Sanitation Measures
Existing Plans for Wastewater Facilities

The Danish  International Developmient Agency  (DANIDA) has  provided
development assistance for water supply and sanitation to Quang Ninh province
since the end of 1994, The first phase was lor preparation of a Feasibility Study to
define a priorily investment project o upgrade the water supply, drainage and
sanilation services in Ha Long city and Cam Pha. TFhe Danish assistance to (he
project was in the form ol a bilateral grant and was provided as project preparation
support for the Quang Ninh component of the World Bank financed Water Supply

and Sanitation Project (WSSP) in Victnam.

Carl Bro International in coaperation with Water Quality Institute {Denmark),
VIWASE (Vicinam Water Supply, Sanitation and Environmental Consuiting
Company) and the Community Health Rescarch Unit (Victnam) carried out the
original Project Formulation/Feasibility Study dusing a scven month period from
March 1995 to October 1995, A project proposal was formulated with the

tollowing main compancits:

Rchabilitation of the cxisting water supply system to provide a reliable capacity

of 60,000 m'/day

- Rchabilitation of the sanitary drainage system in central parts of Hong Gai and
Cam Pha. 1o Bai Chay it was proposcd to rchabilitate and cxtend the sanitary
drainage and construct an intcreeptor sewer and wastewater treatment plant

- Undertake a major institutional development program through human resource
development. It was also proposcd to merge the water supply and sanitary
drainage activitics into onc organization

- Introduction of a simple tanfl structure at a fevel which most residents were
willing to pay _ |

- Ensurc communily participation in the management and opcfation of the water

supply and sanitary drainagce scrvices
1 Y !

Fallowing the CBI Study, Kampsax lntcrhational in association with Soil and Water

Lid. (Finland), Danish Waste, Danish Water Supply and Victnamesc éonSu!ling
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firms VIWASE and ITADECON signed a contract with DANIDA in February 1997
for, firstly, detailed design and construction supervision of the water supply
component and, sccondly, completion of the feasibility study and detail design of

the sanitation and drainage component.

Under the sccond part of their contract with DANIDA, Kampsax completed the
Sanitation Feasibility Study and submitted a dralt final report in Aprit 1998, The
World Bank requested some changes to this report and the final version was
approved in February 1999, Detail design of the first phase was duc o commence in
1999 and the construction program is expecied 10 extent over a 4% year period.
The total cost ol the first stage works is cstimated to be about USS 38 million,

broken down by component and area below.

Estimated Costs of First Stage Sanitation Componeni of HWSSP
(Unit: US $x10%

Component B3ai Chay Hong Gai Cam Pha Total
Sewerage and Sewage Treatment | 3.0 | 2 12 55
Drainage L w28 3472
Solid Wastes Management L4 b 29 L JAs %
Technical Assistance - T DRUURURSRR I I
Sanitation Revolviag Fund - A 0.5 1.0
Tolal Bascline Cost 65 | 127 9.6 28.8
Physical Contingencies S o 1e )13 2
Price Contisgencics 1.4 2.1 2.1 5.6

Total Project Costs 8% 15.8 13.0 377

Source: Kampsax intcrnatiosal, Macch 3999

The basis and objectives of the first slage works proposals may be summarized as

follows:

- Rechabilitation of existing sanitary drainage channcls and construction new
chananels to relicve flooding and provide public sanitation scrvices in urban arcas

- Conslrﬁcl intereeptor sewers in Bai Chay to collect sewage from the storm water
chaﬁncls d.uring dry weather. Overllow devices will allow storm waler 10 pass
dircetly to the sca

- Construct a wéstcs stabilization pond lrc_almcﬁl plant for Bai Chay

- Initiate a syslem for .syslcmalic emplying of scptic tanks an'd safc disposal of the

scplage

- Upgrade public latrines and improve sanitation in deprived arcas
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- Provide training and other inputs to strengthen the institutional capacily of the
sanitation companics
- Conduct awareness campaigns and initiatives 1o crcourage houscholds in low

densitly arcas to install septic tanks

The first stage program sewerage and sewage treatment includes the following

clements;

(1) Bai Chay Arca

The project for the Bai Chay arca includes rehabilitation of cxisting channcels and
construction of 9 km of new sanitary drainage channels. A scwage intereeption
system comprising 3 km of gravity sewer and 6 km of pumping main with a total of
8 pumping stations (2 existing) will be constructed in two scctions along the coast
road ta a waslewater treatment plant at Kenh Dong. The route of this interceptor
sewcr is indicated on Figure 18.2.1. The first scction will stretch from the ferry to
the post office from where the flow initially will be delivered to the Bai Chay
wastewater freatment plant. However, it is intended in future that all the sewage
from Vuon Dao will be pumped along the second scction of main cellector towards
Cai Dam. Where feasible, the main collector will receive flow from overtlow
devices on the drainage channcls and also by direct conncctions from propertics
along the main road. The works for Bai Chay are to be given the highest priority to

encourage tougism in the arca.

The Kenh Dong waslewater treatment plant is to be located in an expanse of
brackish water which scparates Gicng Day and Bai Ch:iy and where there is
sullicicnl arca available to construct wastes stabilization ponds. The area required is
8.5 Ta which includes a SOm wide buffer arca. The treatment plant, which was
designed to treat a tlow of 3,500 inY/day, comprised anacrobic, facultative and
maturation ponds as well as a septage treatment facility to scrvé septic tanks in the
Bai Chay arca. Howcever, an alternative design of the samcl capacity using the
compact sequencing batch reactor prbccss has been prohdscd and is presently under

consideration.
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(2) Hong Gai Area

The projeet’s first stage proposals for Hong Gai with regard (o sewerage and
sewage treatment were moditicd during the approval process for the final repont
and no longer include a main collector sewer system or any wastewater treatment
facilitics, although a treatment facility at Deo Sen for septage is still included. The
cmiphasis of the first stage works is to alleviate flooding and convey scwage by a
combined drainage system 1o the coast where it will be discharged through outfalls
which will be extended a short distance imo the sca. The drainage works will
compris¢ rchabilitation ol 3 km of cxisting drainage channels and construction of 15
km ncw sanitary drainage channcls and pipelines. The lacation ol the combined

drainage system is indicated on Figure 18.2.2,

The international lunding includes a revolving fund of US$ 0.5 million tor sanilation
improvements in Hong Gai. [t is expected that the fund will be used mainly tor the

provision of septic tanks.

(3) Cam Pha Arca

Similarly to Hong Gai, the lirst stage works program for Cam Pha docs not include
a sewerage sysiem or waslewater treatment. Flooding is considered to be the major
immcdiate problem in Cam Pha and the emphasis of the works will be to improve
the drainage system by cxtensive rchabilitation of cxisting sanitary drainage
channels and construction of some new combined drainage channels. The location
of the proposed combined drainage system is indicated on Figure 18.2.3. The

drainage works in Cam Pha are scheduled to commence afier those in Hong Gai.

A treatment facility Tor septage located on mud 1lats in an inlet between two rock
outcrops some 4 km west of the town center is included in the first stage program.
In the longer term, it is proposcd that a wastes stabilization pond freatment system

be provided on this site to serve Cam Pha.

The international funding is also 1o include a revolving fund of USS 0.5 million for

“sanitation improvements in Cam Pha. It is cxpected that the fund will be used
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18.2.2

maialy for the provision of septic tanks and possibly atso for double vault ventilated

latrines.

Strategics for Development of Future Wastewater Management Plan
(1) Design Loads

1)  Domestic wastewater ows

The Ha Long City Water Supply and Sanitation Project (HWSSP) has bascd water
demands on overall per capita water consumption of 110 £/c/day in the year 2003
and 150 €/c/day in 2015. The planning horizon of this Study is 2010 and, for design

purposes, wastewater flows have been caleulated on the basis of a per capita

contribution ol 120 {/c/day.
2)  Per capita coniributions

The proposed per capita contributions for determination of present and projecied

year 2010 pollution loads are shown below,

Per Capita Contributions

- (Unil : p/day)
Pollutant Present Day 2010 |
Biochemical Oxygen Demand (BODy | 50 | 54
Chemical Oxygen Demand (CODy | 22 |24
Suspeaded Solids(88y ] A 1 40
Total Nitrogen (TN | %0 | 91
Total Phosphorus (T-F) 1.0 1.0

The BOD contributions assumcd are in line with the other studies carried out in
Vietnam (particularly by CBI and Kampsax for HWSSP). Thesc contributions apply
to dirccl discharges 1o the sanitary drainage system. Pollutant loads in discharges

through septic tanks arc assumed to be reduced by the amounts shown below,

Reduction of Loads 'l‘hrough Septic Tanks

Pollulant % Reduction of Load
Biochemical Oxygen Demand (80D f_ 3¢
Chemical Oxygen Demand (CODy,) R L
Suspended Solids¢SS)  }..... 30
Total Nitrogen (F-N) b5
Total Phosphorus (1-P) 1]
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These reductions should be achicved in any septic tank that is operating correctly.
‘they will not, however be achicved in septic tanks that cannot retain sulids because

they arc in nced of emplying.
3)  Efftuent discharge standards

As deseribed in the previous chapter, two levels of treatment for domestic
wastewater will have to be considercd lor alternative schemes to achicve the targel

canscrvation criteria. The discharge standards for the two treatment levels are as

{olows.
Domestic Wastewater ERlucnt Discharge Standards
Treatment | BOD,, | COD. S8, T-N, TP,
Level myg/¢ mg/¢ my/f mg/f mpff |
Tevld |28 f 035 ) 8 SEPI PO
fevel 2 10 15 15 10 2

These standards are intended as limits that should be achicved at least 95% of the
time and to achicve such slandards it can be shown statistically that the average
discharge concentrations must approach hall these values. Average poilution loads

from wastewater treatment plants have therefore been determined as follows.

Average Concenirations of Domestic Wastewater Efftucat Discharges

Treatment BOD,, CODy., S5, T-N, T-P,
Fevel mg/é mg/¢ ngfé mg/f g/t
TN T TN L D
fevel 2 6 9 9 6 1.2

Note: Level 1 teeatment is not designed to remove of Nitrogen aud Phosphorus.
However, secondary biological treatmeot processes will reduce T-N and T-P
concentrations to 80% or less of the influent concentration.

It will also be neeessary to limit coliforms in discharges ncar bathing beaches or
other recreational arcas. An efltuent fecal coliform standard of 1,000 MPN/100 mf

(on a 95 percentile basis) has been sct and this can be achicved cither by steritization

or through the provision of maturation ponds.

(2) On-Sitc Sanitation

The alternative on-sile sanilation technologics have been revicwed in Chapter 4 and
the rccommended sanitation strategics [for existing ‘and nfil development in

different tand use sectors are discussed below.
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1) Tourism and commercial arcas

Almost all properties in these arcas alrcady have lush toilets and the usc of flush
toilets in new construction should be universal. Septic tanks discharging to sewers
or sanitary drains shoukl be used in all cases in cxisting developed  arcas.
Developers should be required ta provide separaic sewer systems in all major new

developments.

The usc of dry sanitation and soakaways {or septic tank elMuents is not considered

approprialc in these arcas and should be phased out as soon as this is feasiblec.
2)  High density residential arcas

The use of dry sanitation methads is not appropriate in high density urban
development due to health risks, lack of space lor adequale on-site facilitics, and
access difficulties for emptying pits or vaults. The use ol pour flush toilets is
recommended and, at least in the short term, a septic tank should be provided
where feasible for cach property. The space limitations have often been overcome
by constructing scptic tanks in the basements of houses and, providing there are
adequate arrangements for access o cmpty the tank, this practice is considered
acceptable. Separate sewerage systems will be required in high density arcas in
future but, where septic tanks have been installed for most properlies, the provision

of small bore systems would be teasible and could be financially attractive.
3)  Low density residential and rural areas

The use of double vault pit latrines in these areas for properties without piped water
supplics is acceptable but care nceds to be taken not to contaminate groundwatcer
supplics. In cases where there is a signilicant risk of contamination it is necessary to

ensure that vaulls are watertight and empticd regularly.

For houses with pipcd water supplies, pbur flush toilcts with Scpiic tanks arc
recommended. Septic tank effluent should be discharged 1o soakaways where
ground conditions allow and where this can be donc without céniamin;ﬂing
groundwater supplics. 1t may beecome necessary in 'ccrléin arcas fo construct
scparalec sCWCerage systems bul again, where there are existing scptic tanks, a low

cost smalt bore system can be considered.
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4} Tourist boats and boal residents

Tourist boats are gencrally large enough and generate enough revenue to make it
feasible to install toilets on board and to cither store or treat the wastewaler. The
most practical system for the majority ol tourist boats will be 1o store the
waslewater in a holding tank and provide a pump installation at the port to
discharge it cither to a public scwer or, initially, to a simple treatment facility. The

larger tourist boats may be able to justily an onboard treatment system.

The situation with boat residents is different in that they generally do not have the
space or resources to install sanitation facilitics and holding tanks on their boats, it
is rccammended that an adequate number of public fatrines arc provided within casy
access of the areas where the boats are moored and that an cducation program is

conducted to persuade boat residents to use these facilitics.

(3) Scwerage

The results of the Ficld Survey indicate that the Jargest sourees of pollution to Ha
Long bay arisc from non-specific sources. A part of the non-specific poliution will
result from domestic wastewater that is cither tlushed overland to the sea during
rainfall or poltutes groundwater that enters the rivers and sea. In order to seduce the
pollution loads from this source it is necessary to collect wastewater by a sewerage

system and then 1o provide treatment 1o the required clftuent standard.

It is reccommended that conventional piped sewerage should be provided in all new
devclopment arcas. The strategics for provision of sewcrage facilitics in arcas of
existing development will depend on bath the timing of the works and the type of

development. The various strategies proposed are discussed below.

1) Urgent measuses

Although the long term objective should be to cstablish separate sewer systems, the
most ¢ffective method of achicving immediate improvements will be to initially
retain the cxisting combined sanitary drainage system as the colicetion system and

to intercept wastewater Hows tor treatment. This is the strategy behind the program

proposed by Kampsax for the lirst stage of HWSSP. The imerceptor sewers,
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pumping stations and treatment plant to be provided in Bai Chay under this
program will form the basis for the separatg sewer systems ihat will be developed in
the longer term. Consideration to the adaption of similar measurcs for Hong Gai is

included in the Scction dealing with phasing of work.
2)  Iigh density residential arcas

Existing development in central high density arcas will afrcady have a significant
number of septic tanks and there may be savings in adopting small hore sewer

systems rather than conventional separale SCWers.

In order to evaluate the comparative costs of these two systems, designs have been
prepared and costed for the two systems to scrve a typical sample area housing a

population of 4,800. Details of cost estimates are given in Table 18.2.1.

The small bore system shows a clear saving over the convent jonal system in tcrms
of construction cost (US$ 76/person compared to US$ 104/person). However, the
small bore system will incur higher operating costs duc to septic tank cmplying and
possible increased scwer mainlenance Cosls, although these will be partly otiset by
lower treatment costs duc to solids removal in the septic tanks. A net present value
analysis for the two systems over a 20 year period has been carried out and the

results are presented below.

