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ABSTRACT 

Chesterfield Inlet drains an area of 290,000 km2 
, between 

Great Slave Lake and northern Hudson Bay, of predominantly continuous 

permafrost terrain. The 220-kilometre-long inlet may be used as an 

important navigation link to Baker Lake and potential pipeline sites. 

The inlet forms a complex network and is characterized by strong tidal 

forcing. 

A one-dimensional numerical model, using a weighted, implicit, 

finite difference scheme, was modified for application to the network. 

Sparse matrix techniques were incorporated into the model to speed 

Gaussian Elimination in the solution of the equations. 

Tidal constituents, derived from admittance calculations, were 

used to predict water levels at eight tide gauge locations. Tidal 

predictions at Sandpiper Island were used as the downstream boundary 

condition for the numerical model, while tidal predictions at the other 

gauge locations were used in the model calibration. 

The observed and model-computed water levels are in good 

agreement over the lower half of the inlet. Appreciable differences 

between the observed and computed values were encountered in the upper 

reaches. Although some of these discrepancies are attributable to 

errors in the upstream bo~ndary condition and schematization of the 

model, there is evidence to suggest that time and range errors may 

exist in some of the recorded tidal data. 

The variation in the phase and amplitude of the tide through­

out the inlet is determined through an examination of the tidal 

constituents and the model results. Power spectra of the observed and 

model-predicted water levels reveal that nonlinear interactions of the 

major tidal constituents take place in the upper portion of the inlet. 
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CHAPTER 1 INTRODUCTION 

Tidal propagation in Chesterfield Inlet will be studied herein 

through the examination of field data and the application of numerical 

modelling techniques. Like most Arctic water bodies, only a minimal 

amount of field data has been collected at Chesterfield Inlet. Due to 

the limited quantity and quality of the available data, the major 

physical quantities involved are described in a general fashion; it is 

not possible to delineate the physical quantities involved in precise 

numerical terms. It is hoped that this study will form the basis for 

further hydrodynamic studies in Chesterfield Inlet and that the results 

will prove useful in planning future field work there. 

1.1 DESCRIPTION OF CHESTERFIELD INLET 

Chesterfield Inlet, located as shown in Figure 1, is a long, 

narrow inlet situated on the northwest coast of Hudson Bay 540 kilom­

etres north of Churchill, Manitoba, at a latitude of 63° 30'. The inlet 

links Baker Lake to Hudson Bay, a distance of 220 kilometres. 

Lying in the Precambrian Shield, Chesterfield Inlet was 

created by glacial action. The inlet itself is rocky. Outcroppings of 

gneissic granite and grandolite formations are common. In the western 

portion, the channel is often bounded by steep, pink, granite cliffs 100 

metres in height, while in the central portion, large granite boulders 

predominate. Near the mouth the channel is defined by continous walls 

of granitic gneiss. The bottom is rocky. and irregular except near the 

mouth where silt is found. The mean channel depth varies from 50 metres 

at the mouth to 6 metres at the entrance to Baker Lake. The inlet 

follows a tortuous route from Hudson Bay to the Bowell Islands (Figure 

2). At its mouth, deep channels separate numerous islands, while at the 

Bowell Islands, the main channel divides into several narrow passages. 

Barbour Bay, Cross Bay, and the Quoich River form major embayments, 

while shoals occur throughout the length of the inlet. 

Tidal forcing is quite strong everywhere in the inlet. The 

tidal range varies from a maximum of 5 metres at Deer Island to a 

1 
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minimum of 1.5 metres at the entrance to Bake~ Lake. Tidal action in 

Baker Lake itself is negligible. The currents in the inlet are tidally 

driven and current speeds in excess of 4.5 metres per second are 

observed at Chesterfield Narrows. 

1.2 ECONOMIC SIGNIFICANCE OF CHESTERFIELD INLET 

At the present time, the major activity along the inlet con­

sists of barges running supplies from the community of Chesterfield 

Inlet at the mouth to the community of Baker Lake at the western extrem­

ity of the lake of the same name. These barges travel the inlet for the 

two months of the year between breakup and freezeup. 

In the future, however, it is possible that Chesterfield Inlet 

will assume a role of greater significance. The latest proposal for 

the location of the Eastern Arctic Pipeline has it passing just west of 

Baker Lake. Should that proposal be accepted, it is very likely that 

Baker Lake would become a major marshalling point for pipeline con­

struction. Chesterfield Inlet would then be used as a transportation 

corridor to move large quantities of equipment and supplies to Baker 

Lake. The only obstacle preventing ocean-going ships from travelling 

all the way to the community of Baker Lake is a sill rising to within 

6 metres of the water surface in the Chesterfield Narrows. 

Increased shipping in Chesterfield Inlet raises the problem 

of water quality. Oil slicks,generated by supply vessels colliding or 

running aground in areas such as Chesterfield Narrows, would be a very 

real risk. 

Should shipping increase in Chesterfield Inlet, considerably 

more tide and current data would be required to ensure safe navigation. 

A thorough understanding of the hydrodynamics of the inlet would also 

be necessary in order to predict oil slick movement and aid oil spill 

contingency planning. 

1.3 METHOD OF APPROACH 

The hydrology of the Chesterfield Inlet basin will be 

reviewed to determine the magnitude of the mean flow and its variation 

in time. This is necessary to help establish the datum. The available 

tidal data will then be examined to provide an overview of tidal 
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propagation within the inlet. 

A one-dimensional numerical model will be applied to the 

inlet to provide a more complete picture of the hydrodynamics. More 

specifically, the following aspects of the tidal propagation will be 

examined: 

1) the variation in amplitude and phase of the tide throughout 

the inlet; 

2) the variation of tidal currents throughout the inlet; 

3) the effect of stage at Baker Lake upon the tidal 

propagation; 

4) the nonlinear properties of Chesterfield Inlet; and 

5) the effect of changes to section geometry at Chesterfield 

Narrows. 

Finally, the data required to supplement and expand tidal 

knowledge essential to navigation in the inlet will be specified. 



CHAPTER 2 HYDROLOGY OF CHESTERFIELD INLET 

Much of the runoff in the Chesterfield Inlet catchment basin 

derives from snowmelt which has a diurnal cycle. These cycles could 

persist through the drainage pattern and affect flow in the inlet. The 

results could influence the tidal analysis. Hence, it is necessary to 

gain some knowledge of the hydrology of the area. 

In addition, the flows are used in determining a mean elevation 

for Baker Lake. The elevation of Baker Lake is the upstream boundary 

condition for the numerical model of the inlet. 

2.1 DESCRIPTION OF CATCHMENT BASIN 

One of the most striking features of Chesterfield Inlet is the 

size of its catchment basin. The catchment area shown in Figure 1 

extends from Hudson Bay in the east (longitude 91° W) to 120 kilometres 

west of Great Slave Lake (longitude 107° W) and from Wager Bay 

(latitude 66° N) in the north to northern Saskatchewan (latitude 59° N) 

in the south. The total area of the catchment basin is 287,100 km2 • 

The major tributaries in the Chesterfield Inlet system are the Thelon, 

Kazan, and Quoich Rivers with subcatchment areas of 147,200 km2 , 68,100 

km2 
, and 29,800 km2 

, respectively. The subcatchments are delineated in 

Figure 3. 

These territories were referred to as the "Barren Lands" by 

the early explorers, and justifiably so. For the most part, the drainage 

basin .is treeless, barren ground characterized by low altitude, low to 

moderate relief, and generally disorganized drainage except for a few 

large rivers. Considerable water storage occurs in the many lakes and 

innumerable shallow surface depressions. The vegetation over most of 

the area consists of non-vascular mosses and lichen with occasional 

shrubs. Black spruce and tamarack forests exist in the southwest 

portion of the basin and cover roughly 20 per cent of the total catch­

ment area. 

A significant feature of the catchment basin is the temperature 

structure of the subsurface soils. Continuous permafrost is predominant 
6 
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in the northern portion of Chesterfield Basin while discontinuous 

permafrost is found in the southern portions of the watershed and in the 

vicinity of some of the larger lakes. The continuous permafrost areas 

have an active (seasonally thawed) layer at the surface which is approx­

imately 1 to 2 metres thick overlying a permafrost layer which is in 

excess of 100 metres thick. 

2.2 WATER BALANCE 

An annual water balance for the Chesterfield catchment was 

computed from contour maps of mean annual precipitation and runoff 

supplied by the Department of Indian and Northern Affairs. The contours 

were based on data collected from 1941 to 1970. Weighted means for 

precipitation and runoff were calculated by planimetry. The mean annual 

precipitation computed in this manner is 247 nnn, and the value for mean 

annual runoff is 172 nnn. 

A separate calculation for runoff was performed as a check on • 

the planimetered value. Monthly mean discharges supplied by the Water 

Survey of Canada for the Thelon, Kazan, and Quoich Rivers were used in 

determining a mean discharge value for Chesterfield Inlet. The monthly 

mean discharges are listed in Table 1. Runoff from areas in the 

Chesterfield catchment, not included in the subcatchments of the rivers 

listed above, was calculated by assuming that these areas had the same 

properties as the Quoich basin. (The mean runoff per unit area 

determined for the Quoich subcatchment was applied to the otherwise 

excluded areas.) The total mean annual runoff calculated in this manner 

was 161 nnn. This runoff value agrees to within 7 per cent of the value 

computed through the use of runoff contours. It should be noted that 

these values are estimates of total runoff. Insufficient data are 

available to support calculations of surface runoff. It is probable 

that during the ablation period total runoff is approximately equal to 

direct runoff since infiltration and interflow are restricted to the 

active layer. 

If we assume no storage effects in the basin, which should be 

a valid assumption over the long-term, then the difference between mean 

annual precipitation and runoff can be attributed to evapotranspiration. 
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Thelon Kazan 

· (m3 /sec) 

guoich 

(m 3 /sec) 

Other 

(m3 /sec) 

Total 

(m3 /sec)(m3 /sec) 

January 286 177 4 6 473 

Feburary 238 149 3 4 394 

:March 209 127 3 4 343 

April 255 121 6 8 390 

'.May 567 166 42 59 834 

June 2480 897 233 328 3938 

July 1390 1185 213 300 3088 

August 1010 837 224 316 2387 

September 921 656 328 462 2367 

October 777 523 159 224 1683 

November 563 376 
. 

54 76 1069 

December 361 253 12 17 643 

TABLE 1: Monthly Mean Discharges 
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Thus, mean annual evapotranspiration should be no more than 75 nnn, which 

is 30 per cent of the m.ean annual precipitation. A contour map by 

Church [10] would indicate th~t the mean ~nnual evaporation irom small 

lake surfaces in the Chesterfield watershed is approximately 225 mm. As 

expected, this value is considerably higher than the mean evapotrans­

piration over the whole catchment. The lichen and moss ground cover of 

the Chesterfield Basin appear to be particularly efficient in reducing 

overall evapotranspiration. Nebiker and Orvig [26] and Dingman [12] 

have suggested that a low value of evapotranspiration in lichen and 

moss-covered areas may be due to the fact that these plants transpire to 

a lesser degree than do vascular plants. 

The estimate for evapotranspiration in the Chesterfield Inlet 

basin are consistent with the findings of Findlay [14], Anderson [4], 

and Kane and Carlson [23], all of whom studied catchments with a lichen 

or moss ground cover. Their results are summarized in Table 2. 

2.3 RUNOFF REGIME 

Although only 40 per cent of the annual precipitation in the 

Chesterfield Inlet catchment is in the form of snow, the effect of snow 

storage is the single most important feature in the hydrologic cycle. 

For seven to eight months of the year, precipitation is stored on the 

ground in the form of snow, thus, when the snow pack starts melting in 

mid May, the effect is the.same as if seven to eight months of precip­

itation had fallen over the two-week melting period. This phenomenon 

is readily observed in the 1973 daily discharge data for the Thelon, 

Kazan, and Quoich Rivers, as shown in Figure 4. Snow melt begins 

about May 15th. In less than three weeks, the discharge of the Thelon 

increases from 340 m3 /sec (12,000 cfs) to 3060 m3 /sec (10,800 cfs), 

the Kazan from 170 m3 /sec (6,000 cfs) to 1900 m3 /sec (67,000 cfs), and 

the Quoich from 14 m3 /sec (500 cfs) to 453 m3 /sec (16,000 cfs). In all 

three cases, the rising limb of the hydrograph is much steeper than the 

receding limb; this is partially attributable to surface storage in the 

many lakes and ponds. From Figure 4 we see that the level of Baker 

Lake peaks approximately 9 days after the maximum discharge of the 

Thelon River. The rate of storage change is a maximum for Baker Lake 
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Watershed Area Surface Cover Precipitation Runoff Evapotranspiration Percent Evapo­
Sq.km. (mm) (mm) (mm) transpiration 

Knob Lake 35 dwarf spruce, 915 635 280 31 
drainage basin birch, lichen 
Schefferville and woodland 
Quebec 

Boot Creek 31 spruce, birch 285 210 75 26. 
Inuvik lichen 
N.W.T. heath upland. 
Putuligayak 568 muskeg and 94 75 27 * 29 
River, Prudhoe heath tundra 
Bay, Alaska 

* From evaporation pan data. 

TABLE 2: Evapotranspiration in Catchments similar to that of Chesterfield Inlet 
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during the period from May 25th to June 9th. This rate of storage 

change is A dz/dt; where A is the area in.m2 
, z is the elevation in 

metres, and t is time in seconds. In Baker Lake for the period of 

interest, the average rate of storage change is +977 m3 /sec or 21 per 

cent of the rate of inflow into the lake. 

The Quoich River has its maximum discharge in mid September, 

suggesting that snow storage is less important than the late summer 

rains in this subcatchment, since this lag could not be due to 

on-channel storage. From Figures 4 and 5 we see that the late summer 

discharges of the three rivers are roughly related to the rainfall 

events at the stations located as shown in Figure 1. Anderson [4] has 

hypothesized that such late summer discharges in permafrost areas are 

caused by increased base flow. When cooler weather occurs in August, 

evapotranspiration decreases allowing a greater proportion of rainfall 

to percolate down to the frost layer and be stored in the soil. The 

soil moisture thus obtained helps to melt the frost and increases the 

base flow. 

With the lower temperatures of September and October, a 

greater proportion of the precipitation falls as snow. Freezeup usually 

occurs by mid October. Hence, runoff declines from September onward 

with very little flow from the end of November through to April as 

precipitation accumulates on the surface as snow. 

The relative contributions of the major rivers to the Chester­

field Inlet freshwater supply can be seen from the plot of the mean 

monthly discharges (Figure 6). In calculating the total freshwater 

discharge, the storage effects of Baker Lake and Chesterfield Inlet have 

been neglected. The period of record for the discharge measurements 

used is 2 years for the Thelon River, 9 years for the Kazan River, and 3 

years for the Quoich River. The maximum monthly mean freshwater dis­

charge through Chesterfield Inlet, east of the Quoich Rive~ is approxi­

mately 3900 m3 /sec (139,000 cfs) while the base flow is 343 m3 /sec 

(12,000 cfs). 

From Table 1 we see that the Thelon and Kazan Rivers combine 

to produce 86 per cent of the total peak discharge and 98 per cent of 
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the winter minimum base flow. The nature of the freshwater supply to 

Chesterfield Inlet is such that individual rain storms are relatively 

unimportant due to the low density, short duration, and infrequency of 

these events. Snowmelt in mid May has much greater impact and generates 

rapidly-increasing discharge. 

2.4 CLASSIFICATION OF RIVER REGIME 

We may gain further insight into the nature of the freshwater 

supply into Chesterfield Inlet by comparing the runoff regimes for the 

Thelon, Kazan, and Quoich Rivers to the following regime types for 

northern rivers as described by Church [10]: 

1) Subarctic, nival regime: 

(a) winter dry, 

(b) perennial flow; 

2) Arctic, nival regime; 

3) Proglacial regime; and 

4) Muskeg regime. 

The Thelon and Kazan Rivers may be categorized as having a 

subarctic, nival regime with perennial flow. This type is marked by a 

snowmelt flood in spring followed by relatively low levels of flow 

throughout the summer except for occasional rain-storm events. Often, 

in the larger subarctic rivers, flow persists under the ice cover as 

seepage continues through the winter. Church suggests that some of 

this groundwater flow is from unfrozen gravels along the river channels 

and lake beds. This regime type quite often characterizes northward­

flowing rivers, such as the Thelon and Kazan, whose headwaters lie on 

the discontinuous permafrost zones to the south where some infiltration 

may be maintained. The large lakes in these two catchments will allow 

some continuous flow throughout the winter. 

The Quoich River is more difficult to classify since it seems 

to possess some characteristics of both the subarctic nival and the 

muskeg regimes. The Quoich maintains year-round flow and has a steep 

rise in its hydrograph due to snowmelt, like the subarctic nival 

regime with perennial flow. However, the receding limb of the hydro­

graph has a very gentle slope which could be due to copious surface 
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storage as would be found in :moss-covered catchments characteristic of 

a muskeg flow regime. 

2.5 IMPACT OF RUNOFF UPON THE TIDAL REGIME 

The amplitude and phase of the tide within the inlet may be 

influenced by the freshwater discharge. Ages and Woollard [l] have 

shown that in the Fraser River estuary increased damping of the tide and 

a delay in the time of high water accompany an increase in the freshwater 

discharge due to runoff. In the Chesterfield Inlet system, the elevation 

of Baker Lake is directly related to the surface runoff from the catch­

ment basin and is used in referencing Baker Lake water levels to mean 

sea level. Thus, the effect of the freshwater discharge upon the tidal 

regime may be investigated by varying the elevation of Baker Lake in 

numerical model computations, as is done in Chapter 5. 

If the diurnal variations in runoff due to snowmelt were to 

persist throughout the drainage pattern, these effects could not easily 

be distinguished from those of the diurnal tides. Thus, there would be 

significant errors in the amplitudes and phases of the diurnal tidal 

constituents determined by a tidal analysis. Because of the great 

amount of surface depression and on-channel storage present within the 

drainage basin however, it is evident that diurnal snowmelt variations 

have negligible effect upon the tidal computations. 



CHAPTER 3 ANALYSIS OF TIDAL DATA 

In order to understand tidal propagation in Chesterfield 

Inlet, it is first necessary to study the recorded water level data. 

The results of constituent analyses by the harmonic and admittance 

methods were used to determine the variation in magnitude and phase of 

the major constituents as the tide progresses up the inlet. The tidal 

predictions generated from these constituents are later used as the 

downstream boundary condition and at other stations for comparisons 

during the model calibration. 

3.1 AVAILABLE DATA 

The data used in this study were obtained by the Canadian 

Hydrographic Service in the sunnner of 1974. During the course of a 

bathymetric survey, eight shore-based Ottboro tide gauges were installed 

along the length of the inlet. The locations of these gauges are shown 

in Figure 7. Although tidal data were collected near the community of 

Chesterfield Inlet at the mouth of the inlet during the summer of 1973, 

these data were not used because Godin et al [20] found progressive time 

errors in the record. 

The 1974 gauges were in place for periods of time varying from 

four days to seven weeks, as shown in Figure 8. Plots of the digitized 

hourly water levels for each of the stations are given in Figure 9. The 

water levels for a given station are referred to a chart datum deter­

mined from the lowest low water of the period of record. The chart 

datums selected in this way are not in any way related to an established 

datum such as that of the Geodetic Survey of Canada, nor to each other. 

By examining the plots in Figure 9, a few general observations 

may be made. A pronounced difference between spring and neap tides can 

be seen in the records up to Promise Point, this difference reaching a 

maximum near Deer Island. At Primrose Island, the fortnightly modu­

lation is relatively small. The gauges at Baleen Island and Norton 

Island were not in place long enough to permit an examination of the 

fortnightly spring-neap cycle, although evidence that it exists is 

18 
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present in the records. At Deer Island, a sudden increase of 2.5 

metres in the mean water level is observed beginning August 13th. This 

shift in the record is evidently an instrument malfunction since this 

anomaly is not present in the records of any of the other gauges. 

In addition to the water level data described above, 15-minute 

water levels at Baker Lake for the month of September, 1974, have been 

obtained from the Water Survey of Canada. The data from the western 

extremity of Baker Lake are plotted at an exaggerated scale in 

Figure 10. The water levels from that station are referred to an arbi­

trary datum. We see that the water level record at Baker Lake consists 

of a semi-diurnal oscillation superimposed on a larger fortnightly 

oscillation. 

FIGURE 10: 	 Water Levels Recorded at the· 
w·estern End of Baker Lake.' 

3.2 ADMITTANCE FUNCTION 

A tidal analysis consists of the extraction of the values of 

amplitude and phase of tidal constituents from a record of tidal water 

level data. Tidal constituents are cosine terms which, when sununed, 

represent the tidal effect in a geophysical time series. The frequencies 

of the tidal constituents are of astronomical origin. 

The traditional method of tidal analysis is the harmonic method. 

A harmonic analysis is performed by obtaining a least squares fit for 

the amplitudes and phases of specified tidal constituents, the frequen­

cies of which are already known. 
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A less commonly used technique makes use of an admittance 

function between two sets of water level data. This method had its 

origins in the work of Munk and Cartwright [25] who related a tidal water 

level time series to a tidal potential time series. Later, Cartwright, 

Munk, and Zetler [8] obtained tidal constituents at a station by relating 

its tidal time series data to that of another station with well-resolved 

constituents. 

The admittance function gives the relationship between two 

linearly-related time series. If a series of water level observations 

z1 (t) at a particular station has associated with it an adequately 

resolved set of tidal constituents, then.one may obtain tidal constitu­

ents from a second set of water level observations z2(t) at a nearby 

station through the use of the admittance function. The admittance in a 

given frequency band, between the water levels at the two stations, 

may be computed by means of the following formulae: 

(3.1) 

<1>12 . 
Ql2 

arctan C 
12 

(3.2) 

where: IH12I 

<1>12 

C12 

Q12 
G1 

= 

= 

gain between zl and 

phase shift between 

co-spectrum between 

z2; 

zl and.z 2; 

zl and z2 ; 

quadrature spectrum between zl 
power spectrum of z1; 

and z2 ; 

j, 

G2 

Y12 

H12' 

H12 

= 

= 

power spectrum o~ z2; 

coherence between z 1 and z2; and 

the admittance, is a complex function such 

= IH12lei<j>12 i =R 
that: (3.3) 

The coherence, y12 , measures the degree to which the output 

series is linearly correlated to the input series, and it may have 

values between zero and one. A value of zero indicates that the two 



25 

series are completely unrelated, while a value of one indicates that 

the output series is exactly linearly related to the input series. 

Hence, for each individual constituent, j, we have: 

= IH12 (aj) IA1j (3.4) 

<l>12 (aj) + <l>1 (3. 5) 

where: j denotes the jth constituent in a standard list, 

and A1j = amplitude of the j~h constituent in the input 

series; 

amplitude of the jth constituent in the output 

series; 

O"j = frequency of the jth constituent; 

IH12 (aj) I = amplitude of the admittance in the frequency band 

in which the jth constituent is found; 

phase of the jth constituent in the input series;<l>1j 

cj>2j phase of the jth constituent in the output series; 

and 

= phase shift of the admittance between the input 

and output series in the frequency band in which 

the jth constituent is found; 

and, the water levels at the output station may be written as: 

= z0 + EA2 . cos (aJ.t - cj> 2J.) (3. 6) 
j J 

where: z is the mean water level and j ranges over all the
0 

constituents. 

Godin (19] has found that the admittance calculation permits 

better resolution of the major constituent than the harmonic analysis 

and reveals more clearly the physics of the processes involved. 

3.3 CONSTITUENT ANALYSIS 

Godin et al (20] performed a tidal analysis of the Chesterfield 

Inlet tidal records. The constituents obtained at each water level 

station are shown in Table 3. For a background description of these 

constituents and their origins, the reader is referred to Dronkers (13] 

or Godin (19]. 
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Constituent Frequency 
(cycles/hr} 

Sandpiper 
Island 

Amp. Phase 
(m} (deg} 

Severn 
Harbour 

Amp. Phase 
(m} (deg} 

Deer 
Island 

Amp. Phase 
(m} (deg} 

Barbour 
Bl!Y 

Amp. Phase 
(m) (deg} 

Promise 
Point 

Amp. Phase 
(m} (deg} 

Primrose 
Island 

Amp. Phase 
(m} (deg} 

Baleen 
Island 

Amp. Phase 
(m) (deg} 

Norton 
Island 

Amp. Phase 
(m} (deg} 

01 
Ki 
P1 

.0387 

.0418 

.0416 

.037 

.077 

.024 

126.7 
168.l 
174.1 

.042 
,088 
.028 

138.4 
178.4 
184.9 

.048 

.116 
• 036 

147.4 
180.9 
186.9 

.028 

.072 

.023 

156.0 
195.2 
201.2 

.037 

.072 
,023 

178.0 
217.2 
223.2 

.023 

.057 

.018 

198.7 
240.2 
246.2 

.022 

.050 

.016 

193.6 
237 .o 
243.0 

.017 

.041 

.013 

185.7 
229.l 
235.1 

N2 
\!2 
OP2 
M2 
12 
S2 
K2 

,0790 
•0792 
.0803 
.0805 
.0820 
.0833 
.0835 

.284 

.072 

.050 
1.449 

.067 

.444 

.121 

66.2 
72.4 
66.3 

102.3 
158.1 
160.p 
159.6 

.303 

.076 

.055 
1.566 

.073 

.488 

.142 

74.8 
81.0 
74.8 

ll0.9 
166.6 
168.8 
168,3 

.324 

.082 

.057 
1.637 

.073 
,472 
.136 

82,4 
89.1 
85.9 

122.1 
177.0 
179.0 
178,6 

.220 

.055 

.041 
1.169 

.055 

.367 

.107 

108.4 
l15.0 
109.2 
145.l 
200.8 
183. 6 
183.3 

.215 
,054 
.038 

1.093 
.049 
.335 
.097 

124.9 
131.4 
126.3 
162.4 
218.5 
219.8 
219.4 

.154 
•038 
,027 
.763 
.035 
•234 
.068 

177 .8 
183.8 
176.9 
213.1 
269.8 
273.6 
273.3 

.208 

.052 

.036 
1.046 

.048 

.315 

.091 

198.2 
204.4 
198.7 
234.9 
292.6 
296.6 
296.4 

.152 

.038 

.027 

.763 

.035 

.230 

.066 

197 .8 
204.0 
198.3 
234.5 
292.2 
296.2 
309.7 

MK3 .1223 .014 304. 6 

MN~ 
M4 
MS4 
SK4 • 

.1595 

.1610 

.1638 

.1669 

.010 

.019 

.015 

128.2 
158.9 
226.4 

.022 

.012 
123.7 
191.2 

.018 
,031 
,018 
.012 

82.5 
95.5 

173.7 
175.5 

.034 
,028 
.015 

202.8 
290.l 
193.8 

.014 

.037 

.030 

133.9 
193.0 

260.5 

.017 

.031 
66.4 

163.6 
.050 46.4 .091 329.2 

2MOs .1998 .016 346.0 

2MNg 
Mg 

2MSg 
NSK& 

25M& 
s, 
MKNg 

.2400 

.2415 

.2444 

.2459 

.2472 

.2500 

.2431 

.026 

.031 

.038 

.020 

286.1 
330,8 

38.3 
163.5 

.035 

.057 

.078 

.019 

.018 

308.3 
354.5 

57.9 
200.9 
119.2 

,048 
.074 
.078 
.016 

.010 

328. 6 
10.7 
83.5 

204.2 

73.l 

.022 

.015 

.037 

.022 

.014 

111.1 
138.3 
202.1 

260.0 

113.9 

.023 

.032 
•063 
.015 
.028 

.010 

136.0 
188.9 
228.7 

52.7 
284.2 

214.3 

.024 63.2 .077 18.3 

Me 
3MSe 

.3220 

.3249 .010 192.9 
.037 189.1 

M12 .4831 .018 270.5 

TABLE 3: Chesterfield Inlet Tidal Constituents 

N 

°' 
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Tidal constituents were extracted from the w~ter level records 

through a combination of the admittance and harmonic methods. The 

reference station used for the admittance calculations was Churchill, 

Manitoba, since it was the nearest station possessing long period, good 

quality records. 

