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ls INTRODUCTION

THE MODEL PACKAGE WQ-ARM/STRATIF/METEC HAS BEEN APPLIED TO THE
TUCURUI AND BALBINA RESERVDIRS TC PRECICT THE LONG TERM
BEHAVIOUR OF THE WATER QUALITY. THE LONG TERM HAS BEEN DEFINED
AS A PERIOD OF TEN YEARS AFTER THE START OF THE FILLING OF THE
RESERVCIR. ONLY ONE SCENARIC WAS CONSIDERED FOR TUCURUIL
RESERVGIR, SEVERAL FOR BALBINA RESERVOIR.

THIS MEMO DFFERS A SHORT OVERVIEW CF THE QUANT IFICATION OF THE
INPUT PARAMETERS AND THE RESULTS CF TEHE SCENARID CALCULAT IONS
FOR BOTH THE RESERVOIRS AND THE DCOWN-STREAM RIVERS. FINALLY, THE
RESULTS ARE DISCUSSED, CONSIDERING HORI ZONT AL INHOMOGENEITY,
MACROPHYTES AND DESTRATIFICATION.

THE RESULTS AND CONCLUSIGNS COULD BE TAKEN INTC ACCOUNT IN THE
FUTURE MANAGEMENT ©OF THE BALBINA AND TUCURUL RESERVOIRS.
MORECOVER ¢ THEY MAY CONTRIBUTE TO THE SELECTICN AND DESIGN OF
FUTURE RESERVOIRS.




22 TUCURUI

221 _THE LONG TERM_SCENARIQ

FOR TUCURUI ONLY ONE CASE WAS CALCULATED, CONS IDERING THE FACT
THAT THE PRESENT WATER QUALITY IN THE RESERVOIR VARIES FROM GDOD
T0 ACCEPTABLE. IT WILL PROBABLY SHCW IMPROVEMENT IN ANY FUTURE
SCENARID. THE *STANDARD ® SCENARIC IS BASED ON THE ASSUMPT ION,
THAT THE HYDROLOGIC CONDITIONS (INFLCW, OUTFLOW, AND WATER
LEVEL) WILL REMAIN THOSE OF THE SECOND YEAR FOR THE REST OF THE
TEN YEAR PERIOD. AFTER TWD YEARS THE OUTFLOW THROUGH THE
TURBINES IS FIXED AT 2000 M3/S. AN ALTERNATIVE SCENARID CoOuULD
CONSIDER A FURTHER INCREASE OF THE QUTFLOW THROUGH THE TURBINES,
WHICH MAY CAUSE SOME JECREASE OF THE OXYGEN CONCENTRAT ION IN THE
DUBWN-STREAM RIVER DURI NG THE DRY SEASGN.

!
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THE DISCUSSION IS RESTRICTED TC THCSE COEFFICIENTS, PARAMETERS
AND VARIZBLES, WHICH NEED SOME CCMMENTS. THE CUANTIFICATION oOFf
THE REMAINING INPUT I3 CONSIDERED NIN~PROBLEMAT IC BECAUSE IT 1S
BASED CN SIMPLE AND UNEQUIVOCAL DATA. '

SIRATIF/METED
THE COEFFICIENTS FOR THEC LEVEL-AREA AND LEVEL-VCLUME RELAT IONS
WERE DETERMINED O©ON THE BASIS CF REFERENCE POINTS, THE MAXIMAL

DETERMINED FOR  MINIMAL DIFFERENCES BETWEEN CALCULATED AND
'"MEASURED' AREAS AND VOLUMES.

STRATIF*S ONLY INPUT PARAMETER CVEGy WHICH IS THE CORRECTION
FACTOR ON ENTRAINMENT FOR THE PRESENCE OF CBSTACLES TO FREE FLOW
(DROWNED VEGETATION AND HILLS), HAS RECEIVED THE VALUE 2.5, THIS
VALUE HAS BEEN DETERMI NED BY CALIBRATICN CON BRCKCPOGNDO RESERVD IR
AND COULD BE MAINTAINED FOR TUCURUI RESERVDIR, AS APPEARED FROM
TENTATIVE MODEL RUNS WITH VARIOUS VALUES FCOR CVEG.

THE EQUILIBRIUM TEMPERATURE {TEQ), THE ENERGY TRANSFER
COEFFICIENT (ETC) AND THE WINDSPEED (W AT 10 M LEVEL ) WERFE
DETERMINED ON THE BASI S OF INPA*S METECRCOLCGICAL MEASUREMENTS AT
TUCURUI FOR THE PERIOD 1984-1986. TEQ AND ETC WERE CALCULATED
WITH METEQ, USING METHOD NUMBER TWO. THE WINDSPEEDy, MEASURED AT
A 2 M LEVEL, WAS TRANSFORMED INTC THE WINDSPEED AT 10 M L EVEL

AND MULTIPLIED WITH A FACTOR 1.5. THE REASONS HAVE BEEN
MENTIONED IN MEMC EN/ZINPA/DH=0 6.

THE INFLOW AND OUTFLOMWS WERE QUANTIFIED US ING THE REG ISTRAT IONS
AT  TUCURUI FOR THE PERIOD 1984-1986. THE INFLCWS WERE CORRECTED
IN DRDER TC REPRODUCE THE MEASURED WATER LEVELS (SEE MEMD
ENZINPA/DHL~ 02)., EVAPDRATION AND PRECIPT ITAT ION WERE IGNORED




SINCE THEY DELIVER A VERY SMALL CONTRIBUTICN TO THE WATER
BALANCE.

THE MONTHLY AVERAGE TEMPERATURE OF THE INFLCW (TOCANT INS) WAS
DERIVED FRCM A GRAPH, IN WHICH THE BIWEEKLY MEASUREMENTS AT M5
FOR THE PERIOD SEPT. 1985-1985 HAD BEEN INTERPCLATED LINEARLY.
THE TEMPERATURE WAS ESTIMATED FOR THE REMAINING PERIOD SEPT.
1984-AUG. 1985 ON THE BASIS OF RESERVOIR TEMPERATURES.

BQ-ARM

THE INITIALLY PRESENT AMOUNT OF DEGRACABLE PHYTOMASS {TODIL1 ),
THE FRACTION OF LITTER (FODL) AND THE PARAMETERS WITH RESPECT TO
INCORPCRATION OF PHYTOMASS {RVEG, TLAG, HVEG) WERE DERIVED FROM
DATA PROVIDED B8Y INPA {(SEE TABLE 113. THE VALUE FOR THE
PHYTOMASS INCLUDES A CORRECTION FCR THE ABSENCE CF PHYTOMASS ON
THE RIVER BED {400 KM2 AT LEVEL 72 M).

THE DEGRADATION RATES (RODLBy ROD2By RSODB), SEDIMENTATION RATE
{RS1) AND STOCHIOMETRIC CONSTANTS (SAl, SPls, SA2, SP2) OF
PHYTOMASS (LITTERy FRESH, ORG. MATTER CN THE BCGTTOM) WERE MAINLY
DETERMINED BY MEANS OF CALIBRATICN. HOWEVER, INFORMATION IS
AVAILABLE 7O JUSTIFY THE SELECTEC VALUES (INPA, KLINGE ET Al.
1983).

THE ADSCRPTION/SEDIMENTATION RATE OF PHOSPHATE {RSAD)y THE
NITRIFICATION AND DENITRIFICATICN RATES (RNITEs RDEBB), THE
PARAMETERS FOR REAERATION AT THE SPILLWAY (REAR, GASVP), THE
DISPERSICN PARAMETERS (DMAX, DMIN, FOISP, FRICH) AND THE
NUTRIENT RELEASE FACTORS {FAMR, FOPR) WERE DETERMINED BY MEANS
OF CALIBRATION DM Y.

