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1. Introduction

T he M ah ak am  R iver is one of th e  lo ngest r iv e rs  in  th e  trop ical m o n so o n  a rea s o f Indonesia . T he r iv e r is located  in 
th e  E ast K a lim an tan  p ro v in ce  of B orneo a n d  is o v e r 900 k m  in  leng th . T he ca tch m en t area  of th e  r iv e r is ab o u t 
75,000 km 2. T he m id d le  p a r t  o f the  r iv e r is ex trem ely  flat. In  th is  area , fo u r larg e  tr ib u ta rie s  (R iver K ed an g  Pahu , 
R iver B elayan, K elang K epala, an d  K ed an g  R antau) g rea tly  co n trib u te  to  th e  r iv e r flow  a n d  several sha llow - 
w a te r  lakes (e.g. Lake Jem pang , Lake M eling tang , L ake S em arang , etc) a re  co nnected  to  th e  r iv e r th ro u g h  a 
system  o f sm all channels . T hese lakes act as a  bu ffer o f  th e  M ah ak am  R iver a n d  re g u la te  th e  d isch arg e  in  the 
lo w e r r iv e r p a r t in flo o d  s itu a tio n s th ro u g h  th e  d a m p in g  of th e  flood su rg e s  (S torm s et a i ,  2005). D o w n stream  of 
th e  riv er, th e  M ah ak am  D elta  is ch arac te rized  by  a larg e  n u m b e r of active  b ifu rca tin g  d is tr ib u ta rie s  a n d  tida l 
b ranches. The de lta  is ap p ro x im ate ly  50 k m  in  len g th , as m ea su re d  from  the D elta  A pex to the d e lta  front. T he 
w id th  of th e  b ran ch es a n d  ch an n e ls  in  th is  re g io n  ran g es  from  10 m  to  3 k m  a n d  all chan n e ls  h av e  variab le  
d e p th s  in  a  ran g e  b e tw een  5 to 15 m . T he M ah ak am  D elta  d isch arg es in to  th e  M ak assa r S trait, w h o se  w id th  
v a rie s  b e tw een  200 a n d  300 km , w ith  a len g th  of a b o u t 600 km .
T he M ah ak am  D elta  p lay s  a n  im p o rta n t ro le  as a  v a lu ab le  n a tu ra l re source  fo r th e  h u m a n  activ ities i.e. fish ing  
in d u stry , tran sp o rta tio n , a n d  recreatio n  (H adi et al., 2006). T he su sp en d e d  sed im en t in  the de lta  affects th e  
m o rp h o lo g y , a n d  th u s  th e  n a v ig a tio n  as w ell a s  flo o d  m itig a tio n  in fras tru c tu re . In  ad d itio n , it  a lso  in fluences th e  
ecosystem  in  th e  d e lta  by  c h an g in g  th e  h a b ita t fo r b en th ic  o rg an ism , tran sp o rtin g  ad so rb ed  toxic su b stan ces , an d  
lim itin g  lig h t availab ility  (H adi et al., 2006). Several en v iro n m en ta l p ro b lem s h av e  a risen  in  th e  d e lta  th a t is 
re la ted  to  th e  d e g rad a tio n  o f w a te r  q u a lity  a n d  in creased  coasta l e ro sio n  (C h a in eau  et al., 2010). To b e tte r 
u n d e rs ta n d  th e  d is tr ib u tio n  o f su sp en d e d  sed im en t co n cen tra tio n  (SSC) a n d  th u s  to h e lp  in  th e  m an ag em en t of 
liv in g  d e lta ic  sou rces, th e  fin ite-elem ent m o d el SLIM (S eco nd-generation  L o u v ain -la-N euve  Ice-ocean M odel, 
w w w .c lim a te .b e /s lim ) w as u sed  to  re p ro d u c e  th e  flow  d y n am ics a n d  sed im en t t ra n sp o rt in  the co m ple te  delta- 
r iv e r sy s tem  th a t co nsists of th e  river, its larg e  tr ib u ta rie s , th e  d e lta , an d  th e  ad jacen t coasta l ocean.