Constituents were derived from the admittance function at each 

station, and these constituents were used to generate tidal predictions 

over the period of record for which observations were available. A 

direct harmonic analysis was then applied to the residues (obtained by 

subtracting the predicted from the observed levels) at each station in 

order to obtain the higher frequency constituents. Each of the higher 

frequency, shallow water constituents extracted in this manner was then 

vectorially added to the corresponding constituent detenained previously 

from the admittance function. Godin et al [20] found that this 

technique reduced the variance of the residues significantly from that 

of either the harmonic method or the admittance function alone. In 

addition, they found that when the admittance~generated constituents fit 

the observed tide poorly, problems in the original data were indicated. 

Some of the anomalies they found in the Chesterfield Inlet tide gauge 

records are as follows: 

1) 	There is a sharp drop in the datum on August 11, 1974 at 

Sandpiper Island; 

2) 	A sharp rise in the level not observed in the records of 

any other stations occurs at Deer Island and is probably 

caused by a gauge malfunction; 

3) 	The portion of Barbour Bay record between August 27th and 

September 6th appears to be of poor quality. Two hours 

were subtracted from the times for this section of the 

record and consistent results were obtained; and 

4) 	There is a discrepancy in the phases between Baleen Island 

and Norton Island. The results of the analyses have the 

tide reaching Norton before Baleen Island. This is not 

consistent with a predominantly progressive wave moving 

upstream. Im error of one hour in the observations at 
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Norton Island was suspected, 

Because of the short periods of record at Baleen Island and 

Norton Island, the constituents computed from the records at these 

stations are not as well resolved as the constituents computed for 

stations which supplied longer time series. To ensure an adequate 

resolution of the major tidal constituents, the period of tidal record 

available for analysis must be at least 15 days. 

The variation (throughout Chesterfield Inlet) of the amplitude 

and phase of the M2 constituent, computed from field data, is shown in 

Figure 11. The M2 is the largest tidal constituent in Chesterfield 

Inlet and is representative of the semi-diurnal band. The maximum 

amplitude occurs near Deer Island. As the tide moves upstream towards 

Primrose Island, the amplitude decreases. Near Baleen Island, the M2 

has a secondary maximum, probably due to the constriction in the channel 

at the Bowell Islands. From Baleen Island to Norton Island, the ampli­

tude again decreases. The estimate of phase is probably less reliable 

than that of amplitude because of clock errors. The Ottboro tide gauges 

have mechanical clocks which drive the chart mechanisms. Time errors of 

15 to 20 minutes, over a two-week period, are not unusual in these 

devices. 

Figure 12 shows the variation in the K1 , the major diurnal 

constituent in the inlet. .Past Primrose Island, the diurnal signal is 

too weak and the period of record is too short to ensure reliable values 

for amplitude and phase. 

A harmonic analysis was performed on the Baker Lake water 

level record. The results are shown in Table 4. The fortnightly MSf 

has the largest amplitude followed by the M2 • From the phase infor­

mation, it may be deduced that the M tide crosses the 90 kilometres2 

of Baker Lake in roughly 3 1/2 hours. 

3.4 CELERITIES 

From the phase data of Table 3, the observed celerity of the 

M2 tide between each pair of gauge stations has been computed. In 

addition, the frictionless shallow-water wave celerity, C = vgb, has 

been calculated for the same reaches of the channel. Both sets of 
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Constituent Frequency 
(cycles/hr) 

Amplitude 
(m) 

Phase 
(deg) 

MM 0.0015 0.010 278.9 

MSf 0.0028 0.068 102.8 

Ql 0.0372 0.003 38.4 

M2 0.0805 0.032 333.1 

s2 0.0833 0.008 30.4 

Mi. 0.1610 0.003 233.1 

TABLE 4: Baker Lake Tidal Constituents 
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celerities are listed in Table 5. In a frictionless channel, the crest 

of high water should always travel at a speed in excess of Jgh when a 

mixture of standing and progressive waves exist. If the crest travels 

at a speed less than Vi,h, the wave is a damped progressive wave. The 

more damped the wave, the lower is its phase speed. 

The M2 tidal wave is definitely of a progressive nature up to 

Primrose Island. The observed celerity of 5.08 m/sec between Promise 

Point and Primrose Island seems much too low. The celerity there should 

be of the order of 11 m/sec since the depth is approximately equal to 

that between Deer Island and Barbour Bay. The celerity of -462.96 

m/sec between Baleen Island and Norton Island is totally unreasonable 

for a progressive or partially-reflected wave. Total reflection, 

however, while possibly explaining a decrease in phase between Baleen 

Island and Norton Island, does not allow for the high current speeds of 

the order of 4 m/sec observed in Chesterfield Narrows. 

If one hour is subtracted from the times at Primrose Island, 

a celerity of 11.9 m/sec is obtained, which appears much more reason­

able. If this change is made, then the celerity between Primrose Island 

and Baleen Island becomes 7.61 m/sec. Again this appears too low. If 

one hour is subtracted from the times at Baleen Island, the celerity 

between Primrose Island and Baleen Island becomes 17.7 m/sec, and the 

celerity between Baleen Island and Norton Island becomes 6.5 m/sec. A 

relatively high celerity could be expected in the vicinity of the 

Bowell Islands because of partial reflection from the islands them­

selves from Cross Bay and from the Quoich River. Thus a celerity of 

17.7 m/sec does not appear unreasonable. The low celerity from Baleen 

Island to Norton Island would be expected because of the reduced depth 

in that portion of the channel. Frictional influences are greater here 

as can be seen from the larger amplitudes of the shallow-water constit­

uents. Hence, it appears that recorded times at Primrose Island and 

Baleen Island are advanced one hour. After one hour had been subtracted 

from these ti~es, the Gelerities were recomputed. These adjusted 

celerities are shown in Table 5 as well. 
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Channel Reach Length 
of 

Reach 
(km) 

Mean 
Depth 

(m) 

Observed 
Celerity 
(m/sec) 

Adjusted 
Celerity 
(m/sec) 

Vih1 

Sandpiper Island 
to Severn Harbour 

Severn Harbour 

25 55 23.4 23.4 23.8 

to Deer Island 

Deer Island 

20 45 14.4 14.4 21.0 

to Barbour Bay 

Barbour Bay 

33 35 11.6 11.6 18.5 

to Promise Point 

Promise Point 

31 35 14.4 14.4 18.5 

to Primrose Island 

Primrose Island 

32 34 5.08 11. 9 18.3 

to Baleen Island 

Baleen Island 

48 32 17. 7 17. 7 17. 7 

to Norton Island 23 19 -462.96 6.5 13. 7 

TABLE 5: Celerities in Chesterfield Inlet 
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A second possibility would be that the times at Norton Island 

are in error by one hour. If one hour i.s added to the times there, a 

celerity of 6.5 m/sec is obtained through the Bowell Islands, the same 

value that was obtained through the previous hypothesis. However, 

this still leaves a celerity of 5 m/sec between Promise Point and 

Primrose Island. 

The model results tend to agree with the first hypothesis. 



CHAPTER 4 ONE-DIMENSlONAL NUMERICAL MODEL 

The tidal propagation in Chesterfield Inlet was computed 

through the use of a one-dimensional, numerical model originally 

developed by Muir (24] with an equation solver developed by Budgell. A 

program listing of the model is included in the Appendix. The model 

utilizes a four-point, weighted, implicit, finite difference scheme to 

approximate the nonlinear de St. Venant, or shallow water, equations. 

Sparse matrix techniques are used to reduce computer time and memory 

requirements, and the equations are solved through Gaussian Elimination. 

The model is flexible enough to permit the inclusion of any 

number of branches. Furthermore, various types of boundary conditions 

may be applied to any location, subject only to the constraints of the 

physical system. 

The numerical model was designed to calculate open-channel 

flow under the following assumptions: 

1) flow is one-dimensional; 

2) geostrophic and wind-driven circulations are negligible; 

3) a quadratic resistance law such as Manning's or Chezy is 

appropriate; 

4) the geometry of the open channel network is constant with 

time; that is,. no deposition or scouring occurs; 

5) hydrostatic pressure prevails; 

6) the section geometry can be schematized as regular in 

cross-section; 

7) flow is entirely sub-critical; and 

8) the fluid is homogeneous in density. 

4.1 EQUATIONS OF MOTION 

These equations consist of the continuity and momentum 

equations for unsteady, non-uniform flow in non-prismatic open channels. 

A schematic diagram of such a channel is given in Figure 13. 

The continuity equation is given by: 


(b + b ) ()z + E.Q - q = O 

s Clt ax (4.1) 
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where: 	 b topwidth of conveyance section; 

bs topwidth of storage section; 

z elevation above model datum; 

t time; 

Q = volume discharge; 

x distance; and 

q lateral inflow; positive for inflow, negative for outflow. 

The momentum equation is of the form: 

E.Q + E.Q au az g·k·QIQI 
(4.2)at u ox 	+ Q ax + gA ax + Ah* = O 

1where: 	 K = ~ (Chezy friction) 

n2 
K 

2 . 22 (h*) 173 (Manning's friction) 

and 	 u average velocity at a cross-section (discharge per unit 

area); 

g = gravitational acceleration; 

A cross-sectional area; 

h* = hydraulic mean depth; 

C Chezy friction coefficient; and 

n Manning's friction coefficient. 

It is assumed that the rate of lateral inflow is very small 

compared to the flow in the main channel and acts at right angles to the 

main channel flow. It is further assumed that this inflow makes negli­

gible contribution to the total momentum. In addition, it is assumed 

that the mass in the storage section contributes no momentum flux to 

the system. 

4.2 JUNCTION EQUATIONS 

Consider the generalized junction shown in Figure 14. The 

junction is assumed to be convergent, but the arguments apply equally 

well to divergent junctions. If the cross-sections are assumed to be 

very close together, then storage in the junction may be neglected, and 

the continuity equation may be written: 



38 

4-----2 


FIGURE 14: A Convergent Junction 
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The momentum equation for the junction is developed from 

equation (4.2). If distances between the nodes, or cross-sections, are 

small, then the terms aq/at, Q au/ax and the resistance term may be 

neglected in the momentum equation. If the energy losses between node 1 

and node 2, accruing from non-uniformity of flow and acceleration or 

deceleration, are taken into consideration by means of a factor, a, 

equation (4.2) becomes: 

an az 
au~+ gA- = 0 	 (4.4)

ax ax 

After dividing through by A and using a finite difference represent­

ation, we obtain: 

(4. 5) 

Unfortunately, in an unsteady flow situation, as is the case 

in tidal waters, the value of a is probably a time-dependent function. 

In practice, its value may be unknown and extremely difficult to obtain. 

Thus, the development of a generalized momentum equation for all 

junctions is impractical at present. 

If differences in velocity through a junction are small, and 

if centrifugal accelerations do not result in significant energy 

dissipation, then the momentum equations for the junction shown in 

Figure 14 become: 

(4. 6) 

and 	 (4. 7) 

4.3 NETWORK REPRESENTATION 

~ 	 A network of open channels may be represented as a directed 

line graph composed of a number of branches intersecting at node 

points. Additional nodes are permitted on the boundaries of the graph 

or at arbitrary points on the graph. Nodes may be classified as 

follows: 
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1) bounding node; 

2) interior node; 

3) convergent node; and 

4) divergent node. 

Figure 15 shows the various types of nodes. A bounding node is 

connected to only one branch, an interior node is connected to exactly 

two branches, a convergent node has two branches entering and one branch 

leaving, and a divergent node has one branch entering and two branches 

leaving. The only difference between convergent and divergent nodes is 

in the direction chosen for the graph. Thus, the river system shown in 

Figure 16(a) may be schematized as the graph shown in 16(b). Distance 

relationships are not preserved in the graph representation since the 

relationships are purely topological. If more than three branches are 

connected to the same node, as shown in Figure 17(a), it is possible to 

split the node into two or more nodes, each having three branches 

attached to it as shown in Figure 17(b). The physical distance between 

the two nodes in this case (such as in a river network) would be con­

sidered to be zero. 

At each node in the river network, we must solve for two 

unknowns, discharge and height. If there are N reaches in the network, 

there will be N + 1 nodes. Thus, it is necessary to solve 2(N + 1) 

simultaneous equations in 2(N + 1) unknowns when the implicit method is 

used. 

If we consider a single-branched river which contains only 

bounding and interior nodes, then a continuity equation and a momentum 

equation may be written in finite difference form relating each pair of 

nodes. In this manner, 2N equations are obtained. The other two 

equations must be obtained from boundary conditions. The implicit 

method simplifies the handling of branches considerably. If the 

junction node shown in Figure 18(a) is split into three nodes as shown 

in Figure 18(b), three continuity equations and three momentum equations 

can be obtained between nodes 1 & 2, 3 & 4, and 5 & 6, giving a total 

of 6 equations. There are 3 boundary conditions required which brings 

the total to 9 equations. The junction continuity equation and the 



41 Bounding Node 

Interior Node 
Bounding Node 

(Graph is directed 
from top to bottom) 

Convergent Node 

Bounding Node Bounding Node 

FIGURE 15: Node Types 

l· 

(a) (b) 

FIGURE 16: A River Network and Its Graph Repr.esentation 



42 

(b) 

FIGURE 17: Splitting of a Junction Node 

(a) 

(b) 

FIGURE 18: A Junction. Node 
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equating of water levels supply the remaining 3 equations for a total 

of 12 equations in 12 unknowns which may be solved. 

4. 4 FINITE DIFFELmCE SCHEME 

A weighted, implicit, four~point, finite difference scheme has 

been used to approximate the equations of motion described in section 

4.1. The weighting factor can be used to control convergence and 

stability. 

In the x - t plane shown in Figure 19, the abscissa represents 

the location in space and the ordinate represents the time. Lines drawn 

parallel to the t-axis represent the nodal points or cross-sections 

selected on the open channel and need not be a constant distance apart. 

Lines drawn parallel to the x-axis represent times at which solutions 

are generated. Thus, nodal points are locations in time and space at 

which solutions are to be obtained. Time steps need not be equal. In 

Figure 19, the function values and partial derivatives are to be evalu­

ated at point R, which has the coordinates (Xro + tixm/2, tn + 811tn). "m" 

is the node number, "n" is the time step and e is a weighting factor 

o ~ e ~ i.o. 
Thus, the function values and partial derivatives of any 

unknown junction, K, at a point, R, may be expressed in the following 

manner: 

[Kn+l + Kn~l] [Kn + Kn J 
K ~ e m m+l + (1 - e) m in+ (4. 8)

2 2 

aK 
~ 

1 ~n+l + Kn+l (4. 9)
at 2/1t m in+l 

Kn 
m -~J 

[Kn+l _ Kn+l] [Kn KnJ
aK e m+l m + (1 + 8) in+l m (4.10)

i> ax 
~ 

tix tix 

In calculating the values of K at time tn+l' it is assumed 

that the values of K are known at time tn• 

Substituting equations (4.8), (4.9), and (4.10) into equation 

(4.1), the continuity equation becomes: 
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Similarly, the finite difference form of the momentum equation 

is obtained by substituting equations (4.3), (4.4), and (4.5) into 

equation (4.2) to get: 

Qn+l + 0n+l [Qn + 0n 

e m 111+1 + (1-8) m 111+1
[ 2 2 

* h + h Zn+1 + Zn+1 Zn - Zn l 
m m+l + e m m+l + (1-8) m m+l[ 2 2 2 

0 (4.12) 
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where: u 
n 

= 
m 

hn*and ~ and h + Zn 
m m m m 

~ = depth of channel invert below datum at section m. 

The variables Q and z are solved for directly. To determine 

the mean velocity, u, at a section, it is necessary to divide the 

discharge, Q, by the cross-sectioned area, A. The area is a function of 

the height, z, as shown above. 

The weighting factor, 0, plays an important role in the above 

equations. If 8 = 1, a backward implicit scheme is obtained; if 

8 = 0.5, the box scheme used by Amien [3] and Fread [16] is obtained, 

and if 8 = 0, an explicit finite difference is obtained. If 8 = 0.5, 

the system will conserve mass, but the farther 8 departs from 0.5, the 

greater is this discrepancy. Bounded oscillations in numerical results 

will be obtained if 8 0.5, and the wave period is short relative to 

the time step. For 8 ~ 0.5, the Courant stability criterion must be 

applied. The numerical damping of a wave is proportional to 8. As 8 

approaches 1.0, waves are damped out rapidly. For unsteady flow situ­

ations, the optimum value for 6 has been found to be 0.55. For steady 

state conditions, rapid convergence from inaccurate initial conditions 

will be achieved if 6 = 1.00. For a more complete discussion of the 

properties of the weighting factor, the reader is referred to Fread 

[15, 17]. 

4.5 CHOICE OF EQUATION SOLVER 

In the original version of the one~dimensional numerical 

model, the nonlinear finite difference equations were solved using an 

algorithm developed by Brown [6]. Brown's algorithm is essentially a 

modified Newton's method based on Gaussian Elimination. The forward 

triangularization of the full Jacobian matrix is approximated by oper­

ating on one row at a time, eliminating one variable for each row 

treated. 
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In effect, then, the full (ZN + Z) x (ZN + Z) matrix is 

inverted for each iteration, even though there are at most four 

non~zero entries per row. Thus, for large networks, there is an 

enormous overhead of computer time and memory. Muir [24] has found 

that the execution time increases quadratically with the number of 

equations while using storage for the full matrix. 

For the Chesterfield Inlet system (100 equations in 100 

unknowns), Brown's algorithm was impractical. It was decided to use 

Muir's model with a more efficient equation solver. In this way, the 

inherent flexibility of Muir's model is retained while the demands on 

the computing facilities are kept within reasonable bounds. 

Significant reductions in computing requirements can be made 

by avoiding storing or operating on the zero coefficients of the network 

matrix. This method, known as a sparse matrix technique, can easily be 

combined with Gaussian elimination to produce a reasonably efficient 

equation solver. The method used in this study is similar to that used 

by Chandrashenkar, Muir and Unny [9]. For a banded matrix, execution 

time increases linearly with the number of equations. 

4.6 SOLUTION TECHNIQUE 

The coefficients for Q and z at each of the nodes are deter­

mined from the finite difference equations for continuity and momentum 

(4.11) and (4.lZ) and from the junction equations and boundary condi­

tions. The momentum equation is nonlinear. Therefore, the "constant" 

coefficients in the matrix will be a function of Q or z, or both. 

Since the Matrix is of the form [A] * [X] = [B] where [X] is 

the solution vector, then the coefficients in [A] and [B] will not be 

constant but will be functions of Q or z, or both. For example, in the 

momentum equation, one of the nonlinear terms is u oQ/ox. In the 

solution technique, the term is quasi-linearized to u* oQ/ox, where u* 

is the velocity computed from the last iteration. For the first 

iteration at a given time step, u* is the velocity computed at the last 

time step. For the first time step, the initial conditions are used 

for u*. 

Thus, the system of equations is now in a linear form. The 
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i 

matrix is reduced in three steps: 

1) 	Zero diagonal entries in the matrix are filled. Any row, 

i, that has a zero diagonal entry has added to it a row, 

j, that has a non-zero entry in the ith column, where 

< j. 

2) 	The matrix is upper triangularized. Starting at the 

second row and working downwards, any non-zero entries to 

the left of the diagonal are eliminated through the use of 

the rows above. 

3) 	Once the matrix has been upper-triangularized, back 

substitution is used to fill the solution vector. 

Each time the matrix is reduced, the values for Q and z, 

extracted from the solution vector, are used to recompute the 

coefficients. The matrix consisting of the new coefficients must now 

be solved. This process is repeated until convergence to a predeter­

mined number of significant digits is achieved in the Q and z values. 

Convergence to four significant digits usually takes less than 10 

iterations. 

4.7 OPTIMAL ORDERING OF A MATRIX 

For most networks, the method described in the previous 

section proves to be quite efficient. For large, complex networks, 

however, computer time increases rapidly with increased separation of . 
non-zero entries in the bottom rows. This difficulty may be overcome 

by solving the equations in a different order. 

Wing and Huang [27] have developed a technique for optimizing 

the order in which rows occur in a sparse matrix. Their technique 

selects diagonal pivots that will cause the minimum number of new 

non-zero entries to be generated in the Gaussian Elimination process. 

The department of Systems Design at the University of Waterloo has 

developed an algorithm based on this technique which can be used in 

conjunction with the numerical model. Unfortunately, because of time 

constraints, no attempt has been made herein to reorder the model 

equations, but this optimization process definitely appears to be 

promising, and should be implemented. 



49 

CHAPTER 5 APPLICATION OF THE MODEL TO CHESTERFIELD INLET 


Once the available hydrologic and tidal data have been 

studied and interpreted, a modelling study can be undertaken. The 

hydrodynamics of Chesterfield Inlet were simulated through the use of 

the one-dimensional, numerical model described in the previous chapter. 

The intent of the modelling is not to develop a predictive capability 

but to provide insight into the nature of the tidal phenomena within 

the inlet. It should be noted that no attempt has been made to model 

non-tidal effects and that the hydraulic grade has been considered only 

when it affects the tide appreciably. 

5.1 SCHEMATIZATION 

In order to develop a one-dimensional network representation 

of the inlet, the inlet had to be broken down into a series of cross­

sections connected by channel reaches. The cross-sections were sel­

ected such that the major changes in the cross-section geometry would 

be accounted for by the schernatization. The cross-sections chosen are 

shown in Figure 20, and the network representation is shown in Figure 

21. The channel width at a given section was divided into a conveyance 

width and a storage width, where the conveyance width is the effective 

width of the moving stream and the storage width is the width of that 

part of the channel assumed to possess no momentum. The conveyance 

widths and storage widths were determined through examination of 

hydrographic field sheets and aerial photographs of the area. The mean 

channel depth at the cross-sections were computed from bathyrnetric data 

extracted from hydrographic field sheets. The cross-section geometry 

was plotted; then the area obtained by planimeter was divided by the 

topwidth to obtain the mean depth. The variation in the computed con­

veyance width and depth of Chesterfield Inlet are shown in Figure 22. 

The depths are referred to the mean water level. 

Since none of the gauge records were referred to mean sea 

level, it was assumed that the mean of the model-predicted tide was at 

the same elevation as the mean of the observed tide. At each of the 
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gauge locations, a chart datum was selected by the Canadian Hydrographic 

Service. Water levels were referred to this level as were the sound­

ings. Thus, to obtain the mean depth of flow at a station, it was 

merely necessary to add the depth below datum to the mean water level 

above the datum. Since the model datum was mean sea level at Hudson 

Bay, a new depth below datum, h, had to be determined. An initial value 

for h was assumed, then a model run was made. Since the value of the 

mean depth of flow at each station had to be preserved, the 

model-computed mean elevation above sea level, Z0 , at each station was 

subtracted from the mean depth of flow to obtain a corrected value of 

h. The correction for h was assumed constant for each field sheet 

showing a tide gauge location. If a field sheet did not have any tide 

gauge locations, the correction for h was determined through a linear 

interpolation on the corrections of the two adjacent gauges. As para­

meters such as the Baker Lake elevation and the friction factors were 

changed in the various model runs, the computed values of Z0 changed, 

and the values for h had to be altered. A model run would then have to 

be made to see if these changes resulted in differences in the computed 

values of Z0 • If so, the process was repeated. Fortunately, the mean 

depth in Chesterfield Inlet is generally in excess of 30 metres, so 

that, over most of the inlet, small errors in the depth do not result 

in any appreciable error in the computed values of Z0 • Only in the 

extreme upstream portion of the inlet, in the Bowell Islands, is the 

channel sufficiently shallow for this factor to be taken into consid­

eration. 

In addition to the lack of datum information, bathyrnetric 

data are scarce in some portions of the Chesterfield Inlet system. No 

bathyrnetry is available for Barbour Bay, the Quoich River, Cross Bay, 

the south channels at Primrose and Little Big Islands, and all but the 

south channel in the Bowell Islands. Bathyrnetric data are available 

for only a central corridor in Baker Lake. Often, depths in the 

shallow areas along the sides of the inlet were not recorded. Depths 

of 10 metres below mean sea level were assumed for Barbour Bay and the 

Quoich River; Cross Bay was assumed to be a storage area, so that the 
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depth was unimportant. All flow was assumed to be in the south 

channel in the Bowell Islqnds and in the north channel at rrimrose and 

Little Big Islands. The upstream boundary condition selected was the 

water level at the eastern end of Baker Lake. Shallow areas in the 

channel were assumed to be storage areas. These assumptions obviated 

the necessity of assuming mean depths for many of the areas of the 

inlet where soundings were not taken. 

