CHAPTER III
METHODOLOGY

The secondary data was used to study the seasonal and long-term variations

and calculate nutrient budgets of the . of Thailand. Data from 1987 to 1994
,% of nutrients while data in 1989, 1990

was studied the seasonal and long

and 1994 was chosen :sh th ﬁ budget because the extensive
hydrochemical obse

with the intensified

epartment of Fishery coinciding
inp runoff , precipitation and
evaporation) and ri € /ifrient concentrations, made by Royal Irrigation

Department, Meteorojdticdl / Departmer llution Control Department and
Department of H fortmation’ integrate in the Upper Gulf of
Thailand database

Long-termyariations of nu : s :-'il_ﬁ'i: ¥ of Thailand were proposed
to use the secondary data for stud al-and long-term variations and

calculating the nutrien budgets In order to achieve ffiese objectives, the secondary
data from the L? d stored in a database.
The Upper Gq ﬂlﬂm mzﬂmvmm 4.50 for DOS.
The secondary data in t%]li ist of:
! O b L DAL
ume nutrient concentrations during 1988-1992 (the Pollution Control
Department and the Department of Health)

3. hydrochemical data during 1987-1994 (the Department of Fishery), hydrological

data on March 1993 (Royal Thai Navy) and hydrological data from electronic buoys
(Sea Watch Project)
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4. meteorological data around the Upper Gulf of Thailand during 1978-1994 (the
Meteorological Department)

5. bathymetical data on March 1993 (Royal Thai Navy)
The data structures of the Upper Gulf of Thailand database and the scripts for
extracting or developing the database were described in Appendix A and B,

respectively. AN W///

budget because the e;

s in the Gulf were made (data

was continuously ¢ vering of the Upper Gulf).
Hydrochemical Obse ' I 1t ste ‘*?ij%the Upper Gulf of Thailand.
These stations were parifof fixgd stations ork routinely visited by research vessels
from the Marine Fishes . “Fishery (Figure 3.1). These
information were observed @ depths (surface, mid-depth and bottom)
except station no. 1-7, 9, 4953507 ' 32. They were observed only at two
different depths (surface and”ﬁe;‘fo‘;l} ‘ te in the shallow zone.

Freshwateri{ uts

The main frerg.rﬂ_at;: inputs drains 2_1}:0 the Upper Gulf of Thailand through the
four major ri the ( ﬂ’ﬁFmshwatm‘ runoff were
observed at ﬂHﬂEﬁﬂﬁMMﬁm Royal Irrigation Department.

AT S e

the Upper Gulf was represented by the average rainfall from seven meteorological
stations around the Gulf (pilot station at Samut Prakhan (to the North), Chon Buri, Ko
Sichang (the island stations), Patthaya, Sattahip (to the East), Phetchaburi and Hua Hin
(to the West). Data measured in term of length per time (mm/month).

The riverborne nutrient loads were directly estimated by multiplying of nutrient

concentrations by freshwater runoff. Concentrations of nutrients were observed close
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Figure 3.1 The fixed stations network of the Department of Fishery in the
Upper Guif of Thailand.
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Figure 3.2  Four foajor rivers drain If of Thailand
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to the riverm m T, ti i E ter Division, Pollution

Control Dzm, prj}rLﬂ mbmxuﬂy measured (daily

observed). Thus, the continuously“riverbo i are required to

interpatw}"-]eahm tﬁ mtiiﬁnitw mﬁﬁ and- runoff, as

descﬁb_él in the next section. The concentration of nutrients in rainfall are likely to be
small. Consequently, the airborne nutrient loads can be negligible.

lation of riv e nutri n ti
The approach is to plot the available concentration data as a function of river

runoff, usually both as logarithms, and estimate the relationship between concentration
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and runoff (Thoman and Mueller, 1987). For each runoff (Q) then where the
concentration was not measured, this relationship is used to estimate the concentration
(¢), and hence, the load. Thus, it is assumed in this method that-

c=aQ’ (3.1)

where
In(er/c2) @‘V///
\ (3.2)
" 1n(01/02)
@/0) NS ,Ad y
| —
cl / : \
and a=— / | (3.3)
On y
Evaporation
Evaporation is which determined in the water
budget (in order to est his data has observed only four
meteorological stations ar a Hin, Phetchaburi, Chonburi and
Phattaya) by the Meteorological i . Data is measured in term of length per
time (mm/month)
Seasonal and Iung-tﬁr] iatio , in tl;BUpper Gulf of Thailand

e hrh s e ——

Tha:]and, descriptive of the dlsu'ﬂ)?nan pattern, the possible swonal and long-term

mh Ggﬂﬁ,ma I&Pe for helping to
int 3 g discuss re!aua program to create the displays are Surfer Version

