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2+ PHYJOPLANKTON AND DETRITUS

IN THE ORIGINAL VERSION OF OXY PRIMARY PRODUCTION HAD TO BE
SUPPLIED 1IN THE INPUT. THE ONLY JASK OF THE MODEL WAS TO
DISTRIBUTE THIS NET PRIMARY PRODUCTICN (G 02/1M2.D)) AMONG THE
UPPER WA TER LAYERS , ACCORDING T0 THE PENETRATION OF
PHOTOREACTIVE IRRADIATION INTO THE WATER. THE CXYGEN EQUIVALENT
WAS ADOED T0 THE OXYGEN CONCENTRATICN. PHYTOPLANKTON {NOT
PRESENT IN THE MODEL AS SUCH) WAS ASSUMED TO BE IN STEADY STATE,
WHICH IMPLIED THE TRANSFER OF THE TOTAL PRCDUCTICN TO THE POOL
OF DEGRADABLE ORGANIC MATTER. THIS APPROACH WAS CONSIDERED
OVER SIMPLIFIED AND HAD NO PREDICTIVE CAPACITY.

A REFORMULATION OF PHYTOPLANKTON AND PRIMARY PRODUCT ION WOULD
HAVE TC ENLARGE THE PREDICTIVE CAPACITY CF OXY AND THEREFORE HAD
TO CONSIDER SEASONALITY AND LIMITATICNS {NUTRIENTSs LIGHT).
HOWEVER THE MODEL HAD TO REMAIN RELATIVELY SIMPLE IN ORDER TD
LIMIT THE INPUT AS MIJCH AS POSSIBLE AND TC MAINTAIN ROBUSTNESS.
THIS EXCLUDED THE INTRODUCTION OF COMPETITION BETWEEN DIFFERENT
PHYTCP LANKTON SPECIE S. A COMPRCMISE WAS FOUND 1IN THE
ASSUMPTION, THAT THE SPECIES COMPOSITION IS EITHER DCMINATED BY
DIATCMSs GREEN ALGAE OR BLUE ALGAE. THE SUCCESSICN IN MANY LAKES
AND RESERVOIRS SHOWS THAT THIS IS CFTEN THE CASE. THESE THREE
GROUPS OF PHYTOPLANKTON SPECIES CIFFER SUBSTANTIALLY WITH
RESPECT 10 FAVOURABLE CONDITICAS AND PRCDUCTIVITY. THE
DIFFERENCES BETWEEN SPECIES OF THE SAME GROUP ARE USUALLY
RELATIVE SMALL. THE ASSUMPTION ALLCWS THE INTRODUCT ION OF
SPECIES SPECIFIC FEATURES VIA THE INPUT TO THE MODEL AS
FUNCTICNS OF TIME (SEASONALITY)s THIS MEANS THE SUPPLY OF A SET
OF FEATWRES, BELCONGING TO THE DOMINANT GROUP OF SPECIES, FOR
EACH PERIGCD {A MONTH). THUS, THE COEFFICIENTS 0OF THE
PHYOPLANKTCN EQUATIONS MAY DIFFER FRCM PERIOD TGO PERIOD. IT IS
THOUGHT THAT THE SUCCESSION OF SPECIES IN A RESERVOIR CAN BE
ESTIMATED ON THE BASIS OF THE PREVAILING ENVIRONMENTAL
CONDITIONS.

THE COMPOSITION OF A PHYTOPLANKTCON/DETRITUS MCDEL STARTS MWHITH
THE FORMULATICN OF OIFFERENTIAL EQUATICONS. IN THIS CASE THE
EQUATIONS ARE:

DCP/DT = (PG -~ R = M = TR).CP (2.1}
DCD/DT = M.CP - (DG + S +# TR).CD (2.2)
IN WHICH,

CP = CONCENTRATION OF PHYTOPLANKTON (MG 0C2/L)

€D = CONCENTRATION OF DETRITUS (MG G2/1})

PG = GROSS PRIMARY PRODUCTIUN RATE CCNSTANT {1/D)

R = RESPIRATION RATE CONSTANT {1/0)

M = MORTALITY RATE CONSTANT (1/0)