Net Present Values of Small Bore and Conventional Sewer Systems

Small Bore Sewer System (‘Dnve{;hcl‘nal Sewer
Description Amount S Amount
10N
Rate (US$) Rate (US$)
Initial capital investment I CAs400 ) 496,900
Anaual maintenance, and fepair ¢ (\‘s! N 205 )3 299 O 15% f 1454
Annusl treatmenteost Uss0.20m’ | 22 J176 USSO I0m’ | M6
Annual tank cmplying ¢ msl o | uss2sitank | 12, 000 770 0
Net Present Value (@ D:smunt Rale ol’ o 2% | 602 302 L _]} 1,362
Net Present Value @ Discount Rate of 0% | 651 466 . 10’_.?‘@ 768,206
MNet Present Value @ Discount Rate of 8% 'il] 781 8% %30,165

The small bore system shows savings over the conventional system in terms of nct
present vatue as well as construction cost and this syslém can be used to an
advantage in areas of existing development where the ma_joi'ily of houscs have
scplic tanks. However, it must be cmphasizqd Ihis system will only opcrate

successlully it there is a strong sewerage authoriiy to control connections to the
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system and the emptying ol interceptor tanks. At the start ol a scheme the sewerage
authority should deslhudge and, i nccessary, renovate the existing septic tanks. The
authority should then arrange for the tanks to be desludged annually. The
desludging costs should be recovered from houscholders as part of a general

waslewater fec.
3) Low density and rural arcas

These areas in general have a low priority for piped scwerage and it is
rccommended that systems should only be provided where necessary Lo protect
ground water resourees or 1o solve a particular public health problem. When piped
sewerage is required, there will be signilicant savings through adapting small bore

SCWETS,

(4) Wastewater Treatment

As discussed above, il is necessary to consider two different standards of treatment
to suit the various scenarios. The two trcatment and cffluent standards may be

detingd as follows:

- Level 1 - basic secondary treatment to achicve an effluent standard of 25 mg
BOD./{ and 35 mg SS/(.

- Level 2 - with nitrification/denitritication and cnhanced biological phosphorus
removal to achieve an cluent standard of 10 mg BODJE, 15 mg SS/,
10 mg N/Y, and 2 mg P/

‘The treatment processes that are considered suitable for use in the project area to

achieve the Level 1 eMuent standard are:

- Waste stabilization ponds with an anacrobic stage

- Conventional activated sludge

- Extended acration (oxidation ditch)
- Biological hiltration

- Scquencing balch reactors
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“The treatment processes that are considered suitable for use in the project area to

achicve the Level 2 ¢fffuent standagd are:

- Extended acration {oxidation ditch)

- Scquencing bateh reactor

1} Process descriptions tor level 1 treatment
The main features of these systems are deseribed below.
a) Waslc stabilization ponds with anacrobic ponds

Stabilization ponds consist of a scrics of open, rclatively shallow, flow-
through lagoons which aperate largely withoul mechanical treatmeant and with
low maintenance requirements. The standard and retiability of treatment is
high in adequatcly sized systems but the process is highly temperature
dependent and relatively long detention times would be necessary to maintain
performance during the colder winter months. Land requircments can be
ncarly halved by the use of anacrobic ponds before the facultative and

maturation stages but the total land requirement is still large.

A small quantity of digested sludge is produced in the anacrobic ponds which

“¢an be removed as infrequently as once a year or less.

Operation and maintenance of waste stabilization ponds is simple and,
although not advisable, it is onc of the lew treatment processes that will
continue to operate lor an appreciable period ol time without adequate

maintenance.
b) Conventional activated sludge

This process basically involves the acration of sci!lcd scwhgc mixed with
return aclivated studge in an acration tank, the air being introduced into the
liquid by cither surface acrators of by a diffuscd air system. The biomass
generaled in the acration pmccés is normally'l]occulcnl'and scttles out
rchatively casily in the sccondary scltlement (aﬂké. The majority of this
sccondary, or ‘activated’, s!udgé is reeyeled to the acration tank. Thus, the

principal units required after preliminary treatment include primary settlement
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tanks, acration tanks, sccandary scltlement tanks, and a rcturn activated

sludge pumping station.

The process produces a large quantity of unstable sludge that requires
treatment betore disposal. The most common method ol studge treatment {or
plants of the size required in Ha Long is digestion, cither acrobic or anacrobic.
Anacrobic digestion, which is commonly used for large plants, requires a
considerable amount of mechanical equipment and adds to the cost and
complexily of the overall treatment process. Against this, energy requirements
arc low, particularly it the methane produced during digestion is used as a
source of cncrgy. In contrast, acrobic digestion is simple in design and low in
capital cost but has a high encrgy cost. Acrobic digestion is therelore tavored
where it is neeessary to provide sludge treatment at smaller treatment plants
serving a population up to about 50,000, Anacrobic digestion will be more
cconomic lor larger plants or for a sludge treatment center scrving all the

treatment plants in a region.

The activated sludge process is the most common acration Ireatment system in
use and is most commonly sclected for large plants. However, the process
requires skilled operation and has relatively poor resistance to shock loads.
The system also requires a high proportion of clectro-mechanical cquipment

and that resualis in relatively high construction and mainienance costs.
¢} Extended acration (oxidation ditch)

An extended acration system normally comprises an oxidation dilch together
with linal clarifiers and pumps to recirculate studge to the ditch or acration
tank. The retention period in the acration stage is at least 18 hours compared

to 4 — 8 hours in conventional activated sludge. The process is capable of

producing a high quality nitritied cftluent.

Extended aeration is a robusl process with good resistance to shock loads and

has the advantages of simple construction, no requirement for primary

scitlement, and moderate production of a slable sludge which does net require

further treatment apart from dewatering. The process also requires less

cleetro-mechanical cquipment than conventional activated sludge and s
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therefore simpler and cheaper to operate and maintain. The disadvantages
compared (o conveational activated sludge are higher energy requirement and

an increased land requirement.

Smalt oxidation ditches can be designed using lined carth embankments but,
for larger works, a more land cilicient solution is achicved by constructing the

ditches with concrete bases, channel walls and central batlle walls,
d} Biological filtration

This comprises a permeable bed of media, of ciilxcr graded natuoral stonc or
incet syathetic material such as plastic, through which sewage llows. The Hilter
is gencrally some 2.0 m deep and normally circular in plan. Scwage is
disteibuted cvenly on the surface and citluent is collected through under drains
in the basc, which also allow circulation of air upward around the media. The
units arc normally preceded by primary scitfement and followed by sccondary

(humus) to collect settleable organic solids washed out of the filters.

The oxidation process as the wastewater passes through the media resufts in a
gradual build-up of slime (acrobic bacteria and biota) on the mcdia surface.
The organic fraction of the sewage is absorbed by the slime and degraded by
the biota. The slime gradually stoughs off as the thickness builds up and scitles
in the humus tanks. The process produces a similar quantity of biclogical
sludge to the activated sludge process and the sludge is also unstablc and in
need of further treatment. Thus, the prior comments on aclivated sludge

regarding sludge digestion apply cqually to biological filtration.

Pereolating filters are able to withsland shock loads and provide a reliable

means of treating wastewater with low cnergy requirement and relatively litde

maintenance or skilled operation (apart possibly for sludge treatment facilitics).

However, they require a relatively large land area and can be pronc to odor

and {ly nuisancc.
¢) Sequencing batch reactor

The basic technolegy of a sequencing batch reactor {SBR) is the same as the

conventional activated sludge process but all the steps of the process lake
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place sequentially in one tank. 'The steps of a typical SBR process involve
lilling a tank with settled or unscttled sewage, acrating the sewage (o converl
the organic material to biomass, providing a quicscent period For sctilement
and finally discharge of the scttled efftuent. After discharge, an idle period is
allowed in the bateh process to provide fexibility and security as the incoming
flow has to be switchcd to an cmply tank while the other tanks are going
through the aeration, claritication, and discharge proccedures. A key clement
of the SBR process is that the majority of scliled sludge is retained in the tank

for the next cycle thus avoiding the need for return sludge pumps.

The quantity and characteristics of the surplus studge produced depend to
some extent upon the mode ol operation. At the higher loading ratcs, a similar
quantity of unstable sludge will be produced to that from the conventional
aclivated sludge process. At the lower loading rates, the quantity of sludge
will be similar to that from the extended acration process and the sludge may

also be stable.

Because of the dual function of the SBR tanks, ¢ivil construction costs and
plant arca are lower than for conventional activated sludge. There is also a
lower requirement for mechanical equipment comparcd to conventional
activated sludge bul, against this, the process control system is normally

automated and requires exiensive use of motorized valves, timers,
programmable logic controllers or compulers, and other devices. The
maintenance requirements tor the process are therefore rather specialized.
Opcration ol a system with automated control is relatively casy but skill is
needed to adjust the system to cope with changes in loads or wastewater

characteristics.

Process descriptions tor level 2 treatment

The nutrient removal required to meet the Level 2 discharge standard inevitably

makes the trealmeni process complex and relatively expensive. For large

populations, nuirient removal can only be achicved at reasonable cost by biological

methods. The methads that can be used are all x"arianls of the activated sludge
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process and the variants that are cconomic and considered suitable for the project

arca arc described below,

a) Oxidation ditch with side stream phosphorus removal

Nitrogen removal in oxidation ditches is readily achievable through the
process illustrated in Figure 18.2.4. Nitritication, that is the oxidation of
ammonia to nitritc and then to nitrate, takes place in the acrobic zone
downstream ol the surface acrator. Denitrification, that is the reduction of
nitrate lo nitrogen gas, oxygen and ammonia, takes place in the anoxic zone
remote from the aceator. Incoming raw sewage is added at the start ol the
anoxic zone to provide the carbon source required for the reduction ol the

nitrate.

Phosphorus removal in an oxidation ditch system requires additional tanks
cither in the main strcam process or in a side stream process. As will be
cxplained later, the characteristics of the sewage in the EMP arca arc likely lo
be unfavorable for mainstream treatment and a chemically assisted side stream
process is therefore preferred. The proposed system, which is a proprictary g
process known as PhoStripTM, is illustrated in Figure 18.2.5. A portion of the
return activated sludge from the biclogical process is diverted to an anacrobic
phosphorus stripping tank. The phosphorus released in the stripping tank
passes out of the tank in the supernatant, and the phosphorus depleted
activated sludge is returned to the oxidation ditch. The phosphorus-rich
supernalant is treated with lime or another coagulant in a separate tank and
discharged to a floceulation/clarification tank \vﬁcrc the phosphorus can be

removed from the system in the chemical precipitate.

The operation and maintcpance requirements for a treatment plant with
nutrient removal are inévilably more dccnénding than for an cquivalent size
Level 1 treatment plant. Howeves, in this case the increased operation and
mainlcrance rchuircmcnls relate ‘mainly to the bhosphorus removal plant
which is a side strecam proccss‘and,' il necessary, this could be taken out of

commission for a period without affecting the main trealment process. | l
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1) Sequencing batch reactors

Scquencing batch reactors can be operated (o achicve any combination of
BOD trcatment, nitrogen reduction and phosphorus removal. Reduction of
these constituents can, in theory, be accamplished with or withowt chemical
addition by changing the operation of the reacter. In the arrangement shown
in Figure 18.2.6, phosphorus release will take place in the anacrobie stir phase,
with subscquent phosphorus uptake in the acrobic stir phase. Nitrification will
also occur in the acrobic stir phase, with denitrification taking place in the
following anoxic stir stage. In practice, additional acrobic, anacrobic and
anoxic stages would also be introduced into the treatment cycle shown in
Figure 18.2.6 to increase the clficiency of nitrogen and phosphorus removal.
A carbon source, cither external or endogenous respiration of biomass, is
necessary in the anoxic stage to support denitritication. Depending on the
characteristics of the raw sewage, a source of volatile fatty acids may have (o

be added to the reactor to ensurc consistent phosphorus removal,

Operation and maintenance of an SBR with nutricat removal should not in
theory be much more demanding than a conventional SBR with automatic
control. However, operation would become Tar more complex, i, as is hikely,
it is necessary to add cither primary scitlement and digestion to produce the

volatile falty acids or chemical phosphorus treatment.
Cost comparisons for alternative treatment processes
a) Estimated capital costs

Outline designs for all of these freatment processes have been prepared and
costed in order 1o evaluate which are the prefesred miethods tor Level 1 and 2
trcatment in the praject area. The outline designs have been prepared for both

Level 1 and Leve! 2 trcatment plants to serve a nominal population cquivalent

- of 20,000. The estimated capital costs, including land costs based on a rate of

US$ 10/m?, are summarized below,
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Estimated Costs of Level T Process Alernatives
_ {Unit: USS x 10

Construction Land l Fotal
- ‘imf“t_m I R . Cost Cost
Couventional activated sludge 203 0.03 206
Extended Aeration (Oxidation Dmh) 156 | 003 1.59
Biological Filtration L 2.98 610 | 308
Sequencing Bateh Reactos | 163 oo | 1es
| Waste Stabilization Ponds 21 057 1.78

Fstimated Costs of Level 2 Process Alteynatives
{Unit: US$ x 189

Process (.‘ons_tuu:timl Land Totat
- Cot_ | _Cost 4 Cost |
Hxtended Acration (Oxidation Dilch) N | U 0604 2
Sequenciag Bateh Reactor 206 | 0N 220

As would be expected, waste stabilization ponds have the lowest construction
cost but their large land requircment means that they are not necessarily
cheaper overall. At the tand cost uscd for this analysis (US$ 10/m’) the total
investment cost for waste stabilization ponds is higher than that for oxidation
ditches and sequencing bateh reactors. 1t is, however, necessary to consider

running costs as well as capital costs.

With regard to the higher Level 2 standard of treatment, an oxidation ditch
appears (o be marginally cheaper than a scquencing batch reactor but it is

again necessary to consider running costs as well as capital costs.
b} Running costs
The running costs in terms of ¢lectricity costs, sludge condilioning (chemical)

costs and genctal operation and maintenance costs have been determined for

cach process alternative and are summarized below.

¥stimated Annual Ronning Costs for Level 1 Process Allcrnatt\es
(Unit: USS x 106)

Vleciricity| Studge | o&m | 1o
Process . - | Running
Costs Costs Costs
: Cost
Conventional activated sludge 0026 | 0008 | 0024-1 0053
Extended Acration (Oxidation l)nch) - 0025 0009 | 0021
Biological Filtration L 016 i 0{}06_. 1 0.032
Sequencing Batch Rmaclor N 0(}26 0008 | 0.021
Waste Stabilization Pouds 0.0067 0.004 0.016
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Estimated Annuat Running Costs for Level 2 Process Alternatives
(Unit: US$ x l(l‘)l‘

beoccss Fleciticity} Stidge | O& M R:{ ‘:}?L '
v Casls Cosls Costs ning
o ) o ) Cast
Extended Acration (Oxidation Dilch) 0.030 0.010 06.027 - 0.067
Scquencing Batch Reactor 0,019 0018 | (026 0.064

Due to the lack of mechanical cquipment and minimal encrgy requirements,
the running costs for wasle stabilization ponds are signilicantly lower than the
running costs ol any other Level 1 treatment alternatives. However, as pointed
out above, the averall costs of waste stabilization ponds depend very much on
the cost of kind and it is therelore necessary to carry out a net value analysis

of the process alternatives to determine which are cconomically viable.

