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de INTRODUCTION

THE CALIBRATICN OGOF OXY AND STRATIF WAS PREPARED BY MEANS COF
COLLECTING sy AVERAGING AND TABELI ZING ALL THE RELEVANT CATA WITH
RESPECT 70 TUWCURUI RESERVOIR. (THIS WAS DCNE BY HANC SINCE ONLY
ONE THIRD OF THE AVAILABLE OATA HAVE BEEN STCRED IN THE
DATA-BASE.) THESE ACTIVITIES PROVIDED DATA FOR BOTH THE
QUANTIFICATION ©OF THE 1INPUT PARAMETERS AND CCMPARISON OF THE
CUTPUT WITH THE OB SERVATIONS.

AN ANALYSIS OF THE DATA SHOWED A SUBSTANTIAL SPACIAL VARIATION
OF WATER QUALITY, BOTH IN VERTICAL AND KORIZCONTAL DIRECTIONS.
THE MARGINAL AREAS OF TUCURUI COMPRISE ABOUT HALF OF THE TOTAL
AREA AND ONE THIRD OF THE TOTAL VOLUME. THESE RELATIVELY SHALLOW
PARTS SHOW A MUCH MORE DISTINCT STRATIFICATION THAN THE CENTRAL
RELATIVELY DEEP PARTS., THE THERMOCLINE IS LCCATED AT A 10 M
HIGHER LEVEL. THE TEMPERATURE DIFFERENCES BETWEEN EPILIMNION
AND HYPOLIMNION ARE TWICE AS BIGy WHICH MAY BE DUE TO A LARGE
EXTENT 70 ULATERAL INFLOW OF RELATIVELY CCLD WATER. AS A
CONSEQUENCE THE AEROBIC~ANAEROBIC INTERFACE OCCURS AT A HIGHER
POSITICON TOO. THE NUTRIENT CONCENTRATICNS IN THE HYPCL IMNION ARE
ABOUT ONE AND A HALF TIMES AS HIGH.

THE DIFFERENCES TN A LONGITUDINAL DIRECTICN MAY BE SUBSTANT IAL.
THE UPSTREAM HALF OF THE RESERVOIR IS STRONGLY AFFECTED BY THE
INFLOW OF THE RIVER., THE THERMOCLINE IS LOCATED AT A LEVEL 10 TO
20 M LOWER THAN IN THE DOWNSTREAM HALF OF THE RESERVOIR. THE
CONSEQUENCES FOR THE VERTICAL GRADIENTS 1IN WATER QUALITY
PARAME TERS WILL BE 0BVIOUS.

THE HORIZONTAL INHOMOGENEITY DCES NOT FACILITATE THE CALIBRATION
OF OXY AND STRATIF, WHICH BOTH ARE CNE-DIMENSICNAL MODELS. THE
INHOMOGENE ITY WAS TAKEN INTO ACCOUNT 1IN THE CALIBRATIONS B8Y
CONSIDER ING UPPER AND LOWER LIMITS FOR THE WATER QUALITY
PARAMETERS. THE CALIBRATICN OF STRATIF TOCK CNLY LITTLE TIME,
SINCE THE MODEL HAD ALREADY BEEN CALIBRATED DURING THE FIRST
PHASE OF THIS PROJECT. THE CALIBRATICN CF OXY APPEARED TO BE
QUITE TROUBLESOME. NOTWITHSTANDINGs THE FINAL RESULT MAY BE
CALLED SATISFACTCRY.




DURING A FIRST RCUND OXY WAS CALIBRATED CN THE DATA OF TUCURUI
IN A RQOUGH WAY. THE MAIN PURPCSE OF THIS FIRST CAL IBRATION
ATTEMPT WAS TO TEST AND ASSESS THE PERFORMANCE OF THE MODEL AND
TO IMPLEMENT SCME ADDDITIONAL MCDIFICATIONS, IF NECESSARY. IT
PROVED NECESSARY TO MODIFY OXY IN SUME RESPECTS.

DURING A SECOND ROUND OF CALIBRATICN FINE-TUNING OF THE INPUT
PARAME TERS TOOK PLACE. THE CALIBRATICNS AS MWELL AS THE
ADDITIONAL MODIF ICATIONS ARE DESCRIBED IN THIS MEMD.

