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Abstract. In recent years, after renovation policy launched by the Vietnamese government, the 
economy o f Kien An - Do Son, Hai Phong C o a sta l zone in the Northern Vietnam has quickly 
changed with high income and fast economical grow rate. With the economical development, the 
environment in many areas has been severely damaged. In addition, the so called “global change” 
has also strengthened the natural hazards especially torpedo, storms surges, salt intrusion due to 
the sea lcvel change... increasing o f the losses caused by natural hazards in this vcry sensitive zone. 
Based on the results obtained in site recent investigation some main geologicaỉ hazards vvere 
recorded and studied in detail such as ílooding, coastline and river bank erosion. The results of 
vulnerability assessment in this study will help in proposing suitablc remediai measures for 
hazards prevention, and also will help in realizing eíĩectively the implementation o f the socio- 
economic plans for the sustainable development o f this very sensitive Coastal zone.

1. In tro d u c tio n

Kien An - Do Son region is located in the 
Southwest o f  Hai Phong city - one o f  the most 
im portant seaports o f  V ietnam , abou t 100 kin 
east o f  H anoi city. Both Kien An and Do Son 
nevvly had becom e m ain districts o f  Hai Phong 
city instead o f  small tow ns o f  the suburban 
districts (Fig. ]).
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Fig. 1. Location o f the study area.
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Do Son, Hai Phong is one o f  im portant 
doors attracting íoreign investm ent in the 
N orthern V ietnam  having m any industrial zones. 
Besides, it is also a dynam ic center for tourism, 
aquaculture... so that this rcgion has conílicts 
betvveen socio-econom ical developm ent and 
environm ental protection. Each year it faces 
\vith about 4-5 typhoons causing  great losses, 
evcn deadths for the habitants.

2. B ack g ro u n d  on n a tu ra l  &  geological 
c h a ra c te ris tic s  o f th e  s tu d y  a re a

2.1. G eogìaphical cotưỉỉtion

Locating in the N E o f  the R ed R iver Delta 
(R R D ), the study area is com prised o f  4 main 
types o f  relief: karts, rem ained low  lìill, plain 
and Coastal m angrove land vvith the area o f 
about 500 km 2.

Terrain here is very diffcrentiated  \vith the 
gradual decrease in  height in SE  direction:

- Karts terrain: m ainly distributed in  Nui 
Voi w ith the elevation vary ing  from  10 + 300m, 
the plant covcr is not rcgularly  distributed.

- R em ained low  hill terrain is scattered 
distributed in Kien A n  in the N E-SW  
orientation and com prising terrigenous 
scdim ents. T he elcvation is varying from  15 -r 
140m  In D o Son this type o f  tcrrain also 
developed in  V an Hoa, N ui Thap and Choi 
M ong jo in ted  in  rangc w ith  the N W -SE 
orientation.

-  Plain terrain is w idely  distributed in  the 
South and the Southeast parts w ith elevation 
varying from  0.8 + 1 .2m  C om position is 
mainly clayey sand, silty clay o f  alluvial origin.

2.2. C lim atic condiíion

Clim ate in  Hai Phong has tropical - hum id 
characters \vith high in íluence o f  the sea. The

clim ate is sharply divided into tw o seasons: 
sum m er and winter. Sum m cr is usually hot and 
humid, many show ers lasting from  M ay to 
October (contain ing 80-90%  o f  the annual 
rainfall). W inter is colđ lasting from N ovem ber 
to April o f  the next year. A nnual rainíall is 
1600-1800m m  High hum idity (85-86% ).

Hai Phong is located in the area o f 
frequently occurred storm s and cyclones. There 
are 45 days o f  strong w ind or storms during a 
year. Besiđes, m ild  drizzles and frogs are 
ửequently  cxrcurred.

2.3. H ydrological conditions

A ll b ig  rivers in Hai Phong are 
distributaries o f  T hai Binh river system  which 
are flow ing N W -SE w ith high m eandering and 
wide sandbars. M ain  rivers are Bach Dang, 
Cam, Lach Tray, V an Uc, Hoa, Han and Thai 
Binh. The distributaries are Tam  Bac, Da Do, 
Da Bach. In average, a t distance o f  20 km  along 
the coast there is an  river m outh flowing into 
the sea.

The river d ischargc is not cqually
distributed during the  year ro u n d  T he ílooding 
season contains 75-85%  o f  discharge volum e 
(m ainly in  June, A ugust and September) 
m eanw hile the dry  season contains only 15- 
25%  (low est discharge in  M arch containing 
only 1%). T he b ig  m ud and sand volume 
carried during flood  season makes the quick 
siltation in  the harbors and  high turbidity o f 
seaw ater in all Do Son beaches.

