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INTRODUCTION

A literature search was conducted to obtain information on glacial
lake trap efficiency of suspended sediments, with emphasis on

.. materials smaller than 50 microns. Relevant information will

provide a basis for predicting the fate of suspended sediments
entering the reservoirs of the proposed Susitna Hydroelectric
Project. ’

The bibliography contains annotations for 36 references with
relevant information and a listing of 31 additional references with
no specific information. There is information on depositional
processes when proglacial rivers enter standing water bodies
(Church and Gilbert 1975; Carmack, Gray, Pharo, and Daley 1979;
Embleton and King 1875; Gilbert 1973, 1975; Gilbert and Shaw
1981; Hamlin and Carmack 1878; Pharo and Carmack 1879; Smith
1978; Sturm and Matter 1978), with details on particle size dis-
tribution for two ancient lake environments (Ashley 1875; Shaw
1975). However, research reveals that reconstructing modern
depaositional environments from analyses of . ancient envirocnments
may be misleading, as distance from source and shore and depth of
lake are not as significant as density, windinduced currents, and
stratification (Bryan 1974a, b). Furthermore, misinterpretation of
depositional events can lead to overestimation of the time involved
in deposition (Shaw, Gilbert, and Archer 1978). A method is
presented for determining sedimentation rates by radioactive fallout
(Ashley 1978). One study on a modern lake shows that suspended
sediment concentrations affect density stratification (Gustavson
1975b). Twe studies (Ostrem 1975; Theakstone 1976) address lake
trap efficiency and distance of deposition from the source.

The literature search included a review of University of Alaska
theses and publications of the University of Alaska's Institute of
Water Resources and Geophysical Institute, the U.S. Geological
Survey, and the U.S. Army Corps of Engineers' Cold Regions
Research and Engineering Laboratory (CRREL). A computer
search was conducted on the CRREL Bibliography and on Selected
Water Resources Abstracts.
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PART | - RELEVANT INFORMATION

1.

Arnborg, L., H.J. Walker, and J. Peippo. 1867. Suspended
lpad in the Colville River, Alaska, 13962. Geografiska

" Annaler. 439A (2-4):13‘1-144.

Discussion of suspended sediment data collected during one
vear (1962) for hydrolcgic-morpholegic study of the Colville
River delta. Three aspects of suspended load considered
were: quantity transported in water; size of particles in
suspension; and total quantity transported in a given period
of time. As unit velume increases, median grain size and
total Ioad carried increases. Grain size analyses for samples
represantative of selected locations, depths, and times are
presented. The amount and size of suspended material
increased with depth at one location,

Ashiey, G.M. 1975. Rhythmic sedimentation in glacial Lake
Hitchcock, Massachusetts-Connecticut. Pages 304-320 in A.V.
Jopling and B.C. McDonald, eds. Glaciofiuvial and glacio-
lacustrine sedimentation. Society aof Economic Paleontolagists
and Mineralogists, Tulsa, OK. Special Publication 23.

Discussion of seasonal silt and clay deposition (varves) in an
ancient  environment. Suspended sediment cencentration
affects water density far more than temperaturse in glacial
lakes. The settiing velocity of a 80 sjlt grain in 4°C water
undisturbed by currents is 0.05 cm/second. Therefore, such
a grain would settle 50 m in 1.15 days. However, silt was
found in all winter clay layers, and could indicate that lake
currents were present, preventing settling, or sediment was
intreduced vyear-round. Mean grain size of silt layers de-
pends on Jccation in the lake whereas grain size distribution
of clay layers is uniform. Grain sizef analyses are presented,
but there Is no specific information on the distance traveled
across the lake prior to deposition.

Ashiey, G.M. 1979. Sedimentoiagy of a tidal lake, Pitt Lake,
British Columbia, Canada. Pages 327-345 in Ch. Schluchter,
ed. Moraines and Varves. Proceedings of an INQUA
Symposium aof Genesis and Lithology of Quaternary Deposits,
Zurich, Septamber 10-20, 1978. A.A. Balkema, Rotterdam.

Sedimentation rates were determined by 137(:5 dating
techniques. Grain size analyses were determined for
190 samples and mean grain size distribution was, mapped.
Annual sediment accumulation equalled 150% 20 x 107 tons, of
which 50% was coarser than 50.
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4. Ashley, G.M., and .L.E. Moritz. 1979. Determina%?}'\ of :
lacustrine sedimentation rates by radioactive failout ( Cs), e
Pitt Lake, British Columbia. Canadian Journal of Earth
Sciences. 16(4):9685-970.

Discussion of techniques for determining modern lacustrine :
sedimentation rates. '

5. Boriand, W.M. 1961. Sediment transport of glacier-fed -
streams in  Alaska. Journal of Geophysical Research. ‘
66(10):3347-3350.

Developed empirical formula for sediment vyield rates for

glacial drainage basins based on glacier area, total drainage

area, and length of watercourse. No differentiation by .

particie size. Used five years of U.S. Geoclogical Survey
1 suspended sediment data from Denall and Gold Creek stations
| - to test formula.

‘ 6. Bryan, M.L. 1974a3. Sedimentation in Kluane Lake. Pages
| 151-154 in V.C. Bushnell and M.G. Marcus, eds. Ice Field
Ranges Research Project Scientific Results, Vol 4. American =
Geographical Society, New York, NY, and Arctic Institute of

North America, Montreal, Canada.

C e
Study of bathymetry, thermal structure, and sediment R
distribution in Kluane Lake, 1968. A weak thermocline
developed in July and August, which was occasionally

destroyed by storm-induced mixing. The lake is ice-covered
for eight months, and receives sediment from the Siims River
for four months. Statistical parameters of grain size analyses
are presented.. Sedimentation is affected by density, by -
wind-induced lake currents, and by stratification as well as 3
by bathymetry, distance from shore and input, point and

sediment composition. Highly turbid, cold glacial waters may e
be sufficiently dense to flow across the lake bottom regardless P
of thermal stratification. When the Slims River warms, it
flows over the lake.

)
7. Bryan, M.L. 1974b., Sublacustrine morphology  and
deposition, Kluane Lake, Yukon Territory. Pages 171-187 in
v.C. Bushnell and M.B. Marcus, eds. Icefield Ranges m
Research Project Scientific Results, Vol 4, American
- Geographical Society, New York, NY, and Arctic Institute of
~ North American, Montreal, Canada. )

Discussion of processes affecting sedimentation in lakes from

glacial streams. Bathymetric mapping of Kluane Lake in 1968 -
and 1970 revealed growth of the Slims River deita.
Cartographic and statistical analyses of bottom sediments are
presented. Finest sediments farthest from the Siims River
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were not in the deepest portioan of the lake. Distance from
source, depth of lake, and distance from shore are not signif-
icant in controlling deposition. Reccenstructing depositional
environments based on sediment size analysis may be mis-
leading.

Carmack, E.C., C.B.J. Gray, C.H. Pharo, and R.J. Daley.
1979. Importance of lakeriver interaction on the physical
limnology of the Kamloops Lake/Thompson River system
Limnology and Oceangraphy. 24(4):634-644,

Discussion of physical effects of large river entering a deep,
intermontane iake. No information of particle size analysis.

Church, M., and R. Gilbert. 1975. Proglacial fluvial and
lacustrine environments. Pages 22-100 in A.V. Jopling and
B.C. McDonald, eds. Glaciofluvial and gilaciclacustrine sedi-
mentation. Saciety of Economic Paleontologists and
Mineralogists. Tulsa, OK. Special Publication 23.

Discussion of deposition when proglacial rivers enter standing
water bodies. Significant events are: aggradation on the
bed due to deposition of bed [oad extends upstream fraom the
lake, aloeng with reduced flow wvelocities; development of a
high angle delta, with transport of sediment to the delta lip;
movement of coarse material over the lip and down into the
lake in turbidity flows (bottom flow); movement of river water
down the deita front to lake water of equal density (inter-
flow)}; movement of river water onte the surface of the lake if
density is less than the lake (surface flow); depasition of
fine-grained material and formation of varves, of which the
silt (summer) portion is depositad by turbidity currents, and
the clay (winter) portion by the turbidity current after
stagnation, and then by slow, continuous settling fromg
suspension. Turbidity underflow is not a continuous event in
the meit season. Varve formation cannot be directly
correlated to mean annual discharge, because a single large
flood can create a turbidity flow. Turbidity flows resulting
in more rapid deposition depend on discharge, river and lake
water temperature, thermal structure of the lake, guantity of
sediment suspended in the lake from previous events, and
river and lake dissolved sediment concentrations. No specific
information on particle size is presented.

Embleton, C., and C.A.M. King. 1975. Glacial geomor-
phology. John Wiley and Sons, New York, NY. pp. 532-558.

Review of general principles affecting sediment deposition in
lacustrine environments with examples: Lake floor deposits
become increasingly fine toward center or deepest parts of
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lakes, requiring quiet water and long settling periods.
Turbidity currents formed by coid, silt-laden stream water
are important jn distributing sediment across the lake ficor.
Rhythmites (laminated deposits) develop in cold freshwater
lakes receiving intermittent streamfiow, and In some cases
form on an annual basis (varves). They can alsc form from
sudden fluctuations in discharge (bursting of an ice-dammed
lake upstream), unseasonal warm or cold spells, or periodic
storms. '

Everts, C.H. 1976. Sediment discharge by glacier-fed rivers
in Alaska. Pages 907-823 in Rivers '76. Vol. 2. Symposium

‘on Inland Waterways for Navigation, Flood Control and Water

Diversions. 3rd Annual Symposium, Colorado State
University, Fort Colilins, CO. Waterways, Harbors and
Coastal Engineering Div., American  Society of Civil

Engineers, New York, NY.

investigation of glacial sediments discharged intc the coastal
zone (Knik, Matanuska). Size distribution, composition, and
settling characteristics of glacial sediment are important
characteristics In determining where the sediment will be
transported and deposited when it reaches the marine en-
vironment. Based on particle size distribution analyses, It
appears that fine-grained particles pass completely through
the river system. Ice margin lakes fringing giaciers are
depesitories for coarse sediments. Clay minerals were absent,
which is significant because clay particles form aggregates
with other fine-grained particles and settle more rapidly.
This absence may be common in other glacial areas because of
negligible chemical weathering in the source areas.

Fahnestock, R.K. 1963. WMorphology a&and hydrology of a
glacial stream: White RIiver, Mount .- Rainier, Washington.
U.S. Geological Survey. Professional Paper 422A. 70 pp.

Investigation of formation of a wvalley train by a preglacial
stream. Particle size analyses of deposited material showed
silts and clays were washed out of stream deposits. Anatlysis
of suspended load indicated that siit and clay stay in suspen-
sion and are carried out of the study area into Puget Sound.

Fahnestock, R.K. 1969. Morphology of the Slims River.
Pages 161-172 in V.C. Bushnell and R.H. Ragle, eds. Ice

Field Ranges Research Project Scientific Results, Vol. 1.

American Geographical Society, New York, NY, and Arctic
Institute of North America, Montreal, Canada.

Investigation of the Slims River, a proglacial stream flowing
14 miles from Kaslawulsh Glacier to Kluane Lake. The river
Is modifying a valley train deposited when the glacier was up
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against a terminal moraine. It is regrading, ie, adjusting to
a decrease in locad at the source by cutting in the upper
reaches and depasiting In the lower reaches. The Slims River
is also affected by downstream changes in the base level,
which is controlled by the extension of the deita into Kluane
Lake and the wvariation in lake level. As the wvolume growth
rate of the delta is not known, the sediment transport rate
cannot be estimated. Suspended sediment is predominantly
silt and clay. No data on particle size distribution.

Gaddis, B. 1974. Suspended-sediment transport relation-
ships = for four Alaskan glacier streams. M.S. Thesis.
University of Alaska, Fairbanks, AK. 102 pp.

Investigation of suspended sediment transport relationships in
glacial streams at Gulkana, Maclaren, Eklutna, and Wolverine
glaciers. Data on mean particle size s presented for four
glacial streams for one season at sites near the terminus.
Sediment availability depends on amount of sediment, distance
travelled downstream, and mechanical nature of sediment
entrainment (no specific information on entrainment).

Gilbert, R. 1973. Processes of underflow and sediment
transport in a British Columbia mountain lake. Pages 483-507
in Fluvial Processes and Sedimentation. Proceedings of the
9th Hydrology Sympasuim, University of Alberta, Edmanton.
Canada, May 8-9. Subcommittee on Hydrology, Associate
Committee on Geodesy and Geophysics, National Research
Council of Canada. .

Description of processes involved in formation of wvarved
sediment deposits in proglacial lakes, primarily underflow and
intarflow. Underflow increases with increase of water and
suspended sediment inflow. Cores o¢btained to determine
thickness and comparision of wvarves. No information on
particle size distribution.

Gilbert, R. 1875. Sedimentation in Lillocet Lake, B8ritish
Columbia. Canadian - Journal  of Earth Sciences.
12(10):1897-1711.

Lillooet Lake receives sediment from a 3,580 sg km drainage
basin, of which 7% is glacier-covered. Interflow and under-
flow distribute sediment through the lake in summer when the
lake is stratified. Factors affecting distribution are: density
characteristics of the lake and Inflowing water, as determined
by temperature and suspended sediment concentrations;
currents induced by wind and inflow; thermal structure of
the lake water, which determines the nature of circulation
patterns and allows interflow along the thermociine; diurnal
and seasonal fluctuations in Inflowing waters and sediment;
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and the large annual volume of inflow (4.5 times greater than -
the lake wvolume on the average). Interfilow carries sediment =
at the base of the epilimnion to the distal end of the lake in

one to two days. No specific information on particle size.

17. Gilbert, R., and J. Shaw. 1981. Sedimentation in proglacial
Sunwapta Lake, Alberta. Canadian Journal of Earth Sciences.
18(1):81-93.

Examination of hydrologic and Ilimnologic conditions of
Sunwapta Lake, a small, proglacial lake in the Canadian
Rockies. Sediment Input was measured and sedimentation =

- rates were calculated. Sediments of small, shallow lakes with
large and highly wvariable inflows are expected toc demonstrate
tateral and wvertical variability, whereas those in large pro- =

giacial lakes are more predictable due to maodification by
large, stable water masses.

18. Gustavson, T.C. 1975a. Bathymetry and sediment distribu- -
tion in proglacial Malaspina Lake, Alaska. Journal of
Sedimentary Petrology. 45:450-461. ‘

See next abstract

19. Gustavson, T.C. 1875b. Sedimentation and physical limnology }m
in proglacial Malaspina Lake, southeastern Alaska. Pages ol
248-263 in A.V. Jopling and B.C. McDonald, eds. Glaci-
ofluvial and glaciolacustrine sedimentation. Society of -
Economic Paleontologists and Mineralogists, Tulsa, OK.
Special Publication 23.

am

L Underflow, interflow, and overflow water entered Malaspina

) Lake, and the type of flow is dependent on the relative
suspended sediment content of the lake water and the in-
flowing melt water. The 18-km long lake is density stratified =5
(increasing suspended sediment concentration with depth) but g
not thermally stratified. No specific information on particle
size or trap efficiency is presented.

! 20. Guymon, G.L. 1974. Regional sediment vyield analysis of
| Alaska streams. Journal of the Hydraulics Div. of the -
‘ American Society of Civil Engineers. 100(HY1):41-51.

; Analyzed Borland!s (1981) formula. Considered particle size,
T but used an average particle size in the formula. However, o
- concluded that particle size affects application of the formuia.

21. Hamblin, P.F., and E.C. Carmack. 1978. River-induced P

currents in a fjord lake. Journat of Geophysical Research.
83(C2):885-889.
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Discussion of dynamics of strong flowing river entering a
long, narrow lake (Kamloops Lake, B.C.). River-inducad
currents Influence circulation patterns in a fjord lake. No
specific information on sedimentation rates or particle size
analysis.

Hobbie, J.E. 1973. Arctic limnology: a review.,
Pages 127-168 in M.E. Britton, ed. Alaskan arctic tundra.
Arctic Institute of North America. Technical Paper 25.

Review of properties of lake in northern tundra regions.
Thermal cycle of deep arctic lakes is highly wvariable, and
stratification is uncommon, occurring only in warm, caim
weather after lake waters rise to 4°C. Deep lakes maintain
circulation even when ice covered. Deeper lakes are re-
latively turbid as a result of glacial flour from streams drain-
ing active glaciers. Lake Peters is fed by glacial streams and
drains via a 1-km long, 15-m deep channe} into Lake Schrader
in the Brooks Range. Both are 50-80 m deep. Lake Peters
acts as a settling basin. When dense glacial water enters:
Lake Peters in June, it sinks to the bottom, and the take filis
upward with turbid water.

Mathews, W.H. 1956. Physical limnology and sedimentation
in a glacial lake. Builletin of the Geological Society of
America. 67:537-552.

Garibaldi Lake, British Columbia, receives sediment from two
glacial streams with relatively ‘low sediment content. Particle
size and composition of bottom depgsit analyses revealed slow
transport to site of deposition and slow rate of deposition for
clays. No information on amount of sediment passing through
system.

Ostrem, G. 1875. Sediment transport in glacial meltwater
streams. Pages 1071-122 in A.V. Jopling and B.C. McDonald,
eds. Glaciofluvial and glaciolacustrine sedimentation. Society
of Economic Paleontologists and Mineralogists, Tulsa, OK.
Special Publication 23.

Recognized problems of utilizing glacial waters for hydro-
electric projects, specifically in reservoirs and turbines.
Grain size analyses of cores of varved sediments showed that
summer layers consisted of coarser material than winter layers
(based on 20 micron grain size variation). X-ray diffraction
analyses showed that summer deposits contained more gquartz
(rapid sedimentation), and winter deposits, more mica (slower
sedimentation). For one 1,800-m long proglacial ilake over
29 years, about 70 percent of the total suspended sediment
input was deposited. ) '
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Discussion of dynamics of strong flowing river entering s
long, narrow lake (Kamiocops Lake, B.C.). River-induced
currents influence circulation patterns in a fjord lake. No
specific information on sedimentation rates or particie size
analysis.

Hobbie, J.E. 1973. Arctic limnology: a review.
Pages 127-168 In M.E. Britton, ed. Alaskan arctic tundra.
Arctic Institute of North America. Technical Paper 2S.

Review of properties of lake in northern tundra regions.
Thermal cycle of deep arctic lakes is highly wvariable, and
stratification is uncommon, occurring only in warm, calm
weather after lake waters rise to 4°C. Deep lakes maintain
circulation even when ice covered. Deeper lakes are re-
latively turbid as a result of glacial flour from streams drain-
ing active glaciers. Lake Peters is fed by glacial streams and
drains via a 1-km long, 15-m deep channel into Lake Schrader
in the Broocks Range. Both are 50-60 m deep. Lake Peters

acts as a settling basin. When dense glacial water enters-

Lake Peters In June, it sinks to the bottom, and the lake fills
upward with turbid water.

Mathews, W.H. 18956. Physical limnology and sedimentation
in a glacial lake. Bulletin of the Geolagical Society of
America. 67:537-552.

Garibaldi Lake, British Columbia, receives sediment from two
glacial streams with relatively low sediment content. Particle
size and composition of bottom deposit analyses revealed siow
transport to site of deposition and slow rate of deposition for
clays. - No information on amount of sediment passing through
systam.

Ostrem, G. 1975. Sediment transport in glacial meitwater
streams. Pages 101-122 in A.V. Jopling and B.C. McDonald,
eds. Glaciocfluvial and glaciolacustrine sedimentation. Society
of Economic Paleontologists and Mineralogists, Tulsa, OK.
Special Publication 23.

Recognized problems of utilizing glacial waters for hydro-
alectric projects,. specifically In reserveoirs and turbines.
Grain size analyses of cores of varved sediments showed that
summer layers consisted of coarser materiai than winter layers
(based on 20 micron grain size variation). X-ray diffraction
analyses showed that summer deposits contained more guartz
(rapid sedimentation), and winter deposits, more mica (slower
sedimentation). For one 1,800-m long proglacial lake aver
29 vyears, about 70 percent of the total suspended sediment
input was deposited. :
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Ostrem, G., T. Ziegler, and S.R. Ekman. 1970. A study of
sediment transport in Norwegian glacial rivers, 1368.
Institute of Water Resources, Dept. of Hydrology, Oslo,
Norway . Report 6/70. Report for Norwegian Water
Resources and Electricity Board. Translated from Norwegian
by H. Carstens. 1973. _ Institute of Water Resources,
University of Alaska, Fairbanks, AK. Report 35. 1 vol.

Investigations were conducted on water discharge and sedi-
ment volume measurements in glacial rivers above and at the
outlet of glacial lakes to calculate the sedimentation of fine
material on the bottom of the lakes. Volume of material
available for transport is probably largest at the beginning of
the season. No data on particle size.

Pharo, C.H., and E.D. Carmack. 1979. Sedimentation
processes in a short residence-time Intermontane lake,
Kamloops Lake, British Columbia. Sedimentology.
26:523-541.

Sediment transport and depasition in the lake is controlled by
three interdependent processes: delta progradation at the
lake-river confluence; sediment density surges originating
along the delta face, which result in turbidite seguences
lakeward from the base of the delta; and dispersal by the
interflowing river piume, which, due to Coriolis effects,
results in a higher sedimentation rate and greater fraction of
coarser material along the right-hand of the lake in the
direction of flow. Suspended sediment concentrations are
high above the thermociine where higher turbulence, main-
tained by wind mixing and river inter interflow, reduces
settling wvelocities. Particies settle rapidly once they enter
the hypolimnion.

Ritchie, J.C., J.R. McHenry, and A.C. Gill. 1973. Dating
recent reservoir sediments. Limnology and Oceanography.
18:254-283.

Discussion of radiocactive 137Cs dating. Method could be used
to date sediment in reserviors that have not been surveyed.

Shaw, J. 1975. Sedimentary successions in Pleistocene
ice-marginal lakes. Pages 281-302 in A.V. Jopling and B.C.
McDonald, eds. Glaciofiuvial and glacioclacustrine sedimenta-
tion. Society of Economic Paleontologists and Mineraiogists,
Tulsa, OK. Special Publication 23.

Discussion of sedimentation in proximal portion of a glacial
take based on interpretation on the ancient environment.
Mean grain size values were determined for sections of each
facies from o to 80. No information on transport of fine
materiais.
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Shaw, J. 1977. Sedimentation in an alpine lake during de-

glaciation, Okanagan Valley, British Columbia, Canada.
Geografiska Annaler. 53(A):221-240.

Ancient lake sediments were examined to develop a model of
alpine lake sedimentation based on changing depositional
processes with time and distance froem the ica margin.

Shaw, J., R. Gilbert, and J.J.J. Archer. 1978. Proglacial
lacustrine sedimentation during winter. Arctic and Alpine
Research. 10(4):683%-6399.

Discussion of deposition of coarse-grained sediments during
winter in Lillocet Lake. Misinterpretation can lead to over-
estimation of time seqgences of depaosition.

Siatt, R.M. 1970. Sedimentoclogical and geochemical aspects of
sediment and water from ten Alaskan valley glaciers. Ph.D.
Thesis. University of Alaska, Fairbanks, AK. 125 pp.
Studied five groups of glaciers with different bedrock Ilith-
ologies; Worthington and Matanuska; Castner and Fels;
Gulkana and Coilege; Rendu and Reed; and Carroll and
Norris. Particle size analyses and mineralogy of superglacial
and suspended stream sediments are presented. The
environment of transport has a much greater effect on grain
size than the nature of the starting material.

Slatt, R.M. 1971. Texture of ice-cored depocsits from ten
Alaskan valley glaciers. Journal of Sedimentary Petrology.
47(3):828-834. :

Revised and condensed porticns of Ph.D. thesis (see above).

Smith, N.D. 1978. Sedimentation processes and patterns in
a glacier-fed lake with low sediment input. Canadian Journal
of Earth Sciences. 15(8):714-756. Snow melt and glacial melt
waters carrying relatively low suspended sediment concentra-
tions enter Hector Lake in the eastern Rocky Mountains,
Alberta. When stratified, water and fine sediments enter the
lake as interflow' and overflow. Grain size analyses were
conducted on 42 cores. Deposition varies left to right as well
as distally due to katabatic winds generating downlake
currents In the -epilimnion that are deflected southward
(rightward) by the Coriclis force.

Sturm, M., and A. Matter. 1878. Turbidites and wvarves in
Lake Brienz (Switzerland): deposition of clastic detritus by
density currents. Pages 147-168 in A. Matter and M.E.
Tucker, eds. Modern and ancient [ake sediments. Inter-
national Association of Sedimentolocgists. Special
Publication 2.

=



35.

36.

Discussion of sediment transport and deposition by overflow,
interflow, and underfiow in a long, narrow, deep basin with
rivers entering at each end. Fine-grained sediments supplied
by overflows and interflows settle continuousiy during summer
thermal stratification. Most of the fine-grained particles
remain in suspension at the thermocline because the vertical

density gradient is more dependent on temperature than on an

increase in density due to suspended particles. During fall
turnover, the remaining sediment trapped at the thermocline
settles. -

Theakstone, W.H. 1976. Glacial lake sedimentation,
Austerdalsisen, Norway. Sedimentology. 23(5):671-688.

A lake completely filled with glacial sediments, over which
braided stream deposits formed. A new proglacial lake then
formed. Discussion of bedding and composition of ancient
lake sediments. Initially, depesition was very slow in deep
(80 m) water. In another lake 300 m from a glacier, about
75 percent of the sediment transported in suspension s
retained in the basin, but the amount retained in one day is
highly wariable. The daily summer values exceeded the
minimum by 200 times (data not presented).

Tice, A.R., L.W. Gatto, and D.M. Anderson. 1872. The
mineralogy of suspended sediment in some Alaskan glacial
streams and lakes. Cold Regions Research and Engineering
Laboratory Corps of Engineers, U.S. Army, Hanover, NH.
Research Report 305. 10 pp.

Investigation of the roie of chemical weathering of bedrock in
cold regions determined that no chemical changes occurred in
fine suspended material. Suspended sediment samples were
obtained for X-ray diffraction analyses. from galcial outwash
streams and lakes in seven areas (Chackachamna,; Palmer-
Matanuska, Moose Pass-Portage, Valdez, Juneau, Mt. McKinley
National Park, and Black Rapids). .
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PART 1li- NO SPECIFIC INFORMATION

1. Agterberg. F.P., and |. Banerjee. 1863, Stochastic modei
for the deposition of varves in glacial Lake Bariow-Qjibway,
Ontario, Canada. Canadian Journali of Earth Sciences.
6:625-8652

2. Baperjee, |., and B.C. McDonald. 1975. Nature of esker
sedimentation. Pages 132-154 " in A.V. Jopling and B.C.
McDonald, eds. Glaciofluvial and glacielacustrine sedimenta-
tion. Society of Economic Paleontologists and Mineralogists,
Tulsa, OK. Special Publication 23.

3. Boothroyd, J.C. and G.M Ashley. 1975. Processes, bar
morphelogy, and sedimentary structures on braided outwash
fans, northeastern: Guif of Alaska. Pages 193-222 in A.V.

Jopling and B.C. McDonald, eds. Glaciofluvial and
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EXHIBIT E

Z. Water Use and Quality

Comment 33 (p. E-2-96, para. 2)

Frovide quantitative estimates of nutrient adsorption on suspended sediments

(e.g., glacial flour) that will be transported into Watana Reservoirs. Pro-
vide data on levels of exchangeable phosphorus in soils in the Watana and
Cevil Canyon impoundment zones.

Response

Quantitative estimates of nutrient adsorption on suspended sediments (e.g.,
glacial flour) that will be transported into Watana Reservoir are not avail-
able at the present time. Data on levels of exchangeable phosphorus in
soils in the Watana and Devil Canyon impoundment zones do not presently
exist.

Additionally, to our knowledge at the present time, approved and standardiz-
ed methods do not exist for quantitatively estimating exchangeable phosphor-
us in soil samples. In fact, the definition of the term "exchangeable
phosphorus® is not standardized in  state-of-the-art Timnological
Titerature.

The present Tlevel of knowledge about the Susitna River drainage basin and
the 1limnology of the two proposed reservoirs indicates that the project
reservoirs will maintain a Tow productivity (oligotrophic) trophic status
due to phosphorus Tlimitation {(Peratrovich, Nottingham and Drage, Inc. and
Hutchison, 1982; Peterson and Nichols, 1982; Rast and Lee, 1978; Stuart,
1983; Vollenweider and Kerekes, 1980).
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Datqkabout hutrients attached to turbidity particles which are potentially
exchangeable with juxtapositioned microbial biomass are difficult, time con-
suming, and expensive to acquire. We hope that the FERC staff will agree
with our position and withdraw or temper this request.

References
Peratrovich, Nottingham and Drage, Inc. and Ian P.G. Hutchinson, 1982.

Susitna Reservoir Sedimentation and Water Clarity Study. Prepared for
Acres American Inc., Anchorage, Alaska, 35 pp.

Peterson, L.A. and G. Nichols, 1982. Water Quality Effects Resulting from

Impoundment of the Susitna River. Prepared with R & M Consultants, Inc.
for Acres American Inc., Buffalo, New York, 18 pp.

Rast, W. and G.F. Lee, 1978. Summary analysis of the North American (U.S.
portion) OECD entrophication project: nutrient loading - lake response
relationships and trophic state indices. EPA-600/3-78-008. 455 pp.

Stuart, T.J., 1983. The effects of freshet turbidity on selected aspects of
the biogeochemistry and the trophic status of Flathead Lake, Montana,
U.S.A., Ph.D. dissertation, North Texas State University, Denton, Texas,
229 pp.

Yollenweider, R.A. and J. Kerekes, 1980. The loading concept as a basis for
controlling eutrophication philosophy and preliminary results of the
QECD Programme on eutrophication. Prog. Wat. Tech., Vol. 12, Norway,
pp. 5-18. IAWPR/Pergamon Press Ltd.
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EXHIBIT E

2. MWater Use and Quality

Comment 35 (p. E-2-100, para. 4)

Provide real and simulated. salinity data which show the accuracy of the Corps
of Engineers salinity model for predicting salinity in Cook Inlet at differ-
ent locations (e.g., Node 27) under different flow conditions. Also, pro-
vide parameter values used in these simulations and document the source of
the values used.

Response

Real and simulated salinity data for Node 27 near the Susitna River mouth
are provided in pp. 2-35-2 to 2-35-35.

Also provided is a user's guide (pp. 2-35-36 to 2-35-171) for the computer
modeling effort conducted by the Corps of Engineers on the estuary hydro-
dynamics and water quality of Cook Inlet. The user's guide documents-para-
meter values and their source for use in the Cook Inlet water quality model-
ing effort. An example problem data set and simulation results are present-
ed on pp. 2-35-92 to 2-35-131.
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RESOURCE MANAGEMENT ASSOCIATES

Resasch @ Devergpment =  Agphcauons

11 October 1982

HARZA-EBASC .
Susitna Joint Venture

Mr. Wayne M. Dyok Document Number

Acres American Inc.
Suite 305 '
1577 C Street

Anchorage, Alaska 99501 525

Please Return To

Dear Mr. Dyok: DOCUMENT CORTROL

As authorized by your letter to Dr. Robert Carison, dated September
23a 1982, 1 have performed a numerical modeling study to determine the
effects of altered - Susitna River flows on the salinity of Cook Inlet.
The following describes the results of this study.

Background

The construction and operation of the proposed Susitna River
Hydroelectric Project will alter the amount of freshwater which enters
Conk Inlet from the Big Susitna River., With this project, inflows
during the high runoff summer months will be reduced and increased
during the Tow runoff winter months. To assess the effects of this
change in freshwater inflow on the salinity distribution within Cook
Inlet, a numerical mcdel previously applied to Cook Inlet during a Corps
of Engineers sponsored study was used (1,2).

Model Application

The numerical model! used in this application represents the estuary
as a series on nodes (discrete volume elements) and interconnecting
channels. In the aggregate this node-channel representation provides a
2-dimensional (i.e., 2-dimensional in the horizontal plane and uniform
vertically) description of the estuary including flow rates and

velocities and water quality parameter concentrations over time and
space. :

The model representation of Cook Inlet shown in Figure 1 was
developed in the beforementioned study. This model representation is
adequate for this study, therefore no modification or further
calibration was performed. To provide a more detailed description of
the model concepts and its application to Cook Inlet, excerpts from the
report to the Corps of Engineers (1) have been included as Exhibit A.

Typical hydrau]ic conditions were used for the study. ‘llonthly
average inflows from the wvarious streams tributary to Cook Inlet were
provided by Dr. Robert Carlson. These tributary flows, including the




pre and post Susitna Hydroelectric Project flows along with the model
inflow locations are shown in Table 1.

Study Results

To assess the effects of the proposed project on the salinity of

Cook Iniet, the following hydrodynamic and dynamic water quality
simulations were performed.

Cases 3 and 4 had very similar Susitna River flow and therefore the
effects on Cook Inlet salinity were guite similar.

(RGBT, eI A : 2 A N T mwmrf :
2 R .. The pre and post pr01ect salinities
distribution at six locations within the inlet are shown 1in Figures 2

through 7. The end of month salinities at selected nodal locations are
presented in Exhibit B. '

I hope that this brief summary of our modeling apprzach and results
meets the requirements "of your project, It has been a pleasure

providing this service to Acres American and I hope we are able to
assist you in future studies, ' '

Sincerely,

Donald J. Smit

DJS/ch
cc: Dr. Robert Carlson
Enclosures
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Tetra Tech Inc., "Water Quality Study, Knik Arm and Upper Cook

Inlet, Alaska," report to the Corps of Engineers, September, 15977.

Smith, D. J., "User's Guide for the Estuary Hydrodynamic and Water
Quality Models,” Tetra Tech report to the Corps of Engineers,
September, 1977,
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7.2 Estuary Model Application to Water Quality in Knik Arm and

— Upper Cook Inlet

7.2.1 Model Description ) SR

The numerical model used in this study was originally developed for
the California State Water Resources Control Board (Evenson and Smith,
1974) and later modified for 208 planning studies on Long Island, New
York (Johanson, et al., 1977). .Further model modifications were made
during this project and instruction on the model use can be found in
the user's guide (Smith, 1977) prepared under this contfact.

The model represents the estuarine system as a variable grid network of
"nodes" and "channels." Nodes are discrete volume units of waterbody,
characterized by surface area, depth, side slope and volume. The ﬁodes
are’intercbnnedted by channels, each having associated length, width,
Cross-sectional area, hydraulié radius, side scope and friction factor.

Water is constrained to flow from one node to another through these

7-5
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defined channels, advecting and diffusing water quality constituents
between nodes.

The following are underly;ng assumptions of the estuary model:
o -The estuarine system is well mixed vertically,

o The law of comservation of mass is obeyed for water

quality constituents.

o Chemical reaction rates may be estimated using first
order kineties characterized by reaction~specific

. rate coefficients.

The overall estuary model is composed of two separate component5° a
hydrodynamic model (HYDRO) and a tidally averaged dynamic/steady-state
quality-model (AQUAL).

that the results of the hydrodynamic model become input to the quality

models. The advantage of dlviding the overall model inte modular

units is that the individual models can be calibrated separately.

. Comnsiderable sgvings of computer time is realized by storing results

- of the hydrodynaﬁic,model on disk files to be used repeatedly in the
calibration of the quality model and during water quality evdaluations.
HYDRO calculates. the hydrodymamics of the estuary using tidal time-
stage data at the estuary boundary, hydrologic'tonditions, and estuary

geometry data such as depth, surface area, tidal flat slope and bottom‘

rOughness. HYDRO prepares a permanent file which portrays the two-

dimensional hydrodynamic characteristics of the estuary, including

o

These numerical models are used in sequence 80

tidally averaged values of flow, velocity, volume, depth, surface area

and parameters indicative of the dispe:sive characteristics of tidal
nixing.
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AQUAL 1is a tidally averaged quality model which can be operated in
either a steady-state or dymamic (time dependent) mode to simulate
advec;ive-diffusive transport as well as physical, chemical, and !
biological reactions of the parameters being modeled. Net advective 1
flows and dispersion coefficients;to simulate the effects of tidal l
mixing provide the phfsical mass:trénsport. The results are repre- !

sentative of the two-dimensional distribution of daily average qualitcy

conditions in the estuary.

The dynamic mode 1s used when the estuary quality does not approach - -

steady-state within the period of time the boundary conditions remain-
constant. If significant changes in tributary inflow occur before !
steady-state 1s approachéd, the dynamic operation gives more repre- :
sentative results. TIn the dynamic. mode, the model uses multiples of |

the tidal cycles as the basic time step and yields average daily te-
sults.

The AQUAL code provides the option to include up to four user-specified;

constituents in.addition to the following parameters which may be se~
lected for simulation.

1. Salinity

2. Total Nitrogen

3. Total Phosphorus

4, Tdﬁal Coliform Bacteria
" 5. Fecal Coliform Bacteria
6. Carboua;eous BOD

7. Nitrogeno;s BCD

8. Dissolved Oxygen

9. Temperature




A more detailed description of the model and its use can be found in

the model documentation.

7.2.2. Model Adaptation and Calibratiom : !

A node—channel network scheme has been designed'to represent the entires
Cook Inlet study area. This network, shcwn in Figure 7.1, extends from
Anchor Point on the south to the upper reaches of Knik Arm and Turnagain :

Arm. This network scheme employs a coarse represeatation in the south-;

ern portion of Cook Inlet where the impact of .development 'in the Ancﬁbr?
age area is small. In Upper Cook Inlet and Knik Arm, where impact of J,
waste discharge from the Anchorage area is gréﬁtest, a more detailed {
representation has been utilized. - The node and channel data were |
generated from Natiomal Oceanic and Atmospherlc Administration -(NOAA) !
navigation charts numbers 16664, G&GS 8854, and 16660. The node and .
channel data are presented im Appendix III. - l

}

Calibration of a tidal h&drodynamic model entails a series of simu—
lations during which boundary conditions are held constant and the i
frictional resistance is adjuéted. When the tidal-stage, current ve-

locity, and the higﬁ and low water time lag are adequately represented

throughout the estuary, the hydrodynamic model can be considered cali-
- brated. '

For model callbratlon,average 1972 tributary inflow rates were used.

An average tide was selected from the daily predictions at Seldovia -

and ad]usted to Port Graham, the NDAA.tide station nearest the south~ |
erly SOuudary of the study area.’ Ihis.tide has approximately the same
diurnal tide range as that reported in the 1973 NOAA Tide Tables. The
Tesults of the comparisom are summarized in Table 7.3. Good agreement
betveen the calculated values and tide table predictions of tidal stage

2ad phase was observed at most locatioms..
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Table 7.3

CALCULATED AND PREDICTED HIGH AND LOW WATER.

TIME LAG AND DIURNAL TIDE RANGE

I

"Time Lag(hra)

-Diurnal Tidal Range(ft)

Network "High Water Low Water
Node . .
Location Number | Predicted Calculated | Predicted Calculated' | Predicted Calculated
Port Graham 1 0 0 0: 0 16.5 16.6
“Cape Ninilchik | .7 .8 .8 1.1 19.1 18.1
Kenai River Entrance 11 1.9 2.0 2.2 2.7 20.7 19.2
Nikiski 12 2.4 2.7 2.7 3.3 20,7 20.0
East Foreland 12 2.6 2.7 2.9 3.3 21.0 20.0
Fire Island 100 4.5 4.1 4.8 4.9 27.5 28.9
Sunrise, ‘Turnagain Arm | 58 5.4 5.6 6.7 6.8 33.3 30.4
Anchorage 124 4.9 b4 5.5 5.5 29.0 31.8
North Foreland ~ 21 3.8 3.3 N h.1 21.0 24.3
‘Drift River Terminal 8 1.7 1.7 2.0 2.1 18.1 19.5
Tuxedni Channel 4 7 .8 .8 1.1 16.6 18.3
|
3 13 } 1 ) y 3 3 y Ty 3 } 3




s

Comparisons between computed current velocitie§ and those bagsed on
NOAA tidal current predictions were made. Figure 7.2 shows the cal-
culated and predicted tidal stage and tidal current near Anchorage

off Etn.WbranOE. The tidal current predictions were obtained by
applying corrections to the daily predictioms at the Wrangell Né¥r6w3.7

Both the computed tidal stage and current velocity compare well with

%redicted values.

Surface current veloéity data (Britch, l976)measuraioff.Pt:~Woronzb§

1
en w

were compared with current velocities calculated for a.similar perioda;

Figure 7.3 shows the results of the current velocity comparison'aiong o

with the corresponding tidal Stage; The“t;Qal stage comparison waé_

used only to obtain the proper current pﬁase. The model calculated

current velocities slightlybloﬁér than-thése observed. However, it would .,

be expected that vertical integrated currents would be less than those-

measurad at the surface due to lower velocities near the bottom.

Based on the good agreement between calculated and reported tidai stage,

tidal phase lég and current velocity, the hydrodynamic .model can be

cousidered calibrated.

Calibratiom of the water quality model is accomplished by first setting

boundary'cduditions to observed values and then adjusting dispersion co-

~efficients so that the measured concentrations of a conservative water

quality parameter are matched'adequately. Salinity is particularly

8uited to this procedure, since thecoﬁdentratioésin the -tributary in- '

_ flows are near zero with the sale sgurce of salinity being the tidal
: bOundary. ‘ : : . - -

Changes in saliniﬁy take place-rather slowly in such a2 large egtuafyjﬁi.
Consequently, a dynamic water quality simulation is raquired'fdr dis~
Persion coefficient calibration. A steady¥state approach would result
1a unrealistically high dispe}sion coefficients for high flow conditions,

and low dispersion coefficients for low flow conditions.

—r—
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Flow dataw(U.S. Geological Survey, 1973) fof water year 1972 (October,
1971, through September, 1972) were examined, and the average flows
during four'pefiods eelculated for all major tributaries to Cook inlec.
Table 7.4 1s a summary of the stream flows used for calibraticm. The
Hbvember,'197l through April, 1972, period is representative of low
runoff donditions and the mid-Jume, 1972 through September, 1972, is
rapresentative of high runoff conditions. The other two perlods serve

as tran51tions between the ma]or flow conditions.

Surface salinity data for Cook Inleﬁ is available for the periods

May 21-28, 1968, August 22423, 1972, and September 25-29, 1972. To
calibrate the dis?ersion eoefficiente, the model was rumn dynamically
for the entire 1972 water year. A comparison between the calculated
and observed salinity between Anchor Point and the end of Knik Arm are
-presented: in Figure 7.4. The calculated szlinity at the end of August
and September, 1972, cdmpares well with the observed salinities at those
timee."'The salinities observed during the May 21-28, 1968, period were
compared witﬁ the computed end of May, 1972, salinities. The observed
. and comimted salinities for the end of May agree reasonably well.; consider=
ing the diesimilar hydrolegy.