TABLE 1l: THE INPUT PARAMETERS FOR TUCURUI RESERVCIR.
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T0DI1/2/32, FOD1 2260 G C2/¥24 0.5

RVEGs TLAGs HVEG 0. 0055 1/D, 30 0y 30 M
ROD1By, RCD2B, RSCDB 0.004 1/D0y 0.04 1/Dy 0.00065 1/D
RS1 3 ™MD

SAly SP1 : 0.05 G N/G Cy 0.0025 G P/G C
SA2s SP2 0.06 G N/G Cy 0003 G P/G C
RSADy RNITE, RDEBRBB 0.5 M/Ly 0.15 170, 1 M/D
REAR, GASVP 1, 2 %

OMAXs DMINy FDISPy FRICH 25 M2/Cy 0.3 M2/Dy 20y 0.02
FAMR , FOPR 1«5 2+5

RCO1, RCC2 0.0916 1/0Cy 3.03-4.38

SVOL » SICP 500-80000 U3, T75-115 W/ M2
SEXTs FMCR 0 15=0.5 L/(MG CaM}y 1

SA3e SP3 0.15 G N/G Cy 0.0125 G P/G C
RDETBy RS2 0.08 1/Dy 1 M/D

CKLy CKLMN 0.04 S2/(M2.D)y 0.4 1/D

SOCe SODI 2.88 G C2/G Cy 600 G C2/M2
FAN, FREF 0:33s 0,1

SNy SD 457 G 02/G Ny 0.35 G N/G D2
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THE VALUES OF ALL REMAINING PARAMETERS WITH RESPECT T0
| PHYTGPLANKTON (RCGl, GSA3, SP3, FMOR AND SPECIES SPECIFIC RCO2,

SVOL, SIOP, SEXT)y DETRITUS {RDETEy, RS2)s REAERATION ({CKL,

CKLMIN), DEGRADATION OF ORGANIC MATTER (SOC, SODIy FREF, "FAND,
1 NITRIFICATION AND DENITRIFICATION (SN, ,SD) HAVE BEEN DERIVED
w FROM LITERATURE DATA (LOS 19843 SMITS 1979). THE MONTHLY ‘

AVERAGE CONCENTRATIONS IN THE INFLCW (COXI, CDETI, CAMI, CNII, |

COPI IN TOCANTINS) WAS DERIVED FRCM GRAPHS, IN WHICH THE

BIKWEEKLY MEASUREMENTS AT MS FOR THE PERICD SEPT., 1985-1986 HAD
\ BEEN INTERPOLATED LINEARLY. THE CCNCENTRATICNS WERE ESTIMATED !
| FOR THE REMAINING PERIUD SEPT. 1984-AUG. 1985 CN THE BASIS OF '
| THE DATA FOR THE SUCCEEDING YEAR.

: THE MONTHLY AVERAGE PHOTOREACTIVE IRRACIATICON INTENSITY JUST .
BELOW THE WATER SURFACE (TIS) WAS CALCULATED FRCM THE MONTHLY |
AVERAGE GLOBAL TRRADIATION INTENSITY, MEASURED IN TUCURUI:

T1S = FD+11-FR). {1-FP) .G1 12.1)

| IN WHICH,
| GI = DAILY AVERAGE GLOBAL IRRACIATION (W/M2)
| FD = 24 DIVIDED WITH THE DAYLENGTH {2)
FR = FRACTION REFLECTED IRRADIATION {0.05)
FP = FRACTION P40TOREACTIVE IRRADIAT ION (0.48)

THE BACKGROUND EXTINCTION {BEXT) HAS BEEN QUANTIFIED WITH THE
WELL-KNOWN  RELATION BE TWEEN EXTINCTICN COEFF IC 1ENT AND
: SECCHI-DEPTH: \

| BEXT = 1.7/SDEP - SEXT.CP (2.2
IN WHICH,
SDEP = SECCHI=-DEPTH (M)

SPECIFIC EXTINCTION CCEFF. PHYT. (L/IMG CM))
PHYTOPLANKTON CONCENTRATICN (MG C/L)

SEXT
cp

L}

]

USING THE MEASUREMENTS FOR SECCHI-DEPTH AND CHLCROPHYLL FOR THE
TUCURUI RESERVOIR AND A CARBON/CHLCRCPHYLL RATIOC OF 30, VALUES |
OF 0.3-0.5 1/M HAVE BEEN FOUND FCR THE BACKGROUND EXTINCTION
COEFFICIENT.

| THE OUTPUT OF STRATIF (INFLOW, OUTFLCW, POSITICN OF THERMOCLINE, |
- TEMPERATURES AND WINDSPEED) WAS USED AS INPUT TO WQ-ARM. SOME
| CORRECTICNS WERE MADE ON THE POSITICN OF THE THERMOCL INE (15-45
| M) ACCORDING TO THE MEASURED TEMPERATURE PROFILES. THE INPUT FOR
THE SECOND YEAR WAS USED FOR ALL SUCCEEDING YEARS TO COMPLETE
| THE INPUT FOR THE LONG TERM CALCULATICN. HOWEVER, THE OUTFLOW
‘ WAS REDISTRIBUTED AMONG SPILLWAY AND TURBINES, ASSUMING A
CONSTANT OUTFLOW THROUGH THE TURBINES OF 2000 M3/S. SOME MINOR
: ADJUSTMENTS IN THE INFLOW WERE NECESSARY TC MAINTAIN THE 72 M |
WATER LEVEL. 1

J THE COEFFICIENTS FOR THE DISCHARGE-FLOW VELOCITY AND Tﬂﬁﬂl.
l DISCHARGE-DEPTH RELATIONS {AVs BV, AH, BH) FOR THE DOWNSTREAM
4 .
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RIVER WERE BASED ON LINEAR REGRESSICN ON DATA AVAILABLE FOR A
LOCATICN 25 KM DOWNSTREAM OF THE DAM. THE DOWNSTREAM RIVER WAS
DIVIDED IN FOUR REACHES, EACH HAVING A LENGTH OF 50 KM. THE
VELOCITY AND DEPTH MULTIPLIERS (AV, AH) FOR THE SECOND AND
FOURTH REACH WERE ADJUSTED ACCORDING TO THE WIDTH OF THE RIVER.
INFLOW FROM TRIBUTARIES AND DIFFUSE SCURCES IS UNIMPCRTANT.

223 IHE RESULTS

2IRAJIFEICATICN

THE RESULTS SHOW THE OCCURRENCE CF STRATIFICATION FRCM JULY TO
DECEMBER, OR IN CTHER WORDS DURING THE DRY SEASON. THE POSITION
OF THE THERMOCLINE VARIES FROM 5 TO 45 M BELOW THE WATER
SURFACE. THE EPILIMNION TEMPERATURES ARE PBETWEEN 29.0 AND 30.5
CC AND THE DIFFERENCE OF EPILIMNICN AND HYPOLIMNICN TEMPERATURE
IS USUALLY 0.5-1.5 0C. THE OUTPUT OF STRATIF AS ADJUSTED FOR
WQ-ARM IS GIVEN IN FISURE 2.1

DURING THE STRATIFICATIGN THE RIVER USUALLY ENTERS THE
EPILIMNIONs WHICH AUGMENTS THE RES IDENCE TIME OF THE
HYPOLIMNION. AT THE END OF THE STRATIFICATION PERICD THE RIVER
MAY ENTER THE HYPOLIMNION AS WELL, WHICH CONTRIBUTES TO THE
REMOVAL OF STRATIFICATION. A STRCNG DCWNWARD ADVECTIVE FLOW
ARISES DURING STRATIFICATION AS A CCNSEQUENCE CF INFLOW INTO THE
EPILIMNICON AND OUTFLOW FROM THE HYPCLIMNION.

BWAIER QUALITY IN THE RESERVOIR

AS CAN BE SEEN IN FIGURE 2.2, STRATIFIED AND DESTRATIFIED
PERIODS SHOW LARGE DIFFERENCES WITH RESPECT TO THE OXYGEN
CONCENTRATION, THE CONCENTRATICN REACHES VERY LOW NEGATIVE
VALUES IN THE HYPOLIMNION DURING THE FIRST TWC YEARS. BOTH IN
EP IL IMNICN AND DESTRATIFIED RESERVUIR THE CXYGEN CONCENTRAT IONS
ARE POSITIVE (USUALLY 3-<6 M5/L). THIS IS MAINLY DUE TO THE
INFLOW OF LARGE QUANTITIES OF OXYGEN RICH WATER FROM THE
TOCANTINS RIVER.

AFTER 10 YEARS THIS SI TUATION HAS EVEN IMPROVED SUBSTANT IALLY,
A5 IS DEMONSTRATED BY FIGURE 2.3+ HOWEVER, THE LCWER PART OF THE
HYPOLIMNION STILL CONTAINS NEGATIVE CXYGEN CONCENTRATIONS. THE
EP IL IMNICN AND DESTRATIFIED RESERVOIR SHCW CONCENTRATIONS
BETWEEN 4 AND 7 M 02/L.

