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| CHAPTI‘R I
COMPOSITION OF POLLUTION SIMULATION
Objeci,wes cf AnalysLs th1 ough Pollutwn Sxmulatlon

In general the quahty of water 1n lakes is affected by a ccmplex-'

o combmatmn of factors such as (i) hydrolog1c31 and meteorologlcal factors, (if)

" characterlstxcs of the basm and 1nflow Ioad (111) topography of the lake and

.'(1v) changes m the lake due to bzologlcal chemical and hydrauhc'

- é.phencmena In pollution simulation, systems analys1s is performed usmg a

comprehenswe numerical model of the microcosm that consists of factors

: -‘._a_‘such a3 the: clrculatmn of water, inflow of pollutant 1 lpad into’ the lake,

"bmloglcal and chemlcal changes in the lake and c1rculat10n of matters

mcludmg the ecosystem of the lake,

o 'The alm of the analy is through pollution s1mu1atmn is as follows,

o @ ffe’Clarxﬁcatxon of‘ quantxt:es and. mechamsms of pollutant contnhutlon

| _.8712

1.3

14

- from. pollution sources -

@ Fore'c;ast-s on'_'future w’at_,er quality in the event of no measures being
| ztaken to control the pollution -

' @ | Comparlson of alternatwe plans for 1mprovnment of water quahty

(The elements of lake v»ater pollutlon are shown in Fig. 87.1.1.)

Procedure of Analysm usmg Numencal Model

: The procedure of t,he anaiysls usmg numencal models is shown in Fig.

Azm and Detalls of Analysm

The alm and the detalls of analy31s through 31mu1at10n are shown in

- Tab S711

| Basm Comp031t10n of Water Pollutlon Model :

The mputs for the water pollutmn model of Lake Ypacarai will consist of

- :the xeactmn constants of phenomena mcludlng inflow water volume, inflow -
- Ioad metcorologa.cal phenomena and. changes in the lake, on the basis of
~ which, varxatxon in lake water quahty is calculated. This model will be



composed of those of the balance of water in the lake, of the inflow load from

the basin, and of the variation of water qualityi in the lake.
The basw constitution of water pollutlon is shown in Fig. S7 1 3

The inputs for the w‘atel balance model'are thie volume of inflow ‘from
the rivers, precipitation on the. lake, evapoxatmn from the lake surface,
‘water intake from the lake and water level (water volume) ef the lake The
‘model is used for calculatxng the dlscharge from the nvers, watez retentlon |

_ tlme in the lake and 1ts tar nover .

_ ‘The mputs for- the inflow load model are ramfail in the basm 1oad
' generatmn condxtmns (and use, topography, etc:) for non—pomt sources and

load genarated by pomt sources The model is used for: calculatmg the water'

volume and the Inad ﬂowmg mto the lake SRR TR

The water. qua.hty variatmn model is, used to qnant1tat1va1y express
changes in load flowing into the lake resultmg from sedxmentatmn,
" decomposition, generation, advectmn, dxspersmn, eilusmn, and stlrrmg up of
the lake bottom material. RS ' S |

V-2



CHAPTER I
S'l‘RUCTURE ESTABLISHMEN'[‘ OF NUMI&RILAL MODEL
9. 1 Character:stlcs of' Water Pollutlon in Lake Ypacaral |

Phenomena and reactxons shown in Flg S‘? 2,1 111ustrate the pollutton
: ,mechamsm of Lake Ypacarm _

[1 ) Prinelp'al Causes of Water Pollution
The prmclpal causes of Water pollutxon in Lake Ypacarel are as follows

E _' ' (1) Soluble organlc matter whlch do not easﬂy decompose such as hurmc
h amd ﬂowmg mto and remammg in the lake ' :

e "-(2) Algae produced thx ough eutrophleatmn, aud dead algae -
. \(3) Remnant of dep051t stlrred up from lake bed by wmd _ "
- [ 2] Factors affectmg Watex Quahty o

Sxmultaneous occurrences, or oecurrences on their own, of the above-
mentmned three prmmpal poﬂutlon causes are responsxble for Worsemng the
. correlat;on between ‘the measured values of Water quahty 1nd1cators

_ Persmtent soluble orgame matter is’ respon31ble mamly for varzatxon in
the D- COD values Factors mvolved are the ramfaH and runoff mﬂow Ioad
“and retentloza time. o o

| "‘:'Productwn and dlsmtegratlon of algae result in variation of values for P-

o COD 'D-COD, Chl-a and SS. Factors mvolved include concentrations of
' mtrogen and phosphorus, water temperature, solar radlatlon, flow velocity

- and retentzon time.
Dlsturbance of the lake bed results in variation of the P—COD and SS values

8 Factors mvolved mclude Wlnd and flow. veloc1t1es, quahty of lake bed and

w _fdepth of water | |
| ( ] Changes m OutwardAppearance ofWater -'

_ 'I‘he three causes mentloned above also contrlbute towards variation in
o f'the outward appearance of the water. Pollution due to eutrophlcatlon turns
| the water green, and the increase in the residue of perslstent orgamc matter



turns the water liver-brown, while the dlsturbanoe of the deposw on the 1ake _
bed turns the colour of the water black1sh B :

[4]) ‘Bor lzontal Dlstrxbutlon

There are no outstandmg spemﬁmtws m the honzontal dlstx 1but10n of
pollutants and the whole area can be thought to coxishtute a smgle body of
water, Average water quality values will ‘oe used in the ver 1Ficat1on of the

model.
[5] Vertical Distribution

~ The depth of the water belng small there is. no stratlficatmn due to
variation in water temper atire. Although there are shght vanatmns in the
values, among others, for DO accordmg to varymg depths, as in the case for
horizontal dxstnbutlon there are no outstandmg spemﬁcltles in the vertlcal
dlstnbutmn of pollutants The model will be of a smgle stratum _ :
Vauatlon in the quantity of hght reaching various depths, .however, is
clearly observed, Hence, water quality greatly affects the water depth at
which production takes place. Average water quahty values will be used in
the verification of the model. '

