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INTRUDUC TICON

SINCE THE BEGINNING OF THIS PROJECT WQ-ARM HAS BEEN CHANGED IN
MANY WAYSs NOT ONLY WITH RESPECT TC THE FORMULATIONS BUT ALSO
WITH RESPECT TO THE NAMES OF PARAMETERS. MANY NAMES WERE CHANGED
IN ORDER TO FIT INTD A MORE SYSTEMATIC {ENGLISH) NCMENCLATURE.
NOW THE MODEL HAS REACHED ITS MORE CR LESS FINAL VERSION AT
LEAST WITHIN THIS PROJECT, THE TIME HAS CUME TC LIST AND EXPLAIN
ALL THE PARAMETERS. SUCH A LIST WILL BE BASIC TD A MANUAL, WHICH
1S TO APPEAR IN DUE TIME,

THE PARAMETERS HAVE BEEN LISTED BELCW ACCORDING TO A FEW
PRINCIPLES. THE FIRST LEVEL CF DISTINCTION CONCERNS THE
FUNCTION O©OF PARAMETERS 1IN THE MCDEL. THE FUNCTIONS ARE: (1)
INPUT, (2) VARIABLE, {32) PARAMETER, 14) OUTPUTs (5) PROGRAM
COORDINATICNS THE SECOND LEVEL OF DIST INCT ION RELATES TO THE
DISCIPLINE. THE DISCIPLINES ARE: (A) WATER QUAL ITY, {g)
HYDROLCGY AND MASS TRANSPORT, (C) GEDMETRY, (D) THERMAL
STRATIFICATION, (E) AUXILIARY. A THIRD LEVEL HAS BEEN FOUND IN
THE TYPE DF PARAMETER: INTEGER, INTEGER ARRAY, REAL, REAL ARRAY.
THE FOURTH AND FINAL LEVEL IS THE ALPHABETIC ORDER.




LIST OF PARAMETERS FOR WQ-ABRM, MAIN PRUGBAM I{WCARMI

1. INPLUT

£) WATER
CAMP
CNIP
copp

CKL
CKLMIN
DEPTHR
FAMR

FAN
FED
FMOR
FOD1
FOPR

FREF
HVEG
GA SyP
RCO1

RDEBB
KDETB
REAR

BRNITH
RD1B
RCD28B
RSAD
RS1

RS2

RSDB

RVEG
SA1
Sh2
SA 3

SO

SN

Soc
SoD1
SP1
sp2
5P 3
T0DI1
ToDI2
TCDI3
BEXTL)
CAMIT)
COETIC()

QUALI TY

8 ws #e 4w 8 a8 48 BE 4 a8 6 me 8 se s e e

6 wr we

bMHCNIUM*N CONCENTRATIGN IN PRECIPITATIEN {MG N/L)
MITRATE=N CONCENTRATION IN PRECIPITATION (MG N/L)
PHOSPHNORUS CONCENTRATION IN PRECIPITATICON (MG P/L)
REAERATION COEFFICIENT {S2/1(M2.0) )

MINIMAL REAERATION CONSTANT (1/D) '
AVERAGE DEPTH4 OF RIVER NEAR THE DAM (M)

FACTOR FOR AMMONI UM RELEASE FROM DEGRADING ORGANIC MATTER A
THE BOTTOM {1=NOT ACCELERATED CCMPARED TO THE DEGRADATION
ITSELF, >1=ACCELERATED FAMR TIMES})

RATIO OF ANAEROBIC AND AEROBIC CEGRADAT ION RATES(1~0)
FRACTION OF DETRITUS CONTRIBUTING TC EXTINCTION {1-03)
MULTIPLIER FOR MORTALITY RATE (1-0)

FRACTION OF LITTER IN PHYTOMASS {(1-0)

FACTDR FOR PHOSPHORUS RELEASE FROM DEGRADING ORGANIC MATTEW
AT THE BOTTOM (1=NOT ACCELERATEC COMPARED TC THE BEGRADATI&
1 TSELFy >1=ACCELERATED FAMR T IMES)

FRACTION OF REFRACTORY CRG. MATTER PRUDUCED FROM S0D (1-0).
AVERAGE HEIGHT DF VEGETATION (M)
VOLUME PERC. OF GAS CAUGHT IN RIVER WATER AFTER SPILLWAY l£
TEMPE RA TURE COEFFICIENT FOR RESPIRATION PHYTOPLANKTOM 11f0¢
DENITRIFICATION RATE CONSTANT IN THE BOTTCM AT 20 0C M/D) |
DEGRADATION RATE CONSTANT OF DETRITUS AT 20 OC (1/D)
FRACTION OF MAXIMAL REAERATION AT THE SPILLWAY {(1-0} -
NITRIFICATION RATE CONSTANT AT 20 OC {(1/D) W
DEGRADATION RATE CONSTANT OF PHYTOMASS {LITTER) AT 20 OC (

SEDIMENTATI ON/ADSORPTION RATE CONSTANT OF PHOSPHATE (M/D)

W8 a8 Ba we s

AT 20 oC {1/D)
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CONSTANT
CONSTANT
CONSTANT
CONS TANT
CONSTANT
CONSTANT

INI TIAL AMOUNT OF

FOR
FOR
FOR
FOR
FOR
FOR
DRG .

N IN
N IN PHYTCMASS

PHYTCMASS {(FRESH)

SEDIMENTATI ON VELOCITY OF PHYTOMASS (M/D)
SEDIMENTATION VELOCITY GF DETRITUS (M/D}
DEGRADATION RATE CONSTANT OF CRGANIC MATTER AT THE BOTTOM

INCORPORATI OGN RATE CONSTANT OF PHYTCMASS INTO WATER {1/D)
PHYTCMASS (LITTER) (G N/G C)
{FRESH) (G N/G C)