Doubling the assumed depth at Barbour Bay and the Quoich 

River reduced the model-predicted tidal range by less than one per cent 

in the main channel. The section geometry at Cross Bay (section 12 in 

Figure 20) is shown in Figure 23. It was assumed that the ridge, which 

rises to within 5 metres of the surface, causes the momentum of the 

fluid to be concentrated in the main channel and that Cross Bay (south 

of the ridge) acts as a storage basin. Increasing the value for the 

storage width of Cross Bay, from 2,000 metres to 4,000 metres, decreased 

the amplitude of the model-predicted tide by less than 2 per cent at 

Baleen Island. Aerial photographs of the south channels at Primrose and 

Little Big Islands showed these channels to be much narrower than the 

north channels and to have many shoals. Thus, it was assumed that the 

flow in the south channels would have little effect on the tidal regime 

in that portion of the inlet. Aerial photographs showed the north and 

central channels in the Bowell Islands to be approximately one-third as 

wide as the south channel. Dropping all but the south channel from the 

schematization increased the model-predicted tidal ranges at Baleen and 

Norton Islands as shown in Figures 24 and 25. For the model run, which 

included the Bowell Islands, the north and center channels were added 

as shown in Figure 26. A mean depth of 6 metres and a Manning's 

friction coefficient of 0.030 were assumed for the extra branches. 
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From Figures 24 and 25, it would appear that the branches in 

the Bowell Islands influence the tidal properties at Norton Island more 

than they do at Baleen Island. This would suggest that the tidal regime 

at Norton Island is directly affected by flow in the north-south center 

channel. It is also significant that the tidal curve, computed at 

Norton Island with the extra channels included, is much flatter at low 

tide than is either the curve computed with the extra channels excluded 

on the observed tidal curve. This may indicate that the mean depths in 

the north and center channels are appreciably less than 6 metres or 

that the frictional effects there are much greater than those that 

would be obtained using a Manning's n of 0.030 in the numerical model. 

Before the effects of flow in the north and central channels, 

upon the tidal propagation in the south channel, can be studied further, 

a hydrographic survey of the Bowell Islands network will have to be 

completed. The north and center channels in the Bowell Islands are 

probably relatively shallow. Thus, errors in depth at those locations 

are likely to have more impact upon model-computed tides and currents 
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than at other places within the inlet. 

5.2 BOUNDARY CONDITIONS 

The boundary conditions for the model runs were taken to be 

the water level at the eastern end of Baker Lake and the water level at 

Sandpiper Island at the mouth of the inlet. 

The water level at Baker Lake was assumed constant. Thus, 

Baker Lake was assumed to be an infinite reservoir with no tidal motion. 

From the water level record (shown in Figure 10) for the station situ­

ated at the western end of Baker Lake, it can be seen that this is not 

the case. Tidal effects, though small, are present in the record. 

Although no water level records are available at the eastern 

end of Baker Lake, Wright [28] reported that sightings taken on a rod 

over a 6-hour period revealed no noticeable tide there. While there is 

undoubtedly tidal motion at the eastern end of the lake, high-frequency 

wave action probably masked the tidal effects at that time. Thus, the 

tidal range there is probably less than 0.5 metres. Strong tide rips, 

or turbulent areas, exist at the entrance to the eastern end of Baker 

Lake, and the lake is approximately 11 kilometres wide and 30 metres 

deep in that vicinity. The combination of turbulent head losses and 

continuity effects could combine to reduce the tidal range considerably. 

On this basis, it was decided to assume a constant water 

level at eastern Baker Lake. It was felt that the tidal effect would 

be an order of magnitude less than at Norton Island, the nearest water 

level station. While it would be possible to run the model using the 

water levels at the western end of Baker Lake as a boundary condition, , 

it was felt that too little was known about the bathymetry and 

frictional effects in the lake to justify the extra computer time caused 

by the increased number of cross-sections required. In addition, 

discussions with the inhabitants of the area indicated that the flow 

regime at the eastern entrance to the lake is too complex to be simu­

lated with a one-dimensional model. 

The problem of what elevation to use had to be dealt with. 

To date, no water levels at any location in Baker Lake have been tied 

to any standard datum or any useful reference elevation, such as mean 
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sea level at the west coast of Hudson Bay. Discussion with various 

workers in the Geological Survey of Canada and the photogra11lllletry 

section of the Department of Energy, Mines and Resources led the author 

to conclude that the mean level at the eastern end of Baker Lake is 

between zero and 2.5 metres above mean sea level at Hudson Bay. Numer­

ical experiments tended to indicate that the mean level is very close 

to mean sea level at Hudson Bay. Thus, for most of the model runs, the 

level at Baker Lake was fixed at zero metres referenced to mean sea 

level at Hudson Bay. The effects of the Baker Lake elevation upon the 

model results are discussed in the next section. 

The water levels used as the downstream boundary condition 

were the tidal predictions at Sandpiper Island. These predictions were 

obtained from the constituents inferred from the admittance function. 

Tidal predictions were used because the Sandpiper Island gauge was 

removed before most of the upstream gauges were installed. Thus, as 

shown in Figure 8, there is little overlap between the water level 

record at Sandpiper Island and the records from the rest of the gauges. 

Rather than use different stations for the downstream boundary condi­

tions for different runs, it was decided to use the Sandpiper Island 

gauge for all the runs, since the increased accuracy obtained by 

following the former procedure would be offset by the greater number of 

computer runs required. Using tidal predictions also has the advantage 

of smoothing the water level record, such that fluctuations caused by 

local disturbances are removed. 

Slightly more than one month of record was used in computing 

the Sandpiper Island tidal constituents. The residues obtained by sub­

tracting the predicted from the observed levels are plotted in Figure 27. 

The effect of 10 per cent error in the Sandpiper Island water levels 

upon the model results is shown in Figure 28. 

Two other boundary conditions are required in order to obtain 

a solution. The upstream boundary conditions at Barbour Bay and the 

Quoich River must be defined. At Barbour Bay, the velocity was set to 

zero at the upstream end. It was assumed that non-tidal discharge in 

Barbour Bay is negligible. At the upstream end of the tidal portion of 
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the Quoich River are the St. Clair Falls. Thus, a velocity of zero 

was set at that location, and a lateral discharge was added to supply a 

300 m3 /sec mean discharge which is representative of the flow rates in 

that river during August and September. It was assumed that the dis­

charge over the falls added no momentum to the flow in the channel. 

5.3 CALIBRATION 

The calibration of the numerical model to Chesterfield Inlet 

entailed two processes: the determination of the elevation at Baker 

Lake, and the selection of friction factors throughout the inlet. For 

the most part, these tasks could be tackled separately. The mean ele­

vation at Baker Lake is, according to the available information, less 

than 2.5 metres above sea level. When the Manning's friction factor, n, 

was set to 0.030 everywhere in the inlet, it was found that varying the 

level of Baker Lake from zero to 2 metres had negligible effect on the 

tidal ranges downstream of Baleen Island. As a result, the friction 

factors downstream of the Bowell Island could be determined assuming a 

fixed level of zero metres at Baker Lake. 

The friction factors were obtained by forcing the model to 

reproduce as closely as possible the tidal curves obtained from water 

level gauges. The friction factors were obtained in blocks. Each 

block consisted of the sections between adjacent water level gauges. 

The friction factors were adjusted until the model-predicted tidal 

amplitude matched the observed amplitude to within 10 per cent. No 

attempt was made to match the modelled phases with the observed phases, 

nor was any attempt made to reproduce accurately the actual tidal 

curves. To reduce the number of computer runs required, the calibration 

was carried out for the period from September 17 to September 18, 1974. 

If a gauge was not recording at that time tidal predictions for the 

station were used. The model was run for 48 hours. Only the last 36 

hours were considered, the first 12 hours being required to let the model 

results "settle down". A time step of one hour and a weighting factor 

of 0.55 were used in the model runs. The model results are relatively 

sensitive to changes in these parameters. If the time step or weighting 

factor is changed significantly, the model may require recalibration. 
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Fread [15,17] discusses the effects of variations in these parameters 

upon model-predicted transients. 

Upstream of Cross Bay, the effect of the Baker Lake elevation 

had to be taken into consideration. The selection of the lake level 

and friction coefficients was essentially a trial and error process. A 

Baker Lake elevation of zero metres and a Manning's n of 0.030 gave the 

best results. The effects of the Baker Lake elevation upon the 

model-predicted tide at Baleen and Norton Islands are shown in Figures 

29 and 30. The water level in these plots are all referred to the mean 

tidal level so that the amplitude and shape of the curves could be com­

pared more easily. A Manning's n of 0.030 in the channel upstream of 

Cross Bay was used in each case. 

From Figure 29, we see that changing the elevation at Baker 

Lake has little effect upon the tidal curve at Baleen Island. At 

Norton Island, however, significant changes in the tidal curve take 

place as the level of Baker Lake is increased. Increasing the Baker Lake 

level from zero to one metre mean reduces the amplitude, smooths the low 

tide, moves the distortions on the rising limb backwards in time, and 

shifts the distortions on the falling limb forwards in time. Increasing 

the Baker Lake level to 2 metres further reduces the amplitude and 

smooths the whole tidal curve. Overall, the tidal curve at Norton 

Island, that was produced for a Baker Lake elevation of zero, was con­

sidered to provide the best agreement with the observations. 

As a rough check on the validity of this assumption, the mean 

discharge over 25 hours (approximately 2 M cycles) on September 15th2 

and 16th, 1974 was computed from the model-predicted discharges at Big 

Point (cross-section 15 in Figure 20). Elevations of 0, 1 metre and 

2 metres at eastern Baker Lake yielded mean discharges of -260 m3 /sec, 

5,950 m3 /sec, and 13,400 m3 /sec, respectively. Obviously the mean dis­

charge resulting from zero elevation upstream, should be zero. The 

-260 m3/sec is due to the truncation and discretization of the time 

series. The mean discharge for the months of August and September, as 

computed in Chapter 2, is approximately 2,300 m3/sec. Thus, the ele­

vation at the eastern end of Baker Lake is probably about 0.3 metres. 
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Insofar as tidal propagation over the whole inlet is concerned, the 

elevation at Baker L.ake may be considered to be zero, since a mean 

slope of 0.3 metres in 200 kilometres is relatively small. 

Where possible, the model was tested for a spring tide and a 

neap tide at each of the calibration stations. Because of the lack of 

overlap in the records at these stations, five such runs were required. 

The calibration results are plotted in Figures 31 through 42. The 

observed tide was plotted from 5-minute water levels. The model values 

are plotted for 1-hour intervals. 

Upstream of Barbour Bay, the tidal curves become noticeably 

distorted. The rising limb at each of the stations is steeper than the 

falling limb. This phenomenon is a nonlinear process caused by shallow 

water effects. It can be seen that the numerical model is successful 

in reproducing the shapes of the curves. Nonlinear, shallow water 

effects will be discuss~d in section 5.5. 

Overall, the agreement between model-predicted and observed 

amplitudes and phases is generally good. The predicted tide tends to 

lead the observed tide, but usually by less than one-half hour. At 

Primrose Island (Figure 39 and 40), however, the predicted tide leads 

the observed tide by approximately one hour in phase, and the amplitudes 

of the predicted tide are roughly 70 per cent of that of the observed 

tide. At Baleen Island, Figure 41 shows that the predicted and observed 

tidal amplitudes match to within 10 per cent but, again, the predicted 

tide leads the observed tide by an hour. Finally, at Norton Island, as 

shown by Figure 42, the model underestimates the observed tide by 20 

per cent, but the phase difference between the observed and predicted 

tides is negligible. 

It seems rather unlikely that the model would predict the 

phase accurately over the first 110 kilometres; then, in the next 35 

kilometres, develop an error of one hour in phase which persists over 

45 kilometres; then lose the error in the next 25 kilometres. Phase 

errors in the model tend to be systematic, i.e. one would expect some 

sort of progressive error in phase increasing up the inlet if the 

model were inaccurate. When the celerities calculated in Chapter 3 
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are considered, the suspicion that something is amiss in the time 

records of these gauges is strengthened. 

It should be noted that field workers checked the gauge~ 

recorded times infrequently (often only two or three times over the 

period of record), and, when checks were made, a conversion from Central 

Standard Time to Greenwich Mean Time was required. Later, when the 

analogue gauge record was digitized and corrected for time, all the 

times were converted from Greenwich Mean Time to Central Standard Time. 

Under these circumstances, it is not difficult to gain or lose one hour 

in time. 

A comparison of the original analogue record, taken from the 

Primrose Island gauge with the staff readings taken as a check, 

revealed that the gauge was underestimating the tidal range by roughly 

20 per cent. In addition, it was discovered that the procedures used 

to correct the gauge record, based on the staff readings, correct only 

the mean water level; they do not correct the tidal range. An examin­

ation of the analogue traces taken from the other gauges did not reveal 

any further discrepancies. The other gauges appeared to reproduce the 

tidal ranges to within 5 per cent. 

As described in section 5.1, the flow within the Bowell Islands 

network has been assumed negligible. This assumption cannot be verified 

without field measurements. From Figure 25, however, it would appear 

that the computed tide at Norton Island is sensitive to changes in the 

flow within the north and center channels of the Bowell Islands. Thus, 

it is likely that the neglect of the Bowell Islands network will incur 

errors in the model-predicted tides at Norton Island. 

In addition, the dynamics of the tidal flow at the entrance to 

Baker Lake appear to be quite complex. It is possible that thee modes 

of tidal motion exist there: 

1) partial reflection (positive) from the Christopher Islands 

located 2 kilometres offshore in Baker Lake; 

2) partial relection (negative) f!om Baker Lake itself; and 

3) partial transmission of the tidal wave through the 

Chesterfield Narrows and Baker Lake. 
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Unfortunately, only one of the above conditions could be 

selected as a boundary conditio~. Assuming full reflection from Baker 

Lake proved to give better results than assuming full reflection from 

the Christopher Islands, or no reflection at all. Nonetheless, an 

incomplete representation of the flow regime at the upstream boundary 

undoubtedly has a deleterious effect upon the results at Norton Island. 

Thus, it is the opinion of the author that the observed levels 

at Primrose and Baleen Islands are in error by one hour in time, that 

the Primrose Island gauge underestimated the tidal range by roughly 20 

per cent, and that the model underestimated the tidal range at Norton 

Island because of the complexity of the flow regime near Baker Lake. 

Because of the considerations described above, no attempt 

was made to reduce the discrepancy between the modelled and observed 

amplitude at Primrose and Norton Islands. No attempt would be made to 

reduce phase discrepancies in any event. 

The Manning's friction coefficients chosen for the various 

portions of Chesterfield Inlet are shown in Figure 20. At the mouth, 

because of the great depth (50 metres), the friction coefficient is 

0.020, which is quite low. Upstream of Severn Harbour, the coefficient 

increases to 0.030. From Centre Island to Barbour Bay, the coefficient 

becomes 0.070. This value is much higher than what would normally be 

expected from a natural open channel of this size. 

If we examine the section geometry in the vicinity of 

Ekatuvik Point, we see that the channel becomes very constricted. The 

flow streamlines contract and then expand suddenly. This venturi 

effect results in a sudden energy conversion from potential to kinetic 

and back to potential energy again. In the conversion from kinetic to 

potential energy, losses occur in the form of local turbulence; in this 

case, tide rips. These head losses may be determined by an equation 

(4.5) which is restated here for clarity: 

(4.5} 


where a is probably a time-dependent function. Thus, we see that 
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losses accruing from Venturi accelerations are quadratic in velocity. 

Interestingly enough, the friction term inlcuded in the momentum 

equation is also quadratic in velocity, Hence, the friction term 

becomes a lumped. parameter under these circumstances, since it reflects 

the turbulent losses due to the advective accelerations as well as 

losses due to the frictional effects of the sides and bottom of the 

channel. The Manning's friction coefficient, n, which is essentially 

a weighting factor, then becomes unusually large. No attempt was made 

to separate the effects due to the contraction and frictional losses. 

Extensive field testing would be required to find the appropriate 

value(s) of a defined in equation (4.5). 

Upstream of Barbour Bay, n drops to 0.050. This corresponds 

to the less frequent occurrence of tide rips in the stretch from Barbour 

Bay to Promise Point. 

In the vicinity of Primrose Island, the value of n used was 

0.080. Strong tide rips are prevalent in this region so that a factor 

of at least 0.070 is suggested, such as is the case near Ekatuvik Point. 

Because of the extreme channel roughness near Primrose and Big Islands, 

however, it was decided to use a friction factor of 0.080 for this area. 

Cubical blocks of granite,at least 2 metres thick,line portions of the 

shoreline in this stretch of channel. It was assumed that, if the 

bottom of the channel were at all similar to the sides, then frictional 

effects would be pronounced. Even with such a high friction factor, 

the model predicts tidal amplitudes 30 per cent greater than those 

recorded at Primrose Island. If we consider that the recorded ampli­

tudes are 20 per cent lower than the actual tide, as discussed 

previously, then the model would predict the actual amplitudes at 

Primrose Island to within 10 per cent. 

From Primrose Island to Baker Lake, a friction factor of 

0.030 was used. A lower friction factor in that region corresponds to 

the lack of tide rips there. 

In areas for which no calibration data were available? such 

as in Barbour Bay, Cross Bay, and the Quoich River, a friction 

coefficient of 0.030 was assumed. The effects of a 10 per cent error 
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in Manning's n, everywhere in the inlet, upon the model-predicted tides 

at Promise Point and Norton_Island are sh9wn in Figures 43 and 44. 

5.4 MODEL..-PREDICTED TIDES AND CURRENTS IN CHESTERFIELD INLET 

As shown in Figure 45, the magnitudes of the model-predicted 

tides and currents within the inlet vary considerably. These plots were 

generated from model predictions for the 14th to the 19th of September. 

The reduction in tidal amplitudes across the channel constrictions at 

Ekatuvik Point, Promise Point, Big Point and Chesterfield Narrows show 

up in the current record as peaks. The large storage embayment at 

Cross Bay causes low velocity amplitudes there. 

The time of high tide and the variation of spring and neap 

currents throughout the inlet, as computed by the model, are shown in 

Figure 46. The times of high tide were· computed by interpolating 

linearly between the hourly time steps. Only the maximum computed flood 

velocities were plotted, since the maximum computed ebb values were 

within 10 cm/sec of these values. The velocities which are plotted are 

cross-sectionally averaged. No computed current phase information was 
I 

plotted because of inadequate time resolution. At the present time, 

insufficient current velocity data are available to verify the 

model-predicted currents. 

If velocity measurements are to be taken in order to verify 

the model computations, they should be concentrated in the major 

channel constrictions. At these locations, the current velocities are 

a maximum, and the lateral variation in velocity should be minimized 

since the current direction tends to ~e parallel to the channel dir­

ection. It would still be necessary to obtain .the vertical current 

profile, however, since salinity intrusion may negate the assumption of 

a homogeneous density structure and create a highly irregular vertical 

velocity distribution. Since the vertical velocity structure would vary 

over an M tidal cycle, profiles should be measured over a period of at2 

least 13 hours. If current phase information is desired, in-situ 

current measurements would have to be taken over a period of at least 

15 days. 
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From the plots of the tidal ranges, we see that there is a 

pronounced difference in the ranges of spring and neap tides from 

Sandpiper Island (km O) to Barbour Bay (km 80). In this portion of the 

inlet, the predicted neap ranges are less than half of those for the 

spring ranges. The magnitude of the spring tide drops sharply across 

Ekatuvik Point (km 75). This change is reflected in the predicted 

velocity plot where the average speeds of the maximum flood currents 

become 1.8 and 1.2 m/sec at spring and neap tides respectively. In the 

last 20 kilometres before Baker Lake (km 222), the model-predicted tidal 

range drops from 3.1 and 2.9 metres to zero during spring and neap tides. 

The predicted average currents, on the other hand, increase from 0.3 

m/sec to 4.0 m/sec in the stretch of channel from Cross Bay (km 180) to 

Baker Lake during spring tide. The sharp drop in the predicted velocity 

at km 208 corresponds to a channel expansion near Ice Hunter Rock. The 

times of high water were computed from the model-predicted spring tide 

of September 18th and 19th, 1974. The variation in the times of high 

water throughout the inlet tend to reflect the changes in tidal range 

and current described above. The upstream boundary condition has a pro­

nounced effect upon the phase of the predicted tide. The sudden 

decrease in the time of high water is probably due to the negative 

reflection created by fixing the Baker Lake water level. 

From these plots, then, Chesterfield Inlet may be divided 

into four distinct reaches, each with different tidal regimes: 

1) Sandpiper Island to Ranger Seal Bay (km 0 to km 70); 

2) Ranger Seal Bay to Barbour Bay (km 70 to km 80); 

3) Barbour Bay to the Boweli Islands (km 80 to km 186); and 

4) the Bowell Islands (km 186 to km 222). 

From Sandpiper Island to Ranger Seal Bay, the channel is 

relatively deep (approximately 50 metres) and the tidal amplitudes, 

though quite large, are strongly modulated through spring and neap 

tides. The maximum tidal amplitudes in the inlet occur near Deer 

Island (km 50). 

At Ekatuvik Point, which lies between Ranger Seal Bay and 

Barbour Bay, there is a reduction in the channel width from 7,700 
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metres to 3,800 metres. The high currents moving through this section 

reduce the spring tidal range from 5.0 metres to 3.2 metres through 

local turbulence (tide rips). Since the depth is approximately 35 

metres in the stretch from Barbour Bay to the Bowell Islands, the 

spring tidal range remains relatively constant at approximately 3.0 

metres, while the neap range remains at approximately 1.7 metres. A 

minimum of 2.5 metres at spring tide in this reach occurs near Primrose 

Island (km 147). Peaks in the velocity plot occur at constrictions 

such as Promise Point (km 113) and Big Point (km 168). 

The flow regime in the Bowell Islands appears to be extremely 

complex. Much more field data needs to be collected in this region 

before one could be assured of reliable model results. As we see from 

Figure 46, remarkable changes occur in the tide and current over very 

short distances. The model results indicate that the constricted 

passage in the Bowell Islands, particularly the shallow sill at 

Chesterfield Narrows, and reflection due to Baker Lake cause a sharp 

decrease in tidal amplitudes and increase the current speeds sharply. 

To study the effect of the sill depth at Chesterfield Narrows 

on the water levels and currents there, a model run was made in which 

the channel depth from Baker Lake to Norton Island was increased to 

16.0 metres. As shown in Figure 47, the model results indicate that 

this increase in the channel depth decreases the maximum currents by 

50 per cent and the tidal range by 75 per cent during spring tide. 

In order to determine the relative magnitudes of the tidal 

transport and the transport due to the mean discharg~ in Chesterfield 

Inlet, the tidal prism, or total volume of water moved by tidal 

forcing in one M2 cycle, was computed at three locations: Big Point, 

Promise Point, and Severn Harbour. At Big Point, the tidal prism was 
3computed to be approximately 7.71 x 108m from September 14th to 

September 15th, 1974. The volume of water moved by the mean discharge 

during the same period was approximately 1.02 x 108m3 • Hence, from 

the model results, the mean discharge moved approximately 13 per cent 

as much water as the tide at Big Point for the period considered. At 

Promise Point and Severn Harbour, this figure is 6 per cent and 3 per 
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cent, respectively. Thus, downstream of Big Point, the transport due 

to the mean discharge is small compared to that due to the tidal dis­

charge. The relative importance of the mean discharge decreases with 

increasing distance from Baker Lake down the inlet. 

5.5 CHESTERFIELD INLET AS A NON~LINEAR SYSTEM 

As the tide progresses up the channel, its propagation is 

influenced by changing channel depth and cross-sectional width. 

Distortion of the tidal wave takes place in shallow waters because the 

trough is retarded more than the crest. 

This phenomenon may be described by the shallow water constit­

uents which are generated by effects described by the non-linear terms 

in the equations of motion. The momentum equation as stated in 

Chapter 4 is: 

~ + u aq + Q au + gA az + gkQI qi 0 (4. 2)
dt dX ax dX Ah* 

since: 	 Q Au bh*u b(h+z)u 

ab -= 0dt 

ah -= 0
dt 

ah* dZ 

at dt 


then equation (4.2), after some manipulation and use of the chain rule, 

becomes: 

2 2 . 	 I I au + ~ az + 2u au + ·~ Clb + ·~ ah* + ~ + gku u = 0 (5.1)dt h* at ax b ax h* ax g ax h* 

• b 	 U dZ • •The nonl inear• terms in t he a ave • at wh'ich is derivedequation are h* 

from the ~ term, representing the change in local discharge; 2u ~~ , 
2 2 u db u ah* . 	 ~ 
~ ax ' and ~ ax which are derived from the advective terms u ax and 

Q au ; and gkulul which is derived from the friction term gkQIQI 
ax h* 	 Ah* 
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If we consider the effect of one of the astronomical constit­

uents, the contribution from this const~tuent to a one~dimensional 

current or the water level will be of the form: 

(5.2) 

where: z;i 	 the contribution to the water level or rectilinear 

current from the ith constituent; 

the amplitude of the ith constituent; 

= the frequency of the ith constituent; and 

the phase of the ith constituent. 

u az
The term h* at, when applied to equation (5.2), will result 

in a term of the form: 

K cos (crit + ~i) sin (crit + ~i) (5.3) 

K cos (crit + ~i) cos (crit + ~i - n/4) 

when both u and z are functions of a single constituent, i, and K is a 

proportionality constant. 

Equation (5.3), through a trigonometric identity may be 

reduced to: 

(5.4) 


where: 	 cl is a constant •• 
2 2 

au u ab 	 u oh* when
In addition, the terms 2u ax , b ox , and h ax ' 

applied to equation (5.2), will all result in terms of the form: 

(5.5) 

where: K is a general constant of proportionality in Equation (5.5). 

Through the same trigonometric identity used previously, 

equation 	(5.5) is reduced to: 

z;ii = 2K 
(1 + cos (2cr1t + 2~i)) (5. 6) 

Thus, through the nonlinear term derived from the local 

change in discharge and the advection terms, higher order harmonics are 
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generated. If the original constituent was the S2 with a frequency of 

two cycles per day, then the process described above will result in the 

creation of the S4 constituent with a frequency of four cycles per day. 

