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View Point : Seaside Road in Bay Chay

View A

Figure 2.1.3(2)

-
A

s

ot
T,
N

Typical Landsape of Ha Long Bay World Heritage from Mainland
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View Point : Lan Be Park in Hong Gai
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CHAPTER 3






3.1

CHAPTER 3 WATER I'OLLUTION MECHANISM

Oceanopraphic Conditions
Coast and Sea Bed Topography
(1) Geomorphology

Ha Long bay is delimited by the Hong Gai estuary in the north and the outer bay
which extends out to Cat Ba istand. Bai Tu Long bay is located cast of Ha Long
bay. The scabed in the bays is reatively Hat and shallow, and it is typically only a
few mcters in depth. The average depth is only 1.0-1.5m adjacent 10 the coastling,
sloping gently (0.001-0.006%), toward the southcast exteading 2 m deep on
average. However, there are narrow depressions or rivulets in the scabed up to 30
m deep (Lach Van), which allow the large vesscls such as coal transport ships and

cargo ships to approach the coastline,

The Environment Agency of Japan shows a geomelrical index for indicating a
closed level of sea arca, which is a ratio of water volume of bay and arca of bay
mouth. Since the index of Bai Chay bay is 4.9, the water body there has a high

potential of cutrophication.

(2) Distribution of Tidal Flats

Tidal flat can be defined as an emergence which is submerged in high tide and
exposcd in cbb tide. The tidal itat in the Ha Long bay arca covers the whole Cua
Luc cmbayment with an arca of about 210 kmy’. An extensive tidal Nat being

covered by mangrove is found around the cstuary of the Mip river with about

‘9 km? and in Bai Chay bay with about 5 km”. Tidal flat has a water purification

function as well as preservation of biodiversity and nursery ground of [lishery

TCSOULCCS.
Land reclamation works have been carried out in many places along the shorcline,
and they change hydrological conditions. According to the result of satcllite

images analysis in 1938 and 1996, the tidal flat in Bai Chay Bay has decreased



about 350 ha. 30 Cam Pha, about 150 ha of tidal tlat has been recliimed by coal

mining activities such as solid wastes or coal shipping ports.

The biggest land reckamation so far was carricd ncar Hung Thang lor tourism
development with about 30 ha. In the {uture, about 200 ha is planned to be
reclaimed. A causcway having two bridges is being constructed between Hung

Thang and Tuan Chau island.

Scabed Sediments

The sediment ia the bays shows a typical grading shoreline with coarser-grained
sediments near shore and liner-grained scdiment offshore, Bottom scdiments in
the bays arc dominated by mud, silt, and clay, but those of Bai Chay bay contain
sand, gravel and cven cobbles as well as organic maters and scil!éd detritus. Sands
mainly from picces ol quarts with gravel, cobbles, boulders, and solid wasics
(picces of ceramic, bricks, and botiles) are found in the Bai C.hay arca. Finc
sediments near the Hong Gai, Cam Pha, and Cua Ong coal ports are black in color

mainly duc to fine coal.

Normally, the eritical tractive force of bottom sediment has a close relationship
with its water content. Small grain size sediments has a high water content, so
they are stirred up casily by turbulence ol current. As the resulis of ficld
reconnaissance and satellite images analysis, high turhidilj by tidal acilivily is
found around shipping routcs in the shallow water area. This indicate that bottom

scdiments have relatively high water content.

Tides and Tidal Currents

(1) General Feature of Tides and Tidal Currents

The coastal arca of Quang Ninh province has the highest tide in the Norh
Victnam. In the study arca, high water lide occurs once a day for most ol"thc days,
occasionally twice a day in a month. Tides have been observed at Hong Gai

station. The average tida) amplitude is about 2 m and maximum is 4.7 m in spring

tide.




The current tendency was analyzed {rom teraperature distribution portraits based
on LANDSAT TM data. As the results of the analysis, it could be concluded that
the water bady nearshore dacs rot flow out to open sca. That is, the water body in
Ha Long bay is stagnant especially in the rainy scason. This condition is important

for considering the water quality mechanism in the study arca.

(2) Ficld Survey by the HCA Study Team

The current measurement was conducted by the JICA stady team in July 1998.
The main abjective of the measurement was 1o provide 15-day continuous data
serics necessary for harmonic analysis at three stations for upper and lower tayers.
The harmanic constants obtained by the analysis will be used for the validation of

the hydrodynamic model through the comparison with the simulated results.
The locations of the stations are shown in Figure 3.1.1.

The output of the data processing included current velocitics, running mean
currents, current roscs, harmonic constants, lidal current ¢llipses, auto-correlation,

power speetra, and diffusion coctticients.
The results are summarizcd below:

- The velocitics of the upper layer were higher than those of the lower layer
especiaily at Cua Luc,

- The long term driving forces such as fresh water from rivers aftected the upper
laycr mainly,

- The tide is the major driving forces for the currents,

- The diurnal constitucats such as K; and O, dominated,

- The current veloeitics during the spring tide were far higher than those during

the ncap lide,

- Allhough the souihcm wind dommaled dunng the hcld Survcy, the averaged

currents of the uppcr la_ycr at the Cua Luc steait clcarly showud southward
dircction. These suggested that the freshwater from the rivers to Bai Chay bay

would be transported mainly in the upper layer.
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(3} Dry Scason Ficld Survey by DOSTE

The current measurement for the dry scason was conducted tfor 24 hours during
the spring tide at Cua Luc and Cam Pha - Cua Ong in November 1998. The Cua
Pua stalion was missing from the ficld survey in the dry scason. Only the current
velocitics, current veetors, and the average velocitics were obtained from the data
beeause the measurement period of 24 hours is not enough to conduct harmonic

analysis.

The northward component of the veloeity dominated in the Cua Luc strait and the
castward componcnl dominated in Cam Pha — Cua Ong. These were the same
characteristics as in the rainy season. On the other hand, the velocitics of the lower

layer at Cua Luc were higher than the veloeitics in the rainy season.

Although the northern wind dominated at Coa Luc during the survey period, the
southward component of the upper layer, 2.7 cm/s was lower than 13.1 coy/s in the
rainy scason. This subg,cslcd that the major cause of the southward curreats of the

upper layer at Cua Luc was not the wind but the freshwater inflow to Bai Chay

bay.

Water Mass Structure

Frem the drastic change of water color observed during the {ield reconnaissance,
it could be concluded that there is a “tidal front” (tide-rips) in the bays. This
means there are two kinds of water bodics confronting cach other. The cons(:mt
current is weak ncar the tidal front, and water body between coast and tidal front
is regarded as a stagnant-waler arca. This tidal front lics abdut 15-20 km from the

shoreline.

As the resull of the Field Survey, ICldilVC]y lower vnluu of sqhmly w:lh 12 +7 %o

which indicate the existence of fresh water body arc identilicd in the uppcr layer

of Bai Cha)' and Ha Long bays. This cmslcnu of two kmdc. of values of salinity .

indicales tlnt the wat«.r in Bai Clny and Ha bong bays is s!ranhu} Cons:dcnng
the dlxlnbul}on of sqhmly values, the {resh water comes form the catchment arca
cspecially lhroug,h the Cua Lue strait fans out and stays thcn,, and the offshore

water Crucps wedge-wise into the bays.
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The lront of salt wedge is so called a “null point” where the constant current in the
lower layer is almost zero. Normally, land base pollutants such as SS scttles casily

around this area. Thus, this stratitication characterizes the bays’ water quality.

Water Exchange in the Bay

Thus, volumes of watcr of Bai Chay bay and Ha Long bay are estimated abowt

6,300 x 10° m® and 60 x 10% ', respectively.