TR = MASS TRANSPORT FACTOR {(1L/0)

DG = DEGRADATION RATE CONSTANT (1/D)

S = SEDIMENTATION RATE CONSTANT {1/0)
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1 TIME (D)

GRAZING BY ZOOPLANKTON AND INFLOW HAVE BEEN IGNORED. GRAZING CAN
NCT BE SIMULATED IN A SIMPLE WAY AND FORTUNATELY IS OF M INOR
IMPORTANCE 1IN MANY CASES OR DURING A SUBSTANTIAL PART OF THE
YEAR. HOWEVER, GRAZING COULD BE CONSIDERED AS A PART OF
MORTALITY. THE INFLOW OF SPECIES COMINANT IN THE RESERVOIR IS
NEGLIGIBLE. THE MASS TRANSPORT FACTCR INCLUDES VERTICAL
ADVECTION AND DISPERSION AS WELL AS QUTFLCW. THIS FACTOR 1S
APPROPRIATELY TAKEN INTO ACCOUNT IN XY ANC IS NOT EXPLAINED ANY
FURTHER IN THI S MEMO.

THE GROSS PRIMARY PRODUCTION RATE CONSTANT IS EQUAL TO:

PG = FINUT).EL1) .PGMAX{T) { 2. 23

IN WHICH,

FINUT) = NUTRIENT LIMITATICN FACTOR

E{ 1) = EFFICIENCYy WITH WHICH PHUTCREACTIVE IRRADIAT-
ION (I) 1S USED IN PRIMARY PRCDULCTICN

PGMAX{T) = MAXIMAL GROSS PRIMARY PRODUCT IGCN RATE CCONSTANT,

A FUNCTION OF TEMPERATURE (T) (1/7D)

ON THE BASIS OF REGRESSION ON A LARGE SET CF PRODUCT ION DATA THE
MAXIMAL GRCSS PRODUCTION RATE CONSTANT CCULD BE FORMULATED AS
(LOS, 1584):

0. O7 T
PGMAX = 0.G13 V l.066 + RI(T) {2.41
IN WHICH ,
v = CELLULAR VOLUME {(U3)
R{T) = TEMP. DEPENDENT RESPIRATICN RATE CONSTANT {(1/D)

THE NUTRIENT LIMITATION FACTOR CAN BE DEFINEL IN THE FOLLDWING
WAY:

FINUT) = 1 IF NUTRIENTS ARE ABUNDANT
FINUT) < 1 IF THERE IS A SHURTAGE CF ONE OF THE NUTRIENTS

IN OXY THE POTENTI AL PRI MARY PRODUCTICN IS CALCULATED DURING A
TIMESTEP & THIS PRODUCTION IS CCMPARED WITH THE PRODUCTION
POSSIBLE ACCORDING TO THE AVAILABLE NUTRIENTS. IF THE POSSIBLE
PRODUCTION IS SMALLER THAN THE PCTENTIAL PRODUCT IDN, FINUT) IS
SET EQUAL T0O T™E RATIO OF THE POSS IBLE AND POTENTIAL
PRODUCTICN S,

A WIDELY USED EFFICIENCY FUNCTION, MULTIPLIED WITH A DAYLENGTH
FACTOR 5 IS [HENDERSON-SELLERS 19833 GAILLARD, 1981; LDS, 1984):

E(I) = DL/16,.1I/10.EXPI1-1710) {2.5)

IN WHICH,
DL = DAYLENGHT (HR)
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PHOTOREACTI VE IRRADIATICON INTENSITY {W/M2)
OPTIMAL PHOTOREACTIVE IRRADIATICN INTENSITY {(W/M2)

ion

THE DAYLENGTH IS DIVIDED BY 16 INSTEAD OF. 24, BECAUSE THE
MAXIMAL DAILY PRODUCTION IS USUALLY REACHED WITHIN 16 HOURS. THE
IRRADIATION INTENSITY IS A FUNCTIOCN OF DEPTH ACCORDING TO
LAMBER T-BEER*S LAW:

K = KB + KSC(CP+F.CD} (2.?)
IN WHICH,

IS = PHOTOR. IRRADIATION INTENSITY AT THE WATER SURFACE
CORRECTED FOR REFLECTION (W/M2)