5.01 for Windows, Sacha Protected Mode Version for DOS and Microsoft Excel
Version 5.0a. Contour and transect profile of nutrients in the Upper Gulf were ploted
by using Surfer Version 5.01 for Windows and Sacha Protected Mode Version for
DOS, while timeseries of nutients were ploted by using Microsoft Excel Version 5.0a.
These displays were integrated in the category of the Upper Gulf of Thailand profiles.
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Mathematical structure of nutrient budgeting procedure in the Upper Gulf of
Thailand

This section focuses on the mathematical structure and formulation and the
other aspects of model development for nutrient budgeting in the Upper Gulf are

described. Ll

General bac ‘Q‘\:\ /A

Water budget F ‘ Y

Water budget ablis| | presenied by the hydrochemical cycle
concept. A simple boxdiageing iflistrati the conceptual water budget for a coastal
water body is shown in Thefund cept of the budget is the water
mass conservation. nge in the system with time may
be represented by the/balanc d outflows. Water inflows to
the system include the"vg r runoff, the direct fluxes of

precipitation, the advective i ¢ athers inflows such as groundwater and

Water outflows from the S}m;@iﬁlh ¢ 8Uaporation and advective outflow {residual

outflow (or 1nﬂow) i ji.::-:':iiar to balance the water bud G . In general, the residualflow
will be negati w ﬁ Iﬁ water input dominates,
In the most n:a mla m and sewage are likely
to be small and can be ignored and i édgre water volume
war KPR igloN ik

Salt budget

In general, the coastal marine systems which water inflow and outflow are
effected by tides, winds, and density there will be diffusion processes across the system
boundaries in addition to the residual flow. These terms are not significant in water

budget because they is likely to balance out over time. However, these flows cause a
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Precipitation
(Rainfall)  Evaporation
Residual flow

[ (Advective outflow)
Runoff and Other ' PoDY e —

material exchange betv ‘nteresied and adjacent system and are important to

produced or consumed in the Sysi “the ervation of salt).Under such
conditions, mixing ; system. A simple box diagram
illustrating the sz y is shown in Figure 3.4.

Occasionally, salinity may be not tru!y consewauve w1t respect to water because salt
within the m@‘ﬂﬂm mﬁtiﬂm:m significant evaporite
deposits. Ion ensively in lo inity system, so the entire concept
of % ﬁ e the specific

mmﬁlﬁm ﬂm’l ﬂample, chloride).

In mnst cases, salinity of streams or groundwater flowing into estuarine systems or the
sight salt content of precipitation are likely to be small and can be ignored.
The exchange of water between the interested and adjacent systems is

described as the processes of advection and mixing by the combined water and salt
budgets. If there is no salinity different between the systems, or if water exchange
pattern is too complex to be clearly described by the simple water and salt budgets,
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Precipitation  Evaporation
salinity =0 salinity = 0

Runoff and Other
salinity usually = 0

then some more complex fo analysis (numerical models of water

circulation) may be feasible ped. The output from such numerical

ol Sy
circulation models may suhs ' ubstituted for water and salt budgets in the

The budget of rf!gnmnservatwe matenals were constructed using some criteria

as for water ﬂdt{ﬂ; w ﬁxw ﬁ@ng the nonconservative
n the coast

material budget)i ater body is shc-wn as Figure 3. 5 This model can be

SR IR
essenti ﬂ eler ater ange, by the water and

salt budgets, describes the exchange fluxes of these elements along with salt. Clearly,

total C, N and P are conserved, but these elements may be transformed from measured
(such as dissolved) to unmeasured (such as particulate or gaseous) phases. All phases
of these are known to be involved in biochemical and abiotic reactions, so they are not
likely to be conservative with respect to salinity. In case of salinity, the budget is
exactly balanced by water exchange. In the case of dissolved C, N and P, the budgeted
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Precipitation  Ewvaporation
material values materials
may=0or=0 values = ()
Runoff and Other ' - Residual material flux
material values —p| -
usually = 0
| ——
. Mixing material flux
Figure 3.5 A simp ¢ atwe material budget in the
coastal water body .
exchange fluxes are likely t@l‘g@ﬁb{p& g ux which is not balanced by these
calculations. This pesidi Al Sure of the net internal fluxes
(sources minus sinks) of these m : -f Onservative behavior of these
. : | ﬂ
materials with respect'to salt would be taken to refléct one or two conditions (or

perhaps bo

to the mte

N LT s
r*’“‘ﬁ"ﬁ‘ﬁ“ﬁﬁsmm AR e

have tcn be considered. Firstly, it was pointed out above that water input from
processes like groundwater and sewage could often be ignored, and that the
contributions of these terms to the salt balance could usually be ignored. However, it
should never be ignored for system receiving significant sewage input and should be
done only with some caution for groundwater and precipitation. If there is coastal
runoff, nutrient input from that runoff must be included in the budget.
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Secondly, in order to construct very useful budgets for particle fluxes, for
example, sediment input by stream and deposition within the system, salinity-based
budgets must be treated with great caution in constructing budgets for particulate
materials in shallow water systems. The reason is that dissolved materials have no
gravitational component of flux within the water while particles do. Therefore particle