N IN PHYTCPLANKTON/DETRITUS (G N/G C)
DENITRIFICATION (G N/G 02)
NITRIFICATION (G 02/G N}
THE OXIDATION OF PHYTCMASS (G 02/G C)
MATTER IN THE BOTTOM (G 02/M2)
STOCH. CONSTANT FOR P IN PHYTCMASS (LITTER) (G P/G C}
STOCH. CONSTANT FOR P IN
STOCH. CONSTANT FOR P IN PHYTCPLANKTON/DETRITUS (G P/G C}
TOTAL INITIAL PHYTOMASS BETWEEN LEVELS O AND HL (G 02/M2)
TOTAL INITIAL PHYTOMASS BETWEEN LEVELS HL AND H2 (G D2/M2)
TOTAL INITIAL PHYTOMASS BETWEEN LEVELS H2 AND HMAX (G D2/Mi
BAC KGROUND EXTINCTION CCEFFICIENT FCOR EACH MONTH (1/M)
AMMONIUM-N CONCENTRATION IN INFLOW FOR EACH MONTH (MG N/L)
DETRITUS CONCENTRATION IN INFLOW FOR EACH MONTH (MG O2/1)

(G P/G C)

P ——————

DEGRADA TION RATE CONSTANT OF PHYTOMASS (FRESH) AT 20 OC {1/
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() 2 NITRATE~-N CONCENTRATION IN INFLOW FCR EACH MONTH (MG N/L)
CoPIt) : INORGANIC~P CONCENTRATION IN INFLOW FOR EACH MONTH (MG P/L)
CoOXIt) : DISS. OXYGEN CONCENTRATION IN INFLOW FOR EACH MONTH AMG 02/0)
oL) : AVERAGE DAYLENGTH FOR EACH MONTH {H)

RCO2() * SPECIES SPECIFIC RESPIRATION COEFFICIENT PHYTOPLANK TON FOR
EACH MONTH l
SEXT{) * SPECIES SPECIFIC EXTINCTICN CCEFFICIENT PHY TOPL ANKT ON
FOR EACH MONTH (L7IMG C.M))
SI0P() * SPECIES SPECIFIC OPTI MAL PHCTCREACT IVE IRRADIAT ION INTENSITY
AT 20 0C FOR EACH MONTH (w/M2)
SVoL() * SPECIES SPECIFIC CELLULAR vCOLUME PHYTOPLANKTON FOR EACH
MONTH (U3) !
TIiSL) * DAYLY AVERAGE PHOTOR. IRRADIATICON INTENSITY FOR EACH MONTH,

CORRECTED FDR REFLECTION AT THE WAT ER SURFACE (W/M2)

B) HYDROLOGY aND MASS TRANSPORT
DMA X * MAXIMAL VERTICAL DISPERSICN CCEFFICIENT IN EPIL IMNION (M2/D)

DM IN ¢ MINIMAL VERTICAL DISPERSICN CCEFFICIENT IN FYPOLIMNION (M2/D)
FD1sp ! RATIO OF HYPOLIMNION AND METALIMNION DISPERSION COEFFICIENTS
FRICH * FRACTION OF DENSI TY GRADIENT EPILIMNION IN RICH. NUMBER {1-0) .
HOUT1 : ELEVATION OF OUTLET 1 {TURBINES) (M)

HOUT2 P ELEVATION OF OUTLET 2 (SPILLWAY) (M)

HOUT 3 * ELEVATION 0OF OUTLET 3 (QPTICNAL) iM)

WIDTH * WIDTH OF Rz SERvOIR NEAR THE DAM (M) J
EVAPL) : EVAPORATION FOR EACH MONTH (MM MONT H)

PREC() * PRECIPI TATION FOR EACH MONTH AMM/ MONT H)

3=0PTIONAL) (M3/5)
WIND{) * AVERAGE WINDSPEED AT 10 M HEIGTH FOR EACH MONTH (M/S) !

QINT 5) INFLOW FOR EACH MONTH (1=TOTAL, 2=TCTAL EPILa.,
3=TOTAL HYPOL.) (M3/5)
QUT(,) = OUTFLCW FOR EACH MONTH {1=TURBINES, 2=SPILLWAY, ‘

C) GEOME TRY

AMA X : MAXIMAL SURFACE AREA OF RESERVDIR {KM2)

AMIN : MINIMAL (INITIAL) SURFACE AREA OF RESERVOIR (KM2)

EN 2 EXPONENT OF AREA-DEPTH AND VOLUME=DEPTH REL AT IONS

GAMMA * COEFFICIENT OF AREA-DEPTH AND VOLUME-DEPTH RELATIONS !
HMA X 2 MAXIMAL WATER LEVEL OR MAXIMAL DEPTH i) ,
DEPTH() : pEPTH FOR EACH MONTH (M) '
HEPI() : THICKNESS OF THE EPILIMNICN FCR EACH MONTH (M)

HHYPOL ) THICHNE SS OF THE HYPOLIMNION FOR EACH MONTH (M) |

D) THERMAL STRATIFICATION

TDAM{ ) : AVERAGE TEMPERATURE OF CUTFLOW (aLL CUTLETS) FOR EACH
MONTH 10C)

TDEL{) : TEMPE RA TURE OIFFERENCE BETWEEN EPILIMNION AND HYPOL IMNION
FOR EACH MONTH 100)
TEPI{) : EPILIMNION TEMPERATURE FOR EACH MONTH 10C)

E) AUXILIARY

IFILE : INDICATOR FQR OUTPUT UNIT NUMBER [=8 PRESENTLY)
IIN ! INDICATOR INFLOW DISTRIBUTION (1=COUPLED TN STRAT IF, )




0=NO COUPLING)

JSTART : FIRST YEAR OF COMPUTATICNS {(LAST TWC DIGITS ONLY)

LG : OPTION PARAMETER FOR OQUTPUT {0=0XYGEN AND OXYGEN CEMANDS,
1=+0RG. MATTER IN BOTTOM AND PHYTOMASSs 2=+NUTRIENTS,
3=+ TEMPERATURE,s 4=+FLOWSy S5=+CECMETRY)

MMA X : NUMBER DOF MONTHS (IMAXIMALLY 24) w«

MSTART : NUMBER OF THE FIRST MCONTH OF COMPUTATIDNS

NLEV : NUMBER OF LEVELS FOR SPECIFIC OUTPUT OXYGEN CONCENTRATION

DET : MAXIMAL TIMESTEP (D)

DET1 : MINIMAL TIMESTEP (D)

DEZ 3 THICKNE SS OF LAYERS (M)