Assuming that the exchange of the bays’ water is caused only by the river flows
and precipitation on the sca, the retention time of the bays” water is about one
month for Bai Chay bay, and more than six ycars for Ha long bay including Bai

Tu Long bay as shown below.

(a) (b) {c}
Bays Volume of bay Water inftow Relention lime
water (x16° m") {x10" m*/ycar) {a/b)
Bai Chay bay_ S .60 s ]
1a Lonyg and Bai Tu ]nng b\)s 6,300 981 6.4

Note: Water inflow includes precipitation on the sca.
Water and Sediment Qualily
Overview of Historic Water Quality Data

Invesligations of water and scdiment quality of the bays have been dominated by

- studics conducied since 1992, Approximately 34 water and scdiment quality

variables have been measured as pari of the investigations or projecis' studics.

However, almost no water qualily data exists for the tributarics of the rivers

flowing into the bays.

The data suggest that the watcr"qualily of Bai Chay bay is different than water
Quality in outer Ha Long bay near the Cat Ba island. This indicated that the cifccis
of untreated domestic and industrial cfflucnts of Ha Long city \_vpré restricted 1o
the nearshore arca. .N arshoré \ﬁtér qﬁah’iy .0 [ the bays falls wiihin the Eutrophic
Water Classilication (OCDI) or the mesotrophic state which is a iyplr.al of coastal
cstuarine environment (Clark 1996). The influcnec of land-bascd polluuon on

offshore watee quality adjacent to Cat Ba island appcars to be minimal.
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Water Quality of the Rainy Season by the Field Sunvey
(1) Mcthods

The Ficld Survey of water and sediment quality in the bays and the rivers was
conducied by HIO during July and August of 1998 under the supervision of the
JICA study tcam. In addition to the surveys, ficld and laboratory studies were
conducted to deseribe the major mechanisms through which land- and water-based

pollution enter and reach equilibrium in the bays.

With regards to water and sediment quality, the Ficld Survey sampled 38 variables
at 30 and 15 sites, respectively, in Bai Chay, Ha Long, and Bai Tu Long bays
which included nutticnts and heavy metals. A similar set of variables was sampled

from 15 sites in the rivers of the study arca (Figure 3.2.1, Table 3.2.1).

(2}  Water Quality in the Rivers by the Ficld Survey

S8 levels in the Troi and Dien Vong rivers arc over the lﬁ_land Water Quality
Standard in Victnam (TCVN) during the dry condiiions. Similarly the rivers near
Cam Pha including the Mong Duong river also cxcccd TCVN. The high level of
8S in some rivers during the dry conditions could be due to soil erasion from
deforestation and agriculiural activities, or from a runoll associated wﬁh conl
mining activities.

Nilrate nitrogen, DO, and BOD conccn'tralions in the rivers do nbl cxceed TCVN,
and nitrate nitrogen does not exceed ﬂw Canadian freshwater siandard of
appmxi.nialc.ty 0.6 mg/¢. Bascd on these s!anda;gis, watcr (walily of.lhc rivers does
nol impair the aquatic life. The high concentrations of nilrbgch in two rivers ncar
Cam Pha (No. 13 and 14} are considered to be due to the influence of rﬁining

activities.

High concentrations of iron and zine in the rivers draining the Hong Gai quarter
and the rivers along the coast to Cua Ong coincide with the presence of coal
mining activitics in these areas. [ron levels in some of these rivers greatly excced

TCVN of mg/f. Zinc levels in one tributary also excceded the standarg of 1

mg/{. These rivers run through some large coal mining arcas. The low pH in some
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rivers is consistent with the elfccts of mine drainage. Low pll acts to mobilize
natural metals from geology that would be occurring from drainage basins in

which coal mining occurs.

Some of the high concentrations ol iron and zine measured at inshore stations in
the bays could be associated with the rivers that are discharging  high
concentrations of these metals. The relatively high iron concentrations in Bai
Chay bay may be due to discharge Irom the tributary just north of ltong Gai.
Similarly, the relatively high iron levels at inshore bay stations cast of Tong Gai
to Cua Ong could be associated with iron discharged from tributaries along that

shoreline.

Similar to bay nutricat concentrations, the difference between shorcline and
oftshore iron and zine levels suggest that the cffeets of the high tributary
concentralions and thus loads of these two metals do not extend far beyond the
respective river mouths. There does not appear to be a relationship between metal

concentrations in bay scdiments and tributarics.

(3) Watcer Quality in the Bays by the Ficld Survey
1y DO

DO levels at bottom strata in the ncarshore arca of the bays oficn violate standards
because concentrations exist below 80% saturation. The decrease in surface DO
and the increase in boftam DO, rcespectively from Bai Chay bay olfshore to the
Cat Ba islan'd likely reflects the mixing of highly oxygenated freshwater trom Bai
Chay tributarics with low oxygc'ndlcd salinc bottom waters originating trom the
Gulf of Tonkin.

| 'Oxy;,cn is a critical water po]lutlon vanablc because of the requirement of oxygen

by aquatlc or;,amsms “and bccausc it rcsponds d:rcct]y to changes in BOD

loadings. The ‘marginal levels of oxyg,cn at botlom sirala may stress sensitive

" benthic organisms in the bays, and pelagic hshcs lhat require the bouom tor

teeding or spawning habitat.

‘The correfations between shoreline BOD and DO show nicely the link between

these two waler pollution variables. BOD levels in the bays correspond to the



slightly palluted cuatrophic water classification of OCDI and to mesetrophic

coastal walcr.,
2)  Nutricnts

The shoreline concentrations and offshore gradients of T-N, NH N, and NO,-N
[rom Ha Long ¢ity and from Cam Pha-Cua Ong suggest that nilrogcn that enters
the bays from land-based sources is assimilated in the nearshore arca resulting in
the decay of waterborne nitrogen offshore. Nitrogen concentrations in the bays
sediments strongly support the assertion that Ha Long city and Cam Pha-Cua Ong
are potentially large sources of nitrogen. Tirlc retatively low nitrogen levels in
offshare sediments support the hypothcsis that nitrogen loads from land-based
sources are assimilated and removed from the water column and sediment in the

nearshore zonc.

The range of chlorophyll-a concentrations throughout the bay exceeds levels
expected in offshore oligotrophic waters. For example, the limit for the protection

of coral reefs is approximately 0.6 pg/f (Conncll and l-la\vkcr, 1992).
3 5SS

The steep SS gradient offshore suggests that the effects of intensive coal mining
activitics of Cam Pha and Cua Ong on waler quality arc restricted to ncarshore

arcas. The relatively low SS levels in Bai Chay bay can be allributed to quicsbcnl

conditions.

The histosic SS fevels, while significantly higher than 1998 data, did not violate
TCVN for coastal water. It is the judgment of the study team that the standard lor
SS of 50 mg/f is too high. A more acceptable standard is the general international
standard of 15 mg/¢ for coastal waters. When 1998 88 levels are comparcd to this
more conservalive §landalrd; SS exceeded the standard at 4 slaliéns: lhc.Se wérc the
Mip river esfvary, Bai Cha)’, ah_d lwd stations adjacent to Cam Pha.

4)  Fecal éolil‘drm

Fecal coliform levels measurced arc consistent with historic levels measured in the
bays and show high levels in nearshore waters adjacent to Ha Long city and to a

lesser extent Cam Pha and Cua Ong. Fecal coliform levels violale TCVN for



water used for drinking, swimming and recreation. Bacteria levels are particularly
scrious Tor the development of tourism industry in Bai Chay arca. Remedy of

coliform will require sewage treatment ar relocation of domestic waste discharges.