The above comparisco indicates thet the dispersion coefficients are
adequafely calibrated. The dlspersion coefficients ranged from 2000

to 6000 sq ft/sec along ‘the axis of the inlet and Koik Arm and 200 to
‘600 sq ft/sec perpendicular to that axis. These values are of the same

magnitude as those reported by other invescigatcrs (Hurphy at al., 1972)

15 1
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Table 7.4

FLOW RATES OF MAJOR TRIBUTARIES ‘TO COOK INLET

5

.Average Flow Rate :(cfs)
- | Nov 1971~ | May 1972~ | Mid-June 1972- ],

Stream Oct 1971 April 1972 | Mid-June 1972 Sept 1972
Knik and Matanuska Rivers 7,170 1,420 - - 7,590 31,200
Peters & Cottonwood Creeks 120 30 120 280
Eagle River 191 . 51 210 1,445
Ship Creek 126 25 114 - 270
Little Susitna River 200 60 250 1,800
Susitna River 18,600 5,800 58,300 77,500
Kenal River 4,800 1,310 - 2,590 11,600
e e of P T TS



BALINITY, PPT

BALINITY, PPT

SALINITY, PPT"

LEGEND
OBSERVED SALINITY REDUCED FROM

x | * ISOHALINE MAP REPRESENTING
= ’ SEPTEMBER 25—29, 1972 CONDITIONS
20 b . ____ COMPUTED SALINITY
END OF SEFT, 1972
15}= l !
o 3 3
S < z
S5t Lz g g
5% 2 E
Q ] J ]
175 100 75 50 25 ] 25
MILES FROM PCINT WORONZOF
"y . - LEGEND
OBSEAVED SALINITY REDUCED FROM
«  ISOHALINE MAP REPRESENTING
AUGUST 22-23, 1972 CONDITIONS
2ol .
COMPUTED SALINITY
END OF AUG. 1972
10 =
I 1 L | 1 I
128 100 75 50 ) e - <5
MILES FROM POINT WORONZOF
LEGEND
OBSERVED SALINITY REDUCED FROM
e ISOHALINE MAP REPRESENTING
MAY 21-28, 1968 CONDITIONS
3'0‘
COMPUTED SALINITY
=l | I ~— _ENDOF MAY, 1972
1 .
20- H - - -
wr | | -
10p : g g
5 : 2
w - j N E 2
st PE 2 58
(30 4 w e S ; .
Q 1 5 ¥ : ;- g
100 75 30 25 0 25

MILES FROM PQINT WORONZOF

FiGURE 7.4 Computed and Observed Salinity between Anchor Point and Knik Arm
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15
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19

20
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TABLE B-1

COMPUTED SALINITY COMCENTRATION {M3/L) AT SELECTED LOCATIDNRS WITHIN CODK INLET

DCTOEER NOVEMBER
APRTYL MAY

CASEn] CASE®R CASE®] CASEN

29276 29278 29624 29589
30281 30200 29851 29831
28033 28082 28377 23371
29609 29303 29411 29339
27369 27409 27785 27784
29299 29172 29128 29031
28976 27027 27315 27338
2903% 28906 25028 28910
25806 23876 26294 26319
28500 28322 - 28508 28350
26706 28762 27030 27073
28892 28737 28927 28799
24563 24731 25247 23288
27943 27741 28025 27824
24182 21244 26610 26641
28665 - 28519 28702 28559
23018 23097 25386 25818
28128 27934 28138 27971
23555 23s%8 24204 24328
27444 27201 27525 27284
22948 2308 © 23778 23817
27179 26904 27193 28929
22673 22783 23538 23584
27066, 26767 26995 26723
20786 20922 21913 21939
26212 2%822 26062 23717
19717 19887 21049 21030
25751 23290 25324 24939
21082 21211 22183 22204
26347 25966 26151 25823
19023 19177 = 20403 20413
25311 24921 25029 24432
18647 18813 20149 20141
25271 24749 24673 24280
19740 19879 210863 21066
25759 235301 23348 - 24582
15500 13568 17407 17365
23773 23051 22343 22085
16238 15402 18043 18009
24119 23440 23023 22381
17107 17268 18787 18757
24326 23905 23651 20224
13861 14027 16021 15943
22994 22149 21209 20738
16143 14294 16350 16244
23167 21090 20838

22313

DECEMBER JANUARY
e BINE JULY
CAGEmy CASEwD LASEW] CASEND
29826 29743 29971 29900
29031 29104 28298 282383
2B693 28632 28971 289086
28804 28802 . 27997 28041
28172 28130 2083514 28443
28483 28440 27491 27339
27727 27703 28116 280SB
28581 28316 27696 27705
26834  I&B0s 27338 - 27283
27907 27823 206625 264664
27488 27468 27503 27947
28471 28392 27505 - 27307
25906 23882 26528 26437
27328 27217 25721 23777
27104 27088 27572 27512
27980 27872 25357 26564
26208 - 26178 - 2478% 26700
27231 27181 25523 23378
2350468 23037 23788 23584
26587 26473 243570 24463
24630 24384 25402 25277
23983 23888 23648 23804
‘24442 24377 ‘23239 25093 .
25568 25504 23056 23234
23019 22919 2399% 23792
24288 24226 21290 213523
22279 22138 23347 23088
22944 22974 19448 19790
23233 23153 24159 23999
24308 24275 21300 215%
21711 21365 22848 - 22579
22717 22705 15218 19338
213%01 21328 22663 22363
21881 Q959 18037 16439
22291 22130 23356 23101
22933 22985 19394 19744
19114 18844 20938 20122
18810 18975 14338 14910
19648 19421 21046 20639
19368 19549 15033 15516
20314 20099 21817 21232
20431 20346 16283 16712
17911 17348 19489 18939
16830 17076 12278 12777
18213 17839 197%4 19190
164486 14774 11904 12443

FEBRUARY
—AURYTIT
CASE®] CADENQ

30100 30023
28138 28211

29219 29137
27399 27477

2g819 28724
26473 26773

28468 28379
6746 26B26

27783 R75469
25348 25877

28281 28191
26484 26563

27048 25934
23154 24314

27950 27894
254464 253531

27300 27169
24164 24303

20424 286262
22780 22979

206088 25897
21847 22077

23742 25730
21281 21338

24849 24543
19138 19472

24276 23930

17439 17819

- 25026 24749

19333 19654

23838 23472
16931 17340

23673 23273
16000 16419

24283 23941
17377 17764

21807 21244
12328 12787

22239 21713
130195 13478

22743 22267
14198 14434

20836 20164

10299 10750

21090 20398
101463 104634

MARCH

—SEPTENZER
CASEN] CASZe]
30209 30127
28385 20642
29437 29339
27352 27448
29086 28971
26577 26688
25777 28663
26321 26430
28175 208030
24918 25063
28612 28498
26028 26141
27545 27372
23628 23804
28357 28233
23284 23408
27750 27383
23931 24090
26979 26770
22308 22510
26680 26442
21332 21734
265353 26291
21154 _. 21389
25391 23243
18992 19284
25082 24648
17666 17979
25746 25408
19310 19589
24696 24257
16954 17285
24348 24073
15402 16740
25090 24679
17549 17965
22890 22229
12867 13244
23273 22653
13652 140235
23723 . 23158
14569 15027
22039 . 21239
11008 11394
22243 21449
11147 11531

Y
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TABLE B-1
(continued)

COMPUTED SALINITY CONCENTRATION (MG/L) AT SELECTED LOCATICONS WITHIN COOK INLET

NODE # OCTOBER NOVEMBER : DECEMBER JANUARY FEBRUARY MARCH
APRIL may JUNE JLY ; AYCUST ' SEPTEMSER
CASEN] CASE#D CASEN] ngE'; QASE!! gAEE!; CASENRS CASES] - CASER] CASEND SER GCASE e
24
14506 14444 16763 16642 18594 18203 20088 19323 21382 20686 22499 21703
23378 22330 21134 20738 16379 16707 11337 11845 9845 10282 11302 11667
23
12819 13000 15003 14938 16990 164666 18672 18146 20131 19450 21394 20393
22419 21544 20795 20241 16384 16551 11749 12200 9558 10045 10073 10458
26 : .
12572 12717 14942 14795 16966 16507 18630 17949 20083 19268 21341 20409
22337 21343 19607 19181 14389 14819 101468 10748 8574 {0358 ¥534 S923

11603 11991 18011 13969 16079 13785 17853 17328 19399 18702 20737 . 19909
21824 20914 20140 19508 15504 13439 10842 11232 8755 9171 9144 9315
31
10976 11181 13514 13129 15236 - 14999 17103 16438 18729 . 18083 20138 19352
21294 20412 20078 19459 15447 13432 10565  108&% 8368 8730 8519 8866
32
10927 11127 13178 13177 15331 15069 17199 16714 18818 18138 20215 . 19413
21349 204356 19875 19277 14711 14742 9723 10042 . 7852 g212 g302 8650
3s -
10514 10733 12433 12497 14512 14347 16425 15033 18113 17331 19585 188518
20814 19971 20153 19474 16149 15976 11406 11609 8787 9103 8402 8735
36 : )
10495 10710 12530 - 12330 14630 14444 16567 16153 18246 17645 © 19704 18954
20912 20036 20081. 19387 15615 15482 10688 10913 8337 89659 8228 8562
a7 . : 5 :
10489 10484 12927 12929 15150 12898 17084 - 16378 18708 18040 20107 19304
21225 20333 . 19427 18841 13146 13191 7886 8170 5642 6963 7612 7938
43 .
744656 74641 10273 10341 12830 12697 12000 14451 14844 16309 18421 17734
19584 18791 17328 16714 7231 7182 2535 2614 2489 2609 4103 4290
44 .
6117 &270 9045 1286 11714 11625 - 13979 134684 13902 15422 17332 14916
18596 17950 15769 15186 4750 4721 1237 1278 1332 1398, 2786 2918
45 :
3593 5734 8532 8612 11225 11149 T13%22 13247 15476 19018 17154 16539
18300 17573 15050 14489 4114 4081 1012 1044 1099 1193 2408 2524
45 ,
4075 4182 7100 7177 9883 9836 12245 12018 14260 13857 16000 15442
17035 14367 12282 11819 1958 1943 329 - 340 405 426 1262 1323
47 : 4
2135 2208 4835& 4899 7499 7437 9796 96135 11796 114464 135952 13080
14338 13786 7477 7202 432 430 43 4s &4 &7 339 358
48
" msa 872 2961 2965 - 5297 5236 7373 7209 9238 8948 10906 10498
11285 10800 3282 3174 s1 s1 3 3 5 5 s1 54
49
213 217 1485 1468 3352 3275 5087 4933 6706 6456 8205 7855
g098 7702 924 899 3 3 0 0 0 0 4 4
s0 :
19 19  ss4. 529 1878 1789 3188 3035 4479 4230 s722 s412
098 4780 8s 83 o 0 o S0 ) o o 0
s2 : :
10338 10548 12550 12586 14735 14327 16686 146230 18341 17722 19787 19021
20966 20100 . 19776 19133 14497 14421 9320 9558 7474 7788 - 7830 8157
53 _ .
10231 10450 12000 12092 14036 © 13916 15969 15523 17692 17153 19203 18304
20475 19640 20088 19379 16361 14609 11805 11930 9014 9291 8333 8648
=4
10165 10387 11900 12000 ‘13932 13824 15873 15538 17606  1707& 19127 18437
20411 19801 20123 19403 1652% 16239 11966 12076 3090 9362 8322 8635
ss
10049 102831 11837 11731 13579 13304 13505 13209 17253 16761 18799 18143
20109 19326 19902 19178 16426 16082 12328 12379 9413 644 5411 g7a1
s&
10241 10429 11288 11422 129463 12948 14796 14378 16544 1463130 18134 17549
193521 18796 196948 19109 17437 16972 - 13779 13699 10574 10723 28589 9236
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aicd
(continued)
=
COMPUTED SALINITY CONCENTRATION (MG/L) AT SELECTED LOCATIONS WITHIMN CDOX INLET
NODE # OCTOBER NOVEMBER DECEMBER JANUARY FEZRUARY MARCH J—
APRIL . MAY SUNE SULY AURUST SEPTEMBER -
CAGEM] GASEWR CACE®] CASER] CASEW] CASE#Z CASEW] CACEW3 CASE#] CASEN CASER] CACEe3
57 ) B
10692 10834 11132 11249 12441 12472 14104 13960 15812 15478 17428 14918
18880 18220 124609 18884 181987 - 17408 15099 14882 11848 11897 9794 82 -
58 .
112735 11362 11143 11269 12087 12128 £33 134435 15171 14908 16792 16391
18293 17494 19291 18593 1857% 17971 16113 15792 12999 12950 10633 10737
9
12639 12057 11287 11372 11731 11816 12941 12914 14483 14293 16098 18732
17643 17112 18874 18216 18B7S 18232 17103 16672 14250 14091 114626 11474 s
&0 ,
13014 12947 11574 11643 11512 11&08 12404 12428 13804 136886 15388 15079
14965 16506 1B360 17736 18951 18294 17917 17391 15488 15213 12740 12700
100 .
11751 11936 13991 13941 16072 15744 17830 17306 . 19395 18683 20733 19890 s
21817 20893 200346 19492 15248 15413 10599 11026 8592 9013 {050 F424
101
12212 12376 14537 14430 16592 16186 18307 17621 19800 19023 21092 20192
22124 21155 19787 19311 14789 13110 10395 10913 8395 033 9318 703
102 b
11854 12029 14177 14097 1562867 15894 18023 17438 19351 18799 20B6% 19990 )
21928 20974 19780 19272 (14734 14996 10207 108673 g838% 8825 9034 9415
103
11672 11859 13921 138735 146014 ‘ 13650 17802 17260. 19354 18443 20696 19834 .
21784 208460 20024 194735 13200 13354 10500 10919 8508 Bge2s 8971 344 | ==
104 . . L
11792 11973 14081 14017 16171 13821 17941 1737% 19478 187435 T 20806 19944
21877 20937 19922 19394 13003 13203 10365 10808 8457 2884 7021 9398
103 ‘
11489 116795 13305 13758 1%928 15601 - 17733 17187 19295 18579 205640 19792 oo
21723 20797 19831 19288 14728 14881 9982 10389 81463 8372 . g732 121
104 : - } N
113572 11739 13853 13807 15962 15638 177%9 17216 19317 18405 20662 17619
21750 20825 19946 19399 14964 15114 10154 10602 8299 8708 8837 I=R07
107 . . . i . Ll
11276 11467 13617 13382 15763 15433 173594 17061 19174 18449 20530 19693 :
21625 20704 19771 19213 14541 146560 9710 10089 7961 8354 8564 8926
o8 : o
10999 11193 13366 13344 15542 15249 17401 168895 19003 18313 20374 19549
21479 2035469 19638 19068 13176 14263 9288 9637 C 74652 8024 83095 8660 =
109
11348 11538 136462  ° 136246 15797 15484 17617 17086 19192 18470 ° 20549 19714
- 215644 20726 19853 19297 144617 14740 $721 10101 i 79481 8352 8387 B948
110 ’ - )
10959 11153 13342 13321 135523 13231 1738% 16871 18989 18301 20360 19337 i
21463 20558 19591 19022 14051 1413% 172 951% 73578 7948 825% 8611
111 . ’ T .
10498 10471 129446 12939 15179 14912 ] 17083 16593 18720 180353 20119 1931535
21234 20341 19392 18810 13042 13093 7787 g072 £3589 6908 7598 7923
i15 R
11120 11311 13472 13448 13634 13335 17477 16957 19049 18376 . 20437 19610 gﬁ
21337 20625 19724 191:9 . 14196 14297 -9212 95464 746035 7977 : 9330 8682
116 ) . -
1082% . 11015 13244 13222 15440 15149 17312 16801 189248 18239 20294 19477
21396 20491 19396 18834 13509 13694 8766 PO0%s 7317 7474 9103 o447
117 » i . ) ) L
10484 10676 12948 12939 15183 14914 17087 16595 18722 18039 20121 19316
21232 20339 19344 18764 12912 129465 7674 7955 &S17 &B34 73563 78as8é&
125 i
9584 9774 12148 121835 14503 14274 16488 16640 18187 17559 19637 1BB&67
207467 19902 188427 18245 11151 1116¢ 5777 5983 SCB2 . 5329 5452 &733 L]
127 . v : ,
2891 9077 115351 11587 13961 13767 - 16009 15595 17757 17160 19250 18507
203948 19554 18432 17823 9862 843 4542 44698 4128 4328 536951 5900
128 . ’
8233 8413 10948 11019 13447 13282 13553 12148 17345 14777 18878 18140 o
20034 19214 17966 17352 8630 8%93 3321 3639 3310 3470 4914 5133

e ek
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11

12

13

14

19

16

17

18

19

20
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23

" TABLE B-2

COMPUTED SALIMNITY CONCENTRATION (MG/L) AT SELECTED LOCATIONS WITHIN COOM INLET

QCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY MARCH
APR]L, HAY JUNE SULY AUSYST SEPTEMBER
CASER] CASER4 CASE®] CASEH CASER] CASENS CASER] CASEN4 CASEN] CASE#A CASEN] CASEPS
292746 29282 274624 29384 29826 29739 29971 29894 30100 aco12 30209 30117
30281 30194 29851 29839 29031 27114 28298 28289 28135 26217 2835853 265640
28033 28068 28377 28372 28493 286351 28971 28902 29219 29127 27437 29328
29609 27493 29411 29338 28804 28806 27997 28046 27399 27486 27362 27451
273869 27416 27783 27786 28173 28128 283514 28437 28819 28713 *9086 28938
29299 29150, 29128 29029 28483 28443 27491 27544 26473 267895 26577 26689
286976 27035 27313 27339 27727 27703 28116 28034 28458 28371 28777 285654
29033 28893 29028 28904 28381 28316 27696 27711 26746 25836 26321 26437
25806 - 25886 26294 26324 246834 246807 - 27333 27256 27783 27638 2817% - 28013
28500 28313 28508 28339 27907 27823 26623 26573 25348 25491 24918 23074
2&6706 26770 27050 27080 27486 27449 27903 <7843 28281 - 28183 28612 28486
=88%2 28744 28927 28791 28471 28391 27505 27512 26484 26573 . 26028 26149
245863 247463 25247 23293 23906 23883 246321 25432 27048 26922 27543 27354
27943 2?7721 23023 27809 27328 27217 23721 25789 24154 24333 23528 23816
26182 252353 25410 2548 27104 27089 27572 27309 27990 27884 28337 28220
286635 28304 28702 _25549 27960 27871 2463537 263570 254464 23362 25284 3413
23018 23108 23388 23624 256208 26179 246785 256695 27300 27157 277350 27364
28128 27915 28158 27958 272351 27343 23323 25589 241654 24320 23931 24101
23333 23871 24284 24336 23048 25037 23788 25678 26424 26247 26979 26748
27444 27176 27525 272486 26587 244735 24370 24680 22780 23000 22303 22523
229489 23072 23778 23824 24430 24384 25402 25269 26083 25880 26480 26416
27179 26874 27193 26912 257983 23894 234668 23824 21847 - 28100 213532 21767
22673 22797 23555 23590 24442 24375 25239 25082 23942 25710 24553 26262
27054 26738 25995 246708 255468 25515 23036 23257 21281 21582 21154 21402
20784 20938 21913 21945 23019 229146 23995 23778 - 24849 24535 25591 2T206&
260212 25781 25062 25699 24288 24243 21290 213553 19138 19503 18992 19300
19717 19874 21049 21053 22279 22129 23347 23049 | 242746 23893 25082 24621
25731 25244 23324 24944 22944 23002 19448 19826 17439 17954 176466 17993
21082 21227 22183 22210 23233 232130 24199 2398s 25626 24721 23746 23370
25347 2J927 26131 25807 24308 24293 21300 215893 19333 194685 19310 19603
19023 19154 20403 20418 21711¢ 21539 22848 22359 228238 22424 244896 24207
25411 23871 23029 24616 22717 22730 19218 19572 169351 17378 16954 17302
18647 18832 20149 20144 21501 21319 22663 22340 234673 23232 24548 24021
25271 24497 24673 24270 21881 21994 - 18037 18479 1&000 146437 16402 16753
19740 196894 210463 21071 22291 22143 23338 23082 24283 23905 235090 24632
25739 23235 23348 24970 22933 23013 19394 ‘19781 17377 17799 1756459 17979
13500 15487 17407 173446 19114 18831 20558 " 20084 21807 21181 22850 22132
23773 22981 22543 22088 18510 19026 144358 14955 12325 12828 - . 12867 13258
14238 16421 18043 18011 194648 19407 21044 206046 22239 214653 23273 22581
24119 23374 23023 22580 19368 19599 15033 15561 130135 - 13519 13632 14038
17107 17287 18787 18770 20314 20088 21637 21224 22745 22213 23723 23093
24526 23844 23651 23218 20431 203588 16283 16734 14198 14473 14849 13040
131861 14049 16021 1594Q 179112 17548 19489 18913 20858 20107 22039 21168
QT4 22070 21209 207351 16830 17133 12273 12823 10293 10801 11008 114046
14143 14313 1463350 146239 18215 17818 19734 19131 21090 20317 22243 21256
231467 2234 21090 20681 14448 146840 . 11904 12490 10163 106735 11147 11540
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TABLE B-2
{continued)
==
NODE @ OCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY MARCH
APRIL MAY JUNE JULY AYCUST SEPTEMBER =
CAST#] CASEws4 CASEN] CASE®4 ASE# ASEN4 CASEN] CASEw4 CASE#] CASEMA CASEW] CASEw4
24 )
14504 14655 16763 16436 18594 18180 20088 19475 21382 20604 22499 21411
23378 224354 21134 20781 16379 16770 11337 11887 9845 10319 11302 11474 .
23
12819 13021 15003 14948 16990 16648 18672 18104 20131 19374 21394 20501
22419 21441 20785 202646 16384 164604 11749 12246 598 10089 10Q73 10472
24
12572 12740 14942 14787 16964 164280 18630 17912 20083 19171 21341 20301
22337 21233 19407 19220 14389 14896 10168 10796 8578 100 9534 9931 s
28 543 a8
11803 12012 14011 13970 16079 195747 - 17855 17283 19399 18625 20737 196814 s
21824 20827 20140 19609 133504 1568d 10842 11294 B73% 9209 144 9530
31 .
10976 11202 13116 13138 15236 14982 “17103 16602 18729 18017 20138 19262
21294 20325 . 20078 19440 15447 15458 10549 10906 838 g7a% B51S BEB4
32 e
10927 11147 13178 13181 13331 13055 17199 16676 ige18 18085 20218 19322 :
21349 2034% 19873 19263 14711 14780 9723 10078 7852 B245 8302 8466
35
10514 10732 ' 12433 12307 14512 14340 16425 16004 18113 17474 19385 18770
20814 198684 20133 19437 16149 15994 11406 11637 8787 9136 8402 B737 =
3& . . - :
1049% 10730 12530 12289 14650 14455 16567 16123 18246 17583 19704 18870
20912 199469 20031 19393 15611 15503 10688 10946 8337 8692 8228 8583
37 : .
10489 10703 12927 12927 15160 14881 17064 16540 1870% 17969 20107 19212 .
21223 20245 19427 18829 13144 13227 78856 8202 b642 6992 7412 7953 .
43 : g
- 7486 7635 10279 10350 12830 12691 15000 14626 16844 . 16257 18421 17658
193584 18708 17328 16475 7231 7194 2333 2626 2489 25620 4103 4300
P . ) .
&117 6281 S04S F1i3% 11714 11621 13979 134664 15902 18378 17552 16547 o
18698 17871 157469 13143 4760 4729 . 1237 1281 1332 1404 2784 2929
43S
5393 3745 8532 8621 1122% 11146 13522 13229 15476 1477 17154 16473
- 18300 17496 150%0 144347 4114 4088 1012 1048 1099 1158 2408 2330 =
45 - . -
2076 4190 .7100 718% 9883 9838 12245 12004 14260 13823 16000 15383
17033 16293 12282 11780 1938 1947 329 341 40% 428 1262 1329
47
2135 2213 48%6 4903 7499 7436 9796 5403 11796 11436 13552 13031
) 14338 13705 7477 7189 432 431 44 45 b4 68 33% 38 *W
48 . . . ’
854 874 2961 2764 5297 5232 7373 7157 9235 8922 10906 10456
11283 10751 3282 3177 S1 St - 3 3 S - 51 54
45 .
213 217 1485% 1446 a33s2 3270 5087 4921 6704 6431 BR20S 7819 L]
8098 . 7645 24 902 3 3 ] o . [} [- I 4 4 .
50 . . . )
19 19 554 527 1878 1783 3188 3021 4479 4223 5722 5379
5098 4753 as 84 [} Q [} ] o o o [}
52 X i)
10338 10548 12550 12594 14733 14517 146568 16198 18341 17658 19787 18934
20966 20012 19778 19106 14497 14447 3320 9590 7474 7818 © 7830 B17&6
s3 ' .
10231 10471 12000 12108 14036 13913 = 15989 154600 17692 17102 19203 18429
20475 19374 20088 19332 16361 16103 11808 119398 5014 322 8333 8671 o=
34 : .
10163 10408 11900 12013 13932 13821 15873 153516 174606 17027 19127 18362
20411 19516 20123 193%3 16323 146240 11966 12104 3090 9392 8322 B&39
5%
10069 10302 11637 117466 13379 13504 1550% 15191 17253 146717 18799 18072 .
20109 19243 19902 19123 16426 156080 12328 12398 - 9413 94671 . 8411 8723 .
sé&
10241 10432 11288 11440 12983 12954 14796 14567 16544 16096 19134 17488
19521 18719 19848 19045 17437 16754 13779 13709 10574 10746 2989 9260
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NODE

57
%8
59
60
100
103
102
103
104
105
10&
107
108
109
110
111

115

TABLE B-2
{continued)

COMPUTED SALINITY CONCENTRATION (MG/L) AT SELECTED LOCATIONS WITHIN COOM INLET

OCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY
APR T{ HAY MUNE JULY AVSUST
CASE®] CASE#4 CASEWN] CASEN4 CASEN] CASEN4 CASEN] CASENA CASEN] CASEsa
10692 10839 11132 11290 12441 12482 14104 13955 15812 15433
18880 18131 19409 1881s 18157 17373 1509% 14884 11848 11914
11275 11388 11143 11291 12067 12141 13331 134456 15171 14889
18293 17632 19291 18525 18575 17929 16113 13782 12999 129460
12039 12083 11267 11395 11731 11833 12941 12920 14483 14283
17643 170359 18874 18150 18873 18179 17103 164649 14250 14093
13014 12972 11574 11687 11512 11428 12404 12428 13804 13483
16965 16462 18360 174694 18951 - 18235 17917 17335 15488 15205
11751 11957 13991 13941 16072 15729 17830 17262 19395 18604
21817 20805 20038 19497 15248 15445 10399  110&8 8592 9051
12212 12398 14537 14429 16592 16142 18307 17639 19800 18933
22124 21067 19787 1933s 14789 13177 103953 10960 8594 9096
11854 12030 14177 15094 16267 15873 1802% 17389 19551 18713
21928 20888 19780 19289 14754 15055 10207 10717 8389 8864
11672 11880 13921 13874 16014 15671 17802 1721 19354 18544
21784 20772 20024 19478 15200 15403 10500 10951 8508 8953
11792 11994 14081 14016 16171 13801 17941 17329 19478 18662 .
21877 20849 19922 19404 13003 15238 10346% 10831 §457 8923
11489 114696 13805 137358 13928 15382 17733 17142 19293 18499
2172% 20708 19831 19289 14728 14931 9982 10430 2165 B&09
11572 11780 13853 13808 15962 . 135619 17759 17172 19317 18523
21750 2073s& 19948 19402 14964 15164 10194 10644 8299 8744
11276 11487 13617 13383 15763 15436 17554 17018 19174 18391
21625 206158 19771 19212 14541 14706 %710 10128 79461 8390
10999 11212 13364 13344 15542 15232 17401 16844 19003 18238
21479 20480 19638 19062 14176 14305 9288 475 7652 8060
11348 11538 13462 13627 13797 15448 17617 17044 19192 18412
21644 20638 196835 19296 14617 14787 9721 ° 10141 7981 8387
10939 11172 13342 13323 15523 15215 1738% 16830 18989 - 18224
21463 20447 19591 - 19016 14081 14177 9172 95952 7578 7981
‘10498 10710 12946 12942 15179 14897 17083 169534 18720 17982
21234 20253 19392 18799 13042 13129 7787 82103 5589 4938
11120 11331 13472 13344 15634 13318 17477 16916 19069 18300
21537 20%3s 19724 19136 14196 14341 9212 9601 7605 go10
1082% 11034 13244  1322% 15440 13133 17312 16760 18924 18164
21396 20403 19396 18828 13609 13735 azes 9131 7317 7707
10484 10495 12948 12943 15183 14899 17087 16536 18722 17983
21232 20251 19344 18735 12912 13001 7674 79858 6517 46863
- 9384 9791 ‘12168  1219% 14503 142564 16488 16008 18187 17493
20767 19816 18842 18224 1115t 11188 5777 5006 5082 5352
2891 9093 11551 11394 13961 13757 15009 15563 17757 17099
20396 19449 18432 17799 9862 9844 . 4542 4718 4128 4347

MARCH
SEPTEMBER
QASg'] ;Agglﬂ
17428 14848
9794 10003
16792 16310
10633 10774
16098 15701
11626 11589
15388 15077
12740 12709
20733 19793
9050 9438
21092 20087
9318 9715
20849 19889
9036 9427
20696 19797
8971 9358
20806 19843
9021 9410
20640 19693
8732 9134
20662 19722
8837 9221
20530 19394
g564 8941
20374 19454
83053 8673
20549 19418
gs87 8982
20350 19443
8239 B&2&
20119 19223
7598 7938
20437 19513
8330  B&97
20296 19383
g103 8462
20121 19224
7563 7901
19637 18780
4452 6747
19250 18424
5651 5913
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I. INTRODUCTION

~ BACKGROUND

The Federal Water Pollution Control Act Amendments (PL 92-500)
of 1972 establishes specific requirements directed toc the control
of point sources of pollution. The Department of the Army, Alaska
District, Corps of Engineers was given the responsibility to determine
the effects of various levels of treatment and levels of wastewater

effiuent discharges, as defined in PL 92-500, on the water quality
of Upper Cook Inlet including Knik Arm.

Tetra Tech, Inc. was contracted to prepare the Knik Arm and Upper |

Cook Inlet water quality report. Included in the study was the
selection and use of appropriate mathematical models to aid in the

evaluation of the effects of wastewater effluent discharges. The
models selected and documented herein are:

¢ A two-dimensional horizontal, complete mixed

vertical, dynamié hydrodynamic model interfaced with

¢ A two-dimensional horizontal, complete mixed vertical

tidally averaged dynamic/steady-state water quality
model.

This manual provides basic instructions for the set-up and use
of the general estuary hydrodynamics and quality models. An example
problem data set and simulation results are presented in Appendix A
through D. The example utilizes the node-channel representation
(see Figure I-1) used for the water quality evaluation portion of
this project. A listing of the computer program codes for the hydro-
dynamic and water quality models are presented in Appendix E and F.
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Detailed descriptions of the theoretical background and mathe- -
matical formulations essential in the estuary model development are
presented in the Documentation Report*. -

PURPOSE AND SCOPE

-
This manual is intended to provide the user with information
which is fundamental in the set up and use of the estuary hydrodynamic -
and quality models. It includes general instructions regarding:
-
¢ Geometric representations of the prototype system;
- ¢ Data reqguirements and input format specifications; g
¢ Program subroutines and computational sequence;
.4 General modeling procedure; and -
¢ Interpretation of model resuits.

MODEL DESCRIPTION -

Conceptual Formulation =
The numerical model represents the estuarine system as a variable -

grid network of "nodes" and “channels". MNodes are discrete volume

‘units of waterbody, characterized by surtace area, cepth, side siope -

and volume. The nodes are interconnected by channels, each having

associated length, width, cross sectional area, hydraulic radius, s
side slope and friction factor. Water is constrained to flow from '
one node to another through these defined channels, advecting and

)
diffusing water quality constituents between nodes. '
*Johanson, P.J., D.J. Smith, F.M. Haydock, and M.W. Lorenzen, :
"Documentation Report for the Estuary Water Quality Modeis.™ ‘“%

A Report to Nassau-Suffolk Regional Planning Board, Long Island,
New York, May, 1977.
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The following are underlying assumptions of the estuary model.
¢ - The estuarine system is well mixed vertically.

¢ The law of conservation of mass is obeyed for water

quality constituents.
¢ Chemical reaction rates may be estimated using first
order kinetics characterized by reaction-specific rate

coefficients.

Program Operational Seguence

The overall two-dimensional estuary model is composed of two
separate components, a hydrodynamic model (HYDRD) and a tidally
averaged quality model (AQUAL).

The numerical models are used in éequence so that the results
of the hydrodynamic model become input for the water quality model.
The chief advantage of dividing the overall model into segments is
that HYDRO can be calibrated separately and then used repeatedly
in the calibration and application of AQUAL.

HYDRO calculates the hydrodynamics of the estuary using detailed
information about geometric configurations, hydroicgic conditions and
predicted tidal time-stage relationships. The equations of motion
and continuity are applied to determine the physical transport
mechanisms of water flows and velocities in channels, and volume
changes in nodes. The resulting data are averaged over the complete
tidal cycle and written on disk files to be ﬂsed as input to AQUAL.

3. "™ /I




AQUAL combines formulations for biological and chemical
reactions with advective and diffusive properties in a mass balance
equation to ca]cu}ate‘tida11y averaged water quality at any location
and time. Required inputs include system geometry and tidally
averaged hydrodynamics from HYDRO, boundary conditions, dispersion
coefficients, point and non-point source quality, reaction rate
coefficients, and meteorological conditions. The dispersion coeffi-
cients are used to estimate net dispersion in the prototype since
tidally induced advection is not directly modeled. AQUAL may be
operated in eithér a steady-state or dynamic mode. The final results
in the steady-state mode are representative of daily average condi-
tions which would prevail if all inputs remained constant over time.
The dynamic mode "is useful for simulating long-term changes in water
quality which result when system conditions or waste inputs change
significantly over time. In this mode the model uses tidal cycles
as the basic time step and yields average daily results. Figure -2

summarizes the program operational sequence for the tidally averaged
quality model.

The quality model can be used to simulate any combination of
the following thirteen parameters and have the capability to include
up to four additional user specified constituents. Optional constit-
uvents may include any dissolved or particulate constituent with first

order decay, settling and transfer between constituents through decay.

Total-Nitrogen
Total Phosphorus
Total Coliform Bacteria

Fecal Coliform Bacteria

2.

3.

4.

5.

6. Carbonaceous BOD
7. Nitrogenous BOD
8. Dissolved Oxygen
9. Temperature

3.

10.-1 Optional Constituents

—
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General Modeling Approach

The first phase of the modeling procedure is to "calibrate" the
model using synoptic survey data from a suitable study period.
Boundary conditions (tides, flows, waste discharges, etc.) which
characterize the study period are input to the model and the results
are compared to in sitwv data. Calibration involves adjusting system
coefficients or modifying the network until reasonable agreement

between model and prototype is achieved.

Once the model has been calibrated, a second study period may be
selected for model "verification”. Model inputs are changed in
accordance with results of this study period while system coeffi-
cients and network geometry are maintained. If agreement between
calculated and observed concentrations is good, the model can be
considered verified. If agreement is poor, the reasons for the
discrepancy must be determined and satisfactorily resolved. Any
adjustments made to the model at this point must also be shown to
improve the calibration results.

The third phase of the modeling procedure is to evaluate model
sensitivity to modifications in system coefficients, and unit response
to changes in individual loading sources. This is accomplished by
examining the effect of varying one parameter while holding all others
constant. The sensitivity analysis allows estimation of the range
of results possible and the relative importance of each system
coefficient. 'The unit response anzlysis shows the relative importance
of various waste sources and boundary conditions on water guality.

System Layout

The nonuniform grid system used in the numerical models enables
the user to specify greater detail in areas where the impact of
pollutants is the greatest. Efficient utilization of computer

Y ]
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resources weighs heavily on judicious preparation of the node and
channel system. Among the most important consideraticns are computa-
tional time step increment, system geometry and location of waste

sources.

The computational (hydrodynamic) time step increment is goverrned
by the stability criteria of the channel according to the foilcwing

relationship:

L
bt< \om (1)
where:
At = maximum hydrodynamic time step
L = channel length
g = gravitational constant
R = hydraulic radius (approximately equal to the

average channel depth)

Since the same time step is used for the entire system, a single
short deep channel can necessitate the use of a much smaller time
step than would otherwise be required. Channel lengths should be
selected to minimize this constraint as much as possible without

interfering with natural system geometry.

In order to obtain the gresatest possible correspondence tetween
model and prototype hydrodynamics it is important to attempt to
align model channels with natural channels as much as possible. In
addition, areas with widely varying characteristics {e.g. depth,
roughness) should not be combined in one node. Smaller nodes and
shorter channels are warranted in regions which are known to have
water quality problems or where major gradients in water quality

parameters exist.
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II. HYDRODYNAMIC MODULE

INPUT REQUIREMENTS

The following inputs are reguired for the computation of estuary
hydrodynamics:

8 Physical and geometric characteristics af the node-

channel representation of the estuary;
8 Tidal time-stage relationships at seaward boundaries;

o Meteorological and climatological data, including

evaporation, wind speed and direction, and precipitation;
¢ Point inflows and outflows;
e Non-point inflows; and

¢ Control specifications for computational options and
output formats.

Table II-1 outlines the card groups and format specifications
required to set up the hydrodynamic model card deck. These card
descriptions together with the illustrative examp1e data presented
in Appendix A and the simulation results presented in Appendix B

should enable the user to set up, run, and interpret the results of
hthe estuary hydrodynamics model.

e By W- g {7
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Table II-1

AYDRO

Estuary Hydrodynamic Model

Data Requirements

Card

Number Column

Card

Format Variable

Card Group 1 - Title Cards

Description

These headings will be printed on each page of the input data

summary.

la

1b

1-80

1-80

20A4 TITLE

20A4 TITL

Main heading

Subheading

Card Group 2 - Input/Output Control Card

Two or three tidai cycles are normally reguired to reach steady-

state hydrodynamics.

use as input to AQUAL.

in Appendix B.

Results of the final tidal cycle for each
hydrologic condition are averaged and stored through NSTEAD for later
Examples of the plotting coptions are presesnted

A renumbering routine is included in the HYDRC code which arranges
the channel-node system to minimize storage and computational reguire=-
Internal renumbering should begin with a node located at some
extreme of the network such as a tidal boundary or lengthwise end of
the system.

ments.

2a

1-5

6-10

11-15

16-20

1115

NSESON

NHPRT

NQPRT

NTSL

10

Sets of hydrologic conditions

{48 maximum)

Number of nodes specified for

printout (1-30 allowed)

Number of channels specified

for printout (1-30 allowed)

Number of nodes specified for
plots of mean tidal range and

time of high water (max. 48)




Table I11-1 - Cont.

Card Card
Number Column Format Variable Description

Card Group 2 - Input/Output Control Card - Cont.

2a 21-25 NSTAGE Number of pages of tidal stage
plots (3 plots per page)

26-30 NTFLOW Number of pages of channel
. velocity and flow plots (3
plots per page)

31-35 NDYNAM Not used

36-40 NSTEAD HYDRO/AQUAL interface unit
] number
471-45 NN Node number to begin internal

renumbering

2b 1-5 1615 MDAY (1)
6-10 DAY (2) Number of tidal cycles for
. . each hydrologic condition
MDAY (NSESON)

Card Group 3

1-5 1615 JPRT(1)

6-10 . JPRT(2) Nodes specified for stage

. ] printout {NHPRT nodes reguired)
JPRT (NHPRT)

Repeat card type 3 as necessary to conform to limits set on card 2.

1

T
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Table II-1 - Cont.

Card Card
Number . Column Format Varjable Description

]

Card Group 4 .

4 1-5 1615 CPRT(1)
Channels specitied Tor
6-10 CPRT(2) velocity and flow printout
: (KQPRT channels reguired)
CPRT (NQPRT)

Repeat card typs 4 as necessary to ccnform to limits set on card 2.

Card Group 5

5 1-5 315 NJPLOT (NSTAGE,1)
. Node specified for
6-10 NJPLOT(NSTAGE,2) stage plots
11-15 NJPLOT (NSTAGE, 3)

Nodes specified here must have been included in JPRT array
(card 3). NSTAGE (card 2) cards are required.

Omit card 5 1f NSTAGE = 0.

Card Group 6

6 1-5 315 NCPLOT(NTFLOW,1)

Channel speciiied for
6-10 NCPLOT(NTFLOW,2)  velocity plots
11-15 NCPLOT(NTFLOW, 3)

Channels specified here must have been Included in CPRT array
(card 4). NTFLOW (card 2) cards are reguired.

Omit card 6 i1f NTFLOI = 0.

12
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Table II-1 - Cont.

Card Card
Number  Column Format Variabie Description
Card Group 7
7 1-5 1615 JTR(1}
6-10 JTR(2) Nodes specified for
. . profile plot of mean
tidal range and time of
high water (NTSL nodes
required)
JTR(NTSL)

Repeat card 7 as reguired to conform to the limits set on card 2.

Omit card 7 if NTSL = 0.

Card Group 8

Hydrodynamic time step increment which Is based on channel
stability criteria can be determined by using Eguation 1 or by
previewing invariant channel data output generated by the model in
a preliminary run using a large hydrodynamic time step.

8 1-10 4F10.0

11-20
21-30
31-40

DELT

DELTQ
PERIOD
DMIN

Hydrodynamic time step
increment, sec.

Printed output interval, sec.
Length of tidal cycle, hours
Anticipated maximum diurnal

range in stage within the
estuary (ft)

13



Table 1I-1 - Cont.

Card Card

Number Column Format Variable

Description

Card Group 9 - Node Geometry

Node numbers greater than 200 are not allowed. Average nodal _
depth at mean sea level can be estimated from nautical charts kesping
in mind that the charts show mean low water. Nodes with sizeable
tide flat arsas reguire an estimate of change in surface area per
foot of change in depth. The X-Y coordinate location of nodes
relative to some origin 1s measured In arbitrary units.

9 1-5 15 J Node number

6-15 2F10.0 AREA Water surface area at mean
sea level, sg. ft.

16-25 SLOPE Change in surface area with
increase in water surface
elevation, sq. Tt/ft.

26-30 3F5.0 DEP Water depth at mean sea
level, ft.

31-35 K X-coordinate, any unit

36-40 Y1 Y-coordinate, any unit

41-45 815 NTEMP(1)

46-50 NTEMP(2)

: ) Channels entering node

76-80 NTEMP(8)

Repeat card 9 for each node in the system terminating with a
blank card. A maximum of 200 cards (including the blank card) is

allowed.

14
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Table II-1 - Cont.

Card Card
Number  Column Format Variable Descripticon

Card Group 10 - Channel Geometry

Channel numbers grester than 300 are not allowed. Channel lencth
average width, and the change in width per foct of change in depth in
tide flat areas (side slope} can be estimated “rom nsuticzl charts.
The hydraulic radius is essentially egual to the channel depth except
in tide flat areas where it Is approximately egual to the average
cross~-sectionzl area at mean sea level cdividsd by the surface width
at mean sea level. Chennel roughness, &s represented by Mannings
coefficient, is a function of channel conficurastion, bottcm roughness
and obstructions. Coefficients range Irom .02 for smooth straight
channels to 0.08 for rough, irregular, obstructsd channels.

10 1-5 I5 N Channel number

6-15 4F10.0 ALEN Channel length, ft.

16-25 WIDTH Channel width at mean sea
level, ft.

26-35 RAD Hydraulic radjus at mean sea
level, ft.

36-45 COEF ‘annings roughness coefficient

46-50 215 NTEMP (1)
Nodes at each end of channel

51-55 - NTEMP (2)

56-65 F10.0 SLOPE Change in width with increzse

in water surface elevation,
ft/ft.

Repeat card 10 for each channel in the sustem ter:
@ blank card. A maximum of 300 cards (including the b
allowed.

Card Group 11

This subheading replaces the title read from card 1b and will be
rinted with the following set of hydrologic conditions.

11 1-890 20A4 -TITL Subheading

15



Table II-1 - Cont.

Card Card
Number  Column Format Variable Description

Card Group 12 - Hydrologic Input Control Switch

Set NTEMP( ) = 1 to skip the following inputs; new data will be

read if NTEMP( } = 0. Hudrological conditions are assumed zero until
otherwise specified. Inputs are retained until replaced with new
values.
12 1-5 615 NTEMP(1) Read new tide data
6-10 - NTEMP(2) Read new evaporation data
11-15 NTEMP(3) Read new wind velocity and
: direction :
16-20 NTEMP(4) Read new point inflows and
outflows
21-25 NTEMP{5) Read new groundwater inflow
data
26-30 NTEMP(6) Read new storm water inflow
data

Card Group 13 - Tidally Influenced Nodes

13 1-5 15 T NJEX Number of nodes with specified
stage relationships

Omit card 13 1if NTEMP(1l) (card 12) = 1.

Card Group 14 - Tide Data

14a 1-5 4F5.0 JEX[NJEX) Node number with specified
- stage relationships

6-10 NI Number of points defining
stage relationship {(must
equal 6 or 25)

11-15 MAXIT ‘Maximum number of iterations
for tide fit (50)

16-20 NCHTID Print control, tidal curve
fit results will be printed
if equal to 1

16
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Table 11-1 - Cont.

Card Card
Number  Column . Format Variable Description

Card Group 14 - Tide Data - Cont.

14b 1-5 16F5.0 TT(1)
6-10 YY(1)
1-13 m(2) zime (§T=hrs) and stage :
- YY=ft) defining tide wave (NI
16-20 Yv(2) _ pairs of data are required)
TT(NI)
YY{NI)

Repeat card 14b as reguired to define NI time-stage relzaticnshirs.
NJEX sets of card group 14 are reguired tc define tides at all boundaru
nodes.

COmit card group 14 if NTEMP(1l) (card 12) = 1.

.Card Group 15 - Evaporation

15 1-5 215 Jl First node of an evaporation
zone
6-10 J2 : Last node of an evaporation
zone
11-20 F10.0 EVAPA Evaporation rate, inches/
month

Repeat card 15 as necessary terminating with a2 blank card. A

maximum of 20 evaporation zones are allowed which cverrides the blank
card regquirement.

Omit card group 15 if NTEMP(2) (card 12) = 1.
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Table 1I-1 - Cont.

Card Card ,
Number Column Format Variable Description

Card Group 16 - Wind Velocity and Direction

16a 1-5 215 J1 First channel of a wind zone
6-10 J2 Last channel of a wind zone
16b 1-5 16F5.0  WIND(,1)
Wind speed (mph) and direction
6-10 WDIR(,1) blowing from (degrees clock-
) ] wise from Y-axis) at hour one
WIND(,25)

One set of vai&es for each
6-10 (Fourth Card) WDIR(,25.) hour

Four 16t cards reguired for sach wind zone. Repsiat ca
16 &5 necessary terminating with a blank card. Ko blank car
required 1f 5 wind zones (the mzximum allowed) are defined.

Omit card group 16 if NTEKP(3) (card 12) = 1.

Card Group 17 - Point Inflows/Qutflows

17 1-5 15 N Node number
6-15 2F10.0  QQIN Inflow to node, cfs
16-25 " Qoou Outflow from node, cfs
Repeat as necessary terminating with a blank card. A maximum

of NJ cards are allowed where NJ = number of nodes In the

Omit card group 17 if-NTEHP(4) (card 12) = 1.

18



Table T1-1

- Cont.

Card Card

Number Column Format Variable

Description

Card Group 18 - Groundwater Inflows

18 1-5 215 J1
6-10 J2
S 11-15 F5.0 GROUND

Repeat as necessary terminating with a

of 199 groundwater inflows are allowed.

Omit card group 18 if NTEMP(5) (card

First node for which ground-
water inflow rate applies

Last node for which ground-
water inflow rate applies

Groundwater inflow rate, cfs

blank card. A maximum

12) = 1.

Card. Group 19 - Storm Water Inflows

19a 1-5 15 N
6-10 12F5.0 TN(1)
11-15 TN(2)
66-70 COIN(12)
19b 1-5 13F5.0 TN(13)
6-10 TN(14)
61-65 TN(25)

Node number

Average hourly storm inflows
(cfs) for first 12 hours of
tidal cycle

Average hourly storm inflows
(cfs) for last 13 hours of
tidal cycle

Repeat card group 12 as necessary terminating with a blank card.

A maximum of 39 pairs are allowed.

Omit card group 19 if NTEMP(6)

= 1.

Repeat card groups 11-19 for each hydrolegic condition. There

must be NSESON sets as specified on card 2.

1
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PROGRAM ROUTINES

Figure II-1 summarizes the general structure of the hydrodynamic
model. Complete descriptions of model structure and solution techniques
are included in the documentation report and will not be ddp]icated
herein. The following brief synopsis is intended to serve only as a
guide to 2aid in the interpretation of model outputs.

The main program HYDRO coordinates the hydrodynamic calculations,
first reading title and control information for printing and plotting,
and then calling GEOMET. This subroutine reads channel and junction
configurations, including interconnectivity 07 nodes.and channels,
and computes invariant node and channel data before returning control
to HYDRO.

HYDRO then calls NUMBER which renumbers the nodes internally so
as to produce a more efficient matrix configuration for tidally
averaged quality computations. The original numbering system is
retained for output purposes. Control returns to HYDRO which prints
the invariant geometric data and stores duplicates on disk files for
Tater use in the quality model AQUAL.

The model then cycles through the following steps as often as
required to compute steady-state hydrodynamics for each hydrologic
condition. HYDRO calls TIDCF to fit the tide specifications with a
polynomial which describes the time-stage relationship at a seaward
boundary. Comparisons of observed and computed values are computed
and printed. TIDCF is called repeatedly until the time-stage relation-
ships are defined for each seaward boundary. Control is returned to
HYDRO which then reads the remaining hydrodynamic inputs. At this
point the major daily time step and quality time step loops are
initiated and subroutine DYNFLO is cal]éd.