2.4. G eological conditions

The Q uatem ary sedim ents overlying 
uncom tortably thc N eogene deposits are
com posed mainly o f  sand and gravek ,
som etim e w ith lcnses o f  s ilt and clay. The 
sedim ents a re  th ickcr tow ards the sea, reaching 
up to 200 m  in thickness in the Coastal area. The
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upperm ost Q uatem ary sedim cnts consist o f  four 
formations; Le Chi, V inh Phuc, Hai Hiuig and 
Thai Binh.

The Le Chi íorm ation consists o f  gravel, 
fine to m edium  sand and silty clay. Vinh Phuc 
íorm ation is com posed o f  an  upw ard íining 
succession o f  gravel and clay; the Hai Hung 
íbrm ation com posed m ainly o f  sand. Finally, 
the Thai Binh form ation is com posed o f an 
upward- fining unit o f  gravel, sand and clay. So 
that the Coastal zone o f  the RRD  is considered 
as propagating Coastal system  íornied m ainly as 
a result o f  river sedim ent supply.

The H olocene rnarine teư accs are betw een
3 and 5m  above mean sea level (M SL) and the 
Coastal lovvland area located seaw ard  from  that 
teưace is predom inantly low er than 3m  (Nghi et 
al., 2000). The coastline is a drow ned coastline 
following the rise in m ean sea lcvcl o f  som c 
80m  over the last 10,000 years.

In this study, efforts are concentrated in 
geotechnical characteristics o f  two upper 
geological divisions: Hai H ung and Thai Binh 
formations.

2.5. General geotechnical characteristics

G eotechnical characteristics o f  typical soils 
in Holocene íorm ations can be described as 
follows:

1. Fill material (an Qỉ)
The thickness o f  this type o f  sedim ents is

0.5-2.0 m  com prising m ainly sand, clayey sand, 
clay m ixed \vith w aste construction materials. 
Not suite for use as fíll m aterials.

2. Alluvial-swamp sedimenís o f Late 
Holocene, Upper Thai Binh /orm ation  (tib Q 2  tb-J

These sedim ents are not w idely distributed 
along small rivers and usually subm erged vvith 
the thickness o f  around l-3nx  Com position is 
niainly clayey mud, clayey m ud containing 
organics o f  dark  grey or li-grey in color.

3. A lluvial-m arine-swarnp sedim ents o f  Late  
Holocene, Upper Thai Binh /o n n a tio n  (and) Qì tb i)

Com position is clayey mud, silty-sandy 
m ud o f  bro\vnish grey contain ing  organics. lt is 
distributed in  Lach Tray, V an Uc river mouths. 
Consistency is very  soft to  m edium  (B = 0.54- 
1.4), Bearing capacity  is varied from  0.5-0.7 
K g/cm 2. (top p art) to 1.7-1.8 Kg/crrT. (bottom  
part).

4. M ỉirine sed im en ts o f  Early-M iddle  
Holocene, Upper Thai Binh /onnation (a Q: ỉ bi)

It is distributed in naư o w  range from  Do 
Son to Van Uc, around Thai Binh rivcr mouths. 
C om position is silty sand o f  grcy color. 
Consistency is m edium  s tif f  (B =  0.65), Bearing 
capacity is 2.2 K g/cm 2.

5. Aỉluvial sediments o f  Late Holocene, 
Middle Thai Dinh/ormaíion (a Qi tb2)

This typc o f  sedim ent is w idely distributed 
along Van Uc, Thai Binh, Hoa rivers. 
C o nposition  is inainly  silty sand, silty  clay o f 
hrow n color, very soft. V oid  ratio  is about 1.02- 
1.43, high com pressibility  vvith coefficicnt o f  
coiììprcssion a =  0.078 -0.026 cm2/kg.