THE OXYGEN BUDGET HAS BECOME MORE CR LESS STABLE AFTER 10 YEARS.
THE BUDGET OF THE HYPOLIMNION IS NCW DOMINATEC BY THE
DEGRADATION OF DETRITUS IN STEAD OF THE OEGRADATION OF
PHYTCMASS. EVIDENCE OF THIS GIVEN BY THE QUANTITY OF ORGANIC
MATTER AT THE BOTTOM. INITIALLY BEING 1000-3900 G 02/M2 THIS
QUANTITY DECREASES TO 800-500 G G2/M2, HAVING THE HIGHER VALUES
IN THE UPPER LAYERS.

THE AMMINT UM CCNCENTRATI OGN REACHES HIGH VALUES 1IN THE
HYPOLIMNION DURING THE FIRST YEARS (100-24086 UG N/L, FIGURE 2.4)
AS A CCNSEQUENCE OF THE DEGRACATICN OF PHYTCMASS., THE




CONCENTRATICGNS IN THE EPILIMNION REMAIN SMALL, BECAUSE AMMONIUM
IS INCOCRPORATED BY PHYTOPLANKTON RAPIDLY AND BECAUSE THERE IS A
STEADY AND RELATIVELY STRONG DCWNW ARD ADVECT IVE- FLCH,
COUNTERACTING THE UPWARD TRANSPORT OF AMMCNIUM BY DISPERSION.
THE AMMCNIUM COCNCENTRATION 1IN THE “DESTRATIFIED RESERVDIR IS
SMALL {1-40 UG N/L) DUE TD A STRONG CILUTICN WITH WATER FROM THE
TOCANTINS RIVER.

THE HYPCLIMNION AMMONIUM CONCENTRATICN IS STILL DECREASING
SLIGHTLY AFTER TEN YEARS {15-450 UG/L)s WHILE THE CONCENTRAT IONS
IN EPILIMNION AND DESTRATIFIED RESERVOIR HAVE BECOME STABLE
{1-30 UGAL) (FIGLWRE 2.5%.

THE NITRATE CONCENTRATION HAS INTERMEDIATE VALUES IN EPILIMNION
AND DESTRATIFIED RESERVDIR DURING THE FIRST TWC YEARS {2-50 UG
N/Ly FIGWRE 2.6). IT 1S MORE OR LESS CCMPLETELY ABSENT 1IN THE
HYPOLIMNION BECAUSE OF DENITRIFICATICN. THIS SITUAT ION PERSISTS
DURING THE FOLLOWINS 8 YEARSy ALTHOUGH THE CONCENTRATIONS
DECREASE 20 % {FIGURE 2.7)e. THE INTERFACE WERE NITRATE BECOMES

ZERD IN THE HYPOLIMNION HAS SHIFTED DOWN-WARD OVER A DISTANCE OF

20 M, HWHICH IS IN AGREEMENT WITH THE SHKIFT IN OXYGEN
CONCENTRATIONS.

THE TINORGANIC PHOSPHATE CONCENTRATICN SHCOWN IN FIGURES 2.8 AND
2«9 DEVELOPES IN A DIFFERENT WAY. THE CONCENTRAT IONS REMAIN
PRACTICALLY AT THE SAME LEVEL: 0-25 UG P/L IN THE CESTRATIFIED
RESERVCIRy 0-10 UG P/L IN THE EPILIMNICN AND 10-240 UG P/L. THE
HYPOLIMNION CONCENTRATIONS HAVE DECREASED ONLY 10 3 AFTER TEN
YEARS. THE EXPLANATION CAN BE FOUND IN THE ACCUMULATION OF
IRON~ADSCRBED PHOSPHATE IN THE BCYTCM. THIS ACCUMULATED
PHOSPHATE IS GRADUALLY RELEASED INTO THE OVERLYING WATER. SUCH
AN ACCUMULATION IS ONLY POSSIBLE WHEN THE RESERVOIR BECCMES
COMPLETELY AEROBIC DURING SEVERAL MONTHS.

THE PHYTOPLANKTON BIOMASS REMAINS AT THE SAME LEVEL DURING THE
WHOLE PERIOD OF TEN VYEARS. THE PRIMARY PRCDUCTION IS ALSO
MAINTAINED AT THE INITIAL LEVEL, WHICH AFPEARS FROM THE
CONSTANCY OF THE DETRITUS CONCENTRATICONS. THE MAIN EXPLANATION
FOR THIS CAN BE FOUND 1IN THE SUSTAINED AVAILABILITY OF
NUTRIENTSy PARTICULARLY PHOSPHATE. NITROGEN MAY BE SL IGHTLY
LIMITING TO THE PRIMARY PRODUCTICN FRCM APRIL TO AUGUST.
PHOSPHATE IS LIMITING FROM MAY TC NCVEMBER. LIGHT WILL BE THE
LIMITING FACTOR IN THE REST OF THE YEAR. FIGURE 2.9 SHOWS THE
PHYTOPLANKTON CONCENTRATIONS IN THE NINTH AND TENTH YEAR.

WATER _QUALITY IN THE QOWNSTREAM RIVER

THE OXYGEN CONCENTRATION IN THE RIVER INMEDIATELY DCWNSTREAM OF
THE DAM IS5 USUALLY RELATIVELY HIGH BECAUSE OF INTENSIVE
REAERATICN AT THE SPILLWAY. THE REAERATION AT THE SPILLWAY EVEN
CAUSES SUPERSATURATION (> 7.5 MG/L) DURING THE WET SEASON.

DURING THE FIRST TWO YEARS THE OXYGEN CONCENTRATION IS LOW IN
AUGUST AND SEPTEMBER (3 MG/L)y WHEN THE 'DISCHARGE OF THE
TURBINES BECOMES LARGER THAN THE DISCHARGE COF THE SPILLWAY.
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AFTERWARDSy THIS SITUATION IS DETERICRATED BECAUSE OF THE
INCREASED DISCHARGE OF THE TURBINES: WMORE OR LESS 3 MG/L DURING
AUGUSTy CCTOBER AND NOVEMBERy 1 MG/L IN SEPTEMBER. SEPTEMBER
REMAINS THE CRITICAL PERIOD FOR MANY YEARS. FIVE YEARS AFTER
THE FILLING OF THE RESERVOIR THE CCNCENTRATION STILL IS SMALLER
THAN 2 MG/L 1IN SEPTEMBERs WHILE "IT"EXCEEDS 4 MG/L DURING THE
REST OF THE DRY SEASON. THE CONCENTRATICN INCREASES FURTHER uP
T0O 3 MG/ AFTER TEN YEARS. LOW OXYGEN CONCENTRATIONS DISAPPEAR
USUALLY WITHIN A DISTANCE OF 50 KM DCWNSTREAM CF THE DAM.

224 DISCUSSION AND CONCLUSIONS

A REMARKABLE FEATURE OF THE TUCURUI RESERVCIR 1S THE ABSENCE OF
STRATIFICATION DURINS THE WET SEASON, WHICH IS MAINLY CAUSED BY
THE HIGH OISCHARGES OF THE TCCANTINS RIVER AND THE SMALL
DIFFER ENCE BETWEEN RI VER AND EQUILIBRIUM TEMPERATURE.
CONSEQUENTLYs THE AVERAGE OXYGEN CONCENTRATIGN USUALLY EXCEEDS 3
MG/L DURING THE WET SEASON. SINCE ALSC THE EPILIMNION OXYGEN
CONCENTRATIONS ARE HIGHER THAN 3 MG/L DOWN TC A DEPTH OF 15 M,
THE CONCLUSICN CAN BE ODRAWN THAT THE OXYGEN CONCITIONS ARE
FAVORABLE TO AQUATIC LIFE IN GENERAL. THIS MAY NCT ALWAYS BE THE
CASE IN {SMALL) MARGINAL AREAS, WHERE TEMPCRAL PRESENCE OF
MACROPHYTES MAY CBSTRUCT REAERATION AND FLUSHING.

SINCE THE WATERS FROM THE SPILLWAY AND THE TURBINES DON'T MIX
COMPLETELY WITHIN A DISTANCE OF MCRE THEN 50 KILOMETERSs OXYGEN
PROBLEMS MAY OCCUR IN THAT PART OF THE RIVERs WHICH CONTAINS THE
WATER COMING FROM THE TURBINES. HOWEVER, WQ—ARM CONSIDERS THE
RIVER TO BE A HOMOGENEDOUS SYSTEM (IN A CROSS-SECTION ]) ANC IS
THEREFORE UNABLE TO REPRODUCE THE LOW OXYGEN CONCENTRATIONS,
THAT OCCUR NEAR THE WEST BANK. EVEN SOs LOW CONCENTRAT IONS ARE
PREDICTED AS AN AVERASE FOR THE CUTFLOWS FOR SEPTEMBER ({1-3
MG/L ). CONCENTRATIONS OF 0-3 MG/L WILL BE HARMFUL TO AQUATIC
LIFE.