H1 : FIRST LEVEL FOR VARIATION OF PHYTOMASS DENSITY (M)

H2 : SECOND LEVEL FOR VARIATION OF PHYTOMASS DENSITY (M)

STAB : STABILITY FACTOR FOR DETERMINAT ION OF THE TIMESTEP (1-2)

CDEPL ) : LEVELS FOR SPECIFIC DUTPUT COXYGEN CCNCENTRATION (M)

TEX{ ) : TEXT FOR INPUT AND DUTPUTy AS WELL AS STORAGE OF CODE WORDS
{STOP=STOP AFTER ONE RUN [MAX IMALLY 24 MONTHS)y RIVE=INCLUDE
RIVER MODEL s TEST=TEST RUN {ONLY 24 TIMESTEPS)y HYDR=COMPUTE
HYDRAULICS ONLY, GO=DC ANCTHER RUN FOR THE SAME RESERVO IR, :
NEW=DC A RUN FOR ANOTHER RESERVCIRs R2=INCLUDE RIVER MDDEL
WITH ARITHMETIC MEAN OXYGEN CCNCENTRATION, R3=SAME WITH
ARITHMETIC MEAN HYPOL IMNICN OXYGEN CONCENTRATION

TEXTLs) = TEXT FOR INPUT AND OGUTPUT

22 VARIABLES

A) WATER QUALITY -

CGAS : EQUIL. OXYSEN CONCe IN WATER ENCLOS ED IN GASBUBBLES (MG 02/L

CGASI : INITIAL DXYGEN CONC. IN WATER ENCLOSED IN GASBUBBLES (MG 027

CM : ARITHMETIC MEAN OXYGEN CONCENTRATION (MG 027113 |

CME : ARI THMETIC MEAN OXYGEN EPILIMNICN CCNCENTRATION (MG 02/L) i

CMH : ARI THMETIC MEAN OXYGEN HYFODLIMNION CONCENTRAT ION (MG D2/7L)

COuTL 3 OXYGEN CONCENTRATION IN OUTLET 1 (MG 02/0L)

cour2 T DXYGEN CONCENTRATION IN ODUTLET 2 (MG 02/1)

cout3 : OXYGEN CONCENTRATION IN CQUTLET 3 (MG 02/L1%

CWM ¢ VOLUME AVERAGED MEAN CXYGEN CCNCENTRATION MG 02/L)

PAN : FRACTION OF VOLUME, WHICH IS ANAERORIC !

VAN : VOLUME OF ANAEROBIC WATER (M3)

CAM{) : AMMONIUM~-N CONCENTRATION IN EACH LAYER (MG N/L) :

CDEL ) : DETRITUS CONCENTRATION IN EACH LAYER (MG 0Q2/L)

CNI{) 5 NITRATE~N CONCENTRATICN IN EACH LAYER (MG N/L)

CoDil)} : SLOW DEGR. 0ORG. MATTER CONCENTRAT ION IN EACH LAYER {MG OZILtﬂ

cnbp2l) : FAST DEGR. DRG. MATTER CONCENTRAT ION IN EACH LAYER (MG 02/7L)

corPt) : INDRGANIC~P CONCENTRATICN IN EACH LAYER (MG P/L) ]

COX{) : DISS. DXYGEN CONCENTRATION IN EACH LAYER {MG D2/L)

CPHL) 2 PHYTOPLANKTON CONCENTRATICN IN EACH LAYER A{MG 0O2/71L) l

AM{) : AVERAGE AMMONIUM CONCENTRATION IN QUTFLOW (MG N/L)

aci{) : AVERAGE DISS. OXYGEN CONCENTRATION IN DUTFLOW AFTER
REAERATION CAUSED BY THE SPILLWAY (MG 02/71) 1

gD it : AVERAGE CONC. SLDW DEGR. CRG. MATTER IN OUTFLOW (MG DB2/L1)

apat ) 2 AVERAGE CONC. FAST DEGR. TORG. MATTER IN OUTFLOW (MG D2/11) '

oD34 3 :

AVERAGE CONC. DETRITUS (+PHYTCOPLANTCN) IN OUTFLOW (MG 02/L)
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SODA : AMOUNT OF DR3. MATTER AT THE BOTTOM FOR EACH LAYER (G 02/M2) [
T00( ) * AMOUNT OF PHYTOMASS IN STCRE ANCT YET INCORPORATED) FOR EACH

LAYER (G 02 /M2) i |

TODIO() & TOTAL INITIAL AMOUNT CF FRESH PHYTOMASS FOR EACH LAYVER |

(G 02/M2}

Be e sy

B) HYDROLOGY AND MASS TRANSPORT |

DIsPO ¢ VERT. DISP. COEFFICIENT UNDER UNSTRAT IFIED CONDIT IONS {M2/D)
DISPE : VERT. DISP. COEFFICIENT EPILIMNION (M2/D) :
CISPH * VERT. DISP. COEFFICIENT HYPCLIMNION {M2/D) 1
DispPT : VERT. DISP., COEFFICIENT THERMCCLINE {M2/0) |
QE : VERT., FLOW FROM EVAPORATICN (M3/D) ‘
QP P VERT. FLOW FROM PRECIPITATION (M3/D) :
VH : VOLUME OF 4YPOLIMNION (M3) |
VS : STORAGE VOLUME FROM WHICH LAY ERS ARE GENERATED OR REMOVED IH3H
DISPCL) : VERT. DISP. COEFFICIENT [1=HYPOL.y 2=EPIL., 3=THERM.) (M2/D)
QIL) 2 INFLOW FOR EACH LAYER (M3/D) ;
Qo) : DUTFLOW FOR EACH LAYER (M3/D)
Qv 2 VERTICAL FLOW FOR EACH LAYER (M3/D)
SQI() : TOTAL INFLOW (M3/D) \
sQot) : TOTAL OUTFLOW {M3/D)
\
|
C) GEOMETRY
Vo : RESIDUAL VOLUME FOR Z=0 {N3)
Z * VERTICAL CONRDINATE (M)
AQ) * SURFACE AREA BETWEEN LAYERS (M2)
Vi) : VOLUME OF A LAYER (M3)
VT{) * ACCUMULATED VOLUME BELOW 2 LAYER (M3)