20
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TIDCF NUMBER GEOMET
HYDRO
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DYNFLO
CURVE

SCALE

PINE

PPLOT
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Ficure 11-1

EsTuarRY HyDrODYNAMIC FloDEL SUBROUTINES :T}{ta
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DYNFLO solves the egquations of motion and continuity to determine
fundamental hydrodynamic properties including velocities, discharges,
water volumes, depths, surface areas and channel cross sectional areas.
DYNFLO is called repeatedly to compute hydrodynamic properties for
each simulation day of the hydrologic period. |

Contro1 then returns to HYDRO which averages the results of the
final day of simulation over a complete tidal cycle and stored for
later use in AQUAL. Finally, the subroutine QUTPUT is called which
prints the results and controls the sequencing of the remaining sub-
routines which produce the user specified plots.

INTERPRETATION OF RESULTS

If errors occur in the node and channel inputs, one or more of
the following messages will be printed:

JUNCTION NUMBER IS LARGER THAN PROGRAM DIMEZRSIONS.

Junction numbers must not be greater than 200.

¢ CHANNEL NUMBER IS LARGER THAN PROGRA!N DIMEZNSIONS.
Channel numbers must not be greater than 300.

s CHANNEL CARD COMPATIBILITY CHECK, CHAKRNEL ARD
JUNCTION

Channel-junction interconnectivity is erroneous.
¢ JUNCTION CARD COMPATIBILITY CHECK, JUNCTION AND

CHANNEL

Junction-channel interconnectivity is erroneous.

22




Assuming a HYDRO/AQUAL interface unit number was assigned, the
first printed output (see Appendix Tabie B-1) shows the node renumbering
scheme which is used internally in the steady-state/dynamic tidally
averaged quality model. The maximum diagonal matrix width and the half
band widths are also shown. The dimension Timits in AQUAL will be
exceeded if ejther of the half band widths are greater than ten (10).

In this case the following error message is printed:

THE HALF BAND WIDTH OF FOR EQUATION
NUMBER _ , NODE __, EXCEEDS THE DIMENSION
LIMITS IN PROGRAM AQUAL. PROGRAM EXECUTION
WILL TERMINATE LATER.

If this message is printed, one of the following modifications
is required.

o Select a different node which is located at some extremity
of the network to begin renumbering {i.e., a tidal
boundary or lengthwise end of the system).

# Restructure the grid system eliminating excess nodes
which extend laterally from the lengthwise axis of

the system.

e Increase the DIMENSION 1imits in program AQUAL.

When any of these errors occur, the model run will continue until
invariant junction and channel data nave been printed at which time
the simulation will terminate.

The next output (see Appendix Table B-2) summarizes the computa-
tional and output control options specified on Card Groups 1-8.
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Invariant node and channel data follows the control summaries.
An example of this output is presented in Appendix Table B3-3 and B-4.
In addition to printing input data, some computed data are included.

The column labeled "MAX TINE, SEC" on the channel data printout
is useful for checking the maximum allowable computational time step.
The hydrodynamic time step increment specified in columns 1-5 of
Card 8 must not exceed the smallest value appearing in this column.
The user may wish to mcdify the network layout slightly by lengthening
channels or decrease the depth (along with an appropriate increase in
width) which will increase the allowable time step.

The column labeled MIN ELEV, FT on the channel data printout
is the water surface elevation at which the channel width beccmes
negative. The column labeled MIN ELEV, FT on the node data printout
is the water surface elevation at which either the nodal volume or
surface area will become negative.

The model checks to see if the anticipated low water level is
exceeded by either of these minimum elevations. If potential problems
exist, they will be noted by the fo11owing warnings incorporated in
the 1ist of junction and channel data.

¢ HNOTE -- * INDICATES NEGATIVE WIDTH IS POSSIBLE WITH
ANTICIPATED TIDAL STAGE.

o NOTE -- * INDICATES THAT DEPTH OF CHANNEL ENTERING
JUNCTION IS LARGER THAN JUNCTION DEPTH.

The latter message is to aid the user in modifying
channel geometry data in the event that a negative node
volume or surface area is encountered later in the
hydrodynamic simulation.

24



o ** INDICATES NEGATIVE VOLUME OR SURFACE AREA IS
POSSIBLE WITH ANTICIPATED TIDAL STAGE.

It should be stressed that these are oniy warnings and may not
cause further problems since the actual nodal stage often does not
reach the anticipated low water level. If any of these anticipated
probiems materialize later in the simulation, error messages will
be printed and the model run terminated at that time.

The remaining outputs will be repeated for each set of hydro-
dynamic conditions. Appendix Table B-5 shows an example of the
output which is generated when the TIDCF subroutine successfully Fits
a polynomial with the input time-stage tide data*. The model will
iterate until reasonable agreement is achieved between observed and
computed.va?des. The model computes and prints the individual and
total differences between derived and observed time-stage rszlationships.
These results should be checked for individual differences exceading
5% of the maximum tide range which suggest possible errors in tide

data inputs. One or more of the following variables may be the cause:
¢ Erroneous time-stage pairs defining the tide wave.

s Insufficient iterations for the tide fit. (50 is
usually enough).

¢ Irregular spacing of tidal extremes.
The next page of output (see Appendix Table B-6) summarizes the

evaporation, wind, inflows, and withdrawal data entered for the given

hydrodynamic condition.

*The user may suppress this output (see Card 14a).

25
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Hodel outputs to this point may be previewed most cost-effec-
tively by setting the hydrodynamic time step increment to well 1in
excess of a reasonable time step increment. The run will not go to
completion, however, the output which is generated can beé reviewed
for input errors. The correct time step can be selected based on
derived channel data output.

Selecting too large a time step will result in an unstable
solution, terminates the runstream and cause the following error
message to be printed:

HYDRODYNAMIC SOLUTION WAS.UNSTABLE AT HOUR
IN CHANNEL , FLOW = CFS, DEPTH = FEET,
VELOCITY = FT/SEC

As noted earlier, termination of the runstream will occur if
negative nodal surface areas or volumes are encountered causing the
following error messages to be printed:

¢ NEGATIVE SURFACE AREA ENCOUNTERED AT HOUR

AT NODE » HEAD = FEET, AREA = SQ FT.
¢ NEGATIVE VOLUME ENCOUNTERED AT HOUR AT NODE )
HEAD = FEET, VOLUME = CU FT.

If this occurs one or both of the following adjustments in junction/
channel configurations are required:

¢ Increase depth of node.
s Decrease area slope (change in surface area with respect

to depth) in the junction. This adjustment may not be
applicable when tide flats are being modeled.

7-3
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Decrease depth in channels which drain the junction.

The channels which are sufficiently deep to cause

the difficulty will have to be noted in the invariant

channel data printout.

Once all errors are corrected the computations will go to

completion. Appendix Tables B-7, B-8, B-9, and Appendix Figures

B-1 through B-4 show examples of the model outputs. The following

is a check list for testing the hydrodynamic model results before
proceeding to the quality codes:

Check for steady-state hydrodynamics by comparing nezads
at hour 25 with those at hour 50 for a given node. A
similar check of flows and velocities for a given
channel should also be made. Differences of more than
1% indicate that the model should be run for a longer
period of time.

Predicted time-stage relationships should be reasonable
within the system.

Check channel flows in tide flat areas to see whether
times of no (or very 1ittle) flow are actually
predicted.

The values of average head should be approximately the
same everywhere except where there is a large net fiow
or in tide flat areas where average heads will be
greater since the flow out of these areas is stopped
when a minimum depth is reached.

The average velocity should be near zero except where
there are net inflows or rapid changes in velocity
such as in a narrow channel draining a large area.

]
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¢ MWater balance at each Jjunction should be zero except
at tidal exchange nodes where it is equal to the net
gain or loss at the boundaries.

¢ A flow diagram showing direction and magnitude of
the average flows is useful in detecting circular
flow patterns. Wnile minor eddies are acceptable,
unexplainable major circular flows should be
corrected by adjusting the roughness coefficients
in the channels.

Modifications in roughness coefficients or node-channel configura-
tions may be required in orde- to produce acceptable model-prototype
conformance. Once the above requirements are met to the satisfaction
of ‘the user, the model is considered caiibrated and water quality
computations can proceed. |
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INPUT REQUIREMENTS
The following inputs are required for the computation of
tidally averaged water quality: ™
¢ Steady-state hydrodynamics as computed by HYDRO; -
¢ Tidal exchange ratio and water quality at seaward -
boundaries;
o Dispersion coefficients; E
¢ Reaction rate coefficients (benthic oxygen demand,
coliform decay, photosynthesis oxygenation, etc.);
® Meteoro]ogica1'data, including cloud cover, dry and
wet bulb air temperature, wind speed, and atmospheric -
pressure; and
o Control specifications for computational options and
output formats. -
Table I11I-1 outlines the card groups and format specifications -
required to set up the card deck for the AQUAL quality model. These
card descriptions together with the illustrative example data presented -
in Appendix C and the formulation results presented in Appendix-D
should enable the user to set up, run, and interpret the results of

the tidq]]y averaged water quality model.

29
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Table III-1
AQUAL

Data Requirements
Tidal Average Estuary Quality Model

Card Card

Number Column Format

Variable

Description

Card Group 1 - Title Cards

These headings will be printed on each page of the input dacta

summary.
1a 1-80 20A4
1b 1-80 20A4

TITLE

TITL

Main heading

Subheading

Card Group 2 - Input/Output

Contraoi Card

2 1-5 1015

21-25
26-30

31-35

36-40

NHYD
IDAY

IDELT

IALT

IPCYC

NgP

NPP

IEE

30

Sets of boundary conditions

First Julian day of
simulation

Computational time step
increment, hours

Print format option switch,
(IALT = 0 for standard,
IALT = 1 for alternate)

Printout interval, days

Number of junctions for time .
history plots {6 max.)

Number of concentration
profile plots (2 max.)

Number of iterations for
computing dispersion
coefficients. (Default
value = 10, five is
usually sufficient)
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Table III-1 - Cont.

Card Card
Number Column Format Variable - Description

Card Group 2 - Input/Output Coentrol Card - Cont.

2 41-45 NFILE HYDRO/AQUAL interface
unit number

46-50 INQUAL Not used

Card Group 3 - Steady-State/Dynamic Mode Switch

The code allows the user to select either steady-state or cdynamic
solutions for each set of boundary conditions. Set IDYN ( ) = 1 for
steady-state scolution, IDYN ( ) = 0 for steady-state -

3 1-5 1615 NQPERH(1) Number of days for first
boundary condition
6-10 IDYN{1) Solution type selector

NOPERH(NHYD) MHYD pairs required
IDYN(NHYD)

Repeat as necessary to conform to limits set on card 2.

Card Group 4 - Parameter Selection

Set ISKIP( ) = 0 to simulate any of the following 13 constituents.

If ISKIP( ) = 1 the constituent will be omitted.

4 1-5 1315 ISKIP(1) E
6-10 ISKIP(2) Total nitrogen, mg/1 as N
11-15 ISKIP{3) Total phosphorus, mg/1 as P
16-20 ISKIP(4) Total coliforms, MPN/100 ml
21-25 ISKIP(5) Fecal coliforms, MPN/100 ml

31
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Tabie III-1 - Cont.

Card Card
Number Column Format VYariable Description

Card Group 4 - Parameter Selection - Cont.

4 26-30 - 1SKIP(6) Ultimate carbonaceous BOD,
mg/1

31-35 ISKIP(7) Nitrogenous BOD, mg/]
36-40 ISKIP(8) Dissolved oxygen, mg/1
41-45 ISKIP(9) | Temperature, °C
46-50 I5KIP(10) Optional constituent #]
51-55 ISKIP(11) Optional constituent #2

" 56-60 ISKIP(12)  Optional constituent #3
61-65 ISKIP(13)  Optional constituent #4

Card Group 5 - Optional Constituent Name

The names will be printed on the first page of output for
optional constituent identification.

5 1-16 16A4 CNAME(1 Optional constituent #1

)

CNAME (4)

17-32 CNAME(5)
)
)

33-48 CNAME (S

) Optional constituent #2
3 Optional constituent #3

CNAME(12)
49-64 CNAME(13)

(
(
(

CNAME(8
(
(
( ; Optional constituent #4
(

1€)
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" Table 1II-1 - Cont.

Card Card

Number Column Format Variable Description

Card Group 6 - Time History Plot Control

One to four constituents may be selected for time history plots.
Constituents are numbered from 1 to 13 in the order shown on card 4.

6 1-5 10I5 IPLOT{1)
6-10 IPLOT(2) Constituents for time
history plots {constituent
11-15 IPLOT(3) number )
16-20 IPLOT(4) |
21-25 JPLOT(1)
26-30 JPLOT(2) Junctions for time history
. ] plots (NJP junmctions
. . required)
’ JPLOT (NJP)

Oomit card 6 if NJP (card 2) = 0.

Card Group 7 - Profile Plot Control

One to four constituents may be Specified for concentration
profiles. Constituents are numbered from 1 to 13 in the order shown
on card 4.

7a 1-5 ) 715 NCONP{1)
6-10 NCONP(2) Constituents for concen-
tration profiles
11-15 NCONP(3) (constituent number)
16-20 NCONP(4)
21-25 IPDAY(1)
26-30 IPDAY(2) Julian day of profile plot
31-35 _ IPDAY(3)
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Table 1II-1 - Cont.

Card Card
Number Column - Format Variable

Description

Card Group 7 - Profile Plot Control - Cont.

7b 1-5 1615 NODEP(1,NPP)
6-10 : NODEP(2,NPP)
21-25 NODEP(21,NPP)
(Second
- Card)

Junction for concentra-
tion profile (21 required)

NPP (card 2) sets of card group 7b are reguired.

Omit card group 7 if NPP = 0.

Card Group 8 ~ Initial Conditions

A negative oxygen concentration signifies the fraction of

saturation.
8 1-5 215 J1
6-10 J2

11-15 13F5.0 ALL (1)

16-20 ALL(2)
21-25 ALL(3)
26-30 ALL(4)
31-35 ALL(5)
36-40 ALL(6)
41-45 ALL(7)

34

First junction for which
data applies

Last junction for wnich
data applies

Total nitrogen, mg/] as N

Total phosphorus, mg/1 as P
Total coliforms, MPN/100 ml
Fecal coliforms, MPN/100 ml

Ultimate carbonaceous
BOD, mg/1

Nitrogenous BOD, mg/1
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Table II1I-1 - Cont.

Card Card
Number  Column Format Variable Description

Card Group 8 - Initial Conditions - Cont.

8 46-50 ALL (8) Dissolved oxygen, mg/1
51-55 | ALL(9) Temperature, °C
56-60 ALL(10) Optional constituent =1
61-65 ALL(17) Optional constituent =2
66-70 ALL{12) Optional constituent 53
71-75 ALL(13) Optional constituent #4
Repeat as necessary terminating with a blank card. 'NJ ipitial
condition cards are allowed, where NJ - number of junctions :n the

network.

Card Group S - Dispersion Parameters

Dispersion coefficients provide & means for simuia
mixing. Generally these coefficients are edjusted as r
calibration based on a conservative constituent and then do not change
thereafter.

of flow induced and tidal mixing. Open embayments anc e
which are strongly influenced by tidal effects will gens
a larger Cl than more protected regions. The values Zfor
generally range from 5 to 25.

'53‘-;;:'/':9.'5’{;-?; Y e ey s BB

L L Tt )
) 1-5 215 J1 First channel for which
data applies

6-10 32 Last channel for which
data applies

11-15 2F5.0 ci Dispersion parameter

" 35
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Table III-1 - Cont.

Card Card
Number -Column Format Variable Description

Card Group 9 - Dispersion Coefficient - Cont.

9 - 16-20

Repeat card 9 as reguired to define all dispersion zones terminating
with a blank card. NC cards are allowed, where NC = number of channels
In the network.

Card Group 10 - Tidal Boundary Nodes

10 1-5 1115 NBOUND Number of tidal boundary
nodes (10 max)
6-10 JBOUND(1)
: ) Tidal boundary node numbers
JBOUND(NBOUND)

Card Group 11 - Title Card

This subheading replaces the title read from card 1lb. It will be
printed with the output for the following set of boundary conditions.

1 1-80 20A4 TITL Subheading

Card Group 12 - Read/Write Control Switches

Set NTEMP( ) = 0 tc read new data; skip if NTEMP( ) = 1. Hydro-
dynamic conditions are normally read in order from the HYDRO/AQUAL
interface tape; however the file may be repositicned if the user wishes
a computation segquence different from that of the hydrodynamic simulation.
Positive values of NTEMP(10) will advance the file and negative values
will rewind it a specified number of records.

36
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Table III-1 - Cont.

Card . Card
Number Column

Format

Variable

Description

Card Group 12 - Read/Write Control Switches - Cont.

12 1-5

6-10

11-15
16-20

21-25

26-30

31-35
36-40
47-45

46-50

1015

NTEMP(1)
NTEMP(2)

NTEMP(3)
NTEMP(4)

NTEMP(5)
NTEMP(6)

NTEMP(7)
NTEMP(8)
NTEMP(9)

NTEMP(10)

Read new hydrodynamic
conditions

Read new tidal exchange
ratios and quality

Read new inflow quality

Print aggregated inflow
quality if NTEMP(4) = 0.

Read new non-point sourc
quality ‘

Read new return water
quality increments

Read new system coefficients
Read new meteorological data

Print weather data if
NTEMP(9) =0

Position of HYDRO/AQUAL
hydrodynamic file

Card Group 13 - Tidal Exchange Ratios and Quality

The tidal exchange ratic refers to the fraction of ebbing estuary
water which is lost from the system at the boundary node and does not
return. Values can range from 0.-1.

13a 1-5

SX
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Table III1-1 - Cont.

Card _ Card
Number Column

Format

Variabie

Description

(=

Card Group 13 - Tidal Exchange Ratios and Quality - Cont.

13a 6-10

10F5.0

XR(1)

XR (NBOUND)

Tidal exchange ratio
at each tidal input node

If saelinity Is not modeled as constituent 1 then it must be entered
as CEX(1,14) for dispersion coefficient calculations. A negative value
for dissolved oxygen signifies a fraction of saturation.

13b 1-5
| 6-10
11-15
16-20
21-25
26-30
31-35

36-40
41-45
46-50
51-55
56-60
61-65
66-70

5X

14F5.0

CEX(1,1)
CEX(1,2)
CEX(1,3)
CEX(1,4

)
CEX(1,5)
CEX(1,6)

CEX(1,7)
CEX(1,8)
CEX(1,9)
CEX(1,10)
CEX(1,17)
CEX(1,12)
CEX(1,13)

38

Card identification

Total nitrogen, mg/1 as N

Total ﬁhosphorus, mg/1 as P
Total coliforms, MPN/100 ml
Fecal coliforms, MPN/100 ml

Ultimate carbonaceous
BOD, mg/1

Nitrogenous BOD, mg/1
Dissolved oxygen, mg/]1

Temperature, °C

H=
—

Optional constituent #

Optional constituent #2
Optional constituent #3
Optional canstituent #4
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Table I111-1 - Cont.

Card Card
Number Column Format Variabie Description

Card Group 13 - Tidal Exchange Ratios and Quality - Cont.

13b 71-75 CEX(1,14)

Repeat as necessary to define conditions &t &1l boundary nodes.
NBOUND cards are reguired.

Omit card group 13 if NTEMP(2) = 1 (card 12).

Card Group 14 - Inflow Qualiity

The model will aggregate the water guality Into z civen nede when
multiple point source infiows occur. A negative concencraticn signifies
a mass emission rate in pounds per day or eguivalent sxcept for oxugen
where it signifies a fraction of saturation. No mere thzn 500 infliows
are z2llowed which can be distributed into & maximum of 200 junctions.

14 1-5 I5 JJ _ Junction number
6-10 14F5.0  QQ Inflow, cfs
11-15 ALL(1) ST
16-20 ALL(2) Total nitrcgen, mg/1 as N
21-25 | ALL(3) ' Total phosphorus,'mg/l as P
26-30 ALL(4) " Total coliforms, MPN/100 ml
31-35 ALL(5) Fecal coliforms, MPN/100 ml
36-40 ALL(6) Ultimate carbonaceous
BOD, mg/1
41-45 ALL(7) . Nitrogenous BOD, mg/1
46-50 ALL(8) Dissolved oxygen, mg/1
51-55 ALL(9) Temperature, °C
56-60 ' ALL(10) Optional constituent #1
39
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Table III-1 - Cont.

Card  Card :
Number: Column Format Variabie Descriptien

Card Group 14 - Inflow Quality - Cont.

14 61-65 ALL(1T) Optional constituent =2
66-70 ALL(12) Optional constituent =3
71-75 AT (13) Optional constituent =4
76-80 ALL(14)

Repeat as necessary terminating with a tlank card. The blark card
" 1s not allowed when 500 iInflows are specified.

Omit card 14 If NTEMP{3) = 1 (card 12).

Card Group 15 - Non-Point Source

These constlituent concentrations represent aggregated guality of
all non-point scurces entering & given node or successive group of

nocdes at the flow rate specifisd in HYDRO. A negative dissolvad
oxygen concentration signifies a fracticon of saturation.

15 1-5 1615 J1 First junction for which
quality applies
6-10 J2 Last junction for which
quality applies
11-15 ALL(1) SRR T .
16-20 ALL(2) Total nitrogen, mg/1 as N
21-25 ALL(3) Total phosphorus, mg/1 as P
26-30 ALL (4) Total coliforms, NPN/100 ml
31-35 ALL(5) Fecal coliforms, MPN/10C ml
36-40 ALL(6) Ultimate carbonaceous
BOD, mg/1
40

22K TG




Tablie III-1 - Cont.

Card - Card
Number Column Format Variable Description

Card Group 15 - Non-Point Source

15 41-45 ALL(7) Nitrogenous BOD, mg/1

46-50 ‘ ALL(8) Dissolved cxygen, mg/]
51-55 | ALL(9) Temperature, °C

56-60 ALL(10) Discharge influence #1
61-65 - ALL(11) Discharge influence 22
66-70 ALL(?Z). Discharge influence #3
71-75 ' ALL(13) Discharge influence 4
76-80 ALL(14) S AR A

Repeat as necessary terminating with a biank card. A maximum of
29 non-point water types are allowed.

Omit card 15 1f NTEMP(5) = 1 (card 12).

Card Group 16 - Return Water

Return water to any node may originate from as many as five other
nodes. The model aggregates the initial concentration given ths
fraction from each node. Incremental changes specified on card i6b
are then added to determine the return water concentration.

16a 1-5 I5 J1 Discharge junétion
6-10 I5 NTEMP(1)
11-16 F5.0  ALL(1) " Junctions from which dis-
. . : charge js withdrawn (NTEMP)
. . and fraction of withdrawal
. . yhich is discharged to
51-55 F5.0 ALL(5)
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Table 1II-1 - Cont.

Card Card

Number Column Format Variable Description

Card Group 16 - Return Water - Cont.

16b 1-5
6-10
11-15
16-20
21-25
26-30
31-35
36—40
41-45
46-50

51-55
56-60

61-65

14F5.0

ALL(1)
ALL(2)
ALL(3)
ALL(4)
ALL(5)
ALL(6)
ALL(7)
ALL(8)
ALL(9)

ALL{10)

ALL(11)
ALL(12)

ALL(13)

Incremental

Incremental

Incremental

Incremental
Incremental
Incremental
Incremental
Incremental

Incremental
constituent

Incremental
constituent

Incremental
constituent

Incremental
constituent

total nitrogen
total phosphorus
total cocliforms
fecal coliforms
carbonaceous BOD
nitrogenous BOD
dissolved oxygen
temperature, °C

opticnal
#1
optional
#2
optional
3

optional
#4

Repeat card group 16 as necessary terminating with a blank card.
The blank card is not required if 20 sets of card group 16 are

entered.

Omit card group 16 if NTEMP(8) (card 11) = 1.
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Table III-1 - Cont.

Card . Card
Number Column Format Variable Description

Card Group 17 - Quality Coefficients

The following coefficients representing first order decay kinetics
vary as a function of temperature, oxygen concentration, salinity,
light intensity, wind speed and many other phusical and chemical
influences. Optional constituent may Include anv dissolved or particulate
constituent with first order decay, settling and transfer betwsen
constituents (i.e., ammonia decay to nitrate). Rate coefrficients of
constituents which may be of Interest have been included. Tupical values
(at 20°C) are as follows:

Chemical, Physical and Range
Biclogical Coefficient of Values
Stoichiometric eguivalence between LO0=1.0

optional constituent decay

Rate coefficient temperature adjustment constant 1.02-1.08
Carbonacsous BOD decay fate, day‘l .1-.3
Nitrogenous BOD decay rate, day_l .05-.15
Coliform die-off rate, day-l .5-8.0
Total nitrogen benthic sink rate, mg/mz/day . 0-500
Total phosphorus benthic sink rate, mg/mz/dag 0-200
Algal photosynthetic oxygen production, 0-15,000
mg/m /day
Algae oxygen consumption due to respiration, 0-7,500
mg/m? /day
Benthic oxygen demand rate, mg/mz/day 0-5,000
Reaeration rate, dags_l .1=10.
ammonia decay, daynl . .05=-.2
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Table III-1 - Cont.

Card

Number Column

Card

Format

Variab]e

Description

Card Group 17 - Quality Coefficients - Cont.

Chemical, Physical and
Biological Coefficient

Nitrite decay, day-l

Volatile suspended solids decay, day

Suspended solids settling, meters/day

17a

17k

1-5
6-10
11-15
16-20

21-25

1-5
6-10
11-15

16-20

21-25

26-30

5F5.0

215

4F5.0

TYPEEQ(1)
TYPEEQ(2)
TYPEEQ(3)
QTEN(1)

QTEN(2)

J1
J2
ALL(2)

ALL(3)

ALL(4)

ALL(5)

44

Range
of Values

.2=1.
.002~-.05

0-2

Fraction of an optional
constituent produced with

the decay at one unit of the
preceding optional constituent
(stoichiometric equivalence).

Rate coefficient temperature
adjustment constant for
carbonaceous BOD decay
(default = 1.05)

Rate coefficient temperature
adjustment constant for the
remaining rate coefficients
(default = 1.03)

Junction 1imits for which
coefficients apply

Carbcnaceous BOD decay
rate, day~

Nitrogenous BOD decay
rate, day'1

Total coliform die-off
rate, day‘l_

Fecal coliform die-off
rate, day~
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Table III-1 - Cont.

Card Card
Number - Column

Format Variable

Description

Card Group 17

- Quality Coefficients - Cont.

17¢ 1-5

6-10

11-15

16-20

21-25

26-30

31-35

36-40
41-45
46-50
51-55
56-60
61-65
66-70
71-75

One card 17a is reguired.
required terminating with a blank card.

15F5.0 ALL{6)
ALL(7)
ALL(8)
AILL(9)
ALL(10)
ALL(11)

ALL(12)

ALL(13

)
ALL(14)
ALL(15)
ALL(16)
ALL(17)
ALL(18)
ALL(19)

ALL (20)

NJ sets of card 17b and 17¢c are entered.

Total nitrogen benthic
sink rate, mg/m</day

Total phosphorui benthic
sink rate, mg/m¢/day

Algatl photosynthgtic cxygen
production, mg/m</day

Algae oxygen consumption
due to respiration, mg/m~/day

Benthic ox¥gen demand
rate, mg/m4/day

Minimum reaeration rate,
clay"I

Maximum reaeration rate,
day-1

Optional constituents #1
through #4 decay, day~

Optional constituents #1
through #4 settling rate,
meters/day

Repeat sets of cards 17b and 1l7c¢c as
No blank card is reguired if

Omit card group 17 if NTEMP(7) = 1 (card 12).
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Table III-1 - Cont.

Card ~ Card
Number Column Format Variable Description

-

-

Card Group 18 - Meteorological Conditions

18a 1-5 I5 NWZONE Number of weather zones

(5 max.)

€-10 5F5.0 DAY Julian date

11-15 EPS East west longitude
switch (-1 for U.S.A.)

16-20 AA Evaporation coefficient a

21-25 BB Evaporation coefficignt b
(Default = 1.5 x 10™7)

26-30 ' DEW Wet bulb/dew point
switch, dew = 1 for wet
bulb temperature

Hourly metecorological conditions for each weather zone are
computed by interpolation of the information supplied on card l8c.

18b 1-5 215 JWZONE(1) Junction Timits of
6-10 JWZONE(2) weather zone
11-15 3F5.0 XLAT Latitude, degrees
16-20 XLON Longitude, degrees
21-25 TURB Atmospheric turbidity
(2 for clear up to 5
for smog)
18¢ 1-5 I5 J2 Hour of observation
6-10 5F5.0 CLOUD Cloud cover, fraction
11-15 DBT : Dry bulb temperature, °C
46
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Table III-1 - Cont.

Card Card
Number Column Format Variable Description

Card Group 18 - Meteorological Conditions - Cont.

18¢ 16-20 WBT Wet bulb or dew point
temperature
21-25 WIND Wind speed, meters/sec
26-30 APR Atmospheric pressure, mb

A set of between 2 and 25 cards (type 18c) are reguirs
weather zone. Each set must begin with values for hour . and
with values for hour 25. Repsst sets of cards 18b arnd ifc as
to define all weather zonas (NWZIONE sets).

Repeat card groups 11-18 as necessary to define all boundary
conditions. There must be NHYD sets as specified on card 2.

47
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PROGRAM ROUTINES

Figure III-1 summarizes the general structure of the tidally
averaged quality model. The following brief description is intended
to serve only as a guide to aid in the interpretation of model outputs.
The reader is again referred to the documentation report for a more
thorough treatment of model development, theoretical considerations,
and solution techniques.

The main program AQUAL calls INPUT to read system geometry,
hydrodynamics, input/output controls, boundary conditicns, dispersion
and system coefficients and inflow quality. INPUT calls METDAT to
read meteorological condition:, compute derived conditions, and write
results. Control then returns to AQUAL which directs SETUP, FORM and
SOLVIT to compute salinity for dispersion coefficient computations.
AQUAL then computes oxygen saturation based on salinity and tempera-
ture. SETUP is tﬁen called to set up the final coefficient matrix
which is used in SOLVIT to compute the concentration of the water
quality constituents in all nodes. The constituent concentraticns are
determined in the following order:

s Temperature
s Optional coefficients (user specified)
¢ Total nitrogen

¢ Total phosphorus

¢ Total coliform
e Fecal coliform
e Carbonaceous BOD
¢ Nitrogenous BOD
s Dissolved oxygen
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SETUP

METDAT

INPUT
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AN

PINEZ
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Ficure 111-1

TipaLLY AVERAGED GUALITY MODEL

SUBROUTINES
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AQUAL then calls QUTPUT which controls the remaining subroutines in
printing and plotting the results. The process repeats for each
set of-boundary conditions.

INTERPRETATION OF RESULTS

Provided input formats are correct and program dimensions have
not been exceeded the model will print out invariant data including
computational control specifications, initial conditions, and dis-
persion parameters as shown in Appendix Table D-1 and D-2. The model
will check the junction 1imits assigned to the initial conditions and
print the following message if errors are found:

* ERROR * THE FOLLOWINS NODE LIMITS ARE IN ERROR:

The remaining outputs will be repeated for each set of boundary
conditions. Appendix Table D-3 shows an example of the output which
summarizes exchange conditions, observed and aggregatedT inflow
guality, non-point inflow quality, return water quality, system
coefficients, derived flow and wind induced reaeration coefficients,
and coefficients used by nodes. If dimension limits have been
exceeded the runstream will terminate and one of the following
messages will be printed:

WARNING ** THE MAXIMUM OF 100 INFLOW LOCATIONS HAS BEEN
EXCEEDED.**

s * ERROR * A MAXIMUM OF 29 GROUNDWATER TYPES ARE ALLOWED.

* ERROR * RETURN WATER IS ALLOWED AT 20 NODES MAXIMUM.

"The user may suppress this aggregated inflow quality printout.
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Appendix Table D-4 shows an example of the printout of observed
and derived meteorological data*. L ahows T dispérsion
grsa hydrausiog

Since calculation of

dispersion coefficients is an iterative process, the last two values

of the coefficients are printed for comparison. If there is a signifi-
cant difference betwesn the values, dispersion parameter C4 may need to
be reduced or the number of iterations for computing dispersion coeffi-

: ) Appendix Table D-7 shows the
alternate output format. Examplies of the plotting options are shown
in Appendix Figures D-1 and D-2.

Calibration of the tidally averaged quality model is accomplished
in two phases. The first is to simulate a conservative substance such

as salinity to establish the mixing characteristics of the estuary.

The dispersion coefficients can not generally be specified
a priori. The procedure is to start with vafues which have proven
effective before and proceed, on a2 trial and error basis, to adjust
the coefficients until model results compare reasonably well with
field data. The -model is then considered calibrated for advective
and dispersive transport. The second phase of the model calibration
is to adjust reaction rate coefficients (benthic oxygen demand, photo-
synthesis oxygenation, coliform decay, etc.) until in situ data are
reasonably reproduced.

*The user may suppress this output.
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Table A-1

Hydrodynamic Model Input Card Specification

Col.
]
cz:oup 5 10 15 20 25 30 35 40 4s 50 55 &0 65 70 75 80
la UPPER OO« INLET, KNIX ARKM AND TURN&GAIN ARw
1b 84RPLE PRMBLEM .
2a 1 6 5 28 1 1 0 12 1
b 3
3 1 12 - e 56 117
§ 18 12 By 121 tao 187
5 1 117 9
6 T2 121 (&0
7 1 3 5 7 10 11 12 14 17 20 e3 26 101 108 108 109
115 11s iy 185 127 128 43 ¢d a? 48 &9 S0
8 100 3508 25 4o
~ 01 939,¢7° JO,+6 1S0 610 470 X ¢2
02 50,7 00,+& 130 k00 527 ot 63 04
03 850,¢7 00,+6 Y40 oS4 S2%5 nd e3 0s
0a 900,+7 20,6 150 o024 Spdé o4 as 07
0s £90,+7 00,5 130 488 S§74 ns 06 03
Be 500,¢7 18,6 100 bHu% 836 67 09 10
07 T60,¢7 OO, 40 100 bRZ 619 o8 s 12
08 370,07 39,6 080 852 681 g it
09 020,47 21,6 NS0 bEB 701 11 13 19
16 690, +7 12,46 0BO 702 655 12 13
1% abh,+7 02,%6 100 748 693 13 10 i®
12 240, 7 00,%¢ 139 711 729 15 16 17 1B 19
13 120,97 Dly,¢6 070 735 724 17 21 22
14 09T,¢7 0G,ea 1008 724 754 18 20 21 23
16 140,9¢7 02,4+ 053 759 7%Se 22 25 7
15 200,+7 25,+6 110 704 7%86 19 20 z8
17 135,¢7 ° gb,vd 085 Tup 770 23 25 28 28
18 197, +7 18, v0 70 730 78% 24 26 29
9 19 140, +7 07,46 D&Y 786 Y70 27 30 32
q 20 181,97 00,46 095 772 785 28 30 31 33
21 168,47 01,46 085S Te2 799 2@ 31 38
22 116,¢7 pa,+»e 0S5 Bpe TES 32 335 37
23 176,47 00,+4 088 79w B09 33 is 3» 38
24 165,47 25,46 &0 788 8132 34 36 319
2% 08A, 7 Ul e6 D7H Bz2 799 37 40 [
2b 120,¢7 0C.+e 030 817 820 18 ug §1 103 102 fo0
27 09S,.¢7 C0,+6 022 815 By 39 at aa
28 067,+7 00,6 D&S 839 E£08 62 47 100 103
31 070,17 03, %4 050 &5¢ 79¢ g7 S 53
32 067 +7 Jyeb 43 Be1 814 ug 51 54 55
is 092,47 20,46 020 Bed T48 53 75 77
3o 058,¢7 go,+s6 036 874 B2 Sa 73 Yo 78
37 2547 15,¢6 9 489 824 5% 56 128 127
qa3 039,47 03,6 035 901 BeS 65 1Y 67
aa 023,+7 03,6 025 951 878 Y %}
as NS, +7 03¢5 025 913 A70 7 o8
as 05147 15,6 015 6915 88« 68 &3 70
ar 024, %7 1B,¢68 012 929 847 70 71
LT ] 513,+7 22,46 0 & 9315 B9s T3 72
as 00S,¢7 S, en 2 950 899 72 73
S0 002, +7 10,%0¢ 1 959 901 73
52 036,+7 2B, +4 8 é&s2 810 s& T& 79
. S3 102,47 10,46 030 837 788 77 78 50 39




10

Table A-1 - (Cont.)

Hydrodynamic Model Input Card Specification
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Table A-1 - (Cont.)

Hydrodynamic Model Input Card Specification
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Table A-1 - {(Cont.)

Hydrodynamic Model Input Card Specification
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128

-~
<

v
[

w
(=]
COCQCOOOTDO0OOOOOODO OO ODOAGOCOOONOCOOUOOOUO00QCCOOCO00O OO0 ODO0ODOOCOD

v -
n ~i W wn

w

o
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Table A-1 - (Cont.)

Hydrodynamic Model Input Card Specification

T43 {
14b «2,9
ey
16a 1
0

168 .

0

. 1§

27

3%

17 as

S0

60

108

117

ied

18 { 1

19

4060,
33000,
4t0,
129,
10860,
1000,
600,
75.
110,

136

o0 O

0

OO0

L= - =)

oq.

[« - N~

1éy

o0

T,b 22,1 =b,5 28,4 7,8

(-3 R )

(-3 R -3

o o0

[ =N -]

[+ - B4

2-35-9%
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CROS3 REFERENCE » « INTERNAL NODE NUMBER V3, EXTEANAL NODE WUMBER (USED IN DUALITY PROGRAM AQUAL)

§
i
21
3l
4y
51
b1
7

1
14
2)

102
197
113
§21
128

2

12

22
3e
ue
52
62
72

2 h]
12 13
22 23
3 33

108 ['R3
114 53
122 6%
uy 13

THE rIDEST TOTAL BAND WIOTH 13

3 4
13 14
23 24
32 34
53 4

115 Su
58 Y]
Uy T4

Table B-1

Node Renumbering Scheme

4
14
24

{03
52

116

123
us

* 3

15
25
3%
4s
5%
65
15

5
15
2%

104
11
56
124
ae

[
16
26
36
b
56
L1}
76

" 18 y THE HIGH SIDE MAXIMUM WIDYH IS

3
16
26
108
112
117
125

u7

7

17

27
b}
ar
57
67
17

T ¢+ AND THE LOW STDE MAXIMUM WIDTH 13

7
17
ar
35
109
118
126

ug

]
18
28
38
4n
58
68
18

]
18
28
36

110
119
59
49

9
19
29
39
49
59
69
19

10
i¢
100
37
55
$1
127
50

10
20
b1
a9
S0
60

* 70

?

9
20
104
jo0e
54
f20
60

£

et



Table B-2

Computational and Output Control Options

UPPER CDDK INLET, KNIK ARM AND TURNAGAIN ARM
SAMPLE PRDBLEM

KUMBER OF HYDRAULIC CC-.DITIDNS i

RUMBER OF T1DaL CYCLES PER ¢ONDITION . 3
NUMBER OF WYDRAULIC TIME STEPS PER gYCLE 900
NUKEER OF QUALITY TIME STEPS PER CYCLE 25
NUMBER "OF T1DiL S$TLGE PLDTS 1
NUMBER DF TIDAL VELOZITY PLDTS t
OYNAMIC WMYDRAULIE DUTPUT UKIT 0
STEADY STALTE HYDRAULICS QUTPUT UNIT 12
T1Di{ PERIDD, HOURS es,

RESULTS PRINTED 47 THE FDLLOANING & JUNCTIONS
H 12 2 Qa9 56 17

AND FOR THE FDOLLOWING & CHANNELS
18 72 83 127 - 149 157
FOLLOXING PLOTS ARE MADE

TI0AL STAGE FOR JUNCTIONS i 117 a9
TibiL FLOW FOR CHANNELS 72 27 4o

2 -35+-(0o
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1

UPPER COOX INLET, KNIK ARH AND TURNAGAIN ARH

SAHPLE PROBLEM

CHANNEL LENGTH, FT
! 90000,
2 90000,
3 89000,
4 100000,
S - anoao,
b bugo0,
7 92000,
8 11¢00,
9 56000,

10 75000,
11 &AL00,
12 67000,
13 65000,
Lo 37000,
15 58000,
15 &n000,
17 ungoo,
18 45000,
19 ulgoo,
29 31000,
21 25000,
e2 nuvoo,
23 guono,
e 58000,
25 33900,
26 31800,
217 gshono,
28 4npoo,
29 58000,
30 33000,
b Y| 20000,
32 yuooo,
1 55000,
3u 650000,
13 j?oou,
36 39000,
37 32000,
18 38000,
37 us0n00,
uo 35000,
ai J5vo00,
u2 o0,
au 3a¢00,
L? 27000,
uf 12000,

wWIDTH, FT

80000,
8o0n0,
89000,
70000,
8no090,
85000,

HYD RAD,

130,90
130,0
200,0
120,0
130,0
120,0
130,0
105,0
50,0
85,0
70,0
90,0
90,0
50,0
60,0
foo,0
io,0
100,0
130,0
40,0
40,0
80,0
140,0
13¢,0
70,0
40,0
50,0
100,0
100,0
70,0
100,0
4uo,0
90,0
70,0
60,0
100,0
60,0
85,0
30,0
80,0
70,0
65,0
7.0
40,0
50.0

Table B-3

Invariant Channel Data

INVARIANT CHANNEL DATA

FT

MIN ELEY, FT

130,0
130,90
200,0
120,0
130,0
120,0
163,1
10%,0
50,0
‘133,13
133,3
90,0
20,0
£0.0
942
100,0
70,0
fvo,0
130,0
40,0
60,0
80,0
1up.0
72,0
70,0
0o ,o0
S4,6
jvo,0
11,1
70,0
100,0
an .9
90,0
81,0
60,0
fo00,0
3.4
85,0
35,1
81,0
10,0
65,0
1,2
U0, 0
50,0

MANNINGS N

022
022
,022
022
022
J022
,022
D22
022
1025
,025
J022
022
022
4022
L2
025
022
1022
022

022
W 022
« 025
D22
2025
022
022
022
025
022
-0-32

NOTE = = & {NDICATES NEGATIVE wIDTH 19 PUSSIHLE WITH.ANTICIPATED TIDAL STALE

END JUNCTIONS

—
i ENNIV- QOO ~NTOE T WNE L N A —

e g s G Bmn Dea e

- s ek A m

I - L EVEVE- SV RV I SOy

SIDE a0OPL

HAX TEIME,

1295,
1295,
1057,
148Y,
1151,
953,
1324,
idlu,
1390,
1290,
1263,
1126,
1092,
179,
‘\ulq
965,
817,
124,
619,
10%,
“at,
15,
613,
83y,
513,
105,
1053,
e,
933,
i,
459,
1001,
924,
126},
129,
627,
630,
85Y,
ilue,
a7,
850,
593,
1209,
660,
074.

144

|
e
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Table B-3 - (Cont.)

<nvariant Channel Data

UPPER €cOOK INLET, KNIK ARH AND TURNAGAIN AR
BAMPLE PROBLEM ! AGAIN ARH

CHARNEL

5]
S3
54
55
56
(%3
(13
61
&8
9
70
11
72
73
15
16
17
18
198
80
b1
82
83
L]
8%
8be
89
100
101
jo2
10}
104
105
106
107
108
j09
110
111

N W E -

1
1
!
1
1
1

N

LENGTH,

25000,
25000,
21000,
22000,
yoooo,
12500,
20000,
22000,
23000,
B5000,
23000,
21000,
20000,
18000,
20900,
{18000,
33000,
31000,
2h000,
32000,
eBoon,
3tono,
30000,
26000,
27000,
Jiono,
24000,
40000,
41400,
ajo000,
18000,
11300,
17600,
23000,
20500,
21000,
11300,
juo00,
13800,
jutoo,
15200,
jua600,
14509,

9400,
11400,

NOTE = = » JNOLCATES

44 MINTH, FY

2AU00,
23000,
22000,
22000,
22000,
13000,
15000,
1uo00,
12000,
12000,
16000,
§ooo,
9000,
2000,
22000,
10000,
30000,
ja009,
15060,
is000,
25000,
15000,
1p000,"
10000,
10000,
4000,
25000,
12000,
12000,
1000,
19000,
21000,
3nonog,
jacoy,
I5000,
10000,
15006,
17000,
9000,
T000,
AoOOU,
7000,
32000,
J1o00,
8500,

INVARIANT CHANNEL DATA

HYD RAD, FT

45,0
u0,0
40,0
10,0

6,0
50,0

25,0
20,0
15,0
15,0
15,0
15,0
15,0
75,0
60,0
40,0
13,9
60,0
60,0

7,0
50,0
lulo
85,0
75,0
25,0

7.0
75,0
14,0
30,0

HIN ELEY, F7v

45,0
56,0
40,0
§0,0
1.2
53,3
27,4
21,7
22,1
22,1
11,1
u,|
1,2
Wb
30,0
10,0
ul,s
15,0
15,0
at, 6
11,3
55,17
40,0
25,0
20,0
17,1
15,0
15,0
75,0
75,0
60,0
o, 0
13,0
60,0
60,0
12,3
60,0
14,0
05.0
79,0
25,0
14,0
63,8
lugo
30,0

MANNINGS N

(022
025
(022
2 025
«025
020
1025
025
025
025
1025
025
025
: 025
$025
1025
029
025
W025
«025
025
1023
022
W22
022
W022
$025
020
y020
020
. 020
. 020
020
(020
020
0025
«020
$025
020
W020
$022
025
1020
<025
022

NEGATIVE WIDTH 18 POSSIULE WITH ANTICIPATED TIDAL 3TAGE

ENU JUNCTIUNS

A3
L1
32
32
37
uy
uy
43
us
4y
us
ur
us
u9
35
3b
14
s
52
53
54
55
S5t
57
58
59
S5
2b
26
26
28
10v
101
100
101
102
103
toa
103
104
J0u
10%
106
107
107

32
35
16
37
5S¢
128
uy
[(})
ub
ue
u7
4y
u9
50
k1
52
53
53
Sy
59
5%
56
57
58
59
&0
54
28
100
101
100
101
102
103
j1ou
105
jou
105
j0b
106
107
job
109
108
110

[

SIOE 3sLOPE

0.
500,
0,

0,
1voo0,
3v,

MAX TiHE, BEC

S4s,
592,
oy,
708,
1037,
263,
529,
61,
bul,
697,
Téo,
172,
749,
7101,
598,
519,
822,
137,
b92b,
128,
901,
131,
T84,
T2u,
80u,
923,
Tis,
123,
Juy,
Tdl,
3535,
194,
Suy,
us3,
4oy,
Tie,
ees,
4wy,
237,
255,
599,
75,
204,
asu,
284,
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UPPER COOK INLET; KNIK ARM AND TURNAGAIN ARM

JAHPLE PROBLEM

CHANNEL LENGTH, FT
118 13800,
119 §1300,
120 11500,
121 15200,
122 15200,
123 8509,
124 6000,
125 1100,

T 126 f1000,
127 15000,
128 11000,
129 e700,
130 10309,
131 8200,
132 10800,

- 133 12900,
134 12500,
135 fu2no,
136 8000,
137 8000,
118 7000,
139 Booo,
140 1300,
jul 200,
ju2 7500,
jas 10000,
faa 10000,
fus 6800,
186 1000,
1a7 12000,
Lus {oto00,
1u9 9000,
150 6A00,
151 000,
152 6900,
153 RQOQ,
154 12000,
155 10100,
156 v3ng,
157 11800,

WIOTH,

5000,
5500,
uBgo0,
8709,
12740,
5900,
5800,
7090,
7000,
upno,
1700,
u20¢,
115040,
3oV,
uson,
u8doa,
a0,
500,
louno,
10000,
4000,
3000,
w000,
3000,
3800,
8000,
a0o,
uigo,
3300,
2300,
2700,
2500,
Ido0,
ufoo,
10000,
1aung,
1500,
3500,
3000,
8000,

Fr

4 'l s b
nvariant Channel Data

INYARIANT CHANNEL DATA

HYD RAD, FT HMIN ELEY. F7v MANNINGS N

8,0 1.1 025
15,0 15,0 , 025
55,0 65,0 020
50,0 50,0 020
35,0 “9,5 022
15,0 15,0 022
15,0 15,0 025
10,0 10,0 2029
15,0 15,0 025
5.0 6,3 ,025
15,0 16,1 025
40,0 40,0 1022
35,0 35,0 020
35,0 40,4 020
55,0 55,0 ,020
50,0 60,0 020
uo,0 40,0 020
35,0 41,7 L022
60,0 60,0 , 020
60,0 60,0 4020
jo.o0 30,0 022
15,9 15,0 020
15,0 75,0 2020
85,0 85,0 , 020
35,0 63,3 .nae
60,0 50,0 020
66,0 50,0 020
30,0 32,5 ,022
an,o 40,0 022
75,0 15,0 020
Bb,0 60,0 ,020
75,0 15,0 020
4,0 573 022
15,0 38,1 0022
60,0 60,0 0020
50,0 60,0 . .020
80,0 80,0 ,020
40,0 60,0 <020
50,0 63,4 ,020
15,0 90,3 ,020

NOTE = = ® INDICATES NEGATIVE WIVOTH I3 POSIIULE WITH ANTICIPATER TIODAL STAGE

END JUNCTIONS

108
109
109
109

410

11t
112
i1}
37
3
11
113
115
114
15
115
11b
116
117
118
117
117
Lis
118
119
120
121
120
il
124
121
{22
122
123
124
125
124
125
126
127

- s Gt e B b b Bas Bt B e S B B B e O
- n s Ben S e e G D P D pup Gmb Sm gt bk D G
CDON~NE EEN R N O

——p—
—
< @

120
121
124
122
122
121
122
123
123
124
12%
125
126
1eu
12%
126
127
127
127
128

SI10E SLOPE

HAX TIME,

337,
220,
320,
3ot
253,
179,
gul,
3ed,
529,
32y,
221,
2us,
195,
220,
23,
130,
531,
154,
154,
174,
145,
132,
141,
{73,
197,
197,
169,
159,
eir,
1178,
163,
159,
162,
158,
158,
2,
178,
¢09,
213,

SEC

!