K = TOTAL EXTINCTION COEFFICIENT (1/M)

ZI = VERTICAL COORDINATE (DEPTH IN M)

KB = BAC KGROUND EXTINCTION COEFFICIENT {1/M)

KS = SPECIES SPECIFIC EXT. CUOEFF., CF PHYTOPLANKTON (1/M)
F = FRACTION OF DETRITUS CONTRIBUTING TC EXTINCTION

THE OPTIMAL IRRADIATION INTENSITY IS A FUNCTION OF TEMPERATURE.
THE INTENSITY INCREASES WITH INCREASING TEMPERATURE ACCORDING TO
(LOS, 1984):

10 = IO 20). EXP{ 0. 0639(T~20) ) {2.8)
IN WHICH,
10(20) OPTIMAL PHOTOR. IRR. INTENSITY AT 20 OC (W/M2)

T TEMPERATURE {0C)

IN OXY LAYER-AVERAGED VALUES ARE USED FOR E{1)y CALCULATED WITH
THE DEPTH-INTEGRATED VERSICON OF {2.5), DIVIDED BY THE LAYER
THICKNES St

EA = DL/(16.KeDZ) LEXP(1-122/1C) ~ EXPI1-1Z1/10)) {2.5)
{

IN WHICH,

EA = AVARAGE EFFICIENCY FOR A LAYER

DZ = THICKNESS OF A LAYER (M)

171 = PHOTOR. IRRADIATION INTENSITY UPPER SURFACE (W/M2)

1Z2 = PHOTCR. IRRADIATION INTENSITY LOWER SURFACE (W/M2)

RESPIRATION AND MORTALITY CAN BE FORMULATED AS SIMPLE FUNCT IONS
OF TEMPERATURE (LOS, 1984):

M = EXP{0.098 T-3.219) (2.113
IN WHICH,

A = COEFFICIENT

B = SPECIES SPECIFIC CONSTANT
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D = DO/ULARI} 13.7) "
RI = (=G£DRHO/DLI 17 (RHD I DVIDT) ) (3.8) |
DV/DLI = U/lKa2) L {3.9)

IN WHICH »

RI = THE RICHARDSON NUMBER, THE RATIC OF THE PRODUCT IONS
OF POTENTIAL AND KINETIC ENERGY

HORIZONTAL VELOCITY (M/S)

COEFFICIENT {3.33 ACCORDING TC MUNCK-ANDERSON)

v
A
8 EXPONENT (1.5 ACCORDING TC MUNCK-ANDERSON)

nmon

EQUATIONS (3.2-3.3) AND (3.7-3.93) ARE USED IN OXY TOC <CALCULATE
THE DISPERSION COEFFICIENT FOR THE THERMOCLINE (DT)s ASSUMING A
DENSITY GRADIENT ON BASIS OF HALF THE TEMPERATURE DIFFERENCE
BETWEEN EPILIMNION AND HYPOLIMNION. THE AVERAGE DISPERSION
COEFFICIENT FOR THE HYPOLIMNION IS ESTIMATED BY MULTIPLYING OT
WITH A FACTORy, WHICH SHOULD BE IN THE ORDER DF 10-20. THE
AVERAGE ODISPERSIOCN COEFFICIENT FOR THE EPILIMNION IS ESTIMATED
WITH THE SAME EQUATION AS DT, ALTHOUGH AN AVERAGE RI-NUMBER WITH
A CORRECTED DENSITY IS APPLIED. THE GRACIENT IS MULTIPLIED WITH
A FACTOR (ORDER 0.l1-0.01), REPRESENTING A CORRECTION FOR THE
FACT THAT MOST OF THE DENSITY GRADIENT IS IN THE LOWER LAYER OF
THE EP ILIMNI ONe BOTH FACTCGRS MENTICNED ARE CALIBRATION
COEFFICIENTSy WHICH IMPLIES THAT THE SET OF EQUATIONS GIVEN
ABOVE IS NOT THE FINAL ANSWER TO THE PROBLEM OF QUANTIFICATION
OF DISPERSION COEFFICIENTS 1IN STRATIFIED SYSTEMS. IT MERELY
PRESENTS A SYSTEMATIC APPROACH TC THIS PROEBLEM.