2. Numerical method

In th e  d o m ain  of in te res t, SLIM so lves the sh a llo w -w ate r e q u a tio n  a n d  a se d im e n t tran sp o rt eq u atio n . T he 
v a ria tio n  of w a te r  d e n sity  d u e  to  th e  su sp e n d e d  sed im en t is tak en  in to  acco u n t in  th e  sh a llo w -w ate r eq u ations. A 
sec o n d -o rd e r d iag o n a lly  im p licit R u n ge-K utta  tim e s te p p in g  a n d  th e  d isc o n tin u o u s  G a lerk in  fin ite  e lem en t 
m eth o d  w ith  linear sh ap e  fu n c tio n s a re  u sed  to  d isc re tise  th e  tem p o ra l a n d  spa tia l o p e ra to rs , respec tive ly . T he 
w e ttin g -d ry in g  a lg o rith m  d esig n ed  by  K ärnä et al (2011), w h ich  sa tisfies n o t on ly  th e  co n tin u ity  an d  m o m en tu m  
co n serv a tio n s b u t a lso  th e  full m ass co n se rv a tio n , w as u sed  in  th e  m odel. M ore in fo rm a tio n  a b o u t SLIM can  be 
fo u n d  in  th e  K ärnä et al (2011) a n d  re la ted  re ferences therein .
A  tw o -d im en sio n a l u n s tru c tu re d  m esh  ex h ib itin g  a  h ig h ly  v a riab le  reso lu tio n  cov ers  th e  M ak assa r S tra it as w ell 
a s  th e  v a rio u s  b ran ch es  of th e  M ah ak am  D elta. T he M ah ak am  R iver itself a n d  m ajo r trib u ta rie s  a re  rep re sen ted  
b y  one-d im en sio n a l e lem en ts. The m ea su re d  b a th y m e try  w a s  u se d  in  the c o m p u ta tio n a l d o m a in  excep t fo r the 
co n tin en ta l she lf a n d  M ak assa r S trait, w h e re  th e  GEBCO (w w w .g eb co .n e t) d a tab ase  w a s  u tilized . T he tid es from  
th e  g lobal ocean  tid a l m o d e l TPX 07.1 ( h t tp : / /  v o lk o v .o c e .o rs t.e d u /tides) a re  im p o sed  a t th e  en tran ce  an d  a t the 
exit of th e  M ak assa r S tra it th ro u g h  e lev a tio n  a n d  velocity  h a rm o n ics a s  d o w n s tre a m  o p e n  sea  co n d itio n s. A 
recen t da ily  r iv e r flow  tim e series (from  D ecem ber 2008 to M ay 2009) is u sed  for th e  u p s tre a m  cond ition . The 
to ta l r iv e r flow  v aries in  a ran g e  b e tw een  3400 to 7050 m 3s4 in  th is  pe rio d . M odel p a ram e te rs  su ch  a s  the 
M an n in g  coefficient, th e  h o rizo n ta l k inem atic  e d d y  v iscosity , a n d  d iffusiv ity  coefficient a re  g iv en  the sam e 
v a lu e s  as th o se  of P ham V an  et al. (2012). A v a lu e  o f SSC of 0.364 kg  n r 3 is im p o sed  a t th e  u p stre am  b o u n d a ry  to 
in v es tig a te  th e  d is tr ib u tio n  of su sp e n d e d  se d im e n t in  th e  d e lta  a n d  th e  effects of d en sity  v a ria tio n  o n  th e  flow . 
T he in itial SSC value  is 0.005 kg n r 3.
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3. Results and discussions
F ig .l sh o w s th e  SSC in  th e  w h o le  c o m p u ta tio n a l d o m ain  a t  th e  tida l av erag ed  co n d itio n  in  th e  n e a p  tid e  a ro u n d  
17 A p ril 2009. The SSC decreases sign ifican tly  fro m  th e  m o u th  o f th e  M ah ak am  R iver (D elta A pex) to  th e  de lta  
fron t, especially  in  the tid a l chan n e ls  in  th e  d e lta . Fig.2 d ep ic ts  th e  d e p th -a v e ra g ed  SSC fro m  D ecem ber 2008 to 
M ay 2009 a t sev era l loca tions in  th e  M ah ak am  R iver a n d  in th e  delta . It is c learly  obse rv ed  th a t th e  v a ria tio n  of 
SSC a t th ese  loca tio n s is in flu en ced  by  th e  tid a l co n d itio n s. The SSC d u rin g  a  n eap  tid e  is h ig h er th a n  in  a  sp rin g  
tid e  (e.g. a t TC3 location). In  ad d itio n , th e  SSC in  the  d e lta  a lso  ch an g es d u rin g  th e  n e ap -sp rin g  tida l cycle. For 
exam ple , th e  SSC v a rie s  from  0.065 to  0.095 k g  nv 3 a t  th e  TC3 location  w h ile  it  ch an g es a ro u n d  0.09 kg  n r 3 a t 
S am arin d a  a n d  D elta  A pex. T hese  re su lts  a re  sim ila r to  th e  v a lu es th a t m en tio n ed  in  D u trieu x  (1991). The 
sed im e n t co n cen tra tio n  in  th e  ch an n e ls  in flu en ced  by tid e s  is low  (0.02-0.03 k g  nv3) w h ile  it is h ig h  (0.08 kg  n r 3) 
an d  can  reach  u p  to  0.16 kg  n r 3 in  th e  ch an n e ls  in flu en ced  by  th e  river.
T he s im u la tio n  re su lts  sh o w  th a t th e  w a te r  d e p th  increases tin y  (less th an  5 m m ) in  th e  M ah ak am  R iver w h e n  the 
spa tia l v a ria tio n  of w a te r  d e n sity  d u e  to  th e  SSC is tak e n  in to  acco u n t in  th e  sh a llo w -w ate r  eq u atio n s. T he 
d ifference  of w a te r  d e p th  in  th e  case  w ith  a n d  w ith o u t co n sid e rin g  th e  w a te r  d en sity  v a ria tio n  is a b o u t 1 cm  in
the delta . T hese  re su lts  su g g e st th a t th e  effects o f w a te r  d en sity  v a ria tio n  can b e  neg lected  in  th e  M ah ak am  Delta.
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Figure 1, The distribution of suspended sediment in the whole computational domain (left panel) and in the Mahakam Delta (right panel) at
tidal averaged condition for the neap tide around 17 April 2009
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Figure 2. The depth-averaged SSC from December 2008 to May 2009 at several given locations in the River and the Delta 
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