(4) Water Quality ot the Dry Scason

1)  Nearshore conditions in the dry scason of 1998

The surveyed items were tidal current, water quality and plankton in the bays, and
dust. The samples were taken among the inshore stations of the rainy scason
survey implemented by the JICA study teamn. Most of the same paramelers as the
rainy season survey were analyzed. As a reference of the analysis of water mass
structure and pollution mechanism of the bays, the surveyed data of the dry scason

were summarized as shown belaw:

Water Quality in the Bays during Ramy and Dry Scasons, 1998

Rainy Scason Dry Season
Vasiable uty) G?g_?t:\_uslﬂ
Tempesatwee CC) 3T | 244
Satinity(pp0) ... ... .4 . .27 | . 302
po@gey - |85 l.....62
BODGmy®) .t Ti2 ot es
cobqwty .. 63 .. . 26
SS {mglf) SR - B AR X S
Turbidity (FTU) b 88 BT
Oil (mg/f) N R Y AU N LY S
(‘h!omph;l! a(smfatc, mgf) 25 1 L8
AN@go k)1
T-F (mg/f) | a8 1 o4
ofiform bacteria (MPN/AOOMY) M7 10

Source: 1) Rainy scason: Field Survey by JICA study team
2) Iy scason: DOSTE

Inercascs in DO and salinity and decreases in SS from rainy to dry conditions arc

expected.

Decreased nutrient and éhlomphyll-a’ levels in the dry scason are mulually

consnslcnl with. decreased fand runoll Decreased BOD and COD flowing into the

| biys supporls rcduchons in pnmary production.

Lowcr coliform levels arc consistent with lower runofl. The concentrations of
heavy metals (C4, Fe, Hg, As, Cu, Pb) in inshore waters arc similar in both rainy

and dry scasons.
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The lower oil levels in the dry scason do nol support a concentrating cltect
resulting from decreased freshwater runolt from the basins. Since the major
source of oil is belicved to be ships and boats on the bays, greater oil levels in the

rainy scason are not ¢xpected.

In addition to the comparison of dry with rainy scason conditions, DOSTE also
assessed whether water quality differed between flood and cbb 1idal conditions.
They found that water quality did not differ sigailicantly between the two tide

conditions,
2}  Olfshore conditions in the dry scason

Ta supplement the inshore watcr quality data collceted by DOSTE in December
1998, the JICA study tcam sampled an inshore-oftshore transect of 9 stations in
Fcbruary 1999 extending tfrom Bai Chay bay to southern outskirts Cat Ba island.
Scven stations were re-sampled from the Ficld Survey in July 1998. Two

additional stations were added at the southern outskiris of Cat Ba island.

Transparcncy, salinity, lﬁrbidily, COD and BOD levels inlll'hc bays from Bai Chay
bay to south of Cat Ba island indicate that oftshore water quality in the dry scason
is relatively homogenous and net heavily influenced by freshwater runoll from the
basins. Sa]inily in Bai Chay bay was similar to salinity in offshorc arcas
suggesting  little  freshwater input from  the basins draining to thc bay.
Transparcncy increases offshore 1o a maximum depth at the two stations sampled
south of Cat Ba island. Surface turbidity sléadily decreased offshore which

supports the increase in lransparency.

The range in transparency in the bays in July was greater. These data suggest that

different water masses may dominale offshore arcas in dry and ramy seasons by

turns. The southward prcvallmg cumnl in winter, as OppOSCd to the northward

current in summer, rcporicd for wcslcrn Gulf of Tonkin (Hoi et al. 1995) supporl
this hypothcsns
Bottom Scdiment Quality in_ the Bays

Bottom scdiment qhalily was measured at some of the water quality sampling sites

(Figure 3.2.1). T-N concentrations in scdiments adjacent to Ha Long city and Cam

)
¢l
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Pha town (about 2-3 mg/g) are higher compared to sediments in offshore areas
(fess than 1 mg/g). T-P levels in scdiments are mostly unilorm across all sampling
sites. There is not a strong trend of COD in sedimients in the bays. Arsenic is the
only metal that shows regional dillerences in concentration with the relatively

high tevel measured in Bai Chay bay.

Influcnce of Oftshore Water Body

(1) Existence of Contaminated Water Body

Relatively lower valucs of salinity with less than 15%e were measured oftshore
arca during the Ficld Survey in July 1998. Lower salinity indicated that this water
body was originated by fresh water and was different from that in the center of 1a

Long bay.

The levels of COD, SS, and nutrients showed an unexpected change, steeply
increase along transect of five o more stations Trom the center of Ha Long bay to
oftshore. There is a sudden drop of transparency ollshore area, too. These changes
in water quality were supparied by significantly reduced surface salinity at the two
southcrnmost, olfshore stations. Thus, it is possible to build up a hypothesis that
there is a relatively contaminated water body, which is seemed to be from the

large river system.

(2) Potential Influcnce from Outside of the Study Area

The water body having a relatively higher water temperature was found in the

soulhcrn oulskirts of the study area by the satellitc image apalysis of water

temperature in June 6, 1997 Thls walcr body flew from southwest to northcast.

Normally the tidal current ot lhc Gult nl Tonkm flows (rom south 1o norlh during
the rainy season. Oons:dcrm‘g, the nc:.cssny ot great amoum ‘of fresh water supply
with rclatively higher water Icmpcralurc and direction of zhc tidal current, it scems
rcasonable to supposc that the origin of this watcr body wou]d be a large river

system in the southern outskirts of the study arca.
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COn the othier hand, the tidal current of the Gull of Tonkin tlows [rom north to
south in the dry scason. The possibility of influcnce by the large river system in

the dry scason is lower than it is in the rainy scason.

(3) Wide Range Satellite Image Analysis

The clfeel of the large river system needs to be investigated further, such as
getting a wide range of information Irom satellite images. The plume [rom the

river system necds Lo be characterized in terms of both quality and spatial extent.

LANDSAT images ol both false color and water temperature covering the estuary
ol the Red river in June 6, 1997 and in July 11, 1998 reveal that a relatively warm,
turbid water mass from the southwest intluences the water in Ha Long bay (sec
Figure 3.2.2 10 5). The northward prevailing currents in western Gull of Tonkin in
rainy scason are identiticd by this wide range LANDSAT images analysis.
Discharged contaminated water from the Red river system, especially for the Thai

Binh river and the Bach Dang river, [lows southern outskirts of Ha Long bay.

Pollution Source Inventory and Database

The database cstablished lor the Study consists of the pollution source inventory,

pollution load estimation module, and other sub-databasc relevant to EMP.

Pollution Source Inventory
(1) Pollution Sourcc Inventory

The poliution source invcn!ory‘ ¢specially for the spccilfzé pollution sources, was
developed as a part of components of the database. The various data on the land-
based specilic pollution sources i'r; the EMP area such as factorics and coal mines,
which was collected by. conduciing the questionnaire Survcy by the JlCA_sludy
tcam in 199'8, was ii{pullcd and sorted out in the database. The data on the Spccillic
pollution sourecs was used to cstimate pol[uiion load generation from cach

pollution source. Statistical resulis of the questionnaire survey, especially focusing

4
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on the data related to the pollution load estimation, are shown in Section 10.1.2 of

the Suppasting Repont, Volume 1.

(2) Update of the Inventory

The data in the inventory nced to be updated timely to grasp the latest pollution
load gencration Trom cach specific pollution source and each sub-catchment.
Reparding to the specilic pollution sourees, when new facility or any change of
existing lacility concerned as a pollution source is registered with Quang Ninh
provinee, DOSTE obtains the information on the facility and should revise the
inventory. Data on non-specitic pollution sources such as land area for agricultural

activitics arc revicwed at least once a year.