6. Alluvial-ìnarine sediments o f  Late Hoỉocene. 
Lower Thai B in h /o rm a tio n  (a m  Q: tb ị)

Sedim cnt com position is silty clay, silty 
sand o f  brovvnish and dark grey. It is w idely 
distributed in Thuy N guyen, An Hai, V inh Bao 
and inner Hai Phong. Thickness is around I7m

7. M arine sed itnents o f  Late H olocene, 
Louvr Thai Binh /orm ation (m Qi tbi)

Sedim ent com position  is m ainly sand, silty 
sand o f  yellovv, brovvnish yellow  and brovvnish 
grey containing shell ữagnients. Thickness is 
aroiind 2.6 n i

8. Alluvial sedivient o f  Early-Middle Holocene, 
Lower Thai B inh fiorm ation (mb Q ĩ/ : hhj)

The sedim ent is not seen on the su ríace  but 
can be obser\red in boreholes with niaxim um
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th ickness o f  2 4 m  Com position m uddy sand, 
sandy mud containing organics, low 
consistency. Bearing capacity is 0.5 kg/cm  .

9. Marine sediments o f  Early-Middle Hoỉocene, 
U pper H ai H ung fo rm a tio n  ịm  Q: ' hliỉ)

Outcrop o f  these sedim ents w ere observed 
in An Hai, N orth  o f  Thuy N guyen, in the

periphery o f  Phu Dien hill range and in 
boreholes a t depths. Thickness is varied from  1- 
16.6m (2-2 .5m  in  average). Sediment
com position is  silty sand, silty - clayey sa n d

G eotechnical characteristics o f  some 
surface H olocene typical soils are shown in 
Table 1.

Table 1. Gcolcchnical cliaractcristics o f surface soils o f Holoccnc formations in Hai Phong arca

No. Properties Sym­
bol Unit

Holocene formalions and llicừ typical soils

Silty clay
(mb Q ih h i )

Clay
(m Q Ỉ*

Claycy silt 
hhì) (am Q Ị s Itbi)

Silty clay
(amb Qi’ lb;)

1 Componcut Sand % 26.79 16.62 13.2 19.3
2 Silt % 50,. 49.65 52.2 56.3
3 Clay % 22.8 33.73 34.6 24.4
4 Wa tơ  contcnt w % 43.6 33.7 50.7 39.0
5 Unit weight Y g/cniJ 1.74 1.85 1.65 1.8
6 Dry unit weiglit Yc g/cm3 1.22 1.38 1.0 1.3
7 Specific gravily A g/cm3 2.7 2.7 2.73 2.75
8 Void ratio c 0.9 0.95 1.5 0.95
9 Porosity n % 52.3 48.8 59.0 54.6
10 D cgrecof Saturatioi) s % 93 95 95 92
11 Liquid limit WL % 34.6 40.4 44.3 35.0
12 Plastic liniit Wp % 22.1 22.0 25.0 20.0
13 Plasticity indcx Ip % 12.4 18.4 19.7 14.4
14 Liquidity indcx B 1.8 0.64 1.3 1.3
15 Cohesion c Kg/cnr 0.054 0.13 0.059 0.06
16 Intcmal ữiclion anglc <p Dcgrcc 9 9 3 8
17 Coef. o f comprcssion 2|-J cm /Kg 0.09 0.073 0.09 0.057
18 Bearing capacity Ro Kg/cm2 0.45 0.55 0.40 0.60

2.6. G eneralized so il pro file

Soil p ro ílle  w ith variation o f  index 
properties o f  the soils against deplhs a t the site 
o f  V an H uong high-grade villa are show n in 
F igure 2. It is divided in to  4 layers in a 18 m 
depth borehole:

F ill is characterized as sandy clay with 
gravel and  broken brick. The layer is ranged 
from the ground suríace to the đepth o f  2 m

S ilty  clay layer  (CL), soft to m edium  
extends from the depth 2m  to  7 .5 m  It is li-grey 
to dark  grey colour w ith  low plasticity. The

w ater content is in range betw een 34%  and 40%. 
The liquid lim it (LL) is betw een 23%  and 41%. 
In this layer, som e organic m atters are found.

C lay layer  (C H ) o f  soft to  m edium  
consistency locates from  the depth 7.5m  to 12m  
It is broNVTiish gray colour to  li-grey, grey colour 

w ith high plasticity. The w ater content is in the 
range o f  40%  to  52% , the LL  is o f  50%  to  61%.

C lay layer  (C H ) o f  m edium  s ti í ĩ  
consistency is found a t the depth about 12m and 
extend to  18m until the end o f  borehole. The 
soil is grayish brow n in colour and high plastic.



24 D .v . Luyen /  VNU Ịoumal o f Science, Earth Sciences 25 (2009) 20-31

T he vvater contend is in range o f  40%  to 50% , A ccording to  thc authors, the age o f  the clay
the LL is 55%  to  65%. H ow ever there are som e is estim ated 20 ,000  - 40 ,000  years from the
lenscs o f  fme sand  w ithin this layer. dating technique using  carbon isotope, 14c.