2+ CALIBRATICON OF STRATIE

THE CALIBRATION WAS CARRIED OUT FOR THE PERIQCD OF SEPTEMBER 1984
THROUGH AUGUST 16986. AYDROLOGICAL ANC METECROLCGICAL INPUT DATA
ARE AVAILABLE FOR THE WHOLE PERIOD. TEMPERATURE INPUT DATA IM5)
ARE AVAIIABLE FROM OCTOBER 1985, WHICH IMPLIES THAT INPUT DATA
HAD TC BE ESTIMATED FOR THE PRECEEDING PERIOC. C[CATA FOR THE
COMPARISON O©OF OCBSERVATIONS WITH CALCULATICN RESULTS ARE
AVAILABLE FROM FEBRUARY 1985 (M1}, SEPTEMBER 1985 (M3) AND JULY
1986 {MR).

AS HAS BEEN DESCRIBED IN MEMO 2 (APRIL 19863, IT WAS NECESSARY
TO MULTIPLY THE MEASURED WINDSPEED WITH A FACTOR 1.5 TDO PREVENT
OVERPREDICTION OF THE TEMPERATURE. IT HAS BEEN IMPOSSIBLE 1710
CHECK THE VALIDITY OF THE ASSUMPTICN, THAT THE WINDSPEED ABOVE
THE RESERVOIR IS HIGHER THAN THE WINDSPEED OBSERVED AT THE
WEATHER STATION IN TUCURUI. MEASUREMENTS CF THE WINDSPEED ABOVE
THE RE SERVOIR ARE LACKINGe.

AS A RESULT OF ADJUSTMENT OF THE WINDSPEED, THE CALCULATED
TEMPERATIRES AND POSITION OF THE THERMOCLINE MATCHED THE
OBSERVATIONS SUFFICIENTLY. REPROCUCT ION OF THE CBSERVED
DURATION OF THE STRATIFICATION APPEARS TC BE THE MAIN PROBLEM.
THE STRATIFICATION STARTS ABOUT CNE MONTH TOO LATE, PARTICULARLY
IN 1%85.

DECREASE OR INCREASE OF CVEGs (COEFFICIENT FOR THE CCRRECT ION OF
ENTRAINMENT) WITH A FACTOR 2 HARDLY AFFECTED THE TEMPERATURES OR
THE DURATICN OF THE STRATIFICATICN. INCREASE WITH A FACTOR 2
REDUCES THE MIXING DEPTH WITH 15-20 %, DECREASE WITH A FACTOR 2
ENLARGES THE MIXING DEPTH WITH 50 2. S INCE THIS ONLY
DETERICRATED THE RESULTS, CVEG WAS GIVEN ITS ORIGINAL VALUE OF
Ze5a

REDUCTION COF THE KINETIC ENERGY PRODUCTION ({WIND AND RIVER
INFLOW) WITH A FACTOR 2 UNDER THE ASSUMPT ION THAT A PART OF THE
ENERGY IS LOST TO FRICTION DID NOCT DELIVER IMPROVEMENT. THE
MIXING DEPTH APPEARED TO BE VERY SENSITIVE TC REDUCT ION OF THE
KINETIC ENERGY OF THE INFLOW. REDUCTICNS UP TO 90 % WERE
OBSERVED. THIS ADJUSTMENT APPEARED UNSUCCESSFUL WITH RESPECT 1D
PROLONGATION OF THE STRATIFICATICN.
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USE OF THE OTHER OPTION FOR THE ODISTRIBUTION OF OUTFLOW OVER
EPILIMNION AND HYPOLIMNION ACCORDING TC THEIR VCLUMES AFFECTED
THE DURATICN OF THE STRATIFICATION IN AN INCONSISTENT WAY AND
WAS THEREFORE ABANDONED. :

THE ONLY REAL IMPROVEMENT (FCR 1985) COULD BE FOUND IN AN
INCREASE OF BOTH THE EQUILIBRIUM TEMPERATURE AND THE ENERGY
TRANSFER COEFFICIENT FOR JULY 1985. SUCE AN ACJUSTMENT OF THE
INPUT PARAMETERS CAN BE JUSTIFIED BY THE FOLLCWING: THE INPUT
TEMPERATAIRES ({ESTIMATED FOR THIS PERICD) ANC THE METEOROLOGIC
DATA MAY NOT BE FULLY REPRESENTATIVE. IT CAUSED A SHIFY OF THE
START OF STRATIFICATION FROM AUGUST TO JULY. THE CALCUL ATED
TEMPERATIRES AND MIXING DEPTHS CHANGED ONLY SLIGHTY. HOWEVER,
THE MIXING DEPTH FOR JULY 1985 IS TOC SMALL (5 M).