DOWN-WARD FLOW LIMITS PRIMARY PRGDUCTICN BY CAUSING A BARRIER
AGAINST UPWARD ODISPERSION OF NUTRIENTS. NEVERTHEL ESSy PRIMARY
PRODUCTICN OF PHYTOPLANKTON MAY BE SUSTAINED ON A RELATIVELY
HIGH LEVEL OVER THE YEARS BECAUSE CF THE ACCUMULATION OF
PHOSPHATE AT THE BOTTOM AND ITS GRACUAL RELEASE INTO THE
OVERLYING WATER. THIS MAY DELIVER FAVORABLE CONDIT IONS FOR THE
SECONDARY PRODUCTION [ ZDOPLANKTON AND FISH)y THE MAGNITUDE OF
WHICH HIGHLY DEPENDS ©ON THE AMOUNTS OF PHYTCPLANKTON DETRITUS
PRODUCED IN THE RE SERVOIR.
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2al THE SCENARIDS A ﬁ
SEVERAL SCENARIOS WERE CALCULATED FCR PRALBINA RESERVOIR, FOR |

WHICH SERICGUS WATER QUALITY PROBLEMS ARE EXPECTEL. THE SCENARIOS |
INCLUDE:

= STANDARD SCENARI O FOR LEVEL 29 M {VARIAT ION 2 M ‘

~ SCENARIO FCR LEVEL 25 M (FIXED) |

= SCENARIO FOR REMOVAL OF 25 % OF VEGETATION {PHYTOMASS=0.0 ‘
BELOW LEVEL 18 M) |

= SCENARID FOR LOW ESTIMATE OF THE QUANT ITY CF DROWN ED
VEGETATION ( TODI =2710 & 02 /M2)

= SCENARIO FCR FASTER DEGRADATICN GF ORGANIC MATTER AT THE
BOTTCM (MAINLY PHYTOMASS, RSODE=0.001 1/0) |

= SCENARIO FCR LOW ADSORPTION/SECIMENT AT ION OF PHOSPHATE
(RSAD=0.1 M/D)

THE LEVEL 29 M SCENARIO IS CONS IDERED THE STANDARD SCENAR IO ‘
BECAUSE THIS SCENARIO REFLECTS THE MOST PROBABLE FINAL
HYDROLOGICAL CONITIONS FOR BALBINA RESERVOIR. THE LEVEL 25 M
SCENARIO AIMS AT A SHORTER RESIDENCE TIME AND A FAST ER
‘ RECUPERATICN OF WATER QUALITY. THE SCENARIC FOR REMOVAL OF A
‘ PART OF THE PHYTOMASS HAS TO SHOW THE EXTENT OF SUCCESS OF SUCH |

A MEASURE. 25 % WAS CHOSEN AS AN UPPER LIMIT FCR THE REMOVABLE ‘
' QUANTI TY FROM AN ECONOMIC POINT OF VIEMW. ‘

THE REMAINING SCENARIDS FIND THEIR GROUNDS IN THE FACT THAT THE ‘
VALUES OF SOME PARAMETERS ARE SUBJECT TO SUBSTANTIAL
UNCERTAINTY. FOR TODI A VALUE WAS CHCSEN EQUAL TO THE RELATIVELY
LOW VALUE FOR TUCURUI. RSODB WAS QUANTIFIED AS A HIGH ESTIMATE
ON THE BASIS OF EXPERIMENTAL DATA CN THE ODEGRADATION OF
PHYTOMASS PROVIDED BY INPA. RSAD MAY HAVE A SIGNIFICANTLY
‘ SMALLER VALUE THAN WAS CHOSEN FCR TUCJRUI BECAUSE OF THE
1 ISOLATION OF THE EPILIMNION AND THE PRCBABLY LOWER IRON
CONCENTRATIONS 1IN THE EPILIMNION. SINCE A LACK OF SEDIMENTATION
OF PHOSPHATE MIGHT INCREASE THE PRIMARY PRCDUCTION, 1IT WAS
CONSIDERED SENSIBLE TO TRY A LOW VALUE FCR THIS PARAMETER.
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SIRATIE/MEIEQ
THE COEFFICIENTS FOR THE LEVEL-AREA AND LEVEL-VOLUME RELAT IONS
WERE DETERMINED IN THE SAME WAY AS FCR TUCURUI RESERVOIR. THE

REFERENCE POINTS ARE THE MAXI MAL INUNCATED AREA (2360 KM2) AT
LEVEL 29 M AND THE MAXIMAL VOLUME.

STRATIF NEEDS THE EQUILIBRIUM TEMPERATURE AND THE ENERGY
TRANSFER COEFFICIENT AS INPUTS. THESE VARIABLES ARE CALCULATED
WITH METEC, USING DATA FOR A NUMBER OF METECROLOGICAL L
PARAME TERS, IN CASE OF BALBINA DATA FCR ONLY 2 FEW PARAMETERS

wh oo




ARE AVAILABLE : MCNTILY AVERAGES CF MAX TMUM AND MINIMUM
TEMPERATWRES, RELATIVE HUMIDITY AND WINDSPEED {AVERAGES FOR
1978-~1984). THEREFORE, IT WAS INEVITABLE TC USE THE DATA FOR
RESERVA DUCKE FOR THE REMAINING PARAMETERS « {IRRADIATION),
PREOVIDED BY INPA (1983-1985). THE BRIGHTNESS WAS QUANTIFIED FROM
THE IRRADIATION BY MEANS OF A LINEAR “REGRESSICN EQUATION
DEVELUOPED FOR TUCURUI, TAKING INTC ACCCUNT AN UPPER LIMIT OF
075 AND A LOWER LIMIT OF D.3. THE ECUATIGN IS:

P = 0.0183 I = 2.71 {2.1)

THE AVERAGE TEMPERATURE WAS CALCULATED FROM THE MAXIMUM AND
MINIMUM VALUES BY MEANS OF A RELATICA FOUNC FOR TEMPERATURE DATA
FROM A STATION NEAR MANAUS:

T = TMIN#0.41{TMAX- TMIN) ' (3.2)

BOTH RELATIVE HUMIDITY AND WINDSPEEL DATA WERE NOT SUITABLE FOR
OUR PURPCOSEy BECAUSE:

= THE CALCULATED SQUILIBRIUM TEMPERATURES (TEQ) WERE UNREA-
LISTIC {35 0C).

= CALCULATION OF THE EVAPORATICN WITH THE PENNMAN EQUATION
GAVE FAR TOD SMALL VALUES COMPARED TO THE MEASUREMENTS .

= THE WINDSPEED WAS 3 TIMES SMALLER THAN IN TUCURU I, THE
RELATIVE HUMIDITY WAS MUCH HIGHER > 0.95).

THERE ARE ARGUMENTS TO JUSTIFY OQUR MISTRUST IN THE BALBINA DATA.
THE POSITION OF THE METEOROLOGIC STATION IN  BALBINA HAS BEEN
CRITISIZED IN THE PAST BY INPA. MORECVER, FROM INQU IRY APPEARED
THAT THE RELATIVE HUMIDITY 15 MEASURED ONLY ONCE A DAY (IN THE
EARLY MCRNING) AND THE WINDSPEED IS MEASURED 0.5 M ABOVE AN
EVAPORATION TANK. THEREFDRE, THE WINDSPEED {10 M LEVEL ASSUMED)
AND RELATIVE HUMIDITY DATA FOR RESERVA DUCKE WERE USED IN STEAD
OF THE DATA FOR BALBINA. THIS TIME METEC CALCULATED REALISTIC
VALUES FOR TEQ AND ETC. IT BECAME ALSD PCOSSIBLE TO REPRODUCE THE
MEASURED EVAPORATION WITH THE PEANMAN EQUATION.