Fig. 2. Gcncrali/cd soil profilc and physical propcrties in Van Hương, Do Son, Hai Phong arca.

Note; laycr 1 ( Q'2m); fill,
laycr 2 (2-7.Sm): soíì to mcdium silty clay (cl), 
laycr 3 (7.5-12m): soft lo modium clay (ch),
laycr 4 (12-18m): mcdium sliíTclay (ch) soil classiíication in brackcts was madc according to Victnamcsc 

staiidards tcvn 5747:1993.

3. G eological h aza rd s

3.1. C oastal erosion

T he N ortheast coast o f  Do Son had  the 
avcrage speed  o f  erosion o f  5-14 nVyear (D inh 
V u-B ach D ang and along road No. 14. A t Bach 
D ang m outh  area, during 60 years (1936-1996) 
an am ount o f  1055 ha o f  agriculture land w ith  
vegetation covcr and 2844 ha vvithout vegctation 
cover had been lost. T he average erosion rate 
for three beaches in Do Son was varying from
0.36 - 0.45 nVyear [1], causing lost to  the 
infrastructxưe and sea dyke system  (photos 1&2). 
This hazard  could be particularly  exaggerated 
by sto rm  w ith h igh SW L rise (photos 4 & 5).

The average rate and vvidth o f  erosion are 
show n in Table 2.

Tablc 2. Avcragc ratc and vvidth o f crosion at Bach 
Dang cstuary and Do Son bcachcs

No. Arca Averagc 
crosion ralc
(m/year)

The vvidúi o f  crosion 
arca during 50 
years (ra)

1 Dinh Vu 0,8 40
2 Bcach 1- 

Do Son
0,45 22.5

3 Bcacli 2- 
Do Son

0,36 18

4 Beach 3- 
Do Son

0,40 20
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Photo 1. Sea dykc in Ward 2, Ngoe Hai Communc, 
Do Son - Hai Phong uiidcr CTosion.

The Southvvest part o f  the study area is 
h igh l) productive in  rice cu ltivation and w ith a 
high population dcnsity for a predom inantly 
rural community. The hum an activities such  as: 
shrimp and físh p o n đ  digging, sand exploitation, 
excavation vvith a largc íilling  m aterial volum e, 
m angrove three cutting... not only inĩluence 
geodynam ic processes but also all natural 
conditions. At som e places thc shrim p ponds 
w ere dig very  near to the dyke em bankment. 
This could lead to  severe dam age to  the dyke 
em bankm ent.

This erosion situation will be particularly 
vulnerable in  the event o f accelerated sea level 
rise.

Photo 2. Dong Hai fishcry port undcr thrcat of 
crosion.

3.2. Salin ity intrusion

Salinity intrusion in  the Coastal zone is 
increasing due to  fresh  w ater extraction for 
irrigation and drinking w ater and due to  the 
dam  constructions in the catchm ents. 
A ccelerated rate o f  the sea level rise also caiises 
a higher penetration o f  saline water in to  rivers 
as well as into the g round w ater systera

The inland extend  o f  salinity intrusion (1 
°/oo and 4 °/oo) in the  river system  varies from  
Bach D ang to Thai B inh rivers (Tab. 3).

Table3. Distancc o f  salinity inưusion from river 
mount (kni). (Ca V.T., 1989) [1].

River moutli Maximum Average Minimum
(tan) (1°/qo) ( 4 ° / qo)  ( 1 ° / qo)  ( 4 ° / co)_______________

Bach Dang 35-40 30 25-30 20
VanUc 28 20 18 8 1
Thai Binh 26 25 15 5 1_______

After the Hoa Binh reservoir operation, the
4 °/oo boundaries has retreated 5-10 km  from  the 
shore line. It is no ted  that for agriculture crop 
dam age occurs abovc 1 g/I (o rl u/oo) an d b ey o n d
4 g/1 rice crops arc not sustainable.

Salt intrusion is the m ain cause for soil 
degradation in D o Son area. This com poses o f  
two processes: the leaching o f  salt presented in 
the soils from  their form ation, not yet properly  
dissolved out because  lying in low land area and 
salt intrusion caused  b y  iníiltration in to  coarse 
grain sandy layer w idely distributed a t the 
depths o f  80-120 c m  and som etim es fount even 
in the sub-surface (30-50  cm)layer.