THE FINAL CONCLUSION MAY BE ©DRAWN, THAT ON THE WHOLE THE
CALCULATIONS REPRODUCE THE OBSERVATICONS SUFFICIENTLY. HOWEVERs A
PRECISE CALIBRATION OF STRATIF ON THE DATA OF TUCURUI RESERVDIR
IS NOT POSSIBLE SINCE:

THE TEMPERATURE INPUT DATA ARE PARTIALLY LACKING
= THE METEORCLOGIC INPUT DATA MAY BE UNREPRESENT AT IVE
- THE VERTICAL DIFFERENCES IN THE CBSERVED TEMPERATURES
ARE SMALL

3. FIRST CALIBRATION ROUND_OXY

THE CALIBRATION WAS CARRIED OUT FOR THE SAME PERICD AS STRATIF,
THE QUTPUT OF WHICH WAS USED AS INPUT FCR OXY. INITIALLY THE
RESULTS OF THE UNCORRECTED RUN {STRATIF) WERE USED. HOWEVERs 1IT
APPEARED TO BE IMNPORTANT FOR THE WATER QUALITY PREDICTION TO
ADVANCE THE START OF STRATIFICATICN. THE RESULTYS OF THE
CORRECTED RUN WERE USED LATER ON FOR THIS REASCNs FURTHERMORE,
THE POSITION OF THE THERMOCLINE WAS ADJUSTED FCR THE FIRST THWO
MONTHS OF THE STRATIFICATION PERICDS ACCORDING TO THE OXYGEN
CONCENTRATION PROFILES.

WATER QUALITY INPUT DATA ARE AVAILABLE FRCM OCTCBER 1685, WHICH
IMPLIES THAT INPUT DATA HAD TO BE ESTIMATED FOR THE PRECEEDING
PERIDD. DATA FOR THE COMPARISCN CF C(BSERVATIONS WITH
CALCULATION RESULTS ARE AVAILABLE FRCM MAY 1985 (M1), SEPTEMBER
1985 (M3} AND JULY 1986 (MR)., SONE ACDIT IONAL DATA HAVE BEEN
PROVIDED BY INPA; MAINLY OXYGEN {M1) FROM NOVEMBER 1984 THROUGH
APRIL 1S5€85. NO DATA ARE AVAILABLE FCR TCTAL~-NITROGEN.

THE CALIBRATION OF OXY WAS CHARACTERIZED BY PROBLEMS CONCERNING
THE OXYGEN BUDGET AT THE ONE HAND ANC THE NUTRIENT BUDGETS AT
THE OTHER. THE PHYTOPLANKTON SUBMOCEL APPEARED TO FUNCTION
SATISFACTORY. THE PROBLEMS IN THE COXYGEN BUDGET COULD BE SOLVED
RAPIDLY 8Y ADJUSTMENT OF SEVERAL PARAMETERS {(DEGRADATION
CONSTANTS AND SEDIMENTATION RATE). THIS ~ ' PREVENTED




UNDERPREDICTION OF THE OXYGEN CCNCENTRAT ION AND OVERPREDICTION
OF THE NUTRIENT CONCENTRATIONS DURING THE FIRST SIX MONTHS AFTER
THE START OF THE FILLING OF THE RESERVCIR.

THE STRONG UNDERPREDICTICON OF THE NUTRIENT CONCENTRATIONS CURING
STRATIFICATION WAS MUCH MORE DIFFICULT TC SOWE. ADJUSTMENT OF
THE STCCHIOMETRIC CONSTANTS CONTRIBUTED SUBSTANTIALLY 10
IMPROVEMENT. SG DID INCREASE OF TEE SEDIMENTATICN RATE FOR
PHYTOMASS {ORIGIN DROWNED VEGETATION), BECAUSE 1T PREVENTED THE
REMOVAL OF LARGE AMOUNTS OF PHYTOMASS FRCM THE RESERVOIR BY
MEANS OF OUTFLOW. SUBSTANTIAL INCREASE OF THE DEGRADAT ION RATE
OF ORGANIC MATTER AT THE BOTTOM GAVE LESS REALISTIC RESULTS. THE
QUANTITY OF ORGANIC MATTER AT THE BOTTCM DECREASED TCO RAPIDLY.

