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A. Technical , h a l v s i s  

1. General Road Condi:ions 

Except f o r  t he  paved road extending nor th  186 km from Kadugli t o  
h b i e b a t  v i a  Di l l ing ,  the re  a r e  present ly  no paved roads i n  the  Kordofan 
R e g i o ~ .  Two add i t i ona l  roads,  however, a r e  scheduled f o r  improvement 
t o  a paved road stafidard. (See Figure A-1). The 98 km road l ink ing  
E l  Obeid t o  Dubiebat w a s  improved through Dutch f inance  from a t r a ck  t o  
an engineered gravel  surfaced road between 1981 t o  1983. The rapid  
de t e r i o r a t i on  of t he  gravel  surfac ing a f t e r  completion of sec t ions  of 
=he road convinced t he  Dutch and GOS t h a t  adding an a s p h a l t i c  surface  
=as des l rab le .  Asphalt surfac ing o f b t h e  road w i l l  commence i n  1985. 
The 301 kx crack l ink ing  Kost i  t o  E l  Obeid v i a  Um Ruwaba and Rahad is 
scheduled f o r  improvement t o  an engineered a s p h a l t i c  surfaced road 
with f inancing by USAID and ADB. 

The remaining road system cons i s t s  e n t i r e l y  of t r acks .  I n  general ,  
t h e  t r a cks  developed f i r s t  by pedes t r ian  and animal t r a f f i c ,  follow2d 
by an ina l  drawn and then motorized vehic les .  The t r a cks  run on na tu r a l  
ground and except f o r  rare and i s o l a t e d  p laces ,  no improvenents o r  
maiatenance e x i s t .  When a t r a ck  d e t e r i o r a t e s ,  t ruck  o r  farm r r ac ro r  
opera tors  abandon t h a t  t r a ck  and c r e a t e  a new one. It is  common f o r  
s eve ra l  p a r a l l e l  t r a cks  t o  e x i s t  with veh ic le  opera tors  maneuvering f r o o  
one t r a ck  t o  another ,  scmetimes even encroaching i n t o  adjacent  fzm crops. 
I n  Sorthern Kordofan t he  t r a cks  a r e  sandy and d i f f i c u l t  t o  t r ave r s e  
because 02 the  l a ck  of s o i l  cohesion, while i n  t he  south,  black cotzon 
s o i l s  make the  t r a ck  impassable during the  w e t  season. An add i t iona l  
impediment a r e  water courses which, during the  ra iny  season, a r e  ir: 
general  a l s o  impassable. This condit ion occurs more i n  the s su th  than 
the  north.  

Descript ion of P ro jec t  Roads 

a Kadugli-Talodi Road 

A f e a s i b i l i t y  and de t a i l ed  engineering study f o r  Kadugli-Talodi Road 
w z s  completed i n  1979 by Carl  Bro. I n t e rna t i ona l  a/s, Consulting Engineers. 
The proposed alignment is  91.6 km long and e s s e n t i a l l y  follows one of 
i h e  existing t r acks  l ink ing  the  two towns. Adjacent t o  the  se lec ted  
crack is  a te legraph l i n e  which was taken i c K 0  account by the  Consultant 
i n  e s t ab l i sh ing  the  proposed road alignment t o  reduce service a l t e r a t i o n s  
t o  a ~fcimurn. 

S o i l s  i nves t i ga t i ons  made as p a r t  of t h e  study indica ted  t h a t  
approxinately 20 percent  of the  s o i l s  a r e  black cot ton ,  60 percent  s i l t y  
t o  sandy c lay ,  10 percent  s i l t y  f i n e  sand and the  remaining 10 percent  
gravel ly  s i l t y  sand. Because of the  ex ten t  of black cot ton  and clay 
s o i l s  and t e n  w e l l  defined narrow watercourses ( the re  are no e x i s t i n g  
a r a i ~ a g e  s t r u c t u r e s ) ,  during the raiay season t he  road is inpassable  
Co vehicles. 3p0n drying rhe  black cotton s o i l  becomes extremely hard, 
inaking t r a v e l  d i f f i c u l t  because of t he  hardened r u t s .  



Along t h e  road six sources of n a t u r a l  g rave l  a e p o s i t s  could provide 
an est imated ha l f  a  m i l l i on  cubic meters of p i t - run g rave l  with an 
average hau l  d i s t ance  of about 15 kms. Except f o r  t h e  b lack co t ton  
s o i l s  t he  e x i s t i n g  s o i l s  are s u i t a b l e  f o r  cons t ruc t ing  t he  formation and 
can be obtained from the  immediate vicinity of t he  road. Haterial from 
these  s ec t i o ns  could be used a s  a f i l l  source f a r  t h e  areas of black 
co t ton  s o i l s .  

I l l u s t r a t i v e  of t he  s tudy 's  completed designs a r e  sixty-nine box 
cu lve r t s ,  f i v e  bridges,  and pipe cu lve r t s  spaced a t  average dens i ty  of 
about one per  km. Proposed pipe cu lve r t s  were 600 m and 1000 m diameter 
concrete pipes. Box cu lve r t s  w e r e  of t h e  s i z e  shown i n  t he  following - 
t ab le .  

NUMBER OF BOX CULVERTS 
Number of openings 

Size of Opening - 1 - 2 - 3 - 4 - 5 6 - 
(meters) 

TOTALS 

Sorconsult  se lec ted  a standard 12 rceter briuge span with br idge  lengths  
and spans a s  follows: 

Approximace 
i o c a t  ion  Bridge Length 

(km) Number of Spans (meters) 

16.1 
- 

5 6 0 

16.4 3 5 6  
+ 

22.8 4 48 

26.9 4 48 

41.5 Ir 48 

The s tudy 's  proposed t yp i ca l  sec t ion  7rovided f o r  a 7.0 .ra w i a e  
carriageway, 1.5 m wide shoulders ,  a double s e a l  bitunir.ous s u r f a ~ ~ g ,  
150 m t h i ck  crushed scone base and 100 t o  150 inm n a t u r a l  grzvel  subbase 
with the th ickness  of rgbbase de temined  Sy t h e  subgrade C3R. 

- - 
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Sarconsult  prepared and submitted t o  t he  Sudanese Government t h e i r  
c o s t  es t imate  a s  a conf iden t i a l  r epo r t  under separa te  cover from t h e i r  
f i n a l  r epor t .  The st es t imate  could not  be located .  Using the  
average cos t  per  km('!f Sudanese Pounds (LS) 318,438, from the  econosic 
app ra i s a l  of the  KostJ - E l  Obeid Road which has a s h i l a r  t y p i c a l  s ec t i on ,  
t he  cos t  of the  road would be about LS 29 mi l l i on  (1983 cos t  da ta )  i f  
constructed t o  the  s tudy 's  design seandzrds. 

b. Talodi  - Kologi Road 

The t e r r a i n  between Talodi  and Kologi is predominantly f l a t  with a 
few rocky h i l l s  r i s i n g  approximately 100 - 300 meters above t he  plains. 
The p l a i n  rises gradually i n  e leva t ion  from about 430 meters a t  Taiodi  
t o  600 meters a t  Kologi. The t r a ck  p resen t ly  used is 87 kn i n  length. 
The improvement length  given i n  Sudan Feeder Roads ster Plan, ?lay 1980, 
Par t  C, 1701. 2, Preliminary Evaluation of P ro jec t  ('isPOkm. The 
di f fe rence  of 7 km probably resu l t ed  from new t r acks  being established 
during t he  ra iny  season by farm t r a c t o r  opera tors  who es tab l i shed  a new 
alignment when t he  t r a cks  became too deep o r  t o  avoid a p a r t i c u l a r l y  
bad a r ea  i n  t he  black co t ton  s o i l s .  

The observed s o i l s  were est imated t o  be about 45 percent  black cot ton ,  
20 percent  sandy c lay ,  and 35 percent  sandy t i2  rocky s o i l s .  The Norconsult 
Report gstimated t he  subgrade s o i l s  t o  be 88 percenr b lack co t ton  and 
12 percent  laterite, Far es t imat ing t h e  magnitude of road works, the 
su r face  s o i l s  have been assumed t o  be 90 percent  b l s sk  cot ton ,  20 percent  
sandy c lay  and 10 percent  sandy t o  rocky s o i l s .  

Ten w e l l  defined water courses were observed. Of  these  only two, 
Khor Tosi  and Khor Tuffa, warrant u l t ima te  const ruct ion  of a bridge 
s t r uc tu r e .  The remainder w i l l  r equ i re  cu lver t s .  

Evidence of n a t u r a l  gravel  depos i t s  were observed i n  t he  genera l  
area.  The Norconsult Report est imated 12 percent  of t h e  surface s o i l s  
w e r e  l a t e r i t e  and t h a t  t h e  average hau l  d i s t ance  of p i t - tun  subbase 
mz te r i a l  was about 15 kms. 

c. Kologi - Abu Gubeiha Road 

The t e r r a i n  adjacent  t o  t he  road between Kologi and Abu GubeZ~a is 
genera l ly  f r a t  with a few rocky h i l l s  extending 100 t o  30Q meters above 
t he  p la in .  The e l eva t i on  ~f the  p l a i n  rises gradually from apprsxinate ly  
600 meters a t  Kologi t o  around 700 meters at Abu Gubeiha, 

For approximately t he  f i r s t  25 km from Koiogl t h e  t r a c k  appears t o  
be r e l a t i v e l y  new, compared t o  the  l a s t  6i km which bears evidence of 
being i n  use  f o r  a long period of time, The newer alignment probably 
developed during the ra iny  seasons by farm t r a c t o r  opera to r s  i n  a manner 
similar t o  t h e  Talodi  - Kolsgi Road. 

(1) Prepared f o r  USAID by Louis Berger I n t e rna t i ona l  Inc., Hovenber 83. 

(2) Prepared by Norconsult a/s, Consulting Engineers, Arch i t ec t s  & Economists, 
'IT------ J 



The sur face  s o i l s  were est imated by Norconsult t o  be a l l  black co t t on  
s o i l s .  Observed s o i l s  were est imated t o  be 45 percent  black co t ton ,  15 
percent  sandy c lay ,  25 percent  laterite and 15 percent  sandy. For 
es t imat ing t he  magnitude of road works t h e  su r face  s o i l s  have been assumed 
t o  be 65 percent  b lack cot ton ,  20 percent  laterite and 15 percent  sandy 
s o i l s .  

Fourteen w e l l  defined water courses were observed, but  only t h r ee  
(Khor Haboob, Wad E l  rnileisa and Tandik) a r e  l a rge  enough t o  u l t ima te ly  
requ i re  a bridge. The remaining 11 will requ i re  cu lver t s .  

La se r i t e  s o i l s  were observed i n  the area which could be used f o r  
gravel  surfac ing.  The N c r c ~ n s u l t  Xeport est imated t h e  average hau i  
distance for pit-run gravel ly  iraterial t o  be 15 ?an. 

~ d. Abu Gubeiha - Rashad Road 

The t e r r a i n  f o r  t he  f i r s t  40 kzn nor th  of Abu Gubeiha is predomin- 
a n t l y  f l a t  but  changes t o  a genera l ly  r o l l i n g  t e r r a i n  f o r  t h e  remaining 
19 Z a  t o  Abu Gubeiha. The adjacent  area conta ins  mountains which rise 
above t he  surrounding p l a i n s  approxisa te ly  100 - 208 meters i n  t h e  south- 
ern por t ion  s f  the  road t o  ihe higher Nuba Hountains as Rzshad. The 
e leva t ion  of the road rises from ap~rox ima te lg  280 m at  Lfbu Gubeiha t o  
around $80 m a t  Rashad. 

The surface s o i l s  were est imated i n  t h e  Xorconsult Report t o  be 
70 percent  black cot ton  and 30 percent  l a t e r i t e .  Observed s o i l s  were 
es t&ated t o  be 50 percent  black cot ton ,  20 percent  laterite, 15 percent  
sandy c lay  and 15 percen: rocky, The latter observed s o i l  c l a s s i f i c -  
aeions have been used i n  es t imat ing the  magnitude of the road works. 

Extending nor th  approxiinately 14 km from 'a 12 is an abandaned road 
forrnarion about 4 m e t e r s  i n  width, It w a s  probably w i d e r  =he= o t i g i n -  
a l l y  constructed but  reduced by erosion.  Local r e s i den t s  s t a r e d  the 
roaci was constructed around 1970. Due t o  t he  l a ck  of maintenance, the  
l a t e r i t e  surface  hzs numerous pot  holes  and is the re fore  not  used by 
veh ic les ,  Z-ie adjacent  black- cot ton  and sandy c lay  su r face  s o i l s  are 
smoother curicg the  dry season. 

There a r e  12 d i s t i n c t  water courses cross ing t he  road a l i g ~ n e n t .  
The stream a t  Km 17 has a concrete surfaced ford  about 10 meters i n  
l e n g t ~  and b meters wide. The surface  is i n  poor condit ion.  30th 
approaches are s teep  and t he  coccre te  rmp does not  extend a s u f f i c i e n t  
d is tance .  Near Km 43 is a va t e r  course, a l s o  with a concrete surfzced 
ford. It is a p p r o x i ~ a t n l y  60 neters i n  length  aad 5 n e t e r s  wide. 
The concrete su r face  is a l s o  i n  poor candieion with some underlying scanes 
ssposed. The approaches are steep snd t he  concrete sur fzc ixg  Coo short, 
Only on2 of rhe reznaining water courses w i l l  u l t ima te ly  require a bridge, 
w i z h  t he  r e m i n d e r  requirLng cu lve r t s ,  

Laterits s o i l s  wnich could 5e used f o r  gravel  surfac ing were 
observed in the area. The 3orconsult  Reyorc est imated the average haul 
dis tance  f o r  pit-run grave l ly  rnaterizl  to be 15 km. 



e. Rashad - E l  Abbasipa Road 

The road f o r  the  f i r s t  40 la f r on  Washad t r ave r s e s  a p la teau  with 
numerous small  stream courses c r ~ s s i n g  t he  alignment a t  an average spacing 
of about 1.6 kilometers .  O f  t h e  24 observed scream courses only th ree  
iriay ultirrnately r equ i r e  a bridge. The one locaeed near m 13 has a 
concre te  surfaced ford  a g p r c x b a t e l y  30 meters long and 4 meters wide. 
The approaches a r e  s t e ep  and t he  concrete su r face  is i n  poor condit ion.  
The remaining 21 water courses w i l l  r equ i re  a cu lver t .  