Pollution Load Estimation Module

Bascd on the estimation of the pollution load from specific and non-specilic
jmllu!ion, a pﬁliulitm load cstimation module was integrated into the database by
linking with the pollution source inventory. The module is allowed users to get
latest pollution load generation in cach sub-catchment when the pollution source
inventory is updated. Also the estimated pollution load generation from cach sub-

catchment is checked whether # is satislicd with eriteria for cach sub-catchment.

‘The results of the estimated pollution loads of sub-catchment were applied for the

walcr qua]ily simulation model as input data.

Componenits of the Database

The database consists of tour sub-database; a) Pollution Source Inventory Sub-
dalabasé, b) Water quality Sub-database, ¢) Natural Environment Sub-database,
and d} Regional S';cilocéonomic Information Sub-database. The Pollution Load
Estimation Module was integrated into the D.i!ahasc The componeants of lhc

database arc shown in Flburc 33.1.

Various types of data forms were used in the database such as table, graph, map,

satellite image, and photo. Uscrs can reach specific data casily by sclecting the
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34.1

selective bottom on the menu as shown in Figure 3.3.2. These data can be casily

edited, revised, exported, printed out by users since the database soltwarc is

designed mainly by using basic Tunctions of Microsol Excel, which DOSTE statl

is tamiliar with.

Updating Data

It is desirable that database be updated in appropriate timing to provide uscrs
latest data and information, o accumulate data, and to analyze lime-serics changes
of the data. Relevant to the statistical data such as population, it would be updated
periodically when new statistics is issucd. On the other hand, some data such as
poliution source inventory data should be updated as soon as possible when new
facility or any change of cxisting facility concerned as a po.llution SOWrCe is
registered or informed. It is recommended that at least onc person who is in
charge of the database be assigned to update timely and securc the database. Also
one computer should be assigned 1o keep ariginal databasc with the latest
.(updalcd) data.

Estimation of Pollution Load Generation
Sctting Sub-catchment

The catchment of the bays is divided into 14 sub—c\:afchmcnls for pollﬁl_ion loads
cstimation and analysis. The sub-catchments accompanied with the main rivers
(No.1, 4 to 6, and 14) arc located in the northera part of the natchmcnl from the
cast to the west. The others (No.2, 3, 8o 13) are located on the littoral arcas of
the bays, whose ;,radlcnl varics from 12 to 20% With n.g,ard to 1slands Cat Ba
island is designated sub-catchment 15 and the other 1siands au ;_,roupcd as sub-
catchment 16 for the sake of convenience. The land usc paltern of cach sub-

catchment, which was analy'/cd by satelfite imdgc and is the basis for éslimal'ing

fresh water runofl and non- spcullc po}luuon 1g_,n.ncrahon is shown in Table 3.4.1. .

The location of cach sub-cat«.hmf.nl is shown in Figure 3.4.1. The estimated

amount of freshwater inflow into the bays dunng the rainy scason, [rom June lo

Augusl, is shown in Table 3.4.2.
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Pallution Sources

For cstimation of pollution load, specific pollution sovrees in the study arca arc
largely classificd into three groups namcly; domestic wastewater including
tourism, industrial wastewater, and livestock wastewater based on the types andfor
aclivities. In case of wastcwalter Irom coal mining activilics, it is catcgorized as

industrial wastewater tor the sake of conveniencc.

Non-specific pollution sources are diffuse pollution sources which can not be
identified site by site. Most loads from non-specific pollution sources arc washed
out on rainy days. Normally non-specilic pollution sources are classiticd into two
groups, land runoff and precipitation. Land runofl in the study arca consists of
pollution loads rom ftorests, agricultural area, deforested bare arca including

denuded arca by coal mining, and urban arca.

Calculation Mcthod of Pollution Load Flowing into the Bays

There arc mainly two pathways of pollutants into the bays, via rivers or drains and
directly into the bays. Pollution loads via rivers arc cstimated by one of the two
methads depending on the availability of the rivers’ water quality data. Parameters

required such as run-olT ratios are set based on the result of the Ficld Survey.

For cstimation of pol!ufion loads, lour major pollution sources such as domestic
including tourism, industrial, livestock, and lnnd.runnﬂ‘ arc sclected. The pollution
loads [rom solid wasie disposal sites and precipitation are negligible small
compared with five major polution sources. Sclected items for the pollution load

estimation arc BOD, COD,,, SS, T-N, and T-P.

3-15
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Estimation of Pollution Load Generation

(1)  Specific Pollution Sourees

)

Domestic polition sources
a)  Residence

The generated loads of domestic origin arc cstimated by populminn and
pollution load units. Populﬂlio'n multiplicd by pollution load unit is gencrated
pollution loads. The per capita pollution load unit of BOD is assumed at
S0 g/day bascd on the results of Water Supply and Sanitation Feasibitity
Study, 1998. These units were quoted from “Asscssment of Sources of Alr,

Water, and Land Pollution, WHO, 19937,

Pollution load units of COD,,, SS, 'T-N, and T-P arc taken trom “the
Guideline for comprehensive basin-wide planning of scwerage systems,

Japan Scwage Association, 1996 (the guideline)”, and modificd by the HCA

study tcam.

The population in the study arca was about 343,000 in 1996. The total
gcn'cmlcd loads of domestic origin amount to 17 tlons/day of BOD,

Stons/day of CODy,, 13 tonsfday of SS, 3 lons/day of T-N, and
0.4 tons/day ol T-P.

b} Tourism

Pollution loads generated from luﬁrism arc classified into three categorics
namcly tourisis in holc_lé, day’s tourist, and tourist boat. The mean rcsidehcc
time of tourists in hofel is assumed to be aboul 19 hrs, The maximum
numbcr of lounsl boats in Ha Long bay is 150 (HL\AB) Assummgs one boat
carries 10 p'muwcm the maximum numbcr of passengers on the bm!s a

day is 1,500. It is assumcd that mean cruising time of the passengers on the

boats is 8 hrs.

The pollution load unit of tourist is changed in proportion to their residence

time. Thus, the per capita deulion load unit of lousist in hotels is 80% and

passenger on tourist boats is 30% of domestic one, rcspcétivcly.
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The estimated total gencrated pollution loads are (L3S tons/day of BOD, .02
tons/day of COBD,y,, 0.04 lonsfday ol S8, (.01 tons/day ol T-N, and
0.001 tons/day of T-P,

2)  Industrial sources

The volume of wastewater being discharged from cach factory is sct based on the
result of the questionnaire survey, but the water quality data of the wastewater are
not available. Thus, water quality is sei by the results of Ficld Survey and typical

water guality of cach type of factory taken {rom the Guideline.

‘The estimated total pollution loads gencrated from 57 factorics are 0.5 tons/day of
BOD, 2.1 tons/day of COD,,,, 25 tons/day of SS, 0.6 tons/day ol T-N, and
0.02 tons/day of T-P.