A VERY IMPORTANT IMPROVEMENT CAME FRCM CCRRECT ICN OF THE LEVEL
OF THE OQUTLET TO THE TURBINES. THE LEVEL WAS ELEVATED FROM 27 TO
39 M, THIS IMPLIES THE REDUCTION COF COWNWARD VERTICAL FLOW AND
DILUTICN OF HYPOLIMNIC WATER WITH EPILIMNIC WATER.

YET, THE TOTAL RESULT OF ALL THESE MANIPULATIONS WAS NOT
SUFFICIENT TO PREVENT UNDERPREDICTICNs PARTICULARLY WITH RESPECT
70 PHOSPHATE, THE CONCENTRATICN OF WHICH WAS STILL A FACTCR 2
TOO SMALL., THE ONLY REMAINING OPTICNS CONCERNED MODIFICATIONS OF
OXY. THE MCDIFICATIONS INVOLVED THE INCORPCRAT ION OF:

- A METALIMNION WITH SMALL DISPERSION COEFFICIENTS

- AD SORPTION/SEDIMENTATICON OF PHCSPHATE

- ACCELERATED RELEASE OF NUTRIENTS ASSCCIATED WITH THE
DEGRADATION OF ORGANIC MATTER AT THE BOTTOM
DENITRIFICATION AT THE BOTTOM

ADSORPTICN/SEDIMENTATION OF PHOSPHATE LEADS TO ACCUMULATION IN
THE ANOXIC PART OF THE HYPOLIMNION AND 7O DECREASE OF THE
CONCENTRATIONS DURINS THE PERIODS OF CDESTRATIFICATION. THE
LATTER BECAME NECE SSARY WHEN THE ATTEMPTS TO COUNTERACT
UNDERPREDICTION OF THE PHOSPHATE CONCENTRATIONS IN THE
HYPOLIMNION HAD LED TO OVERPREDICTICON DURING THE WET SEASON.
THE INTRODUCTION ODF DENITRIFICATICN AT THE BOTTOM {IN
COMB INAT ION WITH INCREASED NITRIFICATICN) HAS THE SAME
CBJECTIVE. THIS PROCESS AFFECTS THE NITRCGEN BUDGET BY A NET
REMOVAL COF NUTRIENT~NI TROGEN FROM THE AQUATIC SYSTEM.

WITH EXCEPTION OF INTRODUCTION ©OF AN ADDITIONAL SOURCE OF
NUTRIENTS (THICK BRANCHES, STEMS ANC RCOTS CF THE ODROWNED
VEGETATICNY, ALL POSSIBILITIES FOR IMPRCVEMENT WERE USEDe. THE
FINAL RESULT WAS SATISFACTORY. THE UNDERPREDICTION HAD
DISAPPEARED.

4. SECCOND CALIBRATION ROUND OXY

THE SECCND ROUND STARTED FROM THE SAME POINT AS THE FIRST. IN
THE FIRST RUN OF THE SECOND ROUND ONLY THOSE PARAMETERS WERE




ADJUSTED, THE CHANGING OF WHICH HAD PROVED TO GIVE LARGE
IMPROVEMENTS IN THE FIRST ROUND. THESE PARAMETERS WERE THE
DEGRADATION RATES, THE SEDIMENTATICN RATES, THE LEVEL OF THE
QUTLET 10 THE TURBINES, THE NITRIFICATION RATE AND THE
DENITRIFICATION RATE. THE INPUT CCNCERNING STRAT IF ICAT IONs THE
STOCHICMETRIC CONSTANTS AND THE NUTRIENT RELUEASE ACCELERATION
FACTORS WERE SUBSEQUENTLY ADJUSTED IN THE REMAINING RUNS.
FINALLYy, THE NITRIFICATION AND OENITRIFICATICON RATES WERE
INCREASED TO PREVENT OVERPREDICTION CF AMMCNIUM,