IN CORDER TD PREVENT, THAT EITHER THE TIMESTEP OR THE CISPERSION

IN THE HYPOLIMNICN BECOMES TOO SMALLs THE DISPERSICN COEFFICIENT ‘
IN OXY HAS UPPER AND LOWER BOUNDARIES. BOTH BOUNDARY VALUES HAVE
TO BE SUPPLIED IN THE INPUT.




4 BREAERATION AT AND NEAR THE SPILLWAY

OXY DID NOT POSSESS A SATISFYING FCRMULAT ION WITH RESPECT TO
THE REAERATION AT THE -SPILLWAY. TAKING THE TYPICAL "SKI-JUMP®™ OF
THE TUCWRUI DAM AS AN EXAMPLE, A SYSTEMATIC AND QUANTITIVE
ANALYSIS WAS MADE OF THE THREE STAGES, WHICH MAY CHARACTERIZE
THE REAERATION PROCESS. THESE STAGES ARE SUBSEQUENTLY:

I~ THE WATER LEAVES THE SPILLWAY GATE WITH AN INITIAL FLOW
VELOCITYs WHICH IS A FUNCTICN OF HYCROSTATIC PRESSURE. IT
FLCWS DOWN THE SLOPE OF THE SKI-JUMP IN A MORE OR LESS
COMPACT LAYER WITH INCREASING SPEED. IN THE LOWER PART
THE FLOW DIRECTION IS BENT UPWARDS, WHILE THE VELOCITY
REMAINS RATHER CONSTANT.

2-THE WATER LAYER 1S5 LAUNCHED INTC THE AIR AND FINALLY DROPS
INTO RIVER. ON ITS WAY THE WATER LAYER IS DISRUPTED {
COMPLETELY. A LARGE PART CF THE WAT ER ENTERS THE RIVER IN
DROP Se

3-& SUBSTANTIAL QUANTITY OF AIR IS ENCLOSED IN THE FALLING
WATER, A CERTAIN PART OF THE AIRBUBBLES IN THE RIVER 1S
VERY SMALL AND THEREFORE HAS 2 LOW UPWARD VELCCITY. THE
WA TER EXCHANGES OXYGEN WITH THE AIRBUBBLES.

USING THE MOVEMENT GZQUATIONS {NEGLECTING FRICTION) AND THE :
REAERATION FORMULA FOR FLOWING SYSTEMS: .

V = AT + VO (4.1)

2 1
X = AJ2.T + V0.T + X0 (4.2)
C = €S = {CS-CO)eEXP(=ASe KLoT) {43)

-5 0.5 (T-201 |

KL = 4.46 10 (V/4)  1.024 (4. 4)
IN WHICH
V = FLOW VELOCITY (M/S)
A = ACCELERATION (M/S2) ;
I = TIME (S} |
X = LENGTH COORDINATE (M) .
C = OXYGEN CONCENTRATION (MG €2/1) |
CS = SATURATION OXYGEN CONC. (TEMP., PRES.) (MG 02/L)
AS = SPECIFIC AIR-WATER CONTACT AREA {1/ M}
KL = REAERATION COEFFICIENT (M/D)
H =

CHARACTERISTIC LENGTH, LAYER THICKNESS CR RADIUS OF |
DROP (M)

T = TEMPERATURE (0C)

INDEX O REFERS TO INITIAL VALUES

IS WAS POSSIBLE TO SHOW THAT:

- REAERATION DURING STAGE 1 IS NEGLIGIBLE BECAUSE OF A SMALL r
|
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RESIDENCE TIME AND A SMALL SPECIFIC CONTACT AREA [AMOUNT

CF CONTACT AREA PER VOLUME UNIT WATER). 4
~ REAERATION DURING STAGE 2 IS VERY STRONG [DUE TO A VERY

LARGE SPECIFIC CONTACT AREA. IN MANY CASES SATURATION MAY

BE E STABLI SHED.