D) THERMAL STRATIFICATION
TMATYL) ¢ TEMPERATURZ FOR EACH LAYER AND EACH MCNTH (0C)

3a_PARAMETERS |

A) WATER QUALITY |
AVEF * DEPTH AND TIME AVERAGED EFFICIENCY FDR THE USE OF PHOTOR. '
IRRADIATION IN THE PRIMARY PRCDUCTICN

CREDS : CONCENTRATION OF REDUCED SUBSTANCES {FE, S, MN) (MG 02/L) i

CSAT : SATURATION CONCENTRATION CF DXYGEN (MG 02713 \

CSATP * SATURATION CONCe OF OXYGEN AT AVERAGE HYDR. PRESSURE IN THE
RIVER NEAR THE DAM (MG D2/L)

CSPIL : DISS. OXYGEN CONC. IN WATER QUTLET2 BEFORE SPILLWAY (MG D2/0)

EXT : TOTAL EXTINCTION COEFFICIENT {(1/M) i

PDEB 2 RATE OF DENITRIFICATICON IN THE BOTTOM OF A LAYER (G N/D)

PDEN ¢ RATE OF DENITRIFICATICN IN A LAYER (G 027 0}

PDET : RATE OF DETRITUS DEGRADATION CF A LAYER (G 02/D)

PNIT ¢ RATE OF NITRIFICATION IN A LAYER (MG N/D) _

PMOR ¢ RATE OF MORTALITY PHYTOPLANKTCN IN A LAYER iG 02/D) '

PPHY : RATE OF NET PRIMARY PROD. PHYTOPLANKTON IN A LAYER (G D2/D) i

POD1 : RATE OF DE5RAD. OF SLOW DEGR. ORG. MATTER IN A LAYER (G 02/D)

POD2 : RATE OF DESRAD. OF FAST DEGR. 0ORG. MATTER IN A LAYER (G 02, -

PSAD ! NET RATE OF SEDIMENTATION/ADSCRPT ION OF PHOSPHATE IN A :

- 5 -




PSE1

pPSe2

PSED
PSOD
PRODI)
RDEB
RDET
RKL
RPMaA X
RMOR
RNIT
ROD1
ROD2
RREF
RRES
RRESE
RSOD
SASL)
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SPSt)

T1GPT :

B} HYDROLOGY AND MASS TRANSPORT

DENGR
FGRAD
FRIVE
RDGR

RICHE
RICHT

e ke Ee dE wE ew

4. QUTPUT

A) WATER QUALITY

ocot)
GCli )
gc2()

0C 3¢ )
OUTAMIL 4)
- QUTBCDE 4 )
auTCMl )
QUTCMEL )
OUTCMHIL )
GUTCMWL )
OUTDEL 4)
OUINIT »)
GuUToOD1t 4)
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LAYER (G P/D)

NET RATE OF SEDIMe OF SLOW DEGR. ORGe. MATTER IN A LAYER
G 02/0)

NET RATE O SEDIMe. OF FAST DEGR. ORG. MATTER IN A LAYER
(G 02/0)

NET RATE OF SEDIMENTATICN OF DETRITUS IN A LAYER {G 02/D)
RATE OF SEDIMENT OXYGEN DEMAND CF A LAYER 1G 02/D)

NET PRI MARY PRODUCTION RATE CCONSTANT FOR EACH LAYER (1/D)
RATE CONSTANT FOR DENITRIFICATION IN THE BOTTOM (M/D)

RATE CONSTANT FOR DETRITUS DEGRADAT ION (1/D)

RATE CONSTANT FOR REAERATION {M/D)

RATE CONSTANT FOR MAX IMAL GRCSS PRIMARY PRODUCTION {1/0)
RATE CONSTANT FOR MORTALITY (1/D)

RATE CONSTANT FOR NITRIFICATICN {1/D)

RATE CONSTANT FOR DEGRADATION OF SLCOW DEGR. ORG. MATTER il/Di
RATE CONSTANT FOR DEGRADATION OF FAST DEGRe. UORG. MATTER {1/D)
RATE CONSTANT FOR PRODUCT IGN REFRACTORY DRG. MATTER (1/D)
RATE CONSTANT FOR RESPIRATICN (17D}

RATE CONSTANT FOR RESPIRATION AT 20 0C {(1/D)
RATE CONSTANT FOR SEDIMENT CXYGEN DEMAND (1/D) :
STOCH. CONSTANT FOR N IN SEDIMENT OXYGEN DEMAND OF EACH

LAYER (G N/G 02)

STOCH. CONSTANT FOR P IN SEDIMENT OXYGEN DEMAND OF EACH
LAYER (G P/G 02) ‘
SPECIES SPECIFIC OPTIMAL PHCTCR. IRRACIAT ION INTENSITY (W/M2)

DENSITY GRADIENT OF EPILIMNICN (KG/ M4)
FRACTION OF DENSITY GRADIENT EPILe., RELATED TO EPIL. THICKNES&
FRICTION VELOCITY AT WATER SURFACE (M/S)
AVERAGE VERTICAL RELATIVE DENSITY GRACIENT (1/M)

RICHARD SON NUMBER FOR EPILIMNION
RICHARD SON NUMBER FDOR THERMCCLINE

AVERAGE DISS. OXYGEN CONC. IN OUTFLOW BREFORE DAM (MG 02/L)
DISSe OXYGEN CONCe. IN OUTFLOW BEFORE DAM CUTLET 1 (MG 02/L)
DISS. OXYGEN CONC. IN OUTFLCW BEFORE DAM CUTLET 2 (MG 02/L)
DISS. OXYGEN CONC. IN OUTFLOW BEFORE DAM CUTLET 3 (MG 02/L)
AMMONIUM-N CONCe FOR EACH LAYER AND EACH MONTH (MG N/L)

BOD (5 DAYS, 20 0C) FOR EACH LAYER AND EACH MONTH (MG 02/L)
ARI THMETIC MEAN OXYGEN CCNCENTRATION FOR EACH MONTH (MG 02/L)
ART THMETIC MEAN OXYGEN EPIL. CONCo. FOR EACH MONTH (MG D2/L)
ARI THMETIC MEAN OXYGEN HY POL. CONC. FCR EACH MONTH (MG D2/L)
VOLUME AVERAGED MEAN OXYGEN CONC. FCR EACH MONTH (MG 02/L) ﬁ