IT TURNED OUT NOT TO BE NECESSARY TG CHANGE ANY COEFFICIENT OF
THE PHYTOPLANKTON SUBMODEL. THE SUCCESSION ASSUMED FOR THE
QUANTIFICATICN oF THE (INPUT) CCEFFICIENTS SEEMS TO BE
ACCEPTABLE : DIATOMS AND GREEN ALGAE CURING THE WET SFEASON AND
BLUEGREEN ALGAE DURIN3 THE DRY SEASON. {SMALL FLAGELLATES MAY BE
PRESENT TOO OURING THE DRY SEASCN). THE PREDICTED BIOMASS
CONCENTRATIONS MATCH THE OB SERVED ONES {ON BASIS OoF
CHLOROPHYLL) . THE PREDICTED RATIC CF PHYTOUPLANKTCN BIOMASS AND
DETRITUS EQUALS THE RATIO DEDUCED FRCM THE CHLORCPHYLL AND BOD
MEASUREMENTS. UNFORTUNATELYs IT IS IMPOSSIBLE TO CHECK THE
PREDICTED PRIMARY PRODUCTION SINCE DATA ARE NOT YET AVAILABLE
FOR THIS PARAMETER.

THE RESULTS OF THE CALIBRATION MAY BE CONS IDERED SAT ISFACTORY.
BOTH AVERAGE VALUES AND SEASONAL AND VERTICAL VARIAT IONS OF THE
SIMULATED WATER QUALITY PARAMETERS MATCH THE ORSERVATIONS TO A
LARGE EXTENT. IN ADDITION TO THIS GENERAL CONCLUSION THE
FOLLOWING REMARKS CAN BE ADDED:

- THE NUTRIENTS ARE UNDERPREDICTED IN THE UPPER HALF OF THE
HYPOLIMNION. THIS IS RELATED TC VERTICAL FLOW AND DILUTICN
WITH EPILIMNIC WATER. REDUCTICN COF THE VERTICAL FLOW COULD
BE ESTABLISHED BY REPLACEMENT CF THE NORMAL OUTFLOW DIS~
TRIBUTION BY A SKEW {(DENSITY GRADIENT CORRECTED) DISTRIB-
UTION.

- THE VERTICAL GRADIENTS ARE SCMEWHAT TOO STEEP. HOWEVER,
INCREASE OF THE VERTICAL DISPERSION COEFFICIENT WOULD
NECE SSITATE A FURTHER REDUCTION CF THE T IMESTEP, WHICH
IMPLIES AN UNWANTED INCREASE CF COMPUT ERTIME,

- THE DIFFERENCES BETWEEN CALCULATED AND OBSERVEL CONCENTRA-
TIONS CAN BE EXPLAINED IN TERMS OF MODEL FEATURES AND
MEASUREMENT ERRORS.

= ALL PARAMETERS VALUES, RESULTING FROM THE CALIBRATION, ARE
CONSISTENT WITH DATA FROM LITERATURE OR EXPFRIMENTS. THIS
WILL BE SHOWN IN THE FINAL REPCRT.

THE DOWNSTREAM PART OF OXY HAS NCT BEEN CALIBRATED YET, BECAUSE
HYDRODYNAMICAL DATA {DISCHARGE, AVERAGE RIVER-DEPTH AND
RIVER-WIDTH) ARE STILL LACKING.

2. ADDITIONAL MODIFICATIONS




ADJUSTMENT OF THE VERTICAL DISPERSICN ACCORDING TO THE CONCEPT
OF A METALIMNION WITH MINIMAL DISPERSICN, COULD BE ESTABLISHED
IN A SIMPLE WAY. THE METALIMNIC ODISPERSICN COEFFICIENT WAS
ALREADY PROVIDED BY THE MODEL (SEE MEMC 4, ODECEMBER 1986). I
WAS ONLY NECESSARY TO ASSIGN THIS VALUE TO THE UPPER AND LOWER
BOUNDARIES OF THE LAYER CONTAINING THE THERMBGLINE.