3) Livestock sources

‘The gencrated loads of livestock origin are estimated by number of vestock and
poilution load units. The number of livestock is estimated by livestock population
density taken from data of DARD, and arcas ol cach sub-catchment. The per head
pollution Joad units are quoted from the Guideline. The units of bultalo are

assumed to be same as cattle’s,

The total numbers of livestock in the Ha Long bay arca are cestimated at about
4300 heads of buifalo and catle, and 63,000 heads of pig. The resulting total
poilution loads’ of livestock origin. amounts to 15.3 1ons/day of BOD, 104
tons/day of COD,,, 57 tans/day of SS, 3.8 tons/day of T-N, and 1.8 tons/day of
T-P. ‘

(2). Non-Specilic Po'll_ution Loads

The generated pollution loads of land runofT origin arc ¢stimaled by arca of each

~ land use and pollution load units. The per arca pollution load units of BOD,

COD,, T.-N, and T-P are laken from the Guidcliné, that of SS is taken tfrom “The

study on the reddish soil poflution in Okinawa island in Japan, Okinawa gencral

burcau”. Regarding S8, pollution load unit of coal mining activitics is assumed to

be 3,000 kg/km’/day bascd on the mass balance al the river mouth.
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3.5.1

‘The areas of cach land usc patlern in the study arca arc sct at 170 km’ of
agricultural liclds, 680 km?® of forest, 90 km? of urban, and 80 km’ of coal mining
arcas {scc Table 11.6.9), bascd on the result of satellite image analysis. Total
generated loads of land runoff origin amounts to 16 tons/day of BOD, 23 tons/day

of COD,,,, 540 tons/lay of 8S, 14 tons/day of T-N, and 5 tens/day ol T-P.

(3) Total Generated Pollution Loads

Total gencrated pollution load is tabulated in Table 3.4.3. Among the pollution

sources, pallution load generated at non-specific pollution sources is largest.

RunelT Pollution Load into the Bays
Sctting Runofl Ratios

The analysis of poliution mechanisms requires data related to type and volume of
pollutants being discharged from cach sub-catchment into the bays. The pollution
foads flowing into the bays are catculated based on the generated pollution loads
and run-off ratic. Runofl ratio is a percentage of enlcring poliution Joad into the
bays lo gbnemlcd pollution load. Runoll ratios depend on land use, type of
pollution sourccs, distance between location of sources and the bays, and intensity

ol rainfall.

In order to estimate the run-off ratios for the sub-catchments having major rivers,
calibration with the water quality data taken by the Ficld Survey and cstimated
funoff pollution toads was performed. As for the small coastal subAcalchlﬁcms,
gencrated pollution loads flow into the bays dircctly or via short sircams.
Therefore, the runoll ratios are relatively high compared with that of sub-

catchment having the major rivers. Estimated runoff ralios are shown in Table
3.5.1. |

Runoft Pollution Loads

Gencrated pollution loads multiplied by runofl ratio is runoff polution load. The

estimated runolf pollution loads of BOD, COD,,,, SS, T-N and T-P from each
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sub-catchment are shown in Table 3.5.2 and summarized below. Among the
inflow of pollution leads of BOD, domestic pollution loads accounts for abowt
50% of the total.

Poltution Loads Inflow {nte the Bays

{Unil: tons/day)

| Bems 1 Domestic Industry Livestock | Non-speeilic "otal
BOD 30 o ex L b9y L% 72
CODy, A9 e 28 123 | 219
ss - 85 1 22t | 163 1940 oMLY
N 2T 05 2S99 ) 1ss
TP 0.3 0.02 1.5 4.2 6.1

Nate: Domestic pollution toad includes that of towrism.

Raf(cs of Primary Production, Decompesition, Sctflement, and Elution
Expected Pollution Mcchanism in the Bays

The pollutants that enter the bays are subjected Lo various physical, chemical, and
biologic:al pmcésscs" The s-tudy of physical and chemical behavior of poltutants
flowing into the bays, and their material circulation are required in order to clarily
a pollution mechanism in the bays. Normally, organic pollutants produced by
primary production of phytoptankton is one of the key contributors of organic
pollution in the stagnant water. Besides, pollutants such as COD, inorganic
nitrogen (I-N) and inorganic phosphorus (I-P) are released from the cumulated
pollutants in the boltom sediment. On the other hand, decomposition and
sctilement of pollutants acts on purification of the water. The éxpcclcd mechanism

of water pollution in the bays is as shown below:
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Fapected Mechanism of Water Pollution in the Bays

Ficld Survey for the Pollution Mechanism Parameters

(1} Mcthods

In order to grasp the pollution mechanism parameters of the bays, the following

tests consisting ol productivity, decomposition, scttlement, and clution tests (the

Tests) were implemented in the course of the Ficld Sugvey. The Tests were carried

out at live points in the bays. Nems and methods of the Tests arc as lollows:

Decomposition test
Scittement tesi

Flution test

Decompaosition rate of organic
maters

particles .
Release rate from bottom
seditnent

Setiling \'x‘l(\éili',’ill{x of (lrgéziiL' -

ltems Subjects __ Methods

. Primary production rate by Light and Dark (1.1 batile
» B e
Productivity test phytoplankton avcthod i it

Dark botile method in laboratory
Setilement samplcr mcthod in
s
Experimental water tank method
in laboratoty
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{2} Results of the Tests

1) Productivity ratc

Net production ratio (Pn) is obtained by the light bottle test wnd amount of

respitation (R} is from the dark bottle test. Gross production (Pg) is sum of Pn and

R. Obained data by the LD bottle tests and the amount ol primary production in

termis of CODy, in the bays are estimated as shown below:

L ocation Layer Grass Production Primary Produclion
e - ;  (Omgéh) {mg C/m*/h) | (CODy, mg/m’)
No. 2 upper LYY 276 126 _ o
| Bai Chay bay lower | 0.196 74 133
No. 6 upper 0.493 185 285 T
West of Ha Long bay lowes (.134 50 - 713
No. 13 upper 0.2 42 6|
Ceter of Ha Long bay lower 0.047 18 27
No. 22 upper 0.176 66 102 ’
Center of Bai Tu l.ong hay lower | (0.139 52 80
No. 25 upper ALY 43 66 |
| Last of Bai T Tony bay _lower 0.116 43 6

2)  Dccomposition rate

Bascd on the obscrved data by the decomposition tests, polygonal graphs are

drawn by method of Teast squarcs between coneentration ol cach item on the

horizontal line and time scrics of test on the vertical line. Decomposition rates are

gradicnts of graphs and summarized as shown below:

O-N

ocation Layer COD,, O-P
{1/day) (1/day) {(1Mday)

No. 2 cupper | 01399 | 00154 | 0.0025
3ai Chay bay lower 0.1182 0.0189 0.0025
No. 6 upper | 00787 | ©O0¥M4 | 00037
West of Ha [Long bay lower L0875 0.0216 0.0032
No. 13 upper | 00841 | 00077 -
Center of 1Ha Long bay lower 0.0954 0.0098 na_
No. 22 wpper | 0.0466 00052 | 00014
Center of Bai Tu Long bay lower 0.0756 0.0093 0.0024
No. 25 Cupper | 01833 ] 00065 0.0040
I:ast of Bai Tu Long bay lower 0.2706 0.0096 0.0029

Note: ea means not available.