With repard to Level 2 treatment, the running costs of sequencing batch
2t & 4

rcactors are slightly lower than those ol oxidation ditches.
¢) Net present valuc analysis

The capital and running costs of all the process alternatives have been
discounted over a 20 year period at discount rates of 8%, 109% and 12%. ‘The
results of these analyses for Level | and Level 2 treatment process alicrnatives

are presented below.
Net Present Values of Level 1 Process Alternatives

{(Unit: USS x 107)
Net Present Value

Process Discount Piscount Discount
Rate, 8% Rate, 107 Rate, 125
Conventional activated studge 2437 | 2308 L2215
Vixtended Acration (Oxidation Diteh) |~ 1956y 1.859 | L1777
Biological Filtration o33 | 3209 3103
Sequencing Bateh Reactor | 2049 1 1921 | - 1.837
Waste Stabilization Ponds 1.881 1.518 1.762

Net Present Values of Level 2 Process Alternatives
: {Unit: US$ x 10°)

Net Present Value
Process Discount Discount Discount
: Rate, &% Rate, 10% Rate, 12%
Extended Aeration (Oxidation Ditchy | - - 2579 | 2456 2352 _
Scquencing Ratch Reactor © 2,599 2.481 2380

It ¢can be seen that, for Level 1 treatment proccess alternatives, the discounted

costs for wastes stabilization ponds arc marginally less than those for
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axidation ditches. Scquencing bateh reactors are shightly more cxpensive than
oxidation ditches, whilst conventional activated studge and, in particular,
biological ilters are significantly more expensive and need not be considered

{urther.

For Level 2 treatment, there is 1ittle or no difference between the overall costs
of oxidation ditchcs and sequencing batch reactors. It should be noted,
however, that Level 2 treatment is approximately 35% more than Level 1

treatment for an cquivalent load.
4)  Recommended processes for level 1 tecatment

The advantages and disadvantages of the processes that are compelitive are
summarized in Table 18.2.2. Consideration of these advantages and disadvantages

allows the Tollowing conclusions to be drawn:

- Waste stabilization ponds have some cost and operational benefits and should be
adopted where suflicient sujtable land is available. However, the availability of
large arcas of Mat land in or near urban arcas in the EMP arcais very limited and
major tand reclamation is taking place to provide sites lor future developments.
It is theretore unlikely that sites for waste stabilization pond will be available.

. Oxidation ditches have a much smalter land requircment than waste slabilization
ponds and also have some cost and operational advantages over sequencing
batch reactors. They are theretore the preterred method of trcatment for most
locations.

- Where there is insuflicient land available for oxidation ditches, sequencing batch

reaclors are a suitable compact treatment method.

5)  Recommended processes for level 2 treatiment

Although there is little or no dilterence in the costs of the twa processes éonsidcrcd,
oxidation ditches with side strcam phosphorus remaval are gencrally preferred to
scqucnbing batch reactors because the process is more robust and requires léss
opcrational skill. This will be particularly teuc in !lic.projcct.'arca duc to the
characteristics of the wastewater. Since the majority of the incoming sewage will

have passcd through septic tanks it will be weak with a low BOD:P ratjo. This is
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unfavorable tor hiological phosphorus removal and the addition of volatile fatty
acids andfor chemicals will almost certainly be required 1o achicve the target
phosphorus standard in 2 sequencing batch reactor. On the other hand, an oxidation

ditch with the PhoStripT™M process will be less influcnced by the BOD:P ratio.

Sequencing bateh reactors, with the addition of cither primary scttlement and
digestion to produce the volatile fatty acids or chemical phospharus treatment, may
have to be used where the land available for treatment is very small and nutrient
removat is necessary. However, cither of these additions woukd increase both the
complexity of the treatment process and the cost of treatment and this solation

should only be adopted where absolutely necessary.
6)  Strategy for locating wastewaler treatment plants

[t is narmal practice in developed countries for wastewater treatment plant lacilities
for urban arcas 1o be centralized and for flows from dilferent natural catchment
arcas to be transferred to a timited number of plants tor treatment. This practice has
been commaon in reeent years, with many small treatment plants being closed and
flows translerred Lo larger central plants. The reasons for this have been mainly to
reduce operating costs and to achicve compliance with more stringent discharge

concentrations.

Hawever, it can be argucd that, for the coastal strip development and stecp
catchments common in the Ha Long Bay arca, it may be cheaper o adopt a system
using small treatment plants scrving local arcas and thereby largely avoid the costs
of a main collection system. An outline analysis of the costs of centralized and local
treatment schemes to serve the Hong Gai arca has therelore been carricd out. For
this exercise, a scheme with one large central treatment plant has been compared
with onc using nine small freatment plants. Al the trcatment plants were designed
for the extended acration process using the same design criteria and costed using
the same construction unit rates. The results of the analysis are illustrated in Figure
18.2.7.

The cqnﬁtruction costs show little diffcrence, with the centralized system being
marginally cheaper. This is because the considerable savings on main collcctor costs

in the local treatment scheme are more than balanced by the savings on the large
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18.2.3

centralized treatment plant duge to cconomy of scale. As would be expected, there is
a more noticeable difference in running costs in favor of the centralized treatment
scheme. On the other hand, the possibility to phase investments more effcctively in
the local treatment scheme means that there is no signilicant difference in net

present values.

Overall it is considered that, given the dilficoltics of finding treatment plant sites in
the Ha Long area and the operational difticulties of running a large number ol small
plants, the centralized approach is still the most appropriate tor the EMP arca. ‘This
docs not mean that a single plant for the Hong Gai arca is the optimum answer but
mercly that a relatively small number of large treatment plants will be more
appropriate in the long term than many small treatment plants, With regard to Hong
Gai, there are strong reasons both from the point of view of lopagraphy and target
conservation criteria for having a treatment plant to serve the south of Hong Gai in

addition 1o one 1o serve the north.

Alteenative Sewerage Schemes for Urban Arcas
(1} West Ha Long City

The planned sewerage works under the first stage of HWSSP tor the Bai Chay area
have been described at the start of this Scection and it is taken as a given condition
tor this Study that these works will be exceuted. While these measurcs will provide
a solution in the short term lor the Bai Chay area, it is also necessary to consider the

longer term requirements of the whaole of west Ha Long city and how the Bai Chay

system may be integrated.

Under the Master Plan lor Ha Long City for 1994-2000 (HLMP), the area o the
west of the Cua Luce sirait is 10 be a major tocus of development with large tourism,
commercial and residential developments in the Hung Thang arcai a Iargé industrial
park in Cai Lan; and major industrial and residential development in the Hoanh Bo

arca. Wastcwater discharges from this arca arc critical as they will either be to the

enclosed Bai Chay bay or they can aflect the tourist bathing beaches and (he buflier

zone of the World Heritage arca.
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With regard 1o domestic wastewater, two basic options have been considered. The
arca contains two natural catchments, the southern coastal arca, and the inland
arcas that drain to Bai Chay bay. In the Iirst option flows [rom the two catchments
would be treated separately. Flows (rom the coastal area would be conveyed Lo a
freatment plant at Don Dicn, west of the World Heritage buffer area. This location
for the treatment plant allows cffluent to be discharged well away from the bathing
beaches and buller arca and, in consequence, Level | treatment is adequate. In the
tong term it is assumed that the ows trom the Bai Chay area would be transterred
to this treatment plant rather than being treated at Kenh Dong,. The location of
Kenh Dong is regarded as unsuitable for development into a major treatment site as
it is near the future bathing and resort arcas and the site, which will be in a central
development area, will be probably be more suited for other uses. However, the
wastc stabilization ponds that will be constructed under the first stage HWSSP
pragram could continuc to serve part of the Bai Chay area for many years. Fows
from the inland catchment would be coltected at a central treatment plant at Dong
Dang from where the cffluent would be discharged to Bai Chay bay. Level 2
treatment would be necessary at this plant to meet the target conservation criteria
for Bai Chay bay. The locations of the treatment plants and the main collection

systems are shown on Figure 18.2.8,

The sccond option, which is also indicated in Figure 18.2.8, would be to transfer
the Now [rom the inland catchment 1o the coast lor treatment at Don Dien.
Although the route is fairly long, there is a pass in hitls between the two catchments
which allows the pumping head to be kept within the cconomic range. The
advantage ol this option is that treatment to Level 1 would be adequate Tor the

combincd Dows from the two catchments.

The key parameless tor the treatment plants required for the two options are
summarized below and full details are included in Appendix 5. Land arcas quoted

include appropriate bullcr arcas.
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]S lalls of Domestic Wastewater Treativent l’i.m!s l'm West Hal nng, City

Treatnient Plant PDP“IM'M Saaved Process and Arca
: 2010) , - S _Required (ha)
Option 1
Don Dicn 0,000 Oxidation Ditch 28
Dong Dang | 90,200 Oxidation Ditch + Nulriest Removal | 38
Opimn 2 4.1
Don Dien 120,000 Oxidation Ditch

(2) ¥ong Gai Arca

The population of the Hong Gai arca is projected 1o increase to nearly 300,000 by
2010 and potentially it will be the source ol the largest domestic wastewater flows
in the EMP area. There arc again two natural catchments, the northern area which

drains to Bai Chay bay, and the coastal arca which drains to Ha Long bay. The

northern arca has the majority ot the population with a projected 2010 figure of

some 200,000,

In theory it would be possible to consider similar aptions to those in the west lHa
Long City arca. However, sites for treatment plants are very limited in the southern
part of Hong Gai so it is not feasible to tind a site svitable in the long term for the
combined population of the fwo catchments. Therclore, the only feasible option for
Bong Gai is to have scparate frcatment ptants for the northern and southern arcas.
The northern plant, which will be sited near the proposcd HWSSP septage
treatment plant at Deo Sen, will have to treat to Level 2 standard to meet the target
conservation criteria for Bai Chay bay. The southern coast of the Hong Gai area is
densely developed and it is difticult to [ind suitable sites for a Ircmfncnt plani. In
order to miniinize collector costs it is desirable to locate the plant near the central
arca where the need for treatment is most urgcnt Prchmmary investigations
indicate that it should be posslb]c to reclaim land on thc south s:dc of an island in

the Bach Dang arca and locale a compact treatment plant on ihns site. Level |

treatment will be "ulcqu'itc for this location.

The locations of the treatment plants and the main collector sewers are shown in
Figure 18.2.9. The key parameters for the treatment plants required are summarized

below and {ull details are included in Appendix 5. The Iand area quotcd for Deo Scn
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includes an appropriate butler arcas but the arca quoted for Bach Dang is the net

arca of the treatment Facititics.

Details of Domestic Wastewader Treatment Plants for the Hong Gai Arca

Treatment Plant Population Scrved | Process Land Arca
{2010) Required (o)

DeoSen 1 164,000 J_Ojidalion Ditch + Nutrient Removal 64

Bach DszEz 60,000 Sequencing Batch Reactor 0.6

Note: The population quoted for Deo Sen is for Alterpative 3.2, Some alternatives requice a
larger poputation to be served.

(3) Cam Pha Area

Cam Pha is the sccond major urban arca in the EMP arca with a projected 2010
population of nearly 150,000. The development is all in the coastal strip draining to
Bai Tu Long bay. This layout is suitable for a coastal collector system to a central
treatment plant. The most suitable location for the treatment plant is at the
proposed HWSSP septage treatment plant which is located at the western end of

the town at the boarder of the Cam Thach and Quang Hanh districts.

The locations ol the treatment plant and main sewer collection system are shown on
Figure 18.2.9. The [irst stage of the treatment plant to be provided within the time
frame of the EMP will have capacity 1o serve a popalation of 45,000, Treatment to
Level 1 standard will be sutlicient to meet the target conscrvation critena in Bai Tu
Long bay and the provision of an oxidation ditch is reccommended. Tull details of
the trcatment plant are included in Appcndix 5. The cstimated costs of the

rccommended program for Cam Pha are given below.

Estimated Costs for Cam Pha Scwerage Program

Component Uait Quantity (ﬁ;l;) /\ir[t}g\;[;l

Main coflectors sewers including pemp | km 12.3 128,000 { 1,702,000
slalmns L e o B I
_lntcrccp!mn stnlcluns N 3 population 200001 20| 400,000
Local sewerage in new dcull}pmenl | population | 5,000 1041 520,000
Lecal sewerage in existing development | population | 20000 761,520,000
Wastewater teeatmentplant LS. ] 1] 2,327,000 } 2,327,000
' o o Basalmc Cosl fm Cam Pha | 5,663,000
Add for cnym‘c:mg. supervision, contingencies, cle 512 £00
1()FAI COST FOR CAM PHA | 7,195,000
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18.2.4

Basis of Cost Estimation tor Sewerage
(1) Collection Systems

Collection systems are considered in three sections: the main collection system,
which includes pumping stations, local collection systems in existing development;

and local collection systems in new development.

Rates for main collection systems have been developed on a unit fepgth basis lor
cach catchment arca. The average sizes of colleetor sewers and pumping stations
have been derived tor cach catchment based on the projected 2010 Nows. The build

up of the rates tor cach catchment is shown in Table 18.2.3.

Cost cstimates Tor Jocal collection systems arc determined on a population served
basis using the per capila ralcs showa in Table 18.2.1. Local collection in existing
development is assumed 10 use the small bore system while conventional sewer

systems are used for new development.

{2) Wastewater Treatmen

The use of unit rates for estimation of treatiment costs (cither on a flow or load
basis) is not suitable for comparalive cost analyses since it ignores cconomy of scale,
which can be a signilicant factor. The cost estimates lor treatment plants have
therefore been derived by costing preliminary designs for cach trcatment plant.

Details of the designs and cost ¢stimaltes are included in Appendix 5.

Priority Arcas and Urgent Mcasures for Wastewater Management

The priority arcas for wastewater management are the Bai Chay arca because of ils
influcnee on tourism development, and the central arcas of Hong Gai for pﬁhlic
health r.casons and because Hong Gai is the seat of the Provincial Govcmrﬁénl and
the commercial center of Ha Long city. Cam Pha has a lower prforily, principally
because both water conlsumplidn and numbers of septic tanks are l'owcr_lhan. in the

other arcas and the present domestic wastewater tlows are thercfore relatively

simall.
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The first stage works of HWSSP lor the Baj Chay arca constitule a suitable urgent
measures package to deal with the present wastcwater problems and it is therefore

unnccessary lo consider any other urgent measures for this area in the EMP.

The situation in Hong Gai is dilterent since sewage collection and treatment have
now been omitted from HWSSP first stage program. 3t is theretore proposed that
collection and treatment of sewage from the commercial center and densely
populated central arcas should be regarded as an urgent measure jn the EMP. As
deseribed cartier, the approach should be to construct parts of the main collection
system to intercept flows from the sanitary drainage channcls and pipes that will be
rehabilitated or provided in IWSSP first stage program. As oullined above, two
trcatment plants will be required, one at Deo Sen and the other near Bach Dang. It
is recommended that the capacily provided at Deo Sen in the urgent measures
should be 25% of the projected 2010 capacity. This equates o an initial population
served of about 40,000, For the Bach Dang plant, 509 of the projected 2010
capacity should be provided and this would serve a population of about 30,000. The
estimated cost of the urgent measures program is as lollows.

Estimated Cost of Urgent Measures Program
(Unit: USE x 10%

Component Estimated Caost |
st S1age Works at DeaSen L3S
Ist Stage Works at Bach Dang S22
Maip Collector System i R 2 S
Inierception Structures and local connections 1.4
TOTAL 9.8

The exteat of the urgent measures main colicetion systems and the locations ol the

treatment plants are shown in Figure 18.2.10.

Recommendations for Domestic Wastewater Manageinent

The recommendations for domestic wastewaler management may be summarized as

fallows:

- The standard of treatment required for domeslic wastewatcer discharges will be

determined by the target conservation criteria for the receiving walers.
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18.2.7

Flush toitets should be provided in all tourism and commercial developments.
They are also recommended for high density residential development.

Dry sanitation methods and seplic tanks draining to soakaways are gencrally
suitable in low deasity and rural arcas.

Scparate piped sewer systems should be provided in major new development.
Small bore sewer systems will be suitable lor existing development it properly
managed and controlled.