DETRITUS CONC. FOR EACH LAYER AND EACH MONTH (MG 0D2/L)
NITRETE~N CONCs FOR EACH LAYER AND EACH MONTH (MG N/L)
SLOW DEGR. ORGs, MATTER CONCENTRATION FOR EACH LAYER AND !
EACH MONTH (MG 02 /L) L
FAST DEGR. ORGe MATTER CONCENTRAT ION FOR EACH LAYER AND




EACH MONTH (MG D2/L)

OUTOPL s) : INORGANIC-P CONC. FOR EACH LAYER ANC EACH MONTH (MG P/L) :
OUTOX{ ) = DISS., OXYGEN CONCe FOR EACH LAYER AND EACH MONTH (MG D2/L) ,
OUTPANTL) = FRACTION OF VOLUME, WHICH IS ANAEROBIC, FOR EACH MONTH
OUTPHL 9) : PHYTOPLAMKTON CONCe FOR EACH LAYER AND EACH MONTH (MG D 2/L) ]
QUTTODL 4 )3 AMOUNT OF PHYTOMASS IN STORAGE 'FOR EACH LAYER AND EACH

MONTH (G 02 /M2)
OUTTON{s): TOTAL-N CONC. FOR EACH LAYER AND EACH MCONTH (MG N/L) '
OUTTOPL 4 ): TOTAL-P CONC. FOR EACH LAYER ANC EACH MONTH (MG P/L)

B) HYDROLOGY AND MASS TRANSPORT !

OUTDCE() : VERT. DISP. COEFFICIENT EPILIMNION FOR EACH MONTH (M2/0)
OUTDCHI) : VERT. DISP. COEFFICIENT HYPOLIMNION FCR EACH MONTH {M2/D)
OUTDCTL) : VERT. DISP. COEFFICIENT THERMCCLINE FCR EACH MONTH (M2/D)
OUTQE(Y : VERT. FLOW FROM EVAPORATICN FCR EACH MONTEH ({M3/{1000.5))
OUTQIl 93 : INFLOW FOR EACH LAYER AND EACH MONTH {M3/{1000.5))

OUTQO( 9) : DOUTFLOW FOR EACH LAYER AND EACH MONTH IM3/{1000.5))

OUTQPI{) : VERT. FLOW FROM PRECIPITATION FCR EACH MONTH (M3/1{1000.5))
GUTQVL 4) = VERTICAL FLOW FOR EACH LAYER AND EACH MONTH (M3/11000.5))
sQ121) : TOTAL INFLOW FOR EACH MONTH (M3/5)

sQo2t) : TOTAL DUTFLOW FOR EACH MONTH IM3/S) .

C) GEOMETRY |

DEPTHO : INITIAL DEPTH (M)

HEPIO : INITIAL THICKNESS OF EPILIMNICN (M) |
HHYPCO  : INITIAL THICKNESS OF HYPOLIMNION (M)

OUTH() ¢ DEPTH FOR EACH MONTH (M)

D) THERMAL STRATIFICATION |
TEPIO : INITIAL TEMPERATURE GF EPILIMNICN (0OC)

THYPOO @ INITIAL TEMPERATURE OF HYPOLIMNION (0C)

THYPGL ) @ TEMPERATURE OF HYPOLIMNION FOR EACH MCNTH {0C)

J
E) AUXILIARY '
NCOUNT : NUMBER CF RUNS FOR THE SAME RESERVOIR i

NERROR @ NUMBER OF ERROR {1=NUMBER OF LAYERS TCO BIG, 2=NO NET FILLING
OF RESERVDIR IN FIRST TIMESTEP, 3=T IMESTEP DET TOO BIG, 4=NUM:
BER OF LAYERS HAS BECOME ZERO, 5=NUMBER OF MONTHS TOO BIG,
6=FAMR .OR FOPR SMALLER THAN 1) |
™M) : TIME INDICATOR {YEAR AND MONTH) |
10Ve ) : PARAMETER FOR OVERFLOW (0=NC RESERVCIR OVERFLOW,

¥xEXR=0VERF LOW)
CXYDEP{ 4 ): DISS. OXYGEN CONC. AT SELECTEC LEVELS FOR EACH MONTH (MG ﬁ%ﬂu

2+ PROGRAM COORDINATION ‘
\
A) WATER QUALITY

IEUT 2 NUMBER OF LOWER LAYER IN EUPHCT IC ZCONE PR
IMOR : NUMBER OF LAYER BELOW WHICH PHYTOPLANKTON CAN NOT SURVIVE :ﬂ
IR : REVERSED NUMBER 0OF LAYER {FCR PRODUCT ION COMPUTAT ION) .

' BHVEG : DIFFERENCE OF AVERAGE HEIGHT VEGETATICN AND WATER LEVEL -
FA RATE MULTIPLIER DEGRADATICN {1=AEROBY, FAN=ANAEROBY)

e we

FD

RATE MULTIPLIER DENITRIFICATICN {0=AEROBYs 1=ANAEROBY)