3}  Scitlcment rate

Bascd on the obscrved data by the settlement tests, thax of settling matters per unit

area was caleulated. Settlement rates are summarized below:



Location Layer oD, O-N O-p
I o mddayy 1 (mfday) (mday)
No. 2 cupper [ 0T 2. 0.1
Bai Chay bay _lower 3.3 o2 062 ]
Ne. 13 cwpper |07 1 0% | 04
West of 1a Long bay lowes 0.9 0.9 0.4
No. 13 Jdpper LU L7 M
Ceoter of a Long bay lower 2.9 31 L
No. 22 Jwpper |19 L 220 04
Center of Bai Tu Long bay | fower 4.7 5.3 03
No. 25 upper K A Y 0.8
JZast of Bai Tu Long bay lower 4.8 5.3 0.8 N

4)  Rclease rate

Bascd on the obtained data, amount of released matters per square meter in the
water and amounts of dissolved matters in the water in experimental tanks were
calculated. Polygonal grnphs arc drawn by least squares methods, plotting amount
of matters in the watcer per arca in the experimental tank on vertical line and time
scrics of test on horizontal line. Release rates are gradient of graph, and

summarized as shown below:

Location CODy, I-N I-P
{mg/m’/day) (mg/miday) (mg/m’/day)
No.} |BaiChaybay {937 & 102 | 21
No.6 |Westofllatongbay 563 | B6 | 16
No. l4 | Centerof Halongbay |~ 497 | 188  §j 26
No.22 { Centerof BaiTulongbay | 582 {149 | = 36
No. 25 | Fast of Bai Tu Loug bay 149.2 12.6 1.6

Mass Balance of Pollutants in the Bays

Methods of Mass Batance in the Bays

Material circulation in the bays should be taken into consideration for the analysis
of organic pollution mechanism in the bays. The basic concept of mass balance for

polluiants in the bays can be schemaltized as follows:

4
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L = QCin - QCout + k,V - k,CV - k,C + k,A

where, C : Concentration of pollutants in the bays (kg/m")
Cin : Concentration of pollutants in the inflow (kg/m’)

Cout : Concentration of pollutants in the outllow (kg/m’)

, : Primary production rate (kg/m’/day)
» : Decomposition rate (1/day)

Scttlement ratc (wm/day)

't

k
k
k
k

Release rate (kg/m’/day)

b

Volume of water in the bays

\Y
A :  Arcaof boltom sediment in the bays (m°)
Q Flow rate (m*/day)

L

Total pollutants in the bays (kg), givenby V xC

For the mass balance of pollution loads in the bays, four representative caleutation
arcas are scl, namely, Bai Chay bay, Bai Chay and Hong Gai, Cam Pha and Cua
Ong, and Ha Long bay including Bai Tu Long bay.

The box mixing mcthod is uscd for mass balance calculation. This mcthod
assumes that once pollution loads flow into cach area, i.c., water column, the
water and pollutants in cach water colamn arc mixed within one tida} period

(assumed 24 hdﬁrs), and pollution loads in the area is conveyed 1o the outside with

same waler volume as inflow. The model calcutates the balance of pollution loads

in cach arca and sceks a concentration level where arca and out {low are equal. In
order to simplify the calculation, exchange of water between outside of each area

is not considered.



3.8

3.8.1

The parameters like primary production, release, settlement, and decomposition

rates are set based on the results of the Tests. BOD is used as a representative

indicator of paliutants,

Mass Balance of Pollutants

The results of the mass balance caleulation of BOD for the present condition
(1996) of the bays arc summarized below. Standing stock in the table means BOD
left in cach water column. Bnécd on the resulls of this mass balance analysis, it
scems reasonable to conclude that the organic pollutants represented by BOD in

the bays is mainly generated by primary production.

Mass Balance of Pollutants
{Unit: BOD tons/day)

Contribute increase in pollutants (‘onmbull-: decrease in Standing
Arcus potlutanis
Paltution Primary . Self- Stock
Load Inflow | Pred mli:('m Glutien | purification Outflow
B“(‘“} bay 29 . 453 06 | 424 63 |01
Bai Choy andllong (‘al e . 621 06 650 | _51__ 02
Cam Pha and Cuz Ong 20 o1, 214 2 N 2! 3 | 12580 il 13
ila Long b:ay 10.3 2.004.2 135 2,009.7 107 16

Notes: 1) Self-purification includes decomposition and settlement.

2) TPoltution Joad inflow ia Bai Chay and Hong Gai arca includes that from the Cua Lue
strait.

Overall Consideration of Water Pollution Mechanism

General Conditions of Water Quality in the Study Area

The results of the Ficld Sur'&cy indicate that the bays’ water, on thc whole, have

mesotrophic condition and little deterioration. However, the water and sediment
quality inshore '1long Ha Long city and Cam Pha-Cua Ong arcas arc
uomparatwely influcnced by land- based cliluent dlscharg,cs. Itis obvious that

polluted water fun- oll from the catchment is limited to the inshore arcas close to

"untrmlcd clﬂucnt d1scharg,c pom!s Thc only pollution’ variable that appears to

m_ﬂucncc offshore areas is oil mainly due to the presence of shipping activities

lhmughou't the bays.

SS and iron arc the only problematic variables in some rivers. The rivers

cxpericnce high SS loads, which is likcly a resull of crosion from past and present

i
W
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denuded arcas by urbanization, coal mining, and agricultural activities. The
relatively higher iron tevels in some tributarics are likely caused by mine waste in

concert with low pH.

The concentrations of heavy metals in water and sediment of the bays are
consistent with levels reported in previous studies. The anly metals that violale
coastal water and scdiment quality standards are zine and cadmium, respectively.
The uniform distribution of cadmium concentrations throughout bay scdiment

suggests that the cadmiunm concentrations are considered to be natural.

Watcr Quality Distribution in the Bays
(1) Distribution in Rainy Scason

As obscrved in the Ficld Survey in July 19938, Iand_-bascd fresh water together
with pollutants is stagnatcd inshore from the Cua Luc strait to Ha lLong bay.
Besides, the water in the bays is stratilicd wedge-wise by land-based fresh watcer
and intruded offshore watcr which shows relatively higher values of COD, S§,

and nutricnts than that in the center of the Ha Long bay.

Obscrved water quality distribution in the dry scason is consistent with this water
mass structurc. Namely, relatively higher values of pollutants are obscrved inshore
and offshore, while lower values in the middle of Ha Long bay. Some parameters
such as SS arc highest at the front of salt wedge, null point, where run-ofl

pallutants tend to be settled.

(2) Distribution in Dry Season

_‘Obscrvcd walcr quatity dlsmbullon in the dry season was a little ditTerent from

lhal in the rainy scason. S1hmly in the dry scason was higher than in the rainy

season due to hlllc prcupllallon Stral:hcd water in the ramy season disappearcd

in the dry season, so lhat offshore water intruded into the inner part of hays
Accordingly, little dilterences of the waler quallty such as (ransparcncy was

obscrved lhroubhoui the bays in the dry scason.
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Water Quality in Rainy and Dry Scasons

The observed bays” water quality parameters of BOD, COD, and 88 around twice
as high during the rainy scason than the dry scason. Transparency in the rainy

scason also around half of that in the dry scason.

One possibility is that land based pollution loads into the bays in the rainy scason
arc higher than in the dry scason. This is mainly duc to a high percentage of the

pollutants washed out to the bays by the higher raintall.

Another possibility is an cffeet of higher primary production. Chlorophylli-a
values which show degree of photosynthetic activity of phytoplanklon, arc acound
twice as high in the rainy scason than in the dry scason. This means that
photosynthetic rate, namely gencrated organic matters by primary production, in
the rainy scason is higher than in the dry season, This relatively active primary
production in the 1ainy scason could be causcd by the higher land based nuiricnts
washed out by the precipitation, light intensity, and water temperature compared

with the dry scason.

"The productivity rate in the dry season can be obtained from the previous survey
by IO, in January 1997. According to this survey, the produclivity rate in the dry
scason is 6 mgC/m'hr. The rates in rainy season obtained by the Ficld Suivey in
July 1998 are higher than that in the dry scason, with 43-276 mgC/m'/hr. These

data supports possibility of effect of high primary production.

Primary Production in the Bays

As the results of the Ficld Survey and mass balance analysis, it was found thal the
primary production by phytoplankton in the bays is active, so that more than halt
of organic pollution loads is being produced in the bays in the rainy scason. This
is also indicated by the obscrved multiplication of phytoplankton such as green
algae (Chlorophyceae), diatoms (Bacillariophtcea) in the bays especially ncar
coas! arca. Normally, active primary production is induced by inflow of excessive
nutrients such as phosphates and nitrogen which encourage growth plankton and
alpa. The exceeding cutrophication causcs decrcase in transparency, too. Thus,

transparency in the bays is refatively low with 0.5-3 m.
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lahlc 321 Water and Sedinent Vavlables Measured in the Ficld Survey

_']cmpcmlun.

