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W ater quality changing trends of theM iyun Reservoir
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Abstract: In order to smulate changes in the water quality of the M iyun Resenoir due to continuous descent of
aurface water level, a 3-D eological hydrodynamic model was developed through coupling the water quality
analysis simulation progran WA SP) with the enviormental fluid dynamics code (EFDC). The model was then
calibrated and verified Four scenarios (S1, 21, 22 and $23) were smulated using the model Results show that
the water quality of the Miyun Reservoir under conditions of lov surface water level is goparently affected by
different anounts of inflow and different total phogphorus (TP) loadings The chlorophyll-a concentration might
exceed 10 U g/L in many areas of the Miyun Resernwir (This limitative value is sen as a critical value of
eutrophication) when large loadings of TP enter due to the amount of inflow increasing Results of scenario 23
indicate that control of TP loadings can decrease chlorophyll-a concentration effectively, and the water quality of

theM iyun Reservoir will improve or retain its status qua
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The natural process of eutrophication in many
aquatic systans has been greatly accelerated through
the addition of nutrients fran variouswaste discharges,
and physical changes b the systan itself The M iyun
Resenwir isone such systean. TheM iyun Resenoir, sit-
uated in M iyun County, is the biggest reservoir in the
north of China It has a cgacity of 4. 375 km® and a
corregonding water surface area of 188 km’ (see Fig
1). Now, the M iyun Resenir is the most important
drinking water reurce of Beijing, providing 1 5 x 10°
m® /d, about 1/2 of the city'swater supply.

Chao River
Bai River

Bai River dam

Chao River dam

Fig 1 TheM iyun Resenoir

A's the most mportant drinking water resurce,
water quality of the Miyun Resenoir has been paid
more and more concem by the public W ater quality
moniring data indicates that the main problen of the
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M iyun Resenoir is eutrophication'’ and in recent years
aurface water level has been continuously descending,
o many researchers and governors are concerned about
the water quality when a large inflow occurs Inorder ©
olve this problen, a 3D ewmlogical hydrodynanic
model was developed using the water quality analysis
smulation progran (WA SP)"?! and the enviormental
fluid dynamics code (EFDC) 1,

1 Model Description and D evelopment

W ater quality modeling is generally implemented
with the box or finite-segnent gpproach The box model
goproach is based on the principle of mass balance and
has been widely used in water quality modeling in the
past wo decades The box model is © named because
it calls for dividing the study area into a series of seg-
mentsor boxes, and writing the mass balance eguation
for each ssgment by asaming complete mixing with
each box Aided by the rapid development of computer
technology, dynamic models are applied b wbstitute
the steady-state models as decision support ols In a
dynanic model, the tme dependent mass trangort cal-
culation is driven by the flow information provided by a
hydrodynanic model through a model ooupling
process The 3-D ewlogical hydrodynamic model of this
study was one such model, which linked WA SP (water
quality model) and EFDC (hydrodynamic model) using
the indirect coupling gpproach

TheWA SP was first developed in 1981 as a ol
for intempreting and predicting water quality regponses
o natural phenamena and man-made pollution for vari-
ous pollution management decisions A lthough it has
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undergone several revisions, its fundamental relation-
ships have ranained relatively unchanged W ith repect
o eutrophication, these relationships stanmed largely
from the works by Thomann et al'*®'. WA SP is a dy-
namic comparment-modeling progran for aguatic sys
tans, including both thewater colunn and the underly-
ing benthos The time-varying processes of advection,
digersion, point and diffuse mass loading and bounda-
ry exchange are represented in the basic p rogran.

W hile the fundamental relationships can be found
in detail in Ref [2], Fig 2 provides an overview of re-
lationships betveen the eutrophication state variables
simulated by WASP The WASP has been used on
many different water bodies over the years and smula-
ted a variety of conditions effectively, such as the Poto-
mac Estuary’”’ and Green Bay, L akeM ichigan’®’ ,where
eutrophication and PCB contamination were exanined
In China, the WA SP has al® been used in the Three
Gorges Resenwirl” and theM iyun Resenvoir®’.
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Fig 2 Relationships betveen WA SP eutrophication state variables

The EFDC model was developed at the V irginia
Institute of M arine Science®’. The physicsof the EFDC
model and many agects of the computational scheme
are equivalent o the widely used BlumbergM ellor
model™ and Chespeake Bay model™’. The EMDC
model lves the three-dimensional, vertically hydro-
static, free surface, turbulent averaged equations of mo-
tions for a variable density fluid The model uses a
stretched or signa vertical coordinate and Cartesian or
curvilinear, orthogonal horizontal coordinates Dynami-
cally coupled trangort equations for turbulent kinetic
energy, turbulent length scale, salinity and tamperature
are alo olved The model has been goplied ©
V irginia's Janes and York River estuaries™’ , the entire
Chespeake Bay esuarine systan  and Lake
Okeechobed .