Table B-4

Invariant Node Data

UPPER COGK TNLET, KNIK ARM AND TURNAGAIN ARM
SAMPLE PROBLEM

INVARJANT JUNCT]ON DATA

QOO OOVOOOCOOOOOOUOO OOV COC OO OO CTOOO OO OOCOOOTOO

JUNCTION AREA, M3F 3L OPE, M3F/FTY DEPTH, FT MIN ELEY, FT X=CURD Y=CORD CHANNELS ENTERING JUNCTION

) 9990, ;0 150,0 10,0 61¢,0 470,0 1 2 0 0 1} 0

H 8500, W0 130,0 130,0 600,0 527,0 i Ia 4 0 0 0

3 A500, ‘o 140,0 j40,0 654,0 525,0 2 LY 5 0 0 0

4 9000, 20,0 150,0 190.2 624,0 584,0 4 b 1 0 0 0

3 6900, ‘0 130,0 130,0 bb5,0 57¢,0 5 b 8 0 0 0

& 5000, 18‘0 100,0 150,8 6ds,0 63b6,0 T» 9 10 0 [} 0

7 7600, N 100,0 100,0 bB2,0 61%,0 . Ba 9 (¥ 0 0 0

8 3700, 30,0 80,0 123,13 652,90 81,0 1oe 1w 0 0 0 0

9 4200, 21,0 $0,0 58,6 ebH,0 104,0 f1s  tu 1Sa 0 0 0

10 8900, 12,0 80,0 86,6 702,0 6%5,0 12% 13w 0 0 v 0

i 4600, 2,0 100,0 102,3 714,90 93,0 13 14 1o ] 0 0

12 2009, .0 130,90 150,0 11,0 129,.0 15 16 17 18 19 0

13 1200, 1,0 70,0 12,2 735,0 74,0 17 21e 226 0 ) )

14 970, W0 100,90 100,0 o 724,0 150,0 1620 21 23« 0 0

15 2000, 25‘0 110,0 80,0 104,90 756,0 19« 20 24 0 '} 0

16 1400, 2,0 53,0 85,2 7159,0 96,0 22« 25« 27 0 ] 0

17 13%0, W 85,0 85,0 Tup,0 170,0 25« 25 26 26¢ 0 0

18 1970, 16,0 19,0 109,4 130,09 781,0 24 26 29+« 0 0 0

19 lu00, 7,0 47,0 SU, U 786,0 170,0 274 30e 32 0 0 0

20 1610, W0 95,0 95,0 772.,0 T65,0 2h» 30 Sie 33 0 0

21 1680, 1,0 85,0 87,3 162,V 799,0 294 Jie 34 0 0 0

22 1160, 4,0 55,0 6l,6 306,0 T48,0 e 35 37 0 0 0

23 17160, W0 60,0 80,0 79,0 By7,0 334 3S Jox 38 0 0

24 1650, 25,0 00,0 66,0 784,0 #32,0 Jue  3be 19 0 0 0

25 BRO, 1,0 70,0 73,1 §22,9 1%9,0 37 uge u 0 0 0

26 1200, 0 60,0 80,0 : 81,0 820,0 s 4o 4y 191 102 100

21 950, 40,0 22,0 23,1 B1s,0 hat,0 I  ule 4y 0 0 0

28 b70, W0 65,0 65,0 639,0 08,0 uz 47 109+ 103 0 0

3N 700, 3.0 50,0 57,0 §54,0 749,0 ul 51 53 0 0 0

32 670, 3.0 43,0 48,3 861, 0 814,90 s S1 50 S59% 0 0

35 920, 2v,0 20,0 29,10 Boy4,0 T68,0 Six IS5« 7]e 0 0 ]

36 580, Y 36,0 36,0 874,0 8u2,0 Sus 715 16 78 0 0

3an 250, 15,0 9,0 16,7 869,0 8ezy,0 5% 56 126 327 0 0

43 190, 4.0 15,0 u5,8 a0y, v 85,0 654 &b 67 0 0 0

e 230, 3.0 25,0 31,5 v01,0 0v68,0 bo %) 0 0 0 0

45 250, 3.0 25,0 30,7 913,0 870,0 67 Y 0 ¢ 0 0

ud 510, |S‘o 15.0 22,4 915,0 0b4,0 1)) 69 19 0 ] 0

o~ aTun 250, TN 12,0 14, u 929,0 BH7,0 10 11 0 ) 0 0

{ UBah 130, 22;0 5,0 5,9 14,0 BYs,0 11 12 0 0 0 0

w Unak 50, 45,0 2,0 1.1 950,0 899,0 12% 13 0 0 [1} (Y

50 20, 10,0 1,0 2,0 959,0 1,0 73 0 0 0 0 0

LU S2as 360, : 26,0 8,0 12.9 BB2,v B10,0 Se 16 I9ax 0 0 0

\ 53 1020, 1v,0 30,0 36,6 bay,0 748,0 77« 78 aps B9 0 0

-~ Su ueo, 23,0 10,0 16,1 #95,0 800,0 19 61 89 0 0 0

o 55a0 590, 30,0 20,0 12,7 906,0 87,0 8os Bi 828 0O 0 0
j ‘n~ NOTE @ = & INDICATES THAT DEPTH OF CHANNEL ENTERING JUNCTION lg LARGER TrHiAN JUNCTIUN DEPTH

‘ a8 INDJICATES NEGATIVE VOLUMg OR AREA 13 POSSIBLE WITH AnNTICIPATEO TIDAL STAGE
| 3 3 8 . | 3 3 ] 1 3 . 3 §

OOV OO VOOV ODOOODIDOODODOOOODODOLORODOODODODOOODOODOOCOQD
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Table B-4 - (Cont.)

Invariant Node Data

UPPER COOK INLET, KNIX ARM AND TURNAGAIN ARM
SAMPLE PRODLEM

INVARIANT JUNCTION DATA

JUNCTLION AREA, M3IF SLQPE, HSF/FT DEPTH, FY MIN ELEY, FT X=CORD Y«CORO CHANNELS ENTERING JUNCTION
S6 620, 30,0 20,0 20,7 925,0 784,90 82¢ B3 9 0 0 0 0
S5Tan Ja0, 20,0 15,0 19,0 943,0 717,90 83  BlUa 0 0 0 0 0
58 230, 10,0 12,0 20,1 957,.0 171.0 Bue bS5 0 (] 0 0 0
59 320, 15,0 12,0 21,3 974,0 771,0 8%  8s 0 0 0 0 0
bOrw 180, 10,0 10,0 18,0 989,0 759,0 86 0 0 0 ] 0 0

100 44390, N 40,0 40,0 443,00 - b820,0 100 103 1low 48 joe 0 9
104 Sib, N 75,0 75,0 839,0 829,90 102 1oe 105 1907 0 0 (]
102 Juo, 15,0 10,0 10,9 43%,0 839,90 4g 105 104 0 0 0 0
103 229, i.0 60,0 71,1 453%,0 829,0 106 109 1ije O 0 0 0
10¢ 231, 0 50,0 50,0 850,0 835,0 1074 10%e 110 112~ {1} 0 0
1054n 156, 10,0 10,0 i5.8 4y, 0 843,0 108 110 11w 0 0 0 0
106 149, N 60,0 80,0 860,09 834,0 1ils 112 1158 0 0 0 0
107 108, N 3o, 0 30,0 857,0 Bu2,0 11}y e 117 0 0 0 0
1088 99, 6.0 8,0 15,0 855,0 847,0 1o 116 118 0 9 0 0
109 160, N ] 70,0 70,0 867,0 857,0 1S5« 119 120 121 ¢ q 0
110 178, S‘u 30,0 15,6 863,90 B845,0 117 118  122e 0 9 0 ¢
111 8u, W0 15,0 15,0 474¢,0 830,0 126 119 123 125 0 [ 0
1120 us, 2,5 15,0 16,4 873%,0 831,0 127 125 124 128 9 0 0
113 Su, .0 4s,0 us,0 874,0 83%5,0 120% 123 120 )29 0 Q 0
114 52, 1,0 30,0 52,0 879,09 836,0 128 129 131 0 0 0 0
11s jau, W9 55,0 55,0 875,0 8u0,0 121 130 132 133~ 9@ 0 ¢
116 149, 4,0 40,0 37,2 873,0 8ds,0 122 130 1 8ua 3135 0 0 0
$17 ay, 0 45,0 45,0 8R4 ,0 840,0 131 132s 1360 138 139e¢ 0 0
118 St, \0 60,0 60,0 881,00 8u),0 133 13a i3 R37 f4Qe fu]e 0
119 60, 1.0 85,0 0,0 441 .4 84n,0 (35 1387 142 0 L} 0 0
120 12, N 30,0 30,0 806,0 840,0 138 1u3» Juba 0 0 0 (]
121 g, N 90,0 90,0 886,0 BuY, 0 139 140 J4} Qo4 Jus g4y tad
122 3¢, W0 50,0 50,0 486,0 846 ,0 141e 142s Jude {494 §S0s O 0
1el 35, 1,0 Jo,0 33,0 890,0 84,0 145 lube 15]a 0 0 0 0
124 tu, \0 55,0 55,0 494,0 8au 0 §472 151 1928 Lyus O 0 0
125 38, £ 0 10,0 70,0 891,0 Bub,0 1age ju%e |52 {53} §55a 0 0
126 37. 1,0 40,0 17,0 869,0 8uB,0 1506 1530 |Sooe 0 0 0 0
127 96, N 95,0 95:0 894,0 84%1,0 154 155 156 Q57 '} 0 ¢
128 138, 1.0 50,0 6b,1 897,0 8.8,0 IS7» b5 0 0 0 0 (]

NOTE = = » INOJCATES THAT DEPTH OF CHANNEL ENTERING JUNCTIUN 73 LARGER THAN JUNCTIUN DEPTH
an INDJCATES NEGATIVE VOLUME OR ARELA 3 POSSIBLE WITH aANTICIPATED T1DAL STAGE

ESTUARY STATISTICY (AT MsL)

T0TAL vOLUME, CU FT ATetd
TOTAL RURFACE AREA, 50 FT Wh122402
MEAN DFPTH, FT ,7950402

Y

[-X-N-R-X-¥- N F-F-R-N- N W -N-E-N-N-N-E-N-NW-N-N-S-N-N_-N-E-N-_N-F.-N.-E-¥.I
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Table B-5 .

Tidal Time-Stage Data

UPPER COON INLET, KNJK ARM aAND TURNAGAIN ARM
WATER YEAR 1972 AVERAGE TRJBUTARY [NFLOWS

TIOAL COEFFICIENTS FUR JUNCTION 1

-y 1307 -, 8087 T.5438 =, 1313 2719728 vl 0U9S v 0606
TIME OBSERVED CO~PUTED DIFF
-2,9000 =h,%5000 -h,U705 10295
3, u000 7,4000 7.3798 -, 0202
9.6000 =9,0000 *9,0190 =, 0190
16,0000 T,6000 1.599%0 =, 0004
22,1000 «5,5000 -h,0705 , 0295
28,0000 T.4000 T.3798 -,0202

=]1,3250 -, 0637 -y,%220 », 0584 .
,2500 L0500 LT « 0158
1,8250 5. 1036 5,432 , 0745
4,9500 4,991y 4, 9049 =, 0934
56,5000 ~,8000 -,7725 s 0275
8,0500 =b,5974 “h,5193 07814
11,2000 vy,50681 b, 6396 «, 0715
12,8000 «,7000 w, 0810 20190
fu, 6000 S.1881 5,222} L0502
17,5250 S,5343 5,829 -, 0514
19,0500 .5500 ,521¢9 -, 0261
20,5750 Y RY T =4,3719 WN625
23,6750 wl Un37 -y, 52214 w, 0584
25,2500 LUS00 U305 =, 015%
26,8250 $.3636 s, U8} 00745
TOTAL ' 8993

SUMMARY BY MOUR
i 3,02 2 5,85 3 7,30 4 6,93 % 4,76 6 1,28 7T =2,80 8  =6,37 9
11 “7,19 12 3,91 3 Ju 3,97 35 6,65 16 T.60 37 b.b65 18 4,12 19
21 5,32 22 «b,45 23 &5,85 24 3,67 2% w44 26 3,02

8,59 10
270 20

8,89
«2,73
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Tabie B-6

Summary of Boundary Conditions

UPPER COOX INLET, KNIK ARM AND TURNAGAIN ARM
HATER YEAR 1972 AVERAGE TRIBUTARY LINFLOWY

JUNCTION TO JUNCTION EVAPORATION HATE, INCHES/MONTM
1 130 3,00

HOURLY WIND VELDCITY (MPH) AND DIRECTIUN (DEGREES CLOCKWISE FRpu NDRTH)
CHANKEL YO CHANNEL

§ 150 i .0 0, 2 00 0, 3 o0 0, L]
b y0 0, 7 00 0, 6 o0 9, 9
11 N 0, 12 .0 0, 13 ) 0, 14
16 0 0, 17 .0 0, 18 N 0. 19
21 0 0 0, 22 a0 0, 23 0 0, 24
INFLOH AND QUTFLON DATA
JUNCTION INFLOH, CF3 WITHORAWL, CF3
1 4600,00 00
27 33000,00 .00
us 470,00 00
0l 120,00 W00
50 10880,00 .00
60 .1000,00 200
108 500,00 W00
147 75,00 200
jau 116,00 00
JUNCTION TQ JUNCTTON GROUND WATER INFLUM, CFP3
i 13n 000
JUNCTION STORM WATEp JNFLOM, HOUR AND FLUM, CFs

LY TS
VOWOWN
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Table B-7

' Computed *ime-Stage at Selected Nodes

UPPER COOKX INLET, KMJK ARM AND TURNAGAIN ARM
NATER YEAR 1972 AVERAGE TRIAUTARY [NFLOWS

HOUR

1,00
2,00

3,00
4,00
5.00
.00

T.00
8,00
?2.00
10,00
11,00
12,00
i3.00
14,00
15,00
16,00
17,00
14,00
19,00
20,00
21,00
22,00
23,00
2u,00
25,00
26,00
27,00
28,00
29,00
30,00
M.00
32,00
33,00
3,00
35,00
36,00
IrT.uvo
39,00
39,00
up, 00
41,00
u2.,00
uy, 00
44,00
45,00
4y, 00
a4r.00
4g, 00
49,900
50,00

JUNGTINN
HEAD(FEET)

3,02
5,85
7,40
6,93
u, 76
1,24
2,80
-6 37
«3.59
-8, 09
-7.’1“
=391
\‘u
3,97
6,63
T.60

WS
\
"o
=273
5132
b U9
585
3 67

1,24
-2‘80
-6 37
-8.59
hs‘ﬁq
«7,19
w3 91

INE:

-2.7%
5132
‘-b‘ﬂs
-5.85
“3l7

T

JUNCTION 12
HEAU(FEET)

'7035
«3,23
1,33
5,31
8,07
8,98
1,74
4,40
W19
=2,b%
=b, 14
=9,12
10,33
e7,61
1,91
2,86
6,91
9,2}
9,54
7,58
4,17
W B1
2,15
b Ul
«7,53
7,26
-}, 22
1,3
5,351
8,07
8,98
7.73
4,40
W79
»2, b4
=b,14
-9.12
=10,33
7,01
=1,91
2,087
t,93
qndl
9,54
7.58
u,17
.81
2,35
9,44
-7,5%)

JUNCTION 26

HEAD(FEET)

.i0412
-|l,20
wb 19
I'lq
S.63%
10,35
12,68
11.96
8.45
3nbl
w1l 09
<b,b2
«}0,86
-|5.bl
-|2.17
»U,39
2,42
6,48
j2.32
13,65
11,05
T.706
2,70
w2419
-b,bb
'10.09
-|‘.‘e
b, 78
-, 14
5,83
10,35
12,068
11,98
6,45
3,50
1,09
wbob2
w10,87
-'3.6]
myl, 17
i, 38
2.u2
8,u"
12,32
13,65
11,85
7u7b
2,76
-2,19
=b,006

JUNCTION u9
HEAD(FEET)

10,78
9,88
9,06
84,35
1,71
1,15
7.217
9,ub

12,106

13,64

12,86

11,74

fv,72
9,61
9,02
6,31
7,68
1,12
b,b3
7.58

10,80

13,50

la,e2

13,09

11,92

tu,87
9.94
9,13
g,u1
1.77
7120
7.3
9,40

12,19

13,00

12,487

1,79

10,73
9,82
9,02
8,51
7,68
7,12
beol
7,89

10,80

13,%0

1q,22

13,09

11,92

JUNCTION 56
HEADCFEET)

-2,82
1,00
=11,12
=11,01
2,592
5,16
11,29
15,05
15,01
11,09
7,12
2,ub
«2,2d2
5,12
=11,19
14,78
“T.1b
W2l
8,13
13,84
1e,u8
14,58
10,63
b,u2
1,70
~2,85
vl,16
11,13
w[y,98
2,52
5,16
11,25
15,09
15,00
11,09
1,11
2,ub
-2,22
0,73
11,19
14,78
wT,16
!
8,13
15,64
fo,ud
14,50
10,63
b,u2
1,70

JUNCTION 117
HLAD(FERT)

“9,40
“l2,u7
=1],99

=46}

3,84

10,0)

14,13

14,79

12,20

1,09
111
ny,H2

-9,38
=15, 30
“!5,03
«l0,74

-, 99
7401

12,93

15,50

19415

11,09

5,99
12

5,06

=-9,38
w)2,ul
*l1,96

~l,00
3,8l

1,62

14,13

14,719

12,19

1,09
1,11

vl b

-9.35
“l 5,57
=15%,b6)
“]0,70

-, 99
1,01

12,93

15,506

15,15

11,u9

5,95
e
b0
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Computed Flow

UPPER [OUR INLET, KNIK ARM AND TURNAGAIN ARH
WATER YEAR §972 AVERAGE TRIBUTARY INFLOWS

CHANNEL: 18

HOUR FLOW VEL,

) (CF8) (FP3)
£.00 =5516137, 2,58
2,00 4032225, 1,87
3,00 13055712, S.07
u,00 16710525, 6,94
5,00 16120833, 6,49
6,00 §1782740, 4,67
7,00 4283198, 1,49
8,00 =5555803, 2,33
7.00~13C21032, «5,58

10,00~1553931], w«b,%0
11,001512300), «b,%
12,00=12677975, w=k,04
13,00 =Bb6226489, wu,1d
lu,00 ~884126, -, 38
15,00 1102u3he, 4,97
16,00 172108028, 7,34
17.00 18038397, 7,52
18,90 15817187, 6,78
19,00 9050964, 3,79
‘20,00 1127001, S8
21,00 «Bb69117, =3,61
22,00~142454907, <~ob,1}
23,00=15917683, e=b, b6
24,00n13987978, =h, 40
25,00-10785537, «5,06
26,00 »55049153, »2,57
27,00 4015433, 1,Hb
28,00 13045594, 5,66
29,00 16b9UATVS, 4,94
35,00 I61(3ul5, 6,09
31,00 11774429, u,s7
12,00 4278uBy, 1,69
33,00 4571151, =2,38
3u,00-13022721, =5,58
39,0015584236,  wh, b
35,00-15121449,  «h,%
37,00m12670234,  w=b,U0d
14,00 ~0621019, =4,18
39,00 <=huiguy, «, 38
40,00 11026426, 8,97
Up,00 17216832 7,34
L2,00 LBusASHL, 7,52
43,00 (19B10udT, ]
44,00 9650115, 3,79
45,90  112%75s, a8
un, 00 -E826219,  -3,81
47,00=Vulub95), =b.11
U, 00-1%5%17799, b, An
49 ,00=-13207499%,  ~b,40
$50.LN=3070%%54, =5,0b

CHANNEL
FLOH
(CF3)
«1921106,
“157056,
«13073235,
»} 09507,
=92521,
«79968,
156219,
427340,
u98215,
75890,
»254530,
v224709,
- RAIT,
=15%30u,
128979,
=l084u8,
=q92100,
=78192,
=5u%2A,
295429,
574245,
u17845,
~212701,
=-275139,
=235749,
=194704,
139343,
w] 325594,
-114277,
=91928,
-81104,
1871613,
42718%9,
491258,
124540,
»255114,
=224%154,
“iRallt,
=1555062,
-129162,
“1 08609,
=72229,
«T8790,
«54529,
295 1H9,
57Tulho,
a717%0,
=213019,
271420y,
w235797,

12
VEL,
(Fp3)
-2,12
=2,01
=1,91
~1,83
-1.70
1,89

2,10
3, 54
3.2
.49
-2,04
-2 14
=-2,10
=2,00
1,90
»),0)
“1,76
=],68
-1,03
3. 2
1,93
2,64
~i, 45
-2;[“
-2,20
2,13
=2,02
=1.92
-1,84
=-1,75
-1,70
2,10
31,53
3,23
Lub
=-2,04
-E.lﬂ
=-2,10
-2,00
1,91

.1,83°

1,706
-1 ,6R7
wl,ul
3,12
1,91
2, i
=-1,45
2,10
-Z,20

Table B-8

and Velocity in

CHANNE| 8}
FLow VEL,
(CFS) (FP3)

=jU]0006, «5,00
«1131625, 4,80
«BUIHO2, U, 4%
=993y, 2,71
joulleq, 4,02
102426}, 5,55
2509475, 5,70
2522007, 5,00
1339124, 2,95
-1302350, =2,95
=2702%61, 3,1}
=1808388, 5,19
~lu09392, 5,00
«J1B309), o8,9)
~938852, el,79
wp?T04h, i, 20
uredla, 2.11
13191200, 4,84
23571999, b,10
260untu, 5,88
2424605, 4,99
501749, 093
19308697, U, 21
«2098106, 5,22
-1737853, 5,14
«l4U9249, .4,94
~l126u94, 4,78
170629, «4,48
=4934930, 2,61
loddu2l, 0,02
192u404, 5,55
2508892, 5,76
25219086, 5,00
1313202, 2,55
=1 103039, 2,95
=210234%, «5,11
~18Ub100, 5,19
=Ju6?151, 5,06
»3183290, ef,94
=238695, 4,75
“97u8y, 4, 26
a17age, 2,11
1393 330, 4,Bu
2159132, b,10
2RVUSTY, 5, AY
2ucusSI, 4,55
SuthiSa, ,98
«103n0%), «u,21
«2NYRLEY, 5,22
e 737043, 5,14

CHANNEL {27

FLOn YEL,
(CF3) (FP3)
0, 2 00
0, « 00
0, .00
=512, -, 49
=HFBY3, <«i,47
-178443, w2,52
w212347, 2,18
«91991, « 87
63i70, .15
71553, 1,37
38906, 1.58
575%, .99
0, W00
Ve .00
q, «00
0, 00
«29117, =2,04
w120044, *2,4)
w229931, =2,%9°
-1?7088, =1,78
29663, =, 268
78115, .98
Tuldy, 151
33209,. 1,57
Jbo7, W03
0, ,00
Q, W00
0, 00
=691, =,50
nbQBSY -1,87
wiT6499, «2,52
w212250, =2,16
«31870, -, 87
632062, .15
T153%, t.37
34879, 1.58
5743, 499
0, 200
0, 2 00
0, 00
0, V0
29131, w~2,04
= 240HS, «2,43
22991, =2,59
=19787%, =},748
=296132, =, cb
Toieu, YA
Tulln, 1,514
33207, 1,57
Inbb, 83

Selected Channels

CHANNEL

FLOY
{CE3)
«TU]360,
*500879,
pT7976,
967181,
je2d56),
1517019,
L1¢3bu2,
are2ie,
-39 80080,
=jib3ley,
»1270370,
=] 0%8ubu,
81665,
=4Y5990,
w3u99n gy,
504433,
tniry12e.
1786918,
{ug esy,
Yehaoy,
252280,
«70u0%0,
wi271635,
=]223747,
977544,
=lu2121,
50918695,
“b'9580,
963481,
1626394,
1514354,
11221138,
TSy,
«~3939%40,
=i 163459,
wl276354,
=1 098093,
~8]106328,
~byhoue,
«3l4Y963,
Sp4su0,
1477071,
17666 34,
fuh99s,
Sobddllv,
2321be,
wlOU]NG,
w20y,
=1 2L 3%,
QQIF)SD.

149
YEL .
{FP3)
2,02
-2,0)

'.35
3, a7
5,18
4,08
3,14
1,32
=1,14
-3,54
-4, 18
-3y, T4
=3,10
2,04
| ub
2,01
5,02
G,u5

4,23

2,8
03
2,05
3,92
mil 0b
=}, 08
n2,82
»2,0)
*, 25
1,4s
5,17
q,4}
3, 14
1,32
*i,15
3,54
U,
=3, T4
=3, 1v
721“5
-l Ub
2,01
$,02
S,u%
4,23
2,bb
o8
-2, 0%
~3,72
wi ,0b

cwY

CHMAKNEL 137

FLO®
(CF3)
w]BU3B)T,
*1236665,
204198,
epyduue,
4605526,
4151891,
2975000,
914813,
=1754202,
3700747,
=3oluduy,
=2780918,
uaolaufb'
=jus22ub,
shudrbhdu,
1132499,
3g9d5v6,
4949097,
ay2r9ss,
ZuS"llV.
a2s i,
«26b6Y590,
«3302%505,
=339484930,
25400550,
=184l510,
«l23db60u,
~249578,
2644629,
dp008 350,
ajuussT,
29719821,
91110,
~1755921,
»3700R70,
=3olviis,
v2701042,
~2p3dese,
slus2uss,
-845857,
1132092,
Inousi2,
uyubbUL,
4p2las2,
2443508,
82109,
“lahvabvo,
=390d05b,
=33%090Y,
=fydobad,

vEL,
(FP3)
-3, u9
w2, b
..01
4,85
7,38
6,05
4,12
1,23
w50
*5,57
5,47
«4, 90
«},84
s2,92
.l|’T
2,41
6,10
7,56
5,069
3,43
1909
»3,81
5,95
9,61
“l,42
«3,50
.2,
n‘uo
4,83
1,37
6,04
4,11
1,2}
=2,4%0
=3,57
»5,487
a4, 490
=3,684
=2,%2
'1.17
N
8,10
1,56
5,08
3,8
209
el bl
5, 9%
9,01

PYRY:

e

[
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UPPER €OOK INLET, KNIK ARM AND TURNAGAIN ARM

Table B-9

Summary of Miscellaneous Computed Hydrodynamic Data

MATER YEAR {972 AVERAGE TAIAUTARY ]JNFLOWS

AVERAGE HEADS FOR A

91
101
i
j21

AVERAGE VELOCITIES FOUR A

10
10
10
10
10

10
10
10
10
10
10
10
T
10
10
10
19
10
10
10
10

10
20
30
uo
59

10
20
30
40
50
60
10
80
90
100
110
120
130
lugQ
150
160

|
o, 131
2391
W 184
1. U867
000
. 000
2000
000
,000
,000
IR
{1,700
1,364

i
v,lﬂ“
=, 2Ub
-, QL9

o101
«, 021
W 070
000
L
-, 103
000
'.233
027
-,203
., 3717
=, 1139
-, 022

AVERAGE FLOWS FOR A

- e m m n g e Gt gee e B we

1
H
]
4
5
]
1
8
9
]
]
2

}
)
1}

10
10
10
10
10
10
10
10
10
10
10
10
10

10

|
*25%1u00,
45348,
=193885,
393094,
.SBSHb.
«10b01,
0,
» 10898,
68170,
0
=24052,
131281,
81930,

3

TI0AL CYCLE

F4
-, Nbb
+567
L0906
1,054
,N00
2,327
v 000
« 000
«000
.000
1,049
1.228
1,166

2
-.]09
v, 220

lolb
=239
o, iBS

000

000
.,513
-y 34

4000
w110

029
-y jul
'a?us
w, 100

J0u2

TIOAL CYrLE

2
-2inurd,
=50213,
202008,
w202198,
~3lA4t5,
0,

0,
=10812,
=189,
Q.
103602,
Qu95H,
=BI649,

3

., 065
072
935
LVo0Vu

1,480

j.6u84
4000
,000
000
L0nu

1.170

1,218

1,374

T104L CYCLE

«u59389,
«S50809,
19A 37,
63h46,

0,

-i4y339,

0,
~10A8067.,
-f70,
Q,
147098,
512095,
=74635,

207164,
29122},
»325024,

94499,
=107199,

125404,

v,

0,
-Qlll.

. 0,
=39017,
w3AQbY

54226,

=,002
b2l
1.030
1,5A5
2.1h2
2,106
2000
1000
«000
000
1,324
1.311
1,349

“, 349
"y 140
2030
lo()Q
2000
».3n2
230
“,jub
=, 04
000
=050
01
=,2n7
=, 013
-, 034
=205

5
~2U9737,
295352,
13u29n,

=27036%,

fy
=}3922a,
t1tsr,
n90085,
-Qup.

0o

526714,
232225,
53737,

-221664,
=3137920,
26365,
=176063%,
0,
Lasay,
‘276‘.
'9331 0
~978,

v,
18uye7,
10670,
-121832,

W15
,708
1,024
1,757
6. 8064
3,06}
2000
V00
000
,000
1,264
l.JuU
1,408

-, 003
=, 139
-, 005
=-,1013
«.561

LU0y
", 505
“, 350

V00

4000
-glbj
- 1717
-y 300
'.025
., 099
-, 182

7
u2r9evo,
B2 3%,
71544,
tbo0sSY,
=150875,
o,
~BHT,
=30343,
0,

. 0,
11867,

51951,

3972,

187
XY
jo104
000
9,545
3,587
000
,000
000
000
1,413
1,353
f.,ull

-, 228
"215
=, 116
-, 207

RBA

nl472089,
-“lb,ln
183040,
=30blo,
3157,

0,
«19971,
anse7,

2000
000
{1,200
1,352
2000

., 084
=,lbo
., 281
., 12>
000
1000
=533
" 00/
w, A5
00V
091
“oulv
LIR L1
)27
'|||7
00V

422605,
=94y},
«298844,
-B1719,

U
2803,
L165,
63060,

q7dsu,
=0233,
27%u7T,

i0
1252
789
000
«000
10,077
3,725
«000
000
000
1,130
1,302
1,30}
2000

§0
=,21})
=013

079

1055

000

000

=], 055
-, 520

000
=136
-,022

1293

dud
-,032
v, 252

000

10
LBy,
w5422,
213u52,
106397,

131940,
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Table B-9 -

(Cont.)

Summary of Missellaneous Computed Hydrodynamic Data

131 10 140 e3547, ~fatat, -35241, 30859, 11397,
141 70 150 -119, ~20810, 26045, -7325, w1208,
151 10 160 3031, 8190, 33097, 12151, =13273,

WATER BALANCE AT EACH JUNCTYION (CFS)

1 2 3 4 -

1 10 10 39974, 19, 20, 14, 13,
il Y0 20 ‘l. -3, -2, 'Zo -30
21 T0 Yo -, ~3, -y, -3, "2,
M 710 qe w2, -2, 0, 0, =2,
4y Yo So 0, 0, -1, .t 0,
51 10 b0 0. 12, -ll “l sl
61 10 TO 0, 0, 0, 0, 0,
L 10 &0 0, 0, 0, 0, 0,
81 to 9 0, 0, 0, 0, 0.
91 10 1loo 0, 0. 0, 0, 0,
101 T3 11¢ -1, 2, -1, el 2,

11 19 120 «0, I 0, -0, w0,
121 10 30 -0, -0, o, -0, =0,
. AVERAGE NODAL YOLUME (CU FT)
H 2 3 4 5

1 10 10 ,1697¢13 . J1104s13 1189413 ,1350¢13  ,8970+12
11 10 20 ,0618+32  [3130¢i2  ,BuR3etd 297654114 2218442
2} 70 30 Jduuyey2 L6507+ 1024412 J101u442 NYIIY R

31 10 uo 3616414 .2992¢11% L0000 0000 20A1411
4y 10 50 ,0000 , 0000 JuuTayt 5359410 16962410
5} 10 60 ,0000 JUo3lel0 J296+41 « 70556410 W1asSelt
b1 10 70 0000 \0000 0000 +0000 00060
74 10 80 20000 L0000 ,0000 ,0000 0000
81 10 90 .0000 0000 0000 ,0000 00000
91 1o 102  ,0000 L0600 20009 , 0000 20000

101 10 110 3727+41 4514400 L 1a0S5e11 L 1182¢81  ,2225¢10
11t 1o 120 Juneegd ,B76U409 ,2U954+10 L1679010 LO9Nn3+10
121 1o 130 3655410 Jdbauslo 1091410 2081410 2356410

POIITIVE AND NEGATIVE FLOW3 FNR EACH CHANNEL

1 junRu752, 14946157, 2 16288481, 16077982,
S 169752271, J722unn?, [ 894570, 1116254
9 2RyusyH, 2u2inly, 10 5958323, 5953429,
13 15517688, 1595568554, 14 933132, 1224353,
17 3233075, 322Sn4g, 16 5573923, 5615534
21 282u85, 476290, 22 3202413, 3000405,
25 2u6387T, ile29y, 2b 1056082, 1u29737,
29 5306874, 5605714, 30 317h29, 105877,
33 5982581, 6918734, 14 3523149, Ju2uaell,
37 2855205, 2787147, 38 61660623, 6397439,
uy 175945, 23u3 8y, 42 2u83uss, 2522048,
uy 0, 0, 44 v, o,
u9 0, n, 50 0, 0.
55 1733967, 1874a305, S J658781, 1533377,
57 0, 0, 5d ¢, 9,
b1 0, 0, he 0, [
by ftyuoz2, tihenldn, Y SO04RT, Y0 §2pA
69 Jurju, 150945, 10 292484, 303439,

1170, =32221, «33287,
10219, 13208, 177,
=}Q0us, =11170, 0,
[} 7 8
7' 5, q,
-3. -2., '3.
'3| 0. .25
-2, 5. 0.
3, 4, 4,
4, 3, 1
D 0, 0.
0, 0, 0,
0, 0, 0,
0, 0, 0,
-0, w0, 2,
=0, =0, =0,
0, =0, =0,
b 7 8
25005412 g 7609412 2973412
«7525¢1} JA157432 W1397412
49723411 AT TN JHU29e1
« 218041} o 33624100 10000
L9752¢l0 SoU%e40 3151010
o15dle 18006040 y,U338¢+10
«0000 0000 ,0000
40000 ,0000 L0000
+ 0000 20000 LU000
00v00 0000 WWooo
210411 3376400 1139410
6309410 1900410 JUSbel0
«1587¢10 19¢55+ 30 W J1055¢10
3 2219259, 2678648,
7 9561380, 9133405,
11 5010987, 5000449,
15 497bubd,  ueBii07,
19 B22uu08, RY3Y3820,
23 5907254, L8ATUL G,
21 2857099, 23H551S,
3 1525429, 1132031,
15 1560994, fu3136t,
39 80io00, 8a3yes,
uy 0, o,
ay 20074nu, 2198138,
51 2370485, 295020k,
5% 719314, 218% 39,
59 U, 0,
[y 0, 0,
b7 LPALNAW ajsa)y,
7y o35, jraug}y,

3261,
1uBes0,

9
212112,

20713401
0000
,0000
12994430
JST10e40
,0000
0000
, 0000
0000
J11 39431
2239440
40000

39723,
.“31373
0,

10
0 2540e12
21S5u2ei
0000
,0000
1560409
ALLZEY:
,0000
,0000
0000
Julubel)
2831610
KTPLIY L]
L0000

4 11165579, 10978415,
8 156590%), 16131139,
12 109051140, 16959329,
16 §3397142, 13735008,
20 927364,  12427b%,
24 70584801, 758384,
2y b6 3Ivuge, Luuyeyo,
32 1850182, 2052379,
16 868507, 20uudSe9,

(1] 226594, j2u2ul,
uy 40522, 167720,
ug 2213933, 2210177,
5¢ Vo 0,
Se 172232, 157enl,
50 9, 0,
b4 V. 0,
Y 20UTR], FIYR RN

re 100se2,  B11dve,



Table B-9 - (Cont.)

Summary of Miscellaneous Computed Hydrodynamic Data

B NTEY < e}

73 LTI 28704, T4 U, 0, 7% 33689, 123714, 76 368225, 315%%,
11 $150133, 1200474, 18 972499, R27%u2, 19 Jussue, Joulsl, 80 J19s218, f265120,
81 318497, 250027, a2 y14191o0, §1102709, 63 Ted7v02, 765571, 8y 528055, S24909,
8s 36A325, 369264, 8o 140776, 141750, ay 0, 0. 8y 0, 0,
89 J2u829, 261 Ub9, 90 U, o, 9 v, 0, 92 0. 0,
93 0, 0, 94 0. . 95 v, 0, 90 0, 0,
97 0, n, 28 0, 0, 99 o, 0, 100 148599, fud1292,
103 iAo23%0, 1826784, 102 2599198,  209554h, 103 1552659, 1185561, 100 uBojus, 519(e2,
105 195958, {43288, l0s 1341039, 1150272, 107 1630658, 1o18791, j08 3s21., 89818,
109 psuung, {0693A, \lo 122797, 1071860, 111 1304939, 1167658, 112 899454, 80uB9b,
113 391190, au2uss, VL apuQu, 87365, 115 2118%2¢0, 1886301, 116 3rree, 270un,
117 2849uad, Jugnva, 118 2rreu, 31425, 119 1pai1s, 11ubys, 120 6331992, ur7Ty79,
121 129u254, 1212325, 122 192635, 2a2lou, 123 bbuug, jur077, 124 11913, 126199,
125 a1A9, 62527, 126 11uoS6, 2louua, 127 juuny, 46059, 128 17080, usS%4,
129 338496, 3lo2ua, 130 Jyu9ye, 212979, 134 309007, 312554, 13 409453, 4gudy,
133 uyBLTS, S13716, 134 142024, 153104, 135 2ib8el3a, 2074371, 130 20R40S, 1971033,
137 39970, 6319y, 138 120385, 157672, 139 373729, 37vub8, 1o apuyesg, HuGb12,
141 34Rb0Y, jaerar, pu2 l4B6SU, 1b9us3, 14y 821s, 34200, 14y s17971, ev122,
145 103143, 11036A, fdb 1e3oed, 112785, 147 275035, 26168130, 148 AYRETS Jrobks,
ju9 J4AbLKS, }33a0s5, 150 225712171, 2680064, 15} 2u2ob4, 1999133, i15¢2 16705, 72515,
153 73609, 40512, 154 S04741, 492590, 15% 51707, S9vu589, 156 256824, 2bbbbs,
157 1273500, 1284nb0, -
MINIMUR HEAD, MAXIMUM HEAD aND TIDAL RANGE
1 =9,02 T.60 1lb,062 2 =9,24 8,08 17,32 3y =9,21 8,140 17,41 4 =9,68 4,59 8,27
5 9,57 8,54 18,11 6 =10,13 9,07 19,20 T «9,65 A,%0 {H,54 8 10,44 9,40 §9,54
9 «10,14 7,49 19,62 10 =9,b9 9,03 38,72 11 =9,9% 9,27 19,23 12 «10,35 9,67 20,02
’ 13 -11,08 10,47 21,55 14 ~43,04 joO,44 21,48 15 «10,98 10,38 21,356 e =11,71 11,16 22,94
17 «11,75 11,17 22,92 1A =11,67 11,06 22,73 19 12,55 §1,96 24,50 20 ~12,50 1,94 2u,u}
21 ej2,00 1,90 24,34 22 -13,50 13,08 26,58 23 «13,35 12,97 2s,31 24 =13,25 12,87 26,12
25 «13,93 13,65 27,.5R 26 «13,88 {3,607 £7,55 271 «13,84 §3,66 27,50 28 ~14,39 o288 28,58
29 ,00 ,00 00 30 ,00 .00 W00 31 =14,20 15,22 29,51 32 =14,30 14,27 29,57
33 +00 .00 .00 34 00 00 .00 35 14,02 15,70 30,32 36 =34, 67 15,76 30,4}
37 «41,62 15,57 271,19 18 ,00 400 .00 39 . 00 .00 L0 4o 00 LU0 ,00
41 v 00 W00 £ 00 a2 L ou .00 ,00 43 »16,49 16,86 33,38 U =16,03 17,08 33,12
45 »}3,86 (7,13 Yo,9%¢ 46 =13,62 17,84 30,9 uy -, 76 7,22 17,97 us u,69 fo,24 11,35
49 6,60 14,35 T.Tu 50 6,72 14,57 7,89 51 W00 W00 W00 S2 =10l,47 15,99 20,4s
S3 w4, 77 16,09 30,86 sS4 wi1,13 16,26 27,39 55 14,79 16,39 34,18 Y6 m=JU 85 lo,%2 33,37
ST =13,95 6,02 30,37 §A «{3, 04 {4,069 29,73 $9 «1), 46 7,75 29,21 b0 =12,68 Jb,08 31,3s
61 W00 = ,00 00 b2 W U0 ,00 .00 63 W00 ,00 .00 b0 L 00 .00 ., 00
65 ,00 .00 N 66 ,00 .00 W00 67 00 ,00 ,00 68 ,00 .00 L 00
69 .00 ,00 .00 70 200 00 ,00 71 , 00 00 LU0 12, ,00 ,00 ,00
13 .00 ,00 ,on T4 .00 200 ,00 15 .00 L0u ,00 16 ,00 ,00 ,00
17 .00 00 .00 18 400 200 W00 19 y U0 W00 .00 80 ,00 .00 00
81 £ 00 00 L0 82 L 00 . 00 ,00 83 LU0 00 .00 84 ,00 W00 00
85 £ 00 .00 £ 00 86 Lou 200 ,00 a7 ,00 W00 ,00 88 00 ,00 ,00
.3 .00 ,00 LJun LL] .00 , 00 ,00 91 00 100 W00 ge L0u ,00 200
93 ,00 ,00 W00 Qu L ,00 W00 95 W00 ,00 W00 b ,0u L 00 00
97 ,00 oo L00 98 ,00 .00 L0 99 , 00 W00 .00 100 =ju,u8 14,50 28,98
10} »tu, 08 j4,43 206,91 102 =11,09 14,51 25,60 103 14,60 14,83 29,04 l1od =qu, 78 14,83 29,6}
105 ~12,78  Ju,91 27,0A 106 =14,98 15,05 30,03 107 «15,31 15,18  30,u9 lyd «12,89 15,18 28,07
109 =15,17 15,29 30, 4s 110 =15,52 15,40 30,92 111 -11,82 15,52 27,34 112 «15,58 15,55 31,14
11} =195,32 195,50 30,4 114 <45, 08 15,62 31,08 115 «15,45 15,57 31,02 116 »)5,50 15,98 31,i¢
117 =15.604 15,76 3,40 118 ~15,68 15,77 31,45 119 =15,869 15,77 31,u6 120 ~}5,78 15,87 31,45
121 «15,.78 1%5,88 31,86 122 ~15,79 15,90 31,69 123 -15,85 15,95 31,80 124 =15,949 16,06 31,99
125 «315,93 16,05 3( .98 126 «15,93 16,06 31,98 127 eib,1) 16,29 32,00 128 =j6,31 16,60 32,9§
o | ~od -3 . 3 3 o | o | 3 3 3 . |
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Table B-9 - (Cont.)