FN : RATE MULTIPLIER NITRIFICATICN (1=AEROBY, O=ANAEROBY)
FS : RATE MULTIPLIER SEDIMENT./ADSCRPTION {1=AERCBY, O=ANAEROBY)
FRAC1 : FRACTINN OF PRIMARY PROCUCTION CONSUMING AMMONIUM-N |
FRAC?2 : FRACTION OF PRIMARY PRODUCTION CONSUMING NITRATE=N |
PRODM : MAXIMAL NET PRIMARY PRND., RATE CONSTANT ON THE BASIS OF
NUTRIENT AVAILABILITY (1/0) e |
$0D0 :+ AMOUNT OF ORG. MATTER AT THE BOTTOM IN THE PRECEEDING |
TIMESTEP {3 N2/M2) |
SUMC : TOTAL AMOUNT OF DISS. OXYCEN IN OUTFLOW (G 02/D) |
SUMC 1 : TOTAL AMOUNT OF SLOW DEGR. CORG. MATTER IN OQUTFLOW (G 02/D)
SUMC 2 : TOTAL AMOUNT OF FAST DEGR. CRGe. MATTER IN DUTFLOW (G 02/D)
SUMC 3 : TOTAL AMOUNT OF DETRITUS AND PHYTOPLANKTON IN OUTFLOW (G ozn
SUMC 4 : TOTAL AMOUNT OF AMMONIUM IN OUTFLOW (G N/C)
SUMO X s+ TOTAL AMDUNT OF DISS. OXYCEN IN RESERVOIR (G 02) |
T1Z1 : PHOTOR. IRRADIATION INTENSITY AT UPPER SIDE OF LAYER (W/M2)
112 : PHOTOR. IRRADIATION INTENSITY AT LOWER SIDE OF LAYER (W/M2)
BAML ) : AMMONIUM-N CONCENTRATION IMCREASE FOR EACH LAYER (G N/D)
BDEL() : DETRITUS CONCENTRATION INCREASE FOR EACH LAYER (G N2/T) H
BNTI() : NITRATE-N CONCENTRATION INCREASE FOR EACH LAYER (G N/D)
BOD1L() : SLOW DEGR. ORG. MATTER CONC. IMNCREASE FOR EACH LAYER (G 02/D
BuD21) : FAST DEGR. ORG. MATTER CONC. INCREASE FOR EACH LAYER (G 02/D
BOIP( ) s INORGANIC~P CONCENTRATION INCREASE FOR EACH LAYER (G P/D)
B X{ ) : DISS. OXYGEN CONCENTRATION INCREASE FOR EACH LAYER (6 02/D)
BPHI( ) : PHYTOPLANKTON CONCENTRATICN INCREASE FOR EACH LAYER (G 02/D)

B) HYDROLOGY AND MASS TRANSPORT

10H1 : LAYER NUMBER OF OUTLET 1 |
INH2 : LAYER NUMBER OF OUTLET 2
I0H24 : LAYER NUMBER OF OUTLET 2
I0H3 + LAYER NUMBER OF OUTLET 3 ,
101H3A : LAYER NUMBER OF DUTLET 3 J
81 : MASS TRANSPORT COEFFICIENT TO BE MULTIPLIED WITH C{I-1) (M3/i
B2 : MASS TRANSPORT COEFFICIENT TO BE MULTIPLIED WITH C(1) (M3/D)
B3 : MASS TRANSPORT COEFFICIENT TO BE MULTIPLIED WITH CLIi+1) (M3/
CHWIDTH 2 CONSTANT IN WIDTH OF GAUSSIAN DISTR IBUT IONS
QINT : TROUGHFLOW FOR A LAYER (M3/D) |
SuM1 : SUM OF ELEMENTS OF GAUSSIAN DISTRIBUTION QUTFLOW 1 |
SuM2 : SUM OF ELEMENTS OF GAUSSIAN DISTRIBUTION CUTFLOW 2 |
SUM3 : SUM OF ELEMENTS OF GAUSSIAN DISTRIBUTION QUTFLOW 3 \
X1 : VARIABLE OF 3AUSSIAN DISTRIBUTICN DUTFLOW 1
X2 : VARIABLE DF 3AUSSIAN DISTRIBUTICN OUTFLOW 2
X3 s VARIABLE OF GAUSSIAN DISTRIBUTICN OUTFLOW 3 u
Wl : WIDTH OF GAUSSIAN DISTRIBUTION CUTFLOW 1 (M)
W2 : WIDTH OF GAUSSIAN DISTRIBUTICN CUTFLOW 2 (M)
W3 : WIDTH OF GAUSSIAN DISTRIBUTICN CUTFLOW 3 (M)
GD10) : VERTICAL GAUSSIAN DISTRIBUTION CUTFLOW 1
GD2( ) : VERTICAL GAUSSIAN DISTRIBUTION CUTFLOW 2
GD3( ) : VERTICAL GAUSSIAN DISTRIBUTION CUTFLOW 3
C) GEOMETRY
AV : RECIPROCAL AVERAGE DEPTH BELOW LAYER I+1 (1/M)
D) THERMAL STRATIFICATION
1EP : INTEGER OF EPILIMNICN THICKNESS (M)

mgu-..




IH
IHY
TAV
T1E
TH

E) AUXILIARY

IDATE
IDEP
IHYP
IHYP 1
IMA X
IMAXT
IMAXT1
IMAXT2
IMAXTO
MXTO1
M
MMAX1
MO

NIL
NOUT
NP

NPT
NT

NTR
DET2
DET3
DET4
DET5
DETC
DETH
GO
HYDRAU
RIV
RIV2
RIV3
RUN

TE ST

T

1S()
TOR()

LLEE T 1Y

85 B% 40 6 a8 w0 W0 e 66 e LA TR T Y s we

S8 Ba 6 0 #0 20 sa 60 48 BE se #E 88 Be B0 46 wb 8 se

INTEGER DF DEPTH (M)

INTEGER OF HYPOLIMNION THICKNESS (M)
AVERAGE TEMPERATURE {0C)

TEMPERATURE OF EPILIMNICN (0C)
TEMPE RA TURE OF HYPOLI MNICN $0C),,

INITIAL DATE {YEAR AND MCNTH) |
REVERSED NUMBER OF LAYER

NUMBER OF UPPER LAYER OF HY POLIMNION
NUMBER OF UPPER LAYER OF HYPOLIMNION PLUS 1
MAXIMUM NUMBER OF LAYERS

THE ACTUAL NUMBER 0OF LAYERS

THE ACTUAL NUMBER OF LAYERS PLUS 1

THE ACTUAL NUMBER OF LAYERS MINUS 1

THE ACTUAL NUMBER OF LAYERS IN THE PRECEECING TIMESTEP |
THE ACTUAL NUMBER OF LAYERS IN THE PRECEEDING TIMESTEP PLUS 1
NUMBER OF MONTH

NUMBER OF MONTHS PLUS 1

NUMBER (iF PRECEEDING MONTH

NUMBER OF INCORPORATED LAYERS OF PHYTOMAS S

OUTPUT INDI CATOR

NUMBER OF PARTIAL TIMESTEP

NUMBER OF PARTIAL TIMESTEPS

NUMBER OF TIMESTEP

NUMBER OF TIMESTEPS IN RUN

TIMESTEP CORRECTED FOR DISPERSICN (D)