Beginning a t  k 40 t he  road begins t o  descend from around e leva t ion  
888 t o  640 meters, wi th  t h r ee  d i s t i n c t  a r ea s  having g rad ien t s  of frcni 15 
t o  20 percent .  From Km 43 t he  road extends another  17 km t o  El  Abba,iya. 
The adjacent  t e r r a i n  is f l a t  . 

The Norconsult Report d id  not give t he  su r face  s o i l  type f o r  t h i s  
road. The observed sur face  s o i l  types $re 10 percent  black cot ton ,  
25 percent  each of sandy c lay  and l a t e r l t e ,  and 40 percent  rocky. These 
s o i l  d i s t r i b u t i o n s  have been used f o r  es t imat ing t he  magnitude of t he  ~ road works. 

From 40 t h e r e  a r e  f i v e  d i s t i n c r  w a t e r  courses,  of which only 
t h e  one a t  Krn 47 w i l l  u l t ima te ly  requ i re  a bridge, wi th  cu lve r t s  being 
required  f o r  t he  o the r  four.  

There appears t o  be an adequate supply of e i t h e r  l a t e r i t e  materials 
o r  pi t-run gravel .  Average hau l  d i s t ance  is est imated t o  be about 5 km. 

f , E l  Abbasiya - Balahat - U I ~  Ruwaba Road 

Direc t  observat ions w e r e  not  poss ib le  on t h i s  road because of 
r ecen t  r a i n s  which made some of t he  water courses and black co t ton  s o i l s  
i spassab le  t o  vehic les .  From t h e  Norconsult Beport t h e  proposed 
alignment extends noreh from El  Abbasiya, passing t o  t h e  w e s t  of Barid 
near  W 3 ,  through Sherkei la  a t  Km 73, and, a f t e r  cross ing t h e  r a i l r o a d  
extending w e s t  from Kosti ,  e n t e r s  Balahat at Krm 95. Balahat is located  
approximately 26 la t o  t he  east of Umm Ruwaba. Upon completion of 
the  proposed improvement of t h e  road from Kosti  t o  El  Obeid, t h e r e  w i l l  
be a paved road from Balahat t o  Umm Ruwaba. To ta l  t r a v e l  d i s t ance  f ron  
E1 Abbasiga t o  lhm Ruwaba w i l l  be 112 km. 

The surrounding t e r r a i n  is f l a t  wi th  fewer w e l l  defined w a t e r  courses 
rhan t he  o the r  sec t fons  of road. The Norconsult Report est imated t h a t  
f i v e  small br idges  would be required .  From observat ions of s im i l a r  
roads i n  t he  a rea ,  it is est imated t h a t  concrete f o rd s  can be constructed 
i n  l i e u  of t he  bridges.  Average l eng th  of t he  fo rds  (not  ccunting 
apprcaches) Is assumed t o  be 40 meters. 

Nsrconsult  est imated t he  su r face  s o i l s  t o  5e 75 percent  b lack 
cotcon and 25 pzrcenf s i l t y  sand s o i l s .  Average haul ing d i s t ance  of 
p i t - rua  subbase material was est imated t o  be 36 kn. 



Improvement of Track R ~ a d s  

a, Defiding t h e  Iagprcvement - 
P r e - f e a s i b i l i t y  s t u d i e s  completed by Xoreonsult concludsd t h a t ,  

except f o r  s e v e r a l  high t r a f f i r  tracks between market c e n t e r s ,  rehao- 
i l i t a t i o n  znd maintenance of exist j -ng t r a c k s  is t h e  most cos t -e f fec t ive  
way of improving t r a n s i t  wi th in  Kordofan. Maintenance is defined a s  
opera t ions  t h a t  r e p a i r  o r  prevent damage t o  roads by t r a f f i c  and weather, 
and r e s t o r e  t h e  road t o  t h e  l e v e l  intended by t h e  o r i g i n a l  des ign  and 
cons t ruc t ion .  

R e h a b i l i t a t i o n  is defined a s  opera t ions  t h a t  r e s t o r e  roads, on 
which maintenance has been inadequate,  t o  t h e  l e v e l  intended by t h e  
o r i g i n a l  design and cons t ruc t ion .  This  may apply t o  some t r a c k s ,  but  
not  t o  those observed i n  South Kordofan. Only six stream fords ,  one 
br idge  and a 14 la s e c t i o n  of abandoned road f o r n a t i a n  were observed - 
these  were t h e  only engineered i tems having an o r i g i n a l  des ign  o r  
c0ns:ruction. 

Betterment is defined a s  minor cons t ruc t ion  t o  upgrade an e x i s t i n g  
road i n  s p o t  loca t ions ,  o r  t o  mke minor changes along t h e  e n t i r e  l eng th  
of t h e  road. 

R e h a b i l i t a t i o n  and betterment opera t ions  a r e  normally considered 
maintenance opera t ions .  Of t h e  t h r e e  terms however, b e r t e m e n t  b e s t  
desc r ibes  p r o j e c t  ob jec t ives  and w i l l  be used as t h e  defined opera t ion  
t o  improve t h e  t r a c k  roads. Routine and p e r i o d i c  maintenance of t h e  
upgraded t r a c k s ,  two e s s e n t i a l  opera t ions ,  a r e  covered i n  another  s e c i i c n .  

A s  defined i n  t h e  Pro jec t  I d e n t i f i c a t i o n  Document (?ID) t h e  o r f  g i n a l  
intended standard of cons t ruc t ion  was t o  improve t h e  t r a c k s  t o  a standard 
such t h a t  rou t ine  zlaintenance w i l l  make them passable  f o r  from 30 t o  50 
percent  of t h e  r a i n y  season without r equ i r ing  a d d i t i o n a l  m j o r  b e t t e m e n t  
works. It is apparent from t h e  d e s c r i p t i o n  of t h e  t r a c k  roads t h a t  only 
two major inpediments are present  which prevent t h e  pas sag^ of motorized 
v e h i c l e s  during t h e  ra iny  seasom-water courses and black c o t t o z  s o i l s .  
During t h e  dry season, and t o  l e s s e r  ex ten t  t h e  w e t  season, some sandy 
a r e a  rnakes t h e  passage of v e h i c l e s  d i f f i c u l t  and occas ional ly  impassable. 

Except f o r  l a r g e  streams, t h e  d i f f i c u l t y  wi th  water courses is a - 
problem predominantly assoc ia ted  with Southern Kordofan. &ny of t h e  
banks of w a t e r  courses i n  t h e  south conta in  black co t ton  s o i l s ,  which, 
fn add i t ion  t o  flowing water a f t e r  r a i n s ,  make c r ~ s s i n g s  impassable during 
t h e  r a iny  season, .4n exception a r e  water courses i n  rocky a reas .  

To make a wate ,course passable t h e r e  a r e  t h r ~ e  opt ions :  con- 
sc ruc t ion  of a Eordf'), c u l v e ~ i  o r  bridge. Because of t h e  high c o s t  
of br idges ,  they a r e  noraa l ly  not  considered f o r  low c o s t  roads except 
f o r  l a r g e  drsinage a reas  having a deep water course o r  charinel. Fcrds 
f o r  deep channels r e q u i r e  long approaches thereby increas ing  t h e  c o s t s  
t o  va lues  comparabie t o  a bridge. For example, a channel 6 n e t e r s  
dee? would r e q u i r e  2 approaches not  less than 36 meters i n  Length, 
30 deep water courses a r e  observed on a3y OF t h e  cracks. Fords w i l l  
be m e $  f o r  a l l  drainage a reas  whose runoff exceeds rhe capacity of 

(3) Covering the bottom of a water course-wi th  rock over la id  wi th  
concrete .  Approaches a r e  n o m a l l y  constructed with s lopes  not greater 
~ h a n  six horizontal t o  one vert ica l -  - * 



a c u l v e r t  except  t h a t  f o r  l a r g e  c u l v e r t s  a c o s t  comparison should be 
made dur ing  final designs t o  dsrermine i f  s i g n i f i c a n t  savings  czr. be 
obtained by use of a ford .  

Table A-l  gives  t h e  average monthly r a i n f a l l  and t h e  nunber of days 
during which t h e r e  was r a i n .  Although t o  t h e  nor th  of the  p r o j e c t  a r e a ,  
t h e  d a t a  can be used as a guide. Assuming t h e  same r a i n f a l l  p a t t e r n s ,  
a l l  water courses having c u l v e r t s  would be passable t h e  e n t i r e  year ,  and 
fo rds  passable except during high water flows which a r e  est imated t o  
last from 3 t o  4 hours.  Even i f  t h i s  should occur f o r  exanpls  every 
day of a four  month ra iny  season, t h e  ford  would be passable 94 percent  
of t h e  year  a d  83 percent  of tile w e t  season. 

The remaining problem i n  t h e  south is passage through black  cot ton  
s o i l s .  His to r i ca l '  , black co t ton  s o i l s  make por t ions  of t h e  road 
impassable f o r  an  average of four  months during t h e  r a i n y  season t o  a l l  
v e h i c l e s  except farm t r a c t o r s .  These a r e a s  n u s t  the re fo re  be improved 
with a road formation constructed of s u i t a b l e  m a t e r i a l ,  ove r la id  with 
pi t -run g rave l  su r fac ing ,  and adequate r o u t i n e  maintenance performed t o  
f i l l  and r e p a i r  holes  a s  they develop under t r a f f i c .  Sof t  ~ z d / o r  
s h i f t i n g  sand a reas  a r e  a problem i n  t h e  nor th ,  and i n  p a r t i c u l a r  t o  
t h a r  por t ion  of t h e  p r o j e c t  roads extending south of Balahat towards 
Bar id .  

If m u l t i p l e  p a r a l l e l  t r a c k s  a r e  t o  be prevented, a f i n a l  alignment 
e s t a b l i s h e d  and t h s  road made passable,  t h e  sands must f i r s t  be l e v e l i e d  
and then over la id  with a road f o m z t i o n  approxiniately 500m t h i c k ,  
made of m a t e r i a l  s u i t a b i e  f o r  road cons t ruc t ion .  The formatdon w i l l  
r e q u i r e  a g rave l  su r fac ing  t o  permit passage during t h e  ra iny  season. 

An average of 50 percent  of t h e  p r o j e c t  roads '  su r face  s o i l s  is  
black  co t tog  and 20 percent  sandy c lay .  A quore from t h e  Morconsult 
Report states: "During t h e  r a i n y  season l a r g e  a r e a s  ( c k y  areas )  are 
impassable and cannot be made passable without  some form of engirreered 
road, i.e. a proper ly  cons t ruc ted  roadway s t r u c t u r e  wi th  drainage and 
br idge  works. Consequently, t h e r e  appears t o  be no in termedia te  
s tandard t h a t  can improve a c c e s s i b i l i r y  dur ing  t h e  w e t  season", 
The presence of such a la-ge percentage of uns tab le  s o i l s  confirms t h e  
Sorconsult  ~ e p o r t ' s  f ind ing  of the  need t a  provide a proper ly  constructed 
engineered road. 

b. Design Standards 

The improvements major cos t  component i s  e a r t h  f o r e a t i o n  and g rave l  
su r fac ing  wi th  coots  being d i r e c t l y  ptoport ioncd t o  t h e  roadway width. 
For exanple,  reducing t h e  raa6way width by 50 percent  reduces t h e  
volume of earthworks and g rave l  by nea r ly  50 percent ,  It is poss ib le  
t h a t  some roads nornal  t r a f f i c  d e n s i t i e s  nay o o t  j ~ s t i f y  a width g r e a t e r  
than  a s i n g l e  lane ,  with provis ions  f o r  pass ing  lay-byes ac appropr ia te  
i n t e r v a l s .  Sever the less ,  a 5.5 m wide roadway has 5een s e l e c t e d  i n  
l i e u  of a 4 m roadway f o r  the  fol lowing reasons: 
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- The wider roadway provides g rea t e r  p ro tec t ion  against  de t e r io ra t ion  
of t he  road edges r e su l t i ng  from r a i n  and t r a f f i c  using the  road- 
~ _ . y s  ou te r  edges, 

- reduces depth s f  surface  r u t t i n g  due t o  channelization of t r ab f i c ,  

- the  uncer ta inty  concerning the  performance and/or e f fec t iveness  
of road maintenance, and 

- 5.5 m (18 f t )  is one of the  more commonly used roadway widths 
in r u r a l  areas ,  

Construction c o s t s  are approximately 23 percent g rea t e r  f o r  a 5 
wide roadway sec t ion  than f o r  a sec t ion  4 m wide and about 6 perce 
less than f o r  a 6 m wide sect ion.  The cos t  d i f f e r e n t i a l  is not 0 

s t r a i g h t  l i n e  s ince  the  cos t  f o r  some i t e m s  such as d i t c h  construc 
clearance of right-cf-way and one-way fords  do not vary w i  
wfdth. The ana lys i s  of cos t  d i f fe rence  is given i n  

The proposed typ ica l  sec t ion  is she- on Figure A- 

The hedght of the  formation w i l l  average approx 
grea te r  heights  possibly being required a t  cu lver t s ,  low ly ing  
expansion-prone black cot ton s o i l s .  

