm-·) o · r -·-- --------------------------------------------
23 JF(MM~EQ~l>GO TO 42 

1" DL1 L=~ l.'t-n (HJ. ,;Hl ~x l <}X l) 
- t .r---·-- ·1 occ=:suHr no-J<"J"Jr-Hn·*-rnJ <JJ>-Hl1~x2*X~2_> _____________ _ 

ll:::TDUL/Vl 
î2:::TIJ-Tl 

-------·vEC:.: IDC[712 
T Af-JG2=-T ANG*1 M~G 
VSVZ=V't.L/V? 

-------~vsvTZ~Vc:017~ 

DEN=T ANG2= VSVZ2•1. 
VELH-S UR l (V EL*VEltiTANG2/0EN) 

---------i\NFï'l·c:: VECRTl/2 ---------------
GO TO 45 

4ë CONTI NUE 
------~:Al"EîT~Sü~ T(Hl l~ 

SLAYER=SQRT((H2 -Hl)*(H2-HJ>~x2ox2) 
TLAYER=SQRTC<DJ(JJ)-H2)0COJ(JJJ-H2>•X30XJ> 

------·sy::A1'JF-(J"Jf~V2~-SQRTrrr;·~1'Atfü•rrANG1-rC~\Nr2"D"Al\IG~tff!G)) 

Tl:::FLAY ER /Vl 
î2=SLAYE R/VS1 

------~IJ::T1J~r1-1~2.------------------------------

VEL =î"l_AYER/T3 
TAN F 2 = TAN F * TM~ F 

-------~ SV?~TC[7VY-·--· 

VSVZ2=VSVZ *VSV Z 
DEN=TANF ?~VSV Z2+le 

-,,,.--=-=--..... -----~v~~l~. L~H-::::....,.S~L~ R"TC\i::.T~ VEL{lTfJ.JF~/D _ ,1 ~ 

\ ._.J ~'.Nr-AC :; 'VE LH/V 3 
I+~ CO!'JT I NUE 

----------· -- F<ETDRi\I -----
END 

---- -· -··------·--·----·· ·---- ·- ·-----·-··-··-----·----- ·-·----·------------··- ··---- -------

---· ------··----··~ .. ---··---·- .. -~--· ... .. - -·- -· ·--------------·-----.. ·------- --·- ... ·-··----·- ------____ ., __ 
--------- ------------------------- -------- ---------- --



---·-- .. ViW(iRM-i PR010R(lr~PU 'ï',OUlF-" UT~·rAPEl:-.:lt-WUf) ... ·-· -- -- · -- -- ----···-- ... --- ........ .... ., 

() I f.1 E:_ NS I OrJ HWF ( 10 24) • XM~f<A y ( Jt>) f ZArmAY ( 34) f DEPîH ( 34) 

_ CJ- _ P Et. O C ~-'( 2 _) _ W _l ["_ ~ ~ I l _ ~ 1 ::: 1 o 3 2 > 
- ~ FO kMA I lOfü.2) --~-----· 

OO 50 K=l,32 
DEPTH<Kl=DEPTH(K)/3e2808 

, --- - -- 5(1 - COf\Jl It~Ur: ------· ··· ·- -··- --- ------
' , CALL PLOTSCI8UF 1024) 
; CALL PLO T COe0~-30~9-J) 
l___ _ __ cAT.r-Pl:cnTz+;-o-;4--;·o--;-;;;:or-nr-------------------------------

10 CONTINUE 
R E i1 D ( 1 f) 7 l S P 

' T - T ORl-!.11 î L~ 7) 
i READ{lfS)MM 
l 
J 5 F ORt-iA î ( I 2) 
i-------.-r<l'-11'1-;Eo-;-90n;-CY104 o r-· P.ËAD(!,6) (ZARRAYCî) e.XARRl\ Y(!) ,t=lf32) 
1 b FORMAî(2f7o3) 
l 

l 
i 
·\ 

- ·- xARR/\ y ( 32:T=o-;-9· 
OEPTH (33) :-;Q.O 
XAf:~f, Y ( 3Ld ::;- (! 05 

-----------

uEîi-lH î'.4)::;5~0-.----------------------------------

4 
·! 