TIMESTEP CORRECTED FOR THROUGHFLOW (D)

TIMESTEP CORRECTED FOR PHYTCPLANKTON PROCESSES (D)

TIMESTEP CORRECTED FOR SEDIMENT AT ION (D)

TIMESTEP CORRECTED FOR THROUGHFLOW AND DISPERSION e
TIMESTEP CORRECTED FOR THROUGHF LOW AND DISPERSION D)
CONTAINS CODE WORD FOR CPTICN: ANOT HER RUN FOR SAME RESERVOIR
CONTAINS CODE WORD FOR CPTION: COMPUTE HYDROLOGY ONLY
CONTAINS CODE WORD FOR CPTICN: INCLUDE RIVER MODEL

CONTAINS CODE WORD FOR CPTION: INCLUDE RIVER MODEL WITH CM
CONTAINS CIODE WORD FOR CPTICN: INCLUDE RIVER MODEL WITH CMH
CONTAINS CODE WORD FOR OPTION: ANOT HER RUN FOR ANQOTHER RESER.
CONTAINS-CODE WORD FOR CPTICN: NJMBER OF TIMESTEPS IS MMAX
TIME IMONTH)

PARAMETER FOR INCORPORATICN OF LITTER (O=NOT YET, 1=ALREADY)
TIME ELAPSED SINCE DRCWNING OF VEGETATION IN LAYER STARTED {0

|
l




LIST OF PARAMETERS EQOR_WQ-ARM. SUBROUTINE RIVER (PARI OF WQARM)

1s INPUT
A) WATER QUALITY b

CAMI : AMMONIUM CONC. ADDI TINAL INFLCW (MG N/L)

CDETI : DETRITUS CONC. ADDITINAL INFLOW (MG 02/L)

COXI : DISS. OXYGEN CONCENTRATION ADDITIONAL INFLOW (MG 02/L)

FAN : RATIO DF ANAEROBIC AND AEROBIC DEGRADAT ION RATES {1-0)

RDETB : DEGRADATION RATE CONSTANT OF DETRITUS AT 20 0C (1/D)

RNITB : NITRIFICATION RATE CONSTANT AT 20 OC (1/D)

ROD1B : DEGRADATION RATE CONSTANT OF SLCW DEGR. ORG. MATTER AT
20 OC (1/D) |

ROD2B  : DEGRADATION RATE CONSTANT OF FAST DEGR. ORG. MATTER AT ;
20 OC (1/D)

SA1 : STOCH. CONSTANT FOR N IN PHYTCMASS (LITTER) (G N/G C)

SA2 : STOCH. CONSTANT FOR N IN PHYTCMASS (FRESH) (G N/G C)

SA3 : STOCH. CONSTANT FOR N IN PHYTOPLANKTON/DETRITUS (G N/G C) |

SN : STOCH. CONSTANT FOR NITRIFICATION (G 02/G N)

CAME) : AMMONIUM CONC. INFLOW FROM THE RESERVOIR FOR EACH MONTH |
(MG N/L) ‘

COET{) ¢ DETRITUS CONC. INFLOW FROM THE RESERVOIR FOR EACH MONTH |
(MG 02/70)

CODM{) = SLOW DEGR. ORG. MATTER CONC. INFLOW FROM THE RESERVOIR ‘
FOR EACH MONTH (MG 02 /L) |

COD2() = FAST DEGR. ORG. MATTER CONC. INFLOW FROM THE RESERVOIR
FOR EACH MONTH (MG 02/L)

CoX( ) : DISS. OXYGEN CONCENTRATION IN INFLOW FROM THE RESERVO IR |

FOR EACH MONTH {MG 02 /L) i

B) HYDROLOGY AND MASS TRANSPCRT
AV{) ¢ COEFFICIENT IN RELATION AVERAGE VELCCITY/FLOW RATE (10PV=0)
OR IN RELATION WIDTH/FLOW RATE (10PV=1) FOR EACH REACH

BvV{) 3 EXPONENT IN RELATION AVERAGE VELOCITY/FLOW RATE {I0PV=D)

OR IN RELATION WIDTH/FLOW RATE (IOPV=1) FOR EACH REACH .
QI{) ¢ INFLOW FROM THE RESERVOIR FOR EACH MONTH (M3/5) ;
QID(4) : INFLOW FROM DIFF. SOURCES FOR EACH REACH AND EACH MONTH (M3/5)
QIT( 43 : INFLOW FROM TRIBUTARIES FCR EACH REACH ANC EACH MONTH (M3/S5)

C) GEOMETIRY

NR EACH : NUMBER OF REACHES

DAMKM : INITIAL DISTANCE AT THE DAM (KM)

AHL) : COEFFICIENT IN RELATICN AVERAGE DEPTH/FLOW RATE FOR EACH REACH
BH{) : EXPONENT IN RELATION AVERAGE CEPTH/FLOW RATE FOR EACH REACH
RCHKM{ 3} =: LENGTH OF EACH REACH (KM)

! D) TEMPERA TURE !
' TDAM{)  : AVERAGE TEMPERATURE OF INFLCW FROM RESER. FOR EACH MONTH (00

E) AUXILIARY ]

. IFILE : INDICATOR “OR OUTPUT UNIT NUMBER (=8 PRESENTLY) |
LOG : OPTION PARAMETER FOR CUTPUT (0=CXYGEN AND BODs 1=+0D1, 0OD2 |

- 10 = - |
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AND DETs 2=+HYDRAULICS, DEPTH AND RESIDENCE TIME)

MMAX : NUMBER OF MONTHS (MAXIMALLY 24)

DELKM : LENGTH OF A SEGMENT (PART OF 2 REACH) (KM}

10PD1Y : OPTION NUMBER FOR DIFF. SCURCES FOR EACH REACH (0=NQOy¢ 1=YES)

1I0PTHL) : OPTION NUMBER FOR TRIBUTARY FCR EACH REACH (O=NO, 1=YES)