3.3. Flooding

A t present ílooding is one o f  the hazards 
causing m ost negative iníluence in V ietnam  
developm ent, especially in  areas o f  the m ost 
econom ically active such as Red River Delta 
(RRD ) and M ekong Delta. Thcy have caused 
big hum an as well as  econom ical losses.
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Photo 3. Road in Do Son city was íloodcd during 
the Storm No. 7, Scpícmbcr 2005.

In the R ed River (RR) Delta provinces the 
íloođ ing  a t present is m ost severe during storm  
surges that happen rather often (around 4-5 
tim es/ycar) in the areas o f  Coastal zones. Recent 
extrem e flood occurređ in the RRD in 1971 
(approx. 1 in a hundređ years) broke RR dyke 
system  in tree locations and killed thousands o f 
peoples and  an area o f  25000 ha w as ílooded,
2.7 mill. persons had suft'ered this severe flood 
hazard-

D uring the past 100 years, a num ber o f  26 
h istorical Aoods, predom inantly rivers Aooding 
w ere recorded in  the R R D  provinces. M ost 
severe íloods occur during occasions o f  high 
sto rm  surges w hich lift the sea w ater level and 
inh ib it the discharge o f  high ru n -o ff from  heavy 
rains dow npours in the catchm ents areas.

In addition, in m any locations in the RRD 
the dykes are w eaker and low er in the relation 
w ith  th e ừ  exceeding w atcr levels. In the Coastal 
zonc in orđer to prevent ílood ing  from  the sea 
due to  sea  dyke íailure, a second line o f  sea 
dyke is constricted  behind the seaw ard dyke. 
M anaged retreat strategies are applied for the 
m ost critical parts o f  the RRD coast. The 
estim ation o f  the total annual budget for 
m aintenance o f  sea and estuary dykes in the 
w hole country  is USD 1.54 millions.

3.4. Storm  surges

From  1954 up to 1991 abou t 250 storrn 
surges and cyclones landed or dứectly  a íĩected  
to  V ietnam  (Figs. 3). One fifth  o f  these has 
arrived to  the study  area. A lm ost o f  the storm s 
occurred during sum m er season (July- 
N ovem ber) (Fig. 4).

Ơ > ờ > ữ > ỡ > ơ ) c r > ơ > ơ ) ơ ì ơ > ơ > ơ ) ơ >

Fig. 3. Numbcr o f stomis to victnam coast pcr ycar 
(1954-1991).

.Vumher oí siorms

Fig. 4. Nunibcr o f  storms vs. months in tìie ycars.

D uring storm  surges the sea  w ater level 
(SW L) raised m orc than lm , am ong them  30%  
o f  storm s raised  the SW L more than 1,5 m  and 
11% o f  them  ra ised  the SW L m ore than  2,5 m. 
The area o f  40 k m  in w idth from  the seacoast 
could be severely  a ffec ted  These kinds o f 
storm s also caused Aooding and  destruction to 
sea dyke system and  inírastructure (Photos 3 to 6).
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3.5. Sea level ríse (SLR)

The increased green house effect is making 
the earth is w arm er, with m elting ice in two 
poles in addition o f  this the over-exploitation o f  
underground w ater in urban areas m ake rising 
sea levels.

According to  scenario 1 (A SL R T 1) o f 
V ietnam  C oastal Zone Vulnerability 
A ssessm ent (C V C ZV A , 1996) w ith lm  sea 
level rise and no additional protection measures 
about 40.000 km : o f  Coastal zonc o f  V ietnam  
will be subject to  annual ílooding [11]. About 
10% o f lands in the Kien An -  Do Son, Hai 
Phong Coastal zone could be partially  or almost 
com pletely affected.

Photo 4. Sea dykc Do Son ỉ during tíic storm No. 7, 
Scptcnibcr 2005.

Photo 5. Tourism facilitics and houses undơ  Uireat 
during Uic stomi No. 7, Scptcmbcr 2005.

Photo 6. The dcsưoycd inírastructurc by Storm No.
7, Scptcnibcr 2005.

A ccording to  the  research o f  scientists 
announced reccntly  in the \Vorkshop on 
“ Climate change issues and m anagem ent o f  
tourism  developm cnt o f  urban  Coastal areas” 
organized in Do Son from  4-6 January 2008, 
speed o f  clim ate change in our country 
increasing. In 40 ycars, average tem perature in 
V ictnam  has increased 0.6° c in 20 years and 
sea level has to rise in 6cm  more; storrns m ore 
pow erful and  strength, rain bccom es stronger 
vvith m ore water, the cyclc o f  drought and heat 
longer than in the last dccades.