Because most of t he  surface  s o i l s  a r e  prone t o  severe e ros io  
water is concentrated, the  cen te r l ine  of s ide  d i tches  is located 
imately 6.5 meters f r m  the  edge of t h e  roadway t o  prevent and/or 
the  l ik l ihood of erosion occuring adjacent  t o  the  formation, To 
prevent high concentrat ion of runoff ,  d i tches  w i l l  be turned away 
the  road t o  na tu ra l  d ra ins  a s  o f t en  as t e r r a i n  will allow. X s c  
sketch showing a t yp i ca l  d i t c h  plan is present  on Figure A-3. 

DurLng the  dry season the  gravel  surfacing r u t s  and corruga 
due t o  a l a rge  extent  from the  l o s s  of f i ne ,  b i ~ d i n g  mater ia l  b 
only wind and the  passage of veh ic les  but a l s o  t o  t h e  l ack  of 
which makes t he  surfacing materials Ron -cohesive. Keeping t 
smooth during the  dry season is p rac t i ca l ly  impossible and as 
sequence, in the  f l a t  area common t o  the  Kordofan Region, d r  
t he  gxzvel surface  t o  f i nd  sinooth and hardened black cot ton o 
soils. This prac t ice  is a o t  without benef i t s  s ince  it reduce 
lo s se s  and continual  blading of the  gravel  surface.  3ecause 
fam lznds, however, i t  needs t o  be controlled.  

The area  between the  top of the  ins ide  slope of t h e  s ide  d i t ch  
the  t o e  o r  bottom of formation slope is approximately 4 m, A t  the - 
of t he  ra iny season Sefore the  s o i l s  harden, the  a r ea  on each side of 
t h e  forslation should be graded t o  make sraooth (sloped toward d i t c h  
f o r  proper drainage) for use by vehicles  during the dry season. The 
s i d e  d i tches  w i l l  a c t  a s  a Beterrent  t o  keep the  dr iver  w i t b i s  the  roa  
side area. 
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Most of the  surrounding t e r r a in  is ref tSively  f l a t ,  but with some 
cross slope. A s  a consequence sheet flow runoff i s  common. There 
is therefore a need fo r  small drainage s t ruc tu res  t o  pass the  sheet  flow 
collected i n  the s i de  interceptor  d i tches  a t  f a i r l y  regular  i n t e rva l s  
beneath the road. An average of two 600 mm diameter pipe culver ts  w i l l  
be required per  km with every shi rd  i n s t a l l a t i on  being a double pipe 
culver t .  A 600 mm diameter pipe is considered rhe minimum s i z e  pipe 
t h a t  can be ea s i l y  maintained. Concrete pipe of t h i s  s i z e  can be 
manufactured on site. It is normally a f a i r l y  weak pipe and must be 
constructed with surrounding concrete. The 600 mrrp s i z e  pipe can be 
handled by labor thereby reducing the  mechanized equipment requirement 
and increasing the  amount of l oca l  employed labor fosce. 

The inventory of definable water courses indica tes  t ha t  approxim- 
a t e ly  21 water courses w i l l  require a ford and 155 w i l l  requi re  culverts .  
A proposed cross sec t ion  of the ford is shown on Figure A-4. The 
approaches t o  the ford  w i l l  have the same general cross sec t ion  as the  
ford but with a probable reduction in depth of cut-off w a l l .  The 
approaches w i l l  extend from the end of the  ford, on a maximum slope of 
1 t o  6, t o  a point  above high water o r  t o  1 ~ 3 ~ 1  ground. The ford 's  
cutoff w a l l  should extend below scour depth ; Gabions would be placed 
on each s i d e  of the  ford. The construction of the  proposed ford does 
not require  sophist icated equipment o r  methodology a s  compared t o  a 
bridge, is less cos t ly  than a bridge, reduces the amount of equipment 
and increases the  use of l o c a l  employed laborers .  

It is proposed f o r  the  remaiaing 155 o r  s o  definable water courses 
than an open-bottomed culver t  with masonry abutments and a reinforced 
concrete s l ab  be used. A cross  sec t ion  of a typ ica l  culver t  is shown 
i n  Figure A-5. This 4.6 m span culver t  has been used f o r  estimating 
projec t  costs .  It is envisioned t ha t  during f i n a l  designs, smaller and 
possible l a rge r  va r ia t ions  w i l l  be developed. The smaller s i z e  may 
replace l a rge r  box culver ts  included i n  the  construction cost  estimates. 
These s t ructures ,  although not s ignigicantly less cos t ly  than box 
culverts ,  a r e  generally less cos t ly  where labor and masonry materials 
a re  cheap and read i ly  available.  They minimize the  requirement f o r  
equi~ment,  sk i l l ed  labor,  forming and reinforcing steel, but increase the 
demand f o r  l o c a l  labor.  

Resul-s of 48 hour soaked ~ 3 1 ' ~ )  tests perfomned on black cotton 
s o i l s  along t he  Kosti  - Umm Ruwaba Rd. gave values rying from 2 t o  7. 
Other tests g an average p l a s t i s i t y  index (PI) (" value of 23, and l iqu id  

l i m i t  (U) "' value of 44. The P I  of black cotton s ~ f l s  along the  
Kaaugli - Talodi Road averaged about 33 and U about 59. Four-day 
soaked CBR values w e r e  no: reported but the  repor t  gave an indica t ion  

(4) Depth of runoff from ra ins  is f a i r l y  uniform over the  areas. 
( 5 )  Depth t o  which material  i n  stream bed becomes ;ore o r  less f l u i d  

during runoff from rairr storms. 

(6) California Bearing Ratio (CBR) is a comparative measure of the 
shearing res is tance  of a s o i l .  Is a commonly used indicator  of 
the  s t rength  of a so i l .  The higher the value the  more su i t ab l e  
f o r  road construction. 

(7) P l a s t i c  Limit of a s o i l  is the  lowest water content a t  which the 
s o i l  remains p las t i c .  

(8) Liquid l i m i t  of a s o i l  is t h a t  w a t e r  content a t  which the  s o i l  
passes from a p l a s t i c  t o  a l i qu id  s t a t e .  

A 



t h a t  values were.below 2. Unsoaked CBR values along t h e  Kosti  -Umm 
Ruwaba Road var ied between 7 and 12, The need t o  have s i d e  d i t ches  on 
each s i d e  of road formation t o  reduce the p o s s i b i l i t y  of subso i l  sat- 
ura t ion  beneath the  embankments is s e l f  evident ,  

To give addi t iona l  s t a b i l i t y  i n  black cot ton s o i l  areas and i n  
p a r t i c u l a r  highly expansive s o i l s ,  provisions should be made f o r  an 
i n i t i a l  l ayer  of rocky mater ia l  beneath t he  formation. Evidence of t h i s  
type of construction can be seen under the  formation between Abu Gubeiha 
and Rashad which w a s  abandoned f o r  non-maintenance of t he  sur fac iag  
r a the r  than a foraa t ion  f a i l u re .  

For p ro jec t  construction cost  est imates,  a 150 m l aye r  has been 
assumed- This type of construction should be fu r the r  invest igated 
during f i n a l  design. 

Design Methodology 

The ex i s t i ng  t racks  f o r  most p ro jec t  roads are not w e l l  defined and a s  
a r e s u l t  there  w i l l  be considerable l a t i t u d e  i n  the  establishment of 
f i n a l  alignments, Such items a s  es tabl ished farms, v i l l ages ,  rock 
outcrops, stream crossing and, where possible,  avoidance of p a r t i c u l a r l y  
bad s o i l  areas but at  the  same time following t h e  general  d i r ec t ion  
of ex i s t i ng  t racks  w i l l ,  t o  a l a rge  ex ten t ,  set the  design alignment, 
Problems with hor izontal  curvature should not  occur, Because most of 
the  a rea  is r e l a t i v e l y  f l a t  the road formation w i l l  general ly  be f i l l  
r a ther  than a cu t  sect ion.  The v e r t i c a l  alignment w i l l  the re fore  be 
r e l a t i v e l y  simple t o  design, 

Earthworks and gravel  surfacing combined accounts f o r  72 percent of t he  
estimated construction costs .  W e  consider our estimated earthwork 
quan t i t i e s  t o  be accurate  within a range of plus  o r  s inus  15 percent and 
gravel surfacing plus  or minus 5 percent. 

A combined e r r o r  of 25 percent i n  t he  cos t  estimates f o r  t h e  remaining 
work items would r e s u l t  i n  ove ra l l  e r r o r  of approximately 7 percent i n  
the  ove ra l l  e s t i na t e .  W e  consider our est imates t o  be accurate  within 
this range of pxus o r  minus 5 percent i n  t h e  ove ra l l  estimate. 

Because 02 the  remoteness of the  area  and the  lack  of accurate and/or 
l a r s e  s ca l e  mapping and s o i l s  survey data,  t he  cos t  of de t a i l ed  f i e l d  
sunTeys and f i n a l  design plans would be p r a c t i c a l l y  the  same as rhose 
prepared f o r  higher standard roads. For p ro jec t  r e l a t i v e l y  low cos t  
roads, w e  consider the  need fo r  de ta i led  plans normally expected and 
prepared p r io r  t o  conszruction t o  be unnecessary. 
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We therefore propose that standard drziwings of pipe, box and open- 
bottom culverts, fords, ditches, erosion control measures and other 
similar details be prepared during the first stage of the project. 
Quantities would be computed for multiple applications of these standard 
units. Because of the terrain, the number of different applications 
will not be signiflcant. 

Whole standard details are being prepared the alignment for the first 
phase of construction (see Construction Implementation) will be established 
in the field,only najor topographic features noted and a surveyed center- 
line profile of existing ground obtained. Additional profiles at major 
stream crossing may also be taken. 

The Sails Engineer will be locating sources of supply for select 
materials, pit-run gravel, laterites and sand and gravel for cement 
mortars and concrete. These will be established for all the project 
roads during the Soils Engineer's contemplated single assignment. 

The Drainage Engineer in a similar manner will establish drainage areas 
and runoffs, using available mapping and agriculture aerial photos, for 
all major streams. Using the stream cross section, high water marks 
from observation and discussion with local people, and flowline gradierits, 
stream flow quantities will be determined for definable water courses. 
Because more than 170 water courses were noted during our field 
reconaissance, it is probable that stream flows will not be established 
during the Drainage Engineer's proposed single assignment. He will, 
however, establish the procedures and methodologies so that resident 
staff can complete stream flows for the remaining streams. 

Line drawings showing horizontal and vertical designs, standard detail 
drawings and a bill of quantity of construction items will form the 
design input to the contract docum2nts for competitive negotiations 
with local Sudanese contractors. Exact positioning of pipe, box and 
open-bottom culverts and fords will be established during construction. 
It is probable that minor changes to vertical alignments will be required 
as drainage flow line are finalized and as a consequence road profile 
adjusted to fit the drainage structure. 

The design of subsequent phases will continue in a similar manner 
(with refinements made as appropriate) for the life of the project. 
As a result design costs will be low in keeping with the standard of 
road being constructed. Because many design features will be determined 
and/or finalized on site,the resultant product should conform closely 
to local needs and conditions. 



B. Deta i led  Construct ion Cost Est imates -- 
I. In t roduc t ion  

Deta i led  cons t ruc t ion  c o s t  e s t ima tes  are based upon u n i t  p r i c e  va lues ,  
and equipment and v e h i c l e  hourly opera t ing  c o s t s  developed by Norconsult 
f o r  t h e  1980 Feeder Road Study and t h e  Kost i  - E l  Obeid Road, t h e  Berger 
update s tudy of t h e  Kost i  - Umm Ruwaba Road, and t h e  1974 Road Maintenance 
Program prepared by Berger. A l l  c o s t s  were e s c a l a t e d  by t h e  fo l lou ing  
r a t e s .  The r a t e s  w e r e  derived from r a t e s  used i n  c i t e d  r e p o r t s ,  
p a r t i c u l a r  t h e  Kost i  - Umm Ruwaba Road s tudy,  and World Bank r a t e s  ") from 
1984 foreward: 

Year - 
1974-78 

1979-82 

2. Unit P r i c e s  

Annual Esca la t ion  
Rates - % 

1987 fwd 13 

Base u n i t  p r i c e s  of work t a s k s  t h a t  b e s t  described t h e  work t a s k s  
involved i n  t h e  bet terment  of p r o j e c t  t r a c k  roads w e r e  taken from t h e  
c i t e d  r e p o r t s  and s t u d i e s .  Tnese were esca la ted  t o  January 1985 f o r  
use  i n  preparing cons t ruc t ion  c o s t  e s t ima tes  

(9 )  Rates used f o r  IBRD Third Highway P r o j e c t  Paper, 



Jan  1985 
Item - 

1. Clearing and Grubbing 

2. Embankment I n  Place  

3. Se lec t  Mat'l I n  Place  

4. Excavation of Ditches 

5. Pi t-run Gravel Surfacing,  1 km Haul 

6. Haulage 

7. Concrete, P l a in  

Unit - 

8. Concrete, Reinforced m 3 190.00 

9. Reinforcing S t e e l  kg 2.40 

10. Stone ?iasonry m 3 

11. Rip Rap 

12. Rock Excavation 

13. Foundat ion  Ekcava t i o n  m 3 
11.50 

14. OIP Culver t ,  1000 mm m 110.00 

3.  Estimated cons t ruc t ion  Costs per  Kilometer 

To develop const ruct ion  cos t  es t imates  f o r  each road s ec t i on ,  we est imated 
per  ki lometer  c o s t s  f o r  earthworks, minor drainage and g rave l  surfac ing.  
Costs f o r  box cu lve r t s ,  open-bottom c u l v e r t s  and stream fo rds  were 
developed on an est imated incidence bas i s .  

a .  Earthworks 

Using a gravel  su r fac ing  width of 5.5 m with a  th ickness  of 150 
and 2:l s i d e  s lopes  g ives  a subgrade formation width of 6.1 m. Because 
most of the  t e r r a i n  is f l a t  and t he r e  w i l l  be l i t t l e  t o  no roadwsy ex- 
cavation,  an average formation heig t of 0.50 m was assuraed. This gives 3 a required borrow volume of 3,550 m /km. i n  some a r ea s  ma t e r i a l s  
adjacent  t o  t he  road a r e  s u i t a b l e  f o r  the  const ruct ion  of the  fornat ion .  
The formation will average only 0.50 m i n  depth which is shallow e spec i a l l y  
i n  black cot ton  and clay s o i l s  areas. To insure  the use of a  more 
s e l e c t  marsrial i n  t h s se  areas an average haul distance of 10 h, based 
upon f i e l d  observat ions,  has been used. 