ANOTHER APPROACH WAS NECESSARY FOR STAGE 3. IT WAS ASSUMED THAT
THE RESIDENCE TIME OF THE SMALL AIRBUBBLES IN THE RIVER IS LONG
ENGUGH T0O ESTABLISH ZQUILIBRIUM WITH THE SURRCUNDING WATER WITH
RESPECT TO THE OXYGEN CONCENTRATION. THE INITIAL CONCENTRATION
OF OXYGEN IN AIRBUBBLES IN STAGE 3 1S:

CG1 = 240.GVP/100 {4.5) I
IN WHICH,

CGI = INITIAL OXYGEN CONC. IN AIRBUBBLES (MG 02/L WATER)

GVP = VOLUME PERCENTAGE OF SMALL AIRBUBBLES IN RIVER WATER

THE SATURATION CONCENTRATION OF DISSCLVED OXYGEN IN THE RIVER AT
AVERAGE HYDROSTATIC PRESSURE IS EQUAL TO:

CSqP) = {1+4H4/20).CS1(1) {4.6)

IN WHICH, '
CS{P) = SATURATION CONC. AT PRESSURE P (MG D02/L) |
H = THE AVERAGE DEPTH 1M} ]
CS{1) = SATURATION CONC. AT ATM. PRESSURE (MG 02/1) :

THE EQUILIBRIUM CONCENTRATIONS CF DISSOLVED OXYGEN IN THE RIVER
CAN NOW BE DERIVED FROM:

CW = £6.CSIP)/C51 (4.7)
CG = CWI+CGI-CW (4.8) |
IN WHICH, |
€6 = FQUILIBRIUM CONC. OF OXYGEN IN AIRBUBBLES (MG D2/L)

CW = EQUILIBRIUM CONC. OF DC IN WATER (MG D2/L)

CWI = INITIAL CONC. OF DC IN THE RIVER (MG 02/1)

IN THE CASE OF TWURUI THE ASSUMPTICNS OF SATURATION AT THE !
SPILLWAY AND GVP EQUAL TO 2% LEAD TO REPRODUCTION OF THE
MEASURED CONCENTRATIONS (B.3-8.6 MG 02/L). IN OCRDER TO ALLOW
LIMITATION OF THE EXTENT OF SATURATICN AT THE SPILLWAY EQUATIONS
{4.5-4.6) HAVE BEEN IMPLEMENTED IN OXY TCGETHER WITHz

CWI = CWR+REARL(CS{1)-CHR) {4.9)

C6 = CGI.ICWI+IGI)/Z{CSL{P)+CGI) {4.10)

CW = CG.CSIPY/CGI {4.11) '
IN WHICH

REAR = FRACTION OF REAERATICN UNTIL SATURATION, PROBABLY




EQUAL TO 1 IN THE CASE CF TUCURUI '
CWR = CONC. OF DO IN OUTFLOW CF RESERVOIR {MG 02/1)

o5 |




2+ PRECIPITATION AND CVAPORATION

SOME TENTATI VE CALCULATIOCNS SHCWED THE IMPCRTANCE .. OF
PRECIPITATION AND EVAPORATION IN THE CASE- OF BALBINA. THE
CONTRIBUTION OF THE - NET PRECIPITATICN AN THE TOTAL DISCHARGE
WILL BE SOME 15-20% THE CONTRIBUTICN 1IN THE TOTAL EXTERNAL
NUTRIENT LOAD MAY 3E AS LARGE AS 30%. HOWEVER, IT MUST BE
STRESSED THAT THE NUTRIENT CONTENT CF THE PRECIPITATION IS
UNKNOWN RESULTING IN SUBSTANTIAL UNCERTAINTY IN THIS ESTIMATE.
THE NUTRIENT CONTENT USED IN THE CALCULATICNS WAS ODERIVED FROM
DATA WITH RESPECT TO THE COMPOSITICN OF PRECIPITAT ION IN OTHER
PARTS OF THE AMAZON AREA.