Summary of Miscellaneous Computed Hydrodynamic Data

YIME OF MINIMUM AND MAXIMUM MEAD, HNUR

H 9,64 16,00 2 10,19 16,39 310,19 fo,u0 8

3 10,75 16,81 6 11,03 17,41 7 11,33 17,25 8

? 12,42 1A, 90 1o 11,92 17,64 14 12,39 18,00 i2

13 13,28 16,94 10 13,28 16,94 15 13,17 18,92 it

i7 13,47 19,14 18 13,19 19,17 19 13,75 19,42 20

21 13,72 19,31 22 ja, 1t 19,75 2} 14,14 19,01 24

29 14,33 {9,869 20 14,35 19,89 27 16,34 19,86 28

29 .00 ,00 3o J0v .00 3 15,00 20,34 32

33 ,00 L00 3u ,00 , 00 3y 15,28 20,47 A1)

37 16,00 20,u4 1o ,00 W00 19 .00 200 49

by .00 .00 u2 W00 «00 .4} 15,31 . 20,53 (Y]

us 18,08 20,58 b 16,33 20,6l 4t 41,81 20,92 uy

uq 19,19 22,15 590 19,53 22,74 51 . ,00 00 52

53 i5,64 20,56 S4 16,42 20,58 55 15,089 20,75 5S4

57 ib a7 21,96 54 16,806 22,048 59 V7,44 22,39 40

bi L 00 .00 b2 ,00 , 00 63 , 00 .00 by

by Lou .00 66 ,00 W00 &7 . Qv .00 . 68

69 ,00 W00 70 .00 W 00 14 00 7,00 72

73 L 00 L00 Tu , 00 ,00 75 ,00 J00 1o

17 ,00 ,00 78 , 00 .00 79 L 00 .00 80

81 ,00 ,00 ag 00 .00 b3 W00 - W00 84

8% 00 L00 8s ,00 ,00 87 ,00 ,00 88

B9 , 00 ,00 90 100 400 91 200 W00 92

93 ,00 ,00 94 ,00 ,00 95 .00 W00 LT

97 00 400 94 400 400 9 s 00 L 0u 100

101 Ju,5% 20,14 102 2,67 20,19 103 14,64 20,19 104

105 15,42 20,197 106 14,69 en, 22 107 14,92 20,33 108

109 ta, 75 20,28 10 15,00 20,39 1 15,72 20,35 12

113 tu Ay 20,33 i1 14,92  20,%0 11y 15,00 20,39 e

1 15,06 20,42 e 15,08 20,02 19 15,08 20,42 120

121 15,11 20,42 122 15,11 20,42 123 15,11 20,02 124

§25 1S.14 20,4y 126 15,14 20,44 127 15,19 20,44 120
TOYAL EVAPQRATINN RATE, (CF3 Jdup0e0s
AVEQAGE SUKFACE APEA, 30 FT 131812
AVERAGE YOUUMF, CU FT Jdlpueya
AVLRAGE: DEPTH, FT 12918402

14,50
14,44
15,75
15,14
15,03
15,11
15,14
165,25

16,81
if.07
16,69
19,14
19,36
19,00
20,03
20,30
20,50
00
20,35
21,39
20,50
21,14
22,50
W00
W00
W00
W0V
W00
.00
3 00
00

eoy 1
20,19
20,13
20,30
20,42
20, ug
20,44
20,50
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12,000 I
1 .
I
1
1
1
1
i
1
1
5.000 Ll
I
1
1
1
! .
i 2 P4
{ 2 222 2 22
4 22 2 e 22 2 2
1 22 2 2 22 ¢ 2
8,000 = 2 2 2 20 22 2 2 0
1 2 2090 2 2 00 2 20 2 200
4 4 200 2 20 2 2000 2 20
VELDCITY 1 2 2 0 F 2 0 2 20 0 2 2 0
1 2 2 0 2 2 0 2 e v 2 02 ¢
IN I 2 2 0 e ve o 2 02 0 F 02 0
1 2 02 0 1 2 02 041 2 02 0§ e 02 01§
F1/8EC 1 2 0 2 nil 2 021 | H 62 01y 2 02 0y |}
1 2 0 2l 1 e 021 1| 2 02 40 | 2 0 21 1
1 2 0210 1 2 0.210 1 2 0 20 2 o 20
0000 =3112 0 20 13421 6 20 112 0 2o 1112 0 240
I 21 012 0 ' 0 120 21 0 20 21 0 20
1 23} 0120 21 0 12090 29 0 12 0 21 o01i20
I 2 10120 g1 0120 2 10132 21 0120
I 2 lo01 2 O 2 1001 20 2 1001 2 p 2 100t 20
Too2001 1 2 00002001 I 2 0000200 1 | 2 ga00200 % 4 2 00
r 2 11 2 2 111 2 02 12 2 11 2 0
12 2 ] 1 2 2 2 2 2
1 2 2 2 2 2 2 2
1 22 2 2 27 2 2
3,000 = 22 22 22 22
1
I
1
!
1
1
I
1
l .
-u'ooo l------—--In-onoﬂw_-]----q--.-[--.------x----._.--x-q-------l.---u----x-.-.----.xu....-.--!.----..o.l
»0 8,0 16,0 24,0 32,0 40,0 4B, 0 56,0 64,0 12,0 80,0
TIME IN HgyRr3S
PLOT L LGEND CHANNEL 72 = 0 CHANNEL 127 = | CHANNEL JUuQ0 = 2
F1GURE B-4 CHANNEL VELoCITY VERsus TIME IN SELECTED CHANNEL
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10
11
12
122
13b

14 ¢

17a
17b
17¢
17

18a
18b

ux{

Table C-1

Tidally Averaged Quality Model Input Card Specifications

UPPER
SAMPLE
H
1

NH3eN,
1
5
44
{

i
17

1

i
AVERAGEZ RUNDOFF cONDITIONS =
0

cOOK INLET, XNIK ARM
PROSLER
135 L] 0 i

1

o 0 ¢ 1
wG/L PRIwnO3IenN, HMG/L

[\ 0 o 135

? 10 it 12
45 48 49 SO
13

16 10 3000
S

160 5

AND TURNAGALAIN LaM
0 1 3 12
0 Q 0 ]

14 17 20 23

STEADY STATE

¢ 0 0 1 i 0 0 0
1 o f
ﬁ:ﬂﬂﬂl : wl
11 4600 25 <01 Q 0 0
‘I?IH:;. 25 401 0 0 0
4 Fxl) 25 401 0 0 0
&3 120 W25 401 0 0 0
S01088¢ 25 403 ) 9 )
60 1000 W25 401 0 0 0
108 00 v2S 401 0 0 0
12¢ 1o 25 401 0 0 0
117 155 30 335000 120 Q0
45 15,5 25 510000 30 75
! 0 0 1,08 {04
1 130 2 ! i 0
0 o ¢ ) ] 0 10 o1
1 135 ey 0 0 0
1 136 6! 150 2
1 .75 8 2 3 1000
25 ,75% 8 2 3 j000

2t

16
-
-1
-1
.l
-l
LR
=1
-1

101
10

10
10
0
10
10
i0
i0
10
is
15

107

20
17

115 117 2t

3
.-

2-35~-//9
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Table D-1

Computation and Qutput Control Options

SIMULATION BEGINS ON DAY 138
TFHE STEPS OF 24 HOYR{S)
PRINTQUT EVERY 1 TIup STEP(S)
HYDRAULIC INTERFACE UNTT t2
QUALITY INTERFALF UNIT ]
NUMHER UF ROUNDaRY CONDITIONS 1

1 TIME STEPS FOR CONDITINN ! STEADY STATE

THE FOLLOWING CONSTITUENTS ARE BEING NODELED

JOTAL N

T0TLL P

TOTAL COLIF

CARAMNN ROD

NITRQ BQD

OXYGEN

TEMPERATURE

OPP CONST | NKH3aN, MG/L PRIM
QPP CONST 2 NO3=N; MG/L PRIM

2-35

-1
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‘Table D-2

Initial Conditions and Dispersion Parameters

UPPER CUDK INLET, KNIK ApM AND TURNAGAIN ARHM
SAMPLE PHOBLEM

INITIAL QUALTITY CONDITIONS

JUN 10 JUN T0T N 101 P T CUL F coL
MG/L MG/L NO/ZLOOML NO/ZL10OML.
i 130 2 00 000 W00 .00

DISPERSION COEFFICIENTS
ct

CHAN TO CHAN , c4
1 16 10, 3000,
17 160 5, 1500,

C ean
MG/

;00

‘N

B0p
MG/

¢ 00

00
MG/L

.00

TEMP
c

10,0

CON3T
UNITS

.00

CON3Y 2
UNITS

00

CUN3T 3 CONST

UNITS

.00

UN]IT.

.O\;
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Table D-3

Summary of Boundary Conditions and System Coefficients

UPPER COOXK INLET, KNIK ARH AND TURNAGAIN ARM
AVERAGE RUNOFF CONDITIUNS = STEADY STATE

FXCHANGE CONDITENNS DURING HYDRULAGIC CYCLE
Juk  ExXCH ERR FLOQD y mi N Tor »p T ¢cOL F cOL ¢ 800
RATIO HCFS MCFS it MG /L MG/l N/10OML N/foQHL MG/L
1 10 31,024 30,983 .00 .00 «00 « 00 L00
INFLOW CONDITIONS DURING HYDRAULIEC CYCLE |
_JUN  INFLOW Ths TOT N mr e T coL F coL ¢ nOD N BODD
cFs NG/L MG/1L MG/L NOZ10OHML NO/100ML ME/L MG/L
11, 4600,00 0, .25 W01 W00 W00 N L 00
33000,00 <oa .25 01,00 W00 00 W00
s u70,00 0, .25 W01 , 00 .00 00 ,00
4 32v,00 0, .25 .01 »00 400 L00 ,00
50 106by,00 0, 25 W01 ,00 W00 00 L0U
60 109%0,00 0, .29 o014 400 200 00 .00
106 00,00 0. ., 25 201 200 W00 .00 ,00
124 110,00 0, .25 N1 ,00 V0 L0 .00
1T 155,00 o, 30,00 3,00  ,35405  ,00 120,00 90,00
us 15,%0 0, 25,00 5,00 10408 .00 30,00 75,00
AGGREGATED QUALITY
11 400,00 0, .25 01 W00 W00 L0 L 00
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Table D-4

Meteorological Conditions

UPPER COODX INLET, KNIK ArM AND TURNAGALIN ARM
AVERAGE RUNOFF CONDITIONS = 3TEADY STATE

TABLE OF MgTEORDLOGIC DATA FOR WEATHER ZONE 1, JUNCTION f T0 130

NIND cLoudb DRY BULB snne ATMDSPHENRIC
3PEED COVFR  YEMPERATURE TEMPERATURE PREIJURE

(H/75EC)  FHRACTIUN (c) ) (MB)
3.5 218 740 1.0 1000,
3.5 W15 7,0 1,0 1000,
3,5 5 7,0 1.0 1000,
1,5 JS 7.0 1.0 1000,
3,5 W15 7,0 1.0 1900,
3,5 W9 7.0 1,0 1000,
1,5 J5 7.0 1,0 Inao,
3,5 5 1.9 1,0 1000,
1.9 JJ8 7,0 1,0 §00n,
3.5 15 7,0 1,0 1000,
1,5 .15 7,0 1,0 1000,
3.5 JS 7,0 1,0 106,
1,5 L5 7.0 1,0 Laoa,
3.5 W19 7,0 i,0 1o0vo,
3,5 .15 7.0 1.0 1000,
3,9 Js 7,0 1,0 10ua,
3.5 .19 7.0 1,0 jovao,
3.9 .5 7.0 t,u 10ug,
3,5 W15 7.0 1,0 1npo,
3,5 WI9 7.0 1,0 jooo,
3,5 IS 7.0 1,0 1000,
1.5 .15 7.0 1,0 1000,
1.5 L1s 7,0 1,0 1000,
3,5 .15 7.0 1,0 1000,

avws DEN POINT

SHORT WAVE
SOLAR
(KCAL /M2/7SEC)

,0000
L0000
L0000

LATITYDE = &§,0
LUNGITUDE = 150,0

LONG waAVE
SOLAH
(XCAL/H2/73LC)

, 0009
0649
05UY
064y
y 0009
Dby
20049
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, 0009
J06UQ
RIYE
Oouy
I
0609
L0009
JOou9
YL
JNeue
JUold
YR
eu9
JO00ud
0649
+ 0049
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Sb
[ 3]
b6
71
To
81
86
91
9
101
108
11
ile
121
126
(B3
1o
141
14n
151
1586

Table D-b

Dispersion Coefficients and Steady-State Salinity

CHANNEL O13PERIION COEFFICIENTY,

8180,
LYL
5752,
j1002, 1
219,
509,
549,
8v2,
286,
0|
2us,
223,

0.
1183,
S2b,
ue2,
Jez,
803,
0,

a,
3sy2,
216,
3211,
143,
32y,
57,
23719,
Si1,
323,
984,
1199
2212,

8lpu,
54,
5767,
1010,
219,
sS4,
550,
8s7,
326,
U!
2uR
225,
ol
1206,
S84,
ugu,
324,
LALLM
ol

0.
1534,
2ln0b,
7,
108,

4

7
12
17
22
217
32
37
ue
u7
52
S7
62
67
T2
17
82
a7
92
0
102
107
11e¢
17
122
127
13¢
137
142
Lay
152
197

ar

8934,
%900,
5955,
3229,
2R2b,
1802,
1822,
2ru9,
2705,
2851,

80 FT/5EC (LA3Y 1Wp ITERATIONY)
L)

893e, 1358, RITH
5901, 8 7721, 1127,
696%, 13 7374, 7380,
229, 18 Suhb,  Suhs,
2A30, 23 9928, %933,
14148, 28 6T7ul, u?ls,
1832, 33 uAz21, uss9,
2255, 38 3980, 1999,
2112, ujs [ 0,
2by7, e 329, 3034,
0, 5} 1636, 1638,
0, 54 0, [
0, b3 0, 0,
12v0, b 811, Ks7,
33n, 13 87, 90,
1064, 18 J3an, 13u9,
1920, 85 1697, 1707,
0, 08 0, v,
0, 93 0, 0,
0, 98 0, 0,
lloa, 103 871, 1873,
dhu2, 108 190, 201,
2AT4, 113 15064, 1565,
1029, 118 177, 176,
aye, 123 bu3, CLIT
204, 126 292, 308,
2491, 135 2631, 2bol,
128, 134 10493, 1078,
1220, 1a} b9, T,
287s%, jup 33st, 9,
192, 153 152, 156,
3903,
1 2v,89 n
] 28,41 9
13 25,35 14
18 24,02 19
2y 21,62 24
[1;) 20,40 29
3 WUl 14
AT} .01 39
us 13,99 Uy
up o715 09
43 19,73 5S4
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63 X'}
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4 3
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Table D-6 - (Cont.)

Standard Printout Format for Computed Water Quality

ursra LODK INLET, KNIK ARM AND TURMNAGAIN ARM TETRA YECH, INC,
AVERAGE RUNOFF CONDITIONS o STEADY 3TATE LAFAYLTTE, CALIF,

QUALITY RESULTA, DAY 136

JUN 708 TOF N Tar P T coy F COL ¢ 8sov N BUD oxy 0 A1 TEMP  CUNST | CON3T 2 CUNBT ) CONBT a

MG/L M3/ ME/L NOZEDOML NOZLOOML MG/L MG/L- MG/ MG /L 4 UNTTS unjTs UnIiTy uNiTs
100 z030), o J01  Jiseno ,00 401 .01 9.9 9,9 10,1 00 .03 ,00 .00
101 20337, A WOt JTe00 «00 ' 0 ) 9,9 9,9 10,1 .00 W03 200 W00
in2 terpr, .13 W1 ‘Hu‘m 00 o 03 W03 10,0 10,0 fo,1 2 W 0) » 00 2 00
o3 20154, W8 .01 JHaeoy W00 W02 W02 9.9 9,9 10,1 ,00 03 100 ' 00
lod 19937, W15 W01 J81e00 W00 02 02 9,9 9,7 10,1 ,01 03 400 000
ies 19125, W47 N NLILY W00 ) ,0u 1o,v 10,0 10,1 W0t WO W00 00
106 190%8, .15 .01 Wil OU W02 ,02 .9 9,9 10,1 .01 W0} 000 00
197 19051, L) .01 ye7e0l 2 00 06 05 10,0 10,0 10,1 W01 04 $ 60 W 00
106 18672, e 01 JIiend 400 W00 4006 10,0 10,0 10,1 W0 W04 W00 W00
199 197713, ) Ny el Y ,03 W03 9,9 10,0 10,1 W01 W03 W00 W00
1o )89, e N Juusnt 00 W 07 100 10.0 10,0 10,! WYl .04 200 v 00
111 17500, Y 0! JLieny W00 « 05 208 2,4 16,0 1u,1 Ll £ 03 ,00 v 00
112 194n2, 7 W0t Jolend .00 00 .05 10,0 10,0 10,1 L0 .03 ,00 L 00
113 19006%, Jdo W0 3501 00 « 04 W04 Yev 10,0 10,4 ol W05 W00 200
1y 19983, 18 R ‘l!onz 0V 0 08 10,0 10,0 10,1 W02 , 04 W U0 00
115 K902, .18 WO (Breol L00 .08 o7 10,0 10,0 10,1 02 W04 0o ' 04
1ie 18TRY, 18 N Jele0l L 00 W08 U7 10,0 10,0 10,1 W04 « 04 00 00
117 18 ut, 21 N T Jdeeo? 200 o7 U 1v.v 1.1 10,1 03 « 0 W00 00
110 V71987, .20 W01 JAiee? .00 W10 ,09 10,0 in.1 10,} 2 o ,00° W00
119 )787e, 0 A1 (B5e0d .00 1 08 UB 10,0 10,1 19,1 W2 L 0u W00 200
120 178%0, W21 Lul NEILT .00 W12 A1 0,0 10,1 10,1 T 04 W00 00
121 17600, 20 .01 L1302 00 11 W10 10.0 10,1 10,1 02 yOu .00 00
122 1129e, .20 N JLeenn o 00 W07 L 1o, 10,1 10,1 T s 0u V0 W00
123 17281, 21 L0 JJaen2 W00 W10 09 10,1 1041 10,1 02 yvu W00 2 00
124 jalou, rd L0l Jusnt «00 009 .08 tv,! 10,1 to,l NTh 404 W00 00
129 15620, 21 N NZ&LY! W00 009 sUB 10,1 10,1 10,1 T 2 04 W00 W00
126 1elel, 2 N et (00 s OA Jul lv,! 10,2 10,1 Wu2 W04 200 W00
127 Jeast, 21 Ot ‘“3001 .00 W07 7 fu,l 19,2 10,1 202 ,0a 00 « 00
128 15210, 22 N 47401 200 00 W07 10,2 10,3 10,14 WUl 0y U0 .00
3 .3 3 .3 | 3 } ] 3 | § 3 !




) YEAR DYNAMIC 3THULATION OF JALINITY AND 3TP INFLUENCE

b2r-ss-2

Table D-7

Alternative Printout Format for Computed Water Quality

(This printout was not generated by the sample problem)

UPPER COOK INLET, KNIK ApM AND TURNAGAIN ARH
JUNE ¢ SEPT RUNDFF COHOITIONS - DYNAMIC

30558,
ZSQOM‘
;0955‘
|ﬂ96u,\

0y

SoOOoOo
;s

15011
1313
$0255,

o 0u
o33
'35

W00
200
W00
100
00
«20
81
fdst0
1,34

12
22
32
uz
5
62
T2
na
92
102
e
122

102
112
122

1.21

81

73
103
113
12y

ju
cu
34
uu
54
Gu
T4
o4
Q4
104
14
124

b
13
25
3s
4s
99
65
15
[ ]
9

109
115
125

&G
28925; [
22600‘ 16
16357 26
1“763\ 3s

2758, up
lubuy, g6
0, 66
0, zb
0, qb
0, 6
12069 106
12493 j16
co3r, 126

CUNST 1, UNITS

S
15
25
35
us
S5
6%
75
85
95

105
113
125

it
«4s
T
1,01
.35
1,08
00
0N
« 00
00
1.00
1.25
1,15

t
1b
26

fu2y4, ST
0, 67

0, 1

0, 87

0, 97
tanas, 197
12242, 117
88717, 127
FOR DAY 360
015 1

y Ut 17
Tl a7
1,02 37
W15 ur
196 51
W00 61
,00 17
W00 87
,00 97
W90 107
125 17
1,12 127

1008
118
128

1o37
1.32
L

9
19
29
39
we
59

19
89
99
109
119

1!
b0
200
W00
, 00
1
400
00
00
,00
J.02
1,24

10

30
ug
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10
LY]
0
jo0
1o
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20
30
ue
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60
10
L1}
90
100
110
110
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DOMNMDONOAOCMOOONOAaONnO

MYyDRO

] ’ i .
**"* UYDRO I3 A MATHEMATICAL “ODEL DEVEUOPED YO SIMULATE
TME HYHRDOYNANICY OF AN £3TUARY,

DEVELQPHENT OF THE MODEL nA3 DONE ynDER THE SPONIORIHIP

NF THE CALIFNANTA ODEPARTHENT (F WATER AESUURCES, CALIFORNIA
STATE wATERQ RESQURCED CuMTRUL BUARN AND THE NASSAU=SUFFOLX
REGIONAL PLANNING BUARD, MEW VUMK,

ADDITIpYA, HUDIFICATIUNS »ERE MADE UNDER CONTRACT NO,
DACWAS T6aC-004u, DEPARTH4ENT OF 1Ing ARMY, ALASKA DISTRICT,
ANCHDHAGL, ALASKA,

NUESTINNS F¢GARDING THE COMPUIER ¢npE OR THE KUDEL APPLICATION
SHOULD of HIRLCYED 10 DUNALD J, 3MTTH, TETRA TLECH, INL ..
3700 My, DIAGLN BLVO,, LAFAVETTE, €ALLIF,, 9uS49 (al5-2813=3771)
[ A AN}

COMMON ZV1D/7 NJEX, JEXCIQ),AX(T,80), Wy TTISUL),YY(50),PERIUO,JGH(200)
e NANGE(200,2), TLAG(200,2)

CUMHON/GEUMZ JUH(200),NCHAN(200,8),HNJUNC( 300,2) ,NDINC200)

i, nSlN("l.Eo),ﬂblk(£00).nuu(Eon).ulN(zoo),1(300).ACA(JOU)
. ABC3AU) EveV(200), A4 (300),45¢200),A5¢¢200),AT{ 300}, H(300)
3, EEACIL0) DEPTHE220),0(200),LEN(300),R(3U0),VI300),X(200)
u, VUL (200), Y0200, 00300} ACAVE ¢ S0U),ASAYVE(20L0),A58(200)
5, RAYLT30U),DEPAVE(L00),DLPIrpe¢200),FalnD(IU0),AVE(200)
s, MNE2OU) nT(200),0AVECI0QU),SueSD0), QR (IN0),RaAVECS0U),RUK{200)
1, BSC30u),RENCS00),5FLOAC2NU), vANS(300),VAVE(300),06M(500)
8, vULAVt(EGUI.VULU(EnU)aVS(Jooﬂ vEN(300),YI(300),VB(S0D)

cuwnon,uxsr/ NE 9 LILT  DELTO,NASTER  NOSTEP, T, T2,0EL T2, IDAY

b, DHIN, LD, NHPERG, T TN, TR 8), i 10),LFLULDEL0)Y
ro*~0ﬁ/ln/ NPT REH ] NGPRT nval.lrul(lo),Jonl(50).val(30)

I pﬂtn(sw.su),vurv(51,10),Pntn{so.sol,nuuu(SO).NJPLuv(s.l)
e, NCRLDT(S, 8)  TITLEL2C)  TITL(20) oL TIrE JYRIUA) /NTSL

BIMENIION AL 3(5,2) s INDLS,25) 0t {5:25),0V01(200),INL25)
DIMLHSTON DAY (uA)
DI“ENITUN STAR(9)
[4 DIMEMSTUN EvabA(2S], HAlNN(?S);EVAPa(ZU;dﬁ):NFVAP(EU:Z):SU"EV(¢00)
DIFEMS Ul EVAPR(20025) ) NEYAP(2002),3UMEVICOD)
IMTEGLe CPRT
ALAL LFY
EOULVALERCE(HNCE),DVOT (1))
OATA STARO/ZIH 7, STARL/IHAY
¢ .
Cassa FETLE 1HFDRMATION
eLaD (5,100) TITLE,TLRIL
100 FUAAT (Pusu)
110 FOSAAY (in), 2004, 008, "TETRA TECH IuC, ' o/Z1X,20AU, 10X, "LAFAYETTE, CA
JUSFUANIAT, 7,01 90K, Y TLOAL HYDADOYNANECS PROGRANMI/ZY
[
Conan GCNERAL CUNTPUL FOR SIMULATYION ANp PRINT
af b (Se120) HULIAQN, HHPRT, NUPKT ,NYqLeNITAGE , NTFLON,NDYNAN,NITEAD)N
In
NODYNAMCQ
LAY (€, 120) (HOAY (L), 1u),n3ESUN)
HePtDyh Y
YN ANLILAD
120 rPyvarl (1ald)

HMyoRD

READ (%0120) (JPRTI{1},0m),NHPRT)
READ €x,1200 (CPRT(13,1mt,nural)
TF (NSTAGE GT,0) READ (5,130) (INJRLOTCL N, Hml, 33, v aNaTAOE)
U (NTPLOW, GT,0) READ €5,130) ((NCPLOTCI M), Nol,3), 128, NTFLUW)
130 FORMAT (315}

JIR(2)e0
TF (NTal,GT.0) READ (558200 CJIHCTY,Ted,N18L)
READ (5,1un) DELT,DELTQ,PERIOD,DMEN
DHINIDp[Ng2,

ja0 FOMAT (16FY,0)
NUATEPC 3600, sPERTUN/DELTOYN,
NHSTEP 560N, aPERTOD/DELT S0,
NHPLRUZHHSTEP/NUSIEP
NPRTSNKEENRD

(2 X s X 2]

sees QEAD AND PROCESS SYSTEH GEQHETARY paTA
NEXIT=n

CALL GFUMET (NEXITY

IF {NLxIT,;T,0) GQ TO 150

¢

Covae CALL HENUMNEALING ROUTINE IF 3TEAOY STATE QUALITY TAPT 18 8PLCIFIED
{F (HSTLAD,GT,0) CALL NUMPER (NN}

130 cONTINUE

1F (NN ED,999) NEX1Is]
WATTE (b, 40100 TITLE,TITL
WHITE (b,160) NSESON, (HOAY(LY, I8, 436308
WHITE (6,170) UNSTEP,NOSTEP,NYTAGE ,NTFLOW,N20,NYO,PERIDD

160 FUAMAT (VoNUMdER OF MYDRAULLC CONDTTIUMSY 150,18/, 0MUMBER OF 1104
JL CYCLES PRR ConDITION® 750, 10157, ¢15¢,0815)3)

170 FOUAAT ([, 40NUNALR OF dYDUAULIC TInp STLPS PET CYCLEY,TSV.1%7, '0NUN
IRER OF QUALITY TTME SYEPS SER CYCLF', 150,157, "ONUMDER UF T]0AL BTA
26E PLUYS Vo ISY, 15740 0NmaLR OF TloAL YELOCLTY PLOYS
3 V160, 157, V0DYNAKIC HYDHAULLIC pulPul unlt b ISus157,108
GTEADY STATE HYDRAYLICS UUIPUT UNTT 1,150,157+ 00710AL PEHLUO, HOY
Se3t,TSarks,07)

WRITE (6, 100) NHPKT (JPRT(T) s 1El,NuPRT)

180 runnlls(' HESULTS PHINEED AL IHE FOLLDAING®, 13,0 JUNCTIUNSIZZ,()0N
$,1816) ’

- WRITE ¢b, 1903 MUPKT, (CPRY(]), Ix],nnPAT)

190 FURMAT (77190, AMD FUR Tht FOLLORIMGYI3, ! CHANNELS'/7(10K,0018))
WHITE (0,200)

200 FORPAT (PyFOLLOwING PLITY AHE HADE/7)

DO 220 |31 ,MS1AGE
wHITE ¢6,210) (NIPLUTLE M), o], )

210 FORMAL (¥SX,9 TIDAL SIAGF FUR JUNCTID4SY,318)

220 cUNT ISt
pU 24n =1 ,NTHLUNW
WHITE ¢6,230) (NCPLOTER ) M2, ))

230 FUMHAT (154,19 TIDAL FLOW FAK CHANNELS

2un rlIhnte

i)

Covee WRILE [NVARIENT GEOMFIMY DalA
250 FUNRAT (S0, " [HVARTANT CHANNEL DAT4Y//,; " CHANNEL
1 widiu, F1 HYD RAD, FT MIN ELEV, FT HANNENGS N
enh S10F Lol HAX TIng, StLo7y
Jlavy

LLNOTH, 1
END JUNCTIU



pei-S€-2

HYDRU

00 Y00 Jajp,NC

IF (NJUNC(J,1),E0,0) GO TO 00
IF (40n(11,u5),KE,0) GO TO 260
WAJTE (oo llV) TRTLE,TITL

wARITE (06,250)

260 Tinlleg
STAN()
LIS
It (ACw(J),LEL0,0) GO TU 290
Tuav, Y
no 470 =21,10000
thzl%en,]

Taan(Jyem()=lBstO(I)*(B(I)=TBrACK(J))) 72,0
tF (TaLE,9,0) GO Ty 280

210 cCntlingt

200 TC=9(Jy/ACH())
1C2A4In1ITC, 18)
1F (A3a(ThalC),0T,0,00,AND,TC, LT, OMIN) STAR(])S3ITARL

290 chmllisnt
n3(Jeqc
WHITE (s 310) JS3TARCE) PLENCI)/BCIToR(I) S TC,CHNLT) s (NJUNC (I, KD oL

12 AUk d),¥TL)
1F (HungIL,45),60,0) WRITE (6,320)

300 conTIhnE

310 FURSAT (B7,A1F 1Y, 0,F10,0,F18,1,F1a,1,F12,3,19,10,F13,0,F14,0)
IF (HUn(11,85),0E,0) SRLTE (6,320)

320 FORAT (VOHUTE ~ = * INOJCALES NEGATIVE WIOTH 13 POISIBLE WITH ANT
JICIPATFD TIDAL STAGE!)

s8TANHO

330 FNUu4AT (Sow, VINVARJANT JUNCTION DatAt'//t JUNCTION AREA, H3F L 1Y
INPEs “afsrd ngPiv, F1T HIN LLEV, FY X=CURD YeCURD
2 CulMNELS FNTERING JUNCTION!Z)
flco0
TOnu,
HEDH

oD S0 Jep,Nd

1F (YCwAR{J,1),60,0) GO YO 390
IF (“un(11,45),.N6,0) GO TO 340
wHITE (b 110) VRILE,TRTL

WMIT1E ro,330)

T1alley

To=TDywUL (J)

tLalfvadt))

TCeIEP A

SrTAu(94esTAND

IF (A5¢(J),LE,0,0) GO TO 370
than,v

ni} 350 j=21,10009

Tuelden, ) Ly

TASYOL(J) =Tus(AQ(J){AS(J)aTORAIK( })) /2,0

1F (Ta]LE,0,0) GO TO 360

cO%iInnt

1Cnab(y)/a84(J)

TCaa 111, 10) .

IF (Ada(TBelC),GT,0,08,AND,TC,LT,OMIN) 3TAR(9)mITARL
coNtinnE

nO A0 Kap,d

NRhCHAG(J,K)

a0

350
30

370

C

HYyOoRO
aTAR(K|"3TaA0
TF (TC, LT, RI(N)) STAR(K)eSTAR]
380 CUNTINNE .
WRITE tb,8090) JeQTAR(I) ,STAR(T) 1AB (Y2 ASK (TG OEPTHEIY,,TE, X(JY oY LY)
Lo (NOHAM (), M), ITAR(K) K ], 8)
IF (MUN(IT,45),E0,0) ~RLTE (6,0810)

320 CONTINUE

“°°‘FUTT:‘ (17,200, =8PFL0,0,F13,8,0PF s, 0oF 6,0, 0 03,1, 1 alr0Toal,7C00
'L
1F (Mn(t1,45) ,nE,0) wATTE (B,0]10)

910 FUHNAT ('NDTE =« - & [NDICATES THat OEPTH DF CHANNEL ENTERING JUNC
TRI0N b LARGEH THAN JUHCTION ODEPTHI/,9%,0es INDJCATES NEGATIVE VOL
2UME UM ARLA 13 POISLIULE WITH ANTICIPAVED 11DAL 3TAGEY)

Tax 0O/t
WHTTE (6,020) TO,1E,1a

Q20 FOHMAT (/7/728H ESTUARY SYATISTICS (AT M5L), /3%, 20M TOTAL YoLunt, €
ju B b3 U, 790260 TOTAL YUAFACE AREA, S0 FI,E1),4,75%,20n A
2FAN DLpTH, FT fE13,4)

I (M2p,LELD) GU TO 4390
PEXRIND N2¢
WHITE (20D NJ HC, CONCHANLI 8D o lmy, 8,001, N0 CONJUNG LN, 1) 4 Im102),
ILENIN) Nal, NC)
430 coNtINgE

1 (N3o,LE,0) GD TO 4No
BLWIND N1O
WHITE ¢H3u) NJ,NC,ILD
SRITE (N30) (JUNEI), (NCHANCI L) o TafyB) o dmiaNg) s INJUNC (Np L) ¢ MIUNC (N
1s2)LEHIN) gN2],HC)
840 cOUNTINGE

Cosse HYDHAUI IC CONUITIUNS LOOP

PU 1870 T85=1,N3ESUN

READ (s.100) THTL

HEAD (5,1¢0) WILMP

wHITE (0, 100) TITLE,TITY

TF (NTFMP (1), ER,}) GN 10 440

Coveas INDUT TIDAL CPRHNTTIONS

READ (5.120) NJILX
w2, 03 1u1S9/PERTAL
no 45y Nej,NJEX
RLAD (6,120) JEX(N) ML, HAXT T, NCHT ID
RLAD (S,3u0) (TIELY.aYY(l),12),N1)
CALL EYOCF (] ,MAXIT, NCHTLIONN)
450 CONTIank
welTE to 1000 TITLE, T1TL
460 [F (MIpMP(2),E0,01) GD T 530

Caras EyaPONATION

C
[

Fal,/7(1d,430,5%a00400,)
BRITE (o,u7y)
470 SUIMAT ¢ TOJINCTION TQ JUNCTION EVAPORATION RATE, INCHES/HONTHIY/)
870 FORMAT (PQUOYHRLY LYAPORATION AND RAINFALL AATE'/.% JUNCTION TOQ JUMN
1crIoN /  -EYAPOHATION, [MCHEJ/MONTH / RAINFALL ¢ INCHLS/7HUURY)
po 48¢ Jal,NJ . .
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69

‘490

€ a99

300
¢ 300
$190
S20
530

Conne

5S¢0

350

5680
510
3489

399
600

Coees
610
620
630

bug

¥ - 3 1 3 [ i
KYyDpDRO
rYAP LI ng .
o Sie sy, 21 -
READ (4-709) J1.J2,EVAPA

1F (J1,LE,0) GO 10 %20 .
AEAD (5,550) (EYAPD(J) RAINULS),Ju},23)
wHTIE(4,800) JY1,J2,EVAPA
FANA]19,112,F80,2)

wRIIE (2,u90) J1,J2,EVAPD,RALIND
FOIUAT (19,112,/7(5%,29F5,1))

MDY

NEVAR T 1))

NEVAP(1,2)202

TA3EVapAsf

no 590 J=},29

FyapH{1,J)al4
EvAFR(],J)sEVAPU(IIaF=RATNO(S) /23200,
ctrlant

cuNT vyt

IF (NIFMP(Y),E0,1) GU Y0 800

WI40 veLOCTTY AND DIRECTION

WHITE (4,549)

FuPMal (1OHDURLY wIND VELOCITY (MPu) AND DIRZCTION (DEGREES CLOCKNW
115€ Fonn NNRTH) V7,0 CHANNEL TO CHanNEL'/)

niy STe t=z),nd

READ (5,130) J1,Jd2

1F (J1]t0,0) 6D Ty SA0

ualtD(1,3)231 .

NelnD(t.2)=2d2

READ (S,5%50) (MIND(L1,J)eMDTR(IAJD, gn1,425)

FOO4AT (16F5,0)

1204=)

wdITF ¢6,580) J|.JZ,(J'nlNo(l.JhunIR(hJ)pJ!hZS)
FURMAT (10, JU1.5Ck9:F6,1,76,0)70C019X,5(19,Fb,1,Fb,0)))
RIS

CHOnT it

TF (RIFMP(U) sHTERP(S)oNTEMP(6),LT, V) nRITE (6,590)
FidaaAl (/77,1 INFLUA AND OUTFLOW DATAY)

IF (NTgMP (), L0,1) 6D 10 670

INFLO~ AND QUTFLON
nn 6lo JsiyN)
nin(lizu, 0
naugli=o,0
cunttihnt

WHITE §6.,620)
FOHMAT (*0JunCTION
py o650 J=) N0

RLAD (s,h36) N,QOIN,QUOU
FouMel (1s5,7F10,9)

TF ("ot ,0) G} 1IN 660
whTIL (U, 0u0) B,00IN,000Y
FOUnAL (J9,F10,2,FLY,2)

L IRU S R LR

A ) 04

INFLUN, CPS WITHORANL, CF3'/)

650 (1T Trat
880 Cutiflnnt

g

I [ B

HyDRD

670 IF (NTEMP(3),EQ,1) GO TD Ta0

Cooss

GROUND WATER INFLOM
DO 680G Jsi,N]

600 nGINEYiag

690 FOAMAT (*0JUNCTION TD JUNCTION

T00

1o
720

13a
Tag

810

420
830
Bug

890

860

GROUND WATER INFLON, CPBY)

HRIIL 6,600

nd 720 lep,Nd

READ (5,700) J1,J2,GROUND
FORMAT (21%5,F%,0)

TF (J1]Ll,0) GO 1O 730

WRITE (L, 710 J).J2,GHOUND
FURNAT (19,112.Fi9,2)

Do 120 Jiegi,Jd2
QUK (D) =6UUND

rUNTINQE

IF (HTFNP (6, EN,}) GO TO BaQ

. 810H4% wATER INFLON

NN 150 J=y,24

n§intuy, Jy=0,

DN T6Y Jz,N)

LTS EEYT

WALIE ¢6,170) ’

FURMAT (1o junCTION',T27,3TURN MAYER NFLOM, NOUR AND FLOw, Crat)
Ny P2y Jo|, 40

READ (5,780) N, (TN(I),1u1,12)

FUANAT (1S5,12F5,0)

1F (N,F2,0) GO TO A3

READ (5,790) (In(I),1e1),2%)

FORMAL (] 3¥65,9)

TAa0

hiy oo 1=g,2%

n3IN(JI, L) tng])

Thzlhequ(]

ndin(J,26)aT1A/25,

WRITE (o,80u) H, 1,038IN(J,T)s)n),24)

FUSHAT (19,/¢13(14,F8,1)))
NQIN(N}3)

CunMTIngE

roNlINpt

CUNT INNE

(F (MUwlY,LE,O0) GO TO 860
WRITE ¢6,850)

FURAT (777480()0NH stor
IPREVIONS ¢RHNKHY 27,8010
e

CUNT ML

bo7/,30m;0 PROORAN TERMINATION DUE 1O
BORRY )

I=0,0

DN PELYIN FF

Wah 2932/ (3600,4PERIDD)
LTlME=a

A onlo f=1,%0

A nly Jey, 80

PuIntl )en 0
PRIGUL,JMe0,0

)



9¢1-65-2

8790

880

900

Conse

Covve

9o

20

HYDRD

PRIV(1,J)e0,0
hQ 830 Jei,NJg
SUMEV (w0,
JGW{J) a0
ASAVE(J)=0,0
RUH(J)x0,0Q
pynicJico, 0
VOLAYE(J)=0,0
NEPAVE(J)=0,0
HavL (Jj=n,
qANGE( ], 1)2-~1000
aarGE(e2)51000
by 4Ry 1eg,2
TLAG(J,[)z=0,0
no M0 Nz, NC
v5(n)sn,0
nStH)zn, 0
vana(niza,
ACAVE(N)Z0,0
asn{M)=zv,¢
v3D(H)a0,0
pave(hjs0,0
nave(n)=z0,
BAVE(N}EQ

g () za
URILRAY ]
vavLIN)aD,

b 990 nef,NJEX
Jritatn)
JGald) =N
NFLUID(N) 0,0
nLHb(Hy30,0
cirit gt

PAILY tlME 3TLP LOOP
JOAYSHRAY (T3)

00 100p I1nd,1DAY
IUER ]

puALTty TIMe STEP LOOF
N 105 Tua),NOSTLR
pinslq

1F (1D,LT,1UAY) GO TO 940
wPRTENDAHT

pn alo Jel,NJ
D[“I“H’J)RO.
vinulgyan,

ASP (1) =0,0

COUNT g

0U 920 La1,NEV
JisnEVaP(1,1)
Jezubvar(i,2)

ny 920 Jegi,Je

SUMEV (1) ESUNEY (J)¢EVAPR(T 4 1Q) 0 ALY
DO 730 Nl NC
NH(NI®n,
AB(N)up,
i S | 3 }

960
970

0

990

1000

1030
1020
1030

1040

-

-

HYyoRrROD

vB{N)=p,0

WIND FrRCE

h) B350 NEf,NC

EHINO(N)=0,D

no 970 el ITON

TF (aluD(],I0)LE,0,0) GO YO o790
JIshalnD (Y, 1),

J2ZENSTIuDCL,2)

PO Yhu N2JD,JR

TF (MJunC(M,1) ,EN,0) GO 10 9460
MLINJUnC N, 1)

NHEadURE (N, 2)

XD=XI{Mu)=x(hL)

YREY ) -y (HL) .