Z AR FU. Y ( 3 3 ) ~ 4 " 0 
ZARRA YC34)=~5 . 

.. 

"Ct\CC- A-X rs·( o;o·;-o-;o ;1~HK-;;FAti OR Q ~s~tr;·o-·; ·o -;xARR.C~Y f3:ff-;-:S(A l~R !-. v·o1+n -·---------
, __ 
~ CALL AXIS(09çÛ~Q20HVERî OEPTH IN MEîERS920~8ct90.~0EPTH(33 ), 

1 
l~ DEPîH (J t~ )) -

;( ~-.~_ ---C-hT--C-C-fNt:TX7\R RliY-;T5ËîY1'Hf3--z;~r93l ------------- ---
1 '·--· \. .... Ct.LL SYt-'.YOL (0,5. 7c09 .2fSPr:0"0~7l 

CALL PLOT(O,O • l 2cs-3 ) 
----------cAtC-AX I s ( o·; ç 0 ;-9-i 3HVtc-·n~- l<f~f/SEC9-.;;:13· ;5~-;-o 1;-; z"APrfA V ( 33) 0 l Ai-rn~:'{(:ü~ f) ______ _ 

CALL AXISI0~90~t20HVERT DEPTH IN METERS,20989990~fDEPîH(33), 
4 DEPTHC34ll -

----- C-F[[l.-T.U;:'.-\ L ;,-rnTAY715tP 1 H j ::f7TIT.;lVJl 
CALL SY~80L COo5r7o01 ? 2sS~eOc0~'l) 
CALL PLOT{l0~t~12Ev-3J 

--· ------:--··· GO ro·- 10- -------------- .. __________ ------- ·----------·--·----- -- ----- --------···- ·--·---···-- ·· ---

'•0 Cür\i l I NUE 
CALL PLOT (4o ,4o~Q3) 

--~êÀ L 1:-rc-crn-o--;;-; o--;çcr~;~T 
END 

·----------------------- ---

/'·-,0 ( . 
'-- .• 

-- --------- - -----

-·--······· ..... ·-·-- ... .... ___ . ____ .,., .. ~ .. ·-- ·-· -·- · ......... -·--·---- · - - -~ ·----·------· · --·-·· --· -- ·-----··· ,. __ ... _ ---·· -· -- -···- ---- . . - ··- . - --

--- ----------·-------------------------------- ----- -- ------- ·---·--------- --------- ----- . ------- -



-- ·--- -- ·p1mGR~d"1- Pl.UTOR-. .-.~7:_;;74----·n , 1 :.:: r------------
. . . =~ 

. ' 
a. ' 

i ·- Pr~O CR/'.r-: PLOTOR\JNPUÎ.;0UlPUT\'~·Af.l[ l:~ rr:-.wur9Tt1PE2=0U·r1Jul> . - - ---- --- 
O!ME NSI ON IBUF11024),YARRAYClO)tYARRAY(l0)9ZARRAYClO> 
DIM ENS lON OEPTH(32J ---- (J--- ---~~ -~---ntr.:u·1 ro-2Y~D- t"P n~--------

l FO RMAT <1o ra .2J 
DO 3 I=lt32 --- -- --- .. . . -------- . -- ----- ·- :.r-·· 0 E p TH ( I ) :;.: 0 E p TH n f/ 3·; 2·e-0 8-------------------- - --- ------ ----

C ALL ~LOTS<IBUftl024) 
t-1=0 

-· .,.__ _ _ CA !.1.:-PCClîTO-;·n~ ·3 0 " O ~ - 3 l 
CALL PLOTC4c0,4.09•J) 

10 CONTINUE 
-- - -----·--·- - ---- -- -M:.: M <--1- ------------- -------------· 

RE/\0098) CZA F<RAY<I ) ,XARRAY(l) tI::l~8) 
~5 - 8 F01-<r1t\ I (F7e3,F71ol;) 

---'----~""-:--,---_...-rT>C\ RKAYm-;m-;goo~GOI 0 (;. 0 
READ(J.91.) (YMH{AY<TJ tI~lt>ô) 

! F QÇ1 M/\ T ( F "f G 3) 
----------------- ---- .. Xt\ ~:-nl\ Y { 9">°=· ~· 9--