EVAPORATION AND PRECIPITATION WERE INCCRPORATED IN OXY BY ADDING
THESE PROCESSES TO THE MASS BALANCE EQUATICNS FOR WATER AND THE
NUTRIENTS AMMONIUM~N, NITRATE~N AND INORGANIC~-P. THE INPUT WAS
EXTENDED WITH MONTHLY DATA OF PRECIPITATION AND EVAPORATION
FLUXES AND WITH THE AVERAGE MNUTRIENT CONCENTRATIONS 1IN
PRECIPITATION.

WITH RESPECT TO STRATIF IS WAS DECIDED NOT TO INCORPORATE
PRECIPITATION INTO THIS MODEL. IT WAS CONCLUDED THAT:

- A TEMPERATURE EFFECT WILL BE LARGELY COMPENSATED BY AN IN-
CREASE OF THE NET THERMAL ENERGY FLUX FRCM ATMOSPHERE TO
WA TER .

- THE EFFECT ON THE POSITION OF THE THERMOCLINE IS UNCLEAR.
THE EQUATION FOR ITS CALCULATICN (EASED CON THE EQUIL IBRIUM
OF KINETIC AND POTENTIAL ENERGY PRCDUCTICN) SUGGESTS THAT
THE EFFECT MAY 3E SIGNIFICANT.

- THE EFFECT ON THE WATER MASS BALANCE CAN BE TAKEN INTO AC-
COWNT BY A SIMPLE CORRECTICN OF THE INFLOW RATES FOR NET
PRECIPITATION.
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6. TEMPERAJIURE DEPENDENT PROCESS_RATES

IN THE ORIGINAL VERSION OF OXY THE PROCESS RATES WITH RESPECT 70

DEGRADATION OF ORGANIC MATTER WERE * RATE CONST ANTS®, SUPPLIED IN '
THE INPUT. THIS HAD THE DI SADVANTAGE THAT THE VALUES OF THO SE
INPUT PARAMETERS HAVE TO BE IN AGREEMENT WITH THE AVERAGE
TEMPERATLRE OF THE RESERVOIR. VARIATICN CF THE RATES ACCORDING
T0 TEMPERATURE VARIATIONS WAS NCT POSS IBLE. THIS SITUATION HAS ‘
BEEN IMPROVED BY THE INTRODUCTION CF TEMPERATURE DEPENDENT RATES ‘
IN OXY. THE FOLLOWING FUNCTIONAL RELATICN HAS BEEN USED

{HENDERSCN-SELLERS s 1983):

{7-20)
R = R{20).KT (6.1) ,

IN WHICH,
R{20) = THE RATE CONSTANT AT 20 OC {1/ 0}

KT = A TEMPERATURE COEFFICIENT

THE TEMPERATURE COEFFICIENT KT HAS BEEN SET EQUAL TO 1.045 FOR
ALL DEGRADATION PROCESSES AND EQUAL TC 1.072 FCR NITRIFICATION,
WHICH IS VERY SENSITIVE T0 TEMPERATURE. THESE VALUES HAVE PROVED ]
70 BE SATI SFAC TORY IN MANY MODEL APPLICATICNS. !

THE RATE CONSTANTS IN THE INPUT NCW HAVE TO BE ASSIGNED VALUES, ‘
WHICH RELATE TO A TEMPERATURE OF 20 0C. IT IS NOT NECESSARY ANY
MORE TO REEVALUATE THE CONSTANTS WITFK RESPECT TC TEMPERATURE FOR

EACH NEW MCDEL APPLICATION.




Jo EXTENSICN OF CUTPUT

THE OUTPUT OF OXY 4AS BEEN EXTENDED WITH TOTAL-N, TOTAL-P _AND
BOD. THE MAIN PURPDOSE OF THE EXTENSICONS IS 70 ALLOW COMPARISON
OF CALCULATED AND MEASURED VALUES OF+~«THESE WATER QUALITY
PARAME TERS. THE PARAME TERS HAVE BEEN DEFINED IN THE FOLLOWING
WA Y:

CTN = CA # CN + SA3.{CP+CD) #+ SAl1.COC1 + SA2.C0D2 {7.1)

CTP = COP + SP3, (CP+CD)} + SP1l.CCO1 + SP2.CCD2 {7.2)

BOD = CPo{1-EXP(-5.R4)) + CDL(1~EXPI~5.RZ)) + (7.3)
COD1.(1-EXP(=5.R1)) # COC2.(1-EXP{~5.R2})