Oxidation ditches are generally recommended for Level 1 wastewater treatment,
Sequencing balch reactors arc suitable it a very limited land arca is available.
Oxidation ditches with side stream phosphorus removal are recommended for
Level 2 treatment.

"Two options should be considered for the domestic wastewater plan for west Ha
Long city, one with two treatment plants and the other with a single plant
discharging at the west of the area.

Separate treatment plants should be provided for the northern and southern areas
of Hong Gai.

A single treatment plant located to the west of the town should be provided to
serve Cam Pha.

"The construction of parts el the main collection systems in northern and southern
Hong Gai together with the first stages ol the Deo Sen and Bach Dang treatment

plants should form part of the urgent measures program of the EMP.

Existing Plans for Solid Wasics Facilitics

The Feasibility Study for the Sanitation Component of HWSSP has praposed a first
stage program for solid wastes collection and disposal. Detail design for this
program has commenced recently. The overall targets for collection coverage in Ha
Long city and Cam Pha in the first stage program are 65% ‘imd 50%, rcﬁpcctivc]y.
For Ha Long city the targets are SO’V( coverage in Bai Chay and 70_% _covc}agc in

Hong Gai.

Al present two systems [or eollection of houschold wastes arc in use in Ha Long

city and Cam Pha, namely, the door to door collection system and the collection
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point system. Kampsax International has cvalvated two varsiations ot the present
collection point system, the wastes bin system and the fixed cart system, and they

have recommended that they also be intraduced in appropriate arcas.

‘The first stage program includes the provision of vehicles and collection equipment

to replace existing cquipment and to provide capacity to meel the first stage targets,

With regard to disposal of solid wastes, Kampsax International reviewed a number
of potential landtill sites proposed by the authoritics in Ha Long city and Cam Pha
and recommended in the Sanitation Feasibility Study that the following measures be

included in the first stage works program.

i} Upgrading of the Deo Sen landfill for reception of wastes from Hong Gai until
about 2010

i) Construction a new sanitary landfill at Quang Hanh initially lor wastes from
Cam Pha but, in the long term (o serve the whole urbanized area

iii) Construction of a new senitary landlilt at Ha Khau to serve Bai Chay for at
teast 10 years and possibly longer if the planned bridge across the Cua Luc

straight is not constructed

The locations of the land(ill sites arc shown on Figore 18.2.11.

The Yandiill site for Bai Chay at Tia Khau has a total arca of about 10 ha. The
capacity to be provided in the first stage program is 140,000 m* compacted wastces,
for which a disposal area of 3.2 ha will be required. An additional 1.0 ha will be
required for leachate treatment but there will still be sulficient area for a second
phase landtill i the wastes from Bai Chay cannot be taken to a joint fandfill. A
scparate section of the landlill will be designed 1o accommodate dricd sludge irom

the Kenh Dong wastewaler treatment plant.

 Under HWSSP, disposal of wastes from Hong Gai will continue at the exisling Deo

Sen sile by upgrading it to a sanitary landhill and expanding the disposal area. The
volume of the Deo Sen site is caleulated to be 480,000 m’, which should b
adequate for about 10 years after the opening of the expanded filling arcas. The

total area of the landiill will be 5.4 ha which includes 0.6 ha for leachate treatment.
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18.2.8

A separate section of the landGll will be designed to accommodate sludge Trom the

Deo Sen seplage treatment plant.

The proposed landfill sit¢ for Cam Pha is at Quang Hanh and the site has a totai
arca of about 22 ha. The capacily to be provided in the [irst stage program is
340,000 m* compacted wasles, for which a disposal arca of 5.2 ha will be required.
An additional 1.1 ha will be required tor leachate treatment but there will still be
sullicient area for a second phase joinl landhill development. A separale section of
the landhil will be designed 1o accommodalte dricd studge from the sludge treatiment
facility in Cam Pha. "There is a large lat arca on the site, previously accupicd by a
factory, that could be uscd lor the storage and/or treatment of separated wastes
fractions. It is sugpested by Kampsax that the arca could be used in the future for

windrow composting of organic wastcs and sludges.

The existing Vung Duc dump site will be closed and landscaped after twao to three
years when wastes disposat can start at the Quang Hanh site. An embankment will
be constructed to prevent scawater washing out leachate and wastes particles. A

three layer top cover system will be provided so that rain water cannot infiltrate the

closed dump.

The estimated costs of the salid wastes component of the lirst stage program of the

HWSSP are shown in Section 18.2.1.

Critcria for Development of Solid Wastes Management Plan
(1) Wastes Generation Criteria

Pilot studics carricd out by Kampsax in 1997 indicated that total wastes generation
from houscholds was approximately 650 gfc/day in Hong Gai and Bai Chay, and
570 gfefday in Cam Pha. The average densily of the wastes was found to be
400 kg/m*. These ligures are in line with typical wastes gencration rates in other
low income countrics and it is rccommended that ihléy are .acc't:ptcd as the basis for
deriving wasles gencration criteria. Kampsax also estimated that 15% of the tolal

wastes generated was recycled before collection. Assuming a growth rate of wasles
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gencration of 29 per annum, the houschold wastes collection potential rates wilkbe

as shown below.

Houschold Wastes Collection Pofential

Present . 2010
Arca Collection Collection Collection Collection
potential potential potential pateatial
_{etday) | (trensay) (elday) | (élerday)
Hong Gai and Bai Chay | 550 138 o B P 1
Cam Pha ‘ 485 1.21 620 1 LST

(2) Strect Sweeping

Street sweeping lakes place in areas with no collection system and in streets with
many shops and markeis. The environment companies advised Kampsax that the
volunic of street sweepings collected in Hong Gai, Bai Chay and Cam Pha were 33,
10 and 20 m'fday respectively. These amounts are equivalent 1o 20% of the
houschold wastes collection potential in Hong Gai and Bai Chay, and 13% of the

potential in Camn Pha.

(3) Commercial, Market and Institutional Wastes

The volumes of these wastes collected by the environment companics in 1997 were
30, 12, and 18 m'/day in Hong Gai, Bai Chay, and Cam Pha, respectively. These
rales are equivalenl to 18%, 25%, and 12% of the houschold wastes collection

pateatial in Hong Gai, Bai Chay, and Cam Pha, respectively.

(4} Hospital Wasles

The volumes of these wastes collected by the envirenment companics in 1997 were
3.2 m¥/day in Hong Gai and 0.1 m’/day in both Bai Chay and Cam Pha. These rates

are cquivalent to 2.0%, 0.2%, and 0.06% of the houschold wastes collection

potential in Hong Gai, Bai Chay, and C_am'Pha, respectively.
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(5) Industrial Wastes

Any industrial wastes collected now by the environment companics is included in
the figares given in section (3) above. Analysis of the questionnaire issued by this
Study has conlirmed (hat some industrics transport their process wastes directly to
landiils but with the exception of the coal industry, the quantitics arc small at

present.

(6) Present and Projected Domestic Solid Wastes Quantilies

The target arcas for the domestic solid wastes management plan are the built up
urban arcas within the study arca. The collection arcas arc indicated in Figure

18.2.10. The estimated present and 2010 populations in target area are given below.

Present and Prejected Populations in Collection Areas
{Unit: person}

Arca Present 2010
Bai Chay including wrban arcasin Hoanh Bo | 45,330 | = 119,650
Hong Gaiwrbanarea ] 4960 | 291,500
Cam Pha urban area 141,040 145,500
Tolal 271,380 558,660

The estimated quantitics for domestic solid wastes collection potential in the Hong
Gai, Bai Chay and Cam Pha arcas arc presented below for the present day and the
projected 2010 sitvation. The solid wastes quantitics have been caleulated using the

populations given above and the wasies generation criteria,

Present Sotid Wastes Collection Polential Amounts

Hong Gai Bai Chay Cani Pha

Solid Wastes Souice
olid Wastes Source tonfyear | m'fycar | tonjyear m’year | tonfycar | nYfycar

Projected 2010 Solid Wastes Collection Potential Amounts

Houschold Wastes | 29,792 | 74,480 [ 11,760 | 26,401 { 25534 | 63,834
Street Sweeping 1 5,958 | 14,896 | 2352 | 5,880 | 3,39 | §298
Commercial, Market, cte. | 5,363 | 13,406 | 2940 | 7350 | 3,064 | 7,660
Hospital Wasles 396 1,490 12 29 26 64

Total 11709 [ 104272 | 17064 | 42660 | 31,993 | 79,856

. . Hong Gai Bai Chay Cam Pha
Solid Wastes Source toofyear | or'jyear | tonfycar | m¥year | tonfycar | mfyear
Tlouschold Wastes | 75,512_[ 183856 | 3L007 | 77,518 | 33458 | 83,64
Strect Sweeping 15,108 | 372,771 | 6201 { 15504 | 4350° | 10,874
Commercial, Market, cte. | 13,598 | 33,994 | 7752 | 19380 | 4,015 } 10,037
Hospital Wastes 1,511 3,717 31 78 33 M
Total 105,759 1 264,398 44,992 112,479 41,856 | 104,639
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18.2.9

Strategy for Solid Wastes Management
(1)  Elements of @ Wastes Management System

‘The activities associated with the management of municipal solid wastes can be

groupcd into six physical elements:

- Wastes generation

- Wastes handling, separation and storage at the source
- Collection

- Scparation, processing and transformation

- ‘Transter and transport

- Disposal

A furiher clement which is as important as any of the physical clements is cducation

and enforcement.

{2) Wastes Generation

Wastes generation is the first clement in solid wastes management but not onc that
is casily controlled. The creation of separate systems for handling and disposing of
biomedical and other special wasles as well as facilitics for treating septage will
marginally reduce the quantity of municipal solid wastes. On the other hand, as the
arca becomes more industrialized and prosperous, per capita wasles generation will

inevitably increase. The ways in which source generation may be limited include:

- Reduce unnecessary of cxcessive packaging

- Develop and use products with greater durability
- Substitute revsable products for disposable

- Usc fewer resources (¢.8. two sided copying) .

- Increase recycled material content of products
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(3)  Wastes Handling, Scparation and Storage al Source

Wastes handling and separation involves the management of wastes until they are
placed in storage containers for collection. Handling also includes the movement of
loaded containers to the point of collection. Separation is an important step in the
handling and storage of solid wastes at source as this is the best place to separate
wasles materials for reuse and reeyeling. Fortunately, as described previously, this

is alrcady widely practiced in the study area.

On-site storage is of primary importance becanse of public health concerns and
acsthetic considerations. The types of storage for solid wastes can be divided into
two categorics: houschold storage and communal storage. Houschold storage units
are generally designed for curbside collection services. This is a system that may be
applicable to new development areas and some central arcas but is unlikely to be
suitable for the majority of existing residential development within the study area.
tHlouschold storage units may be non-standard containers provided by the
houscholder or standardized containers provided by the collection agency. The use
of standardized containers provides considerable advantages in terms of public
health and coilection cllicicncy but they represent a large investment and can be
subject to thelt and misuse. The provision of standard houschold cantainers by the
cnvironment companics cannol be recommended in the short term but it may

become realistic for some arcas in the longer term.

Communal storage units arc olten portable and may include large steel drums,
liftable metal containers and roll-on metal containers. In arcas where motorized
collection is not Ieasible, communal storage unils may be carl mounted or smali
cnough to be lifted on to a cart. Kampsax in the Sanitation Feasibility Study for
1IWSSP has proposed both of these systems. Larger portable unils arc appropriate
for large buildings in city center arcas as well as dcnsé]y populated single family
dwellings. An advantage of portable units which can be taken 1o the 'disposa} site is
that they allow the transport unil to be used el'licielmly as héulagé time is not lost
through collection aclivitics. Typically the ira_nsporl unil carrics a number of

containers and leaves an empty container to replace the full container. In this way
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the arca should not be subject to blatant dumping because ol inadeguate cquipment

availability,

Location of storage containers is an important consideration, particularly for
communal storage containers. They must be conveniently sited and near encugh to
the houscholds served for it to be a realistic expectation that residents will carry
their wastes to the container. On the other hand, they should not be located where

they could be an obstruction, an cyesore, or a potential health hazaed.

Houschold storage units, such as dusthins, require a diflerenmt form of citizen
parlicipation in that the container should be placed at the curbside at a certain time
of the day and should not be left on the curb for too long. Morc appropriate to
Victnam at the present time is the block (door to door) collection system in which
residents bring out their refuse ready for discharge into the collection vehicle as it
passcs. A bell may be rung to alert the residents who emerge from their house
carrying the wastes in non-standard containers, such as baskels, The system works
well in arcas where there arc peaple in the houses at the collection times and where

there is adequate access for the collection vehicle.

The recommendations lor storage of waslcs at souree are summarized below.

Recommendations for Storage of Wastes at Source

Type of Development Recommended Storage Mcethod

- Houschold storage units for door te door collection
(houscholder supplicd — not standardized)

- Large portable storage coutainers at cellection poiats in
arcas with good aceess

- Hand cart mounted conlainess at cotlection points for arcas

_with difficultaccess ,

- Portable storage containers at colleclion points in areas with

Low Density Residential and good access

Rural Arcas - Hand cart mounted comtainers at collection paints for arcas

_withdifticultaccess

- Large portable slorage containers at collection points in
arcas with good access

High Deasity Residential Areas

Comnwicial Arcas

(4) Wastes Collection

Collection includes the gathering and picking of solid wasles from various sources,
haulage to the place where the vehicles are emptied, and unloading of the collection

vehicles. Collection 1ypically accounts tor 50 - 70% of the total cost of urban
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wastes management and it is important to cnsure that the methods employed are
suitable and cllicient. Planning of solid wastes collection systems  involves
evaluation of the various ways of using men and equipment o deteemine the most
efficient arrangement. 1 is necessary lo colleet accurate data on performance and
costs as well as on wastes quantitics. Finding the best combination of methods and
cquipment requires a thorough understanding of local conditions, knowledge ot

collection activitics, and the application of enginecring cconomics.

There arc many methods and vehicles used for collection of urban wastes ranging
from hand pushed carts to large compaction type collection vehicles and collection
vehicles for large containers. Open carts and trucks offer the advantages of
versatility and low initial cost. Their disadvantages include load limitation, littcring
and odor problems. Littering and ador problems can be limited by providing a rigid
or semi-rigid cover but this may restrict the versatility of the vehicle. Compactor
trucks have much greater load capacity allowing longer collection routes but they
arc expensive to purchase and are less versatile than non-compaction vehicles. The
choice of collection vehicles appropriate to the arca being served is a fundamental

decision that must be carclully evaluated.

Once equipment and labor requirements have been determined, collection routes
must be planned to casure clficicnt use of collectors and equipment. There is no
universal sct of rules that can be applicd to all situations and roule planning is
largely a common sense process, Routes planned in an oflice need to be moditicd

bascd on the operating experience of collectors, drivers, and supervisars.

The recommended methods for municipal solid wastes collection are summarized

"y
W

s

below.,
Recommended Mcthods for Municipal Solid Wasics Collection
Type of Developmient Recomnieaded Collection Method
- Compactor frucks or hand carts for door to door coltection
High Density Residential - Collection and/or emplying of portable containers by trucks
Arcas - Collection of wastes bins by hand cart for arcas with diflicult
o AT LACCESS e
: . s - Coltection andfor emptyi artab tainers ks
L ow Density Residential and ol io J/ u.l)mg of portable con um:,'bytfufka
- Collection of wastes bins by hand cart for areas with difficult
Rural Arcas _ !
S T L U U PR S
Commercial Arcas - Collectien of porlable conlainess or skips by tnieks
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(5) Scparation, Pracessing and Transformation of Solid Wastes

These operations concern the recovery of separated materials, the separation and
processing of solid wastes components, and the transformation processes used ta

alter the form of the wastes and to recover useful products.