1oPvl) : OPTION NUMBER FOR COMPUTATION AVERAGE VELCCITY FOR EACH REACH
{0=FUNC TION FLOW RATE, 1=FUNCTICN OF GECMETRY) ;

TEXT(s) = TEXT FOR INPUT AND OUTPUT

2a YARIABLES

A) WATER QUALITY

CAMR : AMMCNIUM CONC. IN THE RIVER (MG N/L)

CBODR : BOD {5 DAYS, 20 OC) IN THE RIVER (MG g2/L1%

CDETR s+ DETRI TUS CONC. IN THE RIVER (MG 02/L)

CODILR : SLOW DEGRAD. ORG. MATTER CONC. IN THE RIVER (MG D2/L)
COD2R : FAST DEGRAD. ORGe. MATTER CONC. IN THE RIVER (MG 02/L1)
COXR : DISS. OXYGEN CONCENTRATION IN THE RIVER (MG 0O2/L)
ceapl) ¥

BOD {5 DAYS, 20 0C) CONC. OF INFLOW FROM RES. FOR EACH MONTH
(M 02/0L) |

B) HYDROLOGY AND MASS TRANSPORT

QIR : FLOW RATE IN RIVER AT THE BEGINNING OF A REACH {M3/S) :
QIRT : FLOW RATE IN RIVER AT THE END OF A SEGMENT (M3/5)
VEL : AVERAGE FLOW VELOCITY IN A SEGMENT (M/S) ]
VELR : AVERAGE FLOW VELOCITY IN A REACH (M/S)
D) GEOMETRY ]
DEP < AVERAGE DEPTH IN A SEGMENT (M)
DEPR . AVERAGE DEPTH IN A REACH (M)
il
i
3. PARAMETERS |

A) WATER QUALITY

CSAT : SATURATION CONCENTRATION CF OXYGEN (MG oz2/L1) |
PDET : DETRI TUS DEGRADATION IN A SEGMENT (MG 02/1)

PNIT : MITRIFICATION IN A SEGMENT (MG NL) ‘
PLD1 : DEGRADATION OF SLOW DEGR. ORG. MATTER IN A SEGMENT (MG 02/L)
pip2 : DEGRADATION OF FAST DEGR. ORG. MATTER IN A SEGMENT (MG 02/L) |
PREA : REAERATION IN A SEGMENT (MG 02/1) -
RDET : RATE CONSTANT FOR DETRITUS DEGRADATION (1/D) '
RK2 : RATE CONSTANT FOR REAERATION (17/0)

RNIT s+ RATE CONSTANT FOR NITRIFICATICN (1/0)3

ROD1 s+ RATE CONSTANT FOR DEGRACATICN OF SLCW DEGR. ORG. MATTER (1/D)
ROD2 : RATE CONSTANT FOR DEGRADATICN OF FAST DEGR. ORG. MATTER'WI@)“E
4 _QUTPUT ¥

A) WATER QUALITY _ b
CAMOLss) : AMMONIUM CONC. AT THE END OF EACH REACH FCR EACH MONTH

- 11 -
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(MG N/L)

CBODO{ 993t BOD 15 DAYS, 20 0OC) CONC. AT THE END CF EACH REACH FOR EACH
MONTH (MG D2/71)

COETO( 9932 DETRITUS CONC. AT THE END OF EACH REACH FOR EACH MONTH ‘
{MG 02/7L)

COD101 y9 )2 SLOW DEGR. ORGs MATTER CCNC. AF THE END OF EACH REACH FOR Eld
MONTH (MG D2/L1)

COD20{ 99): FAST DEGR. ORG. MATTER CONC. AT THE END OF EACH REACH FOR EAC
MONTH (MG D2/701)
COXO{ys) 3 DISS. OXYGEN CONC. AT THE END OF EACH REACH FOR EACH MONTH

(FINAL INDEX=1, CALCULATEC CN THE BASIS OF OXYGEN CONC. IN
INFLOW FROM RESERVOIR AT THE ENC OF A MONTH AND THE FLOW
RATE OF THE SAME MONTH; FINAL INDEX=2, CALCULATED ON THE
BASIS OF THE SAME CONCENTRATICN BUT THE FLOW RATE OF THE
FOLLOWI NG MONTH) (MG C2/L)

B) HYOROLOGY AND MASS TRANSPORT a

FLOW{s ) = FLOW RATE {DISCHARGE) AT THE END OF EACH REACH FOR EACH ‘
MONTH (M3/S) 1

VELO{,) : AVERAGE FLOW VELOCITY IN EACH REACH FCR EACH MONTH {M/S)

C) GECGMETIRY
DEPT{,) : AVERAGE DEPTH IN EACH REACH FOR EACH MONTH (M)
DISTL) : DISTANCE OF THE END OF EACH REACH TC THE DAM (KM}

E) AUXILIARY
™) : TIME INDICATOR {YEAR AND MONTH)
TIME(,) : RESIDENCE TIME FOR EACH REACH AND EACH MONTH 1D}

5. PROGRAM COORDINATION

A) WATER QUALITY ‘
COXB DISS. OXYGEN CONCENTRATION IN THE RIVER (MG 02/L)

FA RATE MULTIPLI ER DEGRADATICN {1=AEROBY, FAN=ANAEROBY)
Fo RATE MULTIPLIER NITRIFICATICN (1=AEROBY, U=ANAEROBY) w

e

-
-
-
-

B) HYDROLOGY AND MASS TRANSPORT
0Q : INCREASE FLOW RATE IN A SEGMENT DUE TC DI FF. SODURCES (M3/5) |
QIRT1 : THE FLOW RATE AT THE BEGINNING CF A SEGMENT {(M3/5)

D) GECMETRY
SUMD : SUM OF AVERAGE DEPTHS OF SEGMENTS IN A REACH(M)

E) AUXILIARY

IF : INDICATCOR FOR OUTPUT UNIT NUMBER (=8 PRESENTLY)
MMAX1 : NUMBER OF MONTHS {MAXTIMALLY 24) PLUS 1

MMAX2 : NUMBER 0OF MONTHS (MAXIMALLY 24) OR IDEM PLUS 1
NK : NUMBER OF REACHES PLUS 1

NS : NUMBER 0OF SEGMENTS

T : RESIDENCE TIME REACH 15)
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