- 7  - 



3 Ditch excavation is estimated to be 1.44 m /m: For estimating 
costs it was assumed that ditches are continuous and the excavation 
is wasted or placed on sideslope (black cotton soil material) for 
growing of grass and slope protection. These two assumptions are 
not completely true, inasmuch as ditches mag or may not be con- 
tinuous and some ditch excavation may be suitable for formation 
construction. The error, however, is estimated to be small and on 
the conservative side. It has therefore been disregarded. GOS's 
established right-of-way width is 30 meters each side of road centerline* 
For determining clearing and grubbing, only 15 m each side of center- 
line is to be cleared which is approximately 4 meters beyond top of 
the side ditch. This will provide an additional dry weather travel- 
way on the hardened clays. To the subtotal an amount has been in- 
cluded for miscellaneous work such as erosion control, and to 'round' 
the cost estimate: 

ESTI?UTED 2aRTHkTORKS COSTS PER KILOMETER 

(Sudanese Pounds) 

Item - - Cost 

3 Side Ditches: 1,440~~ x LS 2.50/m 3 

3 3 Overhaul: 3,550m x LO kn x LS O.SO/m km 17,750 

Clearing 6 Grubbing: 30m x lOOOm x LS C.l8/m 2 5,400 

Erosion Control and Other Ssc. Earthworks 

~ Tot a1 40,000 

b. FoundatTon for Formation in Black Cotton Soil Area 

To give additional stability in black cotton soil areas and in 
particular highly expansive soils, provisions have been made for an 
initial layer of rocky material. Evidence of this type of con- 
struction can be seen on the abandoned formation between Abu Gubeiha 
and Rashad. This formation was abandoned for non-maintenance of the 
surfacing rather than formation failure, For cost estimates, a 
layer approximately 150 mm thick was used between the formation and 
the black cotton soils. This type of construction should be further 

3 
3 

investigated during final de i n. A unit cost of LS 5 per m plus 
10 km haulage of LS 10 per m gives an estimated per km cost, 'rounded' 

c. Concrete 600 m Pipe Culverts 

We estimate an average of two concrete surrounded 600 mm concrete 
pipe culverts per km are required, but with every third installation 
being a double pipe of the same type construction. The estimated 
cost per single pipe culvert is LS 800 giving an average per km cost 
of LS 2,100 for pipe culverts. 



4. Open-Bottom Masonry Abutment Culver ts  

During observat ion of the  roads,  a l l  w e l l  defined water courses  
were noted. For t h e  'defined'  channels having drainage areas whose 
e s t 9 a t e d  runoff  r equ i r e s  a cu lve r t  opening from approximately 10 t o  
30 m , t h e  use  of a cu lve r t  wi th  masonry abutments (and p i e r s  i f  more 
than one span), a re inforced  concrete  deck, and n a t u r a l  stream bed 
bottom is proposed. The de r iva t ion  of t h e  est imated c o s t  of a s i n g l e  
4.6 m span cu lve r t  is given i n  t h e  following t ab l e .  

ESTIUTED QUA3TITIES A r i  COSTS 
W L C X  SINGLE 4.6 24 SPAN OPEX-BOTTOEI CWLVElT 

Unit 
Xork Item 

Stone Xasonry 

% ? i n £  orced Concrete 

? l a i n  Concrete 

Reinforced S t e e l  

S tr . =cavat i on  

Unit - Quant i ty  Price .Qount 
LS LS 

Railing, Back Filling, Etc. - - - 2,605 

The c o s t  of a double 4.6 span s t r u c t u r e  is not t w i c e  t h e  cos t  of 
a s i n g l e  span s t r u c t u r e  s ince  the  c o s t  of subs t ruc ture  ( p i e r s  and 
abutments) is increased by only the  cos t  of a s i n g l e  p i e r .  S b i l a r l y  
a th ree  span s t r u c t u r e ' s  subs t ruc ture  is increased by t h e  cos t  of two 
p i e r s .  Tota l  est imated cos t  of a t y p i c a l  double and t r i p l e  span 
s t r u c t u r e  is LS 36,000 and LS 50,000 f o r  t he  two s t r u c t u r e s  respec t ive ly .  
Since the  drainage a r e a s  f o r  t he  'defined'  water course has not Seen 
determined, t he  ecac t  s i z e  of s t r u c t u r e  w i l l  not be known u n t i l  f i n a l  
designs. For cos t  es t imat ing pur7oses t h e  average cosc of LS 36,003 
w a s  used f o r  each 'defined'  water course. 

5. Concrete Zox Culverts  

During t h e  f i n a l  design it 2s probable t h a t  drainage a r eas  w i l l  
be found t h a t  a r e  too l a r g e  f o r  a pipe cu lve r t  and too ~3211 f o r  zn 
opea-bottom cu lve r t .  Using the  c o q l e t e d  final desfgcs f o r  t he  
'iiadugli-Talodi Road a s  a guide, w e  e s t h a t e  t h a t  an average of one 
2 s la and one 3 x In box cu lve r t  w i l l  be required every 3 ka. This 
e s t i n a t z  includes  those water courses where open-bottom cu lve r t s  are 
proposed. 3.e number of open-bottom cu lve r t s  must be subtracted from 
the es t imate  number of box cu lver t s .  Using an est imated cos t  of 9 
SS 760 Ter in of cu lve r t  and cu lve r t  length of 6.5 m t i m e s  :he t o t a l  
span of the  box c u l v e r t s ,  g ives  t he  est imated cos t  of box culver t s .  A 



For example, a 60 km long road with 12 open-bottom culver ts  would have 
60 divided by 3 l e s s  12 o r  8 box culver ts .  The e s t b a t e d  cost  would 
be LS 760 x 6.5 x 8 ( 2 i 3 )  $ = LS 98,800. 

6. Fords f o r  Water Courses 

From the  observed s i z e  of stream channels those t h a t  would require  
a bridge were estimated. Becuase of low t r a f f i c  volume and t h e  need 
t o  keep construction cos t s  low, fords have been used i n  l i e u  of bridges. 
Fords a r e  t o  be constructed 4.0 m wide, with concrete cutoff  w a l l s ,  and 
a concrete surface overlying hand-placed rock and gravel between the 
cutoff w a l l s .  Gabions would be placed on each s ide  as shown on 
Figure A-3. Approaches of generally the  same constructfon w i l l  extend 
on a aaxinntrn grade of 1 tc 6 t o  ii point above high water o r  l e v e l  ground 
i f  t h e  stream has overflowed its banks. E s t b a t e d  cos t  of a ford is  
LS 600 per m e t e r  of length of ford including the  approaches. 

7. Financial Construction Cost Estimates 

Tabulated i n  Table B-1 are the  improvement length, length of black 
cotton s o i l s ,  estimated January 1985 f inanc ia l  cost  of earthworks, 
gravel surfacing, cu lver t s ,  fords,  and miscellaneous works f o r  each of 
the 9 sec t ions  of road. The t o t a l  estimated f inanc ia l  cos t  of a l l  the  
roads is LS 36.8 mil l ion,  which is equal t o  USS17.5 mil l ion at the  
o f f i c i a l  exchange r a t e  of LS 2.10 per USSL.00, and USS15.3 mi l l ion  
at  a LS 2.40 ra t e .  The average per kn cost  of the  roads is LS80,800. 

The l a s t  three  sec t ions  of road have average per km cos t s  sub- 
s t a n t i a l l y  higher than f o r  the  other  sections.  The s o i l s  along Road 
Sections 7 and 8 from E l  Abbasiya t o  Sherkeila are nearly al l  black 
cotton. The average earthworks cos t  per km of a l l  sec t ions  is 
LS45,200 compared t o  LS 52,500 f o r  sec t ions  7 and 8. The average cos t  
of fords per km of a l l  sect ions is LS 2,700 and f o r  Section 8 LS5,$70. 
The high per km cos t  of Section 9 is caused by the  high cos t  of box 
culver ts  and fords and, drainage crossing f o r  t h e  wide flood p l a i n  of 
the  Abu Rakheis River. Using average per km cos t s  instead of the  
c i t e d  high per  km cos t s  would r e s u l t  i n  per km cos t s  of LS 85,600, 
LS 82,700 and LS 76,100 f o r  road sec t ions  7, 8 and 9 respectively.  

8. Estimated Economic Construction Costs 

The economic cos t s  a r e  estimated t o  be 84 percent of the  f inanc ia l  
cos t s  (based upon Norconsult's 1978 Feas ib i l i ty  Study of the  Kosti- 
Umm Ruwaba Road). Tabulated in  Table B-2 a r e  t h e  estimated economic 
construction cos t s  f o r  each of the road sections.  Also tabulated i n  
Table C-2 are the  estimated 1st and 2nd year expenditures based upon 
60 and 40 percent of the work being completed i n  the  two years res- 
pectively.  





Table  U-2  

SL?ELARET OF ECdNO?SIC COXS'CRUCP'IOS COSn ESTI?MTL: 
?W!iD BETTER?l!I:NT FOR KOKH)UI?~w RA1SFED 2/3BSCULTUBEi-. 

BROJEC'I' 

Section 

2. Talodi-Shagrabeh 

Economic Cost 602 4C% 
(Sudanese Bounds] 1sc Year - 2nd Y..ar ----- 

(1000 Sudanese Poulnds) 
5,955,600 3,573.4 2,323L.2 

3,494,400 2,096.6 1,297.E 

4. KoPogi-Abu Gubeiha 

5.  Abu Gu beiha-Rashad 3,353,608 2,011.0 1,340.6 

Rashad-El ~ ~ 3 a s i ~ a  3,948,000 

El Abbasiya-Barid H ,856,400 

Barid-Sherkeila 3,780,000 

Sherkei La-BaSahat 882,000 



9. Salvage Value 

At the end of'the 20 year economic appraisal period a road will 
have a salvage or residual value. The salvage value of the project 
feeder roads was determined by estimating the value of major work com- 
ponent as a percentage of its original constructed cost value. Use 
was made of values given to Norconcult's 1980 Kosti-El Obeid Road 
Study and Berger's 1974 Road Maintenance Report to obtain the 
following values. 

'Sv'ork Item 

1. Earthworks 

2. Gravel 

3. Pipe Culverts 

Salvage Value As 
Percentage of Original Cost 

6. Box Culverts 80 

5 .  Open-Bottom Culverts 50 

6. Fords 60 

7 .  Xiscellaneous 60 

(a) Assumes maintenance is performed as per maintenance 
schedule and cost, developed and incorporated as a 
project cost in the economic analysis. 

Tabulated in Table B-3 are the estimated salvage values for project 
roads. 



TABLE B-3 

SUFVLARY OF ECONOXIC SALVAGE VALUZS AF'IEK 20 Y U K S  

1t0,;U) BETTEmII:NT FOR KOR30FAN RAINFED AGRICLLTURS 

PROJECT 

Salvage Value 

Road --- Thousand Sudanese Pounds 

I .  Kadugli-Talodi 4411.7 

2. Talodi-Sllagrabeh 3810.2 

3. Shagrabeh-Ralogi 128,4 4. 

4. Kalogi-Abu Gubeiha 4357.1 

5. Abu Gubeiina-Rashad 2469.6 

6.  Rashad-El Abbbasiya 2802.2 

7 .  E l  Abhasiya-Barid 1354.9 

8. Barid-Sherkeila 2819.9 

9 .  Sherkeil a-Balahat 687.1 



C. Road Xaintenance Costs 

1. General 

Maintenance does no t  a l ter  o r  change any s tandards  but r e p a i r s  
o r  prevents damage caused by the  a c t i o n  of t r a f f i c  and weather, and 
r e s t o r e s  t h e  road t o  t he  l e v e l  intended by t h e  o r i g i n a l  design .=ad 
construct ion.  Maintenance opera t ions  can be c l a s s i f i e d  under a v a r i e t y  
of headings, but  t he  genera l ly  accepted most important opera t ions  a r e  
rou t ine  and per iod ic  maintenance. 