Partly due to this proven track record, the WA SP
and EFDCwere used to smulate hydrodynamic and eu-

trophic conditions in theM iyun Resenoir

The ecological hydrodynamic model could be used
to do scenario analysiswhile three steps of workswere
being completed

The first step in the modeling was that a series of
*gnentswere created © define the shgpe and size of
the M iyun Reserwir A smulation tme step corre-
gonding b the segnentation schane was chosen This
fgnentation scheme was detemined upon considera-
tion of data reslution, tamporal relution, and $atial
Imitations U Itmately, the cell sizewas sgnented as1
km x1 km except for me partsof Bai River entrance,
which was accomplished using GIS tools (see Fig 3).
Simulation time stepswere defined as 60 s (hydrody-
nanic simulation) and 0.05 d (water quality smula-
tion). More detailed descriptions of segmentation and
time step detemination can be found in Refs [2, 14].

| |
Fig 3 Segmentation of theM iyun Resenoir

The socond step was the calibration and verifica-
tion of the hydrodynamic model (EFDC) using inflow
data of Bai River and Chao River, surface water eleva-
tion of theM iyun Resenwoir, outflonv data, precipitation,
evgporation, leakage and other usage data Fig 4 showvs
a high level of correlation betveen smulated values and
observed values in both the calibration and verification

stages
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Fig 4 Surfacewater elevation of theM iyun Resenoir

The third step was the calibration and verification
of the water quality model (WA SP). Initial concentra-
tions, flows (fram EFDC), and loadingswere entered as
inputs into the model L imited o the length of thispa-
per, figures of comparion bewween smulated and ob-
*rved values are not listed here because Jia and
Chend® have given detailed results of calibration and
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verification of the WA SP in their M iyun research The
calibration and verification resultswere found t© meet
the needs of the gpplication

The main objective of this paper is b smulate
changing trends in water quality when a large inflov
occurrs during a state of lowv water level A smentioned
above, eutrophication is the main water quality threat of
theM iyun Resenir, and the Imiting nutritious factor
isphogphorus Fig 5, which is dravn from smulating
results of the ecological hydrodynamic model, al® sup-
ports this conclusion that ortho-phogphate concentration
Iimits the growth of algae The following scenario design
will consider egecially thes effects which reaulted
fran TP concentration changes

changes of hydrologic conditions and water quality con-
ditions of inflov. S1 was the basic scenario which a-
dopted actual data for theM iyun Resenoir in 2002 2
increased the amount of flow betveen June and Septem-
ber Tah 1 shows the data of inflov changes of the
Chao River and Bai River Tah 2 shavswater quality
changes of the Chao River and Bai River 21 kept the
sane water quality data as that of SL in the hydrologic
condition for &2 S22 increased TP concentration com-
pared o Sl in the hydmlogic condition for 2 23 de-
creaseed TP concentration compared o Sl in the hydro-
logic condition for 2

Tabh 1 Flov dataof SLand &  10°m°® /month

Month Basic scenario SL Scenario
on
Bai River Chao River Bai River Chao River

1 7. 427 10 737 7. 427 10 737
2 11 634 9 652 11 634 9 652
3 11 454 12 116 11 454 12 116
365 4 7. 934 8 749 7. 934 8 749
Time/d 5 9. 462 8 653 9 462 8 653
Fig 5 Correlation of chlorophyll-a and ORO, concentration 6 9 813 2 670 25 920 25 920
2 D esign Of Scenario S 7 9 332 6 008 53 568 53 568
8 30. 126 8 608 53 568 53 568
The <cenarios were designed by considering 9 6 334 3 753 25 920 25 920
10 6. 343 6 791 6 343 6 791
11 6. 116 6 653 6 116 6 653
12 5 804 4, 322 5 804 4 322

Tab 2 TP concentrationsof S1L 21, 2, 23 mg/L

Month Basic scenario SL Scenario 21 Scenario 22 Scenario 23
Bai River Chao River Bai River Chao River Bai River Chao River Bai River Chao River