(6] Temporal and Seasonal Vanation of Water Quahty

Degree of change in water qualxty due to dlsturbance of botto deposxt '
varies greatly w1th wmd and shows hourly varlatlon pH and DO values
show periodic dally variation. The rate of productxon of algae due to
eutrophication vanes Wlth seasons, lncreasmg in. summer when the water
| temperature is hlgh and decreasmg in wmter when the water tempel ature is

low.
{71 Resuiue of Inflow Load

COD values in Lake Ypacaral remam hlgh throughout the year, even
when there is no algae production nor disturbance of deposit on the lake bed
This is thought to be due to the mﬂow load which remains in the lake In
other words, it is thought that there i 1s a hxgh proport;.on of orgamc matter
which do not decompose easily, such as hurmc aczd ~among the organw '
matter in the 1nﬂow load.. ' ‘ '



[8] Thermal Stratification of the Lake Water

- The depth of -the: water being too small for the water to resist being
mixed by the stirring action of the wind, stratification due to variation in

~water. tempex ature isnot observed even in summer, From the point of view

of stratlﬁcatlon due to water temperature, too, the lake may be considered as
cons:.stmg ofa smgle vertlcal stratum,

{ 91 : Euphotic Zone :

Dlsturbance of the lake bed greatly alters Lhe amount of light

penetratmg the water in the lake, causing variation in the depths at which

. :algae are produced v alues for the depths at which the algae are produced

f ineed to be altered usmg the coefficient for the reduction in the quantity of
o hght as a functlon of SS. :

{ 1{)] Pumﬁcatlon in Swamps

Inﬂow load is purlﬁed in the swamps and enters the Iake at an almost
constant concentration. Calhng the water quahty of the mﬂuent rivers Co
- and the quality of the discharge from the swamps Ca, two ways of thmkmg

" are possible] either that Caisin proportion with Co (ie. Ca/Co = k) or that
there is no correspondence bétween the two. The results of the water quahty

_ survey suggests the latter, but the samples measured may be affected by
N back water from the lake and in the latter way of thinking, the purlficatlon
e capaclty of the. swamps is determmed as bemg infinite, For. these reasons,
o two models, each taking in either way of thmkmg, need tobe prepared

l 111 Settlement

SS component of the inflow Ioad depos1t disturbed from the 1ake bed and
- dead algae all settle at the bottom of the lake. The SS component of the

- inflow. load contains a high proportion of collmdal partlcles, while the

"pdrtlcles of the: depos1t stirred up are small, resultmg in a slow rate of
settlement, 'I‘he rate will need to be determmed through experlments The
rate of settlement of algae in the lake is thought to be around 0.02 to 0.10

i m/day as generally recl*oned



[12] Elution

Elution of COD, nitrogen and phqspherus generaied by decomposition of
‘organic matter in the deposit on the Iake bed is observed, Elution rate needs
to be determined through experlments ‘Factors involved include the quality
of the deposit and the water temperatm e Elutxon rate: mcreases with
organic content of the deposit, and w1th water tempel ature. '

[ 13] Production

" Concentrations of nitrogen and"phes;)h'orus are 'h'ig'h'ahd algae are being
actively produced in the euphotlc zone.. Factors involved. include- -water
temperature concentratmns of mtrogen and phosphorus and depths of
eupho‘ac zone,: Cyanophyceae are the predommant type of algae in summer
and even m winter cyanophyceae make up approxmxately 50% of all the _
algae produced, meaning that the productmn of algae is grea!:ly affected by .
water temperature,

[14] D:stux bance of Bnttom Dep031t

Bottom deposit is dxsturbed by the generatmn of shear due to. wmds
The phenomenon is not limited to several tnnes a year but is thought to
occur whenever there are winds of 3 to b m!s

{ 15 ] Demtmf'icatlon

The Iow I‘N concentratlon in. the lake water compared to that in the
influent rivers suggests occurrence of demtnﬁcation Since the. main body of
the lake is permanently in an aerobic state, it is thought that most of the
denltrxficatmn oceurs in the swamps.

{ 16] Convectlon and Dlsperswn |

Convectmn and dlsperswn are thought to keep the water quahty of the
lake more. or Iess umform -

(17] Decompomtlon

Decompos1tmn of orgamc ‘matter is due to bactena In. generai dead
algae decompose at a rate of 2 to 8% per day. Decomposxtlon of persmtent '-
organic matter in the mﬂow Joad is thought. fobe slow



1181 Direot Precipitation

| The quahty of r amwater is used as the quality of the mﬂow Water due to
dxrect preclpltatlon ‘

2.2 Selectl'en of 'Models a’_nd Calculation Pollution Indices. - _. _
{1 Seléction of Models

S Materlal circulation model will be adopted as, besides eutrophxcatxon
the dlsturbance of the bottom dep051t by wind due to the shallowness of the
water constltutes a major cause of water pollution in Lake Ypacarai. In the

._materlal clrculatmn model, three models for calculating the balance of
inflow and outﬁow of water, for calculating the inflow load into the lake, and

" for representing’ the’ 1ntra lake matter transformatmn are used for
calculations of mass balance including the changes of water quahty and

. matter within the lake. _

A classuficat;on of lake water quality. predlctlons models is shown in Table
57.2.1. ' : '

[2 l Selectlon of Calculatlon Pollutmn Indices

Accordmg to the analyses of the characteristics of water qualxty in Lake
. Ypacarai, matters that constitute the principal elements of water quality in-
- the lake are represented by 5 indicators: COD, nitrogen, phosphorus, Chl~
~-and 88. ‘Thesé 5 indicators will be used in calculations. -
The constitution of water pollutmn mattersis shovm in Table 87.2.2.

2 3 Determmatlon of Chronological and Spat1al Factors for Inflow Load Model

: [ 1l Calculatlon Indices

: The 4 mdlces of COL, TN TP and SS will be used.

[2 l' . Chrenologlcal Factms

" In consxderatlons of the inflow load since the quality of water in the
mflow rwers shows great varlatlon between times of fine weather and of

- rain, and the. quahty varies.every day, the mput of preclpltatxon will be
made dally Calculatmn models of inflow load will also be determined by the



2.4

2.5

day. Calculations will be made separately for inflow load during fine
weather and for discharge due fo precipitation during rainfall. .

[3] Spatial Factors

The lake basm will be divided mto 4 areas accordmg to the manner m
which the study data have been complled ' S
Basin division is shown in Fig. S7. 2 2.