distribution in the water column is likely to be extremely “patchy”, with respect to both

o iding with stream sediments, as well as in

etu& is stirring the bottom sediments up
into the water columnﬂc c&w-great heterogeneity in estimates
of particle concentrations udgetary calel '_gns for particles can be made
according to the proc | utlines here, sampling artifacts may make the
results quantitatively j 1 ult, \Qse of salt and water balance
calculations are not gi¢ useful 4o, estimay ticle budgets. It is worth recalling,

time and space, in areas subj

systems where wave mm i

law of nature. Therefore, for

solved forms of that materials from

point is used in the mterpretaupﬁf ‘output frc

ciet il f"w LA |

Methodol

ish mltn'em budgets in the Upper Gulf of
Thailand. One ﬂ:aclﬁﬂhe advection-diffusion mgﬁe] ﬁnﬂjhe other approach is the

box model. EJ?V]EJV]?WEJ
aswwa&mwwa@ NYIRY

advecﬂan—cﬁ_ﬂ'usmn model)
The single longitudinal one dimension model was constructed with the
following assumptions:
1.) The Upper Gulf of Thailand was assumed as steady state condition and the
water volume of the system was constant. The advective net volume exchange of the

Upper Gulf is estimated from the balance between freshwater inflow, outflow,
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evaporation and precipitation. The precipitation over the Gulf was estimated from
rainfall.

2.) The Upper Gulf was a one-dimensional system. The mixing of the water
mass in the Upper Guilf was also considered in this model. Since the water mass of the
Gulf can be assumed to be vertically homogeneous, except near the bay head and the
lateral mixing is negligible (Snidvon ! 3). Therefore, the Upper Gulf of Thailand

i y ional model.
The order of mm e l mixing is estimated from mixing

volume :

where the longitudin = ﬁ‘hn s” for mixing length of the
Gulf of 100 kilomete 10ss-sectional area (A) ~ 1.5x10°
m” and the distance alo v) =~ 10° m. The mixing volume of
The Gulf was estimated to the same order as advective volume
of 1000 m 0 the Gulf). Therefore, the longitudinal
mixing volume is ge of ﬁ 'ﬁlﬁﬁ 1poria should be considered in the
budget model.

3. Pmducu@ and nsi@eﬂ in terms of atmospheric
deposition, source or sgn‘l& Total amount, of these values will be estimated by other

metods so@ 4 1 ARAG WE 1N T

4.) Thélregional and seasugal distribution pat:ms of hy:im-chermcal variables

TR TR oot o
appro tely 7 to 20 kilometers, while there was no difference in horizontal gradients

of salt or nutrients from 20 kilometers from the head of the Gulf due to the vertically
well mixed in water column (Figure 3.6). To determine the nutrient budget, the Upper
Gulf of Thailand were divided into two areas, i.e. the coastal (< 20 km from the bay
head) and the offshore (> 20 km from the bay head). In order to achieve this
assumption, the boundary of study area was divided according to Department of
Fishery’s fixed stations (Figure 3.7). The boundary of the coastal box covered the



Figure 3.7 The coastal and offshore boxes boundary
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station no. 5-9 which started from the bay head to 18.53 km, while the boundary of the
offshore box covered the station no. 27-31 which started from 18.53 km to the bay
mouth.

The difference flux in or out of the Upper Gulf was estimated in order to get

the nutrient budgets. Volume and mass balance of water and salt (a conservative tracer)
were used to estimate the two horizont Vl_smrt, advection and mixing terms,

NS

ter et

Water balance in essed by the volume fluxes (in
volume per time) of outfl

(Oou), precipitation (P) and
evaporation (£) as:

av

— =0~ (3.4)

where — was volume ¢ 'the Upp 1 th time and was assumed to be

M av
The salt co : t changes with time in the inf {T‘;} was expressed as

wow  AUHINUNTNEINT
eI RS

where S, Sou, Seand S, were salt concentrations of the water inflow, of the water
outflow, of the evaporative outflow and of the precipitative inflow, respectively. The
last two terms in Equations (3.5) were salt exchange flux in and out between the
interested system and the outside. This exchange flux can be considered to be mixing
term which consists of longitudinal mixing coefficient (Kx), cross-section area (Ax)
and distance along the north-south axis (x). To simplify Equations (3.5), salt
concentrations of the evaporative outflow and of the precipitative inflow were assumed
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to be zero. The system was considered as a steady state, so Equations (3.5) equals
zero. Numerical solutions for eachK:, w and K o« were obtained by combination of
Equations (3.4) and (3.5), and substitution of the salinity gradient term by estimating
the relationship between salinity and distance from the bay head (Appendix D).