ADSORPTICN/SEDIMENTATION OF PHOSPHATE APPEARED TC BE MORE
IMPORTANT THAN WAS ESTIMATED IN MEMC 4. THIS IS PROBABLY DUE TO
THE FACT THAT THE IRON CONCENTRATICN IS HIGHER THAN WAS ASSUMED
GRIGINALLY AND TO CONTRIBUTIONS OF CTHER ADSORBENTS (AL ?). THE
COMBINED EFFECTS ©F ADSORPTION ANC SEDIMENTATION HAVE BEEN
INCORPORATED IN OXY BY MEANS OF A SIMPLE SEDIMENTAION RATE
ACTING ON DISSOLVED PHOSPHATE:

R = ~{RSADMH).P {4.1)
IN WHICH,

R = SEDIMENTATION OF ADSORBED P (G P/ IM2.D))

RSAD = SEDIMENTATION RATE FOR ADSORBED P (M/D)

H = AVERAGE HEIGHT OF THE WATER CCLUMN (#)

P = DISSOLVED PHOSPHATE CCNCENTRATICN (G P/ M3)

THE SEDIMENTATION RATE RECEIVES A VALUE THROUGH THE INPUT. IN
REALITY THIS PARAMETER IS A FUNCTION OF THE PH AND THE
'‘REACTIVE' IRON CONCENTRATION. RSAD GETS THE VALUE ZERO 1IN
ANAEROBIC LAYERS. RESTRICTING THE ADSCRPTION/SEDIMENTATION TO
THE AEROBIC LAYERS RESULTS IN ACCUMULATION OF DISSOLVED
PHOSPHATE IN THE ANAEROGBIC LAYERS. THIS RESPONDS TO THE
REDUCTION AND DISSCLUTION OF SEDIMENTING IRON, WHEN IT ENTERS
THE ANAERDBIC LAYERS.

THE SEDIMENTED PHOSPH4ATE 1S STORED IN THE ORGANIC MATTER AT THE
BOTTOM, BY TAKING IT INTO ACCOUNT IN ITS STOCHIOMETRY. THIS
MEANSy THAT IT CAN BE RELEASED AGAIN IN THE CEGRADAT ION OF THE
DRGANIC MATTER. IN REALITY THE SEDIMENTECD PHOSPHATE 1S STORED IN
AN OXIDIZED IRCN=-COMPOUND.

THIS SIMPLE APPROACH LACKS AN EXPLICIT RCLE GF IRONs THEREFORE,
IT HAS THE ADVANTAGE THAT THE COMPLICATED IRON BUDGEY CAN BE
IGNORED. IT HAS THE DISADVANTAGE, THAT THE IRCN-BOUND PHOSPHATE
AT THE BOTTOM WILL BE LIBERATED TCO0 SLOWLY DURING
STRATIFICATIONS, WHEN ANAEROBY CCCURS AND IRON IS REDUCED
RAPIDLY. IT 1S RELEASED TOO RAPICLY DURING THE PERIOD OF
HOMOGENECUS MIXINGy, WHEN THE PHOSPHATE WILL REMAIN ADSORBED TO
IRON FOR A LARGE PART.

ACCELERATED RELEASE OF NUTRIENTS FROM THE CRGANIC MATTER AT THE
BOTTOM WAS ESTABLISHED BY MEANS OF MULTIPLYING THE DEGRADATION
RATE WITH A CONSTANT {IN THE NUTRIENT EQUATICNS ONLY ]). THERE
ARE DIFFERENT FACTORS FOR NITROGEN AND PHOSPHORUS, WHICH RECEIVE
VALUES THROUGH THE INPUT.




THE DENITRIFICATION AT THE BOTTOM HAS BEEN FORMULATED AS A
SIMPLE FIRST ORDER DECAY RATE WITH RESPECT TO THE NITRATE
CONCENTRATION. THIS CAN BE JUSTIFIED BY THE FACT THAT THE
DIFFUSION OF NITRATE INTO THE BCTTOM IS PROPORTIONAL TO THE
NITRATE CONCENTRATION. THE FORMULA 1S: |

e Te e

R = ~{RDEB.AB/V).N (4.2)
IN WHICH,
R = DENITRIFICATION (G N/(M3.D3)

RDEB =

AB = BOTTOM SURFACE AREA (M2)

v = VOLUME {M3)

N = NITRATE CONCENTRATICN (G N/ M3)

THE RATE CONSTANT 1S DEPENDENT ON THE TENPERATURE. IT RECEIVES A
VALUE FOR 20 OC THROUSH THE INPUT.

|
|
|
|
|
|
|
DENITRIFICATION RATE CCASTANT (M/ D)
|
|
|
|
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