THE INFLOW WAS QUANTIFIED USING THE LONG TERM MCONTHLY AVERAGES
OF THE DISCHARGE OF THE UATUMA RIVERy REGISTRATED NEAR THE
FUTURE DAM. THE INFLOW WAS DISTRIBUTED AMONG RIVER, SMALL
CREEKS AND PRECIPITATION~SURPLUS. THE CISTRIBUTICN WAS CARRIED
OUT ACCORDING TD THE SURFACE AREAS CF RESERVCIR AND ODRAINAGE
AREA. THE PRECIPITATI ON=SURPLUS WAS CALCULATED FROM THE MONTHLY

PRECIPITATION MEASURED IN BALBINA {AVERAGES FOR 1978/84) AND THE
CALCULATED EVAPORATION.

THE CGUTFLOWS FOR SPILLWAY AND TURBINES WERE PROVIDED BY
ELETRONORTE FOR THE THE 29 AND 25 M LEVEL SCENARIOS. THE STRATIF
CALCULATIONS WERE PROLONGUED TO A PERICD OF FOUR YEARS, SINCE
THE OUTFLO% SCENARIDS COMPRISED FCUR YEARS .

THE MONTHLY AVERAGE TEMPERATURE OF THE INFLOWS FRCGM THE RIVER
{UATUMA/PITINGA) AND THE CREEKS WERE EST IMATED ON THE BASIS OF




SCARCE DATA, PROVIDED BY INPA FOR 1985. THE TEMPERATURE OF THE
CREEKS IS ASSUMED TO BE 2 OC LOWER THAN THE TEMPERATURE OF THE
RI1VER. THE TEMPERATURE OF THE PRECIPITATION WAS CHOSEN EQUAL TO
THE EQUILIBRIUM TEMPERATURE.

HO-ARM

THE INITIALLY PRESENT AMOUNT OF DEGRADABLE PHYTOMASS, THE
FRACTICN OF LITTER AND THE STOCHIOMETRIC CONSTANTS OF PHYTOMASS
WERE DERIVED FROM DJATA PROVIDED FCR BALBINA BY INPA: TODI1=0
(BELOW A LEVEL OF 5 M), TODI2/3=3840 G C2/M2y FOD1=0.206y
SA1=0.037 G N/G Cy SPL=0.0019 G P/G Co SA2=0.044% G N/G Cy
SP2=0.0022 G P/G C.

THE PARAME TERS FOR REAERATION AT THE SPILLWAY WERE ADJUSTED IN
ORDER TO TAKE THE LACK OF A SKI-JUMP INTC ACCOUNT: REAR=Qy
GASVP=C(. 5.

THE DISPERSION PARAMETERS WERE ADJUSTED FOR THE MUCH MORE
QUIESCENT CONDITIONS IN BALBINA: DMAX=3 M2/C, DMIN=0,05 M2/ Dy
FDISP=20, FRICH=0.001.

ALL CTHER PARAMETERS HAVE THE SAME VALUES AS FOR TUCURUI (SEE

TABLE 13.

THE MONTHLY AVERAGE CONCENTRATICNS IN THE INFLOW FRCM RIVER AND
CREEKS WERE ESTIMATED, USING THE SCARCE CATA PRCVIDED BY INPA
FOR 1685 AND BY LITERATURE ON THE COMPOSITION COF AMAZONIAN

WATERS (FURCH ET AL. 1984)+

EVAPORATION AND PRECIPITATION HAVE BEEN NMENT IONED ABOVE. THE
CONCENTRATIONS ©OF NUTRIENTS IN THE PRECIPITATION HAVE BEEN
ESTIMATED ON THE BASIS OF ONE SINGLE OBSERVATICN MADE BY INPA
(DECEMBER 1986): CAMP=0.05 MG N/L, CNIP=0.05 MG N/L, COoPP=0.02

\

MG P/L.

THE DAILY AVERAGE PHOTOREACTIVE IRRACIAT ION INTENSITY JUST B EL OW
THE WATER SURFACE (TIS) WAS CALCULATED WITH EQUATION {2.1) FROM
THE DAILY AVERAGE 3L0OBAL IRRADIATICN INTENSITY, MEASURED 1IN
RESERVA DUCKE [(INPA). THE BACKGROUND EXT INCTION HAS BEEN
QUANTIFIED WITH EQUATION (2.2), USING THE SECCHI-DEPTH CATA FOR
THE UATUMA RIVER: BEXT=0.8 1/M. THIS HIGH VALUE REFLECTS THE
PRESENCE OF HIGH HUMIC ACIDS CONCENTRATRIONS IN THE WATER OF THE

(BLACK) RIVER UATUMA.

IHE OUTPUT OF STRATIF, DIFFERENT FCR THE 29 AND 25 M SCENARIOS
AND EXTENDED TO 4 YEARS, WAS USED AS INPUT TO WQ-ARM. THE
EPILIMNICN INFLOW WAS DIMINISHED WITH THE PREC IPITAT ION-SURPLUS,
SINCE PRECIPITATION AND FEVAPORATICN ARE TAKEN INTO ACCOUNT
DIRECTLY IN WQ-ARM., MOREOVER, SOME MINCR ADJUSTMENTS OF THE ,
DUTFLOKS WERE NECESSARY TO MAINTAIN THE REQUIRED WATER LEVELS. 3
THE INPUT FOR THE THIRD AND FOURTH YEAR WAS COPIED THREE TIMES

70 COMPLETE THE INPUT FOR A TEN YEARS PERICD.

THE COEFFICIENTS FOR THE OISCHARGE~-FLOW VELOCITY AND THE
DI SCHARGE- DEPTH RELATIONS {AVs BV, AH, BH FOR COWNSTREAM RIVER)
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WERE BASED ON LINEAR REGRESSION ON DATA AVAILABLE FOR & LOCATION
35 KM DOWNSTREAM 2?22? OF THE DAM. THE DOWNSTREAM RIVER WAS
DIVIDED IN FIVE REACHES, HAVING A LENGHT OF 25 OR 50 KM {THE
FINAL REACH ONLY). THE VELOCITY MULTIPLIERS {AV) FOR THE FIFTH
REACH WAS ADJUSTED ACCORDING TO THE WICTH CF THE RIVER.

INFLOW FROM TRIBUTARIES IS CONSIDEREL UNIMPORTANT. INFLOW FROM |
DIFFUSE SOURCES HAS BEEN QUANTI FIED ON THE BASIS OF THE SI1ZE OF |
THE DRAINAGE AREA. THE CONCENTRATICONS OF OXYGENy DETRITUS AND
AMMONIUM IN THIS DIFFUSE INFLOW ARE EQUAL TO THE YEARLY AV ERAGES |
MEASURED IN THE CREEKS BY INPA. |

323 _THE RESULTS

IN THE DISCUSSION OF THE RESULTS ATTENTION WILL BE PAID MAINLY
TO THE STANDARD SCENARIO. THE OTHER SCENARIOS ARE DISCUSSED FOR
AS FAR AS THEY SHOW SIGNIFICANT DIFFERENCES.

32321 THE STANDARD SCENARIOQ

SIRATIFICATION |
THE CALCULATICNS INDICATE PERSISTENCE CF STRATIFICATION THE |

WHOLE YEAR ROUND. THE THERMOCLINE IS USUALLY LCCATED AT A DEPTH
OF 5 M, BUT SHIFTS TO GREATER DEPTH (6~9 M) DURING THE MONTHS |
JUNE o JULY AND AUGUST. THIS SHIFT CAN BE EXPLAINED FROM THE |
LOWER EQUILIBRIUM TEMPERATURE 1IN THIS PERICD. THE EPIL IMNION |
TEMPERATWRES ARE BETWEEN 29.5 AND 31.2 OC AND THE DIFFERENCE OF

EPILIMNICN AND HYPOLIMNION TEMPERATURES VARIES BETWEEN 1.8 AND

3.5 0Ce THE CUTPUT OF STRATIF IS GIVEN IN FIGURE 3.1 |

EXCEPT FOR THE PRECIPITATION-SURPLUS ALL INFLOW ENTERS THE
HYPOLIMNION. SINCE MOST OF THE CUTFLCW IS WITHDRAWN FROM THE |
HYPOLIMNION, THROUGFLOW OCCURS ALMOST COMPLETELY IN THE |
HYPOLIMNION, WHICH IMPLIES A RELATIVELY SMALL RESIDENCE TIME FOR |
THE HYPOLI MNION.