Determmatlon of Chronologmal and Spatlal Factoxs for Model of Water
Balance in the Lake ' :

: [1] Calculatio'n Index :

One .indezii.consiel-;ing of' Wafef qﬁanﬁﬁy wﬂl be'u‘se.&." | |
{2] Chronological Factors

Smce the inputs of preczlpltatlon and water level (ﬁow) of the r1vers are

compiled daily, the inputs and calculatmns will be made every day

[3] Spatial Factors

The basm will be divided mto 4 areas accordmg to the manner in whlch
the study data have been complled The lake itself will'be. treated asa smgle
area, as the water quality (B.C) shows no 31gn1ficant horizontal variation
and there is httle vertical stratzficatmn The swamps_ ‘wxll _be treated

separately, _ o : T KA
Basin division is shown in Fxg S7 2 2. A chart 111ustrat1ng the water

“balance model is shown inFig. 7. 2. 3.

Determmatmn of Chronologlcal and Spat1a1 Factors for Intra«Lake Matter

Tr ansf’ormatlon Model . - .
(1 1 Caleulation Indices | e
The5 indice';sgof COD TN, TP, SS an& Cﬁz;a wﬂl be used.
o COD wxll be used in the overali evaluatlon of water quahtj

* SS wzll be used in the evaluatlon of the turbldlty of water in the Iake



“#* In determination of the t\'i'rbiditv colours (brown or black) will not be
o diiferenuated as these are difficult to d1st1ngmsh

o :* Anaiyses of S8 due to algae and 88 in turbid water will be carried out
consnlermg the Chl a and the SS in algae to be in proportmn with each
""other Lo R :

L* Chlwa will be.uséd'in evaluation oi'eutfoﬁllicéﬁidn

* 5 items of COD, TN TP, SS and Chl-a will be used szmuitaneously in
calculatlons of Water quahty

'* Composmon of COD TN and TP W1ll be consxdered accordlng to typﬂs
B The relatmnsth between these is as follows.

| 'COD D- COD +P-COD
TN = DIN(N + DON) + PON
TP = D.IP ap + DOP) + POP -

{2} Ch_ronolcglcal Factors_

- Changes in water quality will be calculated every five days on the basis
'7 of the data on daily load calculated using he inflow load model, and the data

_ on the daily inflow and outﬂow of water calculated using the water balance

| 5 model. . Calculations will only be made every five days since there is -
' '1nsufﬁc1ent data on the changes of water quality in the lake and estimations

are used in reaction equatlons and constants.
[ 3] 'Spati'al Factors-

L E Lake Ypacarm will be tr eated asa smgle body of water as horizontal
: *'dlstributmn of water quality is uniform. Calculated average water
e quahty means the ratio between the pollutant load in the lake and the

lake valume '

¥ In the absence of stratlﬁcatwn because of the shallowness of the
.~ water, the 1ake will be considered to consist ofa smgle stratum,

o Slnce the euphotic Z0nes vary greatly with turb1d1ty, reactions related
‘to production of phytoplanktons will be handled in two strata.



* Swamps wxll be treated as belng a part of the lake, and reactmns in
the swamps will be noted separately o

The complete combination model treats the lake'as a smgie water body

of a single stratum, Swamps are treated separately
Fig. $7.2.4 shows the spatial structure of the 1ntra Iake matier

tr ansf‘ormation model

-0



CHAPTER III
PREPARATION AND VLRII‘ICATION OF INFLOW LOAD MODEL
3. 1 Genel al |
1) Caleulation Indices
' The 4 indtees of CO_]:J:, TN, TP and SS will be used.
[ '2.) Coneeptof ]ﬁodel |
| * Runoﬂ' of water and pollutants w111 be treeted as separate phenomena _

and eaieulatlons concerning them made separately

| "* Runoff of water w111 be d1v1ded mto the followmg 3 eategorles, as |
' shown in Flg S'T 3.1 -

* In calculatwns ef pol}.utant runoff, pollutant load stored thhm the
- basin during ordmary levels of water will be thought to be dxscharged
dumng ﬂoods ' ' R

{3 ]_ Chronologmal Factors

‘In consulez atlon of the 1nﬂow load, smce the quahty of water in the:
_ mfiow rivers. shows great variation between times of fine weather and of
~rain, and the guality varies every day, the mput of prempltatlon wiil be
made daﬂy Calculation models of inflow load will also be determined every
. _day Calculatlons will be made separately for inflow load durmg fine
weather and for discharge due to preclpltatmn dumng rainfall, The period

_ :under eonsuderatlon is from 1st March 1988 to 30th January 1989, '

{4] Spatml Factors .

The basm wﬂl be d1v1ded into 4 areas aecordmg to the manner in whlch

the study data have been compﬂed

_ 'Deahng thh the mﬂow load covers the mﬂow up to the marsh Zone.

_The marsh zone is handled by lake water quahty ﬂuctuatmn caleulations.
An mfiow contammatxon load model is shown in Fig. 87.3.2.
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3.2 Basxc Equatlons for Inflow Load Model

The following equatmn wxil be uged as the basic equatlons for the mﬂow
‘load model and calculations will be carried out for each block. o

L=5Ll+L2 (7-3)
Q=Qa+Qr+ Qb (7-4)

whaere, |
L: inﬁow load into lake (kg/day) |
Ll: mﬂow Ioad in fine weather (kg/day)
L2 1nflow load dm mg ram (kg/day)
Q :inflow water into lake (m3/d_ay) _ |
Qa:inflow water at normal water level (m3/day) .-
Qr: discharge due to rain (n3/day)
Qb artificial discharge (m3/day)
~ *Equations for Ihﬂow Load
L= m+m  _*% f :- h@fa
Ll= LE KIE + LD. KID e (76)

= (LD(1- KID)+LE(1 KIE) R
+IM AT-Dfa(R0) .~ @D

LM&T:[{LE(I-KIE)—l—LI_)(I—'_KIE)
+LM AT-1}(1-KD] (7-8) -

' whére,
L c 1nﬂow load(kg/day)
L1: inflow load in ﬁne weather (kglday)

L2: inflow load during rain (kglday) '
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-' LE:

. iLD; .:.:

KID:

LM:

'disﬁh arge load from point sources (kg/day)
: " inflow rate of discharged load from point sources in finie W'eather (-)

- dis_charge load from ndxi-poiht sources in fine weather (kg/day)

inflow rate of discharged load from non-point sources in fine weather

)

_cumulatwe 1oad remalmng in block (kg)

_ functlon for cor relatlon between rate of inflow of remnant load due to
raln, and pr: ecxpxtatlon (-} ' '

j::Jrate of decompos;.txon and dlsappeal ance of cumulatlve remnant load
”':('E/day) . _ , o