Nitrate nitrogen (NOp-N)

Ammonia viltogen (NHyN)
Vlolal mlmgc. n (’[‘ N)

rH

Salinity

DleOlV(‘d (\‘(} gcn (DO)
Turbidity

Suspended solids (SS)

Total dissolved solids (T1 l)‘%)

Nitrite nitrogen (NO,N)

| Chemical oxygen dmmam {

Chcmua! oXygen demand (& OI)..h)

Chlorophylt-a*
"Total coliform
¥ cqal coliform**

Mangam se (Mn)

Phosphate (PO, P)

| Total phasphorous (T- "

Mercmy (Hg)

'lcmp« ratus n

Compos:!mn _

Color

Mixed n{alh o

‘Walcr content _7

p"
Oxidation-reduction po!cmal (ORP)

__-_:_"-!;_,mlmn oss (1)
| Chemical  oxygen dcmand (COD)

| Biochemical axygen demand (BOD)
0il

Transpacency™*

_Cyam e{C
Copper {Cu) __

Lead {Ph)

lmc (Zny

Cadmm m ((‘ d)

_ ‘\Il(‘k\](Nl)
Cheomium (Cr)
Mangancse {Mn)

Tron¥ey

Total organic catbon (10C)
Total njtrogen (T-N}

‘Fotal phosphoreus (T-P)
Hydrogen suiphide (1,8)

Lead (P'b)

- | Mercury (Hg)

¢ hmmmm (Cr)

Ar c (As)
_Mangancs:. {Mn)

Zine (Zn)

Cadmium (Cd)

Note:  * onlyinrivers

** onlyin bays
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Tuble 3.4.1 Land Use at each Sub-Catchment as of 1996

: . ] . Natural Sccondary | Treesonthe| R Agricultural | Coal . CoWateris e ;
No. Sub-catchment ltems Forest Forest Limestone Scrub Land | Grass Land Yand Bare Land Minine Urban Arca t and ! Tolal ;
L | Mip river basi aren {(ha) 1 2378 =063 46 2.278 1,400 1,965 182 4l 846 | 4110 1 2R409
ip river basin ratio (9 0 7 a 3 a 8 ' o) 3 16 3. 100 !
N ) T aten . (na) D 10 0 630 27 24 4 0 14 a8 1 N7 !
2 |Hung Thang basin ratio {5 0 ] 0 24 3 3 1] 0 2 6 100 %
. L [area:_{ha) 0 -9 0 364 - 7 [ 8 | o 163 R
3 | Bai Chay basn ratio (%) P = p i : 3 T 5 { 2 i s .:
4 |Trol riverbasin aren (hay |0 2,248 $,988 138 | 3621 | 1222 1.78% 285 ° 14 4 380 994 19675
) TOL FIver Basin ratio (%) 1 15 1 18 & 9 ] 0 2 < 160
o | Man river basir area  (ha) 1,557 3,467 698 590 1,208 987 18 6 1 216 933 1 11967
S [Man nver hasin ratio () 30 29 3 7 1 3 0 0 2 s 100
o | ien vong river basin | 2Rk SAEL ) 888 71422 A | reos 2. 4 1709 152, | LNl 23000
' GIIVEr DA | tio () 21 as 3 17 7 4 0 7 } [ 100
. . arca . (ha) 0 4 0 631 115 [ a7 195 191 23 1311 |
(7 |Hong Gainorthbavin [t (%) o o 5 19 9 7 2 is s 3 100
. o T [area_(ha)- 0 4 49 198 <0 5 1% 3 381 0| k
& ) Hong Gaisouth basin.© 1 2™ g 0 i 7 33 5 ; 3 o <5 61100
. . ; area; (ha) - ¢ 83 835 . 678 181 1. 162 a2 790 94 S w0
9 |Ha Tubasin otk () o 3 2 23 5 G I % 3 N
. area (ha) a 263 1936 | 305 133 80 51 65, 275 . 3137
10 | Cam Phawesthasin - 1 le iR g 8 62 16 s 3 2 P 5 T
] . arca’(ha) 0 12 0 335 93 49 4D 376. 583 36 b o1se -
| 1L [CemPhacental basin Tadio (%) 0 1 0 2 6 3 3 2¢ A% 2 100
e area (ha) -0 156 C_ 1| - 238§ 48 - . a8 213 377 7 1i0: |
12 (ComPhacatbainn  Titie (%) o i ) 2l A i 3 15 %4 I T
L area _(ha) 0 195 0 381 67 [ 2 133 8¢ 4 576
13| Cua Ong davin ratio (54 0 2 0 44 3 0 0 16 10 o ! |
. arca (ha): 764 2947 ) 1.736 682 0 41 1876 | 33 98 3179 )
14| Mong Duong baxin ratio () 5 3 0 21 5 0 A 33 0 T
. area_(ha) - 3 0 12287 133 254 287 1 0 2 0 | 12964
< 4 i oim
15 1 Cat Ba sland ratio (T 6 o 5% i 2 p 0 0 0 o T
. arca _ (ha} 2582 765 3,108 1,143 - - 356 182 3 ¢ 3 I
‘-] 5 fro S 0 s -
16 | Other islands mano (%) 3z 38 14 g P ) a 0 I 1 1
Total area_ (ha) | 14,396 37,084 4,398 16,560 6,965 6.193 819 5418 . |- 3.79% 7.601 103,230
{except wlands:No.15&16) ratio (0} 139 389 4.3 16.0 6.7 6.0 0.8 5.2 3.7 7.4 00 |
Total arex (ha). -] 16,981 37.851 19,763 17,842 7571 6,663 825 | 5418 3,848 7601 | 124366 |
(including islands) ratio (%) 13,7 30.4 15.9 14.3 6.1 S.4 0.7 | 4.4 3.1 6.1 ‘{ 100 j

Source:

Sateliite image analysis by JICA study team

e



Fstimated Preslowater Inllow inte the Bay (Dwing R.nn) Sc.\s.nn)

Precipitation
(lunc Auy. )

mmy/monih

| rcclpuauon in
Suh-catchnient

x16° m? month

Runo(f Ratia

92.7 0.72
______ 27 068
32 0.09
76.5 0.69
45.7 0.69
96,1 0.72
6.3 0.2
30 0.13
1.7 07
128 071
7.0 082
53 079
4.7 073

369 0.77
424 070
4046 -

I \Jp(‘l
transpiration Discharpe
__ Ratio e
i x10° mY 1
o lomwenn T2
0.08 o0 236
008 AN 0.7
008 21 0.8
0.08 4185 18.7
008 291 11.2
003 632 244
0.08 4.1 1.6
008 20 0.8
_ (IO% 8.5 13
0.08 84 32
008 3.3 20
0.08 BRA L5
008 21 a2
0.08 26.3 101
008 271 | 105
2672 10431

Table 3 -l 2
a”f Namwe of Sub-
(R No.
clchment
i Mlp River
2 | Hung ‘Thang | Hwn
3 { Bai Chay Rasin
4 | Teod River
5 | Man Ra\tr
6 | Dien Vm‘:g River
7 | Hong Gai Nerth Basin
8 | Hon Nay South Basin
9 HaTo Basin
10 | Cam Pha West Basin |
1 _(‘nm Pha C-cnlral Basin
12 | Cam Tha I;ﬁl DBasin
13 | Cua Ong Basin
14 | Mong Duong | Rm r
15 | Cat Balshand
Totst
Note:

1996-1297,

Lvapo-transpiralion ratio equals the amount of evaporation/rainfall,
Runoff ratio is caleolated by using band use paticrn and coefficient.