Routine maintenance c ~ n s i s t s  p r imar i ly  of opera t ions  perforined 
a t  i n t e r v a l s  of less than one year  and is sub-divided i n t o  Basic and 
Variable tfaintenance. The t a sks  f o r  a grave l  surfaced road are as 
fol lows : 

Basic Naintenance 

- Control  of erosion 
- Vegetation c o n t r o l  
- Cleaning of d i t c h e s  and drainage s t r u c t u r e s  - Repair of pot  ho les .  (Also included i n  Variable  Xaintenance) 

Variable  Maintenance 

- Grading and compaction of sur fac ing  
- Repair of pot  ho l e s  

Per iod ic  Maintenance f o r  a gravel  road is the  per iod ic  r e p l e n i s  
grading and compaction of g rave l  sur fac ing  material. 

This t a s k  c o n s i s t s  i n  t h e  c leaning of drainage d i t c h e s  and 
s t r u c t u r e s ,  eros ion con t ro l ,  vege ta t ion  con t ro l  and r e p a i r  of pot  ho les .  
W e  e s t imate  t h a t  a crew can maintain an average of one km every tea 
hours and t h a t  an average of two passes  per  year  are required.  The 
es t imated economic c o s t  per  hour f o r  performing b a s i c  rou t ine  maintenance 
is  given i n  Table C-1. 

b) Variable  Routine Maintenance 

This  t a s k  i s  t h e  annual  per iod ic  grading and compaction of t h e  
e x i s t i n g  grave l  surface .  We est imated t h a t  t h i s  work will be done a 
minimum of twice  a year  (once before  t he  ra iny  season and once a f t e r )  
and t h a t  t h e  rate of p rogress  is 0.50 km per  hour. Table C-2 gLves 
t h e  es t imated economic hourly c o s t  f o r  performing v a r i a b l e  rou t ine  
maintenance. 



Table C-1 

I t e m  - 

BASIC ROUTINE MAINTENANCE COST ESTIHATE 
(Sudanese Pounds) 

Economic Cost pe r  Hour 

No. - Labor Equipment 

I.  Foreman I 1.23 - 
2. Dr iver  1 0.83 - 
3. Laborers 10 4.10 - 
4. Pick-up t ruck  1 - 10.80 
5. Misc.hand t o o l s  - - 0. 

Sub Tota l  

6. Direc t  c o s t  17.08 
7. I n d i r e c t  c o s t  25% 4.27 

To ta l  Basic Maintenance Hourly Costs Ls.21.35 - 
The annual  per  km c o s t  f o r  bas i c  rou t ine  maintenance i s  2 passes  per  
year  x 10 hu.urs per  km x Ls.21.35 per  hour = 5s.427 pe r  km per  year. 

Table C-2 

VARIABLE ROUTINE MA13TExANCE COSTS 
(Sudanese Pounds) 

Economic Cost p e r  Hour 

I t e m  - So. - Labor Equipment 

1. Grader 1 A - 22.50 
2. Trac tor  w / t r a i l e r  2 - 15.80 
3. Towed r o l l e r  1 - 15.00 
4. Water tank,  tawed 1 - 2-70 
5 Pick-up t ruck  1 - 10.80 
5. Xisc. hand t o o l s  - - 1-94 
7. Forenan 1 1.23 - 
8, Operators 3 2.70 - 
9. Drivers  1 0.83 - 
10. Laborers 10 -10 - 

Sub To ta l  8.86 68.79 

l i .  Direct cosc 75.65 
12. Ind i rec t  cost 25% 19.41 

Tota l  Varia'ole Zfaintenance Hourly 'Cost L s .  97.06 
i3tts- 



c )  Pe r i od i c  Maintenance 

Pe r iod i c  maintenance is  t h e  r ep i en i shnen t ,  grading and 
compaction of the  g r ave l  su r face .  For t h e  e s t ima t i on  of c o s t s  we 
es t imated  t h a t  lOmm of g r ave l  i s  l o s t  pe r  yea r  and is  rep laced  about  
every f i v e  y a r s .  The volume of g r ave l  t o  be  rep laced  is  0.05m(1000n) S 5.5m o r  27Sm pe r  km. Using an average hau l  d i s t a n c e  of 15 km, an 

3 average round t r i p  speed of 25 kph, 6m (compacted volume) t r ucks ,  
and a r a t e  of  p rogress  of one km every  8 hours r e s u l t s  i n  a re -  
quirement for f i v e  t i p p e r  t r ucks .  The es t imated  economic cost 
pe r  hour f o r  doing p e r i o d i c  maintenance is  given i n  Table C-3. 

Table C-3 

PERIODIC WIXTESANCE COST ESTIWTE 
(Sudanese Pounds) 

Economic Cost p e r  Hour 

I t e m  No. Labor Equipmenr Material - 
1. Tipper  t r uck ,  7m 3 5 - 96.50 - 
2. Front-end Loader 1 - 46.58 - 
3. Grader 1 - 22.50 - 
4. T r a c t o r  w/ t ra i ler  3 - 23.70 - 
5. Towed r o l l e r  1 - 15:OO - 
6. Water t rai ler ,  towed 2 - 5.50 - 
7. Pick-up t r u c k  1 - 2.80 - 
8. Foreman 1 1.23 - - 
9. Opera tors  5 4.50 - - 

10. Dr ive rs  6 4.98 - - 
11. Laborers  10 4.10 - - 
12. Misc. t o o l s  - - 2.00 - 
13. Materials - - - 275.00 

Sub T o t a l  14.81 214.58 275.00 

14. Direct c o s t s  504 . 39 
15. I n d i r e c t  c o s t s  25% 126.10 

T o t a l  Pe r i od i c  Maintenance Cost Ls. 630.49 pe r  h r  
T o t a l  Pe r i od i c  Plaintenance Cost 5,043.90 pe r  km/5 y e a r s  



3. Summary of Yaintenance C o s t s  

Tabula ted  i n  Table  C-4 are t h e  e s t i m a t e d  annual  economic and 
f i n a n c i a l  maintenance c o s t s  f o r  ma in ta in ing  one km of p r o j e c t  roads .  
Economic c o s t s  a r e  e s t i n a t e d  t o  b e  84 p e r c e n t  of f i n a n c i a l  costs  
(Norconsult ,  I".osti-Umm Ruwaba Study) .  

Table  C-4 

ECONOXIC & FINANCIAL MAINTENAiYCE COSTS 
ROAD BETTEEIEST KORDOFAU RAINFED AGRICULTURE PROJECT 

(Sudanese Pounds) 

Annual Cost pe r  Kilometer 

Maintenance Type 

1. Bas ic  Routine 
2. Var iab le  Routine 
3.  Pe r iod i c  

Economic 

427 
388 

1.009 

T o t a l s  

Financ i a l  

Table  C-5 summarizes t h e  economic r o u t i n e  and p e r t o d i c  n a i n t e ~ a n c e  
c o s t s  f o r  each of t h e  p r o j e c t  roads.  

Table C-5 

ECONOXIC YAINTENmCE COST ESTI?MTES 
-50- BETTEK'laT KOXEOFAK UINFED AGXICCLTURE PROJECT 

(Thousand Sudanese Pounds) 

2oaa Secrfon Length Annual P e r i o d i c  (1) 
Routine 

1. Kadugli-Talodi 91.6 74.7 462.0 
2 .  Talodi-Shagrabeh 53.0 43.2  267.3 
3 .  Shagrabeh-Kalogf 27.0 22.0 136.2 
4 .  Salogi-Abu Gubeiha 83.0 67.6  cCL8.7 
5 .  hbu Gubeiha-Rahsad 56.0 45 .6  282.5 
6 .  Bashad-El Xbbasiya 60.0 58.9 302.6 
7. 51 Xbbasiya-Barid 23.0 18 .7  116.0 
8 .  Barid-Sherkei la  50.0 40.8 252.2 
9 .  Sherkei la-Balahzt  12.0 9.8 60.5 

T o t a l s  455.6 3 7 1 . 3  2298.0 

(1) Every 5 years 



D. Construction Implementation 

1. General 

Four methods or schemes for constructing project roads have been 
proposed: construction by (1) Roads and Bridges Public Corporation; 
(2) American Contractor; (3) joint venture between American and 
Sudanese contractors and; (4) Sudanese contractor. Past road con- 
struction has been accomplished by the first two methods (plus foreign 
contractors other thal:.,herican) but none by the last two. Although 
some work has been done by local contractors on a subcontract basis, 
the work was primarily materials haulage which did not result in any 
meaningful highway construction experience. 

2. By Road and Bridges Public Corporation 

In 1984 there are approximately 2570km of paved roads whose main- 
tenance is the responsibility of RBPC. In addition to this maintenance 
responsibility, in 1985 RBPC will be involved in supervising the paving 
of the 94km road from Dubiebat to El Obeid, in 1986 to 1989 the con- 
struction of a paved road from Kostl to El Obeidm abd as part of this 
project, the rehabilitation of the existing paved road extending north 
186 km from Kadugli to Dubiebat. The maintenance of all these roads 
will ultimately become the responsibility of RBPC. 

The IBXI Third Highway Project will begin in 1985. Over a four 
year period the project will strengthen RBPC through: 

(1) technical assistance and training in management and organization 
and planning and execution of road maintenance; (2) provision of 
equipment spares and limited supplies of fuel and bitumen; an3 ( 3 )  
consultancy services for a highway organization and investment study. 

It is recommended that the construction of project feeder roads 
not involve RBPC due to their present and programmed construction 
and maintenance responsibil-ities plus the training program. Because 
of the existing RBPC maintenance installation at Dilling, it is rec- 
ommended that the rehabilitation of the Kadugli to Dubiebat road be by 
RBPC . 
3. By American Contractor 

Construction of the 455.6 km of feeder roads are divided into 
four packages with the first package construction programmed to 
begin in 1987. 'A new package will commence in eacn of next three 
years. Length of roads in a package vary from a low of 80 km to 
a high of 145 km. Est-hated financial cost of the packages vary 
from a low of LS 6-28 million to a high of LS 12.46 million or 
US$ 3.0 million and US35.9 million respectively at an exchange rats 
of LS 2.10. 



Since financing of the road construct ion w i l l  be by CIP funds, 
payment will be i n  Sudanese pounds. It i s  therefore  doubtful t h a t  
an American contractor  would be in te res ted  i n  the  project .  The 
r e l a t i v e l y  low monetary value of the  pro jec t  (as  compared t o  the  Kosti- 
E l  Obeid road) spread over a t o t a l  of 5 years  may make i t  more ui*- 
a t t r a c t i v e .  

4. By American-Sudanese Jo in t  Venture 

It is d i f f i c u l t  t o  discover any benef i t  from such a j o i n t  
venture t h a t  would overcome the apparent disadvantages of an American 
contractor  only operatic,:. It is probable t h a t  the  only work item 
an American contractor  would d e s i r e  t o  joint-venture would be masonry 
and pipe culver t  construction by the  Sudanese contractor .  

5. i3y Sudanese Contractor 

Listed i n  Table D-1 a r e  the  names and a br ie f  summary of nine 
Sudanese construction firms. Seven a r e  100 percent Sudanese owned 
and the  remaining two 60 and 65 percent foreign ownership. Since 1959 a l l  
highway construct ion has been by RBPC and/or foreign contractors .  
The l o c a l  contractors  earthwork experience has been pr inc ipa l ly  sub- 
contract  haulage, some route clearance and embankment f o r  the ra i l road .  
small roads and development embankments. . 

Inasmuch a s  most publ ic  road construction is by foreign financing 
with bui l t - in  r e s t r i c t i o n s ,  Sudanese contractors  a r e  unl ikely t o  do 
road construction except by subcontract. The use of CJP funCing is  
an opportunity t o  i n i t i a t e  Sudanese road construction capab i l i t i e s .  
Perhaps it i s  s ign i f i can t  t h a t  the  pro jec t  is feeder road construction 
or iented t o  r u r a l c o m n i t i e s  and through labor i n t e n s i f i c z t i a n ,  
increased community pa r t i c ipa t ion  and involvement i n  the construction 
and naintenance a c t i v i t i e s .  The use of l o c a l  contractors  is appropriate 
and recommended. 

6 .  Contracting Procedures 

All Sudanese contracrors  a r e  fami l ia r  with and have perfomed 
work on a cont rae tura l  bas is ,  but none have had a contract  with RBPC 
f o r  rocd o r  bridge construcrion. ~ b n y  contracts  i n  Sudan a re  
negotiated. For csample, an ou t l ine  drawing of a building may be 
given t o  one o r  more contractors  who w i l l  study the  drawing and re tu rn  
~ i c h  a de ta i led  proposal t o  the  c l i e n t .  He w i l l  s e l e c t  (not 
necessar i ly  the l e a s t  cost  proposal) and then negotiare with the 
s d e c t e d  contractor  a f i n a l  contracrural  arrangement. 

In  general, Sudanese contractors a r e  not experienced i n  the  
construction of engineered roads and/or bidding on a de ta i l ed  bill 
of quan t i t i e s  fo r  road constructfon. defined i n  the ?ID, one 
of the goals o r  object ives  of t h i s  project  is t c  e s t a b l i s h  in Sudan 
c a p a b i l i t i e s  fo r  road construction by l o c a l  contractors.  This is 
no t  a sinple task  and w i l l  involve not only ass is tance  t o  them i n  
construction techniques, and equipment management and maintenance, 
but also pre?aration of tenders f o r  road-cdnstruction. 
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To establish acceptable tendering techniques and to insure the 
contractor is fully aware of the work involved, it is recommended 
that competitive negotiated contracting procedures be used. This 
could be accomplished as follows: 

1. Early in the project Sudanese contractors would be requested 
to furnish certain selected information concerning their 
company as a prequalification step. 

2 .  Prequalification material would be evaluated by GDS and 
the Consultant, and the contractors ranked according to 
the evaluation results. 