Forecast to  the y ear 2070, tem peratures in 
the N orth will increase 2-4°C, in the South w ill 
increase 2-3°C. By the year 2050 the sea level 
\vill rise  33cm  m ore and in 2070 will increase 
m ore than 5 0 cm  This is a grcat risk  for the 
Coastal provinces o f  V ietnam

Hovvever, SLR is not thc sudden change but 
a gradual process lasting over time and  space. 
Therefore the approach should  be gradual and 
in  asym ptote o f  ccological environm ent, 
adapting to cope w ith  the changcs o f  natiưe. 
Engineering and  non-engineering solutions to 
the changes m ust be built flexibility in 
accordance with the  gradual increase o f  the 
rising in sea w ater level. It is necessary for 
basic research o f  hydraulic, physical, 
environm ental conditions, cliniate, prom oting
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the research and  developm ent o f  sloping land... 
to  reduce the negative im pact i f  any.

One o f the projects in the strengthening, 
protection and upgrading o f  the sea dyke 
systems available from  Q uang N inh to  Q uang 
N am  is "Strengthening, protecting and 
upgrading the Sea Dyke L ine No. II in Kien 
Thuy and Do Son districts, Hai Phong w ith  total 
investment over 104 billion VND, invested by 
the D epartm ent o f  A griculture and Rural 
Development. The prọịect w as im plem ented 
with the goal o f  strengthening and upgrade 
m ore than lOkm in  the sea đyke line No. II to 
prevent salt intrusion, high tides and ensure ring 
the dyke will be safe at the designed level. This 
project is under progress during 2008-2010.

3.6. Earthquake disaster

The study area is situatcd  in  Red river deep 
fault zone sừetch ing  along R ed River from  
V ietnam -China border to the East Sea with total 
length o f m ore than 6 0 0 k m  A ccording to 
geophysical studies, the Red river zone is still 
activated in the period o f  Q uaternary- present 
with the right sliding m ovcm ent o f  4 .5 -5m  in 
velocity and the N E  part o f  RRD  in still 
subsiding o f  average rate 2 .m m / year th a t’s vvhy 
Red River tectonic zone has the average stress- 
released equivalent w ith  o f  m agnitude 
earthquake M s= 4.5.

A lthough the study area is situated  far from 
the most seism ic activated region (Son La, Lai 
Chau) with M s = 6-8 b u t it is situated in  a large 
basin íĩlled w ith w eak zone deposit (sand, silt, 
clay). U nder this special condition earthquake 
can occur a t distance o f  500-600km  from  the 
source (epicenter region).

Then m uch o f  the destruction can be 
occurred due to signiíicant am pliíĩcation o f 
earthquake g round motioiis by this thick soft 
soil deposits. The subsoil o f  Thai Binh 
íòrm ation \vith varying com position from  silty

sand to  sandy-clayey silt a lso  easily  to get into 
liquidĩíĩed condition under ea rthquakcs 
vibrations.

The m ost effective m easure to  mitigate 
seism ic risk  in the urban area to  be taken into 
account is introducing the su itab le  design 
requirem ents fo r new, especially  econom ically 
im portant construction such as high rise 
buildings, ports  and sca d y k e ... It is needed to 
adopt in V ietnam  the se ism ic  design 
requirem ents (codes and standards) as most 
quickly as possible.

4. V U ln erab ility  a ssessm en t o f  th e  Kien A n - 
Do Son, H ai P h o n g  Coastal zone

For evaluating the vulnerable level of socio- 
natural system  o f  Coastal zonc, a series o f 
investigations and calculations in  the site have 
been established in a g rid  w ith a rea  of 1 km2 
and 4km 2 equivalent to  1: 50 .000 and 1:
100.000 topographic m aps covering  different 
regions w ith  different characteristics o f 
gcological form ation, topography, hydro- 
geology, and  hum an activ ities, ...

The in íbrm ation from  field  study combining 
w ith co llected  data  can b e  gathered  in groups 
such as: T ype or category, history o f
appearance, intensity, scale, signs and  impact o f 
the hazard  w ith vulnerable socio- natural 
character. H azard  prevention activities that have 
been and are  applied  study the current State and 
predict the potential o f  loss caused by the 
hum an activ ity  in  the area (irrigation, 
transportation, sea, and  m ining, tourism  
activities...) [10].