1F (A88(X0)eAdS(YD),LE,L,0) GO TQ 9b0

FHINDIM) E~m iDL, 1Q) A024CUS(HOIR(I, [0)/57,ATAN2IRD,Y0))at S0

CONT YMGE
CONTINGE

EVAPONATTUN

hU 9hu fel.BEY
Ji=ntvartl, 1)
Jasntvab ([, 2)
plloBY Jzli,J)e
FVARCJA=EVAPRLT, TU)

CALL DyNFLO)

TF 10 LT, TDéY) GO TO 1050
F=FLUAT (NHPERUY

DU 970 Je=|.NJ

DEPAVE(J)anEPavE (JI4+0EPTHB ()
PERIMUCJ)SNEP THB(J) /7F

voLs (g jevoL s /F

A3 CJ) =ASBII/F

coMTangE

iy 1o0n wxi ng

DR{NY=sPB Y ZF

sCAVE ()= ACAVE(N) #AB(N)

NN AHIN)/F

vad{N)zvH{NY/F

nY 103n Jz),H

IF (NCHAN(J,1),k0,0) GO TO 1030
Ta=v v

DU 171 xet,n
1F (NCuAu (), %), £Q@,0) GO YO 1020
n=HCHAN() , &)

TAITAsALG((N))

gFLun( J) =0, 5« TAAOELTO/VOL(J)
cuntlingt

T (N2a,te,9) 6D 1O 3050
PN I0dn JeigNd

TERDILTED]
nilleualigk, Ju)

WHITE (N20) Tu, (DEPTHUCI) ,YULLI) »a880J) OLN(S) ,0€J),0GINCI), a0u{Y)

Lod® b oDl (AB(N) ADLN) VBN s NulyNEh

G
i
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CIOOOHO0

oo

105

aon

CURVYVE
BUBAOUTINE CURYE (X, Y,NPT,NCY,NPLOT)

OIYENSTON N(NPT,NCV),Y(NPT,NCV} WHERE

NPTeNUGBER OF INPUT POINTI UN EACH CURVE

NCVANYupER UF CURVES UN EACH GRAPW

NPLUTERHINTED LY,

YF YHPLUTY 3 =}, NN PAGL EJECT UR TITLE 13 PRINTED,

aCUNVLs DUEY 10T HAVE VARIAULE OINFNTIUNS, CTHANGE NEXT CARD
DI“ENSIUM X(103,4)s YCIO3,1), NPT(1)s DUHX(G), OUHY(U)

CUMHON ZLABZ RLAB(LIL), YLAB(O)  TETLECIZ) JHURTTI(LS),YERT (b)), JUNLTD

AET UP X AND Y 5CALELS

xHAA2=), 0€30
x4Inal vf 30

yMAKA-|, DL 30

YMINZL 0L 30

nu 19v Ax],NCY

2P T ()

00 100 Jej, N

TE (X001, %),CT XHAX) XHAX=X(J.K)
PE U0 1eX) LT XMIN) XHINZX(J4K)
1F (YCTan),GT, YHAX) YHAXaY(J,K)
FF (YU ") LT YHIN) YMINGY(J)K)
COT INnE

nuMxCE)=xmN

purxl¢izamax

CALL SrALE (DUMA10,0,291)
punv(1y=Tuln

nU“Y(2izyuaxL

CALL SEaLE (DUMYS,0,200)

b 199 Kz)NCV

NESP T (w)

YN hox}apunx(y)

Yt n)apuMx{4a)

Yinel w)eminy(d)
Y(NeZ,w)zpuny ()

cuUNTINgt

FORM' X LABELS AND FACTORS

YHINEDHMX ()

DELTX=nUMX (U}

xLAB()yaxugn

Dy 110 I=4,10
¥LAY(Laldsvi A () +OELTX
¥ILALR U0, ZUxLAD(L|)=XMEN)

FORM ¥ LABELS AND FACTORS

YHINZOYMY(Y)

pELTYRpUMY(U)

YLAHLb oY HIN

nu 11% 1=),5

YLAR (] )avLAB(T=])oDELTY . ’
YICALaRO0, 2{YLAB(L)=VYM]IN)

oo oo

o0

NCOBl0g
CA%L PPLOT (0,0,NCD,NPLOT)
K&

na 130 Leg,NCV
1F (HPT(L),ER,0) GO TOD 125

XO0=xICale(u{l,L)=XHIN)
YO2AY3CALA (YL sL)=THIN)
NPOINTaNPT(L)

D 120 N=2,NPUINT
XTEASCaALS(N{N,L)wXM]IN)
YTarS9CALe (Y (N, L) mTUN)

CALL PINE (XOsYQuXT YT.K,HPLOT)

xJ=kT
Yo=zvyl
CUNTINNE
KzKel
cONTINYE

NC 299

CALL PpLOT (0,0,NC,NPLOT)
RETURN

ENO

Cunve
INITIALLIYE PLOT OUTLINE

hRAW N EACH CURVE

JOINING XO YO AND XT YT

OUTPUT FINAL PLOT

s
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3 3 i I R ¥ B i i 1 | ] 1 i i ¥
eyyrLo 0D YurFiLag
AUBROUTINE DYNFLO IF (NCHAN(S,1),LE,0) GO YO 133
COMRON 7T10/7 NIEN, JEXTI0Y s aNLT, 40, ¥, TT(50),YY(50),PERTOD,JGHE200) 1F (JGu(J9,L0,0) GO TO §43
o RAMGF (200,2),TLAG(208.2) N3G )
COMHONGRu/ JUN(L00Y, RCHANT200,8) [NJUNC(300,2) NRIN(Z0V) TARASTD
. N3ICul,26),0GEN(200),20U(200),UIN(200),A(300),ACKE300) HT(J)2AX(],N)
' AH()nu).EvlvlenO),nn(Aou).AStZOO).151(2UO).AI(JUO).B(!OO) D0 110 Ie2,u
o0 CMN(300) . DEPTHI200),M(200) L FN(30D),R(3V0),v(30u),X(200) Th=l~t
o VUL(200), ¥02003,9(300) ,ACAVE(30U)ASAVE(200),A5U(200) VIO M1 (JBauT(JYeaAXC] oN) o STIN(TAQTH)CAX(L eI, N)ACOS(TAATS)
o RAVE(30u), NECAVEL2A0),DEPTHY200),FaTun(300) HAVE(20D) R} 10O 489
. HNEZ00),41(2000,BAVE(J0U),037300),0P (300}, QaVL{300]1,RUR(200) 15 conTIhngE
o PSCYIOUI,ASN(300),3FLOAC200), vARU(3IN0),VAVE(30UY,0N(300) LENIINED)
e UL AVE(20U),VILB(2000,v5(8003,Y53(300),vI(300),vB(300) AUHATANUCIY =AINCI)=0GIN(I) 03 INL, T1QDCEVARLJ)I#ASLY)
COMMONALIC/ NI NG, DELT,DELID, NHSTEP, NISTEP, T,12,06L 12, 10AY . DO 125 Kep, b
.o Dualr, 0 snbe e, Lluy NTEMP L), OLBBE)0) s utLOO(LY) IF ("CHAN(J;K);LE,O) G0 10 130
CUMHON 1N/ NPHT , KEAT NGPAT, anPRT, [rOLLLD) , JPRTE30),LPRT(0) N=NLHAN(d, %) .
.o PRTHIS0,30),PRIV(S0,30),PATQ(50,30),HOUH(90),NIPLUTLS,]) TF LJoubk WJUHC(N,§)Y) GO TO 120
. WCPLOT (S, 1) s TITLECZOYeTHTLLR0) pLTIME»JTHGB) yNTSL 5“"?=5H"000(N)
< . an ot 42s
[NTEGER CPAT 120 SUMITSUHN-N(N)
REAL LFN 125 cuutlamt:
nATA B51CP 70/ 130 MT(J)=n(I)-DELTZs8UHD/ASLY)
natA 174E/9,0/ 13§ CUNTINIE .
pI30ELT/ Y800, ¢
IELIYATYIN Casra CHANNE) AREAS AT TeDELT/2
t Canaa VELOCITLIES AT T 40ELT
00 270 LHay,NHPERQ Caonn FLOAS AT Te0ELT/2
12al20FLT2 C
Tetebby T . 00 165 ~Neg, HC
¢ IF (NJynC (N, 1) LE,0) GD TO 1A%

NLENJUNCEN, )
MHENJUNC(H, @)
n[L":p’So (N[(NH)-H(M‘”'NT(NL)"“(NLs,

Casan VELUCITIES AT T+DRLT/2
Cosoa FLN~9 al ToDELT/A

c
nD 105 NsQ,NC TaztH (MY ACH(N}DELH
1F (HJyNCIN, 1) ,LE,0) GU TO 105 AT(NIEREN) oy 9o (B(N)eTA)eDELH
¢ \ RUTSA (M) sTA
Canmanaus CHFCH FUT ORY (R,LT,0,5 FT) CHANNEL ' c
qutaA (4) /7B (N) Consarnss THECK FUR DRY (A,LT,0,5 FT) CHANNEL
1F (9M7,61,0,%) GO T0 100 IF {WN1,67,0,50) GN TU 140
vi(nizq,0 vi)ze 0
nN)EU 0 . ICIEL'N
a1 108 G 1N qus
100 cOMTIvNE a0 cunTingE
nLEIunC N, 1) DELY223, e VT(NIA(T wACN)ZAT(N) ) SOELTOLCYT{NI an2/RNT) @32, 1739)a(NTIN
wHaNJunC N, 2) ' TR =T (ML) ) ZLEN(N) ’
DELY2ayin)all wAT{N)ZAINY ) ¢DELT2a((VIN)#AR/ANT) =32, 1T39)a(H(NH) =H( va=vinfencLv? ’
1RL) D /LEN () : TEMPEDFLTAAX (N)/RNTas],333333)
vazvinjanELY2 NELY IS0, 5o ({1 /TEHP$2 0ARTI(V2))~) a ale
TE“PELFLT2AAN(K) /RNToa],333333) fan2)) ) ' (YZ))30RTCLLL/TEHPIZ,4ADS (V) M02=4,0V2
PELVIAN,5a( (1 /TEHP+2,5ABS(V2))=30RTI(4,/TENPCABI(2,4V2))002e0 0V DELVIZLSIGN(NELYL,V2)
1es2)) VINJEVENYoDELVE9DELV2IDELTAFWIND (N} /ANT
DELVIZ.3IGH(DELYI,V2) REMYI=Y Sa (D(N)evIN)aATINY)
vIEN) 2y (M) sURELYI¢DELVZODELTEAFNIND (N)/RNTY } 1as CONTINUE
NINISYT(N)aA(N) ¢ .
109  costimnt Cahaa HEADS AT TeDELT (TEMPURARILY STUREpR IN HN)
DO 1785 Jzi,nd
Casan HEADS AT T0DELT/2 . ’ TF (HCHAN(J, 1) LE,0) GO TO 1ITS

00 135 Jsi,nd IF (JCniJ),EQ,0) GO TO §55
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150
158

160
153
1719
173

Coann
Crsenqn

180
Canae

Catnp

cYwnrto

NRJGH( )

Taenel

MY LI eaK(oN)

nO 130 Je2, 4

AGERED

MN(I) s () SAK(L NI aSINCTATB) 4AX(T43/NIACOSLTASTR)
63 12 17S .

CONTINLE
ASAJZAG(J)4ASK(J)(NT(J)aH())
[ELDIRTR)]

AUMUZUNU(J) =0IN(J)=0GINC]) =03 IN(L,1IQ) $LVAP(J)#AS())
Ny 1hy ney,8

1F (NOHAN(D, M) (LE,O0) GU TD 170
NauCHAy J,K)

1F (JynE,NJUNCIN, 1)) GO TU o0
AUMNS SR s (N)

GU TN »s

qUNIISIMN - (N)

[{INTR LT3

M (S (J)=DELTASUMG/A3AY
conlivnt

HYDRAY JC RADIUS AT ToDELT
CHAMNE) AHEAS AT ToebELT

N 180 N=j,NC

TF (Jung(h, 1) ,LE,0) GO TD 180
NLEJUNC (. 1)

NHIJUNC (N, 2)

QELM=Y S e (nN(NH) aH(NH) A HNINL) =HENLY)
R(Yu)3ngNPaNELM

TasU(N)IACK(H)ADELH
A(H)ZA[H) D SA{BINIATATADELH

B(h)=Ta

cuNITt

CN¥PUIF NE4 SURFACE AREAY, YOLUHE, DEPTH
SHIST MEADS AT Tl TO M ARAAY

TFOIN,FN,IDAY) TIHERTIME+DT

nG vy Jzl,Ng

IF (HNCwar(d,1),20,0) GU TO 200 ‘
PELHEMN (J)mn())

NEPIM( 1) xDEPTH(JI #NELH

ASAJSAR( ) ASK(J)WOELH .
VOL (2 avoL ()Y ¢0,5a(A5AJ+A3(S) ) PDELN
A500)=a58)

TF(VOLI) 6T,.V,0) GO TO 18}
1STOPzYATN ]

W ELECA132) 14, 3,100 s YIL (J)

182 FURHMAT (Vo EGATIVE VULUNE ENCOUNTERED AT HOUR',FT,2,' AT NODE!

LX)
cun T Tyt

T, 1, MLAD =", F7,1," FEET, vaLUME x',E9,2,' CU FT!)

TFIAS(1),67,0,0) 6O 1) |9
WHITE (A 10N) IR, J,1{0).41909)

190 Fut Al eV out GATIVE SuUBfACE AWEA ENCNUNTEREZU AT MOUR',F7,2

we VAT ADINRT Tu, 0, AL w0, F T, 0,0 FELT, AREA nl,E8,2,' S0 FTY)
1STUMa3T00 0 )

bYwnrtiLo

IP(I3TAP.0T,%0) 00.TO 282

193 CONTINUE -
HJIPHN ()
TFCID.NE,IDAY) GO TO 200
TFOH(IY LT, RANGECJ, 1)) GO TO 202
RANGE ( 1/ 1) aH(J)
TUAG(J, 1) eT[HE
6u In 200

202 JF(HIJY, 0T, RANGECS,2)) GO T0 200

RAMLE (), 2)en())
TLALGS, 2)aTINE

500 cUMT it

g CHECH FOH ABNDRMAL YELOCITIES
DO 210 wNe], N
T1FMJUNC N, 1) ,LEL0) 60 D 210
IF (A3 (V(N)) ,LE,20,0) GO TU 210
131uP=pStypr ey
WHITE (6,205%) TH, N, Q(M),R(N),V(N)
205 FURMAL(1ouYORODYMANTE SOLUTLION wAY UNSTABLE AT HOUR',FT,2
se 0 Iu CrduneL Y Jua Y, FLUN 3V,ET 2,1 CF8, OEPTH ml,rp,)
oo P FEET, VELOCIIY otyb7,0,! Fi/set!)
IFCI3TnP ,GT,500 GO Tn 282
210 CuNTinuyt .

¢
TF (UIn,EQ.IDAY=1) ,AND, (IH ED,NHPERD)) GO TO 293
TF (IO.LY, 10aY)Y GU TO 270

¢

g SUH FOR LAIER AVERAGING

DO 218 Jej, N
DEPTHUrIV=0LP IHY(J)+DEPIN(Y)
vOLBEII=VOLBC ) s VL ()
ASH(I)=ASU(I) A0 ())
VOLAVE (J)=viauAvE (J)svoL ()
HAVE (I aMavE (J) 41 ))

215 CONTINNE
N 230 NE],NC

(4 GUR PyUng IN EACH CHANNEL

TF (LU(N}),6T,0,0) GO TD 220
NHENY2NN(I) =N (N) .
f0 1D 525

220 pr(n)anP(n)«a(N)

223 CONTINE

NAVE (M)EOAVECH) +D(N)

vAVE [ evavE (g v (H)
RININ)endg()e(N)eap
VT VARE I eV (M) an2
RAVE(NY=VAVE ) e R {N)
anEulend{ursy{ng

ANz (Y0 A ()

HEVE (P avt (NYen(N)
VANS(Hiavang (b eana(VIN))
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230
¢

235
240
245
250

255

Canna

240

Caraa

265
210

282
20}

284

206

. /‘,_,&,\ R
§ ¥ L i | |
oYnwrLO
va{NYayBINYEV(N)
SUM TlpaL €un AND FiDUD
oU 250 Jay,NJEX
1sJEX() .
no 240 nay,s
NaNCHAN( ], k)
IF (N,F0,0) GO 1O 24%
Fel,
TF (NJINC (N, 20 ,E9,]) tmat,
IF (Fap(r), LP,0,) GO YO 23%
OFLUDDLEIYIZAFLUDDCI) +AHS(O(N))
60 TO 2uf
NENL(JI3NERBCII+ABI(O(N) ) .
CONTINGE
cunllunk
CONTINYE

STORE QUPUT DATA FOR sUBSEQUENT PRINTOUT

1F {IN)NE KPRTY GO [0 270
KPRI=npHT pupRT .
LYIHE= Y ME o

STOHE MEADS TU BE PRINTED
PO 260 1=1,NHPRT

MJPHTZ IPRIC])
PRYM(LYIME, [ YEH(MJIPRT
cUnTINnL :

STONL FLOWS anD VELOCITIES TO B8E PaINTED
PO b5 Is],NaPRT

MCPRTI=CPART(S)

PRIDILTINE, ) )= (MCPHT)
PHIVILTIME, [ )13V (MCPRT)

cOMTLanE

CUNTIHE

JECLITAP £0,0) RETURN

WATTE(A, 281) }
FURMAT(VOCHINNEL DEPTH AND YELOCITY?/)
WRITE(A,2B4) (I, H(1),v(]),1m1,NC)
FURMAT(S(16,2F10,1))

WHITE(h,285)

FORNAT(LONODAL DERTHIY)

WHITECH, 286) (I,H(1),181,ND)
FUMAAT (IO (T6,FT,1))

s10p

END
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CGEnPRET

SURAGUTINE GEQET (NEXIT) .
CUMMON,GEQUZ JUNA200) NEHANC200,8) THIUNC(300,2),H0TN{209)
ASTHEATs26) UGIN(Z0U) 4 AOV(200) ,TIN(200),A(300), ACA(300)

.

. AB(Sov).[vAPtzoo);An()oo).Asgaoo).nsx(?oO).Ar(500).8(300)

' €MM(300),0L21H(2001,1(200),Lgn(300),Ri30U),V(300),X(200)

o vOL(200),¥(200),00300),ACAVE[300),ASAVE(Z00),A31(200)

. PAVECSR0) 1 DEPAVECCOUI ) OEPINBLZOU] ok wIND (30D} HAVE(R0D)

o M {2001 M TC200),NAVE{300),087300),nP(300),RAVE(300),HUR(2(0)

e nS(}00):ﬂbﬂ(JOO)'Jan-(luoi,vAHS(]no).VAVL(JOO);UN(}00)
vullVl(dou):VULB(ZOO).VS()QQ),VSU(!00),V1()00),VH(300)

cuNHU~,Hlsc/ NI NCDELT, DL LTA,NHSTFP,NUSTEP, ¥, T2,0ELT ¢, IDAY

. DHIN, [0, NHPERU, JTU/NTILNP ) »OERBCL0),0FLOLDLLY)

aEAL LFN )

DIMLHITOUN ALGLL) _

EOULVACENCE (JUNLLY.PLG(1))

m{HAND 300 '

wJUNz2n0 o
NaJ2aH JUNS29eMCHANGAL ARG

D 10 gal,N

10 RIGUI)nO,0

Catae JUnCTlnh DATA

100

109

120
12%

NJT0

pL 100 lll,NJUN

w(l)eo

no 100 J=1,8

MCHAN(T )20

CONTIEE

no 1240 I=j,MJUN

READ (50105) J,AREA,SLOPE,DEP,X1,Y1, (NTEHP(K) ,Kn1,B8)
FOUUAT (1S, 2F10,0,3F5,0,81%)

IF UJ,it,0) GO 10 125

TF (oL, HJun) GO T0 113
WRTTE (6,110) )

FQPMAY (10 ana LRROA ana
10GAAM plvENYLONS Y)Y .
yIne , .
CUNTINNE ! B
1F (J,al N]) NJuJ .

85¢J)=ahta -
A3¢{J)adL0rL .-
DLPIMN())EDEP .
X(J)zay

vidievy

D3 12v Kxj,B

NCHANL JpR)aNTEMPIXR)

ConTIMpt

cutiiinge

JUNCTION NUHBEK!,18,' IS LARGER THAN PR

Caemn CHANNL( DATA

NCEO

DU 10 Iwy,MCHAN
ny 130 Jay,2
NJUNC(],d)m0

135

150
1598

Canae

180

185
190

Camagn

Setopnret

CONTINYE

DU 150 Jey,MCHAN

READ(S,135) N ALEN,HIDTH, nno.coz',(NT!HF(K).N-Ip!).ULO't
FURHAT(1S5,4F10,0,219,F10,0)

TF (M,k,0) GO 10 155

1F (N LE,HCHAN) GO TO Jus
wALIL (b, 40) N

FURHMAT (Vy mas LRHOH awa
1PAM DIMENSIUNSTY)

sIne

(AR RTI]3

TF {H, AT NC) NCaN A
CMH(N)sCUEF

LEN(H)=ALEN

B{N)ZAlUTH

R(N)z24D

AM(HY=cUEF

U]

ACM (M) =5L0PE

MJUBE (U, 1) eHINDINTERP (1) ,NTEMP(2))

NJUNL iNy2)2HASO(NTERP (] ) NTEMP (2))

iyt

CHANNEL NURBER',J6,% [0 LARGEZR THAN PADG

COMPATIBILITY CHECK

PO 170 Nz2j,NC

np 4o Jey.2

TF INJUNCAN, 1) ,LE,0) 6O TO 170
Janune (n, 1)

D0 16U A=zp,b

1F UL EO NCHANGS KDY 60 TO 170
conTingt

NEXTTanbx]vey

WRITE (b,165) NyJ

FOREAT (1QCHANNEL CARD COMPATIBILITY CMECK, CHANNEL: ',13,V AND JUN
ICTION 1,0 ))

CONTInpk

no 1Yo Jej Mg

0 10Y w=y,8

1F (HCwAN(J,K),LE,0) GO TU 190
NENCHAN(],K)

nO IS 1=y,

TE (d,ru,NJUNC(N, 1)) 60 TO 185
COHTINNE

MEXITaneXjTel

WH1TE (6,1R0) J,N

FORMABL (1OJUNCTION CARD COMPATIHILITY CHECK, JUNCTION ',13,!' AND C
IMANNEL 1, 1)

CoNIEIHGE

CONTINUE

DERIVEN CHANNEL DATA

nO 195 H=y,nC

1E LNJONCIN, 1) ,LE,0) GO TO 193
AR(NIETZ 1T39nhN(N)aR2/2, 200198
NI TY T LI
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QCaMET

ATIN)wa(N)
193 CONTINUE
c

Casua DERIVED JUNCTION DATA
c

no 205 J=xi,NJ
IF (NCuAl(J,1),E0,0) GO TD 209
VOL(J)=43€J) #DEPTHEJ)
TF (DLPIM(S),6T,0,) GO VD 203
voL(d)zo,
TE (AS¢J),LE,0,00 GU TD 205
ARt ARG
viLutt =y,
D) 200 Key,8
NzHCHANM(],x)
tF (N E,0) GO TO 200
AHEASApLASB(H)ALEN(N)
VOLUPLvOLUFE #B(N) sLENENY s IN)
200 CHUNT TNt
BEPIM( J) 2yNLUME /AREA
VOL{J )DL PTH{I)I ALY
209 coutlint
6=943T¢32,2)
1Py
ni) 225 M=) ,NE
1F (NJnC (N, 1), k0,0) GO YO 229
DLESDHY (R(N)+0MIN)»G
YraLEngnY /DG
vita)zTl
229 ciml Lt
TFCNFXIT 6T,0) wAITECL,227) .
227 FURMAT(OPANGHAR EXLCUTION WILL TERHINATE LATER OUE TO CHANNEL.» N
SODF INCOMPATIBTILITY )
RE TURN

END

]
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NUYUKBER

NuuwbER

SYBROUTINE NURDER(NN) .

COMMONGEQM/ JUN(200),NCHAN(20048) ,NJUNC(300,2),3PACE(11156) DO 155 KXxi,H
. 600X (209,8) . JHOLD(10042) s JIN12V0),NITART(10),FILL(600) NHaNCHAN(JOPP o KK)

COMMONZHISC/ NI NC,DELT, DELTO,NHSTEP  NOYTES, T, T2,0ELTE, LOAY 1F (NN_LE, 0) GO TO [e0
. OMEN, 10, NHPERQ, LTUSNTENMP(B),QEOBC10),9FLOUD(IO) JJOPPaTABS (MJUNC(NN, 1))

13T0Pxg 1F (JJnPP_EN,JOPP) GO TO 130

[EDRLEY ] NJUNC (NN, 2) 2= JAHSINJUNC (NN, 2))

15UHL=g 60 10 155

NITAH NN 130 NJUNC (3in, 1) 3§ ABI(NJUNC (NN, 1))

153 CONTEHnt

JUN(1)aN3TAR
150 cuMTINNE

19}
pn 130 Ley,B 165 CONTIHIE ) .
MauCHAn(MSTAR, L) NJUNC{n, ) )am]ASS(NJUNCIN, [))
1F (N, t,0) 6O T0 135 NJUnC (1, 2)n=TADS (NJUNCIN, 2})
JOPPES fUNCIN, L) 170 CUNTINIE
If (1ST4R,ED,JOPP) GO T0 103 . 1715 couTlinnt
60 1Y 110 180 COUNT Pt
$08  JO°PaNTUNC(H,2) pU 185 Iz),200
110 JHOLO(T ) aJNPP JHOLO (1,1 ) 2 JHULD (T, 2)
Tatel 185  JuOL0(t1,21¢20
ni 12y Kr=1,A IF (J4nLS(1.1),E0,0) GU 10 195
NHELCHAH(JNPP ) KK) [+
IF (MnLE D) GO TD 125 c END DF MAIN LOOP
JINPHETABS (NJUNG (RN, 1)) ¢
1F (JJnPP,E2,JOPP) GO TU 115 190 CONMTTHHE s
NJUNC (N, 2) 2= [ADS (MJUNC(NN,2)) 195  CUNTIHGE
G0 10 120 NLEL
11% MJUNC (nN, 1) 21 ABS(NJUNC (NN, 1)) WRITE{ns204)
120 contlugt 204 FURHAT(TICROSY REFERENCE. » » INTERNAL NODE NUMBER V3, EXTERNAL NODE

oF NU“HFR (UJED IN QUALLITY PROGRAM sQUAL)'/)
Ny 200 N=),NC
DO J0U XK=}, :
200 MJUNCEN, FKIR]ABY(NJUNE EN,KK))
WRITE (6,209) (J)JUN(JD,JooNP)
205 FORMAT(10([7,15))
N 20 X3, NP
NERITAXES]
210 JIM(I I en
nu 234 K=|,NP
Jz1Y¥(x)
nb 17% 181,200 no 220 ME1,8
JaJuoLadl, ) NINCHAN{ S, M)

1F (J,k,0) GU 1O 180 IF (N E.0) GO TD 22%
JOPPaNQUEC (N, L)

125 [ XA RRITI S
s JUC (o, 1) a«TARY (NJUNCIN, 1))
NJUNC (s 2)ma [ABRSINJUNG(N,2))
130 ¢uTIngt
135 CONTINNE
K2l

MAIN LOOP

(2 ¥ s¥al

N0 190 MAIMui,NJ
Ml

LR}

JUN(K) el TF (Jymk,Jn0PP) CD 10 219
ho 170 L}, 8 JUPHAaN UM (N, Q)

NeNCHAN (], L) 2Ly cur i ThpE

IF (M,1E,0) GU TO 170 THANK (K, MI=JIN(JIDPP)
JNPPI1A8S (NJUNC (N, 1)) 220 COMTTHBE

IF (J,ru,gnve) GO 10 100 225 continnke

230  contlunk
hUo %0 J=) NP
IR ER]
JHAdxaJ
Dl JUp K=21,4
TF (Lt (J,K),LE,0) GO TO 280
IHIEM U0 IDDOK(J %), THIN)
THAXZMAXO (THNUR (J,X) , JHAX)

JOPP =4 Ut (N, 1)
§F (JIPP,LELQ) GO 10 163
60 11 145
1Y 14 JOPPan ULCIN, 2)
IF {(Juef,LF.0) GO TO 165
145 JROLD (s, 2) 2 JOPP
natte |




ShI~55-2

NUKMBER

200 CONTINGE
1OIFa AN IMIN
101F aHAx=]
1DIF23)~IHIN
IF (ISyMR LT J0JF 1) T3UMHeIDIF|
IF (ISunL LT, I01F2) 13UnLuiD]IF2
u=MAXOCIDLIFL, IDIFR)
IF{A.LF,10) GU TO 250
NNaY9Y
WHITE(B)245) Ko JoJUNL))
20% FURMAT (' OTHEL HALF BAND WIOTH OFY,140,' FOR EQUATION NUHBER', 14
ee Y5 MUDE', T4, ) EYCEEDS THE DIMENSION LIMITS IN PROGRAH AOUAL‘Y
YA PRUGRAM EYECUTINN WILL TERHINATE LATER')
250  CONTInyE
151l TS5UMMe JSUHL -
WRITE (6,255) ISUNMT, 15UHH, 13UNHL

255  FORAAT(tOTHE ~RDEST TOTAL RAND WIDYH 13°15,) o THE HIGH 3IDE HAX]IM

tUH ATOTH F3%15,% 5 AND THE LOn S1Dg HAXIMUM NIDTH 18'15,/7/7)

¢

200  cOnTInE -
1103MAX0(J3UHH, 1 SUHL)
RETUAN
END

eresg
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pyutePyrt

SUBROUTINE DUTPUYT (NPDINT,NSTAGE,NTFLUY)

COMMUN /1107 BJEX)JEX(I0) /AR T 103 ,HoTTLSO),YY(50),PERIOD,JGH(2V0)
. RANGE (200,2)s TLAG(200,2)

CUMHON/GEQ™/ JUNT200Y,NCHAN(200,8),NJUNCEI00,2),NOIN(200)
NIIN(u1926),06IN(R00),00U(200) UINCL200),A(300),ACK(3D0)

.t

Y] AH(3N0),EVAP(200), AK(300),45¢200) ASH(200),AT(300),N(300)

0 FH5(300) ,DFPTH(200),1L200) L aN( 300, H(320),v{300).%(200)

o YULG200),7(2003,00300),ACAVE(30U),A50yL(RU0),a50(200)

o PAVE(SOU), NEPAVE(LOU)ADEPEMNE20U) FrlnD(3UN),HAVEL(200)

. MHEZNO) )Ml (200),08VvL(S00),0ng30u),nr{Iny),HavE(500),Hun(200)
.t Q3 ( 300 RUN(IUN), HFLNAN(LOU), yARS(I00), VAVL{ 300),0N(30U)

. VOLAVE(2N0),vUuLn(2000,5PALE(S79),20(10), D)o vCULus, 3)/NPICS)
COMHOMZHTSCZ N, NC DFLY, DEL TN, NaSTRP, 8uUSTER, T, T2, LELT2, LOAY

v DHLM TR, INPLPO, LU RTEYp (M), DEADC0) s U LD LLY)

CUMMON IOy nPUT RPRT 0P, atitd 1, Jeal (18, JPRTE30) 1 LPHTL )

.r PHTHIS0, 30, PRIVIG0, \0) PHTOISA, 30D HQUHLSO) IPLYT(S, 3)

. HCPLATIY, 3 fTITL ()L Tint , JIH{ul) N0

CUMMON ZLAN/ ALABCLL)  YLABIG) y VITLRLLZ) ) MURLZC(L3), VERL(b) JUNETO
INTEGER (PRI

REAL LEN

NINENSTON VERTI(6,2),VERT2(6,2),HNalZI(13,2)

NATA HNRLZ1/bean JUHMTIME 44 LN JuMpdUR, 41 s Jady

e trun JUNK » JUNEUUAR, GHOLHA  UHTES  , daun /
DATA VERTL/ZUNVELUUNCTTY 0N LeldHn pUH FT/7ounstC

. UM BTAUNGE  ,bN 1y UHN UM FE HHET
DaTA YLRIZ/ZUH TJUounay o UH RANGUMGE  UNIN F IIHELT

. [ LI B X LT Sy 1] bolnn J4H  HO, YHURSY /
no 105 [wf,NuPAT,b
wHITE(A2)0) TITL

10 FUANA] (i1 o20hU, JOK)VTETRA TECH INC, ', /71X, 20A8,10X, 1L ALAYETTE,

tea it Oqnlat, Zeln 90X, 0T10AL HYDRODYNAHTCS PuOGHAME)
WHITE (6,100) JPRY(E) o JPRT(L#A),dPAT(1+2) 1 JPRT(L23)JPRI(L4ua),JPAT
1(1+3)

10¢ FOMAT (10234, PJUNCTIONI ]S, ! JUNCTEONY LS, ! JUNCTEONT[S,?
1 JUuCTIaNY IS, ! JUNCTIUNE]S b JUNCTIONT {5,210

2  »nive HEAD(FELT) HEAD(FERT) HEAD(LLETY)
3 nHEAD(HEET) HEAV(FELT) HEAUCFEET) ' /)

180,0

0U 109 L=1.LT]HE K

TaT4DEy VoFLUMT (NPRT)
HOUH(LY3T /3600,

105 wHITE (0,10u) HOURIL) PRTH(L, 1Y ¢ PRTH(L L« 1) ,PRTHLL,142),PRTH{Ls 1 ¢)
LYo ruTngL, 10a), PRTH(L, 1Y)

110 FORUAT (LYW Fo,2,F14,2,5F10,2)

[

Canne PAINT FLOWY AND VELUCIT)ES
ni} 120 L=}, NREAT 0
WHITEDA:19) TLTL
wRLTE by 11Y) CPAT(IY,CPRICI®1) ) CPRT(I+L),CPRT(1+3),CPRT(144),CPRI
1(1+y)

113 POAAAT (to'23a, 1CHANMEL' LY, ! CHANNEL'I5,!

CHANNELM[S, !

I CHANNFLI 1Y, CHANNEL MDY, ! CHANNELY[S5,/! HOU
L FLuw  YEL, FLon  ViL, reod vEL, FLOA VL
3, FLUY  VEL, FLOM  VE) (1/725X, 0 (CFI) (FP3) (CF3)

Y[FP3) (CHAY (PrY) (CFY) (PP3) (CF3) (FPY) (CF3

sy (spafry

120

155
lao

16%

195
200

205

210
215

220
223

pVvrteryT

DO §120 Lwj,LTIRE

WRITE (b.lES\ HOUR(L) ,PRTIQ(L, L) o PRIVIL, 1Y, PATOLL, Jot),PRTYVIL, 101},
IPRTOIL,142Y,PRIVIL,L42)sPHTUIL D83}, PRTV(L,Le3),PATQIL, Jo8),PRIVIL
2,148),8RTO(L, 1+5),PHTVIL,1+9) .

FQuMaAg (l|l.FU.Zprlo.o.F1.2:Flﬂ.0,r7.2'Flo.o.rl.l,flo.O.FV.l,fl0.0
"F'ozoFIU.Oo".Z)

WRITE Lrely) TITL

DO 130 la), 10

1enLiIyei

WHLITE a0l 35%) (ICULCE),In1,10)

FOAMAL (1osvEHAGE HEADS FUR A VIpa\ CYCLEY 72110, 10,011 1)

PO 14% Tel,NJ, 10

Le149 R
WHITE (00 140) ToL, (HAVEC(S) Jnl, L)

FOANAT (T14,' 1O V1Y, 10F11,))

COMTINnE

WHITE (e,1%0) (ICOL(I),1m),10)

FORMAT (POAVEWAGE VELOCITIES FOR A TIDAL CYCLE'//08X,19,9141)
N 160 Tel,NC, 10

Lol

WATTE (00 15%) 1oL, (VAVE(J),Jn], L}

FOHMRAT (14,% 10 11),10F 1L, V)

CUNTINRE

WHITE (bo165) CICUL(T),1el,10)

FORMAT (TQaVEHAGE FLOWS FUR A TI0aL CSYCLE'//)1X,19,%111)
DU 75 Ie|,NC 10

L9

WRITE (b, 070) 1,0, (UAVE(S)  Jol,L)

FORMAL (Tu,* TO #13,10F11,0)

rantiunt

WHITE (6,190) (ICOL(I),In},)0)

FORHAT ('ORATLR DALANCE AT EACH JUnCTION (CPO)'//711Xele,%111)
NO <00 I=g,N),10

Lsled

WRITE (6,195) 1,L, (HN(J), Jal,L)

FORMAT (Ju,t 1O ',13,10001,0)

crmTinyt

WRITE (6,205) CIEOL(T).1x1,10)

FOUMAT (VOAVERAGE NUDAL VULUME (Cy FY)1,72/01X,19,9131)
N 2S fxl,Ndele

Lal*9

WRETE (6,210) ToL, (YOLAVE(S) /I, }

FARHAT (14," 7O ', 14 d0E1),4)

CONTINDE

TA2DELY/Z 15600, +PERIUD)

Bd £du MEi,NC

NP(N)=QP(N)~TA

OM(N)TANIHIATA

WHITE (6,224%) ((NA,QP (NAY,ON(NA)) ,NAN],NC)

FOHMAT C'OPUSITLVE ANO NECATIVE FLnu3 FOR EACH GCHANNEL',/Z,(a(]10



s

£ pr1-SE-2

1 N ] 1 - i H i I ¥
oUVUTPuUT?
1,2F81,60))
0O 295 Is1,Ny}
TF(NTHANI],1),07,0) GO YO 293 L3 14
RANMGE(Ta1)20, *NEW
RANGE(],2)20, aNEn

293 SPACL{T)awANGE(S,1)=AANGECL,2) .
WATTE(#s290) (0, RANGE(L,2) ,AANGE(], 1), 3PACE(]) In1sNd)
290 FUPHAT (YO0IHIHU™ KEAD, MAX]nUM HEAp AND TIDAL RANGE!
0 7La(11043F7,2))3 .
WRITE €6 3873 (1. TLAG(L 2D, TLAG(L,1§,T81,80)
337 FORRMAT('OT(ME OF HMINIMUM AND nAXIngH HEAD, HOURD,/(4(110,2r08,2))}

Cova. TOTAL EVAPORATIUN RATEL
TASO,
A10TAL 2y,
pa 3G Jei,Ng
TAzTAevOLAVE(J}

0 ATNTAL=AT)TALSAIAYVE(Y)

YUITAZATOT AL NEW
WHITE (8, 312) EVAP(L) ,ATOTAL,TA,TE oNEn
312 FUPHAT (/77294 TOTAL EVAPDAATION RATF, CPS LEf2,4 “NEwW
. /7271 AVERAGE SURFACE AREA, s r1 +E12.4 *NEn
0r 7291 AVLHAGE YOLUME, CU FT 1E12,4 aNEa
s 7291 AVLRAGE DEPTHW, F1} 1E12,4 ) 'NE:

c Aaa

Coves TIDAL oANGE PLOT
TFEJTRISY E0,0) GO TO 0f0
o0 412 Isy,e
12 vERTCT)=veaTI2(1,14}
Dy 420 [=1,13
20 w0l LI(],2)
Nl 4le Az, NTSL
JJTRw)
ISR ERLITAN W) ]
xC(H, 13X ()
aga NPIQh) M
1=l
CALL CrRVEEXCIYC NPT, Tal)
ng 432 121,00
832 vEri(lisvERT2(1,2)
D1} M3 Hef,HTSL
Jzd IR {w)
a3a YO(H 1 )3TLAGES, L)
1)
CALL CuRVE(XC,YC)NPT,541)
010 cout ik

nCved
Ny 233 Iay,nCy
wET (1) zNPOENT
nu 230 Jzl,HuPUlNT
YL Tiannan())
230 vCt)iisn,0
4

Comaa FI0AL 3VAGE PLOT
DJ 422 31,1}

ovurrPyty

822 WORTI(1)wHNATZI(T.1)

nu 250 fx{, ¢

2346 VERT(IYevERTI(I,2)
N 255 XE),NSTAGE

23S
240

205

250

253
C

PO 245 Nay,d
no 235 L=y,

IF (NJoLOTN,N) EQ,JPRTEL)) GO TD 2a¢

CUNTInpL

DU 24D M3 | ,NPUYINT
YC(MenyzPuTHEH, L)

continnt

CALL CoiYE {NC.YC,NPT,NCY,X)

WHITE ¢6,250)

(NJPLOT(X,N) Nat, D)

FOUSAT (AN, 30K, 21HPLOT LEGENO  JUNCTION,X8,8M = 9,10

a0 & 1,400
COMTTunL

JUNCTINN, la,aH & 2}

Cenaa TIOAL FLOA PLUT

nn 4 I=q,6

28) VERTCL)=vEMTI(L,})
DU 2A0 K=l ,nTFLOW

260
263

210

275
280

nO 470 Nay,$
n) 260 L=y, 80

1F (NCPLOTIR,N) EQ,CPAT(L)) CO TO 205

cantlupL

010 270 Mz, HPUINT
YC(H H)ZPHTV (M)

cotIngt

CALL. CURVE {XC,¥YC NPT, NCV,K)

WHITE (6,275}

(NCPLUT(K/N),No i, 3)

FORHAT (1nn, 30X, 2 HPLOT LEGEND

w4 8§, 100
cOnTTung

At TUHN

rno

CHANNEL, 1,44 n 2)

CHANNEL,28,4H & 0,10M

JUNCTION,

CHANNEL,!
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g2l ot 09

uxisvxl

: OplieE ST (AAI=va]) 4l

jehan
Clodvayeyravyxl

(YAY=GAY)/ ((vXv=Acy)enizva

{+Valreyal

N1 1n0)

(WASN)HABI(Tevxlsyriaty)y

0T AL 0 (0519 val®uD 0 [V 0a))
of1 oL 09 (001*19%vX[*unto 11 vxy) 4l
ELID ST N

St4ulyzual

SPerav=z2al

S'euxyznr}

Ll'eVyyueyr|

1IN

exzvny

Txsguy

2ATYAY

. TazyAY

021 01 D9 (vav*l9otuay) 4l

NG INGI

NOTLD3INIQ A HOJ SHI1avdvg 13V

: enl 04 09
§601 U 09 (axI*I1°wvxy) 41

{é4n=N

C'O0dVASTLyzTR]
Cvxv=axy) /¢ vav-Qavtor)zva

Lev¥ygzvwx

Il tn0d

CHABNI AT (1 oVl /vAl=15)Y

0TY oL 09 (0SS 19 vAl*nn0°11 VALY 4l

013 0L 02 (001°19°yxI"uD 0LV ¥x 1) 4l

A (00D

Stevavzual

8§ eVayzval

Steuxyzyxl

S +txyzyxl

3T n)

. Tashay
ZATHAY

) Ly=ixy

B ) eYayxy
001 O 09 (vxV*19%uxy) 4l

NOTLIIHIO X HO4 €4IL1Invdvd 138

: SIV .01 09 ((vAveAV)GOY LV Cyxy=uxy)buy) il

Ik

eAsHAY

1a3vAY

2asUxy

* Ixevxy

[17] JZHLAIHLYOHTZ WAE  wyv0
(SIHAG NICNIRIM

(141 (00424 V01 216) Y (S1501)3QvdC /nDAD/ N(1ADD
CIONYRASNZAZ2X21A71X) ANDld INTinQuUNS

anNnl g
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-
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NyNLId

It innd

(AJwASE(1 )Y

oV ’In’llay ol OU

(WinaSctiofgly

o710V ley 0pl OO

(Chwag=lpely)y

1ot d=f wul (0

- ) P lun)
CIIRACS(L L)Y

CIOMARSP Y)Y

1ol1*1=f 911 U

05121 0yl Ly
CIelnY xS fuve 'x%) 1ynHuits
(ovE1/x0€7) Lvyhald

1 0tan1*)'ug ) Lrunnd
(Tvlot i€ et4) tawnie
Clvlol'xa1) Lyunld
21A0H (091%) 3 Ihn

aviIX (SS17)31nn

ELITI RN R

I 0D

ELE SN ALN
CTOT“tmP (P eldv) (SHI“Y)3LLbn
of 1 o1 09

CIOT /Y (TP IIwd(n)LUIAY(F)LHIA (S91°9) 3 Tun

21 QL 09 (9?23t 1) 4]

of 1 ul o?

ot/ tme?(Cr )W) P(RYLUIAC LTI ANIA (SO 9] nm

021 Ny U9 te2'3n*y)) 41

vel o) Uy

(ot 1ar (F IV P (9 LHIA(SYIHAA (S9179) 3] Ihn

S11 01 0y (u2tan'y 41

Yel=!