BATER _QUALITY IN THE RESERVOIR
FIGURE 3.2 SHOWS THE EXTREME LOCW. CONCENTRATICONS OF OXYGEN, WHICH

MAY OCCUR IN BALBINA RESERVOIR DURING THE FILLING PHASE. EVEN ‘
THE EPILIMNICN CCNCENTRATIONS REMAIN RELATIVELY LOW (1-5 MG ‘
02/11. THIS SITUATION IS MAINLY DUE TO THE LARGE QUANTITY OF

DROWNED PHYTOMASS, THE PERSISTENCE CF STRATIFICATION AND THE i
LONG RESIDENCE TIME OF THE RESERVOIR DURING MOST PART OF THE

YEAR. HOWEVERy THE CONDITIONS IMPROVE SUBSTANTIALLY DURING THE

PERIOD JUNE THROUGH AUGUST, WHEN THE THERMOCLINE 1S LOCATED AT
GREATER DEPTH. THE DOWNWARD SHIFT OF THE THERMOCLINE CAUSES A
DECREASE oF THE HYPOLI MNION VOLUME .. CONS EQUENTLYs THE
HYPOLIMNION BECOMES FLUSHED MUCH MORE STRONGLY WITH RIVER WATER,

WHICH RESULTS IN IMPROVEMENT OF THE WATER QUAL ITY.

AFTER 5 YEARS THE EPILIMNION OXYGEN CONCENTRATIONS HAVE BEEN
RESTORED TO AN ACCEPTABLE LEVEL: 5-6.5 MG/L UFIGURE 3.3). THE |
\




HYPOLIMNION STILL CONTAINS NEGATIVE OxXY GEN CONC ENTRAT IONS
{(=1/-7C MG/L).

THE OXYGEN BUDGET IS STILL UNSTABLE AT THE END OF THE TEN YEAR
PERIODs ALTHOUGH THE DEGRADATION CF CETRITUS HAS BECOME THE
DOMINATING FACTCR {FIGURE 3.41. THE QUANTITY OF CRGANIC MATTER
AT THE BOTTOM HAS DI MI NI SHED FRCM 1300-6300 G g2/M2 1IN THE
INITIAL PERIDOD TO 120-300 G D2/M2. THE HY POLIMNION HAS BECOME
AEROBIC PARTIALLY DURING THE WET SEASCN AND  ALMOST COMPLETELY

DURING THE DRY SEA SON.

THE AMMCNIUM CONCENTRATION 15 VERY HIGH IN TFE HYPCL IMNION AND
VERY LOW IN THE EPTLIMNI ON DURING THE FIRST YEARS: 300~10000 UG
N/L VERSUS 1-20 UG N/L {FIGURE 3.51. THE LOW CONCENTRATIONS 1IN
THE EP ILIMNICN ARISE MAI NLY FROM DUBNWARD AOVECTIVE FLOW AND
EXTREMELY SLOW UPWARD DISPERSICON. BESIDES THISy INCORPORATION
INTO PHYTOPLANKTON AND NITRIFICATICN CCNTRIBUTE SUBSTANT IALLY IN
MA INTA INING LDH CONCENTRATIONS.

THE HYPOLIMNION AMMONIUM CONCENTRATICNS DECREASE RAPIDLY IN
TIME, MAINLY 8ECAUSE OF THE FLUSHING EFFECT MENT IONED ABOVE.
THEY HAVE BECOME 4 TIMES AS SMALL IN THE EPILIMNION AND 10 TIMES
AS SMALL IN THE HYPOLI MNION AFTER 5 YEARS (FIGURE 3.6). THIS
DEVELOPMENT CONTINUES EVEN AFTER 10 YEARS, WHEN THE
CONCENTRATIONS HAVE BEEN REDUCED TC 0-5 uG/L IN THE EP IL IMNICN
AND 5250 UG/L IN THE HYPOLI MNION (FIGURE 3.7).

THE NITRATE CONCENTRATION HAS LOW VALUES FROM THE ST ART AND IS
ONLY PRESENT IN THE EPILIMNICN (FIGURE 3.8). IT DOES NOT EXCEED
25 U6 N/L. THE CONC ENTRATIONS DECREASE DRASTICALLY DURING THE
FOLLOWING YEARS TO 0~5 UG/L. AFTER TEN Y EARS DENITRIFICATION IS
STILL STRONG ENOUGH TO REMOVE NITRATE FRCM A LARGE PART OF THE
HYPOLIMNION. HOWEVER, THIS IS NOT THE CASE FRCM MAY THROUGH
AUGUST WHEN FLUSAING RETURNS AEROBIC CCNDITICNS T0o THE

HYPOLIMNION (FIGURE 309 e

THE INCRGANIC PHOSPHATE CONCENTRATION SHOWN IN FIGURES 3104
3,11 AND 3.12 DEMONSTRATE ESSENT IALLY THE SAME BEHAVIOR AS

AMMONIUM. THE EPILIMNION PHOSPHATE CONC ENTRAT ICNS REMAIN VERY
LOW FROM THE START: 0-2 UG/L. A DRAST IC DECREASE OF THE
CONCENTRATIONS IN THE HYPOLIMNION FROM 50-900 UG P/L TO 1-20 UG
p/L IN TEN YEARS CAN OCCUR BECAUSE OF THE LACK OF
ADSORPTIGNISEDIMENTATIDN DURING THE FIRST 8 YEARS. IN THE MEAN
TIME PHOSPHATE IS FLUSHED FROM THE RESERVOIR AND ACCUMULAT ION AT

THE BOTTOM 1S IMPOSSIBLE .

THE PHYTCPLANKTON BIOMASS AND PRIMARY PRCDUCTICN DECREASE
DRASTICALLY AFTER THE INITIAL PERICD THE BIOMASS GOES FROM
0.15-0.22 MG 02/L TO 0.02-0.04 MG/L AFTER 10 Y EARS (FIGURES 3.13
AND 3.14). THE PRIMARY PRODUCTICN DECREASES A FACTOR 5, WHICH
APPEARS FROM THE DECREASE IN DETRITUS CCNCENTRATICN. PHOSPHATE
1S THE HMAIN LIMITING FACTOR FRCM THE START » THE LIMITATION
GROWS STRONGER GRADUALLY, DUE TO THE DEPLETICN OF PHOSPHATE. A




STABLE SITUATION SEZMS TO BE REACHED AFTER 8 YEARS. NITROGEN
ACTS AS A SECOND LIMITING FACTOR IN THE FINAL TWOQ YEARS,

h&lﬁﬁ_ﬁuALIII_IN“IHﬁ_lﬂﬂﬂilﬁﬁﬁﬂ_ﬁlyﬁB '
SINCE REAERATION AT THE SPILLWAY IS LARGELY ABSENT AND MOST PAST
UF THE WATER LEAVES THE RESERVOIR THROUGH THE TURBINES ANYWAY,
LOW OXYGEN CONCENTRATIODNS MAY BE EXPECTED TO CCCUR IN THE RIVER
DOWNSTREAM OF THE DAM. DURING THE FIRST TwWO YEARS THE
CONCENTRATION IS NEGATIVE IN THE OUTFLOW, INDICATING THE
PRESENCE OF REDUCED SUBSTANCES, SUCH AS FE2+ AND S2-. METHANE
HAS BEEN REMOVED FROM THE NEGATIVE OXYCEN EQUIVALENT, SINCE IT
IS ASSUMED THAT ME THANE IS OXIDIZED RELATIVELY SLOWLY AND
ESCAPES 70 THE AIR, CONCENTRATIONS BETWEEN -1 AND 3 MG/L PREVAIL
WITHIN A DISTANCE OF 100 KM. THE CONCENTRAT IONS ARE KEPT LOW BY
A STRONG NITRIFICATION, A CONSEQUENCE oF HIGH AMMON I UM
CONCENTRATIONS { SEE FIGURE 3.23).