The determ ination o f  risk caused by hazard 
to  m arine an d  Coastal regions can be carried out 
w ith follow ing steps:

+ D eíìne the hazard  types and calculate 
grade o f  risk  level caused by  each hazard basing
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on different criteria such as type, intensity, 
írequency o f  its occurrence by the following 
equation:

G = (F+A ) X M 

while: G  =  Total score,

F =  Frequency,

A  =  Impacted area, and 

M =  Potential dam agc magnitude.

The result calculated are show n in table 4. 
The relative priority o f  the principal hazards is 
as follow sequent: Coastal erosion, salt intrusion, 
storm  siưge ílood, earthquake and sea level 
change...

Table4. Calculation o f the rclativc priority o f thc 
principal hazards[10]

Typeof Frcqucncy Impactcd Magnitude Total 
ha/ards + arca X = score
Coastal 5 4 4 36
crosion
Salinity 3 5 4 32
intrusion
Storm 3 4 4 28
surge
Flood 4 4 3 24
Earthquakc 1 5 3 18
Sca level 2 4 2 12
change

+  Recognize the hazard  type and  calculate 
total point o f  risk level for each square:

D I ,=  SH, /  SHib 

while: D I ,: dangerous level for each square, 

SH,: total po in ts o f  the i square , and 

SH,b: average dangeroiis density  for the 
whole region.

Then the next step is filling in the result in 
this square. Zoning o f  risk lcvel for the Coastal 
zone can b e  made o n  the niap basing on the 
total point o f  each square together \vith som e 
other criteria establishcd from  site investigation 
for the Coastal zone.

Basing on the points o f  single and 
integrated potential hazards, the zoning o f  risk 
caused by hazards along the Kien An - Do Son 
Coastal zone can be divided into 4 zones 
acco rd in g D I, value:

DI, <  1 - Low risk potential

1 < DI, <  2 - lnterm ediate risk  potential

1.7 <  DI, <  3.4 - High risk potential

DI, >  3.4 - Very high risk  potential

4. Ị . Zoning  o f  p o ten tia l hazards

Zone o f  very  high risk potential hazards is 
containing at least 4-6 types o f  disasters 
(erosion, salin ity  intrusion, storms, ílood and 
the effect o f  sea  levcl rise (SLR))... with DI 
value >  3.4 is not presented in the study area.

The high risk hazard potential zone 
distributed w idely in the study area including 
lovvland areas situated both  side o f  Ngoe 
Xuyen and Y en Son liill range and stretching to 
Kien A n , w here the rocks m ainly are com posed 
o f siltstones sandstone belong to  the 
interm ediate risk  potential zone.

Zone o f  low  risk  hazard potential is 
presented in X uan Son & N ui Voi hills, where 
K ien An Form ation containing the sandstone o f 
quartzite types or lim estones is mainly 
distributed.

4.2. Z on ing  o f  density o f  vulnerable socio- 
natural obịects

Bascd on C u tte r 's  criteria (1996, 2000) and 
N OA A  (1999) w ith the analysis results o f  the 
social object in  the study area, 10 obịects socio- 
natural vulnerable can be determ ined 
concluding: 1- tourist sites, 2- port, 3- boat 
parking area, 4 - petrol station, 5- salt íĩeld, 6- 
agricultural pond, 7-am ount o f  boats and ships 
(in port, Coastal and oíĩshore), 9- national
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reserve park  and 10) h isto rical & cu ltu ra l place 
o f  interests...

For the zoning o f  vu lnerab le  socio-natural 
objects the follow ing w orks need  to  b e  done:

+  The socio  - natu ra l objects that are 
vulnerable should  b e  recogn ized  and classified 
into diíTerent vu lnerab ility  level in a certain 
area. These vu lnerab le  objects a re  closely 
related with im pact and partic ipa tion  o f  the 
hum an such as  tou r p laces, po rts , aquaculture 
ponds, factories...

+  Counting poin ts for vu lnerab le socio- 
natural object in each square com bin ing  with 
expert’s know ledgc on thc  s tudy  arca.

Average density  o f  vu lnerab le  socio-natural 
objects (SODlb) can b e  calcu la ted  fo r the vvhole 
area with formula:

SOD Ib =  X  SO D i /  N  (i = 1,2.,3 n) 

while: SOD, - po in t o f  vu lnerab le  objects 
belonging to the square;

n-the num ber o f  square in the topographical 
map o f  the study area.