The methods used in industriatized countrics to recover source separated wasles
materials include curbside collection and delivery by houscholders ol separated
materials to drop-oft and buy-back centers. The source separation that is widely
practiced in the study arca is often done for dircet financial gain and theretore curb
collection and drop-ofi cenlers are not generally applicable. Buy-back centers
would be appropriate but would probably only become established by cither
offering higher prices than the present private buyers or by buying materials that do

not have an outlet at present.

In industriatized countrics further separation and processing of wastes that have
been source separated occurs at malerials recovery facilities. This function is carried
by the private sector in the study arca and there is no need at present to introduce
matcrials recovery laciitics as part of the municipal solid wasics managenent

system.

Chemical and biological transtormation processes are used to reduce the volume
and weight of wasles requiring disposal and lo recover conversion products. The
most commonly uscd chemical transtormation process is combustion (incincration),
which can be used to recover energy in the form of heat. Incineration may be
applicable in the study arca lor dispdsal ol clinical and hazardous wastes but it is not

a realistic option tor municipal solid wastes at this time.

The most commenly uscd biological transformation proecss is acrobic composting.
This process is widely understood in Victnam and is worthy of censideration lor
treating municipal solid wastes in the sludy‘ arca, possibly in conjunction with
sewage sludgc. However, il is lirst necessary (o establish that there is a realistic
market for the compost since there will be competition from animal manure
éornposi which mﬁy well be cheaper and from organic tertifizers which are more

¢convenient to use. Composting is an environmeatally attractive way of disposing of
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wastes and obtaining benetit as a tertilizer/soi] conditioner. However, it may wcll be
neeessary Lo provide a public subsidy and view it as an environmental improvement

rather than a profit making enterprise.

(6) Transfer and Fransport

Transter and transport operations become a necessity when haul distance to
available disposal sites increase and dircet hawling is no longer economically teasible.

Factors thal may make transter operations altractive include:

- disposal sites located more than 15 ki far from collection routes
- the usc of small capacity collection vehicles
- cxistence of low density residential service arcas

- the use of a hauled container system with relatively small containers

The urban arcas of Hong Gai, Bai Chay, and Cam Pha cach have their own disposal
sites at present and this situation is likely to continue for the next 10 years, Thus,
there is no need to establish transfer stations in the study arca within the time Irame
of the EMP. However, they will become necessary in the longer term if, as
proposcd hy Kampsax, there is one landfill site to scerve all the urban areas in the

study arca.

(7} Disposal of Solid Wasles

Even il wasles recovery and transformation arc practiced, there are incvitably
residucs which have to be disposed of. There are only two basic oplioni: disposal
on land and disposal at the bottom of the sea. Marine disposal has generally fallen
oul af faver duc 1o environmental concerns and it cannot be recommended near the
scnsitive waters of Ha Long bay. Thhs, the only realistic option is disposal o

sapitary landtills.
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Education and Enforcement

(8)

No matter how good a municipal solid wastes collection and disposal is, it will not

B0

be completely successiul in improving the environment ualess the publie are

persvaded to dispose of their rubbish in a responsible manner.

Public awarcness can be improved through cducation programs in schools and in

the community as weil as through advertising campaigns in the press, on radio and

on television.

However, experience clsewhere has shown that education on its own is not always
suificient and it is generally necessary to enforce anti-Kitering legislation through

prosccution or fincs.

18.2.10 Targets for Domestic Solid Wastes Collection and Disposal

The basis of the canservation criteria adopted tor the EMP is that there should be
no increase in pollution leads. For domestic solid wastes, the poliution load can be
cquated to the quantity of uncollected solid wastes. The present situation with

regard to quantitics of uncollected wastes is as follows.

Present Wastes Collection Situation

y . . . . S Al Urban
Parameter Hong Gai | Bai Chay | Cam Pha Areas
Solid wastes collcction potential (tonfyear) | 41,709 | 17,0641 31943 | 90,716
Percentage coverage (%) s e 34
Amount collected (tonfyear) 26855 7,067 9583 37,604
Aunount uncetlected {ton/year) 20,855 9,897 22,360 53,112

In order to maintain the same level of uncollecied wastes in 2010 the following

coverage rates would be required.

Wastes Colleciion Situation in 2010 to Mect Conscrvation Criteria

Paramcter ong Gai | Bai Chay | Cam Pha All Urban

Arcas
Solid wastes collection potentiat (too/year) | 105,759 | 44,992 41,856 | 192,607
Amount uncollected (tonfyear) - | 20855 - 9.897| 22360 53112
Amount to be collected (ton/year) | 84,904 35095| 19.496| 139,495
Percentage coverage (56) ‘ 80 78 47 7}
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18.2.11

The collection coverage required to meet the conservation criteria conditions is
relatively modest for a long term largel particalarly for Cam Pha where the
coverage is lower than the HWSSP first stage program larget. The solid wastes
problem is a highty visible one and it is desirable to sct collection targets as high as
realistically possible. ‘Therelore, it is reasonable to increase the fargets for 2010
somewhat, The recommended targets and required collection amounts are shown
below and the areas 1o be served by collection services are indicated on Figure

18.2.11.

Recommended Solid Wastes Colleetion Targets for 2010

Parameter Hong Gai | Bai Chay | Cam Pha A!/l\Udm 1
—— . reas
Solid wastes collection potential {tonfyear)l 185,759 1 44,992 | 41,856 | 192,607
Percentage coverage (%) . . &3 U L N DU
Auount to be colleeted (tonfyear) 89805 | 38243 | w3485 | 161623
Amount uncollected {tonfyear) L 15,864 6,749 83U 30,984

With regard to wastes disposal, the quantity of selid wastes that will have to be
disposed between 2000 and 2010 to meet this larget is estimated to be 950,300 1on
which, assuming a compaction factor of two, is equivalent to a compacted volume
of 1,188,000 m". The volume available in the sanitary landfills to be provided under
the FIWSSP first stage program is 960,000 m’. Thus, by 2010 there will be a
shorifall of 228,000 m’, which is cquivalent to approximately 182,000 tons of
municipal solid wastes. It is projected that the landlills will be full in 2008 and thus
it will be necessary to provide more fandfll capacity by 2008 or to adopt a
transformation method, such as incincration or composting, to reduce the quantilics

for disposal.

Required Projects to Mcet 2010 Solid Wastes Collection Target
(1) Collection

The collection target can be met by the methods proposed for the first stage
program of HWSSP, but some changes will be required to the percentage coverage
for cach method. The HWSSP program relics ta a signilicant extent on colieciion

point systems and, while these work well in high density devclopment, they will be
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fess clfective in tower density areas where the houscholders wilk have ta carry their
wastes greater distances. [t therefore is necessary 10 make greater vse of door to
door collection methods and this, in turn, will require greater use of mechanized
compactor vehicles in order to cover the larger arcas cltectively. A considerable
investment in additional vchicles and collection equipment will therefore be

required,

‘The capacity ol the solid wastes collection cquipment that will be provided in the
HWSSP first stage program is approximately 64,000 tons/ycar whereas the
collection rate required in 2010 to meet the target is 162,000 tons/ycar. Based on
the cost estimates in the HWSSP Feasibifity Study, a rate of US$ S0/ton/year can be
derived for cquipment costs. Thus, the estimated base cost to increase the collection

capacity by 98,000 tons/year is US$ 4,900,000

(2) Domestic Solid Wastes Disposal

1) Options
a) Landlill

As described in Scetion 18.2.7, there s adequate land available at the Ha
Khau and the Quang Harh sites to provide additional landfill capacity.
Kampsax International have proposed that Quang 1tanh should, in the tong
term, become the disposal site lor all the urban arcas and, in linc with this
pokicy, it is rccommended that any additional landfill capacity should be
provided at this site. The shortfall in capacily to the end ol 2010 is estimated
{0 be 223,000 m® but, to provide a reasonable working life for the extension,

the additional capacily provided should be a minimum of 450,000 m’.

Based on the cost estimates in the HWSSP Teasibility Study, a rate of
US$ S.0/m’ can be detived for praviding increased landtill capacity. Thus, the

base cost of extending landfill capacity by 450,000 m* is USS$ 2,250,000.
b) Incincration
T hc_ incinerator capacily that would be réquircd to avoid the need to provide

additional landfilt capacity is 200 tons/day assuming that the incincrator
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2)

beeame operational at the beginning of 2005, Based on international prices,
the construction cost of incincration with cnergy recovery is typically
US$ 75,000/ton/day. Thus, the base construction cost of a 200 tons/day
incincrator is US$ 15,000,000.

¢) Composting

The organic content of muaicipal solid wastes in the EMP arca is between 40
and 50%. To achicve the same reduction in the wastes for landlilling as the
incinerator scheme, it would be necessary to phasc the capacily of a

composting plant as foltows:

- 50 tons/day from 2001 to 2004

- 100 1ons/day Irom 2005 to 2008

- 200 tons/day from 2009 10 2010.

Based on international prices, the construction cost of windrow composting
plant with scparation of the organic and inorganic material at site is typically
US$ 20,000/ton/day. Thus, the overall base construction cost of a 200
tons/day windrow composting plant is US$ 4,000,000. This cxpenditure could

be phased over the period 2001 to 2009 in three instaliments.

Recammendations tor disposal

The only option in the proposed plan relales to the method of disposal or

transtormation of the solid wastes. The estimated costs of the options considered

arc as follows.

Estimated Costs of Disposal Options
(Unit: USE x 10%)

DisposalfI'tansformation Method | Estimated Base Construction Cost
Ctncineration LT s
Composting 4.0

Incineration would have a benctit through cnergy recovery but this would be partly

ofisct by high operating costs. The construction cost of the incinerator is so much

higher than the other options that it cannot be justificd and incineration of municipal

solid wastcs is not therefore a feasible option in the EMP,
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18.2.12

Composting is just under twice the cost of landlilling in terms of construction costs
and theretore could be feastble i the value ol the compost as a soil conditioner can
be realized. However, the amount of agricultueal land in the EMP area is limited
(6%) and the use of compost for agriculture in the arca is not commen. It is
doubtful whether a market cxists for compost al an cconomic rate and so the
additional investiment required for a composting facilities cannot be recommended

al present.

The recommended option is theretore extension ol the landfill capacity.

(3) Hospital Clinical Wastes

Nospital clinical wastes is & hazardous wasles that should be collected and disposed
of scparately from municipal solid wastes. His recommended that a suitable
incincrator should be provided for all the hospital wastes gencrated in the EMP arca,
The estimated quantity ot hospital clinical wastes in 2010 is 1,575 tons/ycar and an
incinerator with a rating of 10 tons/day would be adequate to handle this quantity.
Bascd on a construction cost of US$ 75,000/ton/day for a suitable incinerator, the

base cost tor the clinical wastes incincrator is USS 750,000.

(4) Education and Public Awarencss

As described in Section 18.2.9(8), it is recommended that an education program
and advertising campaign be undertaken. An allowance ol 5% of the overall

construclion costs has been included 1o cover the costs of this program.

Estimated Costs of the Recommended Program for Domestic Solid Wastes

Facilitics

The build up of the cstimated costs of the domcstic solid wastes management plan

for both construction and running costs arc shown in Table 18.2.4. The total

construction cost is about US$ 10.0 miilion and the annual running cost in 2010 is

about USS 0.8 million.
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18.2.14

The phased investment and running costs over the period 2000 to 2010 are shown

in Table 18.2.5.

Recommendations for Domestic Solid Wastes Management

The principal recommendations for domestic solid wastes management may be

summarized as follows:

The target for 2010 should be to inerease collection coverage to 85% in Ha Long

city and 80% in Cam Pha,

- ‘Fhe sanitary londfill sites to be constructed under the first slage program of
HAYSSP will have adequate capacity for disposal of municipal solid wastes up to
2008.

- Additional landiill capacity should be provided at the Quang Hanb site for
disposal of municipal selid wastes after 2008.

- Hospital clinical wastes should be handled separately and incinerated at a central
facility for the EMP arca.

- An cducation and advertising to campaign to improve public environmental

awareness should be undertaken.

The existing anti-littering by laws should be enforced.

Development of Industrial Wastewater Management

This Section considers management strategics and plans lor industrial wastewater
from factorics. Tt docs not consider discharges lrom coal mining and related
activities. The strategics for managing wastewater related 1o coal mining are

covered in Section 18.3.

There are few major Tactories in the EMP arca at present and the po]lﬁlion loads
discharged are small. However, large industrial developments are planned and there
is the potential for industrial wastewater from factorics to become a significant
souree of pollution toad in the EMP arca. The management of industrial wastewater

is therefore an important component of the EMP and this Scetion considers the




measures that will be necessary to achieve the target conservation criteria set owt in

Chapter 17,

(1) Design Criteria

1) Industriol wastewater lows

The industrial wastewater Nows uscd in this scetion for new industrics are based on
information preseated in Chapter 14, TFlows for existing industrics and  any

expansion of those industrics are based on the resolts of the ficld survey carried out

for this Study in 1998,
2} Pollution loads discharged lrom factarics

Pollution loads from cxisting industrics have been based on the resulis of analyses
carricd out during the ticld survey. Pollution loads for new industrics are based on
the premise that it will be a prerequisite for all new indusiry to pretreal ils
wastewaler 10 the Victnamese Standard for industrial discharges 1o Class B

receiving waters (sce next Sub-Scction).

Allowance has also been inclwded tor the wastewater loads from toilets and
canteens, The BOD load from this source has been calculated on the basis ol a

contribution of 15 g/employec/day.
3)  EfMucent discharge standards

Victnam Standard TCVN 5945 - 1995 specifies parameter limits and allowable
concentrations of poliutants in industrial wastewater discharged into water bodics.
The standard considers three classilications of water badies: A, B, and C.
Classification B includes watcers used for navigation, bathing, aquatic breeding and
cultivation and is therefore the ¢lassification applicable to 3ai Chay bay and the
coastal arcas ol the study arca. Concentration limits for sclected parameters tor

industrial wastewater discharges to class B waters ase shown below.
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Concentration Limits for Tndustrial Wastewater Discharges o Class B Waters

- P.\r:m;tor T Unit “ Limitation value for dis“chﬁrgc
S ) teClassBwaters |

_I_?—icwh_cmlical Oxygen Demand (BODg) . wglf _ 56

Chemical Oxygen Demand (COD,) T\ /2 T 100

Suspended Solids (85) e mgte | 100

Total Nitrogen (') wgtt 80

Total Phosphorus (1-P) mge |6

Coliform - MPN/100 m¢é 10,000 o

Source: TCVN $945.1995

The Standard includes a more stringent clfluent quality standard tor discharges to
Class A waters, which are waters used as a source ol drinking water. This
classitication docs not apply in a strict sense to Ha Long bay or Bai Chay bay,
tlowever, there are instances where a higher level of treatment than required for
Class B waters could be necessary to meet the target conservation criteria. In such
cascs reference is made to the discharge standard for Class A waters. The allowable
concentrations for this class for selected important parameters are shown below for

relerence.