~ Ro ':p_re_cipitaj;idn minus quantity of iheffective rain (mm/day)’

* Equétions fOI'Inﬂow Water "

"Q'=-°'-Qa'.+:Qr4¥Qb : . @9)

- Qa = QA AA.QX. 864(}0 - (7#10)
Cr= (R RA)AAKZ 0-3  @1D
Qb =QBK3 (7-12)
) wﬁgre, o | |
| . | Q o :ix;fiow water from rivers (m3/déy)

Qamﬂowwateratnormalwaterlevel (m3/§1aj) |

Qe é#tﬂqwéfater due to rain (m3/day)
Qb: inflow load from artificial discharge (m3/day)
| QA: st.;anda.xi'd'spe(.:iﬁc discharge'(ihii/sec.kiné)
B CAA: _area of block (kmz)
| QX coefficxlent for seaﬂonal varxatmn of standard spec1fic dlscharge( )
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RA:
K2:
QB:

K3:

precipitation (mun/day)

~ineffective precipitation (mm/day)

rate of s'tbrmwater disché.fge‘irllitc.)_ lake {-..) i_ o

.artificial dischérge caléulatéd'.f;rdm basiic.units (m3!day) o

runoff rate of artificial discharge' into lake )

3.3 Inputs and Constants for Inﬂow Load Mﬁdéi |

331 |

Pfeéii)ifa:t:ioh .

Prec1p1tat10n in each block will be calculated by usmg the Thiessen

polygon method from the locations of the six observatori ies Withln the basm.
Daily prempltatlon will be used for mputs
This i is shown i in Table 57.3.1;

3.3.2

3.3.3

Seasonal Varxatlon Coeffic:lent of Standard Speczfic Dlscharge
ThlS is shown in Table $7.3.2.

Constants Related to Flow

- This is shown in Table S7 3. 3

b

2)

3)

4)

Constants Related to Load

Discharge Rate of Load from Pomt %urees at Normal Water Level
This is shown in Table s7. 3 4 ' '

Discharge Rate of Load from Non- Pomt Sources at Normal Water Level
ThlS is shown in Table S7 3.5 SR IR :

“Rate of Decompos1t1on and Disappeal gnce of Remnant Load

This is shown i in Table S’? 3 6

Functions for Runoff of Stormwater :
This is shown inTable$7.83. '

34 Calculatwn Results

Calculatmn results are shown in ]J‘lgures S7 3 4 S’Z 3 5 and S’? 3 6
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3.4.1 Annual Flow of Influent Rivers March 1988 - February 1989
.+ 'Phisisshown in Table $7.3.7,
342 - " Annual Inflow Lo_éd |

' This is shown in Table §7.3.8.
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" CHAPTERIV

PRI‘PARATION AND VERIFICATION OF MODELS FOR WATER
BALANCE AND FOR MATTER TRAN SF‘ORMA’I‘IQN IN THF LAKE |

4, 1 Basic Equations fox of Water Balance Model of a Lake _.

{1] Mechamsm of Water Balance Model
This is shown in Flg. S'?.4.1 and Flg S7 4, 2.__

[2] Basic Equatmns of Water Balance Model

Using measm ed values for 1nfiow from rlvers, water levels of the lake
and prec1p1tat1on water mtake and coefficient for ‘monthly evaporatien as
inputs, evaporation from the lake surface is calculated from the relatmn'
between the water level and the volume of the lake by multlplymg the
variation in the water level of the Iake and the area of the lake by the
evaporation coefficient, Dlscharge to outﬂowmg rlvers is calculated at the

same time.
dV =Ia + RA — E-A - Ic — Qout NCAY
dV_= A-AHy — AHr_y) 2
dt -

where,

Qout : dischargé' to ri{vers

A :. inflow from x*iyé_rs_

R : preeipitatibx_;

A : area of lake

Ie : wa;erintéké' |

_A.V‘: .vaxfi.a:ticn in_ volil.m.lé.bf.la.ké o

‘HA7 : w_ater_'levél of‘l_.al.(:e (attiﬁie of' éaléﬁlation) |

-HAp_1: water level of lake (at time of ptevioﬁs caicﬁ_latib_n)
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4.9 Basic Equaticns’for Ititra~'Lake Matter Transformation Model
{1] Bas:c Mechamsm of the Model

The 5 mdlces of COD 'I‘N TP, Chl-a, and S8 will be used ir the model
,for 1ntra-1ake ‘matter transformation, which ‘will be an integrated model
' ‘takmg the euphotxc zones into account o
The matter transformatlon model is shown in Fig. 87.4.8.

_ ( 2] Basic Equations for the Model
B (TN) ;. :

& (CNV) Qr CIN Ka-Qo-Cn
. (inflow) (outflow) -

mCNﬁVKC_é_ +Kd(92)T 20A+Kefs(WZ)A

(settlement) _ . (elutlon) ' (dlsturbance)
" E(-'I':re) |
e (CPV) QICIPKa QOCP CPﬁVKC?
(mﬂow) (outﬂow) (settlement) |
4 Rd (92) T-20,p ¢ Ke-fs (W-Z) A
. (el_uti_on) - (disturbance) . -

(COD)

(CC V)= QI Cic' ‘Ka~QoCc— C(_‘,VKf(@g)T 20

(mfiow) (outflow) (decompos1tmn)

_cp p Ve Kc — +Kd (6g) T2 A+Ke fs (W-Z) -A
' (setb‘ement) (elutmn) . (dlsturbance)

4CadV
" (production) '
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(C.h1~a)

(decémpositioh)' : ('sfetﬂémént) © loutflow)
o B o s bl gl
(pwduchon) :
| f(%_— (CsV) = Qi-Cis-Ka-Qo-CS?i-#CsQV?KC-—%*_
(Gnflow)  (outflow)  (settlement) -
+Kef (W, Z) A+ 'Ca*l*V |
(disturbance) :(pli‘ot.ﬁx.cti.o;l)'. i
where
Cin : ﬁénééﬁtration ofmﬂow IN (mgh‘.’)
Crp .concentratwn of 1nﬂowIP(mg/L’)
Cic : concentratlon of mﬂgw COD (mg/{’) -
Cis : concentratl_on of m__jﬂqw..SS (m_g/f)
@ : volumeofinflow(m¥day)
Qo | : volume of outﬂow'(fn3/d;1y)
Cn : 'I‘N'clancen'tt.'ation‘ih- Iak.e (higﬂ’*) L
Cp B .TP concentratlon in lake (mg/f) o
Co :.'.COD concentratlon in Iake (mgff) |
Cé._. ” | Chl- aconcentratmn in lake (mg/f)
Cs SS concentratlon in lake (mg/f,’)
| Ka 1 coefﬁment for remnant due tosettlgment ét _ri\jel' nioﬁ_ths':(;)
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Ke