If the effect of a second constituent, j, is considered, such 

that: 

(5.7) 

then the advection and local discharge acceleration terms described 

above will result in terms of the form: 

(5.8) 

where: 	 Yi and Yj are new phase lags, and K is, again, a general 

constant of proportionality. Using another trigonometric 

identity, equation (5.8) becomes: 

(5.9) 

Hence, two new constituents are created with frequencies equal to the 

sum and difference of the two original constituents. If the two orig­

inal constituents are M and S2 , then the new harmonics generated will2 

be MSf and MS 4 , where MSf is a constituent with a fortnightly period 

created from the difference of the frequencies and MS 4 is a quarter 

diurnal constituent created from the sum of the frequencies. 

The friction term will generate several constituents as well. 

Using Dronkers [13] technique, we may expand u!ul in Tschebyscheff 

polynomials: 

(Ai + A.)2 
ulul ~ J (l.07y + 2.13y3 ) (5.10) 

~ 

where: 	 ith and jth constituents are considered and 

A. cos (crit ~ ~.) + Aj cos (cr.t ~ ~.)
1 	 1 J Jy 	 (5.11) 

~+~ 

Thus the new constituents M6 , S6 , 2MS 6 , 2SM6 , 2MS 2 , and 2SM2 will be 
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created from 'M2 and S2 • Ms and Ss are sixth diurnal constituents, 

2MS 6 has twice the frequency of the M2 plus the frequency of the S2 and 

2MS2 has twice the frequency of the M2 minus the frequency of the S2 • 

The constituents generated through equations (5.4), (5.6), 

(5.9), and (5.11) are not of direct astronomical origin. These shallow 

water constituents are classified as being either overtides or compound 

tides (Dronkers [13]). An overtide has a frequency which is an exact 

multiple of one of the astronomical constituents; the frequency of a 

compound tide equals the sum or the difference of the frequencies of two 

or more astronomical constituents. The most important overtides are 

those originating from the principal lunar constituent. Thus the major 

overtides are the M4 , Ms, and M from the M2 • The compound tides8 

originate from combinations of the principal astronomical constituents 

M2 , S2 , N2 , K1 , and 0 1 • The compound tides are too numerous to be 

listed here, but the major ones, such as the MS 4 , 2MSs, 2SMs, MN4 , and 

2MNs, are derived from the M and S2 or M and N2 constituents.2 2 

To determine whether the numerical model generated the higher 

order harmonics in the proper manner, two test cases were run. In the 

first case, a pure sinusoid with a period of 12 hours and an amplitude 

of 2.5 metres was used as a forcing function at Sandpiper Island. In 

the second case, the forcing function was the sum of two sine curves; 

the first had period of 12.42 hours and an amplitude of 2.5 metres, and 

the second had a period of 12 hours and an amplitude of 0.5 metres. 

The periods 12.42 hours and 12 hours are the periods of the M and S22 

constituents. The results of these two runs are shown in Figures 48, 

49, and 50. 

Figure 48 is a plot of the input spectra at Sandpiper Island 

for the two cases, while Figures 49 and 50 are plots of the spectra 

generated from the model results at Promise Point and Norton Island 

respectively. A time step of one hour was used for both cases. For 

the case using the 12-hour sine curve, the model was run for 348 hours 

(14.5 days). The first 12 hours were not used in computing the power 

spectrum, so that the spectral analysis was performed on 336 points. In 

the second case, the model was run for 144 hours (6 days), and the power 
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spectrum was computed from 132 points. Twelve frequency bands were 

used for both cases. 

From Figure 48, we see that the leakage around the semi­

diurnal band is greater for the double sinusoid case than for the 

single sinusoid. This is to be expected since each sinusoid will have 

leakage about it, and the two sinusoids are separated by 0.42 hours. 

In addition, a longer time record is available for the single sinusoid 

case, so that its truncation error is less. If we had an infinitely 

long record with continuous sampling, we could obtain line spectra as 

the representation of our boundary conditions. In practice, of course, 

such is not the case. Because of the foregoing considerations, we can 

expect that the leakage will not be any less at stations located 

further up the channel. 

The output spectra at Promise Point and Norton Island, shown 

in Figures 49 and 50, indicate that the model is generating the proper 

frequencies in its predictions. When the single sinusoid is used as the 

boundary condition, the equivalent of overtides is generated, i.e. 

multiples of the forcing frequency 0.0833 cycles/hr are generated. 

Since the forcing frequency is in the semi-diurnal band, spectral peaks 

occur in the 4th, 6th, 8th, 10th, and 12th diurnal bands. Since 12 

hours is the period of the S2 tide, the new harmonics generated are 

analogous to the S4 , S6 , Sa, S10 , and S12 tides. 

The double sinusoid can be used to generate the analogue of 

compound tides as well as overtides. Since 12.42 hours and 12 hours 

are the periods of the M and S2 tides, respectively, we can expect2 

overtides of the form M4 , M6 , M8 , S4 , S6 , and Sa and compound tides 

such as 2MS2 , 2SM2 , MS 4 , 2MS 6 , 2SM6 , 3MS8 , 3SMa, etc. The spectra, 

generated by the double sinusoid at Promise Point and Norton Island, 

are similar to those generated by the single sinusoid. We notice, 

however, that the spectral energy generated by the double sinusoid in 

the 10th diurnal band is approximately 3.5 that generated by the single 

sinusoid in that frequency band. Thus, we may infer that the model­

generated 10th diurnal harmonics existing as compound tides such as the 

4MS10 , 4SM10 , 3SM10 , 3MS10 , etc., are likely to poss~ss more combined 
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energy than the M and overtides! The differences between the two10 $10 

spectra in the lower frequency bands may be accounted. for by the 

difference in the lengths of records, leakage effects, and generating 

of the fortnightly MSf by the double sinusoid. 

Now the more complex case of the interaction of several 

sinusoids, the tidal constituents, may be considered. Figure 51 shows 

the spectra over 12 bands for the observed tide and the tide predicted 

from constituents at Sandpiper Island. The spectrum of the observed 

tide was computed from 720 hourly levels recorded between July 17 and 

August 15, 1974, while the spectrum for the predicted tide was calcu­

lated from the 132 hours of data between 1300 CST September 14 and 2400 

CST September 19, 1974. Since the latter data set was used as the 

downstream boundary condition for a model run, the spectrum of this 

data may be considered to be the input spectrum. The differences 

between the two spectra may be attributed to the difference in record 

lengths and the fact that the lower frequency constituents, such as the 

MSf and Mm' were not used in generating the tidal predictions. 

Comparisons between the model-predicted and observed spectra 

at Promise Point and Norton Island are shown in Figures 52 and 53. The 

model-predicted spectra are based on 132 hourly values between 

September 14 and 19, 1974. The observed spectrum at Promise Point was 

computed from 696 hourly levels between August 26 and September 23, 

and the observed spectrum at Norton Island was calculated from 96 hourly 

values between September 18 and 21. 

The agreement between the observed and model-predicted spectra 

is reasonably good at both locations, but there are some significant 

differences. At Promise Point, the model underestimates the spectral 

energy in the 6th diurnal band but overestimates the energy in the 10th 

diurnal band, while at Norton Island the model underestimates the energy 

in the 8th and 12th diurnal bands and overestimates the energy in the 

6th and 10th diurnal bands. As discussed previously, the energy in the 

10th diurnal band of the model-predicted spectra probably takes the form 

of compound tides. Since these 10th diurnal, model-generated, tidal 

harmonics are rarely observed in nature, we may assume they are attri­
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FIGURE 51: Power Spectra of Observed Water Levels and Tidal Predictions 
from Constituents at Sandpiper Island 
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FIGURE 52: 	 Power Spectra of Observed and Computed 
Water Levels at Promise Point 
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butable to distortions resulting from the numerical tec~niques used in 

the model. 

From equations (5.6), (5.7), and (5.8), we would expect that 

the local discharge acceleration and advection terms are mainly 

responsible for the generation of quarter-diurnal constituents, and the 

friction term is more important in the creation of sixth-diurnal 

constituents. Over 90 per cent of the total spectral energy is located 

in the semi-diurnal band, so that the most important interactions will 

be between semi-diurnal constituents. The location discharge acceler­

ation and advection terms generate quarter-diurnal constituents 

directly, and the friction term generates sixth-diurnal constituents 

directly when the interacting constituents are semi-diurnal. Although 

a "second generation" sixth and quarter-diurnal harmonics may be 

created through the local discharge acceleration and advection terms, 

respectively, it is assumed the second generation of harmonics will 

possess considerably less energy than the harmonics created directly. 

Thus, in Chesterfield Inlet, if the energy in sixth-diurnal 

band of the model-predicted spectra is significantly higher than that 

in the observed spectra, it may be an indication that too much weight 

is being applied to the friction term (i.e. Manning's n) or that the 

actual energy dissipation mechanism present in the inlet is not 

adequately described by th~ friction law used in the model. 



CHAPTER 6 CONCLUSIONS 

Tidal forcing dominates the flow regime in Chesterfield Inlet. 

Only in the upper reaches of the channel does the steady current, due to 

freshwater discharge, have any significant effect on the tidal propa­

gation. The tide moving up Chesterfield Inlet reaches its maximum 

amplitude near Deer Island. The maximum currents occur in the Chester­

field Narrows and are in excess of 4.0 m/sec. Considerable energy 

losses are incurred at Ekatuvik Point resulting in a pronounced 

reduction in the tidal amplitude. Upstream of Barbour Bay, shallow 

water constituents cause noticeable distortion of the tidal curve. 

Chesterfield Inlet is well suited for the application of a 

one-dimensional nonlinear numerical model. Despite the serious lack of 

data, an implicit solution to the de Saint Venant equations provided 

results which are in reasonable agreement with the amplitude and phase 

of observed water levels over the lower 110 kilometres of the inlet. 

Good agreement in amplitude was achieved at all but two stations in the 

220 kilometre-long inlet. At one of these, Norton Island, the results 

were influenced by an ill-defined upstream boundary and the neglect of 

flow through the Bowell Islands network, while at the other, Primrose 

Island, it was discovered that the water level recorder underestimated 

the actual tide range. The model-predicted phases are more susceptible 

to error; the model-predicted tide tends to lead the observed tide. 

Nonetheless, at only two stations, Primrose Island and Baleen Island, 

does the discrepancy in phase consistently exceed one-half hour. 

Moreover, calculations of the M2 phase at these two stations revealed 

anomalies. Further field work would be required to determine whether 

the phase discrepancies are attributable to timing errors in the 

records or to some natural phenomena. 

An examination of the power spectra of the model-predicted 

tides at Promise Point and Norton Island indicate that the nonlinear 

interactions described by the model equations generate higher order 

harmonics of the same order of magnitude as t;Jiose observed in the inlet, 

The spectral energy in the tenth diurnal band, computed from the model 
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results, is higher than that computed from the observed data. This 

discrepancy is probably due to distorting effects of th~ finite­

dif f erence representation of the model equations. 

6.1 RECOMMENDATIONS 

The major difficulties encountered in conducting this study 

were caused by insufficient data in three areas: vertical control, 

bathymetry, and tides and currents. Before an adequate one-dimensional 

representation of the inlet can be achieved, these data requirements 

must be satisfied. 

The most important requirement is for the establishment of 

vertical control from the western end of Baker Lake to the mouth of 

Chesterfield Inlet. The elevations of the channel inverts and chart 

datums, previously established by the Canadian Hydrographic Service 

and the Water Survey of Canada, should be tied into the Geodetic Survey 

of Canada network. Model results indicate that the tidal ranges and 

currents in the upper end of the inlet are more sensitive to changes 

in the mean water surface elevation at Baker Lake than are tidal ranges 

and currents at any other location in the inlet. Thus, the highest 

priority should be given to referencing water levels in Baker Lake and 

the Bowell Islands to mean sea level. 

In only one area of the inlet, the Bowell Islands, did 

inadequate bathymetry hamper the modelling study. Before the impact of 

the flow through the Bowell Islands network upon the tides at Baleen 

and Norton Islands can be assessed, the bathymetry in the north and 

center channels must be measured. 

Water level measurements should be taken at certain key 

locations within the inlet. These locations are the upper and lower 

boundaries of the inlet and areas at which the tidal properties change 

significantly. Thus, tide gauges should be located at Sandpiper Island 

and the eastern end of Baker Lake to define the system boundaries. 

Additional gauges should be placed at Ekatuvik Point, Promise Point, 

Primrose Island, Big Point, the eastern end of the Bowell Islands, and 

within the Bowell Islands network. 
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The tide gauges at Sandpiper Island and eastern Baker Lake 

should be left in place for the duration of the survey if possible, for 

these gauges would supply the information to be used in the boundary 

conditions of future modelling studies. All of the gauges should be 

left in place for at least two weeks, since at least 15 days are 

necessary to resolve the major constituents in the tidal record. A 

longer tidal record will provide better resolution of the constituents, 

however, thus allowing more accurate predictions to be made. 

If information on the tidal current regime in the inlet is 

desired, current speed and direction measurements should be taken at 

Ekatuvik Point, Promise Point, Big Point and as close as possible to 

Chesterfield Narrows. (Current velocities are generally too high within 

the Narrows to be measured with current meters.) The flow in the inlet 

at these locations should be following the channel boundaries, so that 

lateral variations in the current should be smaller than elsewhere 

within the inlet. Nonetheless, the currents will undoubtedly vary in 

the vertical and over the tidal cycle. Thus, it would be necessary 

to measure vertical current profiles over a 13-hour period. These 

measurements, besides helping to define the current regime in key areas, 

would help verify the model-computed velocities. For the amplitudes 

and phases of tidal current constituents to be computed, continuous 

sampling for at least 15 days with in-situ current meters would be 

required. 
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APPENDIX 

PROGRAM LISTING OF THE NUMERICAL MODEL 
WITH SAMPLE INPUT AND OUTPUT 

Included in this appendix are the program listing of the 

numerical model used in this study and input and output data from a 

typical model run. 

The routines, which were written or modified by the author, 

are subroutines DISK, DSKOUT, RUN, COEF, NONZERO, TRIANG, and BACKSUB. 

The sample input and output were obtained from a calibration 

run made using the water levels of September 4-5, 1974. 



c ••• c ......... 

c ••• c 
c .... 
c .,,....... 

c .... 
c 
c .... 
c ..... 
c ••• c •••c ••• c ••• c ••• c 

c 

PROGRAM MOOEL 


PROGRAM FOR THE ONE DIM~NSIONAL MODELLING OF A.RIVER NETWOPK 

SOLVING THE COMPL~TE NON-LINEAR ,SHALLOW WATER EOUATIONS 
USING A WEIGHTED IMPLICIT FINITE-DIFFERENCE SCHEHE. . 

DATE: MAY.,1976


COMPUTER CDC 3170 MASTER o.s• 
8Yt Le Re MUIR ANO W.P.BUOG~Ll 

P.O. BOX 5050 
BURLINGTON., ONTARIO 
CANADA 


MOOEL READS CAROS ANO DETERMINES WHAT TYPE THEY ARE 

INTEGER SIZ£ 1 ANO • OPTION IS USEO 

COM~ON /10/ N.,MAXSA1ISIGOG ,IPR.,FRIC,AREA,vc,ovox,eT,WHT,
+OELT, ISW,IRUNS,G,1DELT,WHT2,W~T2M.,G13

COMMON /30/ A<25,110),8(11Ul,IU~<110J,IUC<25,110),IU~HAX
COMMON /80/ IDS~TP,LSTSEC,JBEGIM,ISUN.,ISTOPT,IEUN,IOISK,ID!ST<C55) 

+,IBUF(055>.,IV<055l.,IZ<055l.,ITIM~ 1 ISTS~C,NSEC . 
INTEGER TYP~iCAR0<19>,BRAN9 CO~,OAT,MAN,RU,PRI
INTEGER VA~8G 
DATA BRAN/4HBRAN/,COM/4HC /,OAT/4HDATA/,HAN/4HMAIN/,

• RU/4HRUN /,PRI/4HPRIN/,IWHT/4HWEIG/,VARBC/4HVABC/,IOSK/4HOISK/,
• IBLN/4H I 

···········~·························································cc
C ~•• DEFAULT VALUES FOR WEIGHT CARD 

c 
02 

c ••• c ..... 
c 

c 
07 

08 

09 

10 

11 

WHT=0.75 
~AXSA=15 
ISIGOG=3 
G=3?..172 
IOI 'SK=O 
PRI~T100 

REA0200,TYPE,CARO
IF<IFEOF<SO>.E0.-1lGO TO 15 
ICAPO=ICA~0+1 
PRI~T30C,ICARO,TYPE,CARO 

TYPE O~TERHINAT!ON SECTION 

IF<TYPE.EQ.DATlGO TO 07 
IF<TYP~.EQ.COMlGO TO 02 
IF<TYPE.EQ.BRANlGO TO 08 
IF<TYPE.EQ.MAN>GO TO 09 
!f(TYPE.EO.PRilGO TO 16 
IF<TYPE.EQ.RU>GO TO 10 
IF<TYPE.EQ.VARBC)GO TO 11 
IF<TYPE.EQ.IWHT>GO
IF<TYPE.EQ.IOSK) GO 
IF<TYPE.EO.IBLNl GO 
PRifH400 
GO TO 

CALL 

GO TO 
CALl 
GO TO
CALL 
GO TO 
ISW=O
CALL
GO TO 
CALL 

15 
OATA<CARO> 

!)2
BRANCH(CARO)

02
HAINBlCARO)

02 

RUN<CARDl
02 

VA~C<CARO> 

TO 17 
TO 16 
TO 15 

http:WHT=0.75


GO TO 02 
15 PRitff500

PRit\TGO!',IURMAX
STOP 

16 CALL PRINT<CAROl 
GO TO 02

17 CALL WEIGHT<CARO> 
GO TO ~2 

18 CALL OISK<CARO> 
GO TO 02 

100 FOR~AT<1H1,1,1ox,•sTART RUN•,/)
200 FORMAT<20A4> 
300 FOR~AT<5X,I3,2X,20A4)
k00 FQRMATC09X,• ERROR INCORRECT STATEHENT TYPE.•/)
500 FOR~ATC/// 9 10X,•ENO RUN•> . 
600 FOR~AT<•-THE MAXIMU~ NU~BER OF MON-ZERO COEFFICIENTS IN A~Y EQUATI

$ON IS •,I3l
END 



SUBROUTIN~ VABC <CARO)
c ••• THIS SUBROUTINE RUNS THE HODEL WITH VARIABLE BOUNDARY CONDITIONS • 
c ••• THE VABC CARO MUST BE P~ECEEOEO BY A RUN CARO.TO ENSURE THAT ALL 
c .... ARRAYS AR~ PROPERLY INITIALIZED ANO THAT THE MODEL HAS CONVERGED 
c ••• TO AN ACCEPTABLE STEADY STATE CONDITION. . 
c ••• THIS SUBROUTINE WILL NOT ALLOW THE BOUNDARY CONDITIONS OR THE 
c ••• EQU~TION TYPE TO Bf CHANGEO FROM THOSE INITIALLY SET UP BY SUB­
c ••• ROUTINES OATA,MAIN8,ANO BRANCH • 
c ••• POSSIBLE 90UNDARY CONDITIONS ARE 
c ••• VELOCITY -SPECIFIED O~ r.ALCULATED 
c ••• OISCH~RGE-SPECIFIEO OR CALCULATED.......
c HEIGHT ABOVE DATUM- SPECIFI~O OR CALCULATED • 
c ••• THE USER HUST SUPPLY INPUT SUBROUTINES TO STORE-THE 90UNOARY 
c ••• CONDITIONS IN THE PROPER ARRAYS~ SEE SUBROUTINES CALBC ANO READBC 
c ..... COOES FOR BOUNDARY CONDITIONS ARE 
c ••• 1 HEIGHT IS SPECIFIED BY A FU~CTION 
c ••• 2 VELOCITY IS SPECIFIED AS A FUNCTION 
c ..... 3 DISCHARGE IS SPECIFIED AS A FUNCTION.......
c 4 HEIGHT IS READ IN AS DATA 
c ..... 5 VELOCITY IS R~AO IN AS DATA.....c 6 DISCHARGE IS READ IN AS DATA 
c 

COMMON /10/ N,MAXSA,!SIGOG ~IPR,FRIC,AREA,VO,OVOX,BT,WHT,
+OELT', ISW,!RUNS,G,IOELT,WHr2,WHT2H,G13

COMMON /20/ OK<055),Wf05?l,WS<055),H(055),IEQU(110l,LINK<110),
+ Q(055) ,Z<055l,ZP<055) ,ZH<055>,0P<055>,0M<055),XLAST<110), 
+ SILL<055),V(055l,OELTXf055),QLAT<OSS>,IOSEC<055)

COMMON /60/ ZB<055l,VB<055l,QB<055)
COMMON /70/ XBCC30U,5) 
OIMENSIO~ ISECT<S>, ICOOE(5)
INTEGER H~IG,CAR0<19J
OATA HE!G/4HHEIG/
DATA ISR/4HVABC/

c 
c ··~···························~··········••¥~····················~··~c 
c DECODE TIME STEP ANO STOPPING TIME 

OECOOE (76,40,CAROl IOELT,INCO,ISTOP,INCS
IF<INCD.EQ.3HHRS>IDELT = IUELT•3600 
!FCINCO.EQ.3H~IN>IDELT = !0€LT•60 
IFCINCS.E0.3HHRSlISTOP = ISTOP•3600 
IF<INCS.EQ.3HM!Nl!STOP = ISTOP•60.....c TIME STEP ANO STOP TIME ARE NOW IN SECONOSe 

c .....c DECODE BOUNDARY CONOilION SECTION NUMBERS ANO CODE 
c 

DECODE (76,50,CARD> <ISECT<I>,ICOOE<I>,I=!,5> 
c ••• IF BC AT SECTION I IS TO qE CALCULATED USE CALC9C. IF BC DATA IS.......
c TO BE READ FROM CARDS USE REAOBC • 

NRU~S = ISTOP/IOELT
IF fNRUNS+ 1 .LE.100) GO TO 16 
PRitiT 60 

c ......c DETERMINE All BOUNDA~Y CONDITIONS AT ONCE 
10 00 20 I=1t5

IF fISECT<Il.E0.0) GO TO 20 
CALL CHECKtISECT<I> ,.ISR)

IF t!CODE<tl.LE.3) CALL CALCBC <lSECT<Il,ICOOE<I>,N~UNS,I>

IF <ICOOE<I>.GE.4> CALL REA09C <ISECT<I>,ICOOE<I>,NRUNS,Il

2t: CONTINUE 
C •¥• ISW=1 DISABLES FIRST PART OF SR RUN. 