Basing on the density  o f  vu lnerab lc  objects 
SODi (max) and  SO D i (averagc) could  be 
identiíĩcd and then  the vu lnerab ility  o f  social 
objects was c lassiíied  in  4 classes according to 
vulnerable social factors (V SF):

low density o f  V SF: < 2 .5

rather high density  o f  V SF: 2 .5  - 4 .0

high density o f  V SF: 4 ..0  - 6 .0

very high density  o f  V SF .: >  6.0

Zoning and  evaluation  o f  vu lnerab le  level 
for the socio-natural sy stem  can  be conducted 
basing on the overly ing  com bination  and 
analysis o f  the above tw o  com ponen t maps.

The results o f  V A  analyses show  that in the 
Kien A n - D o  Son Coastal zone there  are  3 sub- 
zones o f  different vu lnerab le  degree  (V D ) such 
as: sub-zone o f  h igh  V D , sub-zone o f  
interm ediate VD and  sub -zone  o f  low  VD.

T he m ost h ighly  vu lnerab le  degree o f VA 
sub-zone is bo rdered  N goe X uyen, Yen Son 
com m unes w hich includes areas behind the sea 
dyke D o  Son I in  the N orthw est and  Bang La 
dyke in  the Southvvest o f  Do S on  peninsular 
stretch ing  from  Lach Tray m outh  to Van Uc 
m outh  w ith  about 10-15 km  wide.

The next sub-zone o f  interm ediate 
vulnerable areas locked by 1“ highly  VA sub- 
zone to  K ien A n  town. T he  last sub-zone with 
low  degree o f  V A  is X uan Son & N ui Voi hills, 
m ostly  low  hill areas w ith ra ther durable 
sandstone o f  quartzite  type  or lim estone o f 
K ien A n form ation..

5. D iscussions a n d  reco m m en d a tio n s

1. T he  H olocene soils in  Kien An-Do Son 
area is com prising  4 íorm ations as Hanoi, Vinh 
Phuc, H ai H ung and  Thai B inh w ith  m axim um  
thickness o f  2 5 -3 0 m  T w o upper layers are 
deposits o f  sw am p, shallow  m arinc or alluvial 
origins w ith  m ainly clay, silty clay or silty 
/c laycy  san d  o f  grey or grayish  brcnvn o f 
m ed ium  to  h igh  consistency w ith  fine grain 
com ponents vary ing  from  73-87% .

2. T he resu lt o f  the investigation  and the 
analysis show  th a t the s tudy  region is mainly 
in íluenced  b y  6 types o f  geological hazards 
nam ely: 1- Coastal erosion, 2- salt intrusion 3- 
s to rm  su rg e  & torpedo, 4- ílood, 5- earthquake 
and 6 - sea  level rise ... \vhich are  ranged in 
decreasing  p rio rity  order.

3. U pgrad ing  sea  dyke and river dyke 
system s b y  raising  them  in  50 cm  m ore in 
heigh t tow ards 2020 to cope w ith  rising sea 
levels is an  rem edial bu t no t effective solution. 
It is needed  to  note that upgrading 1 km o f  sea 
dyke costs abou t 10 billions VND, while 
construction  o f  one km  new ly  built sea dyke 
costs 10 tim e m ore - about 100 billion VND.
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The coast in the study area has the 
advantage in good adaptation for the íorm ation 
and developm ent o f  m angrove forests. It \vas 
recognized that, during the S to n n  N o. 7 in 2005 
landing to  RRD  with level o f  12 all sea dykes 
vvith m angrove íorests protected  are  not broken, 
m eanw hile solid ified  concrete dyke in H ai Hau 
facing direct w ave is co m p le tđ y  d es tro y ed

A ccording Phan N guyen H ong, a  researcher 
from  Hanoi Teachers T rain ing  C ollege, the 
w ave energy caused by sto rm  No. 7 going 
through m angrove areas in B ang La, D o Son 
(H ai Phong) đecreased from  85 to  87%  and  that 
though Cork íorest at V inh Q uang (H ai Phong) 
has reduced from  77 to 83%.

A strategy for the dcvclopm cnt o f  forest and 
inangrovc íorests in Coastal areas is a wise, 

im portant and sustainable one to  m inim ize the 
effects o f  SLR.

4. Zoning o f  risk causcd by  hazarđs is rather 
coưespondent w ith the zon ing  o f  social 
vulnerability íactors. T he use o f  V A  as a íĩrst 
step tovvards Integrated C oasta l Z one 
M anagem ent (IC ZM ) is ncccssary, valuab lc  and 
im portant part in the build ing  o f  S trategy  and 
A ction Plan for sustainable developm ent in  this 
sensitíve Coastal zone.
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