CKd -

~ Ke

Kp

L BEWD:

(T

M

0y

=3 coefficient for velocity of settleniéht (1/day)-

. _coefficierit for elution from lake bed (mg/m2§:day:) |

coefficlent for dlbturbance of lake bed (mg/mz)

: :coefficmnt for rate of production (Ilday)

f'unctlon for mﬂuence of wmd and depth of waterin

: dlsturbance of lake bed

_; _functm__n for caleulation of éuphdtic zone using values for
- transparency '

: fun.(-:tiqn.for.'éffect of temper'atulre. on pi'oduétion of algae
e waﬁer temperature (°C)
> ..temp_e_ratufe constant for elu’tié’ﬁ rat.e.‘

: temperature coxllstant for &eépmpi)sitioﬁ rat_é
: ;.n.'qszb_x‘*.tzi.dn of IN in lake

: prdborﬁ_on of pariiculate matter

: coeﬁicienﬁ for_convefsi_on of Ch_i—a into COD
: _CO.e.fficient- for'co:'r.i‘*..r_é'rsion of Chl-ainto S8
: average water &épth (fn)

: wind velocity (/s)

i solar rédiaﬁon (_caI/_cdeay) -

: ﬁi';;hé}eli:s_.cénstaﬁﬁ for solar rgdiation |

: Mlchaehs ;:onst:ant_fof IN

: Michaélis constant for IP
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4.3

43.1

4.3.2

Inputs and Constants for Models of Water Balance and Master

Transfonnamon

Inputs for Model for Caleulation of W_at'erﬁ Balance in Lake o
[1] Prempltatmn

' Prec1p1tatmn on the lake surface was calculated from the
pr ec1p1tat1on obsel ved on Iand by usmg the Thzessen polygon method.

[ 2 ] Quanhty of Inﬂow |
Data gwen in calculatmns on mﬂow load wer e used
{3] Evapora’tmn from L‘ake Su‘rface G

- The average evaporatmn over the past 10 years measured at Caacupe
was multxphed by 0 8 : : _

[ 4 ] iWater Level of Lake

Water gauge at San Berna1 dmo and records of water 1evels in the past

were used.
(5] Chan;‘g'e in Volume 5foak'é N

The area of the Iake was taken as bemg constant (59. 6 sz) and thlS
value was multiplied by the changes in the water level ; :

[6] Water Intake
Mohthly intake o_f wa{_;er at San Bernqrdinqd__m:i;ig 1987 was used.

(7] Quantity of Outflow .
Calculated from values in [1) ~ [6]

Inputs for the Model f01 Calculatmn of Intra—Lake Matter
Transformatmn Lo S

(i) Production

(Chl-a) P = pmex ' f(fi-j . f'(n fy sV



11} Watei"Temperature and Solar Radiation -
_ Average value of’ 5 days of measurement data
_[ 2 ) Max1mum Capac:.ty for I’mpagatlon pmax = 0 41 '

{ 3 _] Functmn Dependent on Water Temperature

f(T) T{exp(l- R |
- Ts - Ts

N Optimu_m_\ivater temperature (T's) was taken to be 27°C on the basis of _
. measurement data,

[ 41 Fun'ctioil Dependeht on Illumination_lnfensity )

f(l) = I
Is+I

Soiar radlatlon was used for I in place of 1nten31ty of 1llum1natlon The |
standard solar radlatmn (Is) was taken to be 400 cal/cmﬁlday

o 5 ] Functlon Dependent on Nutrient Salt Concentl atmn

S CIN R CIP
f(N) N TP
K +CIN K, +Cip

N
K,,=015 "

- Semi-saturation constant: =
o | K = 0012

 Since there is sufﬁment IN and IP and there is httle chance of their
-supply being short, fixed values were adopted for nutrient salts, using
L yearly water quahty averages (IN 0. 38 mg/€ IP = 0 025 mg/€).

_. | .[ 6 ] Depth of Euphohc Zone (S)

‘ Values twice those f'or transpa:ency were adopted ‘Measurement
data on transparency from regular surveys were converted into values

| L for 5 days permds

B § 7 1 Coefﬁcxent for Conversmn of Chl a Values into Values for COD and
| SSin Algae '
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(i) COD/Chl-a = 130
~ §5/Chla =130

(i1) Decomposition

D= (CV) K.0T-20

Reaction Coefficient (Kf)

'I‘emperal_jure Coéfﬁéient (6)

(iif) Elution from Lake Bed

E= Kd-A-671-20

Chl-a 0.054 1024
con 0028 108 -

Témb'eé'aﬁﬁfé"(jéefiicieht (6)

cop -

Reaction Coefficient (Kd)

0.45

660 - 1.08
™ 8 o U108
TP 108

(iv) Index of Disturbance of Lake-bed Deposit L

M = A-f(w,.z) ’.Ke

Disturbance of deposit on the lake 'be:d' will be treated as a function of

“wind velocity and water depth and't'h":e‘ 'fé'li?)v}ing equation was used.
fwo) =Ke @-w2/z
where, | L
W a'ver.a'ge wmd velomty (ni/s-):
z : average water depth (m)

~ Ke:constant

The constant Ke was determined as follows from'the bb‘Séﬁétibﬁ results

on the quantity of _sett_lemgnt__pa_king as _bgs'i’s thg:__ pgqpqrti_ons of
components, S IR . |



Disturbance Speed Constant

" Ttem Disturbance Speed (mg/m?2/day)
s | b0

CoD 370

TN | 6.5

TP | 0.55

(v} ' Settlement

Se:Kc--(_giY)- _
 Settlement Speed (m/d) Ke
'Ss '0.17 |
‘coDp | 016
N 0.03
P 1 0.05
Chl-a - 0.02

Note: Based on on-site tests.