!SW = 1 c
C •~• CALL SUBROUTINE •RUN• ONCE FOR EACH TIME STEP 

30 00 35 !=1,5
IFfISECT<I>.EQ.O> GO TO 35 
!ST= ISE:CT (I)
IF<ICOOE<I>.EQ.1> GO TO 33 



IFC!COOECI>.NE.4) GO TO 31 
33 Z<IST> = XBCCIRUNS1I> 

ZB<IST>=XBCCI~UNS,1>
GO TO 35 

31 IF<ICOOEf!).EQ.2) GO TO 34 
IF<ICOOE<I>.N~.5) GO TO 32 

34 V<IST> = XBC<IRUNS,I>
VB<IST>=X9C<IRUNS,Il
GO TO 35 

32 CS1=C.O 
IF<Z<Il.LT.-SILL<I>> CS1=1.~ 
V(!ST>=XBC(!RUNS,Il/((H(ISTl+Z<IST>l~WCISTl+CSi•<Z<I>+ 

+ SILLCI>•~S(!))l
QBCIST>=XBC<IRUNS,I>

35 CONTINUE
CALL RUNICARO> 
IF <IRUNS.GT.NRU~S) ~ETURN 
GO TO 30 c 

40 FOR~AT c1ox,r3,1x,A3,10X,I5,1X,A3) 
so FORMAT (43X,S<I2,1x,12,1x>t

60 FORHAT<iOX,•MORE THAN 100 TIME STEPS CALLEO FOR•>
END 



SUBROUTINE WEIGHT<CA~~> 
C ••• THIS SUB~OUTINE ~EADS THE WEIGHT CARO 
C ••• HHT= WEIGHTING FACTOR IN FINITE DIFFERENCE SCHEME 
C ••• G = GRAVITATIONAL CONSTANT 
C ••• HAXSA= MAXIMU~ NO. OF ITERATIONS BY NONLIN 
C ••• NUMSIG= NUMBER OF SIGNIFICANT FIGURES CALCULATEO BY NONLIN 
C ••• DEFAULT V~LUES IF NO WEIGHT CARO IS PRESENT OR IF VALUES ON 
C ••• WEIGHT CARD ARE BLANK A~E 
C ••• WHT=0.55 
C ••• G = 32.2
C ~•• MAXSA= 7 
C ••• NUHS!G=S 
C ••• THESE OEF~ULT VALUES ARE StT IN THE M~IN PROGRAM c 

INTEGER CAR0(19l
COMMON /10/ N,MAXSA,ISIGOG ,IPR,FRIC,AREA,vo,ovox,aT,WHT,

+DELT, ISW,IRUNS,G,IO~LT,WHT2,WHT2H,G13 
c 

OECOOEC76,100,CARO) RA,RB,!C,IO
100 FORMAT<4X,F3.2,1ox,F4.2,7x,r3,1ox,12>

IF<IO.GT.O>ISIGDG=ID 
IF<IC.GT.0) ~AXSA=IC 
IF<RB.GT.o.n> G=RB 
IF<~A.GT.n.o> WHT =RA 
WHT2=0.s•wHT 
WHT2H=O.s•c1.-WHT> 
G13=G••0.33333333 
IF<RA.GT.0.5> GO TO 01 
PRINT 200 

200 FOR,AT<tHO,•WARNING CHECK THAT COURANT STABILITY CRITERION IS 
• SATISF!~D AS SOLUTION HAY BE UMSTABLE•)

01 RETURN 
ENO 

http:WHT=0.55


SUBROUTINE CALCBC CISECT,ICODE,NRUNS1 IJ 
c ••• THIS SUBROUTINE MUST BE USER SUPPLIEu. 
c ••• IT IS SUPPOSED TO CALCULATE THE APPROPRIATE 
c ..... BOUNDARY CONOITIO~S FOR THE MODEL AND PLACE 
c ....... 
 THEM IN THE APPROPPIATE ARRAYS. 
c ,, .. THE I-TH 90UNDARY CONDITION IS TO BE CALCULATED FROM THE TIME STEP 
c ..... IRU~S+i TO TIME STEP NRUNS A~O PLACED IN THE ARRAY XBC( ,!)......c ~UNCTION VALUES IN THIS SUBROUTINE HUST BE CHANGED BY THE ,,,_,,. ...c usEq TO SUIT HIS CASE ••••••• 
c ••• !SECT = T~E SECTION NUMBER AT WHICH THE I-TH BOUNDARY CONDITION.......
c OCCURS 
c .... ICOOE ::: T~E TYPR OF BOUMDARY CONDITIO~ 
c ....... 1 ::: VELOCITY 

c ,,. .. 2 = HEIGHT.....c 3 = DISCHARGE 
c ••• NRUNS = LTOTAL NUMBER OF NUNS TO BE CO~PLETEO 
c lit•• I = 80UNOARY CONDITION NUH9ER •• IE •• THE FIRST,SECONO ••• FIFTH 
c ..... BOUNDARY CONDITION ON THE VABC CARO 

COMMON 1701 XBCC300,5)
GO TO <10,20,30,40,soJ, I 

30 CONTINUE 
DO 1.5 JJ:::2,N~UNS

15 XBC(JJ,3J=O.O
RETURN 

40 00 25 JJ=2,NRUNS
25 XBC ( JJ, l+) ::: 0 • 0 

RETURN 
10 READ<G0,100> WLEV 

100 FORMAT(~4.2>
DO 11 JJ=2,NJ:'UNS

11 XBC(JJ,1l=WLEV 
~ETURN . 

20 00 21 JJ=21NRUNS 
21 XBC(JJ,2>=~.5~S!NC2.•3.141593•(JJ-1>112.>
50 RETURN 

ENO 



SUBROUTINE REAOBC<ISECT,ICOOE,N~UNS,I>c ••• THIS SU8ROUTINE MUST BE USER SUPPLIED 
IT IS SUPPOSED TO READ IN THE APPROPRIATE BOUNDARY~··cc ••• CONOITIONS ANO PLACE THEM IN THE PROPER ARRAY.
COMMON 17~1 XBC<3D0,5> . 
REAOCG0,100) CXBC(J,I),J=29NRUNS>

100 FORMAT<20X,12F4.2>
DO ~99 KK=2,NRUNS

999 XBC<KK,I>=0.9~XBC<KK,I>
RETURN 
ENO 



SUBROUTINE OATA<CAP.0)
c •••c ••• THIS SUBROUTINE REAOS IN All DATA PERTAINING TO 
c SECTION I ANO SETS UP INITIAL EQUATION TYPES. 
c ~·· I= SECTION NUMBER c ~·· V<I>=INITIAL GUESS AT VELOCITY~·· Z<I>=INITIAL GUESS AT STAGE ABOVE OATUH. +VE IF ABOVE DATUMc •••c ••• -VE IF BELOW OATUH c ••• W<I>= TOP WIDTH O~ MAIN CHANNEL SECTION c ••• H<I>= DEPTH OF SECTION BOTTOM B~LOW DATUM 
c ••• +VE IF BOTTOM IS BELOW OATUM 
c ••• -VE IF BOTTOM IS ABOVE OATUH 
c ••• OELX(l)= nrsTANCE BETWEEN SECTION I ANO SECTION I+1 
c ••• QLAl<Il=LATERAL INFLOW PER UNIT LENGTH BETWEEN 
c ••• SECTION I ANO SECTION I+! • 
c ••• DK(l)=FRICT!ON FACTOR BETWEEN SECTION I ANO SECTION I+1. 
c ••• IF OK<IleLTe1 ,MANNINGS FRICTION IS ASSUMED • 
c IF OK<Il.GT.1, CHEZY FRICTION IS ASSU~HEO. 
c ~·· ~·· INTEGER CAROC19l 

COMMON 1201 OKC055l,W<055l,WSC055l,H(0SS>,IfQU<110>tLINK<110),
+ QC055> 1 Z<G55),ZP<CS5l ,ZMCC55),QP(055>,0MCC55>2XLAS <·110),
+ SILL<075l,V<055),0ELTX(055l,QLAT<055>,IOSEC<0~5)

DATA ISR/4HOATA/c ••• 
C ••• DECODE SECTION NUMBER

nECOOE (4,100,CARO> I 
100 FORMAT<1x,12,1x>

CALL CHECKCI,ISR> 
c~••• DECODE SECTION PROPERTIES

OECOOEC76,20C,CAROl V<I>,Z<I>,WfIJ,H(I),OELTX<I>,QLAT<Il,OK<I>,
+ WS(I),SILL<I>,IOSEC<I>

200 FORMAT<4X,F4.2,1x,Fs.2,1x,Fs.o,1x,Fs.2,1x,F7.1,1X,F5.3,1X,F4.0, 
+ 1x~Fs.r:,1x,F4.2,2xtI2>

C •~• SET UP INITIAL EQUA ION TYPES IN IEQU ARRAY ANO REACH NUMBERS 
C ••• IN LINK ARRAY.THESE NUMBERS ARE HOOIFIEO IN MAINB,BRANCH,ANO
C ••• VARBC SU9~0UTINES. 

IN=2•I 
IV=2•I-1 
IEQU<IV>=2
LINKCIV>=I 
IEQUCIN>=1
LINK<IN>=I 
RETURN 
ENO 



••• 

SUBROUTINE MAINBCCA~O) 
c ••• THIS SU8ROUTINE PROCESSES MAIN CARO c ••• IT SETS UP BOUNORY CONDITIONS FOR THE MAIN BRANCH 
c THE POSSIBLE BOUNORY CONDITIONS ARE~·· c ••• FIXED HEIGHT -- EQUATION TYPE 3 c FIXED VELOCITY-- EQUATION TYPE 4 c ·~· FIXED DISCHARGE -- EQUATION TYPE 5 c ••• BOUNORY CONDITIONS MAY OCCUR AT ANY SECTION IN THE MAIN 
c ••• BRA~CH OF THE RIVER SYSTEM • 
c ••• WHICH GOV~RN ~ BRANCH. 
c ••• NOTE THAT THE CLOSER THE T~O BOUNORY CONDITIONS ARE TO EACH 
c OTHER THE HIGHER IS THE PROBABLE ERROR IN THE SYSTEM, ANO THE ~·· HIGHER IS THE SENSITIVITY OF THE SYSTEM TO THE BOUNDARY CONDITIONSc •••c ••• INTEGER CAROC19l 

co~~ON /20/ OKC055),W(055>.WSC055>,HrD55),IEQU(110),LINKf110),
+ aross>,ZC055>.ZP<055),ZM(055),QP(055),QM(055),XLASTC110), 

+o~f~Ll~f~lo~f~;i~£~f,~i~~~;,~i~~~!~~~~}F!~A~~l~~~~VELO/
OATA IOIS/3HDIS/
DATA ISTG/4HSTAO/
DATA ISR/4HHAIN/

C ••• DECODE MAIN CARO.MAIN BRANCH FROH SECTION 1 TO SECTION IY 
OECOOEC52,100yCAR0) I,IU,ICA,I07ICB

100 FORMATC9X,r2,ax,r2,1x,~4,7x7I277X,A4>
CALL CHECKCI,ISRl

C ••• DECIDE ON EQUATION TYPES FOR BOTH BOUNDARY CONDITIONS 
IF<ICA.EQ.IHEIG>IE=3
IF<ICA.EO.IVEL> IE=4 
IFCICA.EQ.IOIS> IE=S
IF<ICA.fQ.ISTGl IE=9 
IFCICB.EQ.IHEIG>IS=3
IF<ICB.EO.IVEL> IS=4 
IF<IC8.EQ.IOIS> IS=S 
IF<ICB.EQ.ISTG> IS=9 

C ·~• UPSTREAM BOUNDARY CONDITION AT ~ECTION IU IS TYPE !CA. 
C ••• DOWNSTREAM BOUNDARY CONDITION AT SECTION ID IS TYPE ICB. 
C ••• UPSTREA~ BC EQUATION TYPE PLACEO IN IEOU<Z•I-1> 
C ••• DOWNSTREAM BC EQUATION TYPE PLACED IN IEQUC7-•I>

IEOUC2•I-1>=IE 
LINK<2•I-1>=IU 
IEQUC2•!>=IS
LINKC2•I>=IO 
RETURN 
ENO 



SUBROUTINE 8RANCH<CAR0)c ••• THIS SUBROUTINE PROCESSES 0RANCH CARDc ••• IT SETS UP THE BOUNDARY CONDITIONS WITHIN THE BRANCHES ANOc .... LINKS THE BRANCHES TO THE REST OF THE SYSTEMc ••• EQU~TION TYPES SET IN THIS SUBROUTINE OVERRIDE THOSEc ...... SET UP IN SUBROUTINE •DATA•c ••• NOTE THAT SECTIONS INVOLVEO IN A BRANCHING MUST NOT BE 
c •¥• USEO AS BOUNDARY CONDITIONS.c ••• JUNCTION EQUATIONS AR~ AS FOLLOWS 
c ••• FIX~O WATER LEVEL BETWEEN SECTIONS I,J = EQUATION TYPE 6c ..... INFLOW JUNCTION CONTINUITY EQUATION : EQUATION TYPE 7c .... OUTFLOW JUNCTION CONTINUITY EQU~TION = EQUATION TYPE 8 

INTEGER CAR0<19),QUT
COMMON /20/ OKC055l,WCC55l,WS(055l,H(055l,I~QU<110>,LINK<110l, 

+ QC055),ZC055>,ZPC05Sl,ZMC055l,OPC055),QM(055),XLAST<110l,
+ SILLC055>,VC055l,OFLTX<055>,QLAT<055>,IOSEC<055>

DATA IFIX,IFR,IVEL,IHEI/4HFIXE,4HFROM,4HVEL0,4HHfIG/,IT0/4HTO I
DATA IDIS/3HOIS/
DATA ISR/~HBRAN/ 

OECOOE<76,100,CA~O>IS,IE,ICA,ITA,ICB,ITB
CALl CHECK<IE,!SRl
CALL CHECK<IS,ISR>
IEN=2•IS::-1 

C ••• IF INFLOW TO BRANCH IS FIXEO VEL OR H~IGHT OR DISCHARGE 
C ••• USE THIS SECTION TO SET EQUATION TYPE

IF<ICA.NE.IFIXl GO TO 01 
IF<ITA.EO.IVEL>IEQU<IEN>=I+
IF<ITA.EQeIHEI>ItQU<IENl=3
IF<ITA.EQ.IOISlIEQU<IEN>=S
LHH«IENJ =IS 
GO TO 02 

01 IF<ICA.NE.IFR> GO TO 05 
OEC00£(76,200 1 CARD> INL 

C ••• THIS SECTION ~ETS fQUATION TYPES IF !~FLOW IS FROM INL. 
CALl CHECK<INL,ISR>
IEQU<2•INL-1>= 6 
IEQU <2• INU =6
LINK<2•INL-1l=INL+1 
LINl((2•INL>=IS
IEQU <2• IS-1> =7 
LINK<2•IS-1>=INL
LINK<2•IE-1> = ISc ••• 

C ••• IF OUTFLOW F~OH BRANCH IS FIXEO,SET EQUATION TYPES HERE 
02 IF<ICB.NE.IFIX> GO TO 03

IF<ITB.EQ.IHEI> IEOU<2•IEJ=3 
IFCITB.EQ.IVELl IEOU<2•IEl=4 
IF<ITB.EQ.IOISl IEOU<2•IE>=5 
LINK<2"'IEJ=IE 
GO TO 04 

C ••• THIS SECTION SETS EQUATION TYPES IF OUTFLOW IS TO OUT 
03 IF<ICB.N~.ITOl GO TO 05 

DECOOE<76,300,CARO> OUT 
CALL CHECK<OUT,ISR>
IEQU<2•0UT-3>=6
LINK<2•0UT-3l=OUT 
IEQUC2•0UT-2l=6
LINK<2•0UT-2l=IE 
IEQU(2•IE>=8 
LIN~<2•!El=OUT-1 
LINK<2•IE-1>=IS 

QI+ ~ETURN 
C •• ER~OR IN BOUNDARY CONDITIONS 

05 PRINT 1+00 
STOP1oc FOR~AT<ax,r2,4x,r2,ax,A4,2x,A~,13x,A4,2x,A1+>

200 FORMAT(29X,I2l 



300 FOR~AT<52X,!2) 
4~0 FORMAT<10X,•INCOR~ECT KEY ~ORO IN BOUNDARY CONDITIONS•,///,

• 10X,•STOP RUN•l 
ENO 



SUBROUTINE PRINT<CA~O> 
c •••c ••• THIS SUB~OUTI~E PRINTS TABLES OF VALUES 
c ••• CALCULATED BY THE HODEL......c THESE TABLES AREi......c 1. WATER LEVELS.....c 2. VELOCITY 
c .... DISCHARGE 
c .... TRA~SIT TI~E THROUGH THE R£ACH • 
c ••• THE TIHE UNITS IN THE TABL~ MAY BE IN SEC,MIN,OR HRS. 
c ••• THE OATUH OF THE WATER LEVEL HAY BE ADJUSTED IF NECESSA~Y. 
c ••• 

INTEGER CAROC19)
COMMON 110/ N,MAXSA,ISIGOG ,IPR,FRIC1AREA,vo,ovox,aT,WHT,

+OELT, ISW,IRUNS G,IOELT,WHT2,WHT2H,G13
COM~ON 1201 OK<OS5J,W<055,,WS<055),Hf055>,IFQU<110>,LINKC110>,

+ Q(055) ,Z<055) ,ZP<055) ,ZM<fl55) ,QP(055> ,QM<C!55> ,XLASTC110>, 
+ SILL(OS5J,VC0551,0ELTX<055J,QLATCOS5l,IOSECC055)

COMMON /40/ AOC055l 1 AP<055J,VPC055>,VMC055l,RHGT<1C0,21), 
+ VEL<1oc,21>,0ISC1Cu,21)

COMMON 1801 IOSKTP,LSTSEC,IBEGIN,ISUN,ISTOPT,IEUN,IOISK,IDISTC055) 
+~I8UFC055lfIVC055l,IZ<055l,ITIHE,ISTSEC,NSEC

U!MENSION HEADC20)
DATA ISR/4HPRIN/

c 
DECODE (76l110,CARO> IPT,INC,OATUM
CALL CHECK IPT,ISR>
ITF=IPT+1 
K=r 
00 11 I=i,IPR
IF<IOSEC<I>.EQ.Ol GO TO 11 
K=K+1 
IF<K.GT.20> GO TO 15 
IHEAD<K>=I 

11 CONTINUE 
IF<~.EQ.Ol GO TO 20 
IFCINC.EO.JHSECl GO TO 01 
IFCINC.fQ.3HMIN> FAC=60. 
IF tINC.£Q.3HHRSl FAC = 3GDO. 
IRUNS=IRUNS-1 
KRUNS=IRUNS 
IF<IRUNS.GT.100> KRUNS=100 
00 01 I=1,KRUNS 
~HGT(I,1) : RHGTCI,1l/FAC
VELII,1> = VEL<I,1>/FAC
OIS«I,1> = OIS<I,1)/FAC

01 CONTINUE . 
PRI!H 1100 
PRINT12~0,(IHEAO<I>,I=1,IPT)
00 01+ I==i,KRUNS
00 03 J=2,ITF

03 RHGT<I,Jl = RHGT<I,J> + OATUH 
PRINT 1300,CRHGTCI,Jl,J=1,ITF)

QI+ CONTINUE
PRINT 1400 
PRINT 1200,<IHEAD<I>,1=1,IPT)
00 OS I=i,KRUNS
PRINT 1300,CVEL<t,J>,J=1,ITF>

05 CONTINUE 
PRINT 1500 
IF<ITF.GT.10) GO TO 07 
PRI~T 17CO,<IHEAD<I>,I=1,IPT>
00 06 I=1,KRUNS 
PRI~T1800,<0IS<I,Jl,J=1,ITF)

06 CONTINUE 
GO TO 2r

07 PRI~T 170J,(IHEAO(!l,I=1 9 10l 
PRI~T17SO,<IHEAO<I>,I=11,IPT) 

http:IF<ITF.GT.10
http:IF<~.EQ.Ol
http:IF<K.GT.20
http:IF<IOSEC<I>.EQ.Ol


00 08 !=1,KRUNS 

~~I~Jfggg:iBI~~l:~J:~~l~!ilF,
08 CONTINUE 
20 RETURN 
15 PRI~T2100 

2100 FOR~AT<•OCAN ONLY PRINT TABLE FOR 20 SECTIONS•> 
STOP 

110 FORMAT<14X,I2,9X,A3,10X,F5.2)
1100 FORMAT<1H1,4SX,•TABLE CONTAINING HEIGHTS VS TIME•,/)
1200 FORMAT<1H ,•TIM£•,7X,20<I3,3XJ,I)
1300 FORMAT(1H ,F1.o,2x,20F&.2>
1400 FORMAT(1H1,4SX,•TABLE CONTAINING VELOCITY VS TIME•,/)
1500 FORMAT<1H1,45X,•TABLE CONTAINING DISCHARGE VS TIME•,/)

1700 FORMAT<1H ~·TIHE•,sx,1o<sx,rz,5x),/)

1750 FORMAT<1H ,ax,10<10X,I2J)

1600 FOR~AT(1H ,F1.o,2x,1ocF10.~.2x>l

1850 FORHAT<1H ,11x,1oc2x,F10.1>>


ENO 



SUBROUTINE OISKfCARO> 
g ::: t~tsw~¥2~0~t~~t l~B~~~5vJ~5cti~G~~~AT~Rg~r~~~HT~~Iv~:[N~&~or~~8Ns
C ~•• ONTO TAPE OR DISK 
C ••• THIS ROUTINE WRITTEN BY W.P. BUOGELL

INTEGER CAROC19)
COMMON /20/ OK<055),W(055),WSC055),HC055>,IEQUC110>,LINKC110>,

+ Q(055),Z(05~),ZPf055J,ZMf055),QP(05S),QM(055>,XLAST<110), 
+ SILL<055>,VC055>,0~LTX<055),QLAT<055),IOSEC<055>

COMMON /80/ IOSKTP,LSTS~C 1 IBEGIN,ISUN~ISTOPT,I~UN,IOISK,IOIST<055) 
+,IBUF<055),IVC055>,IZ<~55t,ITIME,ISTSEC,NSEC · 

DATA IHT,IVEL/4HHEIG,4HVELO/c 
C •••DECODE TYPE OF OUTPUT <WHETHER VEL. OR HT. OR BOTH>,1ST ANO LAST S 
C ••• FOR WHICH DATA IS TO BE OUTPUT,START ANO ENO TIMES FOR OATA OUTPUT 

CHAIN=O. 
OECOOEC76,50,CAR0) INH,INV,ISTS€C,LSTSEC,IB~GIN,ISUN,ISTOPT,IEUN

50 FORttATC4X,A4,4X,A4,14X,I3,3X,I3,7X,I3,1X,A3,5X,I3,1X,A3l
IF<LSTSEC.GT.55) GO TO 10 

C •~• SET SWITCH TO 1 
IOISK=1
NSEC=LSTSEC-ISTS£C+1 
IOIST<ISTSEC>=9 
ISTP1=ISTS€C+1 
00 5 I=ISTP1,LSTSEC 
CHAIN=C~AIN+OELTX<I-1> 
IOIST<I> = CHAIN/100. + -0.5 

5 CONTINUE 
ENCOOE<220,300,IBUF) crnISTCI>,I=ISTSEC~LSTSEC)

300 FOR~ATCS5I4> 
BUFFER OUT C1i0) <IBUF<1>,IBUFCNSEC))
ISTAT:IFUNIT< )+2
BUFFER OUT 12,0> <IBUF(1),JBUFC~SEC>>
ISTAT=IFUNIT<2>+2
IFCfINH.EQ.IHTl.ANO.CINVeNte!VtL>> IOSKTP=1HH 
IFCfINH.NE.IHT>.ANO.<INV.EO.IVEL>> IOSKTP=1HV 
IF<CINH.EQ.IHT>.ANO.CINV.EO.IVEL>> IOSKTP=1HB 
IFCCINH.NE.IHTl.ANO.CINVeN£eIVEl)) GO T0-20 
IFCISUN.EQ.3HHRS) GO TO 110 
IFCISUN.EQ.3HHIN> GO TO 120 
IFCISUN.E0.3HSECl GO TO 136 

110 IBEGIN:6U•IBEGIN 
120 IBEGIN=60•IBEGIN 
130 CONTINUE 

IF<IEUN.EQ.3HHRS> GO .TO 140 
IFCIEUN.E0.3HHIN> GO TO 150 
IF<IEUN.EQ.3HSEC> GO TO 160 

140 ISTOPT=GD•ISTOPT 
150 ISTOPT=oO•ISTOPT 
160 CONTINUE 

IF<IBEGIN.GT.D> GO TO 30 
DO 1000 I=ISTSEC,LSTSEC
IZCI>=100.•Z<I> + o.s•ABSCZCI))IZ<I>
!V(l)=1ro.•v<I> + c.s•ABS(V(!))/V(!)

1000 CONTINUE 
IF<IOSKTP.EQ.1HV> GO TO 40 
ENCOOE<220,300,rauF> (!ZCIJ,I=ISTSEC,LSTSEC>
BUFFER OUTC1,0> <IBUF(1l,!BUFCNSECll
ISTAT=IFUNITC1>+2 

40 IF<IOSKTP.EQ.1HH> GO TO 30 
ENCOOE<220,300,IBUF> CIVCIJ,I=ISTSEC,LSTSEC>
9UFFER OUTC2,0> <IBUFC1J,IBUFCNSEC>J
ISTAT=IFUNITC1)+2

JO QETURN 
10 PRINT100 

100 FOR~AT<•OATTEMPTING TO OUTPUT DATA ON DISK/TAPE FOR MORE THAN 55 S
+ECTIONS.¥)

STOP 

http:IF<LSTSEC.GT.55


20 PRINT200 
200 FORMAT<•OIMPROPER DIS~ OUTPUT CONTROLS•> 

STOP 
ENO 



SUBROUTINE OS~OUT 
C ••• THIS SUBROUTINE WRITES HEIGHT A~O VELOCITY OATA FROM EACH TIME STE 
C ••• ONTO TAPE OR OISK 
C ~•• THIS ROUTINE WRITTEN BY W.P. BUOGELL 
C ••• IN ADDITION, RUN SETS UP PARAMETERS FOR COEF AT EACH ITERATION 

COM~ON 1211 OK<~55),Wf055>,WSC055J,HC055J,IFQU(11C),LINK<110>, 
+ Q(055J,Z(055),lP(055J,ZM(055),QP(055),QM(055) 9 XLASTC110),
+ SILL<055>,V<055),0ELTXC055>,QLATC055l,IOSEC<055>

COMMON 1801 IDSKTP,LSTSEC,!BEGIN,ISUN,ISTOPT,IEUN,IOISK,IDIST<055l 
+,IOUFC055>,IVCC55>,IZC055>,ITIM~,ISTS~C,NSEC


IF(CITIME.LT.IBEGIN>.OR. <ITI~E.GT.ISTOPT)) GO TO 2005 

DO 1050 I=ISTSEC,LSTSEC
IZCJ)=1DO.•Z<I>+o.s•ABS<ZCI))/Zf!)

1050 	 IV<I>=1CO.•V<I>+o.s•ABS(V(!))/VCI)
IF<IOSKTP.EQ.1HVl GO TO 2002 
ENCOOE<220,850,IBUF) <IZCIJ,I=ISTSEC,LSTS~Cl

850 FORMATC55!4)
BUFFER OUT C1i0) CIBUFC1) 9 !8UF<NSEC>>
ISTAT=IFUNIT( >+2 
KK=1 
GO TO <2oa1,2002,2003,2001,20041,rsTAT

2002 	 IFCIOSKTP.E0.1HH> GO TO 2005
ENCOOEt22D,850,IBUF> (!V(Il,I:ISTSEC,LSTSEC>
BUFFER OUT (2 9 0) (!BUF<1>,IBUFCNS£C>> 
IST~T=IFUNIT<2>+2 
KK=2Go ro c2001,2oos,2co3,2001,200~1,rsrAT

2005 	 IF(fIOSKTP.NE.1HVt.ANO.<ITIME.EO.ISTOPT)) ENOFILE1 

IFtfIOSKTP.NE.1HH>.AND.fITI~E.EO.ISTOPT>> ENOFILE2 

RETURN 


2001 	 PRINT2011,KK
2011 	FORMAT<~ PARITY ERROR ON UNIT •,I1l

STOP 
20D3 	 PRI~T2013,KK
2013 	FORMAT<• EOF ENCOUNTERED ON UNIT •,!1)

STOP 
2U04 	 PRINT2014,KK
2C14 	 FORMAT<• ENO OF DEVICE ON UNIT •,I1>

STOP 
ENO 

http:IF(CITIME.LT.IBEGIN>.OR


SUBROUTIN~ RUNfCARO>c ....... THIS SUBROUTINE RUNS A STEADY STATE HODELc ..... ... ENOS AT IPRc ....... TIHt INCREMENT IOELT 
c STOP TIME ISTPTc ...... ... IN ADDITION RUN SETS UP COEF AT EACH ITERATIONc ...... ... THIS ROUTINE ~EHRITTEN BY W.P. ~UOGELLc ..... 