THE OXYGEN CONDI TI ONS IMMEDI ATELY DCWNSTREAM QF THE DAM HAVE NOT
IMPROVED AFTER FIVE YEARS. HOWEVER, A DRASTIC DECREASE OF THE
AMMONIUM CONCENTRATION ALLOWS A SLIGHTLY FASTER RECUPERAT ION.
THE OXYGEN CONCENTRATION EXCEEDS 3 MG/L BETWEEN &5 AND 90 KM
DOWNSTREAM,

ANAEROBIC CONDITIONS PREVAIL IN THE OUTFLOW GF THE RESERVTIR
EVEN AFTER 10 YEARS. POSITIVE CGXYGEN CONCENTRATICNS OF 0.5-2
MG/L MAY DCCWR IN THE OUTFLOW FRCM JUNE TO CCTOBER. THE LOW
OXYGEN CONCENTRATIONS DISAPPEAR USUALLY WITHIN A DISTANCE OF 25
TO 70 KM DOWNSTREAM OF THE DAM,

22342 IHE 25 M_SCENARIQ

THE MAIN FEATURE OF THIS SCENARIO IS THAT THE WATER QUALITY OF
THE RESERVOIR RECUPFERATES FASTERy AS CAN BE OBSERVED IN FIGURES
34154 3.16 AND 3.17. THE ACCELERATED RECUPERAT ION IS THE
CONSEQUENCE OF A SMALLER HYPOLIMNICN VCLUME, LEADING TGO STRONGER
FLUSHING OF THE HYPGLMINION. EVIDENCE IS GIVEN BY THE
SUBSTANTIALLY HIGHER AYPOLIMNION OXYGEN CONCENTRATIONS IN THE
PERIOD FROM MAY TO AUGUST, WHICH BEGIN TO GET POSITIVE AFTER
FIVE YEARS. THE IMPORTANCE OF FLUSHING IS ST IPULATED BY THE FACT
THAT THE QUANTITIES OF ORGANIC MATTER AT THE B8OTTOM ARE
COMPARABLE TO THOSE IN THE STANCARD SCENARIO: 2100~-5700 G D2/M2
INITIALLY, 120-300 G 02/M2 AFTER 10 YEARS.

WITH RESPECT TO THE NUTRIENTS INCREASED FLUSHING MAINLY AFFECTS
THE PERIOD MAY-AUGUST, IN WHICH THE CONCENTRATIONS BECOME i
TIMES AS SMALL AS IN THE CASE OF THE STANDARD SCENARIN. SMALL
DIFFERENCES PREVAIL DURING THE REST CF THE YEAR.

AFTER 10 YEARS THE PHOSPHATE CONCENTRATICN BECCMES EVEN HIGHER
{1.5%) THAN IN THE STANDARD SCENARIO, WHICH IS THE RESULT OF THE
INCREASED [IMPORTANCE OF THE INFLOW. CCONSEQUENTLY, THE
PHYTOPLANKTUN CONCENTRATION STABILIZES ON A SOMEWHAT HI GHER
LEVEL (0.03-0.04 MG 02/L).




DURING THE FIRST FIVE YEARS LITTLE DIFFERENCE EXISTS 1IN THE
INITIAL CXYGEN CONCENTRATION OF THE DOWNSTREAM RIVER BETWEEN THE
29 M AND 25 M SCENARIOS. HOWEVER 3 A SLIGHTLY FASTER RECUPERATION
OCCURS IN THE RIVER BECAUSE CF LOWER AMMONIUM CONCENTRAT IONS
DURING THE PERIODS APRIL-AUGUST. AFTER FIVE YEARS LOW OXYGEN
CONCENTRATIONS {<3) DISAPPEAR BETWEEN 50 AND 90 KM DUWNSTREAM.
FROM THEN ON IMPROVEMENT OF THE CUTFLOW OXYGEN CCNCENTRATION
STARTS TO DEVELOPE. THE CONCENTRATION REACHES VALUES OF 0-4 MG/L
AFTER TEN YEARS IN THE PERIOCD MARCH-OCTCBER. LOW OXYGEN
CONCENTRATIONS ARE NOT ENCOUNTERED ANY LCNGER AT DISTANCES OF
MURE THAN 50 KM DOWNSTREAM.

323.3 JHE SCENARIOS WITH REDUCED PHYIOMASS

REMOVAL OF 25 % OF THE VEGETATICN PROVED MODERATELY EFFECTIVE
WITH RESPECT TO IMPROVEMENT OF THE WATER QUALITYs BRINGING THE
INITIAL QUANTITY OF ORGANIC MATTER DOWN TO 1300-3200 G 02/M2.
THE OXYGEN CONCENTRATION IS LESS NEGATIVE {(FIGURE 3.18) AND THE
NUTRIENT CONCENTRATIONS ARE SMALLER IN THE HYPOLIMNION DURING
THE FIRSY FIVE YEARS {DIFFERENCES 40 %). AFTER 10 YEARS THE
WATER QUALITY PICTURE RESEMBLES THAT OF THE STANCARD SCENARIO,
ALTHOUGH THE OXYGEN CONCENTRATIONS ARE 0-1 MG/L HIGHER (FIGURE
3.19) AND THE AMMONI UM CONCENTRATICNS ARE ABOUT 25 Z LOWER.

THE SCENARIO WITH THE LOW ESTIMATE FCR THE QUANTITY COF PHYTOMASS
ESSENTIALLY OFFERS THE SAME RESULTS, ALTHOUGH THE VERTICAL
DISTRIBUTION DOF ORGANIC MATTER AT THE BOTTCM IS DIFFERENT:
1100-460C G 02/M2, MORE ORGANIC MATTER IS PRESENT AT THE BOTTCOM
OF THE LOWER LAYERS COMPARED TO THE FCRMER SCENARIO. THIS FACT
RESULTS IN SOME CHANGES IN THE VERTICAL DIRECTICN. THE NUTRIENT
CONCENTRATIONS ARE LOWER IN THE UPPER LAYERS AND HIGHER 1IN THE
LOWER LAYERS. THE CONSEQUENCE IS A 20 % SMALLER PHYTOPLANKTON
CONCENTRATION. HOWEVER, THESE ODIFFERENCES HAVE DISAPPEARED
LARGELY AFTER 1C YEARS.

BOTH SCENARINS HAVE THE SAME MINOR EFFECT ON THE OXYGEN
CONCENTRATION IN- THE DOWNSTREAM RIVER. THE CONCENTRATIONS
IMMEDIATELY DOWNSTREAM OF THE DAM ARE MORE OR LESS THE SAME AS
IN THE STANDARD SCENARIO. THE OXYGEN CONCENTRATION IN THE RIVER
MAY BE 5-20 2 HIGHER, BECAUSE OF REDUCED NITRIFICATION (LOWER
AMMONIUM CONCENTRATION |). DURING THE FIRST FIVE YEARS. THE
EFFECT OF A SMALLER QUANTITY OF OROWNEC VEGETATION BECOMES
GRADUALLY VISIBLE DURING THE SECOND PERIOD CF FIVE YEARS. THE
OXYGEN COMCENTRATION IN THE OUTFLOW BECCMES POSITIVE (0-2.5
MG/L) FROM APRIL TO NOVEMBER AFTER 10 YEARS. LOW CONCENTRAT IONS
DISAPPEAR BETWEEN 20 AND 60 KM DOWNSTREAM,

32324 THE SCENARIQ WITH FASTER DEGRACATICON OF PHYTOMASS

NOT SURPRISINGLY, THE INITIAL CXYGEN CONCENTRATION IS QUITE
LOWER THAN 1IN THE STANDARD SCENARIO {FIGURE 3.20). THE
DIFFERENCE IS SDME 30 % AND IN 60 % OF THE EPIL IMNION THE
CONCENTRATION DNES NOT EXCEED 3 MG/L. HCWEVER, RECUPERATION IS
FASTER DUE TO A MDRE RAPID DECREASE OF THE QUANTITY CF ORGANIC
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MATTER AT THE BOTTCM {40-70 G 02 /M2 AFTER 10 YEARS)e THE OXYGEN
CONCENTRATION IS 30 % HIGHER AFTER FIVE YEARS AND THE
HYPOLIMNION HAS BECOME ALMOST COMPLETELY AEROBIC {FIGURE 3.21).
ANOTHER FIVE YEARS LATER THE CALCULATICNS SHOW A COMPLETELY

AERDBIC HYPOLIMMION WITH OXYGEN CCNCENTRATICNS USUALLY HIGHER
THAN 2 MG/L {FIGURE 3.22). b

THE NUTRIENT CONCENTRATIONS ARE 30 % HIGHER IN THE BEGINNING AND
30 Z LOWER AFTER FIVE YEARS. THE AMMCNIUM CONCENTRATION IS 1-10
UG/L IN THE WHOLE AYPOLIMNION, WHEN TEN YEARS HAVE GONE BY, A
LITTLE LOWER THAN IN THE STANDARD SCENARIOC BECAUSE OF INCREASED
NITRIFICATION. THE PHOSPHATE CONCENTRATION STABILIZES ON A
HIGHER LEVEL: 140 U3/L 1IN THE HYPOL IMNION. CONSEQUENTL Y,
NITROGEN BECOMES MORE IMPORTANT AS A LIMIT ING FACTCRy ALTHOUGH

THE PRIMARY PRODUCTION HAS MORE CR LESS THE SAME MAGNITUDE AS IN
THE STANDARD SCENARIO.