3 .  For the first roads to be constructed (Phase 1) proposals 
would be requested from say the three highest ranked firms. 
The proposals would include, but not necessarily be 
limited to, their estimated unit prices and costs for the 
aarious items of work, equipment that they need to acquire* 
a re-statement of equipment on hand, and a list and 
experience resume of key staff including senior forenen, 
master mechanics, and surveyors. 

4 .  Proposals would be evaluated and ranked by GOS and the 
Consultant. The proposal ranked highest may not be 
the lowest in cosz because of lack of personnel or un- 
realistic unit prices. The selected contractor would 
be called in and prices exceeding estzblished limitations 
(both high and low) negotiated based upon a detailed 
estimating procedure, 

5. Beginning with Step 2 and at each subsequent step, 
unsuccessful contractors would be informed and explained ia 
detail the reason(s) for their lolw ranking and recommendations 
made to then so they might be considered for subsequent 
phases. It is possible that the finzncial capabilities 
of contractors successful in early stages of the project 
will be exceeded. 

6 .  Upon completion of the competitive negotiations, the 
details with supporting data will be su~nitted to USAID 
for their review and approval. 

- 
I. In the event negotiations are not successful with the 

higher ranked contraczor, negotiations will be conducted 
v f t h  che second ranked contractor. 

I= nay be possible by Phase 3 (nine construction contracts will 
hzve Seen negotiazsd) that normal tendering 2rocedures can be tdopted, . -4 a- cenders being rejecced for such standard reasons as over- 

extended financial capabilities, insufficient equipne~c aria super- 
visory ?stsonael, or an unbalanced ceder* 

The evaluating process of both contracrors' qualifications and 
renders followed by administrative monitoring of the contracts is 
not a saall task. it is therefore reconinended chat the technical 
assistance Team Director be stationed in Khartoum so these tasks- 



Program of Construction Ccntracts 

In keeping with the recommendation to use Sudanese contractors, 
the size of contracts were adjusted downwards from large contracts . 

normally associated with fareign contracts. Tabulated in Table D-2 
are the recommended division of roads into separaie contracts and the 
grouping of the contracts into construction phases. The average 1985 
cost value of a contract is LS 28 million, with an average length of 
28 km. Table D-3 gives the timing of each package. The construction 
schedule calls for construction to begin September 1986 on Phase 1, 
Kadugli-Talodi Road, and for completion of construction on Phase 4 
in Decenber 1991. Each contract's construction period includes four 
months For mobilization. 

The selection of the Radugli-Talodi Road for rhe first packzge 
was not based upon the economic analysis results, but upon its 
proximity to the rehabilitation work on the Kadugli-Dilling-Dubiebat 
Road which is scheduled to commence August 1986, It is desirable 
for project management and implementation that early field activities 
to be concentrated in one general area with the dispersal of 
acrivities occuring later in the project life, 

Table 0-4 gives the number of contracts in progress each year 
of the constructfon period and the estimated yearly expenditures based 
upon 1985 coszs. These yearly expenditures have been escalated using 
a 13 percent annuzl escalation rate. Total estimated construction 
costs increase from a 1985 cost of LS 36.8 million to an excalated 
cost of LS 47.4 million. Because of high proportional cost that 
earthworks represents to contract total costs, the expenditure 
schedule is based upon 60 percent of a contract being completed in 
the first year of construction. 





Table 3-3 

CONSTRUCTION SCZEDULE & OPEXIKG OF ROADS 

Phase Road - 
Length Opening 
b Construction Feriod(1) Date 

1 Kadugli-Talodi 91.6 ; ~ r ~ g  86 - Dec 88 Jan 89 

7 - EB abasiya-Balahat 85 ~ u g  87 - Dec 89 Jan 190 
Rashad-El rlibbasiya 60 

3 Talodi-Kologi 80 Aug 88 - Dec 90 Jan 91 

Year - 

Kalogi-Abu Gubeiha 83 Aug 89 - Dec 91 Jan 92 
Abu Gubeiha-Rasnad 56 

(P) Includes mobiPizaeion by contraceor 

Table D-1 

Sumber of Contracts Estimated Escalated 
i n  Progress Expenditure 6 1 1 Expenditures (2) 

(~snooo)  (~snooo)  

1990 7 9,094 13,122 

1991 4 4,388 7,156 

I Totals  36, $00 57,368 

(1) Based upon 68Z of cont rac t  completed in f i r s t  gear, a 
cqo year cons=mction period and cos t s  not  escalated. 

(2) Zstbared annual escalation rate of 13 I. 



Equipment, Fuel and Xa te r i a l s  f o r  Sgdanese Contractors 

Pro jec t  construct ion cost  e s t h a t e s  include equip%ear, f u e l  snd 
mater ia l  costs .  I n  theory, i t  is the  re spons ib i l i ty  of the  contractor 
to obta in  a l l  three.  I n  Sudan, construct ion equipmene, spare p a r t s ,  
f u e l s  and c e r t a i n  materials such a s  reinforcing steel, and t o  a l e s s o r  
ex tent  lumber and cement, a r e  imported. h e  t o  h p o r t a r f o n  procedures 
and foreign currency exchange cont ro ls ,  t he  l o c a l  cont rac tors  have 
problems with Limportation and may have t o  pay prem%um pr ices  i n  Sudan- 
e se  pounds f o r  items c r i t i c a l  t o  t h e i r  o ~ e r a t i o n s .  

Only a cursory review of Sudanese contractors '  equipment inventory 
=as made. Even though some equipment is r e l a t i v e l y  new, i t  may not 
be operat ional  because of the lack  of spare par t s .  

Because of these unfavourable conditions,  we recommend t h a t  
means be provided f o r  the  timely import of needed items. During 
the  competitive negot iat ion s tage ,  a list of construct ion items f o r  
which w o r t a t i o n  and foreign currency is required can be prepared. 
Several methods of h p o r t  inrplemenrarion have been suggested, among 
which are:  (1) making fore igc  currency avai lab le  t o  eontracror;  
(2) importation of the var ious items by USXHP) with rebiiursement 
being made by She l o c a l  contractor  in Sudanese pounds. Weimbursenent 
could be inmediate o r  pro-rated over the  l i f e  of t h e  contract .  In  
l i e u  of repayment f o r  equipment, a l t e r n a t i v e s  are lease-purchase o r  
j u s t  leasing.  Yaintenance of equipment under each a l t e r n a t i v e  must 
be insured, 

H r  is recommended t h a t  the  providing of ass is tance  t o  the  l o c a l  
contractors  f o r  k p o r t a t i o n  of required consrruction equipment, spzre 
p a r t s ,  f u e l s  and s d e c t e d  mater ia l s  be approved i n  p r inc ip le  2nd t h e  
manner of inplementation be determined i n  the early l i f e  of the  
pro jec t  during evaluation and prequal i f ica t ion  of l o c a l  contractors .  

Listed i n  Tabhe 9-5 is a list of major items of equipment needed 
f o r  the  oonssruction of a typ ica l  28 km long feeder road constructed 
20 2rojec t  standards. "ifhe foreign exchange requirenent is USS 1.7 
= i l l i o n  fF a91 equipment is izaported. This should not be the  ease. 
Table 3-5 gkv'es the estir;0,ated f u e l  and lubr icant  sequirezanencs. For 
cenenr and lumber only a provis ional  sum has been given based upon 
s ~ m s  esrtimatsd f o r  other  pro jec ts ,  5ut  scaled down f o r  p ro jec t ' s  
10k;er standards. 

- - 



LIST OF PIAJOR CONSTRUCTIOK ZQUIPZXT FOR 
TE'ICAL 28 =I FEEDER ROAD 

I t e n  - 
1. Tipper Truck, 7m 3 

Price  Aaounc 
(1000 us$) 

1 2. Grader, 125 FI 2 P 10 220 

4. Faw Tractor wjtrailer 

5. Towed Roller 

6. Towed Water Tank 

7. Dozer. D6 

8. Towed Fuel Tanker 1 20 20 

9 .  SelvicelLub. Truck B 40 40 

10. Pickup Truck, 314 ton 3 - 25 50 

I f .  Concrete Mixer, o.4m 
3 4 5 20 

12. Generarors, Welders, Pumps, 
A i r  Compressors, Concrete 
Vibrators etc. - 60 60 

13. Hand Tools - 20 20 

Subtotal USS1.450 

14. Procurement Shipping: 

US t o  Port  Sudan (a) 25C 
Port Sudan t o  job s i t e  0 (b) 

TOTAL USS1.700 

(a) Cost of US origin equipment avai lab le  from In te rna t iona l  
depots w i l l  r e f l e c t  shipping cos t  i n  quoted u n i t  pr ices .  

(b) By contracsQr. 



Item - 

Table D-6 

ESTXYATED WEE A N l  X4TERIAL COSTS 
FOR TYPICAL 28 KH FEEDER ROAD 

Unit - Quantity 

Unit 
Price ho:mt 

Diesel Fuel Imp. Gal 200,000 

Gasoline Imp. Gal 20,000 

Oils/Lubricants(a) - - 
Cement - - 
Lumber - - 
Total Estimated Cost (b) 

- LO, 060 

IBSS456,080 

(a) Estimated at 5 percent of fuel costs 

(b) Shipping is not included since origin 



- - 
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E. Rehab i l i t a t i on  of the Kadugli-Dubeibat Road 

1. Descr ipt ion 

Th i s  186 km road l i n k s  Kadugli she c a p i t a l  of Southern Kordofan 
with  t he  r a i l r o a d  s t a t i o n  a t  Dnbefbar. Construction w a s  complerea by 
RBPC i n  Hay 1976, using a f o r c e  account system, with cons t ruc t ion  extending 
over a f i v e  year period.  The road has a 7n wide DBST sur face  except for 
a 50 kon long sec t ion  extending south from D Z l i n g  which has  only a s i n g l e  
sur face  t reatment .  The repor ted  base course is aggrsga te  blended with 
sand. The average haul  d i s t a n c e  of the base material f o r  t h e  segmznt 
between Kadugli and D i l l i n g  was 7 km and nore  than 20 km f o r  t h e  road 
no r th  of D i l l i ng .  

2. Ex i s t i ng  Condition 

Tine road 's  sur fac ing  is badly d e t e r i o r a t e d  from l ack  of both 
rou t ine  and per iod ic  maintenance. Some segments of t h e  road were opened 
t o  t r a f f i c  over 10 yea r s  ago. Since completion, only occasional  su r f ace  
maintenance has  been performed, cons i s t i ng  of pot  ho l e  r e p a i r  whenever 
a s p h a l t  is ava i l ab l e .  It i s  es t imated t h a t  from approximately 5 t o  
10% of t h e  road must have complete base course  recons t ruc t ion  p r i o r  t o  
any resur fac ing-  Subs t an t i a l  s e c t i o n s  of shoulders w i l l  need rehabi l i -  
t z t i o n .  The RBPC maintenance sec t ion  loca ted  a t  D i l l i n g  r e h a b i l i t a t e  
shoulders whenever f u e l  is  a v a i l a b l e  f o r  equipment. Tabulated ir, Table 
E-1 are r o u t i n e  and per iod ic  maintenance funds requested by the  =PC 
and t h e  amounts a c t u a l l y  a l l oca t ed .  

3. Relat ionship  t o  P ro j ec t  Roads 

Xort';. 3f Dubeibat, a new gravel surfaced road ex tends  9 L  h t o  
21 Obeid t h e  ff-a-i: of Kordofan Region, S t a r t i n g  i n  1985, the road 
is t o  be upgrade? - 3  a paved road with base  course  and DBST pavement. 
The cons t ruc t i s ,  a-. . a 301 km paved road from E l  Obeid t o  K o s t i  v i a  
231 Rahad and UEE r-uwaba i s  scheduled t o  start in 1986. The r e l a t i o n s h i p  
of the p r o j e c t  feeder  roads extending from Kadugli t o  U r n  Ruwaba is  
c l e a r l y  i l l u s t r a t e d  on Figure A-1. 

Because of the dependance of t he  western por t ion  of t h e  feeder  roads on 
the Kadugli-Dubeibat Road, i t  is  e s s e n t i a l  t h a t  t h i s  road a r t e r y  be 
maintained i n  a passable  condi t ion.  If r e h a b i l i t a t i o n  is no t  accmplis t red 
wi th in  :he next  2 t o  3 yea r s  t h e  rate of d e t e r i o r a t i o n  w i l l  a c c e l e r a t e .  



E- 2 

Table E-1 

ROUTINE MAINTEXANCE FUNDS FOR 
WUGLI-DILLING-DUBEIBAT ROAD 

(Sudanese Pounds) 

Funds Requested Funds Al loca ted  

F i s c a l  Year Amount Pe r  Km Amount Per K;ir 

1979/80 241,000 1,296 41,000 220 
1980/81 396,000 2,129 133,000 1,038 
1981/82 44 1,000 2,371 366,000(1) 1,075 
1982/83 837,000 4,500 49,000 263 
1983/84 1,191,000 6,403 57,000 386 
1984/85 724,000(2) 5,323 80,000(3) 430 

Source: RBPC 
(1) Inc iudes  Ls.170.000 used f o r  c o n s t r u c t i o n  of 2 b r i dges ,  6 box c u l v e r t s  

and r i p  r ap ,  
(2)  For only 136 km. ?laintenance fund f o r  remaining 50 km inc luded ia 

reques ted  p e r i o d i c  funds. 