Concentration Limils for Industrial Wastewater Discharges to Class A Walcrs

Parameter Unit l,imilalim{ value for discharge to

Class A walers

Biochemical Oxygea Demand (BOD;) L

Chemical Oxygcp Demand (CQ!)._-,)_ gl N ) s

Sl_lsp'cndcq Splids {’SS) S omglt ) - SO___

Total Nitragen (T-N) ] me R

Total Phospherus (©-P) | mge {4

Coliform MPN/100 m¢ 5,000

Source: TCVN 53945-1965

Strategy for Industrial Wastewater Management Plan
(1} General

Irom the point of view of industrial wastewater management, Ha Long city is
lortunate in that there is little industry in existing developed arcas and the plnnnéd
industries are to be located in industrial parks. As described above, individual
industrics should be required to trcat their waslmﬁlcr to lﬁc clfluent standard for

discharges (o Class B waters. In addition to this, the industrial parks should have

the infrastructure 1o collect ¢ftluent discharges from the individual factorics ‘and,'
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where neeessary, cither provide Turther treatment to the wastewater or deliver the

combined factory ¢llluents to a suitable discharge location.

Existing industrics in mixed or residential development should preferably be
relocated but, where this is not feasible, the industrial wastewater should be

discharaed 1o the domestic sewerage system afler the accessary pretreatiment,
B

(2) - Wastewaler Treatment

1) Pretreatiment

The on-site pretreatment methods used by individual factories will depend on the
types of industrics and the characteristics of the wastewaters. The alternative
tcchnologics that can be used for treatment ol industrial wastewalcr, cither
individually or as an integrated system, arc indicated in Figure 18.2.12. With regard
to sccondary treatment, it should be noted that biological processes will be inhibited
in the presence of heavy metals, pesticides, and other toxic compounds and
therefore in-plant treatment may be necessary. In-plant trcatment is also usceful for
(reating low-volume streams rich in non-degradable materials, because it is casicr
and less costly to remove a speeific pollutant from a small, cancentrated stream
than (rom a large, dilute onc. The addition of nutrients to certain industrial

wastewaters may also be needed for cilective biological treatment.

As can be scen from Tables 4.3.2 and 4, the pollution loads Irom cxisting factorics
arc small at present with only the brewcrics and possibly also the scatood
processing factories discharging any significant quantity of organic pollution. The
largest brewery and seafood processing actory are in Hong Gai within the area for
which an urgent collection and lra.almcnl system has been pmpo‘«,d Since the
pollution loads [rom these lacloms are rclatively small it is acceptable to conncet
the discharges directly to the collection system when it is commissioned. The
factories in gucstion arc on congested sites and it would be dillicult to provide
biological Ircaln:lcm on-site. ll" absoltutely necessary, compact anaerobic treatment,
such as an upﬂow sludge blanket, Lould probably be provided on the sites. However,
the justilication for such prctrcatmcm it the wllulmn system is constructed is

dubious.
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18.2.16

2} Centralized industrial wastewaler treatment

The collection of factory wastewaler discharges in a common system has the
advantage of balancing loads and dilnting certain pollutants and  inhibitory
substances. Care has to be taken, however, to ensure that factory discharges are

cantrolted so that reactions producing hazardous conditions do not take place.

Given adequate control of factary discharges, the combined wastewater Hlow
should be treatable 1o the cffluent standard for discharge to Class A waters by
hiological means. As for domestic wastewater treatment, oxidation ditches are the
gencrally preferred methad but the Ginal choice will depend on land availability and

the particular characteristics ol the combined industrial wastewater 1o be treated.

It is also possible 1o treat combined industrial wastewater fows in combination with
domestic wastewater. Again, given adequate control of factory discharges, it is
possible to use the samc frcatment processes recommended for domeslic
wastewater treatment and 1o produce ciiluents to Level 1 or 2 standards as
required,

3)  Discharge locations and effluent standards

The cffluent standard required for discharges 1o a particular recciving water will
depend upon the targel conscrvation criteria for that watcr, In general, the
standards for industrial wastewater discharges to Class B waters will be adequate
for discharges to Ha Long bay and Bai Tu Long bay. However, a higher level ol
(reatment is likely 1o be necessary in order to meet the target conservation criteria

for the enclosed Bai Chay bay.

Main Industrial Development Areas

‘The main industrial development arcas and the projecied 2010 industrial

wastewaler Qows and loads are shown below,
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18.2.17

Main Industrial Wastewater Flaws and Loads

Area__ ] Viow (wyday) | BOD; (/day) | T-N (epftay) | 10 (kgiday) |
Cai Lan {ndustrfal Park | 23,850 L9 542 74
Toanh Bo Industrial Paik 22550 | iam2 627 R6
Lang Bang (cement) 2560 | 108 40 3
Quang Hanh {coment) 210 88 3 2
Cam Pha (cementy | 2,010 ) 88 iz 2
Cua Ony (stecl refinery) 2400 168 Wy 18

The Cai Lan and Hoanh Bo Industrial Parks together the cement factorics at Lang
Bang arc all within the Bai Chay bay catchment area (sce Figures 18.2.13 and 14)
and consideration ol further treatment beyond the prerequisite pretreatment to

Class B standard is nccessary.

The Quang Hanh, Cam Pha and Cua Ong factorics discharge to Bai Tu Long bay
and wastewater treatment lo the standard for discharge to Class B waters is
adequate. Since pretreatment to this standard will be a prerequisite for these
devclopments they are not considered lurther in the indusirial wastewater

management plans.

Options for Treatment and Discharge of Industrial Wastewater

In order to meet the larget conservation eritesia for Bai Chay bay it is necessary to
reduce pollution loads below the level for discharges to Class B waters. The options

for achicving this for the individual industrial areas are considered below.

(1) Cai Lan Industrial Park

Three options have been considered for reducing the pollution loads from this

planncd major industrial park. The options are shown on Figure 13.2.13.

- Option 1. The discharges from the individual {actorics would be collected and
treated at a plant within the Industrial Park to cfftucat standard Class A prior to
dischargc.lu Bai Chay bay.

- Option 2. The dischargcs {from the individual factories would be collected at a

trapsfer pumping station in the Industrial Park and discharged to Ha Long bay



near Don Dicn. No Turther treatment beyond the prereguisite treatment to Class
B standard would be provided in this option.

- Option 3. The discharges {rom the individual factorics would be coltected at a
transfer pumping station in the Industrial Park and delivered to the domestic
wastewater treatment plamt at Don Dien. The combined domestic and industrial
wastowaters would then be treated to domestic Level 1 prior to discharge to Ha

Long bay.
(2) Hoanh Bo Industrial Park

Your options have been considered for reducing the pollution loads rom this
industrial park, which is to be developed at a later date than the Cai Lan Industrial

Park. The options are shown in Figure 18.2.14.

- Option 1. The discharges from the individual factorics would be collected and
treated at a plant within the Industrial Park to cffuent standard Class A prior to
discharge to Bai Chay bay.

- Option 2. The discharges from the individval factorics would be colleeted at a
transter pumping station in the Industrial Park and discharged to Ha Long bay
near Don Dicn. No lurther treatment beyond the prerequisite trcatment 1o Class
B standard would be provided in this option.

- Option 3. The discharges rom the individuval factorics would be collecied and
delivered to the domestic waslewater treatment plant at Dong Dang. The
combined domestic and industrial wastewaters would then be treated to domestic
Level 2 belore discharge Lo Bai Chay bay.

- Option 4. The discharges from the individual factorics would be collected at a
trapsfer pumping station in the Industrial Park and delivered to the domestic
wastewater treaiment plant at Don Dien. The combined domestic and industrial
wasiewaters would then be treated ta domestic Level 1 belore dischargc to Ha

Long bay.
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{(3) Lang Bang

The factorics in this arca are remote from Ha Long bay and from the domestic
sewerage systems, The anly feasible way to reduce the poliution loads from these
factorics is provide further treatment in the arca prior to discharge to Bai Chay bay.
H is recommended that the wastewater discharges from the two main factorics be
treated at a central treatment plant to Chss A standard prior to discharge to Bai

Chay bay. The suggested arrangement is shown in Figure 18.2.13.

The treatment plant would have capacity for a low ot 2,560 m'/day and would treat
a BOD load of 108 kp/day. The estimated construction costs for the recommended

project are showa below.

Estimated Cost of Lang Bang Industrial Wastewater Management

Companen Unit Quantity (%;‘l;) J}r{;g; |)1| i
“ollection System . km 29 0 H6000 | 423000
Wastewater T reatment Planl ) LS 1 FAR000 | T7IR000
Basdmc ('osl for Lan Bang Vl 161,600
Add for cnynm rm.x_,. supcrvmun, contingencics, cic 314,000
TOTAL COST FOR EANG BANG 1,175,000

Basis of Cost Estimation Industrial Wastewater Managemen!
(1} Collection Systems

Rates for main collection systems in industrial parks have been developed on a unit
length basis for cach park. The average sizes of colleclor sewers and pumping
stations have been derived for cach park based on the projected 2010 wastewaler

flows. The build up of the rates for each park is shown in Table 18.2.6.

(2) Waslewater Freatment

The use of unil rates for cslimnﬁon of treatment costs {cither on a flow or load

asxs) is not 5u1lablc for comparative cost analyses since it ignores cmnomy of scale,
which can be a significant factor. The cost csnma!cs for treatment plants have
Ihcrclorc been dcnwd by cmlmg prclnmmary designs lor cach treatment plant.

Dectails of the dcs%m 1nd cosi estimatces are lndudu.l in Appendix 5.
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18.2.19 Recommendations tor tndustrial Wastewater Management

s
7

o
C8

The recommendations for industrial wastewater managemei! may be summarized

as follows:

- All new lactories should pretreal their wastewater to the discharge standard for
Class B watcrs.

- The standard of any lurther treatment required tor industrial waslewaler
discharges will be determined by the target conservation criteria for the receiving
waters.

- Industrial parks should have collection sewer systems so that the cambined
discharges can receive lurther treatment or be transleered Lo a suitable discharge
location.

- Three options should be considercd for the industrial wastewater plan for Cai
Lan Industrial Park, and four for the Hoanh Bo Industrial Park.

- An industrial wastewater treatment plant should be provided at Lang Bang to

treat the wastewater from the major indusiries to Class A standard prior to

discharge to Bai Chay bay.

18.2.20 Devclopment of Industrial Solid Wasies Management

This Scction considers management sirategics and plans for industriat solid wastes
from Tactorics. It docs not consider wastes Irom coal mining and related activilics.
The stralegics tor managing solid wastes rclated to coal mining are covered in

Section 18.3,

There are few major factories in the EMP arca at present and the solid wasics
quantitics gencrated are small. However, large industrial dcvclopmcnls arc planned
and there is the potential for solid wastes from lactorics to become a much greater
problem unless measures are taken 1o limit gencration and ensure that collection

and disposal is carricd out in a responsible manner.
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(1) Design Criteria for Indusirial Solid Wastes Management

1} Industrial solid wastes generation

Little information is available on the quantitics of solid wastes gencrated by existing
industry in the EMP arca. A questionnaire survey by this Study in 1998 provided
some information but not enough to allow precise design criteria to be developed.
The Jargest non-mining related component of existing solid wastes gencration is

almost certainly building rubble and this is often dumped indiscriminately.

Wastes generation from new industry is difficolt to tforecast without knowledge ol
the exact types of industry to be established. Tlowever, the factories to be
established in the various industrial parks are not expected to be of the type that
generates large amounts of solid wastes. 1t is therclore considered that overall
factory solid wastes generation can be taken as 25% of domestic solid wastes

gencration, or 0,17 kg/feapita/day.

It should be noted that major planned installations such as power stations, cement
{actories and steel refinerics must include satisfactory disposal arrangements for
their residues in their development plans. The disposal of their fesidues is not

theretore considered further in the genceral indusirial solid wastes management plan.
2} Hazardous wastes generation

Hazardous wastes may be defined as all wastes that by their nature posce a threat o
the environment and to human health. Hazardous wastes include toxic chemicals,
biological wastes, ammable wastes, radioactive substances, and explosives. The
handling and disposal of these wastes are normally controlicd by legislation and

there is an urgent need in the EMP area {or regulation of these aclivitics.

There are maﬁy subslances that are potentially hazardous and whose inclusion in a
wastcs may require spccial measurcs o be adopted lor the handling and disposal of
the wastes. Table 18.2.7 lists potentially hazardous substances, the industrics that
lhcy can be associated with, and thc nature of the potential hazard. 1t must be

cmph'lwcd that this list is a guide only and it docs nol tollow that all the ﬂubsi'mCu

isted are ncu:smnly hazardous or ihal the w r;tcs from industrics included in the

fist must necessarily be regarded as ‘special’. Normally cach case must be
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18.2.21

considered individvally taking into account the quantity and conceniration of
potentially hazardous substances. A recommended  assessment pracedure s

Hlustrated in Figure 18.2.15.

The Development Master Plan of la Long City for 1994-2000 includes fairly
specific lists of the types of industrics that should and should not be encouraged in
future industrial development. If these guidelines arc followed, the amounts of
hazardous wastes generated by new industries should be relatively low and an
allowance of 10% of the total industrial selid wastes generation would be adequate.
1 should be noted that hospital clinical wastes is hazardous and will probably be the
largest single component of hazardous wastes generation. However, hospital
clinical wastes has alrcady been considercd under the domcstic solid wastes

management plan and is not included in the allowance for industrial hazardous

wasles,

(2) Projecicd Indusirial Solid Wastes Quantitics

Based the above design criteria, the projected 2010 indusirial solid wastes

generation will be as follows.

Projected Industrial Wastes Generation

2010 Urban Generation Rate, Industrial Solid Ilazardous Wastes
Population kgfcapiday Generalion, tonfys | Generalion, ton/yr
556,650 0.17 34,500 3,450

Stratcgy for Solid Wastes Management Plan
(1) Industrial Wastes Generation

The ways in which source generation may be timited include:

Reduction of wastage of raw materials

Use of wasles from onc industry as a raw material for another industry

[

Efficient use of malcrials to minimiz¢ resource requirements

- Increase the recycled material content of products
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(2} Collection ol Industrial Solid Wastcs

Collection includes the gathering and picking up ol solid, haulage to the place
where the vehicles are empticd, and unloading of the collection vehicles. Tt is
recommended that industry be responsible (or all aspects of collection. The method
of collcetion should be the choice of industry and should include the use ol its own
transport, the use of private scctor contraclors, and the use of public sector

collection services al a commercial rate.

(3} Separation, Processing, and Transformation of Solid Wastes

These operations concern the recovery of scparated materials, the scparation and
processing of solid wastes components, and the transformation processcs used to

alter the form of the wastes and to recover uselul products.

Certain industrics may be able to use part or all of the separated or processcd
wastes products of other particular industrics. Every effost should be made to

cncourage these practices by siting such ‘compatible” industrics together.

e

Chemical and biological transformation processes arc used to reduce the volume
and weight of wastes requiring disposal and to recover conversion products. The
most commonly used chemical transformation process {or solid wastes is
incincration, which greatly reduces the volume of the wastes and ¢an also be used
to recover encrgy in the form of heat, In particular, incincration under closcly
controlled conditions can be used for the disposal of hazardous wastes. Modern
cement kilns also have suitable characteristics for the safe incincration of certain
hazardous wastes and the opportunity for mutually beneficial disposal of hazardous

wastes in this manner in the EMP arca should be investigated.

. (4) Disposalof Solid Wastes Residucs

Even if wasles fecovery and transformation are practiced there are incvitably
residucs Wthh have to be disposed of. Thuc arc only two basic ophons d]spos'll
s on land and disposal at the bollom of the sca. Marmc dlSpOS'—ll has gcncmlly fallen

out ol favor duc to unvlronmcntal concerns and it cannol be rcwmmcndcd near the
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sensitive waters of Ha Long bay. Thus, the only realistic option is disposal to land.
1n the case of industrial solid wastes this invariably means disposal to landfill. ‘The

puidclines for landfills are similar to those for municipal solid wastcs, i.c.