THE OXYGEN CONCENTRATION IN THE DOWNSTREAM RIVER IS COMPARABLE
TO THAT 1IN THE STANDARD SCENARIC CURING THE FIRST FIVE YEARS.
LATER ON THE CONCENTRATION IN THE CUTFLCW INCREASES GRADUALLY
AND REACHES PREDOMINANTLY POSITIVE VALUES IN THE EIGHTS YEAR.
AFTER TEN YEARS THE SITUATION HAS IMPRCVED SUCH THAT OXYGEN
PROBLEMS WILL HAVE SEAZED TO EXIST IN THE RIVER. THE OXYGEN

CONCENTRATION EXCEEDS 2.5 MG/L IN THE OUTFLOW THE WHOLE VYEAR
ROUND (FIHURE 3.24),.

323.5 TH LSQEN&BIQ_HI.I&_BEQLiQED..A.QS;tSED;.ﬁE_EHQ&EHAIﬁ

THE DIFFERENCES WITH THE STANDARD SCENARIO ARE VERY SMALL IN
GENERAL. HOWEVER, THE PHOSPHATE CONCENTRATION INCREASES FROM A
FEW PROCENTS IN THE BEGINNING TO 100 % (1-20 UG/L) AFTER TEN
YEAR Sy WHICH IMPLIES THAT NI TROGEN EVENTUALLY BECOMES THE MOST
IMPORTANT LIMITING FACTOR. THE PHYTUPLANKTCN BIOMASS AND PRIMARY
PRODUCTICN INCREASE 25 % AS A RESULT OF THE MORE AMPLE
AVAILABILITY OF PHOSPHATE. 1IN OTHER WORDSy LITTLE IMPROVEMENT

OCCURS  WITH RESPECT TO THE AVAI LARILITY UF FOCD FCR ZOOPLANKTON
AND FISH.

324 DISCUSSION AND CONCLUSIONS

THE MODEL CALCULATIONS FOR BALBINA RESERVOIR INDICATE BAD WATER
QUALITY DURING AT LEAST THE FIRST FIVE YEARS OF ITS EXISTENCE. A
STRONGLY AND COMPLETELY ANAEROBIC HYPOLIMNION WILL DEVELOP, ONLY
A SHALLOW EPILIMNION WILL BE AERCBIC. THERE IS A KIGH RISC OF
KILLING MOST OF THE AQUATIC ORGANISMS DURING STORM EVENTS, SINCE
A PARTIAL DR COMPLETE TURN-OVER {DESTRATIFICAT ION) MAY RESULT IN
VERY LOWwW OXYGEN CONCENTRATIONS NEAR THE WATER SURFACE.
INTOXICATION OF AQUATIC ORGANISMS WITH SULFIDE MAY OCCUR AS
WELL. ANCTHER POTENTIAL RISK IS THE RELEASE OF LARGE QUANTITIES
CF METHANE TO THE AIR AT THE DAM~SITE, SINCE METHAME ACCOUNTS
FOR MOST OF THE NEGATIVE OXYGEN CONCENTRAT IONS «
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THE DOWNSTREAM RIVER WILL RECEIVE ANAERDBIC WATER DURING 90 % OF ‘
THE TIME IN A 10 YEARS PERIOD. LOW OXYGEN CONCENTRATIONS (=-1/3

MG/L) WILL PREVAIL IN A REACH OF 50-100 KM DCWNSTREAM OF THE ‘
DAM. ol L

i

FILLING OF THE RESERVOIR UPTO LEVEL 25 M IN STEAD OF LEVEL 29 M
WILL ACCELERATE THE RECUPERATION OF THE WATER QUALITY SOMEWHAT,
BUT ON THE WHOLE IT CAN BE CONCLUDED THAT SUCH AN APPROACH DOES
N8BT HAVE CLEAR BENEFICIAL EFFECTS. THE SAME GCES FOR REMOVING
25 % OF THE VEGETATION. A MUCH HIGHER PERCENTAGE WOULD BE
NECESSARY TO PRODUCE AN ACCEPTABLE WATER QUALITY.

A MORE OPTIMISTIC PICTURE IS DERIVED FRCM THE ASSUMPTION THAT
THE DEGRADATION RATE OF ORGANIC MATTER HAS BEEN UNDERESTIMATED.
A HIGHER RATE LEADS TD FASTER RECUPERATICN OF WATER QUALITY. BUT
EVEN SO, THE CONDITIONS DO NCOT BECOME ACCEPTABLE BEFORE FIVE
YEARS HAVE GONE.

THE PRIMARY PRODUWC TION OF PHYTOPLANKTON IS EXPECTED TO BE SMALL \
(AND THEREFORE LITTLE DIURNAL VARIATION WILL OCCUR) IN THE 1
RESERVOIRy ESPECIALLY AFTER THE FIRST TWC YEARS. THIS IS THE |
RESULT OF THE FOLLCWING CONDITIONS:

= ABSENCE OF PHOSPHATE ACCUMULATICN AT THE BCTTOM, |
= HIGH FLUSHING RATE FOR THE HYPCLIMNICN DURING A PART OF
THE YEAR, ‘
~ 'ISOLATICON' OF THE EPILIMNION BECAUSE OF A PREDOMINANT i
DOWNWARD ADVECTIVE FLOW AND SLCW VERTICAL DISPERSION, u
= LOW NUTRIENT CONCENTRATIONS IN THE INLOWS.

SMALL PRIMARY PRODUCTION WILL CREATE LESS FAVORABLE CONDIT IONS
FOR ZOCPLANKTON AND FI SH. '

WQ—-ARM ASSUMES HOMOGENEOUS MIXING IN THE HCRIZCNTAL DIRECTIONS.
IN REALITY THERE WILL BE SUBSTANTIAL INHOMOGENEITY, SINCE THE
PRESENCE OF MANY ISLANDS WILL REDUCE FLUSHING OF THE MARGINAL
AREAS. THE OVER~ALL RESULT 1IN COMPARISON WITH THE MODEL
PREDICTICNS IS:

= LOWER OXYGEN CONCENTRATIONS ANC HIGHER NUTRIENT CONCEN-
TRATIONS NEAR THE MARGINS.

= HIGHER OXYGEN CONCENTRATIONS AND LCWER NUTRIENT CONCEN-
TRATIONS IN THE CENTRAL BODY OF THE RESERVOIR AND THE
DOBNSTREAM RIVER.

HOWEVER, THE WATER QUALITY CONDITICONS WILL PROBABLY BE NOT MUCH
FAVORABLE TO AQUATIC LIFE THAN APPEARS FROM THE CALCULATIONS.
LESS NEGATIVE OXYGEN CONCENTRATIONS DELIVER THE SAME HARMFUL
ANAEROBIC CONDITIONS. '

THE PRESENCE OF MACROPHYTES ON A LARGE SCALE CCULD S IGNIFICANTLY
ALTER THE PREDICTED WATER QUALITY PICTURE. THE AREAS COVERED
WITH FLOATING WATER PLANTS ARE SUBJECT TC REDUCED REAERATION AND
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FLUSHING. STRATIFICATION WILL BE PREVENTED IN THESE AREAS. THE
EFFECTS WILL INCLUDE:

= OCCURRENCE OF ANAEROBIC AND TOXIC CONDIT IONS IMMEDIATELY
BELOW THE WATER SURFACE,

- STCRAGE OF NUTRIENTS INTO THE CRGANTCT"MATTER OF THE
MACROPHYTE S,

= RETARDATION OF THE RECUPERATICN PRCCESS BECAUSE GF THE
REDUCTION OF NUTRIENT REMOVAL AND REAERATION.

ON  THE WHOLE IT MAY BE CONCLUDED THAT LARGE SCALE CCVERAGE WITH
MACROPHYTES WILL INDUCE A WATER QUALITY, WHICH IS EVEN WORSE
THAN THE PREDICTED WATER QUALITY. HOWEVER, UP TO DATE
UNCERTAINTY EXISTS WITH RESPECT TO THE POSSIBILITY OF EXCESSIVE
GROWTH OF MACROPHYTES IN BALBINA RESERVOIR.
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