Breakdown of 1984/85 Reque3ced Funds 

1, S a l a r i e s ,  wages and a l lowances  f o r  staff L s  .23,480 
2,  S a l a r i e s ,  wages and al lowances f o r  l a b o r  244,780 
3. P l a n t  h i r e ,  s p a r e  parts 6 f u e l  425,840 
4 .  Yaintenance of road camps 30,000 

T o t a l  Ls,924,000 

(3) Approved by X i n i s t r y  of Finance j u t  n o t  yet given t o  RBPC. 
RSPC informed Sept .  9, 1984 t h a t  only Ls.300,000 had been 
a l l o c a t e d  f o r  a l l  paved roads ,  - 

PERIODIC XAI;VT=XNCE Fli3'DS 
UDCGLI-DILLI3G-DWBEIBriT ROAD 

(Sudanese Pounds) 

Funds Requested(1) Funds Al ioca ted  

-. 
: ~ s c a l  Year &noun t P e r  Mir! -Imnour: t Per - 
I981182 2,390,000 12,850 3 ii xi1 
1982183 3,896,000 20,950 t t  t v  

1983/84 5.595y000 31,690 I t  ?* 

i984/8S 9,156,000 43,850 (I vt 

Source: XSTC 
( I )  Tor base repair and a s p h a l t i c  overlay. 

-- - 



4 ,  Recommendation 

It i s  recommended t h a t  t h e  r e h a b i l i t a t i o n  of t h e  KadugPi-Duiaibat 
Road b e  done by R B P C k  maintenance group l o c a t e d  a t  D i l l i n g ,  and t h a t  
f i n a n c i a l  a s s i s t a n c e  needed f o r  purchase of a d d i t i o n a l  equipment, a s p h a l t ,  
f u e l  and o t h e r  m a t e r i a l s  be  inc luded i n  t h i s  p r o j e c t .  

5. Estimated R e h a b i l i t a t i o n  Costs  

L i s t ed  i n  Table E-2 i s  t h e  equipment requ i red  f o r  t h e  r e h a b i l i t a t i o n  
of t h e  road.  Some of t h e  equipment l i s t e d  i s  owned by BBPC and is  p r e s e n t l y  
l oca t ed  a t  D i l l i n g .  It is s e r v i c e a b l e  and could  be used f o r  t he  r e h a b i f i -  
t a t i o n  work, i n  p a r t i c u l a r  shoulder  r e h a b i l i t a t i o n .  S ince  r e h a b i l i t a t i o n  
w i l l  n o t  s t a r t  u n t i l  l a t e  1986, i t  is n o t  c e r t a i n  whether t he  equipment 
w i l l  s t i l l  be  s e r v i c e a b l e  and/or  a v a i l a b l e .  Never the less ,  the c o s t  f o r  
t h e s e  p a r t i c u l a r  p i e c e s  of equipment have n o t  been inc luded and i f  no t  
a v a i l a b l e  e i t h e r  new o r  used b u t  s e r v i c e a b l e  equipment would be  fu r a i shed  
by GOS. 

A summary of t h e  c o s t s  i n  US d o l l a r s  and Sudanese pounds f o r  o f f i c e  2nd 
workshop equipment, spa r e  p a r t s ,  cons t ruc t i on  m a t e r i a l s ,  f u e l  o i l  and 
l u b r i c a n t s ,  and procurement and- shipping a r e  t abu l a t ed  i n  Table E-3. 

Technical  Ass i s t ance  

A s  p a r t  of the t e c h n i c a l  a s s i s t a n c e  t e a m ,  a Maintenance Engineer 
and Yaster  Yechanic a r e  recommended t o  be ass igned  a t  D i l l i n g  t o  assist 
RBPC i n  t h e  r e h a b i l i t a t i o n  of t h e  road and maintenance of t h e  equipment. 
Per iod of s e r v i c e ,  e s t imated  t o  be  a t o t a l  of 20 months, would be  two 
dry seasons  and t h e  in te rmedia te  w e t  season. Table  E-5 g i v e s  the  
es t imated  c o s t  f o r  t h i s  t e c h n i c a l  a s s i s t a n c e .  



Table E-2 

EQUIPMENT REQUIREMENTS FOR REHABILITATION 
OF KADUGLI-DUBEIBAT ROAD 

No. - US$1,000 

3 1. Tipper  t r ucks ,  7m 10 600 
2. Tipper  t r ucks ,  10m 5(a )  - 
3. Front  end l o a d e r s ,  rubber  ty red  2(b)  160 
4. Grader 2 (a) - 
5. Dozer 1  ( a )  - 
6. R o l l e r ,  steel wheel,  SP 1 50 
7. R o l l e r ,  pneu. SP 1 50 
8. Xol le r ,  pneu. towed - 7 20 
9. P a m  t r a c t o r s ,  towing 3 105 

10. Truck, bitumen d i s t r i b u t o r  1  45 
11. ?re-heater ,  bitumen I 25 
12. Secondary c ru she r ,  50 TPH 

comqlete wi th  screens 1 420 
13. Xater t anker  t r u c k  2 80 
14. Fuel  t r u c k  1 75 
15. Broom, towed 1 7 
16. Chip spreader ,  SP 2 30 
17. Pick up t r u c k s  3 / 4  ton  2  50 
18.  Fie ld  s e r v i c e  lub .  t r u c k  1 60 
19. T r a i l e r s ,  f u e l ,  towed 3 30 
20. Jeep  l and  c r u i s e r  1 20 
21. T r a i l e r ,  w a t e r ,  towed - 7 20 
22. F lz tbed  t r u c k  2 110 
23. Genera tors ,  welders ,  a i r  

compressors,  r i d i o  sets,etc. Lot 70 
2 4 .  Xand t o o l s  Lot 20 

T o t a l  USS 1,942 

(a) Pre sen t l y  on hand a t  D i l l i n g  
(5) One front end load  on hand a t  D i l l i n g  

- - 



Table  E-4 

SU?ClARY OF EQUIPMENT, FUEL & INTERIALS , 
AND ?ROCURET!EST COSTS FQR REHABILITATLOK 

OF KADUGLI-DUBEIBAT ROAD 

Items 

A. O f f i c e  & Workshop 

1. O f f i c e  Equipment 
2. Lab. Equipment 
3. Shop Compound/Warehouse(a) 
4.  Tools  f o r  equipment r e p a i r  
5 .  L o g i s t i c a l  Support 

Sub-total  

B. R e h a b i l i t a t i o n  Eauiument 

C.  Spare P a r t s  
For i t e m s  i n  A&% i n c lud ing  t y r e s  
and shipment 

D.  Const ruct ion  M a t e r i a l s  

1. Bituminous p roduc t s  
2. Base course  & ch ipp ings  

E. Fue l /Oi l s /Lubr ican t s  

F. Procurement Shipping 

I. US t o  Por t  Sudan 260 - 
2. P o r t  Sudan t o  D i l l i n g  - 260 

G. T o t a l  Estiinated Prosurement Costs  FX$5,897 Ls -847 
Use FX$5,900 L s  .850 

(a)  Renovation of existing f a c i l i t i e s  



Item 

Table E-5 

ESTIMATED TECHNICAL ASSISTANCE COSTS 
RE'iBILITATION OF KADUGLI-DUBEPBAT ROAD 

1 .  Salaries ( f i e ld  overheads & post 
d f f  f erent ia l )  

a .  Xaintenance Engineer 
b .>laster Xechanic 

2 .  Allowances: 40 months 

3.  Travel, consumables, unascompanies 
baggage, etc  . 

4 .  Fee @ 10% of i t e m  I l e s s  overhead 

Sub-Total 
USE 

1000 Ls. 



Im?lementation of Road Maintenance 

1. General 

A USAID publicat ion "Wew Directions i n  Rural Roads" suggests accept- 
ing the  r e a l i t y  t h a t  roads i n  most underdeveloped countr ies  a r e  not going 
t o  be maintained given present governmental in f ras t ruc tu re  and funding 
r e a l i t i e s .  The problem of maintenance a l s o  appl ies  equally t o  main- 
tenance of the  mechanized equipment. This is not an acceptable a l t e r -  
na t ive  s ince  the r e s u l t  is the  gradual and subsequent accelerated 
de te r io ra t ion  of roads and equipment. 

I n  any developing economy where general  labor  product ivi ty  is low 
and a surplus  of unski l led labor  is abai lab le  a t  low cos t ,  the  desir-  
a b i l i t y  of u t i l i z i n g  labor in tens ive  methods and consequently the  
employment of more people r a the r  than mechanized operations is questioned. 
Certain operations such as cleaning drainage d i tches  and s t ruc tu res ,  
r epa i r  of pot holes,  repa i r ing  embankment slolpe erosion, vegetat ion 
cont ro l  and similar tasks  lend themselves t o  the  use of labor in tens ive  
methods. Other operations such as loading dump trucks,  and shaping and 
compacting gravel  surfacing can be done cheaper and easier using mech- 
anized equipment. 

One poss ib le  means of increasing t h e  l ik l ihood of maintenance 
operations ac tua l ly  being performed upon completion of construct ion might 
be a r e s t r i c t i o n  i n  the  use of mech~nized equipment t o  only those items 
of work f o r  which t h e  need is obvious and t o  maximise the  amount of l o c a l  
community labor.  The use of l o c a l  labor  l i v i n g  along the  p a r t i c u l a r  
sec t ion  o t  road being b u i l t  would c rea te  f r m  t h e  start i d e n t i f i c a t i o n  
of each port ion of the  road with the  communities it serves.  It would 
a l s o  r e s u l t  i n  the  t r a in ing  of members of t h e  community i n  road con- 
s t r u c t i o n  tasks.  This policy may c rea te  some inconveniences such as 
s reduction i n  the  speed of construction and a possible  increase i n  
turnover of personnel. The l a t t e r  could be caused by in ter ference  of 
a g r i c u l t u r a l  labor  needs and the  supply of people t o  t h e  maintenance 
groups a s  construct ion of segments of road a r e  completed and maintenance 
operations commence. 

1. Basic Routine Maintenance 

1x1 the determination of E; +timated annual bas ic  rout ine  maintenance 
cos t s ,  we estimated t h a t  one bas ic  maintenance crew can maintain s l i g h t l y  
more than 12 kms of feeder road based upon 243 working days per year and 
working hours from 'lam t o  2pm. Working days were determined as follows: 



ESTIMATE OF WORKING DAYS PER YEAR 

Item - Davs D e r  Year 

1. Total  days per year 

2. Fridays 

3 .  Leave 

4. Holidays 

Subtotal  

5. Balance of days i n  year 

6. Sickness 

7. Rain 

~ Subtotal  

8. Net Working Days p e r  Year 

A t y p i c a l  bas ic  maintenance crew is as follows: 

Item - No. - 

For ernan 

Driver 

Laborers 

4. Pickup Truck I 

as required 5. Hand Tools 

For the  91.6 km long G d u g l i  - Talodi Road, six crews each na in ta in ing  
15.3 'as would be required. Obviously the  need f o r  six pickups is 
questionable. d nore xeasonable arrangement would be six crews each 
supervised by a heaci-laborer and a foreman with pickup t ruck  supervising 
two crews. Using t h i s  ref ined organization, the  basic rout ine  mzinten- 
ance requirements a r e  shown i n  Table F-l f o r  each road sec t ion  (amber 
of C-n maintained by a crew aujusted t o  f i t  road lengths) .  



Table F-1 

PERSOfWEL AKD EQUIPMEST REQUIREkZEXTS 
BASIC ROUTINE MAfNTEXMCE 

No. of Pickup Head 
Road Section Crews Foremen Trucks(1) Laborers Laborers 

1. Kadugli-Talodi 6 3 3 6 60 

2 .  Talodi-Kologi 5 3 3 5 50 

3 . Kalogi-Abu Gubeiha 6 3 3 6 60  

4 .  Abu Gubeiha-Rashad 4 2 .- 7 4 40 

5. Rashad-El Abbasiya 4 2 2 4 40 

6 .  E l  Abbasiya-Balahad - 6 3 - 3 - 
Totals  31 16 16 

( 1) Includes dr iver .  

Crews, t o o l s  and pickup t rucks f o r  a road w i l l  be needed approximately 
three  months p r i o r  t o  completion of construct ion f o r  organization and 
t r a i a i n g  . 
3. Variable Routine Maintenance 

For t h e  determination of cos t s  f o r  the  per iodic  grading and com- 
paction of in-place gravel surfaces,  we estimated t h a t  one brigade could 
complete 3kn per 7 hour day and t h a t  an average of two passes were reqcired 
each year. The proposed equipment and s t a f f i n g  of a brigade is shown i n  
Table F-2. 

Table F-2 

Item - 
1. Grader 

2. Tractor w l t r a i l e r  

3. Towed Roller  

4. Water Tank, towed 

5. Pickup Truck 

6. Misc. Hand Tools as required 



Table F-2 (contd) 

Item - 
8. Operators 

9. Drivers 

10, Laborers 

Based upon 243 working days per year ,  a rate of 0 . 5 0 b  per  hour, 
two passes per  year and 20 percent down-time f o r  maintenance and r e p a i r  
of equipment ( fo r  example when grader needs r e p a i r  the re  is a work 
stoppage) one brigade can maintain about 290 km per year. Based upon 
this annual r a t e ,  equipment f o r  the  f i r s t  brigade w i l l  be required by 
the  opening year of Phase I and f o r  a second brigade shor t ly  before 
completion of Phase 3, 

4. Periodic  Maintenance 

Periodic  maintenance is the  replenishment, grading and compactton 
of the gravel  surface.  For determining maintenance cos t s ,  we estimated 
t h a t  the  equipment and staffing tabulated Ln Table F-3 would be required,  

Table F-3 

PERSONHEL AND E Q U ~ ~  EQUI[REE?lT 
PE2IODIC YA129TEXmCE 

Item - No. - 
I. Tipper Truck 7m 3 

9 . Front End Loader 

3. Grader A 1 

4. Tractor w/trailer 3 

Towed Roller 

Gater Trailer, towed 

Pickup Truck 

Foreman 

9. Operators 5 

10. Drivers 6 

1 .  Laborers 10 

12. X i s c .  Tools as required 

3 Based upon a gravel replacement every 4 t o  5 years of 275m , an 
average haul distance of 13 h, imck loading time, a 6 hour day, 243 
working days, and a 20 percent time l o s s  f o r  equipnent mehreaaance m d  
r e p a i r ,  one brigade can maintain about 1 2 6 - b  annually. h e  brigade 
can therefore  regravel  the  455.6 km s f  pro jec t  roads every 4 years,  





5. Implementat5sn 

The Roads anu Public Bridges Corporation (RBPC) is responsible for 
construction of all roads, and maintains paved roads and bridges, The - 
maintenance of earth and gravel roads is the responsibility of the regional 
governments with technical assistance provided by RBPC regional managers. 
RBPC's organizational structure has too many layers of management while 
the maintenance division suffers from inadequate staffing . The IBRD ' s 
Highway Organization and Investment Study is to define RBPC ' s future 
functions and recommend improvenznts to its organization. Agreement 
has been reached between IBRD and GOS that not later than June 30, 1987 
a plan will be implemented to improve the organization or' RBPC. 