610 051 0Q

ob) 01 U9 (9w 1Y 41

OV Y f?(pr?T)y) (11D BY A (OG1¢9) 91 1

1el=l

941=1F STl Ow

(AT RER DTY ]

(uog*9) 30 thm

oel

041 Of D9 (66°20°w) 4l

/=HE?THT? HUwl/iAG vivd

QLINNT CO)IWIAAETITIUNH? (ZIDINLTLCOXAYNACCTIIBY N /LY / NOWWDD
(6)nAC NNICNINIG

(004N T A }1012u) Y (SIC0T)2DvdS /MDD NOWWOD
CLONNAT’X]; 107dd INTLINOBENS

L0%v4d 4

064
(11}
09,
[ 23]
vl
8§91
09t
St

(33]
shl

ony
sf
oft
521

ozt

st

002
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0S1-S¢~72

[ Kul 2]

fo0

103
110

13

[a Rz R X 4

[aXulal

- D

25
130

[a X2 ¥al X KsXaNal

[a X2 N2l

Jcant

SUBROUTINE 3CALE (ARRAY,AXLEN,NPTS/INC)
DIMENSTUN AKRAY(NPTSY, INI(S)

DATA [uT  /2,44,5,08,10/

INGT=1a83(1INC)

aCAN FOR MAX AND HIN

AMAKIABRAY(])

AMINTARRAY(})

DO 100 Ney NPT INCT

TF (2rax, T, ANTAY(N)) AHAK!A“QAY(Nz
IF (AMIN T, ARRAY(N)) AHINRARRAY (N
conioinpE

IF CAMAK«ANINY 120,105,120

1F (lHlN) 119,1%0,110
AHIN=0‘0

AMAXE2 QnAHAX

¢1 10 ‘20

AHAI=0‘0

AMINZZ Q0AM]IN
cONTINyL

EOMPUTE UNTTS/INCH

RATE2 (AHAX~AHIN) ZAXLEN

ACALE INTERVAL 10

LEYY THAN (0
AnALOGIO(RATE)
wal
IF (A T,0) Nake, 9999
RATEZRATE/({10,heN)
L=RATEL, 00

FIND NEXT HIGHER INTERVAL

no 130 ley,s
3F (L=gRTE}) 135,135,130
cunTlvpt

{ I3 NEXT HIGHER INTERYAY

RANGE I3 SCALED BACK 10 FuLL. SET

LeinT(r)
RANGEZFLOAT(L)*J0,2eN
JF {INC LT,0) GO TO 143

aCT UP POSITIVE ITEPS

KeAHIHRANGE
IF CARIN, L T,0,) Haxa)

CHECK FOR MAX YALUE TN RANGE

V7 (Avax,GT,(XeAXLEN)SRANGE) GD To 160

- Y O

dialis2al

150
153

8 ¢cALE

INPTSLINGCTe ]
ARRAY(])mKsRANGE
teleINgT
ARRAY(])ERANGE
RETURN

IF OUTSI0E RANGE. REBET L AND N

L+l

TF (LoLT,11) 0 T0 125
Lae

NEN4 |

GO 10 2%

AET UP NEGATIVE BTEPS

HEAMAX JHANGE

TF (AMaX,6T,0,) KeKey

IF (Anpn T, (MeAXLEN)SRANGE) GO Tp {80
tziNCTaNPTYs ) -

ARPAY ()= aRANGE

Jelelurt

AROAY(1)o~0ANGE

RETUHN

WRLTE t0,159)

227:;L (7710X, YRANGE AND 3CALE ARg ZEAQ DN PLOT ATYEHPT?)
END
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USROUTINE TIDCF (NI, MAX]I[,NCHTID, NN)
gavnuu /7107 MJE”;JE;(IO).AKLJ:ID;:Nn17(50)oYY‘so)v?ERluboJG“(loﬂ’ 170 ?gfifﬂ"f:iij,
. aANGE(2v0,2), TLAGL200,2) TF (NCHTID,NE,1) GO 10 230
DIMENIION AAC10), XX(30), SXX{10,§0)s OXKY(JO)sMN(2&) L

Tioc?r

|S1 -5 -1

DATA OFLTA,NTT, N6 70,009,7,87

TF (11.GE MAXET) GO TD 155
}F (DEyHAR,GT,DELTA) GO 10 1490

193 CUNTIMGL

WHRITE ¢by175) JEX(NN), (AX(1,NN),18},T7)

173 FOUHAT (10 TIOAL CUEFFICIENTS FUR JUNCYJON?,18,/7P13,4)
¢ . WRITE ¢nNh,180)
TF (NINE,4) GO TO 105 180 FURMAT (ubHO TINE DBAERVED conpUTED oIFF)
o0 100 Is1,$ RESED,
Jelel Ny 19% Irj, K]
N T M.
TT(NT)=(), ¢ [] 0 Jz2,N117
TY(NE)20,85350YY (1) 40, 14b654YY () SS‘L.Lnf,fg_,,
D EATRY FIYaFLOAT(J=nN)?)
T2 (TTLL)eTT(I) )2, 1F (J.LE,nd2) 6D 1D 165
YrieDetyvi)evrcn)yse, QUM s AACI)ACOI(FIIaHRTT(L))
N N I T T o I )
sy (IY o [ 189 UN23Ume A (J)eSIN(F I anaTT (]
Y0l )n0, 10034y {])e0,8535aYY(J) 190 gnu‘l"“t ( IN(F ) (1)
§00  covrlunt SUNISUNIBAL])
Lo5  courimme DIFF=SyPaYY(])
pu 115 Jay,ntl RE-1RESeABSENIFF)
fu 110 x21,NTT 195 wHITE (no,260) TT(I),YY(I),8UH,0Lrp.
110 sxa(N,))E0, 200 FURRAT (bLp12,4)
Ah(J)zn, WRITE ¢N6,205) RES
i3 SV (4)e0, 209 FURNAT (6n010TAL, 30K, F12,4)
nJ2=utys2sl Dy 102 Jey, 26
b0 185 Isi,nl TASHLUAT{ ) v
N 125 Jei,NTT HN(J)ana(],NH)
FJIzFLnA(J-)) niy 702 [=2.4
FIIELNAY (J=HJ2) Tdzlel
1 (JaE,NJ2) CU TO 120 T02 HHEIIERNIJYsAXCI NN ASINCTANTH) eAX (L@ I NN)*COI(TACTR)
XA(IV2c0S(FJYamaTI(I)) WHITE (s 69)
tu 10 125 [} FURHAT (/,20K, tSUMHARY BY HQUAY)
120 xx(J)eqlnu(FJlevaTT (1)) WRITE(4,707) 1, HNCL)aiw),38)
16 Ld, ) xx(dyad, T0T  FURKAT()0(T13,F8,2))
125 sxv({DeSxy(axtyIavy(l) 210 CONTINYE:
DOy L3u Jag,NTYE [4
ni L4 mag,HTL RETURK
130 sxa(%yg)e3xX(Kod)eNK(K)AXNED) END
115 cuntlugt .
jr=a
140 IAESREN
DELNAXZY,
) 150 K ,NTY
Auvan,
P LUS Ja),HTT
1P (J.F0,x) GO TO L4S
AUMESUr=hA(J)aSRX(Ky))
149 cONT It
AUHZ {SIHISHY (R) ) 73KX(HyK)
nEl, 2205 (5yu-AA(K))
1F (Db 6T ,0ELHAX) DELHAX=DEL
150 AA(K)aqUM :
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¢s1-65-2

-

OO0 ONON

Aguarl

ADUAL 13 A MATHEMATICAL MUOEL DEVEL QPED TU SIMULATE
THE HATLR QUALETY OF AN F3TUARY,

DEVELUPHMENT NF THE HNDEL “Ad UONE yNDER THE IPONIJORIHIP OF
THE CALLFQRNLA ITATE wWATEH RESDURCES CONTHUL BOARD AND lu(
NASSAULSUFFOLK REGLONAL PLANNLNG BRARD, NEW YORK,

S00ITInNL HODIFICATIUMY WEHE HADE UWOER CONTAACT NO,
DACABT-TAC~0004, DEPARTMENT UF THE ARMY, ALASKA DISTHICT,
AHCHORAGE, ALASKA,

NUESTIANS ALGARDING THE COMPUIEN CnOE O THE MODEL APPLICATION
SHOULD BE DIRECICD T0 DONALL J, SHyTH, LTELIRA FECH, INC,,
3700 47, DIAALD BLVD,, LAFAYETTE, ¢ALIF,, 90549 (a15-283-377})

CUMMON 1F (200, )),CTUC(200) i
COMHUNZNTGZ HCARN(200,6) ,NJUNC(300,2),JUN(200),XLEN(300)

Y, ALPH(200), ALPHI(290) ,AA(200) ,85(200) ., DETA(Z00)

2, ASAVEL200,21),4(290,21),ALPHAL200,21),AC(800),A5(200)

3, NIFEY90),00300),V5(¢300) (LOu2nu), 72€30u)  ,vuLl (200),2(300)
4, CCICIB0),CCH(I00),NEP(200),RavE(SV0),HI(300),vaBS(300)
COMHON DAL JunInl 200}, JUNGTHIZOQ) ,JUNA(200),QIN(200) ,UGLEN(200)
1, YUSEH(IS), AT (159) , TOTP[u(190), CULTIN(ISO0), COLFIN(IS0)
2, SONCINCIS0) , JMWNINCEB0) DAY INILIS0) , TENPIN(IS0)

), TYPLINCISU 4T 3ALTENELSY)

u, 103(200), 10102000, 401”200y, COLT(200),C1LF(200),B00C(200)
5, ADRNE20N) , (LY (D00), TE12(2u0) IYPE(200,4),1YPEOK(200,4)

b, NALC(20U),N4ER(200),NHNN(2003, RUDCORL200), MIDUDA(204)

1, COLINK (LAY, COLFOR(200) USAT{200),NENM(R00),DENP(200)

COMMUNARDZTYIELD (), EYSETL(200,4),uTLH(2)
cOMH0L 840K/ l\]lnf(PO:S),'ACIUN(gn,ﬁ)
COHADN /M SC /Mo NC, PP I M0 HE [ DELT, [PAGE ,NHYD TDAY, TOELT

1, NP TEEAPLOT [P {16), ALL{20Y, 1DYNIS2), THTLL(20), T1TLLR20)
' MGPERN{S2), [PCYC LAY NCYCH, ThIUAL

COMMONE X/ HBNYRD, JBVUD (10, DER10) , UFLOUDLLY) , XH(10) , TOYEX(LD)
1, TUTHERCLO) o 1 TPLX (Lud o COLTEX(30), COLFEN(I0),AUDCEXRLE0)
2, ADEE R0, UNTFR(I0), VERPEX(4u), PYPEEX(ID, 0),5ALTEX(10)
COHMUN/PLOT/ {PLOT(A),CPIINL b, 4),nAY(10)) ,NPOINT,JLUTLS)

I, 1PP, 49, |POAY (), uuan(al.as PHOFA(21,3,04) ,NCONP (1)
e, PRMFH(21y 3, 4)

CAMHBONZMF T /NAL0NE» IR ZUNE (6, 2) . FONE (200),F TRO(200)

1, FYE200).0053(24,0)iniN0A(200)

DIMENSION EEIAVE (J), EL (1), TERPTOL),3ALT(1),TUNL200,1)
EQUIVALENCE (LESAVE(L),VADA(I)), (EECI) VSLL))
', CVEAP T, RAVE(I) ) LAALTUL) ,RSCIDD, (CUNCE2 1) T05(L))

AATOXY (X, ¥)318,55320,30217AX23,U250EdaNaXa0, 5550 ), 005Eniay 8
foE=0sds 9,790 00XnK)

catl IuPut (0)

IVERN3pu/7INELT

IF (1PEHEO LT L) TPERDSA]

TPELTInEL Y720

1f C(I0FLLT,1) IDEL®Y

PO 760 NCYCIsl,NHYD
NCYCHuNCYCT

AoguaL

CALL InPUT (1)

Covse DISPEHSION COEFF

1F (lEF,LT,u) GO TO )90
NDYNE]
nD 100 N=i,NC
TF (NJYNC(N,1).,LE,0) GO TOD 100
TAN)ZCR (M) (VABSIN) ovI(N))mCRAVE(N)SRI(N))
EE(N)s T (N)
NIFUNYLE (N)YAC(N) ZXLENIN)
100 cunlinnt .
A 110 J=y, NP
KsJuN{ 1)
SALT(njaTpa(x)
AA(J)En, O
§10 Anéddza,0
pu 1Yy mN=), TLE
caLL Srlup
CALL FNHM (JALT,SALTIN,JALTEX)
CALL SpLYIT (3ALTY
0 120 ue),hC
J1EwdUuC(Ng 1)
1F (J1k0,0) 0O TO 120
J2sNdunCiy, 21
RIETAILTRAD]
J2=JUN(J2)
AX=ANSISALYT (JI)=3ALT(J2))
CTL(NYa (M) aCCU(N)aSK/XLEN(N)
EESAVE (H)=EL (N)
FE(M)2gEE(NYe22(M))a0,S
AIF () zEL (n)sAC(N)Z7ALLN(N)
120 cunltagt
IF (UN_NELLEE) GD TU U170
WHITE f6,)30) nn
130 FORMAT (YH), 10X, " CHAMNEL DISPEASION COEFFICIENTS, 00 FT/3EC (LaS?
) TR0 YERATIONS)Y)
WRITE (b,100) (H,EESAVE(N),IZ(N),NulsNC)
P49 FURMAT (S(1(0,2H8,0))
WRIIE (0,150)
150 FORMAT (77, 10K, *STEADY STATE SALINTTY, PPTI)
WHITE 70,100) () SALT(J),Jel,ND)
160 FURMAT (S(113,s=3PFB,2})
170 coONTINDE

Couas ESTINGTE COLORICHTY

nY v JJsy.Hp
JduNiy)
IRTENP L) v 19,9
TF(JIpgdenlbti(2) a0l
TF(JJ,2)z0Tkn(1)aa]
180 ASAT(JYSSATUNY(TENP(J) o 3ALT(J))
190 coutinnt
HDYNSIATHN(NCYCH)

Cuvae JET UP FINAL ALPHA HATRIX
[4

CALL SFlup



Aoval

[ .
Covss OUALLTY LOOP, CONSTANT HYDRAWICO
[

NOHENOPERH(NETEH)
00 750 NLyCOw|,NOH
KPLOTakPLDT ]
LOAY=LNAY+IDEL
c
D0 670 NCYCDsl, IPLRD
[
Cosse TDI

1F (I13xIP{1),E0,1) 6D 1Q 210
DO 200 Je),NP
A4(JYsn 0
. #8{J1en,Q

200 coNTINnE
CALL Faur (103, TOSIN, T08EX)
cALL SnLYJT (T10S)

210 cuNiTngg,

4
Covos TFHPERATURE
1 (1341P(9),E0,1) GO TO 29¢
1F (NDY¥N,EN,1) GO TO 230
CALL METDAT (4, TEMP)
DU 220 JE|,NP
JJaduNed)
AM(J)En, 0032081 4A3CII)SFTHO(II) *ALPKI(J])
NICIY30,0032810A8(JI)a(FONELII)=FIwOLII)ATERPLII) AALPH(IY)
220 CONTIoNE
CALL FNHM [FEMP, TEMPIN, TEWPEX)
CALL SnLvT (TENP)
oy 10 210
230 cONTInpk
LLEu/labrp
1F (LLJLT,2) Lie2
00 240 L=x],.LL
CALL HETOAT (1,1EHP)
DU 2iv Jr|,NP
JJaJuNed) .
4A(J)20,003281eA3(JIYeFTRO(IJ)
ANCJINN,0032H]eAI(JJ)2FUNE(JJ)
240 cuativgt
CALL FNMM {TENP, TLMPIN, TERREX)
CALL SOLYY (TEMHPE)
IF (L0, LL) G TU 260
Ny &9 Ju] W NY
250 TLUP{IYa(EMP())e2,0aTERPT(I))/Y,0
260 cutTlingt
e10 cantingt
ni) ¢hD JJsl, NP
Jedui{pd)
TsTEnP(J)=19,5
TP{JS,1)31,02e0])
TFCSI a0t (H(2)an]
1#0JJ,2)0018n (1) en}
rIng(d)aa,v
280 N3 T(JYaNaATUXY(TENP(]),¥0I(J))

Ry
i
Uil
g
it
")
=

290

Coven

AguvualL
CONTINYE

NPTI0NaL CONSTITUENTS

00 370 [e1,9

1F (ISKIP(149),£0,1) €O TO 30

TE (NUyN,EN,1) GO 10 310

pO Y00 Jzp,np

JIJUNe Y
AMCIYErTYPEDK(JI L) OTYSETL(J 1) )avOL(JJ)eALPHL(J)IOTF(J4T)

300 AL Za(TYPEDR (I, 1D HTYSETLLIIAT) ) aVOLIJIIRALPHIJIATYPE(JII, 1)ATR LY

3o

o
330

1,1YeCINC (4

@1 A0 330

DNty 320 J=), NP

RNER IS
AMUIYECNYPELK(II DA TYIETL(IY DD YavOL{INIATE(S )
astdi=clnced)

coNtiNuE

L CALL Fonm (TYPECE, B IYPEINCL, D)o TYMEEXCL, D)

Mo

3s5a

o0

3re
c

Coven

Jao

390
c

c..‘.l.

400

ajo
cl.l.

azo

CALL SaLvir (TYPE(L,T))

IF {VyprEEn(l),LE,0,0) OU TO 330

DO 300 J=zienp

Jdadundy
CIU?gJi=TV"EDK(JJ-l)'?f(J-l"lVP[(JJol)"YPEIO(I)QVOL(JJ)
niy {10 sr10

CtF (L, pu a) GU T 320

DO 360 Jaj,nP

cyncidi=o,

raN |l InnE

TOTAL N]TROGEN

IF (lswlPc2).ta,1) GO TO IV
nn ARG gz hip

JJadunge )y

La(llza,
ABEIYSLVINL (JJ) s RENN(SY)

CALL FaMM (TOTN,TOTNIN, TOTNEX)
CALL 5nLVIT (JDIN)

COMTINYE

TUTAL pPHOSPHUNYS .

1P CIaRIP(s) ER,1) GO TO 410
ny 400 Jgj, NP

JJdutedd

AA(J)En,

HH(J) e vOL(JJ)«HENP (L))

CALL FoslH (THHTR, TUYA [N, TOTPEX)
CALL SOLVET (fOIP)

ALARYIT]S

TOUTAL cUL[FUNH HACTERLA

TF C(i5kIP(u), EQ. 1) GD T usd

IF (Muvh,EB,1) CD 10 430

nU 420 Je| NP

Jde gy

BACT) sl TDEJIIaVIL(JJ ) ALPHI () aTF (S s 1)

MY 2o COLTOXLSII) aVOL (IS AaLPR{I) ae QLT II)ATP LS, )
cuntImt



ol

430

“y
4so

860

c‘ "'I‘

&70

a9g
500

3o

Casus

s20
530

540
350

370

AQU AL

G0 70 a3%0

CONTINYE

no &40 Jajy, NP

JIaJuNgedd

AACIIErULTOR (JI)2YOL(JIY e TrLY,1)
nd{J¥zn,0

(IR ETHA

CALL FroHM (COLT,COLTIN,COLTEX)
CALL SnLVET (COLT)

cONTItgE

FELCAL cOLIFURM BACTERTA

1F Cl3el®(5), k0, 1) GO TO S10

1F (MOyN,ER,L) G 10 aBd

DYy ulo Jej, NP .
REEFIETR)) )
AALII=ruLrOn (JI)avOL (JD)#ALPHI(J)aTR (N 1)
BU{JIaCOLFURLIIIaVOL(JI)AALPH{I) o COLFLJI)ATI(, 1)
CusTInt

6 1) 509

covlilayt

Ny n%) Jej,,Np

BFLFUNYN)]

A erULFOXCJI)AVOL(JJII*TF (I, 1)
ad(dl=q,0

cONT Tt

CALL FnNM (COLF,COLFIN,COLFEX)

CALL SnLvT (COLF)

cOMTLEpE

CARGIIACENUS BOD
1F (19x1c¢a) EQ, 1) GO TO Sa0

VF (H0vi EN,)) GO TO 330

DD 9<u Jrj, P

JJedunedy .

AA(IYSRUNCOK (JI)AVOL(JI)aALPHILI)ATF{S2)
RULDIZn00COREII)AVOL(ID) o aLPH(J) anDDCLIIITF (S, 2)
cauftung

[AVERIVECSY )]

[SIAR K1

HURPTIINES PR

SPEFLITN)]
AA[II=0UNCORTII)IavOL(IIDRTF (S, 2)
A{JIzZn, 0

cuat it

CaLL fndM {(UOLC,BODCIN, BDVUCENX)
cALL SALYIT (noDe)
cunlingE

' NITANGENDYS AUD

1F (13709(7),t0,1) GO TO 610

b (NUwnLEN, L) GO TD 500

Ny 970 Jzy,HP

FFERIETHA)

ARCD endPYDAEJI)aVDL (JI) e ALPHILIY o TF (d0d)

ABLIIZ 0 )UNUK (I ) sVOLESS) s ALPH(JI) anOONCID)ATF (I, 1)
(VRN RS

B e\
1

380

590
600
s10

c.l"l‘

620

&30

buo
650

bao
670

Covos

680
690
100
Tio

120

Ao VAL

80 10 a00 R

CONTINYE -
no 590 Jei,Np

JIeJung ) :

AA(J) znUDNDK(JI) »VOL(JJ)RTF (I, 1)
RB{J)=n.0

CONTINGE

CALL FnRm (800N, BODNIN,UOONEX)
CALL SnLVILT (BODN)

CUNTINNE

PISSOLVED QAYGEN .,

1F ([3«JP(AY,E0,1) GD TO 640

1F (NDYN_ED,L) GO TO 830

nl) 620 J=g,np

JJagune

LACIY RV, (JIVSQROHEII) SALPHE L)

BN =vOL (J1)a{=BODC(IT)eBNOCOK(II)aTF(I,2)0(=B00N(JJ])a0Q0NDR(JL)e

1ABEMII 1) s 08LGLIS) )2 TF (T, 1) 20RDACI I« COSAT(ISI=ALPH(I)AORY(JII)))

tutitlunt

GH 1) a50

CUHTTNBE

no 640 Ja) KNP

Jd=Juie )y

AALDIZVUL (JI)ADHROALID)

BRACDISvUIL(J) e (~RODC(IT) nBODCOR(JY)TF (J,2) ¢ (=BODON(JI)ABODNDR (L)

JOHENCI1)40ALGKIJI) @ TF(J, 1) +URDAR(IJYa0IAT(JI))

conTimgt

coOMInpt

CALL FNMH (XY, DXYIN,OXTEXD
calL SnLVIT tOxy) ’ -
CuNTINGE

cYNT INGE

TE (POR(NPLOT, IPCYC),EQ,0) CALL OQUTPUT (LDAY)
T (NOYN, LN, 0, 8H0 LPOAY([PP),NELDaY) GO tD 720
TPOAY ()PP ) e (DAY

SUONE PN TLE PLOT DATA
1F (Irp,Lo,u) GO 10 720
LIVANAY IR S ER P ] i

I (MCnww 1) ,E0,0) GO TO 710
1anlne (11}

M) 700 K2, ueP

piE LY LLle), )
Latntp (i L. K)

TF (L.rti, 00 GI) JO 710

1 (¥, 2) GI) TO &80
PUDEA (1L, 0P, 11)2CUNILSL)
) 10 90

PHOER G L,y IPP, LE)ZCDNEL )
(IR N AY]S

rirdd Tunt

cuntliunt

pprzivrpsy

ottt



e .

Civen

Tin
Tuo
150

Te0

§TORE TIME HI3TORY PLOT DATA
1F (4PLUT,GT,iD0) GO 1O 7S50
DAY{YPLUT)nLDAY

00 T4V K3l,4

W (1P UT(X) ER,0) GO TU 740
TaIPLUT(X)

pp 730 [Ixl.NJP

JaJrLOT(IT)
CPIKPLAT, LT, K)aCONCI, 1)
cONTINGE :

CUMNTINpE

cOMTINNDE

1F (INRUAL,GT,0) WATTE (INDUAL) C(cONGJ KD umial3)odmloNd)

CONTINIE

[PPajPo=l .
1F (NPP,GT,0,AND, PP,
NPUIMTadPLNT

“IF (HPOINT,GT,100) NPQINTE{QO

IF (NJp,GT,0) CALL QUIPVUT (0Q)

END

AQ UV AL

GT,0) CALL OUTPUT (~1)



£S/-€¢€-7

1t

OSSO OOOO0O

[ 2 N aNal

150

iso

ﬂﬂf\

240

CURYE

SUBAQUTENE CURVECX,Y,NPT,NCY,NPLOTY

CURVE FIMn3 THE MAX AND HMIN X AND ¥ vALUES, A3 MELL AS X AND Y LABELD

CaLLY SCALE,PPLOT, AND PIME

DIYENSTUN X(NPT,NCY),YINPT,NCV) wnERE
NPTINUGHER UF JHPUT POINTS ON ELACH CUKVE
NCVaNUuHE A UF CUPVES UM EALH GRAPH,
NPLOTZpRINTLD KLY,

DEMENSYTON X103, 1), Y103, 8),NPT(1)

' pDUME(u) , DunY {u)

COMUNZLAB/ZXL A (11D, YLABLS), TETLE(j2) 4 HORIZ()S), YERT LS}/ TUNITO
CO»MON/XS XE/HAPTS

SET UP X AND Y SCALES

xMAX 8 -1 _O0EX0
XHIN & 1,0E30
YMAL 1 =], 0EN0

yvjn 2 1, 0E30
no 150 K a §, HCV
N R HPY(N)

By 150 J = 1, N
TFC P(Jek) LGT, XMAX ) XMAX = X(J,K)

TFC 201Ky (LT, XHIN ) XHIN = X{J,K)

1FC Y(3eX) (GT, YHAX § YMix = Y(J,K)

TFC YY) LT, YHIN ) VHIN = Y{J,K)

to~FIngt

THINRPTS,EN,2)) XHIN3] .0

1F(NXPTS, EA,2)) XHAXa221,0

Dqu(]i B XMIN

DUMK(2Y = XMAK

Call SEALECDUMX,10,0,2,10)

puMTily = Y4IN

husY(2y 3 voax

CaLL SCALE(UUMY,;5,24241)

nd 160 X m §, nCv

N = %P1(K)

¥(Helox) o BUKX(Y)

x(Ne2,x) m DUMK(E)

YiHel,x) 2 Duny(l) .
Y(He2,n) a DUMY{U)

cuntipt

FORM X LABELY AND FACTORS

Xx4lha purx())

NELTYs DuMx(d)

R ISR R LR

01 260 I, 10
yLdd(ladyzr AUl [)+DELTX

C x$CaL 15 1-L 4Uv4EH OF SPACES PER UNJT ALUNG THE X=AXIS (5 FUR PROFJLES)

WSCALSJul /(X aB(11)=RF]N)
JF(nIP15,£0,21) x3CALES,0

FORH Y LABELS AND FACTOAS

e

aoO0On (2N o ¥ 4]

[z 2282 Xal

cTOo0

270

[ } 1 3 f i i
CuUnVli

YHINw nU"viS) o -

DELTYe DUMY(O) .

YLAS (6 myMIN

Do 270 fny,S
YLAD(bQT)aY L AD(Te])+DELTY
YSCALaS0, Z(YLABCLY=YHIN)

INITIALIZE PLOT OUTLINE

CALL PRLOTIO,0,100,NPLOTH
LI .

DRAW IN EACH CURVE

DO 459 Lay,NCY
LFENPT(L), . EQ,0) GO TO lap

JOINING XO YO AND X7 YT

FOR PROFILES THE NHIGTN [3 THE FIRST pATA POINT

890
aug
450

TF(NYPTS,EQ, 213 XHINT], 0
XOEASCALA{X(I,L)=XHIN)
YORYICALALY(LsL)=YMEN)
NPOINT 2 NPT (L)

00 400 N = 2,NPOINT

XT B NACALA(X{N,L) = XHIN)
YT 2 YQCALa(V(N,L) ~ YH]IN)
CALL PINEEXQ YN, ATy YT,K,NPLOT)
¥} e Ky

Yo = Yy

COMT InnkE

X & K 4}

CONL e

nUTPUT FINAL PLOT
CALL PPLOT(0,0,97,NPLOT)

RETUHN
END



A2l ~Se - 4L

FORAMH

AUBRIUTINE FORM(CON,CIN,CEX)

COMHONHTAC/NS NG, NP, NDTH, NBND MLIM, OELT, IPAGE,NHYD, 1DAY, IDELY

v WJP,TEE,KPLOT, ISKIP(16),ALL(20), J0OYNES2), TITLEL20)TITL(20)
MOPERM(52), IPCYC,LOAY, HCYCH, TNOUAL

cO""UV/BAcx/ INTARE(20,5),FACTUN(24,%)

COMMON/EXC/ NuOUhD.J“DUhn(IOJ;ﬂE“H1IO);UFLUUD(lO)pKRtIO).FlLL(I“B)

COMMUNM Y167 NCHAN(209,8),NJUNC(3%0,2),JUN(200) , XLEN(300)
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. NLFEv0),ulIN0Y,vE(dnu) »UYe200), ZZ(300) ,VUL{200),2(300)
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FORM
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CONTINUE
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CONT UL
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ALPHAC ], ®)sALPHA(Y ) H) wTA
RETA(JIZRETACIY«CEX(L)AUFLNOD(L Yo xR(L)
CUMTINGE

coOMTIHnE

RETURN

END
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ALAD (1,1003 (NCONP(K) Ku],4), (1PDAY(L)s1nt,3)
N0 260 I=1,HPP

QEAD (5,180) (NOOEP(J,K),Jml,21)

coONTIHyE

wUI1E (6:2590) TITLE,TITL
FOTAT (1ML, 10X,20A0,"
1517, ¢ALIF, ')

WATTE (5,290) 10AY, [DELT,IPCYC,NFLE, INQUAL,NHYD

FORMBT (777,200, 'STHULATION DEGINS ON DAY Yelagfr7e20%,0
17I=E 3TLPY ULF Told, ) HOUR(9)')/7/,20X,1PRINTD
2utl tvEey Tota, ! VIME STEP(3)Y,/7/,20X%, "HYDRAUL
3IC IMTeHFACE UNITY,IST, 04,77, 20!.'nulLlT¥ lNTLRFAcE UNII',!SI.IM.I
U/, 20X, tUSHER NF BOUYUARY CUNDITIOMS 107)

0 330 [x1.nuyD

1F ClOFLY, GT,20) MOPERH(T)=NOPLHH(1)A24/7TDELT

}F (wuoehn(l) LE,0) MAPERM(I)=]
VF ((uvh(l).EU,O) G 10 3lo
wRITE (6,300) NOPLARH(I), !

TETRA TECHy INC,1/,11X,20A4,) LAFAY

1915,

FOR2AT (23, ]3,' TIME STEPS FUR cnnDITION STEADY STATE
1) .

50 10 330

wAITE (b6,320) HCPERM(I), I

FUIHAT (23K,13,) TIME STERS FUR caNDITION  1,)5,! DYNAMIC!)
custlsng

wRITE (b, 300)

FORYAT (777,200, THE FOLLOWING CONSTITUENTS ARE BEING HOOELED!/)
0D 350 K&q,9

1F (ISuIP{X),L0,0) ARITE (&,360) (NAME(J,K),Ju},]})

cavtugE

FUuMAl (25%,3M0)

1=9

DY 370 Ke10,13

1eled

1F (13xIP(%) EQ,0) WRITE (8,380) (NAME(J, K}, dn1,3) ¢ (CNAHE(J)1)sdn)
1,4)

CAVTINDE

FURML) (25X, 3A0,2X,0A4)

THETIAL GUALTTY CONDITIONS

WwHITE (b, 2Bu) TITLE,TiTL

WALTE 8,390)

FORMAT (/7,30X, VINITIAL QUALLITY COnOJTIONS'/,? JUN TO JUN 703
1 Tur 101 P T coL F ¢nt c 8ud N BOD 00
2 TLv¥P COonST 1 CONMST 2 CUNDY 3 CONST a'/, 0ixs3USn, tHG/LY Y, 2¢!

INOZL00NL V), 1SN, THGZL DY, X, 1C Y, UNLTS1) /)

Do Uy Jlej,NJ

BEAU (%,u00) J1,J2,(ALLCI),1E1,1]))

10441 (2], 1075,0)

TF CH LR, 0) 60 Ty 650

TF (1,067 ,J2,193,J02,6T,HIMAX) wHITE (8,410)

FNRAAT (Pue FwuugV o THE FOLLOWIHG wODE LINITS ARE IN ERKOHI!)
TF (ALY (P LY, 0,0) ALL(BI==ALL(B)oSATUKYLALL(Y)/ALL(L))
VHTTE (oau2n) J1aJ2,0ALL(dYd=1 1T

QAL (Tu, ITpFY 0, 2F, 2,269,203V 9 2,F9,1,4F9,2)

Dy 430 Jegt,u2

g

130

LT

as9
¢

Caren
489

470

4an
494

c.'.;

-

300
S0

520

Crove
Sap
550
60

St10
580

tNPyY

0830 Jrj,t1} ..

LON(J 1) eALLLT) -
coNTINYE

CONTINYE

CONTINYE

NISPEHSION COEFFICIENTS
WRITE (6,460) .
rU"H:I (///:ION:'QISPERSIDM CUEFPIGIENTII/,3X, 'EHAN 1O CHAN

C cat)
FURMAL (19,18,2F12,0)
DO 4y Nz NG .
REAL (5."00) J1,J2:C1.Ca
IF (J1t0,0) GO TU 490
WRITE to,u70) Jied2,C10C8
0O 4By Jzjy,Je
cci(JdIact
cCntdyacy
CONTINGE

SEA-ARD hQuunaRy

PtAD (5,180) NBUUND, (JBOUND(J),sdny,10)
PO 540 L=3,nA0UND

el Sty K= ,nP

TF (JUnUvO(L) (NE,JUN(R}) OO 1O 300
JUAUND (L) X

GO 1 si0

cuNTInuE

(OLARLIT Y

QE TURN

CONTINNE

NDYNE[DYN(NCYCH)

fPCYCanEEPP

IF (NUYN,LO,1) IPCYCn]

PEAD (5,170) TIIL

READ -(S,180) (NTEMPLI)iInl,l0)
120

po 530 Je2,9

JelelIFHuP())

TF (1, 1,8) wHITE (b,2080) TITLE,T17L
TEES* L auS(IEE)

IF (NTFHP(1),4Q,1) GO TO 390

HYDRODYHAKWICY

1F (NTEP(10)) 540,580,560 .

fo=hTtnPi0)

phD Y%V %=1,1

paCKIPaCE ntILE

cu 10 500

[aNTEMP(10)

o STu Kz,

READ (NFILE)

CONTINDE

ol (ub1LE) OEBR, QFLOOD, (AYOTCJY,nbP(J),AS(J) ) YOL L) » 2INLJS), 00N
B0 g d ) RURHLTY y Jm B oMY, (AC(N) s QCH) 2 RBIN) ,RAVE(N),VB(N) ) VABS(N),
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1 1 i | § i i |
INPYUT
P )
TLER=TFE

590 cONTINpE

Cuvse TIOAL CONDITIONS .

[a X 2]

tF (NTEMP(2),EN,1) GO TO &S0
READ (5,610 (XREJ)oJui,NBOUND)
IPAGEZIPAGF+]
wHITE (5,690) NCYCH
600 FOURvAL (7/,30%,'EXCHANGE CNNDITIONY DURING HYDAROLOGIC CYCLEVY,14,/¢

1 Jun Fx(H (-] FLowo s TO0T N TotT P T COL F CO
2L € abD N AWD oxy TEMP  CUM |  EON 2 CON §  COM™ &t
37,54, 'eatn HCF3 HEF3 P, 3(ax, THO/LY ) 200 NZJDOMLY),3(? MG

7L )ade g, 24,000
N} 630 X={,NH0UND
atal {(§.,610) (CEX(K,T),021,14)
610 FOU“AT (Sx,14bS,0)
ERERDDLITE]
VERUKEIND]
1F (SE) TEX(R) \L,0,0) JALTEX(K)2TpaREX(X)
TF (OXyb¥(x),LT,0,0) UXYFXERIa=OXYEX(R)SSATOXY(TEHPEX(X), TOSEX(K))
WHITE (6,620) J/XREK),QENDB(K) ) UFLOND (KD p (CEXC(R) LI, T31,1))
20 FOUMAT (14, 05,2,~6P2F9, 3, UPFB, 0, FB 2)FT, 2,269, 2,FT,2,F8,2,200,1,4F
1A, 2)
630 CONYINNE
40 FOAMAL (7/77,3uX, VINFLOY CUOMDITIONS DURING HYDRAULIC CYCLE!, L4,/ J

UNi[T32) /)

Juh InFLOA 10§ TUT N int P T cuL F QUL ¢ bQOo

2 N ounb n«Y TenP  CUNST CONST 2 CONST ) (ONIT 4'/9x
I, VCF3 1S, THG/LY ) 20F MO/ LuOnL Yy, 3(SX, THG/LY), TR, 'C Yt UN
4113y /)

evas THFLOA wATER WUALETY

%0 IF (HFMP(}),EN,L) GO T B1O
WRILE ro,b6u0) NCYCH
04 vhy J=,NJ
860 JuniIn(p)Els0
Ny o0 Jag, 100
00 bTy X=1,u
670 Cinld,k)r0,0
L2l
n0 130 Liel,500
pEAD [5,694) JJ,00,(ALL(X),Ks],14)
600 FUNHAT (tge ERyR & RETURN WATER ]y ALLUWED AJ 20 NODES HAXIMUMY)
694 FOAMAL (19,1585,0)
tF (JJ Lo, n) ¢ 10 Teo
TF (ALL(1a),0E,u,0) ALL(TaYmaLL(L)y
TE (AL (A LT, 0,0) ALLEO)I ®=ALL{A) aqaATUNY(ALL(9),ALL(1))
WHITE 16,890) JJ, 0%, (ALLEKY,KE1,1))
TF (LL LG 1) JunIN(SJ) 2y
pU J00 meg,L
Jax
JF (Juain(g)) Eu,r) 60 In 710
700 cONIlnt
Ll el
Jreb
JusiNCrIYe g
710 ¢ouNvIIwnt

120
730
Tao

750

Te0

820
850

840
850

8b0.

B7a

860

690
C

Covun

Q00

Ho

P20

INPY T

TAR=438000,%35,318/7(,004E4R400)

pn 720 Kmi,ia

Fai,

P (ALLEF),LT,0,0) FaTA

CINCJI w}aCINEI,RYSALL(H) ALy

CUNTINNE

cunN I InyE

IF (J.67,100) NHITE (&,750)

FORMAT (TQWARMING & & THE NANIMUM OF 100 INFLOW LDCATIONY HAS BEEM

| EXCEENLD o at)

1F (N1 HP(u) EA,L) GN TD 810

wAllt (b,760) .
BUWRAL (/7,10X,VAGGREGATED ﬂUALlIVIj

LD J-I.NJ

JIFIUHIN )

1F (1ICEN,150) GO TO T8¢

IF (0uld) LEL,0) QIN(DI=L,0

no 1749 K=1,10

CINGII, M sC NI, RY70LN1Y)

IF (A3 LINCIIY L LE,0,) IALTINEID)INTnATH{SS)

IF (UIN(J) L LE,0,0) G Tu 190

WHTTE rb.uoo) J:QIN(JI:(CIN(JJoK).KlloIJ)

(41172 A EUTIY

FORMAL (W, F9,2,F9,0,2F9,2,209,2,2F9,202F%,1,0F%,2)

GHOUND WATELH INFLU-

1F (NTERP(5),ER,1) GN Tu 900

sl (6, 820)

FURMAL (7,100, 'UHOUND #ATER INFLOW QUALITYY, /!
0 "o J=g,tnl

JUNG e YL S0

no 880 JJoel, Y0

aLAD (5,000) J1,d2. (ALLLT), 1n1,00)
TF GHLJED a0 G TD 420

{F lLl(lu) LL,0,0) ALL(YuymaLL(])
H (AL|(n).L1.o.ol ALLEBY2=ALL(B) o qATUXYLALL{®),ALLIL)Y
WHETE (U, 800) JI.J2  (ALL(1)a1358,1)

FURBRAT (L b 1P ,0,2F9,2,209,2,2F9,2,2F%,4,aF9,2)

H CI3)en 1) SRITE (b, 0850)

;uuvl[ (0% EVRGR & ARMAX[NUH UF 29 GROUND WATLR TYPL3 ARE ALLOwEO!
}

D ik 1z,

ringtensdg, tr=acLitl)

0l) by 201,02

JUNGIN LYo )det 20

cuilbngt
CONY THYE

JUN TO Jynt)

CmETUNN wWATFR

1EotHTenr ) JE0,1) 6D TO J0)0
AL qua710) )
FUOMNAT (277, )00, ' KETHHN watlalz, ¢ yITHDRAWAL JUNCTLION AND PRAGCTION
I HETURnENY , 79 DISCHARGE JUNCTION AND CONCENTRATION LNCRLMENTS/)
ny Y20 JulgNj
JUHA LY S
PO P Jzy, 20
Py Yiu K3,y
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IcOLLF nElay
2pP CUNAT OECAY

INPYY

INTAKE(J, KIn0 L

FACTOQY (S K)uD,0 -

b3 990 J=),21

READ (5,900) J1,(NTEMP(I) ALL(L)s2m1 D)
FQRMAT (15.5€15,F5,0))

IF (J1En,0) GO TU 1000

tF {J,ru,21) WRITE (6,080)

Jutally) ey

na 950 1x1,5

TuYTAZE e, BYANTEMP(])

FACTUu(Jo1)maLL(])

PEAD (5,950) (ALL(T),i2),14)

1F (AL (1a) ,LE,0,0) ALL(fu)mALL(])
FQU=HaL (l1eky,90)

ny 970 [=4,)0

Clvilupet,1)zaLLA(])

v 1TE (bs980) (INIAKE(J'()QFACTUH(JQl)ll'lls"Jl'(ALL(l)plﬂlplS)
FUUsT (SC19,F5,2)s71uF18,0,2F9,2,289.2,2F9,2.2F9,104F9,2)
CUNTTNNE

CidvTEnyt

JPRLE(PAGE ]

SYITEX COEFFICILNTY

TF (NTFeP(7),ka,1) GN TO 110

waTE (o,1n20)

FUQSAT (777,300, VIYSTEH COCFFICTIENTI!, /Y JUN TO JUN  BOD DECAY

BENTHIC SINK RATES  ALGAL OXYGEN  REAERATION 0
OP® CUNST SETTUING!, /713X, 1CARY ~ NLITH  TOTAL FEC

PHOTOD RESP MIN MAX 1 2

4, /106X, 11 /DAY 1/70AY HF

1/7nAY 170AY

e N P 0

MG/HZ/DAY

6 ns0AY ')

1030

1050

o e

oLAD (5,960) (TYPEEQ(D),T=1,3),(0TENC]),121,2)
1F (OTgN(1),LE,0,0) RTENLLIY=T1,0%

tF (NTen2),0,6,0,0) ATENC2)31,0)

TYPEET(4)39,0

DO 1088 JJuieNJ

READ (5,409) J1,J2,(ALL(T),122,9)

1F (J1,tn,0) GO 10 1090

REAY (S,1030) fALL{1),Ic8,2v)

FOHMAT (16F5%,0)

1F CJ1)GT, ¢, UR, J2, LT, NJMAX) PRITE (4,410)
WAIVTE [5,1080) J1aJe, (ALLI3)»1=s 7Y ALLCIOY  ALLED) s ALLCYY, (ALLILY,
11211.20)

FUAMAT (TU1T,2F0,2,FB. 2 Fb 20 FT, 0,F0,0,F7,0,F0,1,F7.1,)Fb6,2,3F%,2
L.FT,.2,305,.2)

TAzl,

Tz,

ALLI2)=RATF (THaAALLER))

ALL(Y)sHEIL(TASALLEY))

ALY cHATE(TasaLL (1))

ALL(S)anwATE(TARALLLY)Y)

DU 1bn Is1s,1h

MU 2HATF (YAsALLIL)Y)

hey 19 Jedl, )2

1F (mCuahigt, 1), E0,0) GU 1O 1060
LIQUSIEYNALYINN 3

&
i
g
e
-
.
sl

1060

1070
1080
109¢

Ilon

f1hho
¢

clll:

11a9

1150

1160

1170

I1NPYT

NODNDK ¢ J)walL(3)

COLTOK (JYaALL(4)

CULFDR (D) aALL(Y)

b0 1000 Inl,d

K=12s]

TYPEDK(J, [)=alL(K)

TC=y,up3281+430J)/7V0L(J) /80000,

RENHLEIY=TASTCALL(S)

nLuP(Jjnvnnvc-ALL(1)

DALG(JYSTASTCo(ALL(BYI=ALL(9))

ARFNCII=TARTCaaLL (1Y)

1CxiICay000, . N

no 1079 lat,u .

Kcioel

TYIETL¢J  1)IALL(KYSTG

INYPREVIANERE!

RACJIY=atl (12)

CUNEINpL f

cun T It

wHITE (6,1100) [TYPEEQUI),T101,3),(nTEN(I),In1,2)

FORARE (1gaTOICHIOMETRIC EQUIVALENEE BDETWEEN OPTIUNAL CONSTITUENTS
Y/, 7 pURST i) ) DECAY TO CUNST Ng 2,',F8,2,7' CONST NUO 2 DECAY TQ
¢ LT N 3,0, k8,270 CUNST NU 3 OFCAY T0O CUNIT NO &,0,F8,2,7/7' RA
MIE COEFFICIENT TULMPLAATUPE ADJUSTHENT CUNSTAMT FOR',//% HUD
U, FR0,3,/) ALL DTHERS,}F10,.3)

comITapt

METERO OGICAL CUONDITIUONS

IF (NTFEMP(A) NE 1) CALL METOAT (~y,TEHP)

1F INTERP(T) 0,1, AND NTEMP () ,ED, 1) GN TO |ITO
IF (MIpP (), HE,1) GO TAQ 1130

N0 112a J=1,NJ

AAt])=n,0

RY(S)=10090,

COMTINGE

ng g J=i,NJ

RQAaldiza,

(HgRLyz0,

1F (HCuaM{d, 1) ,EQ,0) GO TO 1140
PURA{J)20,4l40,0974anINDA(J)Re2
RUPA(JYZNORn(])ea5(J)43,281/VDL(])
0"“4(J)=AMA*I(Puﬂn(J).HONH(J))

AR Y= AMAX L (ORNIED Y ,AN(J))

DRGLCI =AM IR (DRUR Y)Y , 01 (¢0))

(SRR EIITIS

WRITU 044 150) (J,RORH(JY,nUHR L), OROREDY , Jul, NY)
FORMET ('0 PLUA AND WIND IMOUCED REAERATIUN CUEFFICLENT AND cCOEPP,
1 UBED aY NODE, 1/DAYI/Z(S(18,3Fb,31))

Tacel,

Die Ylon J=i,MJ

¢ (HLwamM(J,1),82,0) LD TO J1i60

M ST sRATE LEASORDI()))

curtr

TF (NI nP(9) NELT) CALL HETDAT (0, TEMP)

rus Tt

CIRATER]

END
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NETOATY
SUBROUTINE HETDAT (JIX1P,Tw)
Canaan -
[+ THIS ROUTINE USES ARC JIN AND ARC g0 LIBNHARY FUNCTIOND,
¢ THESE FUNCTIONS ARE 3PELLEN ASIN aAnD ACUS IN THES COOE,
Cannns
COMHON/HTSC /NI NO NP, NDYN, NHNU, ML 1M, DELT, IPAGE ,NHYD, [DAY, 10ELT
1, wJP, TEEXPLOT, 13KIPL10), ALL (50), TOYNES2).TITLE(20),TITL(20)
2, NOPERH(52), IPCYC.LOAY,NCYCH, 1NOUAL

cQ“MON/Al/(LlI(o) ILﬂV(o),Iuﬂhtbl,CLOUO(EB;&).DBI(25:0).Hu'(15'6)
', APP(25,6),IND(25,4),UNA(2Y,4)s6A(25,0)

cunuau,n51/~4tnh s JRIUNE (6, 2),FUME(200),FIW0(200)

1, FYL220),0%3(20,0),wINDA(200)

DIHENSIUN ALPH(B), BETA(A), 4(4), n(4) ,TniROV)

¢
DATA ALPHIL,05,5,10,2,09,-2,04,~%,94,-22,29,-u0,8),-0606,%0/
DATA BFT1A70,922,0,710,0,9%4,1,2b5,4,659,2,151,2,761,3,511/
nata A/l.]F 2,20, 0 95%,0,3%/
natA Bs=0, 71,-0 91,-0 71:-0 uy/
DATA Pp/3, |u159/. Aduns0,3553333/7, pYDRZ0,01745%/

4
RO(K) #4000, =Cl(Xm3 ,9R)An2a(Xe283,))/7(503,57a(x46T7,20)))

c

tF CJswlP) 100,210,290
100 cONTItat

aLA0 (5,110) NW208E,OAY,EP3,AA, B8, pEN
150 FURMAT (15,10FS,0)

1F (88LE,0,0) bi43],SE«9

n 200 L=|,NWINNE

READ nUMDERS OF JUNCTIUNG OELIMITING Tuk HMEATHER 2DNE, THE LATITUDE

ANO (OHGTTROE, AYD ATHASPHERIC TuHBIDIYY (2 FOR CLEAR, UP TO 3 FOR 3MO
ALAD (6,120) (JWZONE(L,dY,J2L,2) »XLATEL)  XLON(L) s TURB(L)

120 FUAMATL (215,10F5,0)

[z ¥aK s

Jial
DO LUy J&yi,2%5

AEAD CLUUU COVEN FRACTIUN(PCT), DRY By U{CI,WET BULB(C),ATHUIPHERIC PR
(M3}, AND WIND IPLEQ(M/YEC)

(g FeRule)

QEAD (5,110) J2,(ALLLI),1™),5)
CLOUD( y2,)2aLL())

oHT(J2, L)=aLL(2)

WTLJ2, L)ascL ()

PRI, L) =000 ()

WINGEIa L) saLL ()

[F (J27L0,1) GO 10 Yubd

NHE 2w )=}

1F (NHLF D) G0 Tu {40

pi) 130 Nxy,nuH

JI= a1y

T30 LAT(NY/FLOAT (NN L)

T2l Valbd

CLOUNE 1S, L)2CLNUD(J2, L) #TASCLOUD( S, L) 1B
DUT (I, LYaNAT0S2, L)« TA¢DAT(JI,L)*TH
WSS, L)~ (J2,L)ATAenDI(J1, L) 1h
ARPHCII, LI APREI2,L)aTACAPRIL, L) ATA

¢

Cavas

¢

ol

HETOATY

130 wlNu(Jq-L)-wxno(Jz.L)-!Aonlnotda.giatn
1F (J2,E9,25) GO YO 10

1ag JirmJ2

150 CUNTINUE

AMERDE|Sa {FIX(XLONCL)/Z15,0)

DELTINEPBa(SHLRD=XLON(LY)/Z1%,0
COMPUTE DECLINATION,SUNUP, BUNSET, AND
CONITANTY USED §N RADIATION COMPUTATLON

DECLPU U0G24CUS(0,007214(172,0- Dnyi)
TAalAN(XthlL)|D]UR)'IAN(DECL’ ‘.

Canann

HIRR[2 0aACOS(wTA)/P]

Cannan

c..‘..‘

cl;'l

Cavae

AUNUPE}2 , 0=HIRIDELTS

SUNSET=12,0¢HM3H+DELTS
TIaSTIN(UECLYSIINIXLAT(L)nDTUR)
T2COY(DECL)ACOIIXLATIL)#DTUR) .

RADIATION ay OIVEN INTEAVALS THAOUGHDUT A O
COHPUTE LONGWAVE ATMOIPHER, RADIATION

00 180Q NHz],24
TABL,2E=164(1,040,17ACLOUDINN,L)ae2)
nMA(NN L)-TAi(DUT(NN.L)OETJ 0)enp

SHURTWAVE 3pLAR RADIAYJON

ONI(NN,LYa0,0

TIMEENy=]

IF (TIME,LE,BUNYP OR,TINE,GE,3UNSET) GO 10 470
CLDECLAUD (NN, L)
HAaPLagTImE=12,0-DELTS)/12,0
SINAZT§¢T2aC08({HA) .

RADzHbBNAS A

A120,128+0,05¢44ALOGIO(] 0/A03(31NAY)
TASTURPG(L)«AI/SINA

RAN=RAP/EAP{TA)

RANZHADA (] ,0e,b54CL00a2)

NC=Z,0+(CLDet,0) .