INTEGER CAROC19t,ITTYP(10l,CXf19)
COMMON /10/ N,MAXSA,ISIGOG ,IPR,FRIC,AREA,VO,OVDX,BT,WHT,

+DELT, ISW,IRUNS,G,IDELT,WHT2,WHT2H,G13 
COM~ON /20/ DK<U55>,WC055l,WS<C55>,HC055l ,IfQU(110>,LINK<11C>, 

+ Q(05SJ,ZC055l 1 Z0 f055l,ZMC055),QP(055),QHf055J,XlASTC110),
+ 	SILL<055>,V<0~5>,0ELTXC055l,QLATC055),IOSECC055)

COMMON /30/ AC25,110J,BC11~l,IU~f11Ul,IUCC25,110l,!URMAX
COMMON /40/ A0<055l,APC055l,VP<055),VMC055),RHGTf100,21),

+ VEL<100,21>,01sc100,21>
COMMON /50/ XC110) 

CO~MON /6,/ zgcry55),VBC055J,Q8(~55)

COMMON /83/ IOSKTP,LSTSEC,IBEGIN,ISUN,ISTOPT,IEUN,IOISK,IOIST<OS5> 

+,ISUF<OS5>,IV<055l,IZ<055),!TIM€,ISTSEC,~SEC

DATA CX,ISEC,IMIN,IHRS/19•4H ,3HSEC,3HMIN,3HHRS/
DATA ISR/4HRUN I 

c 
cc ·······~·~···~··························~······················~··••¥ 
C ••• ISW IS SET IN S.~. VABC, AFTER THE INITIAL CALL TO RUN BY 
C ••• THE RUN CARO, All SUBSEQUENT CALLS ARE HADE BY S.R. VABC 

IF CISW.EQ.1) GO TO 04 
IRUNS=O 
ITIME=O 
DECOOEC76,100,CARD> IA,IB,INC,IC,ISP

100 FORMATC13X1I2111X,I3,1X,A3,11X,I5,1X,A3)
IF<IA.NE.O>IPR=IA
IF<IB.NE.O>IOELT=IB 
IFfIC.NE.O>ISTPT=IC 
CALL CHECK<IPR,ISR>
N=2•IPR 

C ••• PRINT OUT THE INITIAL VALU~S OF THE ARRAYS IEQU AND LINK 
C ••• TO ENSURE THE MODEL IS SET UP CORRECTLY

PRINT 1000,WHT,G,MAXSA,ISIGOG
1000 FORMAT<1Ho,2x,•wHT=•,F4.2,sx,•GRAV =•,F6.3,5X,•MAXSA =•,

+ I3,5X,•ISIGDIG =•,I3>
PRI'ttT 235 

205 FORMAT <1H1,1ox,·~00EL SET UP•)
IP=N/40
IFCltO•IP.L T.N> IP=IP+1 
00 101 IPP=1 9 !P 
NPP=lo.0..,IPP
Ni=NPP-39
!FCN.LT.NPP> NPP=N 
PRI~T200,<I,I=N1,NPP)
PRINT300,<IEOU<I>,I=N1,NPPl

101 PRINT4001flINK<Il,I=N1,NPPl
200 FORMATC1HO,• INDEX K•,4X,40I3) 
~00 FORMAT C1H ,• IEQU(KJ•,4x,40I3)
400 FORHATC1H ,• LINK<K>•,4x,40!3)

C ••• INITIALIZE VARIABLES 
'<=1 
DK<JPR>=DKCIPR-1)
DO 03 I=1,IPR
AOCI>=<H<I>+Zfil>•W<I> 
(')(I l =V <Il •AO <I> 
ZB<Il=Z<I> 
VB<I>=V<I> 
'lB <I>= Q <I>
X<Kl=Q(Il
X<K+U=Z<I> 



03 K=K+2 
NM=IPR-1 
00 12 I=1, NT'1 
QP<I>=Q(I+1)+Q<I>
ZP<I>=Z<I+1>+Z<I>
QM(l)=Q(I+1)-Q(!)
ZM<Il=Z<l+1t-Z<I> 
AP<I>=AC<I+1>+AO<I> 
VP<Il=V<I+1>+V(!)
VHCI>=V<I+1l-V(!)

12 CONTINUE 
c 

lf. ••c CHANGE ALL INPUT TIME REF~~ENCES TO SECONDS 
IF<INC.~Q.ISECl GO TO 06 
IF<INC.EQ.IMIN> GO TO 02 
IF<INC.EO.IHRS> GO TO 01 

01 IOELT=6tl"'IDELT 
02 IDElT=6C•IOELT 
06 OELT =FLOAT<IOELT> 

IF<ISP.EQ.ISEC> GO TO 09 
IFCISP.EQ.IMIN> GO TO 06 
IFCISP.EQ.IHRS> GO TO 07 

07 ISTPT=GO"'ISTPT 
08 ISTPT=f>i).Y.ISTPT
') 9 CONTINUE 

c
C •~• INITIALIZE ARRAYS 

IRUNS=IRUNS+1 
ITIME=O.O 

04 ITIME=ITI~E+IOELT 
IF<IRUNS.GT.10~1 GO TO 60 

RHGT<IRUNS,1>=ITI~E

VfL<IRUNS,1>=ITIME
OIS<IRUNS,1l=ITIME

80 CONTINUE: 
C •~• CALCULATE COEFFICIENTS 

IIT=O 
C ••• START ITERATIONS 

70 IIT=IIT+1 
00 65 K=1,N
XLAST<Kl=X<K> 
I=LINK(10
IF<I.EQ.IPR> GO TO 6~ 
CSi=O. 
CS2=0. . 
IF<Z<Il.GT. -SILL<!)) CS1=1.0 
IFCZCI+il.GT. -SILL<!+!)) CS2=1.0 
BT=<WCil+W<I+1) + CS1•WS<Il + CS2•WS<I+1ll/2.
QO=fWHT2 >•CQCil+QCI+1ll+fWHT2M >•CQPCI>>
VO=fWHT2 >•<V<I>+V<I+1))+fWHT2M >•<VP<I>> 
ZO=fWHT2 >•<Z<I1+ZCI+11)+fWHT2~ >•CZP(!))
AREA=<WHT2 >•<AO<I>+A0(!+1))+(WHT2H >•CAP<I>> 
OVOX=<WHT/OELTX(IJ>•<Vl!+1l-VCIJ)+((1,-WHTl/DELTX<I>l•V~<Il
IFtOK<I>.GT.1.l FRIC=2.•G•nBSCQOl/COKCil••z•AREA•<H<I+il+HCil+2.•

$ ZOl> 
IF<OK<Il.LT.1.> FRIC= G13 •ABS<QO>~DK<I>••21co.22o•AREA•((H

$ (!+1)+H(!))/2. + ZO>•K(i.3333333))
64 CALl COEFCKl 
65 CONTINUE 

CAlt NONZERO<N> 
CALL TRIANG<N> 
CALL BACKSUBCN> 
K=-1 
00 85 I=i,IPR
K=K+2 
Q<Il=XPO
Z<Il=X<K+il 
AOfll=(H(IJ+Z<I>>•W(I) 

http:IFCZCI+il.GT
http:IF<Z<Il.GT


V<Il=Q(!)/AO<I>
85 CONTINUE: 

CALl CONVRG<IFLAG> 
"fAXIT=IIT 
IF<IFLAG.EQ.1) GO TO 75 
IF<IIT.LT.MAXSA> GO TO 70 
PRiti:T&002ITIHE 

60C FO~MAT<1DX,•WARNING SOLUTION MAY NOT BE ACCURATE AT TIME •, IS,•
""'SECONDS•> 

75 CONTINUE 
NM=IPR-1 
DO 13 !=1,NM
QPCI>=O<I+1)+QCI>
ZP<I>=Z<I+1>+Z<I>
QMCI>=QfI+1>-Q<I>
ZM<I>=Z<I+1>-Z<I> 
AP<I>=AOCI+1>+AD<I> 
VPCI>=V<I+1>+V<Il 
VM<I>=V<I+1>-V<I> 

13 CONTINUE 
IF<IRUNS.GT.100> GO TO 90 
!0=1 
DO OS I=1,IPR
IFCIOSEC<I>.EQ.0) GO TO 05 
IO=I0+1
RHGT<IRUNS,IO >=Z<I> 
VELfIRUNS,IO >=V<I> 
DIS<IRUNS,IO >=QCI>

05 CONTINUE 
90 CONTINUE 

IF<IDIS~eEO.O> GO TO 1050 
CALL OSKOUT 

1C50 PRI~T 700,ITI~E,MAXIT 
PRI~T 895 

895 FORMAT(!H )
PRINT 800,<V<I>,I=1,IPRJ
PRIWT 895 

700 ~~~~Iri~~i!~f<I>1[L1 c!r~tLATIONS COMPLET~ FOR TIME = •,15,• S€CONOS 
+ --- NO.OF TER~TIONS = •,r2,/J

800 FORMAT <1H ,•vEL•,sx,20F6.2)
900 FORMAT f1H ,•HEIGHT•,2X,20F6.2)

IRUtiS=IRUNS+1 
IF<ITIH€.GE.ISTPT> RETURN 
GO TO 04 
ENO 



SUBROUTINE CHEC~ (!,!SR)c .... 
c ••• SUBROUTINE CHECKS TO SEE IF I IS BETWEEN 1 ANO· IPR • 
c ..... 

COMMON /10/ N,HAXSA,!SIGOG ,IPR,FRIC,AREA,vo,ovox,sT,WHT,
+OELT, ISW 1 IRUNS,G,IOELT,WHT2,WHT2H,G13
!Flt.LE. 55.ANO.I.GE.il RETURN 
PRINT 10, I,ISR
STOP 

c 
10 FORMAT<1HO,•OATA POINT NUMBER =~,I3,• IN SUBROUTINE •,A4, •------­

$.RU!' STOPPED•> 
~NO 

http:55.ANO.I.GE.il


SUBROUTINE COEF<K> 
C ••• COEF COMPUTES QUASI-LINEAR COEF~ICIE~TS FOR MATRIX SOLUTION OF 
C ••• NETWORK EQUATIONS.
C ••• THI~ ROUTINE WRITTEN BY W.P. BUOGEll 

COMMON /10/ N,HAXSA,ISIGOG ,IPR,FRIC,AREA,vo,ovox,sr,wHT,
+OELT, ISW,IRUNS,G,IDELT,HHT2,W~T2M,G13

COMMON /20/ 0K(055),W(055),WS<055),H(055),IfQU(110),LINK<110),
+ Q(~55l,Z<055l 9 ZP((55),ZM(C55l,QP(055),Q~(055l,XLAST<110), 
+ SilL(055>,V<055l,OfLTX(055),QLAT<055>,IOSECf055)

COMMON /30/ Af25,110> 1 B<110>,IUR<110l,IUC<25,110),!URMAX 
COM~ON /40/ A0<055>1AP<055l,VP(055l,VH<055),RHGT<10C,21>,

+ vEt<1or,211,01s110~,21>
COMMON /60/ ZBf055),V8(05S>,QBf055l
IR=IEQU (10
IF<IReLTe1eOR.IR.GT.9l GO TO 10
GO TO (C1,C2,03,04,05,06,07,08,09>,IR

C ·~• CONTINUITY EQUATION
01 IN=l!NK(Kl

J=Z•IN-2 
00 SC IZ=1,t+

50 IUCfIZ,K>=J+IZ
IUR (1() =4 
TERM1 = W~T/OELTX<INJ
TERH2 = BT/<2.•0ELT>
AU,Kl = -TERM1 
A<2,K> = TERH2 
Af3,t0 = TERM1 
A<4,K> = TERM2 
B00 =BT• ZP <IN> If 2 • •OEL T> - f 1. -WHTP'QM (IN) I DEL TX (IN> + QLA T<IN> 
~ETURN 

C ••• MOMENTUM EQUATION
02 IN=LINK<Kl 

J=Z•IN-2 
00 SS IZ=1,4

55 IUC<IZ,K>=J+IZ
!UR fKl =ft 
TERM1 = 1./(2.~0ELT> 
TER~2 = vo•WHT/OELTX<IN>
TERM3 = ovox•wHT/2.
TERM4 = F~IC•WHT/2. 
TER~S :: W~T¥G•AREA/OELTX(!N) 
A<1,Kl = TEQM1 - TER~2 + TERM3 + TERH4 
A<Z,10 = -TERMS 
Af3 9 K> = TERM! + TER~2 + TE~M3 + TERM4 
A(4,K) = TERMS · 
B<KJ=QP<IN)/C2.•0€LT) - vo•QM(IN>•<1.-WHT)/OELTX<IN>

$ -o.s•ovox•<1.-wHT>•aP<IN> 
$ - G•ARtA•f1.-WHT>•7MCINl/OELTXCINl - FRIC•(1.-WHTl•QP<IN>l2.

RETURN 
C •¥• BOUNDARY CONDITION - FIXED HEIGHT 

03 IN=tINK<K> 
J=2•IN 
IUCf1,K>=J 
TUR <K> =1
AC1,K>=1.0
B<Kl=ZB<IN> 
RETURN 

C •¥• BOUNDARY CONDITION - FIXED VELOCITY 
0 I+ I N= t I N K ( K)

J::2 4 IN-1 
rue <1910 =J 
!UR (10 =1 
AU,10=1.0
B<Kl=VB<IN>•AO<IN> 
RETURN

C ••• BOUNDARY CONDITION - FIXED DISCHARGE 
IJ 5 I N= l I N K ( K > 

J=2•IN-1 

http:IF<IReLTe1eOR.IR.GT.9l


IUCt1,K>=J
IURCK>=1
A<1,K>=1.0
BCKJ=QBIIN>
RETURN 

C ••• JUNCTION CONDITION - FIXEO HEIG~T 
06 IJUN=2•LINK(K)

IV=CK+1J/2
IV1=2•IV 
IUCf1,Kl=IV1
IUCC2,Kl=IJUN
IURfKl=2 
AU,K>=1.0
A<2,K>=-1.0 
B<K>=o.o 
RETURN 

C ••• CONTINUITY AT DIVEPGENT JUNCTIOtt 
01 I N= l I N K ( K > 

IM~=LINKCKl+i 
IBN= <K+1> /2
rue u, 10 =2 .. IN-1 
IUCC2,KJ=2•IHN-1 
rue <3, 10=2.. rsN-1 
IURIKl-=3 
AU,KJ=1.~
A(2,K>-=-1.0
A<3,K>=-1.0
8(10=0.0
RETURN 

C ••• CONTINUITY AT CONVERGENT S~CTION 
0 8 IN= l INK <K>+1 

I MN=LI NI<< !O 
IBN=K/2
IUCC1,Kl=2•IMN-1
ruc12,1<1=2•rN-1 
rue c 3, io =2... IBN-1 
!UR <K> =3
AU,Kl-=-1.0
A<2,Kl=1.0
A<3 , l() =-1. 0 
BtKl=OeO 
~ETURN

C ••• USER SUPPLIED STAGE-O!SCHA~GE CURVE 
09 CONTINUE 

IN=l INK <K)
IUC U,Kl=2•IN-1
!UR (1() =1 
AU,K>=t.O
BCKl=966.636•(HCIN>+Z<IN>>••1.66667 
~ETURN 

C ••• INV~LIO EQUATION TYPE 
10 PRI~T100,K

100 FOR~AT<•o•,12,• IS UNRECOGNIZABLE EQUATION TYPE • RUN STOPPED. •)
STOP 
ENO 



SUBROUTIN~ CONVRG<IFLAG> 
COHMON /10/ N,MAXSA,ISIGOG iIPR,FRIC,AREA,VO,OVOX,BT,WHT, 

+OELT, ISW,IRUNS,G,IOELT1WHT2,WHT2M,G13 · 
COMMON /20/ DK<055>,W<OS5l,WS<D55>,HC05S>,IEQUf110>,LIN~C11C>, 

+ QC055>,Z<055),ZPC~55J,ZM<055>,0P<OS5>,0HC055J,XLASTC110), 
+ Sitlf055>,VC055)J0£LTX<055),QLAT<055J,IOSEC<055)

COMMON /50/ X(110
DO 5 I=2,N,2
IF<ABS(XLAST<IJ-XCI>>.GE.10.••(-ISIGOG)) GO TO 10 

5 CO~TINUE 
IFLAG=1 
~ETURN 

10 IFLAG=2 
RETURN
ENO 



SUBROUTINE NONZEROCN> 
c•••THIS SUBROUTINE PREPARES MATRIX FOR INPUT INTO SUBROUTINE TRIANG. 
c••• ZEROS ARE REMOVED FROM THE OIAGO~AL. 
C ••• BEGINNING OF SPARSE MATRIX SOLVERS 
C ••• THIS ROUTINE WRITTEN 9Y W.P. BUOGEll 

COM~ON /30/ A<2S,11~l,BC110l,IU~C110l,IUCC25,110>,IURHAX 
COM~ON /35/ AOC110l,ARC110)
DATA LT1AX/2S/
00 S J= 1,N
NUMJR = !UR ( J)
DO 70 L=1,NU"1JR

c••• TEST TO SE£ IF DIAGONAL CONTAINS NON-ZERO ~NTRY 
IFCIUCCl,Jl.EQ.J) GO TO S 

70 CONTINUE 
00 80 JK=t,N
JJ=-JK+N+1 
NUMIR = IURCJJ)
00 80 I!=1,NU~IRc••• TEST TO SEE IF JJ-TH ROW HAS NON-ZERO ENTRY IN J-TH COLUMN. 
IFC!UCCII,JJl.EQ.J) GO TO 85 

80 CONTINUE 
PRltlTSOO 

~00 FORMAT<•1MATRIX IS SINGULAR - EXECUTION TERMINATED.•> 
STOP 

85 00 66 II=1,N
AOCII>=Ue 

86 ARCI!l=O. 
NUMJJR= IUR CJJ)
00 87 IROW=1,NUMJJR 
M = IUCCIROW,JJ)
"O(t-A)=ACIROW,JJt

87 CONTINUE 
00 ea IROW=1,NUMJR 
M = rue n~ow,J>
AR<t'>=ACIROW,J)

68 CONTINUEc••• ADO JJ-TH ANO J-TH ROHS TOGETHER TO GET RIO OF ZERO IN OI~GONAL IN 
C..,•• J-THROW. 

L=O 
IURCJl=O 
00 89 IROW=1,N
AR<IROW) = ARCIROW) + AOCI~OWl 
IF<AR<IROWl.EQ.O.lGO TO 89 
L=L+1 
IURCJ>=IU~CJl+1 . 
IF<IUR<Jl.GT.LMAX> GO TO 200
IFCIUR(Jl.GT.IURHAX> IUR~AX=IUR(J)
rue ( L, J 1=!ROW 
A<L .,J} =AR< I~OW)

89 CONTINUE
B(Jl=B<Jl+B(JJ)

5 CONTINUE 
RETURN 

20f.'l PRHH201
201 FORMAT<~1VALUE OF IUR(J) EXCEEDS LMAX IN SUBROUTINE NONZERO~> 

STOP 
ENO 



SUBROUTIN~ TRIANG<N> 
C ••• TRIANG UPPER-TRIANGULARIZES SPARSE MATRIX 
C ••• THIS ROUTINE WRITTfN BY W.P. BUOGELL . 

COMMON /3~/ A(25,110>,B<110>,IUR<11Ul,IUC<25,110>,IURHAX
COMMON /35/ AD<11'0ltAR<110J 
OATA U1AX/25/
DO 10 J=1,N

C••• OETERHINE WHETHER THERE ARE ANY ~ON-ZERO ENT~IES TO THE LEFT OF THEC••• DIAGONAL.
40 IF<IUC<1,J>.EQ.J) GO TO 10 

IF<IUC<1,Jl.GT.J> GO TO 10DO 
IF<IUC<1,J>.EQ.O) GO TO 2000 
00 15 K=1,N
AO <tO =O •

15 AROO=O. 
I=IUCU ,J)
NU!i IR= IUR <I> 
DO 20 K=1,NUMIR
H=IUC<t<,!) 
AOl~l=-<A<1,J>IA<1,I>>•A<~,I> 

20 CONTINUE 
BO=-<A<1,Jl/A(1,I>>•B<I>
13<JJ=B<Jl+BD 
NUMJR= IUR <J)
00 25 K=1,NUMJR
"t=IUC<K,J>
IF<A<K,J>.Ea.o.> GO TO 200 
AR<t'>=A<K,Jl

25 CONTINUE 
!JO 50 LC=1 1 U1AX 
IUCfLC,J>=u 

50 ACLC,Jl=O.
IUR(J)=O
L=O 
DO "30 K=1 t N
AR<K>=AR<K>+AOCK)
IF<AR<Kl.EQ.C.> GO TO 30 
L=L+1
IUR<J>=IUR<J>+1 
IF<IUR(Jl.LE.LMAXl GO TO 70 
PRI~T3000 

3000 FORMAT<•1VALUE OF LMAX TOO SHALL. EXECUTION TERMINATED IN TRIANG~l 
STOP 

70 CONTINUE 
IF<IUR(Jl.GT.IURMAX> IURMAX=IUR(J)
IUC<L.JJ=l(
A<L,Jt=AR<K>

30 CONTINUE 
GO TO 4tl 

10 CONTINUE 
RETURN 

200 PRINT201,K,J
201 FORMATf•1Af•t2,~,•,I3,•) IS ZERO. EXECUTION T~RMINATEO I~ TRIANG. 

$•)
STOP 

1COO PRI~T1001 9 J 
1001 ~ORMAT(¥1ZERO IN DIAGONAL CREATEO IN ~ow •,13,•.susROUTIN~ TRIANG 

$•)

STOP 


2COO PRINT2001,J
2001 FORMAT<•OMATRIX IS SINGULAR IN SUBROUTINE TRIANG. EXECUTION TERMIN 

$ATEO IN ROW •,I4>
STOP 
ENO 



SUBROUTINE BACKSUB<N>c ••• AACKSUB SOLVES FOR THE VARIABLES IN T~E UPPER TRIANGULAR MATRIX 
c ....... 
 BY BACK SUBSTITUTION.....c ,, .. LAST OF SPARSE MATRIX SOLVING ROUTINES. 
c THIS ROUTINE WRITTEN BY W.P. BUOGELL 

COMMON /30/ A<25,110),B{11~>,IU~C110l,IUC(25,110),IURMAX
COMMON /50/ X<110)
00 5 JK=1,N
SUM=O • 
J=-JK+N+1 
H=IUR(J)
B<J>=B(J)/A(1,J)
IF<J.EQ.N> GO TO 15 
00 50 K=2,H

50 ACK,J>=A<K,Jl/AC1,J>
00 10 I=2,f'f
L=IUC ( I.,J)
SUH=SUM+A<I,J>•X<L>

10 CONTINUE
15 X(Jl=B(J)-SUM

5 CONTINUE 
RETURN 
END 

FINIS ...•·;· . ......... . . 
 • • •lo ••• ·~ 
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START RUN 

,;-C--·WS--'!AKfR-lAK;-EA;-T-10-1)-10 lh . BIS ·-sANOPI~-5-r-ff~I-6+:£-0rt 
2 C S~PT;H9ER 4•311~74 
! c USf FO~ P~I~~~s~ rs, CALI9RATIC~ SPRING

" --i;--w•r=:~-l::~ 


5 C ! HR, Ti~~ STEP F0~-4· TIM~ STEPS,OISIC START 14 HRS • 1300 CST SEPT,4,1974

ltARL.S;.J----~7:--~C..-~CH~RT S43xe-.~F-,'s',""""'2~1~1~1·.~1~9~5~7;-----------------------------+------------------------

e OATA ni 0,14 1.98 4uCO 11.3 2000. ,030 01 BAKER LAKE E. 
~ e FS 38!>fT-----------------------------------­

10 OAH 02 1,21+ 1.98 1750 &,9 900, ,030 · CHEST,rlAiHOHS W E..!._ 
-----i11 DATA C! i.so 1,60 570 o.2 430C. ,J30 II

1rR:m ~~ tn t:~~ ~g rn:~ S~H: =~30 ZI 
-----!-i..__a AT A-CL! ...l&--!. ,_g Z---Ut.Q..-1.1...6.--1-2S ..0.3 t 

15 OATA 07 3.?e 0,5C 45J 19,0 7750, ,030 ! 
H C FS 3855 

____., 7---0 J T~~-hi>T--h~-4'--'3fe--! 6~-'J-112SeM<1----. 
1e DATA J9 o.&8 0.04 1140 31.7 55JO. 04 BALEEN IS.GAUGE 

------}n6i--n8H-HH:~3 ~:H-MtH~:f ~f%~: , 90WELL IS. HEST 
21 C FS 3854 

----""'2i-iHt-g ·i:ti-8: ~ 3-~rrn-i;:i-t~a t JiHttHiJ 0 5 g~~~~tti'itT~--+------------------------ ..24 OAU 14 0.20 0,03 BGO 40.5 37no. ,QJO DIG POINT 
-----cz<:--o ~a -·1 s -c. ;,s---t, c 1--!~3(;-h,-1--5750-. , a Jc-- (r----------ir-----------------------­

ze OAT~ 16 c.39 0001 4•CO 25.c 10000. .010 
----~2~~~5~01 1100 42.4 5500. .010 1500 10.0 

zq DAU 18 o.73 -0.05 25CO 23.~ 75~0. .cao 4~G 10.0 07 PRIMROSE IS.GAU 
----ii-iii~-~6-%:~~-:£:~r--t~~%--tj;~-~~o. .~~~~~%--t&:~------------+------------------------

J! o~TA 21 o.47 -o.u9 2aoo 24,0 5sao. ,010 . • ! 

_____,,_ ~-0~ TA·-z ?-C-.-3 5~d~-t:r&--52-..~f-;•. • a5-:!--li*'l-1-G-.-<-----~-------->------------------------

~; gm ~~ ~=~~ =~:H i~~~ ~l:~ ~~~~: :m 08 PROMISE PT.GAUG ..-----.·c-r--rs :a~2 ­
37 DATA 2S c.25 -c.12 3~00 42.6 7000, .050 1500 10.0 AKUNAK 9AY ____...,e-.a ATL2f. -.C. :.z....c..1.J.-2~ C~J.2--4 sec cso EARIHER.....li.Q.P-~..,_..__________________________ "' 
J~ DATA 27 0.38 -C.14 2ECO 3z.2 2750. .oso 32CO 10.0 
4C DATA 28 0,45 -0.14 22CO 32,1 S25C, .csa es~o 10.0 .. 

----i-&AT6:--29-c-....v-ort-..-r7H-l!~.-s--r&s~. .aH~T-iOoG 89 aA-1tt1e---~---=-----------------------

Z~ ~n/~0 3 8:~2 -0.11 i:co J4,2 3750, .010 1000 10.0 ::KATUVIK POINT "' 
44- --0ATA--31--a.z9-•o-.-1~:J1;;uu-:.ro•1,.-------,-oo·o-. .1rru-------i~u-;;r-I"U. u '<~re- :>~AL SAT ....­
4: OHA ~2 0.30 •0,17 2800 37,9 4&30, ,070 12CO 10,0 ,... 