- Low permeability engincercd Eners should be provided

- Where leachate can be generated, micasures should be pravided for its collection
and treatment prior to discharge

- Wastes should be placed ia layers 1-2 m deep and compacted

- Depending on the nature of the solid wastes, inert cover should be provided to
the wastes preferably on a daily basis

- Litter and pests should be controlled

- When {ull the site should be covered and restored to be compatible with its

surroundings

Required Projects 10 Mect Projected Industrial Solid Wastes Generation

(1) Collection

It is reccommendced that industry should be free to make its awn choice as to the
means of solid wasles calleetion but, whichever metheds are adopted, signilicant
investment in collection equipment will be necessary to handle the projected
industrial wastes gencration. This investient will essentially be funded by industry
whether it purchases ils own equipment, uses privale sector contractors, Or uses

public scctor services.

(2) Industrial Solid Wastes Disposal

There arc two main options for the disposal or transformation of industrial solid
wastes: fandfill or incineration. Incincration will not be cconomically feasible for
normal non-hazardous industrial solid wastcs, .pérlicu}arly as compared to domestic
solid waste, a lower proportion of industrial solid wastes is normally combustible.
However, incincration of many hazardous wastes may be cconomically leasible and

this is considercd Turther below.,
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Disposal of industrial solid wastes to kndfll must take place ot authorized and
controlled sites. Such sites could be those used tor disposal of municipal solid
wastcs, privately operated sites, or sites owned by particolar industrics. In any cvent,
industry will have to fund the cost of creating sutficient properly engineered landhll

capacity.

The required landlill capacily to accept the projected solid wastes generation uatil
the year 2010 is caleulated to be 94,000 m’. The caleulation is based on the
assumption that compacted industrial wastes will have a density of 1.2 tons/m®. This

is 50% more than the density assumed for compacted municipal solid wastes.

(3} Hazardous Wastes Disposal

The methods that ¢can be adepted for disposal hazardous wasles vary depending on
the nature of the wastes and can include incineration, special landfill facilitics, and
long term containment or storage. All of these mcthods will be applicable to a
greater or lesser extent in the EMP arca. Long term containment will be necessary
{or certain hazardous wastes that cannot be incinerated and burial in special landlill
facilitics will be economic for hazardous wasltes that can be disposed of safcly in this
manncr. iiowcvcr, there are certain wastes that are not suitable for burial in special
landiill that can be incinerated in a suitable hazardous wasles incincrator. There has
been considerable international concern over emissions from hazardous wasles
incincrators and the disposal of clinker residucs {rom incinerators. Many devcloped
countrics now have very stringent regulations for emission standards and clinker
residues. Nevertheless, properly designed incinerators can still meet  these

requirements, although the cosis have inevitably increased.

An incinerator cnpacily of 15 tons/day will be appropriate tor the proportion of the

projected 2010 hazardous wastes generation that is suitable for incineration.

Estimated Costs of the Recommended Program

. The build up of the estimated costs of the industrial solid wasles management plan

for both investment and running costs arc shown in Table 18.2.8. The total
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investment cost is aboul US$ 3.1 million and the annual running cost in 2010 is

about US$ 0.4 million.

‘The rates for collection equipment and collection running costs arc taken as 50% ol
the corresponding rates for domestic solid wastcs on the basis that fewer colicetions
of relatively large amount will allow higher productivily per vehicle. The
construction rate for additional landfill capacity is taken to be the same as {or
domestic solid wastes. The consteuction rate tor the hazardous wastes incinerator is
taken to be the same as tor the clinical wastes incinerator bul the operating costs lor
hazardous wastes incincration can be much higher and are taken (o be, on average,

twice those for clinical wastces,

The phased investment and running costs over the peried 2000 to 2010 are shown

in Table 18.2.9.

Recommendations for Indusirial Solid Wastes Management

The principal recommendations for industrial solid wastes management may be

summarized as follows:

- Investment is accded to collect and satistactorily disposc of the projected 2010
industrial solid wastes and hazardous wastes quantitics of 34,500 and 3,450
tons/ycar, respeciively,

- Regulation of the handling and disposal of hazardous wastcs in the EMP area is
urgently required.

- Collection of the salid wastes may be carricd out ¢ither by industry itsclf, or
private contractors, ar by the public scctor al commercial rates.

- Minimization of industrial solid waslcs generalion, maximization of recycling and
recavery, and co-siting of ‘compatible’ industrics should all be encouraged.

- The recommended method for disposal of non-hazardous industrial solid wastes
is landfill. Additional landiill capacity of 94,000 m® will bé required for disposal
of wastcs up to 2610. The l:indiillé could be publiély or privately opérélcd but a

system for control and licensing of private sites would be required.
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18.3

18.3.1

- Various methods will be required for the disposal of hazardous wastes including
long term containment, special landtills, and incineration. The construction of a

15 tons/day hazardous wastes incinerator is recommended,

mvironmental Measures for Mining
Present and Future Mining Activitics
(1) Production

Coal resources in Quang Ninh Province has been exploited since before the turn of
the 20th Century, and the historical production is roughly estimated at 200 million
tons (Pham ct al, 1997). As of 1998, VINACOAL’s production in Quang Ninh
Province is about 10 million tons per year, and 8.4 million 1ons are produced in the
EMP arca (Cam Pha and Hong Gai arca). Coal industrics in Victnam went through
major restructuring in mid 1990’s, and most mines in the EMP area have been
consolidated under VINACOAL (Vietnam National Coal Corporation), which is a
large State-Owned-Enterprise. The major mines in the EMP arca include Coc Sau
(1.5 million tons/ycar), Deo Nai (1.1 million tons/year), Cao Son (1.0 million
tons/ycar), and Ha Tu (0.8 million tons/ycar). The cstimated annual coal sales in
Quang Ninh Province arc in the order of 3 trillion VND or roughly 200 million

USD, and it provides jobs for some 85,000 people in the province.

Table 18.3.1 summarizes the present and planned production to 2030. There is no
officially approved tong-term preduction plan, and the production is adjusted to the
demand and the market conﬂilion on a yearly basis. According te an cstimale by the
Institute for Mining Scicnce & Technology (EMSAT, 1999), the coal production in
Cam Pha and‘ Hong Gai area will forther increase, and reach 12.5 million tons/ycar
in 2005. Then, production will level ofl, and eventually decrcases over a 30 to 40
ycar. time span. The total production in the EMP arca during 2000 and 2010 is

eslimated at 132 miltion m?,

The coal market is ycry volatile. Some of the important international factors that arc
allecting the current coal industry in Vicinam include the decline of international

coal price and the significant loss of market in countrics like China and Bulgalria.
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The domestic market appears to be relatively stable, and there ar¢ investment plans
to construct thermal power plants in Lang Son, ‘Thai Nguyen, Bac Giang, Da Nang,
and Quang Ninh (in the EMP arca). These plants are expeeted 1o use S million
tons/year of coal in the future, or roughly 173 of the production. Because of these
uncertain factors, the production plans will be subjected to Turther changes.

@

Land Use in Mining Area

According to VINACOAL, the total mining area in Quang Ninh province where
VINACOAL has mining permits is 45,840 ha (Table 18.3.2). The permit arca inthe
EMP area is 27,550 ha of which 13,510 ha is in Hoanh Bo (classilicd under Uong
Bi region), 6,970 ha in Hong Gai, and 7,070 ha in Cam Pha arca (Figurc 18.3.1).

Reported Permit Area

Arca Number of Mines Area (ha)
Quang Ninh Total | 45 45840
EMP Area R 27,550
. MHoamhBo | 6 33510 .

_ Hong Gai | 12 6970
Cam Pha 15 7070

Source: VINACOAL, 1998

Table below shows the arcas of production, dump site, and butler area reported by

IMSAT (IMSAT, 1999)

Reported Areas for Production, Bump Site and Bulfer Avca

(Unit: ha
Region Production Damp Site Buller Arca Total
Mong Gai | 1,537 Laso o | 245
CamPha | 335t 1 89 | 1066 536
Tolal 4,888 1,649 1,233 7,770

Source: IMSAT, 1999

The reported mining area in the EMP arca is 7,770 ha. The mining activity in the
Hoanh Bo area is negligible. Thus, the data for Hoanh Bo arca were not included in

the analysis.

The pollution loads from non-specific sources are strongly refated to ihe
significantly disturbed area in the mines. Hence, it was ol intercst to identify such
arca, which is termed “denuded arca” or “active mining area” in this Study. Figure

18.3.2 shows the locations of the denuded area in 1996 analyzed from the satellite
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images. [t is evident that the mining activities in the EMP arca are mainly
concentrated in Hong Gai and Cam Pha arcas. The estimated denuded arca from the
satellite image analysis is 5,418 ha in 1996. The analyses of the historical sateltite
image data showed that the denuded arca inereased 70% during 1989 - 1996. Dicn
Vong river basin cxperienced the largest increase in denuded area in the last 10

years.

Hstorical Change of Active Mining Area

Year Active Mining Arca (ha)
1989 a6

1992 o 4,084
1996 5418

Because detailed future mining plans were nol available to (he Study Team, the
increase in active mining area in the future was estimated from the historical trend,
the anticipated increase in production, the existing land wse pattern, and other
facters. Table 18.3.3 shows the anticipated inerease in the aclive mining area. The
active mining arca is ¢xpected to increase further in the future. However, the rate of

expansion will slow down lor the tollowing reasons:

- as the mining industry matures, the mining technology will shift from surface
mining to deep-pit mining and vaderground mining

- large expansion of dumping sitc is costly

Assuming that no cnvironmental measures are taken (without project casc), the
active mining area is expected to increase 40% by 2010: from 5,400 ha in 1996 10
7,570 ha in 2010. Currently, the active mining arca occupics 38% of the permit arca
(Table 18.3.3). In the tuture, the share of the active mining area will increase to
54%. In terms of the spatial size, the large expansions are expected in Dien Vong
basin (985 ha), Mong Duong basin (612 ha), and Ha Tu basin (232 ha). However,
the rate ol expansion in Mong Duong and Ha Tu basins will be smaller than the
average beeause roughly 60% of the permit arcas in these basins have already been
intensively mined. On the other hand, Dien Vong basin is expected to experience an

above-average ratc of expansion.



18.3.2  Present and Puture Environmental Probloms

(1) Pollution trom Point Sources J
1) Overburden from coal mines
The table below shows the reparted historical volume of the overburden wastes in
Quang Ninh provinee.
Historical Relcase of Overburden
o (Unit: x 10° m’/year)
Period N Ovetburden
T1961-1965 | 13,000
es-9r0 0 20000
1971 - 1975 C 13,000
1976 - 1980 . 18,000
1981-198s 416000
19861990 19,000
1991 -1995 15000
1596 - 1997 14,000
Source: IMSAT, 1999
Based on the available data, the stripping cocllicient, i.c., the volume of overburden
wastes generated per ton of coal, in Quang Ninh province is estimated as {ollows g
(Pham ¢t al., 1997; IMSAT, 1999): b
- Surtace Mine: 4.6 m*lon raw coal
- Underground Mine: 2 m'/ton raw coal
The amount of the overburden gencrated in the EMP arca in 1997 was about
36 million m". The anticipaled gencration of the overburden is estimated in Table
18.3.1. The 1otal overburden to be released in the EMP area during 2000 to 2010 is
cstimated at 437 million tons.
2)  Mine wastewaler
A large amount of water has to be pumped out of mines ta keep the mines in
operable condition. On average, the volume of the mine wastewater per ton of raw
coal is (Pham ct al.,, 1997, IMSAT, 1999):
- Surface Mine: 2 m'/ton coal _
- Underground Mine: 3 to 10 m*ton coat Q
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The results of the interview survey with the local coal mining enterprises revealed
that the amount of the mine wastewater generated in the EMP arca in 1997 was 20
million m/ycar (sec Chapter 11, Table 11.5.5). Between 2000 and 2010, an

additional 317 million m' of minc wastewater is expected Lo be discharged.

Table 18.3.4 shows the reported water quality of mine wastewater. While the
qualtity of mine wastewater varies significantly from mine to mine, tow pH (pH 2 -
4) and rchatively high concentration ol SS arc the general characteristics of mine
wastewater. The total relcasc of S8 associated with mine wastewater is estimated at
0.10 million tons for the period of 2000-2010 (Table 18.3.1). To our knowledge,
heavy metals in wastewater have not been the major cnvironmental problems in the

arca althowgh a long-term monitoring ol water quality is nceded.
3)  Solid wastes from coal processing plant

There are two major coal processing plants in the EMP area, Cua Ong Coal
Processing Plant and Nam Cau Trang Coal Processing Plant. The present
processing levels are 3.0 million tons/year for Cua Ong plant, and 1.0 million
tons/ycar for Nam Cau Trang plant. As much as 30 wi% of the raw coal beconmes
solid wasles during the coal processing. The estimated volumes of the solid wasles

rcleased from these plants are:

Solid Wasles from Coal Processing in 1997
(Unit: m’/ycar)

Processing Plant Solid Wastes
Nam Cau Trapg Plant | 350000
Cua Cug Plant 470,000

Source: Nam Cau Trang Plant EIA Report, 1997; IMSAT, 1999

The historically produced solid wastes at the Cua Ong plant is 3.4 million m’
(IMSAT, 1999). The wastes has been dumped to the Bai Te Long bay from the
Cam Pha/Cua Ong coast creating about 120 ha of a reclaimed dumping site along

the coast. Assuming that the Cua Ong plant will operale at an average production

rate 0_1'4 million lons/yca'r', the cstimated Solid wéslcs foad during 2000-2010 will be

in the order of 6.9 million m*.

The Nam Cau Trang plant came to operation recently, and the solid wastes problem

has been minor in the paSl. Howcever, due to the relatively low grade of coal from
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Nui Beo, Ha Tu, Tan Lap (surface minc) and Ha Lam mines, securing enough
future dumping space is a major concern. Assuming that the plant will operate at
the design capacity ol 2 million tons/year, the estimated solid wastes load during

2000-2010 will be in the order of 7.7 million m’,
4)  Wastewaler lrom coal processing plant

A large amount of water is used to wash coal at the ceal processing plants. The
reported volumes of the water used {excluding recycled water) at Nam Cau Trang
and Cua Ong plants are as follows.