1 0.02 0.01 0.02 0.01 0.02 0.01 0.02 0.01

2 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

3 0.03 0.02 0.03 0.02 0.03 0.02 0.03 0.02

4 0.03 0. 02 0.03 0.02 0.03 0.02 0.03 0. 02

5 0.03 0.04 0.03 0.04 0.03 0.04 0.03 0.04

6 0.03 0.04 0.03 0.04 0.04 0.04 0.01 0.01

7 0.04 0.02 0.04 0.02 0. 06 0.06 0.01 0.01

8 0.04 0.03 0.04 0.03 0. 06 0.06 0.01 0.01

9 0.01 0.01 0.01 0.01 0.04 0.04 0.01 0.01

10 0.02 0. 02 0. 02 0.02 0. 02 0.02 0.02 0. 02

11 0.02 0. 02 0. 02 0.02 0. 02 0.02 0.02 0. 02

12 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

Fig 6(a).

3 Realts and Discussion

The reaults of the analysis of the four scenarios
(81, 21, 22 and 23) are shown in Fig 6 © Fig 8
Fig 6 gives the gatial distribution of average chloro-
phyll-a concentration for each scenario in August
Chlorophyll-a concentration in A ugust often reaches the
largest anount because climate conditions at this time
are themost witable Fig 7 and Fig 8 showv time var-
ying chlorophyll-a concentrations at wo points in the
reeernoir The location of the wo points is showvn in

Fig 6 indicates that water quality of scenarios 21
and 22 are gpparently worsewhen large loadingsof TP
enter the water body, due o the anount of inflov in-
creasing, and chlorophyll-a concentration might exceed
10p g/L in many areas of the M iyun Resrwir (this
Iimitative value is seen as a critical value of eutrophica-
tion)'*!. However,when TP loadings decrease as in sce-
nario 23, the water quality of the Miyun Resenoir
would be better or retain its status qua The result has
an important mplication for smu-
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Fig 6 Soatial distribution of average chlorophyll-a concentration in August (a) Scenario SL; (b) Scenario S21; (c) Scenario 22; (d)

Scenario 23

lating lov water level conditions because the water
bodieswith higher water levels have a larger cgpacity
and stronger ability © dilute tward existing loadings
Fram Fig 7 and Fig 8, it gpears that effects of
different scenarios gppeared after June since all the
changes began in June At P1, peak values changed

fran 4.5u g/L © 6. 74 g/L on about the 260th day.
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Fig 7 Chlorophyll-a concentration curve varyingwith
time at P1 (shown in Fig 6 (a))
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Fig 8 Chlorophyll-a concentration curve varyingwith
time at P2 (shown in Fig 6(a))

At P2, peak values changed fram 3.5 g/L © 10.6
M g/L on about the 240th day. Since P1 was further
fran the entrance point than P2, the influence of inflon
on P1 was then less than that on P2 (The same result
oould al® be gotten from Fig 6(c)).

Acocording o possible changing trends in water
quality in the future, the folloving several recommenda-
tions are made:

1) Strengthen water quality monitoring during
flood sean Thismeaaure can help in the understand-
ing of changing trends in water quality over tme

2) Phogphorus is the main limiting factor of eu-
trophication in theM iyun Resenoir S adopting effec-
tive steps of phogphorus reduction is an mportant ac-
tion in thewater quality management of theM iyun Res
enoir.

3) Research on non-point source (NPS) pollution
should deepen W here water quality of inflov is domi-
nantly affected by non-point urce pollution in flood
*an, deegp consideration of NPS is necessary.

4 Conclusion

A 3D eological hydrodynamic model was devel-
oped usingWA SP and EFDC. Four scenarios (S1, S21,
22 and 23) were simulated using the model It indi-
cated that water quality (such as chlorophyll-a) of the
M iyun Resenvoir under the condition of lov surface war
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ter level was gppearently affected by different anounts
of inflov and different TP loadings Chlorophyll-a con-
centration might exceed 10U g/L in many areas of the
M iyun Reservoir (This limiting value is seen as a criti-
cal value of eutrophication) when large loadings of TP
enter the water body due o the amount of inflov in-
creasing (At high surfacewater level itmay not gppear
because of large ability to dilute). However, when TP
loadings decrease as in scenario 23, the water quality
of theM iyun Reservoir would change for the better or
retain its status qua
In order to prevent deterioration of water quality,

meaaures should be adopted in time, such as strengthe-
ning water quality monioring during flood season, con-
trolling phogphorus emissions, and researching NPS
pollution more deeply.
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