IF (CLN,CT,0,95,AND,CLO,LY,0,95) G TO lé0
=i

IF (CLp,GT,0,95) NCuy

Carnan

160 ALBENOIA(NC) s (57, 32ASIN(SINA))ReB(NC)

Canann

¢

ANIHN L)zPADA(], »ALBEOU)
IF (DHSIKN,L),LT,0,) GNS(NN,L)w0,
170 cuNtinnt
180 cuNilnpt .

tazu,

ni)y 170 JJar,24

EACIS, 1 2o2 LTIAEBAEXP(=4)S5T,0/(HBT IS L)e2)0, ,09))

1F (Dkw,67,0,01) t‘(JJlL,'(‘(JJ'L) ‘PRlJJlL’.(ou"JJlL)'“"‘J’!L,’



h?1-8¢€ -

HEyYDATY

Jalb,0ELUe7,59C«TenBT(JIIL))Y-
TARTASuIND(JIoL)
190 CONTINNL |
TARTA/ >4,
Jiedw2pNE(L,])
J2=JHInNELL, )
ny 20y J=J1,J2
200 WINGA(J)=TA
RETUAN
210 contlngt
N3 20y Lz | NwINNE®
TPAGLETPAGL )
WRITE (6,220) TITLE,TITL
220 FU9UAT (11, 10X, 204840,0 TETRA TrCH, INC,'/p11X,20Ad," LAFAY
LETTE, CALLF,'7)
WHETE (6,230) Lo CINIONECL)J) o 01,28 o XLAT(L), XLON(L)
230 FURMAT (///7,20%,04MTAULE QF METEOQNLOGIC DATA FUR WEATHER TUNE ,]12
Lo tOH, pSCTION, 10,34 TO, 147,199, 12uLATITULE & LFS5,1/7,T99,12HLONGL

2TUNE & 45, 1//74 1204 HnyR WIND cLuuo bRy 4.8
3 ahes ATHUSPHERIC SHURT wAVE LONG WAVE VAPOR
¢ /7120M SPEED COVER TEMPERATURE TENPEL
SqATUAL PRESSURE SNLAK JOLAH PRESYURE
6/120H (M/5EC) FRACTION (c) tc)

1 (vy) (RCAL/M2/SFC) (KCA| /M2/3EC) (KB} /)

no 24u I=p,.20 ,

wallE rb,270) T,wIHD(T L), CLOUDLL, L) o OBV L L) o WBT (T, L) APH(TL) . ON

1s(t L) una(loL) EACT,L)
240 CcaMTlInpE

TP (Dbw,Lt,.,00) wRITE (6,450)
250 FUTHAT (*gesss DEN POINTY)

1F Nkw,61,,00) WHITE (b,260)
260 FOUMAT (1oasss nET BULATY)
200 FORMET (110, FI3,1,F10,2,F10,1,F33,0,F16,0,F12,4,F1b,4,F)2,0)
284 cOMTINUE

Ak TULN

4 CAMPUTE HEAY TRANSFER PARAMETERS,,,

290 cuntinnE

no 310 LE),H-10NE

Jied~InNE{L, 1)

JexJalnnE (L,2) .

N v J=gi,J2 ’ .

Fv(Jl=n,t

rost(Jizo,0

Fiw)ldyz0,n

1F (lagd),LE,U,0) 0D TO 30

ny 300 Jep,2u

pFzo, ir=0eaPR(1,L)

aHzTa(t1/75,0¢1,0

TF (Cin LT, A) nnzA

1F (N LT, )) Ntie)

Can LNyt HACK RaDJATION
AOL3RA T J) )4 0997,0-9,37swl{J))s(adsBNadIND(L,L))
F0, MR 3suDy s (F1ILPH(NN)=EA(L,L)=PFaODT{I,L))
FUME (JA2ans (1 L ) oA L) =FoFUNE ()
tlﬂJ(J3="UL-(dilA(HH]'PF)OU.Oolﬂll&FTND(J)
ESTALPulti Yo TaAlNN) A TH{ )

i
Samg
k)
£
-
L
L
il

R

300
3o

320

HETDAT

EVIL)mnIND (T L) ACBeAA) n(ES<EACT,LY)eEV(Y)
CONTINyYE -

CONTINYE

no 320 Juj,NJ

FONE (JjakyNE(T) 720,

FIRO(JIEFTWO(J)) 724,

IF (EVed),LT,0,0) Ev(J)np,0
EVIJ)=FVviL) /24,

RETURN

END

e



ovVrPUTY
SUBROUTINE QUTPUT (J3SKIP)

COMMONZLAB/ZXLANCLILY, YLAB (6}, TITLE (12),HORIZ (I3, VERT(6),1YNLTO
COMMON/ZPLOTZ [PLOT(U),CPLI01.0,4),nAYLIOL)oNPOINT,JPLOT(S)

i, IPP,NPP, 1PDAY(3)  NODEP (21, 2),PRUFA(21,3,4),NCONP(Y)

2, oROFA(2) .3, 4)

COPUONHTSE /M 5 ) P NDYN, NBND p ML T, DEL T, IPAGE, NHYD, TDAY, 1 DELY

1¢ WP, ILF, XPLOT, ESRIA(16),ALL(20),TDYH(52),TETLI(20),TITL(20)
2, NEPERU(S2), IPCYL LNAY, HCYCH, [NOUAL

COMMOM )G /NCHAN(200,8), FILLLLUBO0
COMMOt UURL/Z JURIN(ZNU), JUHGIN(200),JUNA(200),DIN(R00),UGIN(R00)

i, TOSTHCISN) , TOINTO(150) s NPy (150), COLTIMNCIS0),COLEINCLESO)
2, MG (IS0 ), BUNTIN(150) s UuryIl150), TENPINCLISY)

3, YYPLIAN(IS0,8), 5ALT[L(150)

4, TO5(200), T (200}, INIP(200),CilLT(200),COLF (200),b0UC(200)
S, RUBH{ZOu) (01aY (2000, TEAP{2003, TYPE(200,4), TYPEDK(2VU0,4)

b, PALG(290),N0EXC200),)RIR(L0Q), HUDCOR(200), HUDNDA(200)

1 CULTDA(2N0) ,CuLFDA(200), U587 (200),DEHN(200),BENP{L00)

énnqou,xnnf/\nals
DIMENSEUN x (103, 3),v (103, 33, NPT(Y),CONTLO0U, 1)
NOUMLE HRECTILNe uultd

AJUEHSTUS INTTA(LY)

NIMENSOY TITLEL(D,2),HORIZICI3,2),VEHTT (o)
EAnIVa ENCE (CONCL,1),TD3(1))

aEay Harb(3,1))

DATA NaAME UHTVY ,2a4H

dURTOTA, anyl N 4N JHHTOTA UHL P

i, uH LUNRIOT A aiL CO uMLEF | gHFECA, iHL CO,9HLIF ,HHCARBD
2. AWMy B, 44 D HUMNITR, 4HD WO, aHD PUHOXYG ) 4HEN  , UH

3, HHTE“P UL RAT  UHURE L uPYPP , gHCUNI, UH] | , UpnOPP , 4HGOND
[ aMl 2 LuNUPP LurCUNS, 4HT 3 ,uHOPP ,UHCONS, anT 4/

L

DATA ULLYS
I3 LLEEFAN
DATA TpiLbi/s2eUn

pUsBHUNLTS 7/
» UHCONC

2 208MNDZ100NL s JABHMG /L »8HDEG €
punlEME, U HE Y, uHTIORY 044N

V., UMENTH,AHAT O ant PU, aHUF [, gnE s daun /
2, FOLIRIWARYL] UM DAY 120y ¢ HKNDDE ) 54 4H /
3, VEPTLZ78MRG /L 4H, MPR, unUN €, JaliH /

IF (J3xIP) 470,360,100
100 cOMVINGE

110 FOHMAT (11,10X,20A4,° YETHA TFCM, INC,0/,01K,2044,) LAFAY
LETTEs rALIF,1/) .
120 FOOPMAT (50X, '0UALTITY HESULTI, DAY ju,/t JUN 103 10T N

1t 107 » T COL F CuL C d0o N 800 oxy Q AT
2TEXP cur3T | CONIT 2 COMST 3 cnnuST 4%7,6X,3(5%, tHG/LT),2() NOZ/
31004, uqSa, MG /LT ), TR,V C Y alux, UN TSI 2)
1F (IsxiP(ib)=1) 330,170,260
130 sy
Dl 160 Jay,ny
TF (NCuAN(I, L), EN,0) GO TO 160
IF (=Un{11,50),08,0) GO 10 juy
WRITE (61100 SQ1TCL,TLITL
wAIIE r0.120) JOx|P
160 TI=119y
WHIVE (001500 Jp(CON(I 1) »121,8)00a0T(0),(CANET, 1)) 189413}
150 FUHR=A]T (lbp'9.012?9.7,2£°.20259.2,3’9,11“'9.2) -
160 rout g
Qb Tykn

Esses

!

3

190
200

2o
220

230

240
250

260

210
280

290
3o0

30
320

330
4o
156

b1.1)

c.l.!

310

3o
30

490

cUsPUYY

ALTERNATEVE PHEINTOQUY

CONTINpE

WRITE go,310) JITLE,TITL

nO 250 Iej,13

IF (laniP(1),ER,1) GN TO 2590

WHTTE (6,180 (NAMECS, L), dmis ) UNTTICL),JINEP

FONNAT (/,50%,3A0,%, Y, AR, FOR Davy %,037)

GO TIN (190, 210,210,230,230,210,210,210,210,210,210,210,210),
WHUTE (b, ¢n0Y (JoCa{Ir1) o0t N)

BURMAT (10(1%,Fa,0)) .

G0 10 -2%@ . -
WATIE 16,2203 (J,CON(JsE) Bt ,N])

FULRATL (10(1S,FB,2))

a1 »%0 '

VRITE 16,200) (J.CM{J 1) odml NI)

FONMBY (Jo(lSet8,21)

CONTINNE

RLTURIN

cuny fupt

JCEQ

nn 340 [wul,13

IF (Is5wlP(l),EG,1) GO TO 3%0

1C=1C+y

IF (PUNUIC,2)4EQ,)) wHITE (6,270)
FURMAE (1H1)

WRETE (0,280) (NAMECS, [)oduls3)otUNTTOCL)+JOKIP
FURMAT (90X, 3A0, 0, 1,AB8,% FUR DAY ¢,13)
6 10 (499,310,3104330,330,310,310,310,310,310,310,310,310), ¢
WwHITL (o, 500) (J,CONCI 1)t N])
FURMAT (5(17,F9,0))

R 1D a%0

WRITE (6,320) (J,CONCI, 1Yo dat,N])
FORRAT (S(17,F9,3))

6N 10 150 ,

WHEIE ¢6,300) (J.CON(JI 1Yo JR1 N
FOAMBT (S(TT,€9,2))

CONT LML

RETuHN .

CUNTINgE

TINE H13108Y PLOTS

on 379 Jei,}

ot 3T0 Ix1,103

¥ (1o d)=0,0
Y(led)so,0

ThakPapnt 21004y

[T 1]

nty 390 I=g.10)
NSRRI AR AN D)
oty 390 1=z1,0
TUILECTISTIILEL TR, 1)
Ny wdy fsg,0
vERTClizvinl(l)

QU 4ou 31,4

st



'/ T v—-

120
439

AEY wxP15 10 0 30 X~AXI3 INCREHENTS wiLL BE PRINTED IN PPLUT

aag

059
460

t98s

are

499
500
Lo

gurrur

1F (1%.07(1),E0,0%.6n TO 440
1PatPLntl) -
TITLE(10)=NAVE(},1P)
TITLE() LY aNanE(2,1P)
TITLE(12)=NAME(3,1P)

J=20 .

hD 410 JJ=),NPOINT,.IT

JaJsit

N 410 K2y,

x(JK)2DAY(JS)

cunNlINuE

N3 (MIpw]) /0]

LLel

00 uYSu Nej NN
MTeuleg

L=LL’3

IF (NJp,GT, LY Lan)P
wx0

DU 430 MMELL,L
w=xel

J=n

nE) 420 KKRL,NPOINT, IR
Jaldel
Y(Jot}2CP (UK, HH, 1)
rotingt

NPT (K)sd

coutinpt

naPld=pn
CALL CuHVE (X Y NPT K,NT)
WRITE (h,udd) (JPLOT(LL),LI"LL,L)

FUARAT (1H0, 30X, VHOOE NUMBENRST, 15,84 » 0,15,8H # 1,15,8H n 23)

LLslel
coMrivgE
cusiivak
RETURN

CUNCERTAATIUN PROFILES

cUNTINE

MNhe(

n) 4o [xy,21

Ny 090 J=1,1PP

Al d) =l

no 690 Ie1,1}

w2 LI enNRITICL, 2)

ny Soev I=x1,9
TITLECT)RTITLEI(T,2)

i %10 I=z1,0

vERTI javeaTi(])

) %%v 11:1,4 '
1F (~Conk (111 ,Eu,4) 50 10 3%
el P (1Y
YLTLECqurzsart (L, ])
TINE(lYaianE(e,])

RN A SESERILINS PR 8

L . e

DO 380 Llwyi,NPP
NNmNNe |
nY 950 Jwg,}pPP
NPT(J)=21
tF (1.g0,2) GO TO 330
Do 520 K=1,21

520 v(X,J)=PROFA(K,J,11)
G0 10 %50

330 Dy SUv K3y, 2|

SU0 Y(X.J12PROFBIK,J, 1)

550 cuntlinnt

SET HxPT3 10 21 30 PRINTING OF XeAXIS INCREMENTA IN PPLOT wiLL O BUP

NxPT3231

CALL COMVE (X ¥, NPT, IPP, NN}

RUTTE (o,960) (NOLDEP{J»1)sdn1;
S0 FURMET (11S5,201%,7,75%, 18UNEY)

ovVryrpPuUTY

1)

KHETE (6,570) (1PDAY(J),J31,1PP)

STQ FURMAT (30K, 'UAY UF THE YEARY,
S80 CUNTINUE
590 CuMINHE

RETURN

£ND

150 @ 0,195,484 & 1,]3,84H » )

il
Wkl



2 9:1-8S¢€~-72

[a X2 N 2]

aoa

265

50

260

270

3o

310

PYNE

QUBRUUTINEG PINC(XL, Y1 N2,Y2,NIYM, NeT)
COMMUN,BIG/Z IPACELLIS24T),A(S51,101)
OIMENITON 3YM(])

BATA SvyHZ1HO, ML LIM27

AXAEX]

ARz X

AyAsY]

AY#aY2

[YER )

IF(AY37AXE=AXA) LT, ABI(AYB=AYA)) Gn TO 290

SET PARAMETERS FOR X DIRECTION

TF{AXNGT AXA) GO TO 245
AxA=X2

axd=x]

Avaay

AYHsY]

cnvYIngE

TRAzARA+,S

{xhzAxae G

|YA:A110,5

{YRsdvas ,§

cuwllnqt

IFOLXA LT, 0,0R, 1XA,GT,100) GO YO 250
JFCIYAa.LY,0,0R, [YA,GT,50) GO TO 240
A(SL=)yA, 1XA4LIa8YH{NIYH)
contiNug

txazlnast
TAI(Ne(AYHaAYA) )/ (AXBuAKA)
TrAZATA+YASD,S

YENER]

IFCLXATLE  IXBY GO TO 250
i3 T avO

SET PAAHETERY FOR Y DIRECTION

CONTIGE

1F(AYZ 6T, AYA) GO TQ 295

Avdary]

Avdoy?

Axnzxy

AXaxsp

cuMT gk

IxAzAXA®,S

Jxazannt g

tYA=zdras,5

IREEES XY
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EXHIBIT E

b

2. Water Use and Quality

Comment 36 (p. E-2-112, para. 2)

Estimate the probability and magnitude of supersaturated water passing
through Watana and Devil Canyon reservoirs. Include specific estimates for
water entering Watana reservoir, the likelihood of supersaturated conditions
persisting through the reservoirs to the intake structures, any differences
between saturation values of water entering outlet facilities and the tur-
bine intakes, potential for air entrainment at both outlet facilities and
the turbine intakes, and a description of the processes affecting supersat-
uration at the turbine outlet facilities.

Response

At present, no information is available on the Tlevel of gas saturation
Tevels in waters entering the upstream end of the proposed Watana Reservoir.
Therefore, no definitive statement about the probability and magnitude of
such an occurrence can be made. It is assumed, however, that no supersat-
uration problem will exist in Watana Reservoir because of 1) the Tow poten-
tial for any sources of saturation above the proposed Watana Reservoir due
to the low gradient of the river and lack of major turbulent areas, 2) the
long residence time of water passing through the reservoir, 3) wind- induced
mixing, and; 4) contributions of additional water from tributaries.
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Intake facilities at both dams will be designed to prevent entrainment of
air because such entrainment can Tlower the efficiency of the turbine and
cause structural problems. The outlet facilities will have a subsurface
discharge that will not entrain air and therefore will not increase
saturation,

Cone valves will be provided in both dams to pass any discharges up to the 1
in 50 year flood. These structures are specifically designed to prevent
supersaturation. Any discharges above the 1 in 50 flood will be passed over
the spillway at each dam. These spiliways will be designed to avoid or
minimize any supersaturation problems. The final design of the spillways
will follow the testing of a physical model before final design of the pro-
ject is compieted.

Water 1leaving Devil Canyon could be supersaturated even if no supersatura-
tion were added by either dam. This is because supersaturation naturally
occurs due to turbulent mixing at the rapids in Devil Canyon below the Devil
Canyon damsite. This naturally occurring supersaturation would be generally
lessened under the operation of either dam. The reason for this is that,
under natural conditions, there is a positive correlation between increases
in flows and increases in supersaturation values (see attached Figure
41-3-45 from ADF&G 1983). This is probably related to the increase in tur-
bulence and entrainment of air associated with increased flows. Under
- operation, the incidence of these higher flows will be diminished as would
the corresponding supersaturation levels.

References
Alaska Dept. of Fish and Game. 1983. Susitna hydro aquatic studies phase

Il basic data report. Vol. 4. Aquatic Habitat and instream flow
studies, 1982.

2-36-2




c-a5-7

cS

SATURATION OF DISSOLVED GASES

PERCENT

] T 3 ] ooy B B I B
Total gas saturation — — —and-. ..
Nitrogen sofuration ———

120 .
Oxygen saturation
¥ Hashmarks indicate oreas of rapids

Gold Creek Discharge =32.3
Hs— ‘
.
10— 4N
\‘ ’
~ )
N
\ ‘.\
\ '\. ./." ''''' -

msJ \ N "/ R

100~

35 f | | T T 1 1 l T l f f 1

7 8 9 10 ] 12 13 14

| 2 3 4 5

MILES ABOVE MOUTH OF PORTAGE CREEK

6

Figure 4I-3-45. Concentration of dissolved gases in the Devil Canyon rapids complex.




EXHIBIT E
2. Water Use and Quality

Comment 38 (p. E-2-117, para. 2)

Describe the uncertainties associated with data collected during this
period.

Response

Differences in the measured and simulated temperatures in the Eklutna Lake
study (Acres American 1983, R&M 1982) may have resulted from uncertainties
associated with the data collection and lake temperature measurements.
Breakdowns of the instruments at the Eklutna Lake station resulted in data
gaps in July and August. The missing data which occurred in periods of July
5-14, 16-21, 24-31, and August 1-11, 13-27, 1982, had to be estimated from
the nearby stations (Figure 1) Tlocated at Palmer (Matanuska Valley Agricul-
tural Experiment Station), Anchorage International Airport, and Chugach
State Park Eagle River Visitor Center (Paradise Haven Lodge). Estimation of
these missing data are the major sources of the data uncertainties.

The uncertainties associated with the estimation of the missing data are
described below:

1. Air Temperature:

The missing air temperatures at the Eklutna Lake station were estimated
from the nearby stations, Chugach State Park Eagle River Visitor Center
(11.4 miles southwest of Jlake, 630 ft. above mean sea level) and
EkTutna River Hydro Power Station (10.8 miles north-norhtwest of lake,
38 ft. above mean sea Tevel).
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Wind Speed and Direction:

The missing wind speed and direction at Eklutna Lake were estimated
from the station at Palmer.

Vapor Pressure:

The vapor pressures were converted from the relative humidity data.
This was done by utilizing an empirical function of temperature to com-
pute saturation vapor pressure at the average daily air temperature,
which in turn was multiplied by average daily relative humidity. The
missing relative humidity data for the periods were estimated from wind
direction at the Eklutna Lake station. '

Solar Radiation:

The missing data at the Eklutna Lake station for these periods were
estimated from the Palmer and the Anchorage stations.

Cloud Cover and Long-Wave Radiation:

Due to various problems with power and connections to the instruments
at the Eklutna Lake station, the cloud cover data obtained from the
Anchorage station were used to estimate the long wave radiations.

Precipitation:

During the aforementioned periods, the precipitation at the Eklutna
Lake station were estimated from the Chugach State Park Eagle River
Visitor Center Station. From October through December the rain gauge'
experienced icing problems, therefore, the data from the Eagle River
Visitor Center station were used.
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7. Measured Temperature Profiles:

Error in measuring temperature profiles could occur from instrument's
calibration being disturbed during relocation or operator error in
reading the analog readbut or instability in the temperature digital
readout. In some cases during active convection, the instability in
temperature would occur longer duration.

References
Acres American Incorporated, “Susitna Hydroelectric Project, Feasibility
Study - Supplement, Chapter 8: Reservoir and River Temperature Studies,"

prepared for Alaska Power Authority, 1983.

R&M Consultants Incorporated, "Susitna Hydroelectric Project, Glacial Lake
Studies," prepared for Acres and Alaska Power Authority, 1982.
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EXHIBIT E

2. Water Use and Quality

Comment 45 (p. E-2-133, para. 3)

Provide data for each fraction of nitrogen and phosphorus used in the calcu-
lation of the N:P ratio in Susitna River water.

Response

The mass ratio for N:P of 28:1 listed in the FERC License App1jcation on
page E-2-133 was derived from data on concentrations of inorganic nitrogen
fractions and inorganic soluble ortho-phosphorus found June 1980 and 1981
in Susitna River water samples (see attached excerpts from R & M 1981 Water
Quality Report, Tables 3.1 and 4.1).
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TABLE 3.1}

| R&M CONSIGLTANTS, INCT "}
1980 WATER QUALI\Y DATA - SUSITNA RlVER ;

7TAT VEE CANmB‘,

= S ———e

NOTE: Dash indicates data net available.

q Date Sampled
‘ 6/19/80 8/8/80 9/5/80 9/17/80 10/17/80
N7 e .

F et

- Field Parameters (1

Dissolved Oxygen 12.4 ———- -——- 9.7 13.8
Percent Saturation 98 === -—-- 84 104
pH, pH Units 7.8 7.9 7.8 7.6 7.8
Conductivity, umhos/cm @ 25°C - 144 171 124 142
Temperature, °C 5.7 9.3 5.3 5.9 -0.1
Free Carbon Dioxide (2 2.0 1.7 3.6 4.5 5.5
Alkalinity, as CaCO, 47 54 81 63 88
Settleable Solids, mi/l 0.1 <0.1 <0.1 <0.1 <0.1
Discharge c.f.s. 24,800 17,300 5,040 14,200 <5,000

Laboratory Parameters ECY

“Ammania Nitroger} 026 - 0.10 . <0.05 0.26
Organic N‘x;:r?c;gen <0 1 ———- 0.22 0.82 0.28
Kjeldahi Nltrogen 0.26 ~-=- 0.32 0.82 0.354
'Nltﬂrate Nltrogen 7 m' 0.15 0.15 0.09 <0.10

_ Nitrite Nitrogen { _<o.ot # === <0.01 <0.01 <0.07
Total Nitrcgen 0.45 -——-- 0.47 0.71 0.54

" Ortho-Phasphate RIXE 0.03 0.05  <0.05  <0.01
Tatal Phosphorus Q.05 0.03 g.08 0.10 <0.01
Alkalinity, as CaCC)3 ) m—-- ———— -——- —-—- 66
Chemical Oxygen Demand 28 13 ———- ———- 6

susi4/u , 3.3 B 2-45-3




TABLE 3.7 - CONTINUED

Date Sampled
6/19/80 8/8/80 9/5/80 9/17/80 - 10/17/80

Laboratory Parameters (1)
(continued)
Chloride 3 9 11 8 18
Conductivity, umhas/cm @ 25°C 150 -—-- ———— -——- 190
True Color, Color Units ———— 40 10 45 10
Hardness, as CaCO3(4) 51 76 -89 55 a0
Sulfate 4 9 9 7 13
Total Dissalved Solids 70 90 114 38 115
Total Suspended Solids 242 310 25 132 8.3
Turbidity, NTU 84 §7 10 33 1.8
Uranium -———— <0.05 ———- ——— ———-
Radioactivity, Gross Alpha, pCi/I ———- 11.640.6 ---- ——a- ceee
Total Organic Cérbon -———— ———- ———— ——— ————
Total Inorganic Carbon ~——- -———- -——- ———- v 21
Organic Chemicals
Endrin -—=- <0.0001 ———— ---- ----
Lindane - <0.001 -—-- --—- ----
Methoxychiar -—-- <0.05 ———- ———— -==-
Toxaphene -—-- <0.001 -—-- === -—-=
2, 4-D ---- <0.05 ---- ---- ----
2, 4, 5-TP Silvex ———— <0.005 - -——- -—-=
{CAP Scan
Ag, Silver <0.05 <0.05" <0.05 <0.05 <0.05
Al, Aluminum 1.6 . <0.1 0.28 2.2 0.18
As, Arsenic <0.05 <0.1 <0.1 <0.1 <0.1
Au, Gold <0.05 <0.05 <0.05 <0.05 <0.05
B, Boron <0.05 <0.05 <0.05 <0.05 <0.05

2 —d5-4
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= TABLE 3.1 = CONTINUED

Date Sampled
6/19/80 8/8/80 8/5/80 9/17/80 10/17/80

Laboratory Parameters (13
T (continued)
= Ba, Barium <0.1 0.1 <0.05 0.07 <0.05
| Bi, Bismuth <0.05 <0.05  <0.05  <0.05 <0.05
- Ca, Calcium 13 16 22 18 28
cd, Cadmium ‘ <0.01 <0.01  <0.01  <0.01 <0.01
- Co, Cobalt <0.05 <0.05 <0.05 <0.05 <0.05
Cr, Chromium <0.05 <0.05 <0.05 <0.05 <0.05
g Cu, Copper <0.05 <0.05 <0.05 <0.05 <0.05
@ Fe, lron - 2.1 4.0 0.48 2.7 0.37
Hg, Mercury <0.05 <0.1 <0.1 <0.1 <0.1
8 K, Potassium <1.0 2.3 2.1 5.0 <1.0
| Mg, Magnesium ) 1.4 3.4 3.1 1.2 4.5
- Mn, Manganese <0.05 0.10 <0.05 0.07 <0.05
j Mo, Malybdenum <0.05 <0.05 <0.05 <0.05 <0.05
- Na, Sodium 2.6 2.4 5.1 3.5 7.2
‘ Ni, Nickel <0.05 <0.05 = <0.05  <0.05 <0.05
o Pb, Lead <0.05 <0.05 <0.05 <0.05 <0.05
Pt, Platinum 1 <0.05 <0.05  <0.05  <0.05 <0.05
Sb, Antimony <0.1 <0.1 <0.05 <0.1 <0.1
m Se, Selenium <0.05 <@.1 <0.1 <0.1 <0.1
Si, Silicon 4.8 5.3 3.6 6.9 4.1
B Sn, Tin <0.1 <0.1 <0.1 <0.1 <0.1
Sr, Strontium 0.05 ~0.08 0.07 0.07 0.10
m Ti, Titanium 0.13 0.24 <0.05 0.17 <0.05

- susi4/u 325




TABLE 3.7 - CONTINUED

Date Sampled

6/19/80 8/8/80 8/5/80 8/17/80 10/17/80
l.aborateory Parameters (13
(continued)
W, Tungsten <1.0 <1.90 <1.0 == <1.0
V, Vanadium <0.05 <0.05 <0.05 <D.05 <0.05
Zn, Zinc ' <0.05 <0.05 <0.05 <0.05 <0.05
Zr, Zirconium <0.05 <0.05 <0.05 <0.05 <G.05

(1)
(2)

(3)

(4)

Table values are mg/l unless noted otherwise.

All values for free CO, determined from nouiograph on p. 297 of

Standard Method, 14th gdition.

Samples for all parameters except chemical oxygen demand, dissolved
and suspended solids, and turbidity were filtered.

Hardness calculated by R&1 personnel.
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TABLE 4. "l ;-
R&M CONSULTANTS, NG

i, e b B e e vt S i 17 IO R

"1981 WATER QUALITY DATA - susiTNA RIVER

1 “TAT_VEE CANYON |
E|
‘ NOTE: Dash indicates data not availabie
;i Date
3 1/13/81  5/20/81  §/18/81 ] TT6/30/817
i
2 Field Parameters .
= Dissolved Oxygen _ 10.7 10.4 -——-- 11.6
3 Percent Saturation ° 84 a3 == 99
L pH, pH Units 7.2 6.6 7.8 7.7
E’ Conductivity, umhos/cm @ 25°C 242 100 120 124
Temperature, °C 0.1 6.5 11.9 7.9
i Free Carbon Dioxide (% 20.0 - 3.2 2.2
_' ‘ Alkalinity, as CaCO3 8g ——--- 79 41
1 Settleable Sotids, mi/l X0.1 <0.1 <0.1 <0.1
- Discharge c.f.s. 1,800 9,810 11,600 13,700
.j""‘ Laboratory Parameters (M)
1 " Ammonia Nitrogen | <0.05 0.13 oz <0.0
Organic Nitrogen 0.85 0.34 0.63 0.39
-1 _Kjeldahi Nitrogen 0.85 0.47 0.75 0.39
g ' Nitrate Nitrogen.. <0.1 <0.1 T KEAGL <0.10 ¢
1 N»trite N‘nmgenﬂ <0.01 <0.01 <0 OTM <Q. Q;}
4 Totat Nitrogen 0.85 0.47 0.75 0.38
N " Ortho-Phasphate <0.01 <0.01 <g.01 G.4g
; 3“ - Tota! Phosphorus 0.07 <0.C5 ‘E“E}MTJ?MM_- - ‘('3"‘219
Alkalinity, as CaCO3 . ———— ———- - -—--
o Chemical Oxygen Demand 12 8 3 18

susi9/j 4 -5




TABLE 4.1 - CONTINUED

Date
1/13/81 5/20/81 6/18/81 6/30/81
Laboratory Parameters (1(3) (Cont'd)

Chloride 18 4.5 5.0 5.0
Conductivity, umhos/cm @ 25°C -———- ~——- —-—- ——
True Coior, Color Units 10 15 5 20
Hardness, as CaC03(4) 121 40 49 59
Sulfate 16 4 8 7
Total Dissolved Solids 149 100 170 91
Total Suspended Solids 0.8 a3 340 130
Turbidity, NTU 0.35 25 66 29
Uranium <0.05 -———- ———— ———
Radioactivity, Gross Alpha, pCi/l 10.3%20.6 - --=- -=--
Total Organic Carben 23 40 11 23
Total Inorganic Carbon 106 45 45 - 59
Organic Chemicals :

Endrin <0.0002 -—-- === <0.0002

Lindane <0.004 -—-- ———- <0.004

Methoxychlor <0.1 -—-- ———- <0.1

Toxaphene <0.005 -—-- ———- <0.005

2, 4-D <0.1 . ———— ---- <0.1

2, 4, 5-TP Silvex <0.01 ———— -—-- <0.01
ICAP Scan

Ag, Silver <0.05 <0.05 <0.05 <0.05

Al, Aluminum <0.05 <0.05 <0.05 <0.05

As, Arsenic <0.10 <0.10 <0.10 <0.10

Au, Gold ‘ <C.05 <0.05 <0.05 <0.05

B, Boron <0.05 <0.05 <0.05 <0.05

susi9/j 4 - 6 Z —45'8/
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TABLE 4.7 - CONTINUED

Laboratory Parameters M {Cont'd)

Ba, Barium
Bi, Bismuth
Ca, Calcium
Cd, Cadmium
Co, Cobalt
Cr, Chromium
Cu, Copper
Fe, Iron

Hg, Mercury
K, Potassium
Mg, Magnesium
Mn, Manganese
Mo, Moelybdenum
Na, Sodium
Ni, Nickel

Pb, Lead

Pt, Platinum
Sb, Antimony
Se, Selenium
Si, Silicon

Sn, Tin

Sr, Strantium

Ti, Titanium

susig9/]

Date
1/13/81 5/20/81 6/18/81 6/30/81
<0.05 <0.05 0.07 0.11
<0.05 <0.05 <0.05 0.19
36 13 16 19
<0.01 <0.01 <0.01 <0.01
<0.05 <0.05 <0.05 <0.05
<0.05 <0.05 <0.05 <0.05
<0.05 <0.05 <0.05 <0.05
<0.05 0.08 0.05 0.07
<0.10 <0.10 <0.10 <0.10
2 1.6 2.0 .
7.6 1.7 .0 .8
<0.05 <0.05 <0.05 <0.05
<0.05 <0.05 <0.05 <0.05
5.6 2.0 3.3 4.6
<0.05 <0.05 <0.05 <0.05
<0.05 <0.05 <0.05 <0.05
<0.05 <0.05 <0.05 <0.05
<0.10 <0.10 <0.10 <0.10
<0.10 <0.10 <0.10 <0.10
5.0 1.7 2.0 2.8
<0.10 <0.10 <0.10 <0.10
0.13 <0.05 0.06 0.07
<0.05 <0.05 <0.05 <0.05
4 -7 e -H45-




TABLE 4.1 - CONTINUED

Date
1/13/81 5/20/81 6/18/81 6/30/87
Laboratory Parameters (13 {Cont'd)
W, Tungsten 0.4 <1.0 <1.0 <1.0
V, Vanadium <0.05 <0.05 <0.05 <0.05
Zn, Zinc <0.05 <0.05 0.07 <0.05
Zr, Zirconium <0.05 <0.05 <0.05 <0.05

(1)
(2)

(3)

(4)

Table values are mg/l unless noted otherwise.

All values for free CO, determined from nomegraph on p. 297 of
Standard Method, 1l4th &€ditionm.

Samples for all parameters except chemical oxygen demand, dissolved
and suspended solids, and turbidity were filtered.

Hardness calculated by R&4Y personnel.
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EXHIBIT E

2. Water Use and Quality

Comment 46 (p. E-2-136, para. 4)

Provide data on water quality, including nutrients, dissolved oxygen, and
trace metal concentrations in Alaskan reservoirs of similar depths and in
similar climatological regimes during and after filling.

Response

To our knowledge there are no Alaskan reservoirs of similar depths and
similar climatological regimes from which to derive the data requested.

2-46-1
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EXHIBIT E
REVIEW STAGE 3

2. Water Use and Quality

Comment 47 (p. E-2-165, para. 4)

Provide a 1ist of differences and similarities among Lake Ekiutna, Watana,
and Devil Canyon, including physiographic characteristics (e.g., depth,
area, aspect, shoreline development) known to affect responses of reservoirs
to meteorological changes and thermal characteristics.

Response

Table 1 provides a Tist of differences and similarities among Lake Eklutna,
Watana, and Devil Canyon. Watana will have a much larger drainage area and
a substantially greater inflow than Eklutna. However, the most notable
difference between Lake Eklutna and Watana will be the size difference.
Watana will be longer, deeper, wider, and have a much greatek surface area
and storage capacity. The shoreline length and shoreline development will
also be greater. Maximum drawdown at Watana will be two times the drawdoﬁn
at Eklutna. The Tength to width ratio at Watama will be approximately four
times that at Eklutna. Eklutna is approximately 5 miles from the glacier,
whereas Watana reservoir will be approximately 85 miles from its glacial
source. This has a significant impact on the inflow water temperature dur-
ing summer.

The similarities between the two reservoirs are also noteworthy. The per-
cent of the drainage areas covered by glaciers are 5.9 and 5.2 percent for
Watana and Eklutna respectively. Both reservoirs are glacially fed and have
high a sediment input. Suspended sediment size distributions for both
reservoirs indicate that a large fraction of the inflowing suspended sedi-

‘ment is finer than 2 microns. The ratios of live storage to total storage

and the mean residence times will also be similar.

2-47-1




A comparison of Eklutna and Devil Canyon reservoir yields similar findings.
Devil Canyon will be four times longer. It will also be much deeper and
have more than twice the surface area and storage capacity. Discharge and
distance downstream from the glaciers are greater significantly for Devil
Canyon. Mean residence time for Devil Canyon will be much less than for
Eklutna.

The percent of the drainage basins occupied by glaciers is virtually the
same for both Eklutna and Devil Canyon. Although sediment input will be

reduced because of the presence of Watana reservoir, Devil Canyon is expect-

ed to be turbid because of the fine suspended sediment particles passing
through Watana. Maximum drawdown at both Eklutna and Devil Canyon will be
similar.
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TABLE 1

COMPARISON OF BASIN CHARACTERISTICS

BASIN CHARACTERISTICS
Orainage Area (mil)
Glacier Areas (mi2)

% of Drainage Area
Glacially Fed
Annual Inflow (ac. ft.)

RESERVOIR/LAKE CHARACTERISTICS

Length (miles)
Maximum Depth (feet)
Mean Depth (feet)
Maximum Breadth (miles)
Mean Breadth (miles)
Surface Area (acres)
Capacity, Total (ac. ft.)

Live
Shoreline Length (miles)
Shoreline Development
Normal Maximum ETevation of

Water Surface (feet)

Maximum Drawdown (feet)
Live Storage/Total Storage
Total Storage/Surface Area (feet)
Length/Average Depth
Drawdown/Average Depth
Length/Average Width
Mean Water Residence Time (days)
Water Quality

EKLUTNA
119
6.2
5.2
Yes
234,300

7
200
121
1.0

0.76
3,420
414,000
213,271
16

1.95

868
60

0.52

121
305
0.50
9.2
646
Turbid

2-47-3

WATANA
5,180
290
5.9
Yes
5,750,000

46.3

735
250
5

1.28

37,800
9,470,000
3,920,000

183

6.7

2,185
120

0.41

250
978

0.48

36
603
Turbid

DEVIL
CANYON
5,810
290
5.0
Yes
6,610,000

28.4
565
140

1.5

0.4
7,800
1,090,000
351,000
76

6.1

1,455

50
0.32

140

1,071
0.36

71

50

Turbid
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EXHIBIT E

-
D

.,

2. Water Use and Quality

Comment 49 (Fig. E.2.63 and E.2.64)

Provide clarification of the term "water depth” used in these figures (i.e.,

- maximum depth, mean depth, or hydraulic radius).

Response
The term "water depth" used in these figures (attached in pp. 2-49-2 to

2-49-3) refers to maximum water depth in the cross-sections. That is, the
distance from the water surface to the thalweg.
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EXHIBIT E
2. Water Use and Quality

Comment 50 (Figure E.2.65)

Provide a description of the modeling procedures used to generate the water
surface elevations in this figure. Provide the appropriate reference to
Trihey's work (Trihey 1982 is ambiguous) and other ADF&G or R&M reports con-
taining data used in this analysis.

Response

As stated in the response to Comment 4, (Exhibit E, Chapter 2) the water
surface elevations (shown as solid lines in Figure £.2.65 p. 2-50-3) for
mainstem flows of 12,500 cfs and 22,500 cfs are based on water surface
measurements taken on August 2, 1982 and August 24, 1982. The water surface
elevations at ADF&G gages #129.2 WIA and WIB (station -4 + 50) for the
intermediate mainstem flows of 16,000 cfs and 10,000 cfs (shown as dashed
lines in Figure E.2.65) were obtained from the water surface elevation -
mainstem discharge relationship shown on Figure E.2.66 in the Exhibit, which
was based on observed data. The water surface elevation was assumed to be
the same at ADF&G gage #129.2 WI as it was at the upstream riffle, since
pools existed at flows of 12,500 and 22,500 cfs. Also, since Slough 9 is
not overtopped at mainstem discharges up to 18,000 cfs, outflow from the
slough is quite small and it has no appreciable effect on the water surface
profile downstream of the riffle at passage reach B. Slough flow was set at
3 c¢fs to represent a plausible worst case entrance condition during the
inmigration period for spawning chum salmon. The depth of flow through the
riffle at passage reach B for a flow of 3 cfs was estimated from water
depths recorded by ADF&G while surveying the bed profile of Slough 9 on
August 24, 1982. Slough flow was measured as 3.4 cfs on August 25, 1982.

2-50-1
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The reference to Trihey's work is given below:

Trihey, E. Woody. 1982. Preliminary Assessment of Access by Spawning
Salmon to Side Slough Habitat Above Talkeetna. Prepared for Acres American
Inc. Buffalo, New York. 26 pp.

Additional information is contained in the following references:

Alaska Department of Fish and Game (ADF&G), 1983. Susitna Hydro-Aguatic
Studies Phase II Basic Data Report Volume 4. Aquatic Habitat and Instream

Flow Studies, 1982.

R&M Consultants Inc, 1982, Susitna Hydroelectric Project 1982 Hydrographic
Surveys Report, Prepared for Acres American Inc.

2-50-2
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EXHIBIT E

2. Water Use and Quality

Comment 51 (Table E.2.2, Table E.2.4)

Provide tables of monthly average flow data at Gold Creek, Chulitna River,

| Talkeetna River, and Susitna Station for water years 1950 through 1981.

Provide corresponding monthly average temperature data at these four
stations for every month during water years 1950 through 1981 for which this
is possible.

Response

Tables 1 through 4 of this response provide monthly average flow data at
Gold Creek, Chulitna River, Talkeetna River, and Susitna Station for water
years 1950 through 1981. The flow data is supplemented with filled in data
obtained from a correlation analysis where flow records do not exist. The
periods of estimated or filled-in data are noted in each table.

Available monthly average temperature data for water years 1950 through 1981
are presented in Tables 5 and 6 for Gold Creek and Susitna Station, respect-
ively. . For the Chulitna River, there are no continuous records from which
monthly average temperature can be computed. For the Talkeetna River, the
only monthly average temperature data available is for water year 1954 and
is as follows: May 7.2°C, June 11.1°C, July 11.7°C, August 10.6°C, and
September 7.2°C.
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WATER
YEAR

/PFo
19571
g 52
1997
175%
195%
(G
7
(758
1157
/760
/961
(962
176)
764
{761
yL7AA
ial
1966

/967

1970
Akl
[+
1779
1974
1975
/77
(7T
/978
7TFT
17864
90/t

OCT

4335,
3648,
5571,
8202,
5604,
5370,
4951,
5806,
82172,
4811,
4558,
7794,
5916,
6723,
6449,
6291,
7205,
4163,
4900,

y 3
3124,
5288,
5847,
4826,
3733,
31739,
7739,
1874,
7571,
4907,
) 7311,

7725,

|
hJ/USL<,l|AS KEVICED 1 GUEY (il
3 '

3

‘NOv

2583,
1300,

2744, "

3497,
2100,
2760,
19200,
3050,

3954,

2150,

2850,

3000,

2700,

2800,
2250,
2799,
2098,
1600,

2353,
13
1215,
3407,
Jool,
22513,
1523,
1700,
1993,
2650,

3520,

2335,
4192,

3988
ALY

i

IEC

1439,
1100,
1700,
1700,
1500,
2045,
1300,
2142,
3244,
1513,

*2200.

2694,
2100,
2000,
1494,
1211,
18314,
1500,
20595,

866,
2290,
2510,
1445,
1034,
1603,
1081,
2403,
2589,
16681,
2416,

LA,
{5

I

TABLE |
GOLD CREEK MONTALY rrow (cFs)

USGS GALE |5 292000
JAN FEB HAR APR HAY
1027, 788, ¢ 724, 870, 11510,
940, 820, ° 740, 1417, 14090,
1600, 1000, 880, 920, 5417,
1100, 820, 820, 1415, 19270,
1300, 1000, 780, 1235, 17280,
1794, 1400, 1100, 1200, 9319,
280, 270, 940, 950, 17660,
1700, 1500, 1200, 1200, 13750,
1965, 1307, 1148, 1533, 12900,
1448, 1307, 980, 1250, 15990,
1845, 1452, 1197, 1300, 15780,
2452, 1754, 1810, 2450, 17340,
1900, 1500, 1400, 1700. 12590,
1600, 1500, 1000, 830, 19030,
1048, 966, 713, 745, 4307,
940, 860, 900, 1360, 12990,
1400, 1300, 1300, 1775, 9645,
1500, 14Q0i> 1200, 1167, 15480,
1981, 00, 1200, 1910, 16180,
C G e il righy
824, 748, 776, 1080, 11380,
1442, 1036, 950, 1082, 3745,
2239, 2028, 1823, 1710, 21890,
1200, 1200, 1000, 1027,  B235,
- B74, 777, . 724, 992, 16180,
1516, 1471, 1400, 1593, 15350,
9724, © 950, 900, 1373, 12420,
1829, 1418, 1500, 1660, 12680,
2029, ' 1648, 1605, 1702, 11950,
1397, 1284, 1200, 1450, 13870,
1748, 1446, 1400, 1670, 12060,
A5t 1234, M4, 1348, 1337,
€073 19 7S5 /58y 2040 [LI5O
O R S T I S O R
w
3 3 3 3 3

JUN

19600,
20790,
32370,
27320,
29250,
"29860.
33340,
30140,
25700,
23320,
15530,
29450,

43270, °

26000,
50580,
235720,
32950,
29510,

18630,

32930,
34430,
27800,
17870,
32310,
24380,
37970,
19050,
244690,
29080,

1-0443,
/9300

SNRAN I

JUL

24600,
2570,
26390,
20200,
20360,
27560,
31090,
23310,
22880,
25000,
22980,
4570,

2
"
s

[ZT0 5 I RN N B S I )

342 '
Ib]o.

18280,
18800,
27720,
18940,
22870,
21020,
28880,
326460,

32000,
357490

AUG

19880,
19470,
20920,
204610,
26100,
25750,
24530,
20540,
22540,
31180,
23590,
22100,
23550,
23670,
16440,
21120,
21830,
32620,
17170,
nzgig.
19980,
31910,
19290,
20290,
16220,
16090,
19800,
19240,
16390,
20460,
20940,

385348,
3 #8740

SEP

8301,

21240,
14480,
15270,
12920,
14290,
18330,
19800,
7550,
16920,
20510,
13370,
15890,
12320,
9571,
19350,
11750,
16870,

B ]
9121,
14440,
12400,
9074,
2230,
16310,
6881,
12640,
8607,
10770,
13280,

R e i
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