IN WHICH,

CTN = TOTAL-N CONCENTRATICN (MG N/L)

CA = AMMCNIUM-N CONCENTRATION (MG ML)

CN = NITRATE-N CONCENTRATICN (MG N/L)

cP = PHYTOPLANKTON CONCENTRATICN (MG G2/1)

cD = DETRITUS CONCENTRATION (MG C2/0L)

COD1 = SLOW DEGR. ORG. MATTER CONC. (MG C2/1)

COD2 = FAST DEGR. ORG. MATTER CONC. (MG C2/0L13

SA = STOCHIOMETRIC CONSTANTS FCR NITROGEN (G N/G 02)

CTP = TOTAL-P CONCENTRATICN (NG P/L)

COP = INORGANIC-P (MAINLY DISS. CRTHO-P) CONC. (MG P/L)

sP = STOCHIGME TRIC CONSTANTS FOR PHOSPHORUS (G P/G 02)

BOD = BIODLOGICAL OXYGEN DEMANC (5 DAYS, 20 OC) (MG 02/1)

R1 = SLOW ORG. MATTER DEGR. RATE CCNSTANT AT 20 OC {1/D)

R2 = FAST ORG. MATTER DEGR. RATE CCONSTANT AT 20 OC {1/D)

R3 = DETRITUS DEGRAD. RATE CONSTANT AT 20 0C (1/D}

R4 = RESPIRATION RATE CONSTANT AT 20 OC {1/D)




8« THC _PHOSPHORUS BUDGET

PHOSPHORUS 1S PRESENT IN AQUATIC ENVIRONMENTS IN MANY CIFFERENT
FRACTIONS. USUALLY THE FOLLOWING GLOFAL CLASSIFICATICN IS MADE:
ORGANIC PHOSPHORUSy INORGANIC ADSCRBED PHOSPHORUS (BOTH MAINLY
PARTICULATE) AND INORSANIC DISSOLVED PHOSPHORUS. ALMOST ALL OF
THE PHOSPHORUS IS PRESENT IN PHCSPHATE UNITS. THE ADSORBED
PHOSPHATE IS MAINLY ATTACHED 71D IRCNUITIIHYDROXIDE, WHICH IS
KNOWN TO ADSORB PHDSPHATE STRONGLY. THE ADSCRBED PHOSPHATE IS
NOT AVAILABLE TO PHYTOPLANKTON, WHICH MAY IMPLY THAT ADSORPTION
CONTRIBUTES TO LIMITATION OF THE PRI MARY PRODUCT ION.

CONTRARY TO THE OTHER FRACTIONS THE ADSORBED P-FRACTION IS
NEGLECTED IN OXY. THIS FRACTION MAY BE IGNORED AS BEING
INSIGNIFICANTLY SMALL ACCORDING TO THE DISCUSS ION GIVEN BELOW.

THE ADSORPTION IS A COMPLICATED PROCESSs WHICH CAN BE DESCRIBED
WITH THE 'ELECTRIC DOUBLE LAYER' THECRY (STUMM AND MCRGAN, 1984)
AND IS DEPENDENT OF THE PH IN TWO WAYS. THE SURFACE CHARGE OF
THE IRON PARTICLES IS A FUNCTION OF THE PH. TEE PHOSPHATE GROUP
TAKES PART IN AT LEAST THREE PH-DEPENDENT REACTICNS IN SCLUT ION.
THE PROCESS OF ADSORPTION CAN BE FORMULATED IN DIFFERENT WAYS
FOR A NUMBER OCOF PH-RANGES {STUMM AND MORGAN, 1984). A GENERAL
EQUATION IS:

f
K = {(FEP}.10H~) ZUIFE(DOHIA).IP)) {8.1)

IN WHICH,

K = ADSORPTION EQUILIBRIUM CONSTANT

iFEP} CONC. (ACTIVITY) OF ADSORBED P {MOL P/L)

{0H) CONC. (ACTIVITY) OF HYDRCXYL {MOL/L)