Where, V: Volume of lake
C: Concentration
7 : Average depth

' (vi) Othér Conversion Coefficients

] 1) Rate of Purlﬁcatz.on in Swamps

The followmg equations were used for the rate of purification in the

" swamps of the Yuquy1 y Rlver
fN(x) = 0;218 +1.11x _1.28%2
fp(x) 0. 127 + 4,93x—10.3-x2

fcon(x) 0 48 + 3 32:x -9, 09 x2
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fgg(x) = 0.11 + 4.07-x—10.0-x2
_ Where,
x:5 ciéy av.ei"age load per surface arei'i'(ni3/dim2). |

f:pr oportlon of residue after pur xﬁcatmn
x<0<02

Rate of pux ification fox swamps of the Plrayu Rwer was taken t6 be
nil, as their effect in pumﬁcatmn is not clear, ' -

2) Settlement around River Mouths_

When rainfalls exceed 40 mm in 5 days, a half of iﬁhé SS inflow load is
reckoned to settle around the rlver mouths, As for other ifems, river
mouth settlement is not conSIdered o S

- 3) Pr0port;on' of Partlc'ula_te Matter
| | Frofn the's.urvey re:sults.,.

PON/TN = 0.44 |

P.TP/TP = 0.53

P.COD/COD = 0.33 |

4) Coefficient for Conversion of Chl-a into S5 and COD

COD/Chl-a = 130 |

SS/Chl-a = 130

5) Water Quahty of Dlrect Precxpttatwn
Data gathe1 ed and analysed at, San Loreﬁzﬁ Qére ﬁsed
.TN = 1-.26 mg/_f |
TP = 0.010 mgfc

SS and COD were con'sidered. as beiﬁg nil in-the pre(:ijiitétion, B



4.4 ‘Simulation of Watel Quahty in Lake Ypacm ai
4_4;1 Calculatmn Result.s on Balance of Water
Th‘e results of calculation's 'with Qout as an unknown quantity are as

“'shown b_elow. -

' Aﬁnnai W_a'.te.'r B_a]anc_:é at the Laké ( 19883 ~ 1989.2)

~ Directrainfall *:Evaporation

|

" Qin (1) Pirayu. :
Qin(2)Bast
T Qin'(3) West. out
- R E . I
l A Lake V = 1.38 X108 m3
Qin(4) Yuquyry | .
» . Swamp »
Ttem e NumericalVélue_
(lakenr | ooskm
| Lake Volume B 138X108m3
‘DirectRainfall 10.88 X 108 m3 (1,479 mm)
_Evaporatwn | | 0.91 X 108 m3 (1,529 mm)
QinTotal 330X 108m3 |
QoutTotal ' e 3 28 X 108 m3

E Remarks 1988. 3 ~ 1989. 2 Average value
Numbér of rotation of water in the lake

The ﬁumbér_of roiations of water on. ﬁhe lake (total Qinjlake

‘volume) is 2.4 times a year.



4.4.9

4.4.3

Results of Caloula.t'ions for Simulatio_a-Of W'ate_r_ Quality BT ST

‘The results of calculatmns for simulation of water quahty a.re shm,m

| 1nF1g 8744

The do!,s plotted thh rangos on e1thex slde represent averages of all
the data taken on the lake and then‘ fange. (Since it was thought

.mappropmate to have the values for Con, 88 and Chl- -4 represented by

single measurement data average values were taken for these J
For TN and 'I‘P ‘vertical aver age values at samplmg statlon No 25
were used, ' S

| Evaluatioh of Results

* Pr oductlon greatly affeots the water quahty of' the lake and that in
turn is affected by the extent of the euphotlc zone,

L Decomposxtmn of (,hl -a can be thought to represent the destructmn of

algae

* ConVersmn of SS mto dxssolved matter through decomp051txon is

_ thought to be inclided i in the values represented by that for settlement

elut;on in summer when the water temperature is hlgh

* The proportxon of the mflow Ioad increases durmg ﬂoods, rangmg
between 15% and 50% of the load generated inthe lake '

* Productxon and decomposmlon tempo ishigh, however, thns IS thought
to be due to the faot that the water temperature, sunllg‘ht amount and
nutnent salts are all effeotlve : -
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. CHAPTER V.
WATLR QUALITY ¥ ORECASTS
5. 1 Analysls of Pollutlon Causes usmg Mathematlcal Models

Calculatlons were made on 4 cases to analyse the nnportance of related
fa{:tors (COD 88 I‘lg S7.5. 1) '

51 Cases

- Case 1
The mﬂow load is reduced by a half.

| Case 2

. ‘The average IN and IE’ concentratlons in ‘the lake are reduced by a
: half | |

Case 3

The course of Yuquyry River is altered but the water 1°Ve1 of the
l_akmskwtas at present.

x (‘ase 4
The productmn rate in the lake is redueed t0 ml (Smce most of the

1nf'10w COD load i is thought to be persistent, the decompomtlon rate of
COD was put at 0. {)Ilday )

51z Results

In Cases 1t03, the values for the pollutants are onIy shghtly reduced
and there is httle overall effect on the water quahty of the lake.

The results of calculatmns on Case 4 indicate the lmportance of the
rate of produetmn in the lake. The increase in concentratmn during
wmter J uly to September) is due to. the dlsturbance of the lake bed.

: Itis thought that the minimal effec% of Case 2 is due to the fact that
' there is more than enough IN and IP in the lake.



5.2 Estimation of Annual Increase in Settlement of 'Bo'tton;-Deposit

5.3

54

The annual settlement of 88, excepting thiat ainou'r‘it distufb'e‘d from the
lake bed, is 123 X 106 kg/year, which dnuded by the area of the lake (53

km?2) gives the Value of 2300 g/m2 of $8. ‘
The rate of settlement is greatly aﬁ’ected by the 1eve1 of compactlon (==

water content). -
Water conterit (W) of the deposxt at the centre of the lake is 190% at the

surface and 50% at 20 cm below the sux face (samples taken i in July 1988)
With true specific densxty Gs = 2.5 and degree of saturatlon Sr = 100%,

void ratloe = Gs.W/Sr = 1.25t04.75
For dry density ( rd)
e Gs/(l +e) =111 toO 435 g/cm3

Annual increase in settlement is, 'therefore,l

4o 88-10° (gmz

1100 ) 21~5 3mm/year .
yd 10 \

gm3
1.e. the increase wﬂl be. 5 3 mm/year usmg the surface densxty and 2.1

mm/year usmg densn,y at 20 em below surface. :
These values, however, do not take into account the 1eductxon in the

olume of the deposﬁ; due to decompos:tmn

Annual PollutantBalance '

From the results of the annual calculatxons, the pollutant balance is
shown in FIg S7.5. 2. A

Determmatwn of Lalculatmns Condltmns for Forecasts o _; '

[1) ForecaSt Ye‘ar'- 2010

{2] Calculatlon Index COD

[3] Hydrologica}. and Meteorologxcal Inputs

It is hypothesxsed that the condltlons durmg the perlod from 1st '
Mach 1988 to 28th February 1989 will be repeated avery year .