20 YARRAY(9)=0~0 
XARRAY(l0J:::o05 

·-nü~PA'7Tflf) =snr;--------------------------
CALL AXJS(0 0 0e0o0t8HK~FACîOr~~894a0990e~XARRAY(9)tXARRAY(l0)} 
CALL AXIS <O~OQO o 0t:lf3HAZI MUHi IN DEGf-1E[SP'' 18~4ar0o9YARRAY\9 ) • 

-~5----------- 1 ··Y ARR>"\ Y .< 1 on--·------------------------~--· ---------------- - - - ---------
CALL LIN~ (Y~RRAY,XARRAY,Btl~~1,J) 
WR!TE<2~6>DEPTHCM) 

b!='OHrr1~-nTFff-;GRDfP'nl~ d~3 ~ (/") 
- ~v R î T E ( 2 9 9 ) 

9 fOR Mf\Î ( 1X~<•K ... Fi\CTOR~~3x~-o·f\Z! . 1UTH*) 
-- -- - ··------- -.---------- W~ l TE< 2 t 1 l}T ___ --- --- . -- ----.. ·------------------------· -----·- ---------------- - ------

35 

14 FORMAîClXt6--------Dt3~ t·------ O~ /) 
- ~IR I T E ( 2 ~ S ) ( X t-1 R R A Y ( J ) t Y f<. R F? A Y ( î l ' I ::; 1 ~ 8 ) 
5"--~~an1!1 /.\T"( J.X f"Tx9F5·:;:s~Y6-;?.l 

~mnr: (297> 
7 FO RHAî ll Xt ///) 

-·· ... --- -----.-·-·- · ---··-.---· -~-·· Cl'
1
-LL- fJLCJ! < o·o o -~ s-;s ·;-~ ·3-,----·~-· .. ----..-4'- - .. ----- -.. -- .. -~-··-·-·--.. - -·- --··· ·· -- - · -·-·"'·-·-·-1

·- .. _ 

--1.)o _ _ _ 
Zl~ RR/~ y (y i -::il, G 0 
Zi~RPAY (lQ) ;:; ç- 5 

----- c·f-lT:.CATfsTff~ 0"90 .. -0 (l 13H VEL HJ ~\t{TSl:Çç1-3~-4;°\:(rff~1ü~T:fAVCèJ"l_0_. 
5 zr~nR.l\Y(lO l> 
CA~L AXISCOn090e0?1BHAZIMUî~l IN DEGREES9~ 10~4P9ÛoDYAR~AY(9) ------------------T-·y /\ l~R/~ y·c ·1 c1fr --·------------·-----------------. --·----_ ------- -- ----------

1~5 

50 

( 
' 

Cf\ 1 . L L Jf ~ F. ( Y A PR/\ Y ~· Z id~ R /\Y ·~ 8 9 l ;- ... 1 , 3 ) 
CALL SYMA 0l (~e,4 c G~l~5HDEPTH~ Oc95) 

·crcc-r1o r1i11~~r rz; ~-~~3 ~.-rs·~-;r~ utr"rffCFfG o.,~ 2"> 
~JiH T f: < 2 (· l ~i ) 
nm t -11\ ï ( ) >'. ~ <~ H 0 R c VE L ~- li ] X 0 -:~A'!... 1 Hu TH ti ) 
\, P Ji E ( <: 9 l 4 ) ·- -- ·- . - ·- . -- .. · · - -- ----- ·----- -- - ----- - -·-- ------- - -- ---· · 

\•' n J TE ( 2 1 s) (L Mm r~ y ( I ) 9 y rr~ R /'. y ( I ) 9 T :::: l 9 8) 
c Au. f-' Lor n , -~ ~ "s 11 :n 

------------- - -- GO -- TO l 0 -- --------------------------------------------·--· - - - -----

cor,rr I t~ur: 
C.Al _l l-'L.OT(l1,.0et~r.or .. J~ 
u~ u_ 1 0 î ( 0 r 0 ~· 0 ~ (J ~ 9 ') (; ,
[ND 

.. a a ----.-._ ----· ~~-·•-., -----------·--·--· .. -·--------- --~~ - -- ------------- --------·-----·----------'--