{(P) CONC. {ACTIVITY) OF DISSOLVED P (MCL P/L)}

{FE(OH)A) = CONC. (ACTIVITY) OF ADSORBING SUBSTANCE
(MOL FE/L)

o i

THIS EQUATION CHANGES INTO:

- A
K* = {FEP).{CH~) /1P) (8.2)

IF THE ADSORBING SUBSTANCE IS PRESENT IN ABUNDANCE. EQUILIBRIUM
CONSTANT K* AND CNEFFICIENT A WERE ESTIMATED TC BE RESPECTIVELY
.23 AND 0.2, USINS DATA GIVEN BY STUMM AND MORGAN (1984).
THESE VALUES APPLY TO A PH~RANGE OF 5-9,

IF IS ASSUMED THAT ABUNDANCE OF THE ADSCRBING SUBSTANCE OCCURS
WHEN { TOTAL-FE)>1000.(DI SSOLVED-P) , THE ACTUAL EQUIL IBRIUM
CONSTANT K CAN BE DETERMINED AS 0.45. USING CONCENTRAT IONS OF
TOTAL-FE (0.1 MG/L) AND DISSOLVED-P {(0.05 MG/L) TYPICAL FOR
AMAZONIAN WATERS, IT CAN BE CALCULATED FOR PH=7 THAT THE
PERCENTAGE OF ADSOR3ED PHOSPHORUS IS EQUAL TGO 22 OF THE
INORGANIC PHOSPHORUS FRACTION. AT PH=6 THIS WILL BE 3.5%. IF
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THE TRON CONCENTRATION IS 10 TIMES AS BIGs THE PERCENTAGE
ADSDRBED IS 20%.

A VERY LARGE PCRTION OF THE TOTAL AMCUNT OF PHOSPHORUS PRESENT
IN THE EUPHOTIC ZONE IS USUALLY INCORPCRATED IN CRCGANIC MATTER
[(PHYTOPLANKTON AND DETRITUS). IF THIS FALT ~ IS CONSIDERED IN
COMBINATION WITH THE SMALL PERCENTAGE OF ADSORBED-Py THE
NEGLECTION OF AN ADSORBED P~FRACTICN APPEARS ALLCWED.

IF CASE OF STRATIFICATION ADSORPTIGN CCULD BECOME IMPORT ANT,
ESPECTALLY WHEN REDJCED IRGN AND PHOSPHATE ARE REL EASED FROM
DEGRAD ING ORGANIC MATTER IN LARGE CUANTITIES. A CONTINUDUS |
OXIDATION OF DISSOLVED REDUCED IRCN WILL OCCUR AT THE
OXIC/ANOXIC INTERFACE. THE OXIDIZED IRON WILL PRECIPITATE,
ADSORB  PHOSPHATE AND SINK BACK INTO THE ANAERCBIC LAYERS. THE
IRON 1S REDUCED AGAIN, WHICH CAUSES THE RELEASE GF THE ADSORBED

PHOSPHATE. THIS SUGS3ESTS A NET REMOVAL OF PHOS PHATE FROM THE
OXIC LAYER. HOWEVER sy THE VERTICAL DISSOLVED PHOSPHATE ‘
CONCENTRATION GRADIENT WILL BECOME STEEPER. THE STEEPER GRADIENT '
RESULTS 1IN AN INCREASE OF THE NET DISPERSIVE TRANSPORT OF
PHOSPHATE FROM THE ANDXIC LAYER TO THE OXIC LAYER. THE INCREASES
OF THE SEDIMENTATION AND DISPERSION PROCESSES COUNTERACT EACH
OTHER. THE NET RESULT WITH RESPECT TO THE OXIC {EUTROPHIC) IONE
IS DETERMINED BY THE RATIO DF PHOSPHATE AND IRCN CONCENTRAT IONS
IN THE INFLOW AT THE ONE HAND AND THE RATIC CF PHOSPHATE AND
IRON RELEASES IN THE ANOXIC ZONE AT THE CTHER. IT IS THOUGHT,
THAT THE INCREMENTS OF THE FLUXES WILL LARGELY CCMPENSATE EACH
OTHER UNDER THE CIRCUMSTANCES OF AMAZONIAN RESERVOIRS.
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