----4~--0:. TA-33-C• .:.9~,.J._7_1..,C'"-3-1-Z--•7.Sl: 1-.Jl.JJ.O.u.0-J.1_..G_...,G.___=------~-~-----------------------
47 DATA 3~ 0.2& -C.17 2~CO 2.;.e 775C. ,07Q 32~0 10.0 10 CEllTRE IS.CURRT f
48 DATA 35 0,19 •0,17 17CO lloC 2500, 0030 1900 10.0 _ 

----~AH~~-t-.1.-<;---fi~-S~?~e I • e Jr-<rre e 1 e. G 11 'H"i-TS.5Tt£6~11-RR-RR"C~HHT'---+------------------------
50 DATA 37 c.1a -0.11 3DCC 57,7. 59~0. 1030 40CO 1J.L 12 POSTON PT.CURR.
51 C FS 38SO -

DAtA Ja u.1tt -u.:.1 .. sc~ sa.s iozso. .030 9200 iu.u 13 '311., _____ _ 
53 DATA 39 ~.1c -0.11 cZCO 5l.3 8250, .020 35CO 10.c 14 SEVERN HR.GAUGE 
si.-.0ATA-.1tC--l:.14--"ll..1.2-..4scc s1.c s• ~a, , no Joci; 10 c '~LAW I
55 04TA· 41 C,07 •C,17 83~0 56.~ 115JQ, ,020 1000 :.O,O HANOURY ISLAND 
SE C FS ?H? 

----.o;7-o Au-~2 -c. 0 tr--o; 1'1-61'01l-7ot--11500--. • Ol~~-ANOP-I-f'fR-f'S;-GcllA--1-----------------------
5~ C •••• ~NO CF MAIN CHANNEL .SECTIONS •••• 
5~ OATA "~ (,01 0,03 7Cu 10.c 1e.rnc •• 0081 .030 OUOICH RIVER N.oi?_C___ rs ;-re, 

b1 CATA 44 Oo01 Q,03 1500 10,0 16500, ,010 


---~6j-gAric-~~~~·~~3c.ol-4:C..~S..5--.J~U.tl--OJ -OUJJ!CJLill/~-.:>.--f--------------· 


64 DATA ~E c.JO -0.1~ 3c00 10.0 150~C. .010 aARBOUR aAY s. 

----~~--oAu-~-1--11, oe---e.1 ~1lo~~~--r2'5,·c. .0-30------------------11--..,.-------,--------------­

, EE DATA 4d o.c. -c.1~ 3;co JO.a 50u01 .OJO BAQBOUR BAY N,
Z 67 C FS 3851
1 te UATa ~~ u.,, -u.ir ltLJ ~~.1 fij~U. .uru l~~u ~U•w ~~1~·~~ ___ _ 

o ~l._~~I~~ci:.il..ZS·1Tis ~fc~Jx~n tt~¥go 05 HC " 1 ·~~i~·0~2~~~~~o~rG~1_0_._0__1_6_o~E-E~R.,.,,..I_s~·=-G~A~u~G_E__-+-----'------------------­
11 2QA~C~ F~C~ ~3 TO -5 US FIX::o VfLO OUTFLOW TO 14 OUOICH RIV~R 
72 9~A~C~ FqCM ~E TO ~a us FIXED ViLO OUTFLOW TO 28 3A~qouR aAY 

---~)'?-"JP~>:e'1"'"1'i?t I ~9 TO ;e Il~Pl;0~-3-3 tt'l"rt-0~-~6 SWTH-ilE-CtthTT-RRiC:....;IHSl--+r--------------------­
7~ w:IGHT ,55 9,8
75 DISS ~£IG 0~1 DSC 014 ~RS 049 H~S 
7E ilOLlEL FOii 5J s~c1 IOl'lS 001 RRS II.1c. SIEP UUOJi SIOP 1Ii1E~ON Ri(S 

http:l._~~I~~ci:.il


---~OOEL-SE'l'.-U?---------· 

1 1-JnoM ~ f i t i ~ ~ f ~ 1i 1 ~ 1f 1 1 1 ~ ~ ~ 1 ~~__q_.!! Zf 2l 2i zg z~ z~ 2f 2l Ji Ji 3i J~ 3; J~ 37 J~ Jf J~ •i 
LlllKC•I 1 1 z z J J .. .. 5 ~ 6 & 7 7 3 a 9 9 1U 10 11 11 1Z lZ H .. 5 1• H 15 15 16 16 17 17 1& u ·o 19 z• ZD 

--n85M---8!-J.f2~~-3 8 ~ 8~2f.J1-42P~-1µpppµµ~~£g_____________________________ 
LINKCWI ..1 itl 1 U itJ it3 "" ......3 lJ .. 6 •& .. 7 "7 itE Z7 J3 <,~ "' 35 !!_

II 
11.~~-s COMPLE re FOR--.-rKr=~U~"CUITTJS --- NO.OF ~~ II 

VEl c ..... 0,90 ~.H Zo15 ~,SJ 8•63 1,5., 1o~Z 0,51 C,JZ Do15 Q,17 CoZ9 Oo15 Co51 0,15 C,37 OolZ Do•O OoH 1-m S:U~~~~~~4·:-U--~;~~~rl~~ii-~~~7 DoZJ 0.23 c.1s 0,19 Col5 M6 0.10 c,iz MS c.12 
-------------------------------------------------~t 

0HEIGHJ i.qa 1.H !'o; •Ot!c •D,9l •0,6q -o,;,q •0.39 -0.21 -0.2• -0.22 ·0.19 •0.16 •0,16 -o.1s -o.ca 0,00 c.or. 0.01 -c.c~ 
~C.rtH~u~.14 • .i:> •O.r! -J.Il ·'G,!3 -0.13' -IJ,ll •",il -t,l<i •u.ZG •U,Ztl •U12u -U,Zi.1 •r...21 •Gu::l • .,,ZJ •U1l'i •r...18 •u.ia 

M£1Gl-'1 -c.11 -~.11 - ,i;1 •J.11 -c.1t -0.13 -c.13 -c.1J -c.z~ -c..21 
----1~1,__...,,,~~C-tI~~...s.u:P,;-1.-.K4s sroo r1":~~ttlt..i--HRS l' 01 ~.2-~'·~-~.,~3.__.0~2.......~6......0.~--------------------------­

•ll CllCUlAT!O~S COHPlEH FO~ TillE • 720~ SECONDS ••• NO,OF ITERATIONS a 

--~ft 8:~~~ ~:?} ~:\r ~:~r ~:~~ ~~~l ~:~A ~=~f ~=~3 ~=~3 ~:Z~ ~:2g 8:~~ t:~t ~:~~ S:~! ~:~f 
VEl c.z5 C.41 -c.co J,05 •0,01 -o.oo o.o .. Q,03 0.2& Q,J3 

~E'IC;HT c.co J, cJ -o. JZ 0,14 o. J7 o. 31 : • J9 ., .-z2 -o. ia ·o'-,-14-.-=-o-.1...,.4._,-o,...,-1&,,.....·"'"'-·1"'•._,·o,...,...,.1.,..6-·...,.o-.1-,3,__.·0=-.-1-4--...,a-.1'"'3~.""o,....,1..,.9-•...,.o-.2""•~-.,..c.-1-=s---­
HEIG•T •0,17 •0,17 •Co18 •Do!& •0,18 •D,19 •Q,z1 •a,z1 •0,24 •0,33 •Oo3S •O,J9 •Oo41 •Oo41 •Q,47 •C,.,7 •Oo49 •0,5• •Oot2 •0,72 

--t'flfitft---oe"!r-h,.,._1tt~~..--o-rtt •O.t& 0.1& c>•tt -o~· 
ILL._Cll.CUlATIONS COMPLETE FCH TIHE •_10800 S!:CONOS ••• NO.OF ITERHIO~S • 

-m gjH:i~-i:tl-1;Jt-t.-?H:1H:'IH;EH:tH;trt~~ 8:U &:§8 &:H u~ 8:~~ 8:n 8:~~ ~:U f.H
yEL c.~; -;.ci c.110 C,JC o.oo iJ,15 1o11C9 Q,38 ";_.;•4c:..7________________________•il.~l. 

--VEt----.. 

"EIG"P OoOO Q,OL:j,22 •O,OJ •0,02 •OolO •0,2a •0,59 •Oo•9 ·0,•1 •Oo41 •0,42 •O,J9 •0,39 .,,3& •O,JS •C,~0 •O,J• •0,48 •o,~5 
4if&~l 8,l.Jt:l~ . 0;tt-:r:t~ =~ ..~~ :8:Jf-:f:!t-":f:#-:~,j~ :~.fr-'-"9 ·O,&iZ ·W,lS cO 35 ,,-i's-" 1 

5 
·····ct Cr'l {,3&.. M, Z 

-AL1.-CltCUt-A TI ~KS--Ctl~Pt-t T~-1'0~---ff11t-=-1:tot rs!COllD,_____..,.Orttl'-f"T~IWl-toN 

VEL O,ZS ~.zr Z,14 a.56 T;j$ Q,29 U,az ~.6~ U12Z ~.13 0166 Q,Uf Q,12 U.tb ~.zu J1Cf "'''~ ,,la w1Z6 U1ZJ 
-..:It-~t il_.j;!Ll;J6 ~ •6L&: Sf -~: gL:t!t :~ :£~t1l.:z:,1i.•._._·_o_._s_9_·_0_._1_1_·_•_·_5_•_-_o_._s_a_-_o_._1_1_·_•_·_1_z_-_,_._,_,_-_o_._6_5_·_o_._s_2_-_o_._1_d_____ 

HEIGHT •O,DO •0,05 ·0,11 •3o3~ .3,5., •Oo4¥ •0,34 •0,23 •0,39 •Oo•7 •Oo48 •0,47 •O,it9 •0,4S •O,SZ •0,51 •Q,56 •Oo54 .;,.,6 •o,51!-mm---r:n~r:i1 :8:ir:B:11--=a:tr:!:n -~:~n;g~ ~:~rr:u Ml lot- 1••z 1·-~~1.u 1.z-
II 
!.!.-~1~c-l-c-1~c~c~o~c~1~1~1~0~~~5~c~LEfE fj!( ft:olc. = 2161L s~CON::JS --- NO.OF' ttdUfldNS • 6 

··---=----~~--=--:---:--:-=--:-:-::--:--::-:-~-::--:--~-.,.-77-::-::-::--:-:--:---:--,--:--:--:-::--::--:-:-,,-:-:--::-::-=---:-::-:--:--,-:--:--:----::--:-:--:-::-:----­
: ~~t .g:~~ -~:~~ -~:'~ -~:i~ .g:~~ .8:~f .8:~~ -~:~5 -~:fl -~:~~ .B:l! .&:if .f:~~ .g:~~ -&:~~ .g:~; :g:~i :~:t~ :~:l~ :z:~~ 
1 -vEt c.""2'a •"'.!' t"itt-,....-i-~~~.~t--Ct-1'2' ·, 

:-mm -~:ii !:B -~:H ·~:H ·s:~l ·s:~C -~:U -~:5~f:H ·M~ -N~ -M~ -M~ -g'.t~ •Mi -g!B •i!§f •f!§f M~ 
• HEIGHT 1~,, lo7J •C.¥7 •Oo48 •3,<,6 1.;2 0,99 ,,94 2.os 2.08 

ILL CALCULATIONS COMPLETE FOR TIHE • 25200 S(CONOS ••• NO.OF ITERATIONS a 6 

VEl Oo20 O,J7 2,,9 Oo63 Oo95 Oo30 Oo7• Oo37 OoO• •0,00 •OoOJ •Oo06 •Oo16 •0,1• •O,o7 •Co25 •Q,41 •Q,49 •uo&5 •C,71 

http:C.rtH~u~.14


01 

, 

-m---:S!~t-:i:tf-:A:U-"!~:n-=~:t2-"S-:~t-"i:U-:::U-!S:~t-=~=-~f-·'·~U-•.C+l9 .a !S •C •• -e •.J~ ·•· 11 ·G~...a•.u .....a•._..___ 

i:H2~J"""5:1M:'2N~tn-i:i~ t:H r:~~ t:~~ ~:~? t:!~ i:U t:~~ t:U f:U f:U ?:U t:U ~:~f d~ f:H 
~EIGHT 1.&& 1.tt -c.01 ·l.05 -0.01 1,77 1.sa 1.39 1.a& 1.a9 


All CALCULATIONS CO~PLETE FOR TIHE • 28800 SECOHOS ••• NO,OF ITERATIONS • 


VEL "i·S~H'oa Oo2t...:i•U 0,01 •Oo09 •Oo12 ·g·p-~·~6 •DoD4 •0,}0 •0,21 •0,13 •Q,66 •Oo30 •Oo59 •0,57 •0,7~ •C,74 
~~E 0:11 -K:22 :1r.tlr:w:~~ .a:a 8:H 8:1~ -o: r.c:-2~ " 35 e. ~ a.e e.s a.a~ o-rtt e.&

9 e.et M-t-hff 
Ti 

L9

~t1GHI----1o0l.--1.04-..a,6~...Z~+2.lo.......J...l0--1.~4--J,.,.J,~..JIQ.......1...J_.~-----------------------------~ 

- ...... 	 ~1......,i~:~C"!..--~i~:,l~~-wi~:7 r.07=----~ ..~~~TjG~c"~Hrf-~-~~r:~~~t-~i-:~~~~-o~1.~.~~i=--tr:~~~1.--wi~:~!Tj......,ir:~z~J,......~ir:~z~t-w~-:~t~l......,i~:~tM~--i-:,~~;-~i~:7 t~a......,~~:~~~f.-~i~:~~~2.--wi~:~~•~a......,ir.:~~"t..--~i~:~ITi-~i~:1

ALL CALCULATIONS CCHPLETE FOR TtHE • 32400 SECONDS ••• NOoOF ITERATIONS • 

vEL -0,1~ -o.9~ •2.&s -1,30 -1.02 -o.so -1.os -0.62 -c.31 -0.1& -0.12 -0.12 -0.19 -0.12 -0.~1 -0.21 -0.36 •o.~z -o.s~ -o.ss 
~~E ·g:~3 ·g:j~ :g;~~ :8:if :8:~~ :8:36 -~:6S -~:~~ -~:i~ ~:il u.u.. u.11 a.1z u.1e1 a.3z a.zit u.zs u.zD u.z-. u.~z 

~EICH? •C,Ol •Q,CO -a,t1 Q,55 o,78 a,86 Co91 1,10 1o16 lol~ 1o20 1o2~ 1o25 1,25 1.2~ i•25 1o17 1.1~ 1o2C 1o20 

-m&~l--l;~w.;~i-.t.~~W-~~-i~~% i~W:-i~-i:-~W:~WH o.&1 o.&o o.s3 o.s3 o.•3 .~3 c •• o 0.31 0,34 0,30 