Waler Use at Processing Plants
{Unit: m*nday}

Processing Plant Walcr Use in 1997
Nam Cav Trang Plast {2,100
Cva Ong Plamt 3,000 - 4,000

Source: IMSAT, 1999

The wastewater, which is suspension of coal powder, is thickened at a primary
sedimentation tank, and then dirceted to scdimentation ponds to recover coal

powder. The volumes of the sedimenttion ponds are given bejow,

Volunic of Sedimentation Ponds at Processing Plants
(Unit: m’)

Processing Plant Volwme of Sedimentation Pond
Nam Cau Trang Plaut L L)
Cua Ong Pilaul 117,840

Source: IMSAT, 1999

The collected coal powder, of coal mud, is dug up, and seld in the domestic market.
According to the engineers from the plants, the supernatant in the sedimentation
ponds is not discharged direcily to the sea, but allowed to infillrate through the bed
of the ponds. ilence, there is no dircel release of SS from the process itself.
However, there are risks that the coal sludge overllows into the Bai Tu Long bay,
especially in rainy condition. Also the water used to wash the floor of the
precessing plants and the runoll on rainy day‘ arc relcascd 1o the sca dircctly.,
Assuming the cvent mean concentration of 1,600 mg SS/L and the runofl ratio of
0.8, the cstimated pollution load [rom the proccssiné; plants including the dumping
sile is in the order of 2,200 tﬁns SS/year prcsc’nllj. 3 250 ha of dumping Si!c is
additionally created to accommodate solid wastcs, lhc tolai S8 load will increase to

4,400 tons SS/ycar by 2010.
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(2} Polution Loads from Non-Specific Sources

1} Pollution loads

The table below summarizes (he unit polution loads by difterent land types, which

were calibrated against the available water quality data,

Unit Pollotion Loads from Non-Specilic Sovrees

A (Unit; kg/ha/day
[.and Use BOD CODM S8 T-N TP l|

Forest, Grass and Sciub 004 020 | 20 | 010 004 I

Active Minc Area 0.i6 0.26 RI¢ 0.32 0.06

From the uait pollution loads and the anticipated land use pattern in the mining area,

the anticipated pollution loads were estimated as:

Total Load = EL;A;”W:,

where L, : Unit Load tor Land Use 4

AF™ ; Area with Land Use “§”

Table 18.3.5 shows the cstimated pollution loads from the coal mining arca. The
estimation method is identical to the ane used to estimate pollution loads from cach
basin (see Chapter on Water Poltution Mechanism), However, the cslimates given
here are for the “permit arca”, and not for the catire basin. Table below summarizes

the anticipated increases in pollution loads.

Estimated Poliution Loads from Coal Mining Area

(Unit: kg/day)

[tems 1996 2010 increase
BoB» | 91} 999 | 2%
cop | Tame | a6 |7 g
ss | Ciseoo | 2io0 | mg
N b 2,589 ) 3063 18%
T-P 671 714 6

Among the various pollutants, SS is most sensitive to the change in land use, and as

much as 33% increase in SS load is anticipated. The loads of other pollutants will
‘ ‘ ‘ , |

- also increase, atthough the rates of increase will be smaller.
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2)  Erosion estimate

Lrosion rate is determined by Factors such as rainfall, runofl, soil erodibility, slope
angle, slope length, vegetation cover, and level of crosion control measures. In this
Study, the crosion rate was roughly estimated using the Universal Soil Loss

Equation, USLE (see Morgan, 1935).

Erosion Rate (ton/ha/year) = Rx Kx LSx Vx P

where R 1 Raindall crosivily tactor
K : Soil credibility factor
LS : Slope Iength /steepness factor
V 1 vegetative coverage factor

P : erosion control practice lactor

USLE was calibrated using available crosion data including the siltation ratc on
Cam Pha coast line, which is reportedly filled up at the rate of 25 m/ycar (IMSAT,
1999). The vegetative coverage factor was estimated from the satellite data (Figure
18.3.2). Figure 18.3.3 shows the cstimated erosion rate in the permit arca. Bt is
evident that the vulnerability to crosion is highly corrclated with the vegetation
coverage factor. Table below shows the estimated crosion potential by basin. The
estimated total crosion rate for the mining permit arca in Cam Pha - Hong Gai arca
is about 2 million tons/ycar, and the crosion rate is about 145 tons/ha/year. In some
arcas, such as South Dco Nai dumping site, the crosion rate is as high as 700

tons/hafyear.

The crosion rate in 2010 was eslimated from the estimated land usc in the future

(Table 18.3.5) and the crosion rate for cach land use class for cach basin.
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18.3.3

Estimated Erosion Rote

No. | Basio Name | Pezmit Area (ha) | 1996 (x10° tonsiyear) | 2010 (x10® tonsyear)

6 |Dien Vong 6500 sos o 169

7 |MongGaiNerth | 1,275 SR I i1

.8 |Hong Gai Seuth 1 1R2s 6. ... 8

9 qadte L2is 366 U [

10 [CamPhaWest | 12s [ 3 _ 50

1Y |CamPhaCepteal | 825 | 75 212

12 |Cam Pha Fast | M 66 Y 66

13 |CuaOng o} ss6 | 35 k.8

| 14 | Mong Duong 3,250 766 1,005 ]
Total 14,089 2,045 2,71

No.: Catchownt area number used in Chapter 5.

Il no environmental measures were taken, the crosion would increase 36% 10 2.8

million tonsfycar.

On-going and Planncd Pollution Control Mcasurcs
(1) Regulatory and Institutional Aspect

1) Rcgulations

The coal mining operation in Quang Ninh Province is generally subject to the

lollowing laws and related regulations:

- Environmental Protection Law, 1994

- Mineral Law, 1996

- Forest Protection/Deveclopment Law, 1991

- Water Resources Law

- Land Law, 1993

- Pcerce No. 175/CP, Execution of the Law on Environmental Protection

- Deceree No. 68/CP, Guidelings for the Implementation of Mineral Law

- Decree Ne. 26/CP, Guidelines for Administrative Violations of Environmcental
Protection Law

- Decision No. 2920/QD-MTy, Applying Vicinam Environmcental Protection
Sténdards |

- Cireular No. 2781 TT KCM of MOSTE, Guidclines for Environmental License
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- Circular No. 291 TT/KCM of MOSTE, Guidelines on the Protection of Ha
Long Bay Environment

- 'TCVN 5326-1991, Open Mining ‘Technical and Operational Regulations

- TCVN 5945-1995, Industrial Wastewater Discharge Standard

As far as the overall regulatory frame is cancerned, these laws and regulations
appear to cover all essential aspects of environmental problems. However, because
these laws and regulations are not neeessarily specific, and because the ONPC docs
not have the strong authority to enforce environmental regulations to the State-

Owned-Enterprises (SOlis), the cnvironmental Taws and regulations are not strictly

cenforecd,

Te facilitate the environmental compliance by mining centerprises, the UNDP

Project VIE/95/003 (UNDP, 1998) recently drafted the fellowing documents:

- Model Agreement between Quang Ninh People Commitiee and VINACOAL

- Special Environmental Protection Standards for the Open-Pit Coal Mining
Industry in Quang Ninh Province

- Special Rules for Assessment, Compensation and Restoration of Damage to the

Environment for the Coal Industry in Quang Ninh Province

To our knowledge, these documents from the UNDP Project were accepted by the

central goverament in general terms, and VINACOAL is reviewing the details.

2)  Environmental impact assessment

In 1997, 28 major coal mining enterprises in Quang Ninh Province submitted E1A
reports in compliance with the Enviconmental Protection Law. The reports are
being revicwed by MOSTE. This is signilicant progress from the past as cssentially

na forinal BEIA had been carricd out before. The EIA reporis cover the

cavironmental impacts and plans for mitigating measurcs including tinancial analysis.

However, because VINACOAL and mining enterpriscs do not have clear future
production plans, the analyscs of the future ¢nviranmental problems are weak. In
addition, the quality of the reposts varics from one enterprise to another. Further

coordination among mining industrics is strongly recommended. Aside from the
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EIA studics by mining caterprises, several eavironmental stidics have been carried

out by the national environmental experts.
3)  Enviconmentat fund

VINACOAL now scts aside a part of its production cost for cavironmental
purposes, such as environmental measurces and cnvironmental compensation. Fhe
level of the allocation had long been debated among MOI, VINACOAL, and MOF
since mid-1990’s. To our knowledge, it is currently set at 1%, and some enterprises
spend more than 1% of their production costs for environmental expenditurcs.
There has been no official order 1o legally-bind VINACOAL (o this environmental
fund, and it is on voluntary basis for now. According to VINACOAL olticials, the
current environmental fund amounis (o roughly 30 billion VND/ycar. Filly percent
of the fund is used by each enterprise, and the rest is pooled for high-priority
cnvironmental projects in the region. VINACOAL also contributes to the Provincial

environmental projects through this fund.

(2) Technical Aspect

Conl mining enterprises have carricd out a number of environmental projecis in the
past. Some ol the major projects are listed in Table 18.3.6. Most of the
cnvironmental measures carricd out in the past have not been well documented, and
there have been no coordinated efforts to evaluate the environmeantal elfectiveness
ol such mcasures. Because the information about the historical and cxisting
environmental measurcs is scarce, it was dillicult to analyze the overalt extent of

these cltorts. However, it is casy to speculate the following:

- Eaviropmental measures in the past have been limited, and not efiective cnough
to captrol major environmental problems such as the scdimentation problems in
rivers and 'irrigali'cm' systems, landslide in Cam Pha, soaltwater intrusion, and
siltation in Bai Tu Long bd)'.

- Most of thé cxisting measures arc oricnted toward tixing the 'immcdi_atc problcms
hy drcdging, i:nsml]ing crosion control dykes, or compensating for the inflicted

 damages.
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According to DOSTE, the eavironmental performance ol the coal enterpriscs
improved considerably alter the restructuring and consalidation of the indusirics to
VINACOAL in mid-1000°s, and most mining ¢RICFprises now have plans for
environmental projects. In addition, UNDP Project VIE/SS/003 (UNDP, 1998)
formulated “Pilot Project on Land Reclamation”, “Pilotl Project in Dust Prevention”,
and “Pilot Project on Wastewater Treatment”. These pilot projects were designed
to be financed through VINACOAL’s cnvironmental fund. UNDP project also
developed “Environmental Monitoring Plan in Quang Ninl” (UNDP, 1998), in
which a pln for cnvironmenal monitoring is  briclly outlincd. Recently,
rehabilitation of coal processing plants has attracted the attention of Japancsc
investment, which aims at recycling coal shudge for commercial (power generation)

pUrpoOsCs.

Environmental Targets for Coal Mining Industrics

To sct specific largets far cach environmental program and project, the following

requircments are proposed:

(1) Compliance with Environmental Regulations

1)  Environmental laws and regulations

As it was reviewed in Seetion 18.3.3, the coal mining operation in Quang Ninh
province is generally subject to a serics of environmental laws, regulations, and
guidclines. All coal enterpriscs should comply with these laws, regulations, and
guidelines. In addition, a number of cavironmental ngulixlic\ns and puidcelines are
currently in consideration. They include the ou!pﬁls from the UNDP VIE/95/003
Project (UNDP, 1993):

. Special Environmental Protection Standards tor the QOpen-pit Coal Mining
Industry in Quang Ninh

- Special Rules for Asscssment, Compensation and Restoration of Damage to the
Environment for the Coal Industry in Quang Ninh

- Technical Guidclines on Pollution Management on Open Cut Coal
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Once these regulations and guidelines are oflicially adopted, they also have to be

ohserved.
2)  No mining arcas proposed by QNPC
QNPC proposcd (o prohibit mining activitics in the [ollowing arcas.

Arcas of No Minlng Activitics

No, Name Reasons .
1* | Yen Tu Relics o 1 historical and religious significauee
1 Fast Doog Tricw Lake | source of irrigation water
H* North Dong Tricu lake | source of irrigation water
IV | Yenlaplake souree of irrigation water
V| Deng o bake o waler supply sonrce
vl |CaoVanlake waler supply source
VII $icn Vong Water Supply Mant | waler supply souece ]

Note: * Qut side of the 1M arca

Among these, Yen Lap Lake area, Dong Ho Lake area, Cao Van Lake arca, and
Dicn Vong Water Supply Plant arca arc in the EMP arca (sce Figure 18.3.4). It is

recommended that mining activitics in these areas be prohibited.
3)  Limitation of mining activities in environmentally sensitive area

Overburden dumping, detorestation, and other disturbances of environmentally
scnsitive areas shall be prohibited. Some cxamples of environmentally sensitive

arcas arc

- steep slopes
- S0 meters from rivers
- 500 meters from residential arca

- 200 meters from coast line
(2) Basin-Specilic Environmental Targets

1)  Non-speeitic source pollution control/vegetation coverage

To ensure sustainable development of Ha Long bay and Bai Tu Long bay arca, the
environmental conservation criteria were set in Chapter 8 of this Supporting Report.
The mining arca is vas_i,. and it is ditlicult 1o dircctly monitor cnvifonmcntal
conditions, such as Ihé pollution loads. For this reason, the targel criterion was sci

in terms of “sizc of denuded area” rather than the pollution leads ar specitic
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locations. [n some basins, rehabilitation is needed not only to control pollution, but
also to prevent landslide, and other adverse impacts. Such considerations are also

built into the targets. The table below summarizes the target sizes of denuded arcas,

‘The anticipated decreases in pollution loads are estimated in Table 18.3.5.

Targel Size of Denuded Arca in 2010

Basin Name

Present )

{(Unii: ha)

| Without Measure

. With Mcasure

6 | DiewVong K09 | 2691 S Lo

7 | Hong Gai North_ 195 L 200

8 | Hong Gai South 3 5 S

9 |MaTe 790 1,022 10
10 | Cam Pha West . 65 - . do
1t | Cam Pha Central Y L U ~ 1T .36
12 | Cam Pha Last S22 21 .53
13 [CuaOng R % T 218 140
14 | Mong Duoay 1,876 2,438 1,890
Total 5420 1,520 4,874

Note: No mining is allowed in other basins,
Neo.: Catchment arca number used in Chapter 5.

2} Revegetation

To mect the basin-specific environmental targets, the denuded arcas have to be
revegetated. In addition to the denuded area, vegetation in butfer area and arca
where existing vegetation is degraded may also have to be reinforeed. Henee, the

revegetation requirement shall be designed according to the following classification.

R Temporary Revegetation
Revegetation of

Denuded Area

||

Permancnt Revegetation

Torzl Revegetation Arca

‘Teniperary Revegetation

Reinforcement of

Existing Vegeration

Permanent Revegetation

Figure 18.3.5  Classification of Revegelation Area

In total 3,900 ha of the arca is revegetated, of which 2,736 ha is used to revegetale

the denuded area, and remaining 1,164 ha is revegetated to reintorce existing

vegcetation as shown below.
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Proposed Arca for Revegetation

. {Unit: hay

. Total Revegelation Revegetation of Reinforeement of

Mo | oo Name D Awa | Deonded Awa | Existing Vegetation

6 | Dicn Vong 1,500 EXR 526

7 | Yleng Gai North 150 133 17

8| thong Gai South - - -

9 | Ha'tu 400 232 168

10 | Can: Pha West 50 49 1

{1 | Cam Pha Central .

12 | Cam Pha Bast o (_)00 _ 582 1S

1V | CuaOng 110 18 32

14 | Moag Duong 1,000 598 302
- { Processing Plant 90 90 -

Total 3900 2,736 L6l

3)  Point-source pollution controi

IFor point sources, the compliance with the Discharge Standard, TCVN 5945-1995,

by 2010 is the target.

(3) Rchabilitation Requirement

According to an estimate by VINACOAL, the coal production in the EMP area is
expected to reach the peak in the next 5 1o 10 years, and will start to diminish alter
2010 (Table 18.3.1). Assuming that the production lasts 40 yecars fram now,
roughly 1/3 of the output will be preduced by 2010. In principle, therctore, 173 of
the cost for the mine land rchabilitation works, including the cost for
operation/maintenance works, shall be generated by 2010, and be invested on
rchabititation warks or sct aside lor luture rehabilitation works. Obviously, there is
an urgent need to develop a comprehensive rehabilitation plan, and implement it. To
meet (he basin-specitic rehabilitation targets, it is suggesiced that any minc kand
devceloped from now on has to be rehabilitated as soon as practicatly possible. For
the development of arca that cannot be rehabilitated soon, the mining industry
should rchabilitate ()lﬁcr min¢ land larger than the arca to be developed so that the

area to be rehabilitated does not increase anymore.,
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