Nutrient Budget
Nutrients which are non-co -' suhstanocs can be assumed to be
represented be the inputs and outpu: vEithe water and salt. Thus, the advection

and mixing exchange u appl:ed to nutrients. Equations

(3.5) was modified to in 1 c rvative process, R, (production
or destruction term). t in the Gulf with time {EC—)
is described as follo

dd:: 2 B PCy ~K:A Q Kd;%{u +.R (3.6)

4] 4 ,

where Cin, Cow, Ce and C#'are fiuiitient co acentrations of the water inflow, of the water
outflow, of the evapmntwe _@.—W and Of the precipitative inflow, respectively. The
nutrient concentrations of the evaporative outflow andof the precipitative inflow are

likely to be small and
as:

0 : P
.0 Equations (3.6) was simplified

Fbﬁ-ﬁb@%ﬂ &%%@%ﬁ 67
" Wﬁﬁ'ﬂmﬂmﬂ TRfTHR S ™ ot

therefore = 0. Thus, after substituting the appropriate hydrological and nutrient

concentrations, R was calculated to balance the nutrient budgets.
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Box model

The box model is The second approach which was used to describe the
transport within the Upper Gulf in addition to advective and longitudinal mixing with
some assumptions:

1.) Since, in some periods particular[y wet season, there were some difference
between the river runoff which draine

o the eastern and western part of the Upper
Gulf and there were extreme va " ipitation and evaporation over the
Upper Gulf. They affected 6n-the 'f ' tween eastern and western part of
the Upper Gulf Consequentiye d:wdad into western and eastern
‘ : areas in order to estimate the
internal transport of w v v nuifients of Uppt If in detail. In order to achieve

the Department of Fis ¢ 3
2.) The Uppe
changes in the system
. istructed to estimate the hydrographic

transport among the bﬂxesm@ma} ie internal trasportation of the Upper Guilf)
with the net vui me_exchanges including exchange flow or mixing. Continuously,

Nutrient budget was'also cons tructed vi paterial exchanges.

%lmniﬂﬂ ﬂaer mass. Therefore, the
water vcrlume change in the systém during tinfe-ma by the balance
AL RF B FATRIET Ak i Ta Y e

prmpzﬂannn, the advective inflow and the others inflows such as groundwater and
sewage, Ow) and outflows (evaporation and advective outflows, Qo). In case of the
Upper Gulf of Thailand, freshwater runoff, precipitation and the advective inflows are

denoted the term of water inflows to the system because other inflows are likely to be

small and can be ignored. Then the change of water volume in the Upper Gulf with
time can be expressed as follows:



28
g 11 fg s
= W N ok
11 'I; E 13
- L] -
A P
1 B
= 2.0n~- (3.8)
In application, thé cHAngE of Water Wolume with time (g] 1s considered
constant. The &esﬁm« noff, zyaporation are known from the
measurement, so 1 e Simple calculations can b o estimate the difference terms
of advective inﬂowﬂn outflo : S«D]\fa individually). All terms are
determined in the units 91‘ volume per t:me
oes i : ) : between salt flux,

valmmﬂ ows. This represent all of the

hydrographic inputs and outputs (including in this case exchange flow in and out). The
salt balance for the system can be described as flows:

= OkSi— 3. OonSon (3.9)

where water volume inflows and outflows are represented by Ow and Oau respectively

and the salinity of water inputs and outputs are represented by S» and Sew



29

respectively. In applications, the system of the Upper Gulf can be assumed at steady
state T 0) and the salinity of freshwater discharge, precipitation and evaporation

are likely to be small and can be ignored, simplifying the Equations. O and Qo can
be solved to evaluate individually by combining Equations (3.8) and (3.9). The
appropriate salinity to use for each of the volume flux is the average salinity at the

boundary of the boxes. For y the freshwater, surface salinity is used
instance of average salini

Nutri dget
According to thg blished b d salt budget, nutrient budgets
can be expressed as foll 4% \
avc
—_ 10
a (3.10)
Nutrients are in g smical progesses, so they are certainly not to

¢ probable to leave some residual flux

which is not balanced by wa_;gr:@ _exehange. Thus, the residual flux or the net

ARl yaeTans
internal flux of mmwm i sudgéi to balance the nutrient in the
system and to desefibe how *“‘ act in the system (add or

10), R, repi

"R L

To sol¥k the Equations, the change of nummt c{}nnentratmn with time, —— P

v QR GRS S bk o

nutrienfs in the precipitative and evaporative water were zero.

remwe}. The last in Equations sents the net internal flux of
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