Raintall and evapo transpirstion ratio are quoted from the hydro-meteorclogical dala Quanyg Ninh Provinee,
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Table 3.4.3 Tota! Pollution Load Generated (Present)

o BOD (ke/day) COD (kyfday) S8 Qugldayy | T-N (kg/davd T-P Gl |
"1 Dom : Ind. | Live. : Non-3. I Toral | Dom. Ind. : Live. ! Nen-S. i -Towl Dom. Ind. Live. | Non-8. r +Toal | Dom Thd, @ Live.  Non.3. [ Tewu Do, Ind. Live. - Non.S. - Towl
1 an T R e A o . 6 T00 4616 7000 660 <9 13950 .U3109 11088001 160 1 810 [ 2796 - 37501 20 o 30 LOO3 _ 13%6 !
- wo 0t o400 1 113 i 170 0 270 187 6007+ 290 0 . 1450 1 2367 3500 ) O KO i A4 230 - w6 o 3 80
v a0 o | mmo I i - 173 L a0 s T30 i a0 8 11010 1207 (2600 W0 I e A T 30 3§ 80|
4 | 2260 0 - 3§ M0 | oM 990 ¢ & 1700 3981 16580770 1,720 61 | 020 lasasr ossegor] 410 0, 620 2437 300l se 1 O 290 RES 1,300 i
5 M0 0 0 11510 1636 120 ' 0 ! 1030 ! 3334 LD4R0 110 0 i 5,030 45304 50900571 50 O ' A0 : LIS Lm0l 10 i 0 3170 4R SR 3
o | 2500 | 5 13150 | 3450 1,100 a7 2180 | 4080 . U-&280- 1,000 | 3§7 111,770 (120,506 (134400 | 450 o 790 3084 S 4300 50 1 60 o 042 1450 !
T 4 | 850 i 1.200 a2 430 M6 L1gsb o 2080 0 326 G 2350 110791 {15500 w490 4 ' 14 ~g s As00: SO 0 0 KD 4 2004
% 1650 9 ' 360 i 191 T0 13 | a0 0 =27 {isoo | 1550 | 37 1,360 2049 4800771 300 12 a0 15 8000 30 1 0 60 ¢ 330!
[ K0 590 140 | 4dd 60 P % 1 960 i 653 20005 44D | S0 |SIR0 L A192 la3n005 . 100 57 320 517 PR 10 5 184 14 3l j
10 [ ae10 2l 390 o so7 TLson |7 . 270 1 695 IBaT00 7 2890 11490 1104 510070 610 1. 10 aes baaoot] 0 0 so_ 153 o2t |
1| 760, 9t 190 | 3SR w0 T 5 TR v 455 Lu@90| SRO T Ass | 70 115848 %0001 140 9 © 0 M1 80| 20 1 20 116 3
12 ] 400 0 a38 D 140 250 RO L1437 ' S0 530 000:h] 300 1saes . S10 1 2 264000 70 460 | 30 21T 10 ° 10 %0 330
30 400 . 0 i 130 | 146 0 11 &0 1 20 ioas0.] a0 e 1 o430 1561 Feser-| 7 9 30 127 om0 0 10 45 60
16 | 370 43 ¢ 1000 | 1176 o0 T a1 700 | LT LARAD -] 280 2277 | B850 i60.626 76000 70 S1 0 LM CLEMN 10 s 120 K 50 3
15 0 0 0 183 0 !0 0 s e 0 D 0 1an5e9 132400 o o 0 | 1378 C13707 0 0 0 §33 0 OS30. |
Total {16980 406 115330 116,505 T 746% 1 SOT1 10430 (Th483 %420 00[12.900 34688 (SHRSD SMAA2 6313007 ] 5.000 602 | 3750 14290 BLP00° | 361 310 5008 73800 ¢
% b 1.0 A1) 7 3350 100 17.2 ! 441 240 - 530 100 20! 9 ! 90 R50! 100 34 28173 680 300 50 0.3 257 0 00
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Tabic 3.5.1 Run-off Ratios of Pollution Loads {Present)

No BOD ’ COoD 38 ] T-N | T.D g
" | Dom. Tnd. . Lwe. | Non-S.! Dom. | Ind. | Live. : Non-8, | Dem i lInd. Live. - Non-S, | Dom. Ind. . Live, - Non-S. | Dom. Ind, = live. Non-S. |
1 01 : 05 @ 01 : Gl 05 @ 07 . 02 0.3 05 . 07 0.3 0.3 0.8 C.8 0.6 06 | 09 . 08 0.8 08
2 02 07 21 02 07 | 09 1 05 i 07 07 1 06 ' 05 : 07 0.8 0.9 0.8 08 @ 10 .10 . 09 0.9

07 T 69 05 07 . 08 09 08 08 16 1o 09 09

02 T 02 02 1 07 09 ¢ 05 : 07 | _
67 e o2 T 03 [ 09 08 07 07 | 1 10 o8 o8

TR 01 L 04 | 07 1 09 . 02 : 0S o
01 e oL 0L 1 05 T 68 - 02 . 05

G 6508 02T B4 1 08 08 08~ 06 | 09 09 08 08 1'

T TR T T 07 02 o8 TGS 0702 03 |08 0871706 | 06 | 09 09 08 9% |
|

]

ST 0 s 107 L 09 1 08 07 07 7 09 . 05 | 07 | 09 05 08 cs 10 771005 0%
T T e 0 0605 07| 07 08 08 07 1709 05 _ 0% : OF

] 0. FUC Y T -2
e TR TS 00 04 06 |07 09 04 06 |05 09 0% 08 [ 10 10 637 0o

oimqomp.w
]
o
e

—f — =4

10 2 - 07 . 02 02 07 . 09 05 . 07 0.7 o -GS . 07 0.9 09 08 08 L0TTe s 6]
11 | 02 - 07 i 02 @ 02 67 09 05 07 f ©7 - 09 - 05 . 07 09 09 08 08 | 10 2.0 0.9 09
12 2 07 02 . 02 07 09 : 05 . 07 07 -~ 09 08 ° 07 ' 09 6o 08 L 08 0 Tio 05 09 |
3T o2 07 02 02 | 07 o 09 . 05 . 07 07 - 09 05 0.7 0.9 o - 08 . D& 1.0 08 09 ]

1.0 4
@ 02 ¢ 07 01 o 01 - 07 i 09 : 02 0.5 0.7 05 02 03 0.9 0.8 0.8 68 TTio o T ee "u_};f;"ﬂ
1.0 1009 09

15 STTTes 04 01 67 - 09 ooz . 0§ 07 0.9 02 03 65 09 0.8 0.8

Table 3.5.2 Run-off Pollution Loads into the Bays {Present)

o, BOD (kpfday) COD kel i 55 (ig/day) TN (Kfcay) | T-¥ i) .
Dom. . Ind, Live. © Non-% ; Towl ] Dom. Ind, Live. | Noa-8, 7 -Total ! Dom. Ind. Live. “on-5. . Teotal Dom, Ind. lave. Non-S. Towd | Dom. ind Live, Nop-¥. 0 Toud
] L 1 3¢ 327 730 190 4 430 2,308 2940 O Y S G} - 585 ATeA3 L RI00 ! put.3 1 b 1,065 250 | 1R o] 206 502 1,120
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R 0 %W s |1 IR T p v T S A NSV S I R P T W
4 | a8 z T TR e e T a0 1090 AeD. | LA0s . s 1S 35632 28700 1 300 0
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