~ CALCULATIONS CCMPLETE FOR TIHE • 36909 SECONDS ••• NO,OF ITER~TIONS • 


~~l =~:n-=~H~~~ -~:J~ ·&::~~l~;i ·g;~.~ -~-~:l~ -~-~~ -~:§t ·s:eJ -s.~t -s:lj ·2:Lt ·g:1~ -2.~; ·2:2~ 
VEl Co3Z ~.•5 •Cda a.12 o.n o.oa C.3S a.21 u.•5 O.Sb 

~~~~~~~~~~~~~~~~~~~~~~~~~~-

~~ !~=f ~=~~ ·g;g~ -~:~r 8:~~ !:~~ ~:f~ ~:g~ ~:~~ ~:~~ -!:~i .i:1~ -~:~~ -t:~~ -~:~' -5:~~ -A:!~ -~:jl -~:~~ -~:~' -!:~~ 
Ft.IGHI -t.s! -J.;zt-r...J 1... 1 i.Ja o.sa 111 ..... u.JJ •c.z - .. , 

---llL--CJ.L.C.U.L.J.il...O.~S CC~P1 £IC £0? TJHf g 19~&~QOll.-CS~'~C~O"NU0l!S'-'"~"~"~~·aO~O~fL..1~IUf~RUALLl,wi""-lL.....O.--------~---~-----~-~------~ 

--Vft hZS 1.-1~150 ~155 ~·e; B1s3 1ol5 6169 B12&--hl3 81E& 51~~ 3161 8'~' e,u Bo~6-Trf! he3 Go'i g•5lvEL c.ss a.•.5. .o.a.6.12.J 9.& o.s9 a.ea ~.e1 1.J2 ~.64 o. o.~9.2 o. o. a o.6 o.s1 o.~1.&•
VOL 0,35 o.•!__ c.ao ,09 o.o& -o.oo a.Jo c.t5 o.&J o.ao 

~fl&:LR;gL:[:il:l.:!Ll:iLJ:iLl:li.J;lL!·t1 -t~t..d:J~ .t·f~ .A:!t -~·~~ -~·~l .f·~1 .l·~) -~·?~ -~·f~ -~·r~ -1:f~ 
HEIGHT -1.zc -1.21 1,;9 1.11 1.12 -0.32 -a.23 -0.11 -0.95 -1.12 

-Att-eAtetlt*JlON5 ee~te1~~ee&-~N09------H~~1'Hlft5r---,_--------------------------

-.o,,
Oo61 

•q~HT •0,00 ·i.c2 •0026 0,38 Oo46 0,49 o.~2 i.~,5~48 Go~8 9o46 i,47 0,47 C,47 Oo45 ,,44 Oo40 G,14 0,1' 

~~it~t:t!~r:1r8:rr-tu-z:~~t:~!1~!sz • 1:t2 • 1.-~e •• 56 162-ti-f:e 1o76 h76 i.1s i.1a h a -i.1. 


~LC CICCUCAllOKS CCHPLEIE FOIC llHE i ii6CUG SECUITTJS ..... NO.OF llERAIJONS * 6 

0.02 -o~n b-;11'"Q.J7 G.11-0.36 Oo39 0,57 0-,&fi, 	 m ·s:n -~:~: ·f:J~ ·g=~~ ·g::~ ·&:f~ ·g:~r~~:K~ -~:n -~:~r~~:g 0.76 0.49 o.ss o.-.o o.sG •• 47 0,37 G,25 Oo3• 
· -Vft----tl•!.fr-t-,-tt-i:t·•~O--V.3v---e-rti-G-riit--Oi>2~t-Z--Ori3--V'l·1>----------------------------------. 
!--;~I&nr -~:z~ =~:~1 .a:;i :s:?~ :8:&~ :z:i: :s:e7 :tt:;1 :i:i~ :t:t~ =~:ti =~:ii =~·:;1 :f:~i =~:;; :f:;a :f:3: :f:~> :f:;: :t::~
i 	 HEIGHT ·1,77 •l,~8 •Oo19 •J,19 •0,11 •0,73 •C,87 •Jo97 •1.91 •1.~9 

All CALCULATIO~S CO~PLETE FO~ TIHE = 50400 SECONDS --- NO.OF IToR~A=r=I=oN~s=-=-~6,----~-------~-~-----~--------

1 

: 
Y{L

ltt 
•0,01 0,04 •O,OJ 

-B:~i -i:ta ~:Jtt 
0,09 •Q,00 O,~J
f=~~ e:~c -H•a~ 

8•05 

,:~i 
QoOS

o:..u 
0,04
W..5.... O,OJ

0 ,57 

'-"£I'llf · mm o.ae •O •1 -
·. 

http:G.11-0.36
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VEL Oo17 CoJ9 2.19 Do9C 1,02 Q,~2 0,95 0,5S C,26 Q,17 Ool\ ~,13 ~.22 g.13 g•ltJ Co20 Co31t c,3;; q,1t7 O.~g-m .~:~% .br.1~r-r.tr~:n .&:n .5:ti -~:316:5Z--:t~ 113 0113 1Bf 119 °'11 a.16 Ml .121t Mlt 

. RfI1iHt--r.~ir;i;J------ir;1~r·ir.-ot--------.r•~u-;--oz·--.-u;-e,--------c...,r -u1-,:~"•~·Cl'33"------Vt-.,-s--•u:;,, ---r.'ir•u • .,, •i;--t"jr•-i-•~·r.-11 --.i--.n 
.....Jd~:I -hL:til..:a: ii :i:n : Vi~ :t: ~ t.:.l;.it.;t · n : a: u..:to.....c _-_o_._9_1_·_0_._a_2_-_o_._1_5_._o_._5_._o_._._.._-_o_._&_.._-_o_._6__-_o_._s_&_·_o_._5_o_-_o_..._5 

All CALCULATIONS CO"PLETE FO~ TIHE • 57600 SECONDS ••• NO.OF ITC:RATIONS • 7 
01 

v~t ~·~~ ~·H ~·~" ~·17 6,]5 Q·6i e·H ~·u r.35_ Q,2C -- Qt1i Q,1~ Q,23 Q,12 Coltl c.1~ Q,30 0,31 g.36 c.31-Vt. \.:.. &. 9.o~.o -\. - • -o.;~~ ... -o.s -u,31 -a ... s -o·'' -a.14 -0.11& -a,41 - ,J& -G.sa 
ii..vEL -a,3z - ,LS -o.oo 0,1& o.o~ -c.oo -o.~~ -v.2& -o.~6 -a.s7 

~EIGH' -a.oo -0.~3 -o.s~ -0.16 -1.03 -c,91 -1.01 -1.1~ -~t1a -i.11 ·1t17 -1.11 -1.11 -1,11 -1.16 -1.16 •1,15 -1.u •1,1a -1.11 
-t~lm ·i:U~;-1~-ill-.:l;.H -~:U -~:g -~~~ -~:t~ ·c:"5 -0:13 -0.01 0.10 0o11 0.11 o.za a.za a.J2 a.36 M Mo 

All C•LCULATIO~S CC~PlETE FOR TIME • 61ZOQ S!CONOS. •• ._ NO.OF_ITEOJIO!!S -~6 .. 
--VE .24--t-.q.3--J...SZ--1.J.a...-t.~6..-.-0-6-1 l,Ji. 017-$...-C......Z-9--Q,12 0111 0,10 0 13 Q,Ct. Q,•3 0105 Q,Qt. a.oz •D 06 •D ,, 

~~t :~:§l :~:~g :&:~~ :~:s~ :&:~~ :&:t~ :&:~l :~:~~ :&:~? :t:~~ -a.&1 -0.13 -o.51 -o.s2 -0,53 -0,60 -0.&2 -a.s2 -o,1t3 -o.&a 

~EIGHT -c.ac •0,"5 -0,53 -o.es -1.1• -1.ae -1.1s -1,21t -1.21 -1.2t -1.19 •1.19 -1.18 -1.1e -1.16 •1.11 -1,a2 •0.95 -a.ea -a.&3 
-llH~tlT ·MA ·M~ :H~ :H\ :H'l: M~ M~ R!t~ He Ml a.10 o.a1 M5 o.c;s 1.oa 1.ae 1,a9 1'11 1.1• 1.i; 

--rn o.2t--e-re• 316~ 11n 11e' a,s1t h~& o.&t r.1D-"-M~5 01ee 0.87 0111 U.H a.et e.'3 a,,1 •·&& o•H
; 

Y~l •u_._72 •0,57 ·_ 1,_01 -~,Q_u •_0,41t -~.85 •O, 3 -G,9& -791t •lu4 •0, 74 •J,8a •Go54 •Oo51t •G,51 •a,61 •Go6Z •CoSZ •a,1tZ ·~066 c' 
· .r.,35_~:.,-.5_ c.c..o_~.?L-Otl2~oo~o.o9 -u.ce •C',72_•c.ei. 

~EIGHT -o.oo •a.oz ·D.•7 •J,62 -o.ra -0.12 •0.7~ •Q.79 -0.11 -o.75 •0,75 -o.71t -0.11 -0.11 •0.68 •0,62 -o,51 -o.1t1 •G,25 •O.~lt 
--Jt(tGK.l---Q....Q9--.;e.Z.7~.-28--4..3.41--0 1.ez tJ J.S c.OO--Q....60--Q...al.--J...26 1 "9 1.61 i z1 1,11 1 81 1,•1 , AJ 1,61 ' 81 1._!a 


~EIGHT 1.11 1.11t -a.ea -•·~7 -0,11 0.11 t.69 o.e& 1.11 1.a1 


-tt"""i:~-f-t11~~111e • eooo s~r-tt-filA·'fflH+--+------------------------

~·2~ ~·I!! _g.~z- ~·~~ ~·~!- ~·~~ 2•2? ~·~1 ~·!!O 

ILL -i;IL!;11LITIOll:OCO:tPl:ETc FO<r TIH< • Ti!OQv s;:;i;o.ws· ---- llOoDF ITC:R•HONS • > 

VEL o.c1 a.c~ c.oi o.~6 -0.01 -o.oo -a.oJ •G.o; ·c.05 -c.~s -o,oJ -0.06 •i•12 •0.10 -C,36 -o.1a •0,39 -0.~3 -o.6J -~.7?
-m -i~~g;~+-=-!i-U--=~~U..;~~ ·g: g~~~--=~-U--=~-U....:~;...J _-_o._5_1_-_o_.5_5_-_.J_z_._a_. 3_.,_._a_."""u_-a_._h_·o_._H'---·-o ._a_a-'-o._a_3_0-'.1""'"1 


60 f· 90~ri~~a..;v 0•P ¥· 1;..-+.ii i· 5 ~ 015§ i~i t·~' t' 6' i~t i·n Ms i· 1S Ml 1
0·U i' 6f a. i· 1

"7 1 51 9H~1G~:1l t:z' o:A- 0:1.. o;#c f:!1 1:1t1 1:i6 1:~3 1:oa • • ' • • • •• • ·' .~1 
All CALCULATIO~S CC~PlETE FOR TIHE • 756aa SoCONOS ••• NO.OF ITERATIONS • 

VEl -o.za -0.16 -2,51 -1.10 -1.0~ •0,1t• -0.~9 -o.s& -c.z5 -~.1& -a.10 

~-m ·B*4:4~ -~:H =~~3 :~:!2 :~:66 -~:H -~:t~ :~:H -~:-tt-= 
t_..,:G.M~~•.C~7 :I 1 1 0...05--C-.~~l-,-1.....C."'--J.+C 7 1 1·, 8 1,r9 1 11 1111 1 112 l12ta 1 11 a ?O • 2 & I 3 1 

• ~i;lGHT 1,36 1,1.0 1.Jr 1.J& 1.3J 1,30 .i,21 t·27 1.19 i.c1 0,93 o.a.. 9,77 0.11 o.u a.u o.61t.&a a.Slo 0.5~ 
1 1-:.IG..T o,a.7 u.1i-. 1.09 1.11 1.11 1...2 1.36 .21 0.11 a.&6 

All CALCULATIONS COMPLETE FO~ TIHE • 792aG SECONDS ••• NO.OF ITERATIONS • 

:~U· B 28 -o 11 2 11 -o u -1 oJ a 31 a ii o,•,z u.so ''lg o •" o 1te o 3• o n au o u o •J a u , u o 55
I VEL ,3 llelt • eO!S •Q,Q9 •Oe03 •C. D 01.1 Oe2~ Q, ..z Ge J 

-- ">..., 

'. 

http:s;:;i;o.ws
http:�C',72_�c.ei


01 

~ 

-MUC~Ji.....J.J~..J~.J~6 0, 7 J Co 6&-4..!~~Z-...4~2.,_-----------------------------­


ILL CALCULATIONS CO~PLETE Foq TIHE • 82100 S~CONOS ••• NOoOF ITtRATIONS • 
 ' 
•

HL -o.z9 -1.e9 -J,H -1.s• -1.•J -o.u -1.J5 -o.73 -c.z9 -o.1t -c.a -a.ca -0.10 •a.oz -o.c. ·o,c1 c.oz o.os o.H 0.21 • · --vn.---r;Jz~~ J.1--u;-o~•-s~-u-.-,;-~ • 5;-0·;~1-v ~ ·s1~~-,,r1-;·.Jt;--c; ;5s-r.;r-w;·sru~r.--ue·s~o;-n-v;;v-c;so--a• itZ--'1•6~ - ,
vEL 0,15 c.•l -o,ija o.oe o,oJ -o.oo o,zg 0.15 t.6• o.ac , 
~EIGHT -~.co -c.~1 -o.z& u.~c 1,19 1.z& 1.zJ 1.J& 1.3s l.JJ 1,J2 1.31 1.~, 1.2~ 1.2& 1.21 1.,1 1.~2 ,,,7 ~.ra 

· NEIGNf c,&2 3,51 c.•6 o,.5 o.z3 0,13 c,01 o.ci -c.o~ •J,s& -~.61 -0.12 -o.r -o.H -o.gz 0 0.~2 -o,9• -o, 6 -o.n -1.0. 
-ttfitiftf--t-rtr-ti-ta 1. •& 1. J<;--i-n?.,_...~~~ 

ALL CALCULATIONS CCHPLETE FO~ TIHE • 86•00 SECONOS ••• NO,OF IT"RATIONS • 7 ii"'".. 
-llE'-----s.C..Z~• .U....L.16 ·1·2' ·1 "·O 51 -·~......w· •Q 09 ·O p ·g-90 0 p ··o BI' ··p •.•• a ...... Q r.z a.u · vEL c.6; 0,53 1.01 o.as a.~2 o,e2 0,11 0,93 c.~1 1.s1 o. J, g c, 4 o,, J o. 1 ~.62 o.sJ 0,44 o.&9 

VEL c.JO Q,t.g -c.GC 0.21 0.12 -o.oc 0,06 c,07 0.10 (l,86 

=E1g~~ _ ·g;gj :i:6~ :B:f~ .a:~t -~:~~ .t:~t -~:tt -~:r~ -~:~~ -~:~~ -~:~i -i:ri -i:t~ -i:r~ -i:~~ -i:~~ -~:~~ -~:~~ -~:;g -~:~~ 
--i1tIGHt •I.bit -1.&lt 0.01 iJ.81 0.11 •U,)U -u ... 5 •o.flf'f •1 ... ~ •1105 

-A'' C3LC"L41JOAS.....C.C~P.LETE EO? IJHE. SCQOO St'CO~OS --- NO Of ITCRAll.O!ii.~~~--------------------------­

-·m--t:1H~tM:1~M-:1r-t.11"1-:irt:1rt~-n:~~ ·~:~~ ~:u ~:n s:i~ ~:H s:u s:;~ ~:z~i i:~l 
YEL ~.21 Q,Z5 o,o" o.?6 3,1z -o.oa ;,~z~'-"~·~1~1,__~c~·~•~9-~J~·~a~1--------------------------------"'" 

HEIGHT •O,OO •O,OJ •C,06 Doll 0,15 Ool6 Ool5 OolO 0,07 0,05 Q,05 · Oo05 Oo05 O,C5 0,05 0,08 0.1. 0.09 •O•&• •OoZI 


--:~i~~r-:i:il-!f :;6~:1f4;!H:~t-!B~f}-!8:i~:if-!t~t-:~:-~;-s1• za •' go •' 96 •4..96 .. z no .z ca .2 o .z os .1. g .1 ~1 


---ttl-C•~~HIHS-CC'll"~r~f11f-1--'i!~~reo1tos-------HO-.~f'-f-J~RA~HIHS--.>-"'J-------------------.,.-------­

v~L----·v•~•---v•1.,----...-u.--5c--.iJ;-g-----r.nr------01o·lilJ-•~• ro'"'li .---u'i------u;lJi-------v;-uz-r.u-z---v-.-irr.-we-xr·----u-.-ue- --u.-'"s- -r.1~ - ~-s-7- u.-.Jc.-~--v.-,,, --we-oc 

__til i:!Lt.rLl:.U g;r. Mf .M~ x·Vi ~·n f·2g A·~§ o.65 J.65 a,39 GoH o,z3 ~.~2 M o.a ,,C3 •G.02 


HEIGH• o.oo -o~z -o.os -0.11 -o,Jt -0,31 -0.33 -a.~2 -o.H -c.•~ -o.~a -o.•a -o.•a -o ... a -c.•e -0,·•1 -0.•1 -o.•9 -o.s1 -c.10 

-mm--:r::~ -i: 3~-:z:~r:F.~~r:t:rr-:t!-rr:r.11-:t:it:r:~1 1o19 h85 11es 11es ha1 M1 1'77 1.11 h61 "si 


ALl-CllCU[ATrDJJS-I;CJ'fP"l[TC-"FO'flP'I~ :-- Y-TZ-UU S~ONU~-··-- - NlhUf lfC.RAl1tJNS- a·--~ 

vEL o;fl --l~&;CJ-1.-7~- ~;75o-;-11--rr;33--o-;12- t-.4-3 ,,-, ra·- -,.-12- -o;-oa-a----;ro-o;u-cr;-r1- o.1a o. ti l),JJ o.1s o.1t1 o. s:. 

--~~'it~~~~~W;.:.! ~=:~ 8:1~ g..;.u_g~~-ii--hlo o.Jo 0.2.. 0.10 0.12 -o.1z -o.c,. •G.o9 -G.t6 -G.2z -o.c.:t 


.. EIGtfT O.O!I •3.CZ •C,J3 .-c.~c -0.:.9 -o.;o -c.SJ -0.71 -0.79 -a.a1 •0.82 -3,83 -0,65 -o.a! -C.87 -~.89 -C.92 -c._96 -1,!)5 -1.15 

PEIGttf -1.zz •l,!'l -1.:sz •11.!! -~.h -1,Ja -1,JJ -1.:.sa •1,21t -.11r---i.--iu---11"-J"-----u-.-.,-,----.u--.v1-·~-.a,o--ij,ao-·v•·:1"""-.-..,,,, •i.•rl.-•w.1>0 

HfIGKT -o.&z -o.~7 -c.a1 •J,83 -~.85 ·1·•• -1.11 -1.30 -0,97 •i.3b 


--u·L CAilfUL~ TIONi; -CC~Pl. ET( FO~ TIHE -• 0i•0• SECONOS NO,OF ITERATIONS • 


~E~ 8:~f S·ll ~:I~ 1:5t l:ff ~:~~ I:~~ -5:~~ .8:j~ -2:~~ -8:!~ -8:lt .8;l~ -&:!~ -8:~~ -8:!A -~:t~ -~:i? -8:i~ .f;~~
--VE -o. n -a!i....--o. GO c.14' O.iJS O.OU •O.~ •C,J$ •;,,.41 

~f!%~f---:1:i;-:1:~t-=1:1~1:1t-=t:1!-:i:ii-=8:~~ :o;~t-:t:i:i =~.~; =t:i; :a.a' ·i.i~ ·i:t~ -i.1i :i.1z -£.1; ·i.1; -a.ii -a.zj
' ~£IGHT o.zs o.zs -1.11 -1.1J -1.12 --~o~,9~6;.._·~0~·-a~~--c~·~7~~--0~·~02=-~u~·~l~Z-----------~--------------~--~­

£LL CILCULITIO~S CCMPLET~ FOR TIME •••••• s~co~os ••• NO.OF IT~RATIONS • 6 

-0.11 -o.36 -c,40 -o.se -o.67 

http:ra�--,.-12--o;-oa-a----;ro-o;u-cr;-r1-o.1a
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-m .,:n4:U--"!:1't-"%!i~%~f-i:!H:iH:~H:U-f:iH;!H:9~-tif a:n 8:~&-t-trtiH:iH:U-t:"'u___ 
VEL G.C3 •O.Cl -o.co c,16 a.a6 •O.~O c.zs 0.11 o.ss o.s~·------------------------------~ 

~~lg~t :~:g~ :~:~~ :~:~~ :~:;; :%:1~ :i:Nl :~:f~ :~:ii :~:~r :f:~~ :~:ii :i:~g :i:~Z :i:~? :~:~~ :~:~! :i:i~ :~:~~ :f:~~ :~:~: 
~~.GHI - ... So •1 ... 5 -~ ... I •:J";~9 •t.11 •1.IZ -1.n. •l19li •!,<; 

-¥ft hle a·'n~' !'" e.e~ "n 5,f, e.t .. a.fr 6186 o.ea 8ot6 3•te Ooa• s·H B•H g.a........r.~%
vr:L c,H,•5 ,a& 0.11.s• o.6 o. ~· o g.62 o.s o.•o o.36 o.u.22 °0.03,c&.oo • .oa -0.11 -o.32 _ 01 

VEL -0,20 •0,31 • .oo o.oa ~.os o.oo o.o• 0,03 .22 0.1 11 

~tI&HJ o,oo ·o·iL:c.o~ :9·Zt.;o·•~ :9••7 -0.•2 ::·6i -c,12 -o.1L;i,1s -e.19 •G.77 -o.p ·f·79 "f•&2 -c.a~ -o.e1 -c.z~ -1.0& " 
--:!~iGU-r :a:~~ =~: 7._ .t:~r-o:1& -t:lr.r.-tf-:t:-fr-r:t1-:t:-ft-=t:ti 131 ·' 

2 2 •' '• 11 • 11 •'sO .1,go •C 3 en•&•1rZ 

-I tt.-Cttellt-H11ltt!-C!l'1pt·£Ti!-f01t-TI tie '''' • SE<lONOs------tttn-oF-tt,:RA H1l­

-Vft t.19 %•11 fi•oZ l1i8 i1i2 C.53 l1lb U,f, U,33 8·~G g•tt 8•ii a~c~ o.tlf U,46 01(1 U,J .. 0.36 0.41t C,42 
-~4L 2:iLdLdLJ;ll...J;.d_.j;JB_KtlLi:fl__;_t_l~~...&-·_·_1_-_.__._._1__-0_._2_&_·_0_._J_•_·_o_._.1_·_0_.J_•_·o_._J_J_·_o_._J_z_-_.i_._s.____ 

.,.fii"' ~·Ei -;,:3 •c,31 •?.s~ ·r·.1CJ -o.11t -o.s1 -0,91 -1.02 -1.0~ •1.cs -1.os -1.01 -1.01 -1.01 -1.c1 ~1.Ja -1~12 -1.20 -1.2& 
~u~~J--a~s16:U-=l:U-=1:u-;i~-n-:tm-:w;---:~m·~m~m-~n~-...u -6ol5 MS M7 a. 6l'---i!--ri,,._,-ijQ-&r01o-hVS-----­

---ice CICCUClllORr'tID'fPCE IE FOR I !HE i •••• SECONDS ••• NU.OF lh.RAI lONS I . & --­

VEL 0,21, Q,30 J,28 i~•C 1; ..1, 0,&2 1,J6 Oo82""""T.3-3 ~.20 0,13 Q,13 0,20 OoG9 0,31 0.1 .. 0,21 0,21 0,20 Q,08 
~L a;-~:fi ·s:l' -~:.\l -~:ti-~:~~ -~:~i.:~:~~ :-::1& -G.&s -0.&9 -c.1t& -o.sz -c.i.a -a.~J -0,5 .. -~ ..., -o.Ja ._;,&1 

HEIGHT -o.~o -o.c1o -o.;o -o.86 -1.1~ -1.~s -1.1e -1.2e -1.2s -1.2J 1.23 -1.22 -1,21 °1.21 -1,23 -1,17 -1,13 -1,og •1,0J •o,9z
-.:r1cP1 -o.e1t -u~a -J,:I -o·'' -o.JJ -0,11 •i.1,11 -0,04 0.2 .. 

0 

u,4z u.s2 0.01 u.s1 a.ts u.;s c.11 u.ow ... az c.as 
~ElGMT 0,35 ~.86 •1,J1 •1,Z~ •11Z1 •O,Z6 -~.21 •U117 0161 u175 
ALL C•LCULITIO~S CC~PLETE roq TIHE •••••• SE~c-o-No-s=---.--~-N-o-.-o~F~I~T.~--RA-T~I~O~~-·s~.~~~~-~----~--~~--~~--~-~----~-

VEL 0.2~ ~.!i J.36 1,43 l.le 0,59 1.z7 ~.69 0,24 0.12 o.~7 0.04 u.u2 -0.04 -0.11 -0.10 -C.Z4 -G,Z4 •0.44 -G.57 
vE~ -J,s9 -u.~3 -o.~s -u.1~ -~.~c ·&·1a -c.os -~.9~ -c.e1 -1.43 -11.1c .. ,,11 -u,53 -o.sJ -o.sJ -~·6Z -~.&l -0,53 -~.~3 -~.01 
VE •0,.!;-;u;-t;d Cn1t1 •:J,16 •O,U/ • ,QO •w,23 • .,,,12 -C, /i •J,85 

-MEIGlll--.&J..OJl--l+CJ.......O.s~1z......J...ni.....o..0...9L.o1....U.......i-.!IS....U.JIJ ....tl.Jl~2 _, 01 .r.~s •O H -o~ z; •••• •O.Jo!-=-L.2~----

~!Ig~l -~:~~ -~:!1 -i:~~ -i:!~ -~:~~ 8:~g fi:~i ~=~~ i:j~ ~:2' 1.10 1.20 1,33 1,33 1.~~ 1.4~ 1,4s 1.~1 :.sc 1.~~ 
ALL CALCULATIONS CO~PLETE FO~ TIHE • ••••• SECON•JS ••• NOoOF IT£qATIONS • 

VEl 0,20 ~,75 2·'u·~Ll·DL._C,~3 c.93 ···~ e.13 c,;5 o.c2 -o.c~ -o.is -c.p ·s.. ,9 ·s·n -•.SJ -c.s;; -0.11 -o.7• 
-m----:g;-H-:o.~t"!!:t~ -di .i:ts b~:-1f-!t-:ir=-t.-n-=r.~~-4+.7a -o z -o. 1 • •• • ·" •Z _, ... -o JO ·a 5;____ 

_,.HEJ&tfGHf--hTVs4'~s~o~t-h3~~2-·~o •z -1.ry?-fr1•-3s~J e1.ee 9 ooes& 1'H toec 8 &iEt~ ~·P 2· 1"•H i1•fi"·o o 73---t-..r-i•~o 1dt a 6 '~ 0Et ,_, •• 3 o,,. '" '"' , •• , ., .u9 1. ,77 , 1, 
8 8

,,. z. 5 z. s •••• z.. ,,, .,.
__ttI· GHT 1.'n :..ett -c.Js ... ,3z a.ea 11,39 o,gz 1,96 z.c~-~.ze 


All CALCULlTIONS CC~PLET< FO~ TIHE • ••••• S!CONOS ••• NO.OF IToRATIONS • 6 


f VEL ~.09 ;,33 1,13 lolo7 Q,..C 0,17 0,3" uolJ O.CI •G,02 •0,02 •Q,QS •Oollt •Doll •t,•5 •0,23 •O••it •0,"8 •0,60 •Oo?S 
~ -nr--:t:~r-:r:i! !:af:t:~~:iM:'&r:t:·~t .a:-n-:t1t:a~r-&ne M9 a..a a.-..s Me e...t-n-H--i-ri~.-t-z-vr,•..ie>----­

•,~GRt -c.oc t.51 r.ou a.is a.zt u,21 o.ct u,4J t.~ .. w.45 a.its w•;g 0,44 u.44 ~,4z J,39 c,33 o,Js c.1t1 o.ss-.__..:m~i~ ~: ~LJ:lLJ · H tlLllLt~2 r. U ~~..5LJ:l,J_1_._9_0__1_.___z_._0_0_2_._o_o__._o_z__z_._c_z_1_._s_•__1_._9_s__1_._e_1_1_._1_1_____ 

•1 ALL CALCULATIO~S C01PLETE FO~ TI~E • ••••• SECONJS ••• ~O.OF f l<RATIONS • 5 

•O,J6_o_0.1L~D.J0_..~.39~0.s& -o.&S 
,\llt-•v.-i;r--·~1 -- ~-r--r.10·-- ---ue .Si! 

~nm "i:H t:~~ ~:H i:~~ ~:~t i:H ~:~! i:~! ~:U ~:U i:~~ i:1! i:1l' l:~& 1:~~ t:~\ 
FClUhl ihOi U•O' ltllii Jij:il Ui')J 1iJ't "i"tl l>liH-~~· 

http:b~:-1f-!t-:ir=-t.-n-=r.~~-4+.7a
http:0.03,c&.oo
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-UL~ILCULITIONS-CCMPL(T;;-Fo~--TI>ti'.....&-Ol.Ht_SECO~aS-··--~o.OF-!.Ti~A.TlONS.~.......---------·-----------------· 


-.,c~o-rt..--~-s~tr--m-r---rr•o---ir.,s-i... ·z1~tr16~.-'~•tt-on-.;-ft--vrt-trt<t--t-r"M-rtf-1trl~r-n~~......~ 
VEL •O.J~ •0,2~ ·C·•' • ,4C •1o18 •O,J1 •J,ZU •C.C1 C.J9 •·2• ~·1• Q,20 u,18 Oo25 G.J6 ,zg ~,JJ Q,JZ ,.31 Q,SZ 

.,a :'I 1t2 __ o.co - .~s -o.~tt -<:.oo a.Jo o.1e 0.20_ G.33 

_mm~~!L:tU.~.tiLl~LtlLtlLJ.:H t·i~ ML.en ~:f~ M~ !•U !•H !•H t:H t·H Hi !·~i !::H 
~EIGHT ,.~J -J.C1 1.1a 1.zs 11?7 1.1~ 1110 1103 o.zs 0.15 

-.ALL-CIL-CUtAT !O,s-e1)~pt£TE--f'Ott-T I·lt[-r-_...,-S!CONOS-----0;0 F-1 TfRATtoH~6 

- "ii 
Vtt -a.zr -i.C'l •.!'.66 -t,,9 -~·'s -g.g1 •J• .. o -u.a7 -t.39 -w.zt -c.tJ -0.13 -G.19 -g.c9 -u.2a -J.12 -a.ta -J.to -~·t' -r;.uz ,, 

-Z~L O:_SLJ:f~ -~:~Ll:il-..o:.1~~~:.ll-8:a Hf o.&• o.69 o••& ·S• o..a o.s: o.53 c... ,37 G.Si 


ME!GHT -J,1C •),Ct •0,21 J,91 1o21 1o28 1o24 1o4Z 1,43 1o41 1.41 1o40 1.38 103& 1o36 1.32 1.2& 1.21 1.14 1,0J 

-mm---:t:n-:3:~~-i:·~a-r:~rt;~g-g;~~-g:-u·5:~r:~:ir:~:~~--v.-z9-o .. •o---o.-..r--o-.-•1-~."3-c··&-3-u•t-o.~e-0o-1~-o.-n,----

l~ILCULATIOlilS CCHPLETt. fQq TIHE = ''**"-s!'C1J"NUS ••• NO.OF lT~RAttONS = 5 

vn -0~21 -1.c2 •3,&J -1.•2 -1.H -0,51 -1.21 -o •.66 -0.2• -c.12 -o.H •o.o• -o,oo o.H 0.22 0.12 0,21 0.10 - o.•s o.ss 
VEL 0.57 1),48 0,93 Q,7«3 O • .t.O 0.19 0,07 0191 0.85 1,i..(; o.Eia Q,75 o. sz o.s& o.Sft o.i1 c.oz 'O.SZ 0 ...2 0,01

j --vet a.3ts-<i•11~a--r.t~cr-r.~0~9-u;1i-•H-•6 

'-~-E:!G_!!T __ C,_CC~~._rz._,_c,31 __ 0,78 '.l5__1,03 0.98 _t.1L..J,H 1.11 1.tt f'10 1,C8 1o08 1o06 1oCO uo88 Q,79 Q,63 0.43 
to-rr~~r---r.1~u--~n-:r.u~71~~b -",-:J~-rr1 -a.99 • ~10 -1.14 -1.11; -1.za -1.za -1.z9 -1.Jt -1,Ji;-;r.-J7 
~£IGMT -1.11 -1.•a 1.z• 1,15 1.Ja •u.39 -o.JJ -J.2& -1.1• -1.26 , 

ALL CALCULATIONS CC~PLETE FO~ TIHE • ••••• SECONDS ••• NO.OF ITERATIONS • 

VEL -c.19 -0.12 -2.s& -1,cg -1.02 -0 ... 1 -5.;1 -~··a -0.15 -o.o& -0.01 0.02 0.11 0.1• o.s1 o.2s o,•1 o,so c.&s ~.7u 
-1~t ~=~l ::2~ -!:ea ~:i6 8:I:J -B:e~ u!~~ ~:G1 C:6~ C:~I Q,75 G.80 C.53 lj,57 o.sg J.~j ,.5~ C.&tc; '1139 c.io 
~ttGNJ c 4J-~~~J 0 JJ o.·1 0 lit 0 1t2 Q,L.t.. DI..? a c.' 0 • .:.1 n,c.o n,t.Q D t.O o,·u 0.11 0 17' 0 ]3 a 3 7 •lf,0.2. 

~fl&~~ :i:~~ :i:11 -~:f~ -~:j~ ·g::t :~:~§ :&:~t :~:~~ :i:~~ :1:~~ -1.ss -1.10 .-1.11 -1.11 -1.iz -1.-~ -1.gz -1.s1 -1.88 -1.a1 
~~~-r~IH~ttT--ftl~CY1llf 11'3 Ylttr-3-f?-i>-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

i----------~------------------------------~----~--------~-~~ 




, 


---------------------_..,.au_coHYA!JlltlG -~UGlilS-VS-UHL_ ___ "' 
TIM! l ~ & ' 12 15 18 2" 29 l• l& 37 38 3~ •2 50 

~= ~:1rB:~r:m--:tft1:t2 -~:n-:2~it:t:n-:t:1H:-tr:t.n""7S:~~ .2:~~ .8:if=?=~~n.•~11;---------------­
____..,J:--u:~= =~:~~~:·t~~8·:t;~J~ZHa:i~5·;~a-~~.;~H~;t~-;~;i~-;{}-;P.{~-=~~rr -a:-it;-4;-t~};{~~--------------­

2----~:__:.z: ~L:3:JL;f:tLl:n-=~: tL;t 'Lj:~L:tJLl:lL~:fLl:tL!:~Ll:~Ll:n-1:H__J:a,,._______________ 
1. o ... ~ -c.19 -c.1e -~.c9 -J.cs t.C!1 J.2a 1.11 1.~ .. 1.io 1.&1 1.9~ 1,91 1.a1 1,&1 1.d9 

____.,,a ;-:g.: ~g~=~~8;~W:-~~~.;~~.JW-;.r!--l-:~!--6-:.;l--J;~~~~!i-~~iw ;~.W.;!!-3:-~-W~~ ..3---------------­
lu. c.o: 0,01 l.Zc l·•Z 1.3.~ 1.37 1,3u u,&l o.z: •0.27 •0.37 ·C.38 •u,1o1 •u,•7 •O.>• •u.37 2!_ 
11. ~.c:: c.~z 1.12 1.10 1.:.& t.cq J.a .. c.?t -c.zt -c.,'JS -1.1z -1.1s -1.1s •!.19 -1.21 -l.12 '' 

~i: ·&:~~:1! ..&:ar-J:~t ..3:~~ .g:ii -E~t =~:~~ =~:Yr:1:-fi :t :4f:1:~~ :t:~J :t:~d :t:~r:1:~~ Zl 

--I~:-%:5r-:~: j~--:8: ~~-:8: ~~8 :~·i-~-'S: ~t--:t: t~-::i:3i--:t:i}-;t: ~~!·: ~f-:i~~ 3-:t-:~M5: ~ ~-5: tr:~:'?-~.....--------------­
16. -o.:: •011& -u.111 -1.1a -1.11 -1.1& -1.15 -1.01 -~ ... c: ,.11 o.zs c.J? 0.30 o."o 0.1.t!i o.za 

---1~:--.a: t5---:%-:1~-:~ :'~-:E: ~¥-:5: ~~ -:~: &~ :~: 2t··-~ :i~-5 :~i ··-~: 11-1·:~1--1:~1-i:~t-·-1: ~~-1:;2-1·:~~--------------­
~~: .g:-;·~ ·&:5§ ·t:i~~iH5~ &:·~~ d:iH;~~-i:~f f-;-tH-;iJ i:~~ i:~A 1"'~-.- 13w---------------­i:i-H-;-.. 2 "":.;;­
·--11· ·~·~~ t•"l C,i9 1,Q. 1,oq l.!Z 1oiC l·l'> lol9 0,77 0,68 0·6" O.oO o.s .. O,.,, u.06 

Z-.JI • t - • h--1• ' 4-1• 'S--1. 37-f.J5-.J.• 1--.1 • J;_C." !-" C. G 1_.. C~ZJ-= C. Z~ll., Z~ 3,L_,,_J .Jb-"~ •.2 ..._·--------------­3, ·O·• .~c 1.h 1.h 1,31 3'H 1, z a.is -~·ii .,,77 •O ,.,z .,,9., ·•·"" .,.~~ -1.H •w.92 
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