[4} Futuxe C‘ondztlons
* Case 1 The mflow load will'increase at a rate of 2% per year.

* Case 2 As the quality of the deposﬂ; at the lake bed will deteriorate
~in accordance w1th change in Case 1, the elution rate of COD will
incredse at a rate of 2% per year, '

55 R_esglté of Calculations for Forecasts

" These results are shown in Fig. S7.5.3.



 CHAPTER. \_r_i -
- CONCLUSIONS

1} Due to the fact that pol'lutantioad indueed by h'uima’h'.acti'viiﬁies within
the Yuquyry River basin'is punfied when passmg through the marshes, the
Lakeis: elatlvely untouched by thls load -

2) Due to the fact that production- and decornposztlon rates are hlg‘h the
lake water quality is affected quite a bit, The reason. for thls 1s that there i is
~ sufficient light, water temperature is h1g11 and nutrlent salts concentratmns

are high,

3) The reason why the concentration of nutrient salts is high is because
‘that in the inflowing rivers is ‘high. It is believed that the reason NP
concentrations in mﬂowmg rrvers are generaliy high is because organic NP
which are stored in the basin, are decomposed by the generally hlgh
tempex ature and then due to this decompoeltlon easily outflow ‘However,
the detalls are not yet cleax

4) The water replacement ratio in the Iake is low at about 2-3 times a year
and the water doesn’t ﬂow in and out vel Ly often '

5) - Most of’ the 1nﬂowmg particle matters settle by the process of mﬂow,
thus, the lake is not affected by these matters. ' : '

6) The mﬂuences of sludge are the st1rr1ng up and the elutlon in the lake.
Elution, as the sludge is generally in favorable condxtlons and although the
water depth is shallow, dves not have a large effect on the lake. The stlrrmg
up phenomenon could not be studied suffimenﬂy, although the mvestlgatlon
' was conducted with the thought that this is caused by the wind and waves.
There could be other factors involved (for'e'xample, convection) besides the
wind and waves, however this is not clear at this pomt therefore the
elucidation should be postponed until the next mvestlgatlon ' o

7) The reason why the eoncentrat;ons of COD and SS are high is because of
the algae and its dead matters. The reason why parts of the lake water look
black frequently is because a portlon of the organic matters carbomzes over
the course of decomposmon ' |
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— CHAP’I‘ER Vil
FUTURE TOPIC‘%

1.1 Px obicms in Water Quahty Slmulatmn

Although calcuiatwns can be made for forecasts and analyses on the
fcau.ses of pollution through snnulatlon there stlll 1ema1n the following -
problems '

[1] Material balance equations are uscd‘ in expressing various
‘phenomena at present but there are difficulfies in applymg these equations
' to 1tems that decrease through decompomtmn (e.g. COD, Chl—a)

i 2 ] Smce transformatmn of matter from one form into ancthex is used as.

a pr1nc1pa1 indicator, rate of reaction becomes an important factor. Forsome -
':.1tems, however ‘the rate of reaction cannot be determined through

: ’experlments and there are items for which only rough data can be obtalned
(e.g. AGP test)

. K 3 } There is often a lack of mput data and data on water quality for use
. ‘in calculatmns for simulation. (e.g. Only monthly data on water quahty can
o 'be used in calcnlatlons made for 5 day periods.)

| 4 1 _Bec’ause: d;fﬁcult—to-apply special advanced techniques are reqiiii'_cd o
’ forsurvey and analysis, the analysis results do not always reflect true facts.

| ._ (5] Purlflcatlon cxperlments may be more effective than analyses:

o through calculat:lons

Under such c:lrcumstances 1t is thought to be necessary to make
i 1mprovements on the zehablhty of the calculation results by increasing the
accuracy of the model constants through further survey

7.2 Dlrectmn for Measures agamst Pollutwn_

o The mmulatmn here should be regarded as being no more than a
' hypothesxs The following pomts, howevcr, ‘may be made from the

) calcuiatlon results. :
Measures to reduce the amount of aigae in the lake w1ll be the most

S 1mp0rtant elementin the actions to be taken to curb thc pollution in the
- lake. '



Since there are still too many points of uncertainty to allow
implementation of measureb for the Iake as a whole, one possible cotirse
of action is to carry out expemments by segr egamng the body of water -
around the water intake for. the pumﬁcatmn plant at San Bernardmo =
(Algae are often responszble for causmg obstacles to filtratmn and
turning the water odorous i in the process of water treatment )

These eipefiﬁieniﬁs m;ght include the followmg A

{1} a Contact oxidation usmg fixed beds

(2] b, Spnnklmgalglcldes snch ascoppersulphate AT T
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-~ Appendix
1 Surveys and Tests for'Examination of Model .(il'.enstants E

Phenomena Affectmg Water Quahty in Lake

o ‘The followmg are the factm s that affect the water quallty in Iakese ,

e

'Pm 1ficat10n and settlement in swamps
: E:l_utl\qn'from‘b_cttom.de_pomt
I;)isﬁurbancg Of boﬁom deposit :
_j'_S_e;ttienient A
Producnon o
'.:Dééomiﬁsf?ﬁéi% |

Of these, 1tem @ may be 1gnored at Lake Ypacara1 as the bottom
B dep051t is constantlyin. an aerobic state.

' B The Vab:qvg‘ls:shown in Table 37. A_l

Puriﬁcatidn iii-SW'émps &

-'(1) Data on the swamps of the Yuquyry and Plrayu rivers (See Table
S‘?AZ) S Lo ' '

. ' (2) Mechamsm of Purlficatlon in Swamps

Water is theught to be purlfied in the swamps th1 ough the operatmn of

5 “‘-the mechamsm as descrxbed below

: @ SS and Turbxdlty

Attachmen* to root hair of aquatlc plants and filtratlon by aquatlc

piants

Q Organxc Matter



3)

(4)

Purification and decomposition.due to actions of microorganisms
around the aquatic plants : =
Purification of Nitrogen

Conversmn into gas th1 ough demtnﬁcatlon and dlspersmn mto the

atmosphere
Purification of Phosphorus

Phosphorus, mainly in particle form, rémOVéd‘th'foo'gh same reaction
as in case of SS and turbidity ' o

Water Channels in Swamps

Yuquyry Rlver flows into the lake in 4 channels after passmg
through the swamps. ‘The waterways forms a compiex system of

channels in the swamps.

The area of the swamps is simaller on the Plrayu Rwer and the water

_channels there are easzer to dlstmgulsh

Purification Rate Purlficatmn Resxdue and Water Area Load

The purlficatlon rate in the swamps is thought to be relatlve to the
water area load (= water flow per unit area m3/d/m2).

The average water area load over b dé,y périods on Yuquyry River
and their relatxonshlp Wlth COD 88, TN and TP are shown in Fig.
ST.ALL

A3, Test for Elutlon of N ltrogen Phosphorus and COD from Bottom Dep031t

- Elution rates of mtrogen phosphorus and COD from the bottom depomt
were obtamed through laboratory t;ests ' : :

(1) 'I‘est Method

A sampie of the deposﬁ; was collected usmg an Ekman Berge sampler at :

sampling station No. 25 in J uly 1988 The sample taken was placed at the
bottom of a bucket distilled water was added, and-an elution test was
carried out under aerobic conditions. The teots were carr1ed out at. 2
temperatures of 20 °Cand 30 °C. '

V=35



(2)

AnalySes

| Anelyses were carried out on COD, nitrogen and phosphorus dissolved

in the water.

(3)

_Celeulation of E}etion Rate

= (Cn—Co)X VnX 10000‘)(_1_----' ........................ (1)
R.: (Cn ColG kn)XVnXlOOOOXl ................. eres (2)
' A n - COD

* for de_po.sit decomposition constant for COD, X = 0.03

where,

- KRn: daily elution (mg/m2.day)

Co: concenfration (on day 0) (mg/ E) '

| Cn,Cn + 1 concentratlon on days “n” and “n +.1” (ing/ €)

Vi, Vn + 1; water quantity on days “V”and “V + 17( £)

Y

A4,

A : areaofexperiment (cm?)

n, (n + 1) - (n): period subject to calculation (days)

‘Resuits T

(See Table S7.A-8).

Survey e_n Disturbance_of Bottom Deposit

:Dlstfu'fbe.'nce of the bottom deposit due fo wind is the phenomenon
" whereby the deposit at the bottom of shallow lakes ig stirred up by the wind.

In thls phenomenon most of the deposﬂ: stirred up will settle again when the

: wmd ceases but a par t of it may be dissolved while suspended in the water.
Dlsturbance due to wmds may be expressed using the followmg equations.

Ky = -

Kz = f(Kv)



A5,

where,

Kv: quantlty of dcpos:ttdmturbed
F: force of wind
Kz: quant1ty of dep051td1ssolved in watcl o

Measurements were taken on the dlsturbance of deposxt due to wmd on
Lake Ypacarai in July 1988. The results are shown in Fig. S7 A 2

There was a partwular]y large increase .m turbldlty at Pomi; No 30
between 18th and 19th July. o . :

Observation of Settleﬁient Rate“

@ Survey Method

Measurements were taken by placmg a collecbor (dlameter 24 cm) at
Point No. 25 (total depth: 2.9 m) ata depth of 2 mand changmg thc collector
every 24 hours This collectori is shown in Fig. S7.A. 3. : , '

After measuring the quantlty of water in the collectors, analyses were

carried out to determine the quantities of SS COI) D-COD, K- N, D-K-N, T-

P and D-TP. Values for P-COD P-K- N and P-T—P were caiculated from the

- results of the analyses.

® Survey Results

Quants.ty of settled matter was calculated from the test results on
particulate matter using the followxng equatmn _ S

M=CaxX_V X1X1440
1000 A T

where,

_ M quaxitifj of scftlcoiént (mg/mzday)
" Ca concentratlon in collector (mg/ 8) ST e ey
V quantlty of wa’cer in collector (m-f)

A : area of collcctor (mZ), A '_—".9.0452_ :



where,

AG. ]

T eolleetlon tlme (mm)

’i‘hrs is shown in Teble S7 A4,

O} 'Cal_cul_atron _of Settle'm'ent Velo‘citf

_ Dally settlement rate’ and settlement velocity of SS are calculated using -
the following equatlons

Cs-H- 1QOO | _ U=Ur-H
_ Ur .:.s_ettlenient'rate( Ild) |
; U : S'ettlerhent velocity (m/cl).
H"‘::ﬁdeloth at':w.-rh.i'ch. colleetor was placed (m) H=20
| _.M quantrty of settlement (thg/m?/d)

Results are shown in Table S7.5.5. Because of the nature of the
experiment, values for 8S dlsturbed from the bottom may be included,

creatmg a certam amount of error m the said values.

Values for COD nitrogen and phosphorus Calculated in the same way as

, : for SS are shown in Table S7.A.6.

Laboratory Tests for Settlement

Reduction in concentlatlon of pollutants in ater due to settlement of

: .partlculate matter normally shows a logar ithmic curve.

Samples were taken from the lake water, water in the mfluent rivers

_ and their beds and settlement was: observed over a period of 24 hours ina
' f\measurmg cylmder for two cases, when the deposit was mixed and when }.t :

. was not,

'I‘he results are shown in Brg S7 A6, _
The decrement rate in the settlement of SS in water for water

: --“:contammg depgsxt is high (0 02 t0 0.07 Vhr)in relation to that of water not

- contammg deposrt (0 001 to 0. 02 T/hr).
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A, Surveyon Decrement of Intensity 6f‘ Illuminatioﬁ iil Watér-— S

Rate of production in the lake is affected by the depth of the euphotlc

zone and the vertical distribution of light.
The results of the survey on decremerit ‘of mtensmy of 1llum1nat10n

carried out using underwater 111um1_na‘_tmn photometers are sho_wn in Flg.'

S7.A.5.
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B "Objectigeé.',_ RN Description
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' (,ontrlbut;mn to Present ' Transmssmn phenomenon of 1ake water quallty
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