2BPC maintains the paved roads and bridges through regional managers. 
Each region is divided into two or more districts supervised by district 
engineers. Road maintenance has suffered through lack of adequately 
trained staff and low availability of equipment. Although the equipment 
fleet is nominally adequate, many items have become unserviceable due 
to lack of proper maintenance. Equipent availability is low because 
of ill-trained mechanics, poor workshop organization and management, 
and an insufficient supply of spare parts (this is probably compounded 
by diversity of equipment originating from various foreign Governments 
giving equipment aid). The IBRD Third Highway Project will provide 
far technical assistance to improve vorkshop operations including training, 
the procurement of spare parts and components for equipment rehabilitation, 
and the implementation of training and road maintenance programs. The 
IBRD Project target date for completion is June 30, 1988. 61) 

The dates by year when maintenance operations must commence on each 
of the pr~ject road sections is shown in Table F-5. RBPC's organiz- 
ational changes and training program will be completsd prior to the 
earliesc commencement year. 

Table F-5 

SCHEDULE OF ??.?.INTSN~CE IL"IPLE?fELTATION 

Accum. Year 3lzintenance Starts 
Package - Road - Length Length Koutfne Periodic (a) 

Km .Ym 
1 Kadugli-Talodi 91.6 91.6 1989 1992 

7 - El Abbasiya-Balahat 85 176.6 1990 1993 

Rashad-El Abbasiya 6Q 236.6 1990 1993 

3 Talodi-Rologi 80 316.6 1391 1994 

Koiogi-Abu Gubeiha 83 399.6 1991 1994 

4 riSu Gubeiha-Rasnaa 56 455.6 1992 1995 

(a)  Shoe= one year early to  insure azintsnance group 
is organized and mobilized on time. 

-- - 
(1) Freceeding two paragraphs are excerpts from IERD Third Eiighway Project 

Pauer. F e b n a n  28, 1984. I I 



The Norconsult Report suggested four alternative organizational 
structures, each having a maintenance section. Alternate 1 shown an 
Figure F-1 has a centralized organizational structure more or less 
similar to today's structure for maintenance of primarv roads, 

Alternate 2 show 03 Figure F-2 is a decentralized agency with 
centralized funding. The policy, establishing standards, control of 
efficiency, training of personnel, purchase of mafor equipment (may be 
used by more than one region), letting of mjor contracts would be the 
responsibility of RBPC. The Local Government (possibly Area Councils) 
would act as an agent for RBPC in carrying out the maintenance of feeder 
roads. The full responsibility however still rests with RBPC. 

Alternate 3 is decentralized but with RBPC providing policy and 
uniformity of standards. Budget allocations and overall financial 
control are the responsibility of zhe Regional Government through a 
Regional Roads Department. Xaintenance is the full responsibility 
of the Regional Government. Alternate 3 is shown on Figure F-3. 

Alternate 4 is the most decentralized of the four with no conn- 
ection to RBPC. 

Norconsult recommended Alternate 3 since the organization was both 
technically acceptable and consistent with Government's stated decentral- 
ization policy. It was also considered appropriate for feeder road 
naintenance. 

There is no certainty as to what orga3izational structure may - 

result from the IBRD Third Highway Project nor changes that might be 
made by GOS for other reasons, Shc2 it is the current policy that 
the maintenance of earth and gravel-feeder roads as planned by the 
project are presently the respons~bility of the Regional Governmnent, 
it seems appropriate that implementation should be structured to con- 
form to that policy* 

Basic routine maintenance is the cleaning and minor repair of 
drainage ditches and structures, clearing vege'atioa, ~rosion control, 
and repairing pot holes. All work is by laborers and as such laborers 
should live close to the segment of road for which they are responsible. 
Since this maintenance is community oriented, one solution is for the 
responsible agency to contract with individual communities or villages 
to perform the basic routine maintenance on a specified segment of the 
road with tools, equipment and any materials whose source is outside 
the community being furnished by Government. This arrangement is 
adaptable to most any organizational structure that is finally selected. 
Periodic inspections by a representative of the responsible agency 
should be made to insure maintenance conformity. 

SiaUarlpvariable routine aad periodic maintenance brigades can 
be administered by most organizational structures - centralized or 
otherwise. h e  to the uncertainty of SBPC's and/or Regional Govern- 
ment's role, it is suggested that the administering agency who will 



F- 8 

be responsible for administering and possibly organizing these 
maintenance efforts be determined (and agreed with GOS during the 
second year of the project. If uacertainfy still exists at that 
time, one solution is to extend the construction contractors contract 
to include the variable routine maintenance for a period of from one 
to two years. 

Since the concept of basic routine maintenance being done on a 
community level basis with payment being made for that work effort will 
be a new concept to Sudan, problems in organizing and administering 
it will occur. Even though some of the laborers may have worked on 
the road construction, additional instruction in proper maintenance 
procedure will be required. Possible assistance by the Peace Corps 
seems desirable and should be investigated. 
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G. Technical Assistance Requirements 

1- Design Stage 

Because of t h e  remoteness of the p r o j e c t  a r e a ,  t h e  l a c k  of 
accura te  and/or  l a r g e  scale mappfwg,and soils survey d a t a ,  t h e  c o s t  
of d e t a i l e d  f i e l d  svrveys and f i n a l  design plans  would be p r a c t i c a l l y  
the  same as those prepared f o r  higher scandard roads. For p r o j e c t ' s  
low c o s t  roads, we consider  rhe need for d e t a i l e d  p lans  normally 
expected and prepared prior t o  cons t ruc t ion  t o  be unnecessary. 

The e x i s t i n g  t r a c k s  far nosz p r o j e c t  roads a r e  no t  w e l l  
def ined and a s  a  r e s u l e  there w f l B  be cons iderable  l a t i c u d e  i n  t h e  
establ ishment  of f i n a l  alignments.  Because most of t h e  a r e a  is r e l a t i v e l y  
f l a r ,  most of t h e  road formarion w i l l  be f i l l  r a t h e r  than a c u t  sec t ion .  
Problems w i t h  h o r i z o n t a l  curvature should not  occur and design of t h e  
v e r t i c a l  alignment w i l l  be relatively simple. 

"vde the re fo re  propose t h a t  s tandard d r a w h g s  of p ipe ,  box 
and open-botssm culverts, fo rds ,  d i t c h e s ,  e ros ion  c o n t r o l  measures 
and o t h e r  s i m i i a r  d e t a i l s  be prepared dur ing  t h e  f i r s t  s t a g e  of the  
p ro jec t .  The s tandards  would be d e t a i l e d  f o r  m u l t i p l e  a p p l i c a t i o n s ,  
bur because of the t e r r a i n  t h e  number of d i f f e r e n t  a p p l i c a r i o n s  w i l l  
no t  be s i g n i f i c a n r .  

k % i k  standard d e t a i l s  a r e  being prepared,  t h e  alignments f o r  
Phase 1 roads (see Construct ion Implementation) w i l l  be e s t a b l i s h e d  

the  f i e l d ,  major topographic f e a t u r e s  noted and a surveyed cent re-  
line p r o f i l e  of e x i s t i n g  ground obtained. Addi t ional  p r o f i l e s  a t  
major stream c ross ing  may a l s o  be taken. 

During t h e  design of Phase 1 t h e  S o i l s  Engineer w i l l  l o c a t e  
sources of supply f o r  s e l e c t  material, pi t -run g r a v e l ,  l a t e r i t e s ,  
and sand and gravel .  These w i l l  b e  e s t a b l i s h e d  f o r  a l l  t h e  p r o j e c t  
roads during t h e  SoiLs Engineer 's  contemplated s i n g l e  assignment. - 

. The Drainage Engineer w i l l  e s t a b l i s h  f o r  a l l  major s treams drainage 
a r e a s  and runoffs ,  using a v a i l a b l e  mapping and a g r i c u l t u r e  a e r i z l  
photos. Using t h e  stream corss-sec t ions ,  high water marks from 

- observat ion  and d iscuss ion  with l o c a l  people,  and f lowl ine  g r a d i e n t s ,  
stream flow q u a n t i t i e s  w i l l  be determined f o r  t h e  remaining de f inab le  
water courses.  Because more than 170 water courses  were noted during 
our f i e l d  reconaissance,  i t  is  probable t h a t  a l l  stream flows w i l l  
no t  be e s t a b l i s h e d  during t h e  Drainage Engineer 's  proposed s i n g l e  
assignment. H e  w i l l ,  however, e s t a b l i s h  t h e  procedures and metnod- 
o l o ~ i e s  s o  t h a t  r e s i d e n t  s t a f f  can complete the dra inage  des igns  
f o r  t h e  o t h e r  phases. 



Line  drawings showing h o r i z o n t z l  and v e r t i c a l  ciesigns, s t a n d a r d  
d e t a i l  drawings and b i l l  of q u a n t i t i e s  of c o n s t r u c t i o n  itens w i l l  
form t h e  des ign  i n p u t  t o  t h e  c o n t r a c t  documents f o r  t h e  c o m p e t i t i v e  
n e g o t i a t i o n s .  Exact p o s i t i o n i n g  of p i p e ,  box an6  open-bottom c u l v e r t s  
and f o r d s  w i l l  be  e s t a b l i s h e d  du r ing  c o n s t r u c t i o n .  It i s  p robab le  
t h a t  minor changes t o  v e r t i c a l  a l i gnmen t s  w i l l  b e  r e q u i r e d  a s  d r a i n a g e  
f low l i n e  a r e  f i n a l i z e d  and a s  a consequence road p r o f i l e  a d j u s t e d  
t o  f i t  t h e  d ra inage  s t r u c t u r e .  

The des ign  of subsequent  phases  w i l l  c o n t i n u e  i n  a  similar 
manner ( u i t h  ref inement  made as a p p r o p r i a t e )  f o r  t h e  l i f e  of t h e  
p r o j e c t .  A s  a  r e s u l t  de s ign  c o s t s  w i l l  b e  low i n  keeping wi th  t h e  
s t anda rd  of roads .  Because most des ign  f e a t u r e s  w i l l  b e  determined 
and /o r  f i n a l i z e d  on s i t e ,  t h e  r e s u l t a n t  product  should conform 
c l o s e l y  t o  l o c a l  needs  and c o n d i t i o n s .  Table  G - 1  lists t h e  s t a f f i n g  
requi rements  f o r  t h e  Design Stage.  

Table  G-1 

Design S tage  S t a f f  i n s  

S t a f f  

Foreiqn Consul tan t  

T r i p s  (a )  Man->ion t h s  

1 .  Sighway Desim Engineer 4 
2. Drainage Engineer 1 
3. S o i l s  Engineer 1 
4 .  Eagineer  ( f i e l d  unspec i f i ed )  1 

T o t a l s  

Local Ccnsu l t an t  

1. Locat ion  Engineer 
2. Drainage Engineer 
3. S t r u c t u r a l  Engineer 
4. S o i l s  Znglneer 
5. S r .  Surveyor 
6.  Sc r -~eyor  

T o t a l s  

( a )  Number of trips for f o r e i g n  s t a f f  and number of 
t i m e s  a ss igned  r o  design group f o r  l o c a l  s t a f f .  



2. Cons t ruc t ion  S tage  

The award of c o n s t r u c t i o n  c o n t r a c t s  f o r  Phase 1 roads  i s  
scheduled f o r  August 1986. The c o n t r a c t o r s  w i l l  be given f o u r  months 
f o r  m o b i l i z a t i o n  on s i t e  wi th  a c t u a l  c o n s t r u c t i o n  beginning  i n  January  
1987. The schedul ing.  of c o n s t r u c t i o n  c o n t r a c t s  i s  g iven  i n  Table  G-2. 

Phase Road 

Table  G-2 

P r o j e c t  Cons t ruc t ion  Schedule 

1 Kadugli-Talodi 
3 
4. 2 1  Abbasiya-Balahat 

Rashad-A1 Abbasiya 
3 Talodi-Kalogi  
4 Kalogi-Abu Gubeiha 

Abu Gubeiha-Rashad 

T o t a l s  

Road - 
Length 

91 -6 
85 
60 
80 
83 
56 - 

4 5 5 . 6  

Const ruc t  ion Pe r iod  ( I )  Bumber of 
C o n t r a c t s  

Aug 86 - Dec. 88 3 
Aug 87  - Dec. 89 4 
Aug 87 - Dec. 89 7 

& 

Aug 88 - Dec. 9Q 3 
Aug 89 - Dec. 91 2 
Aug 89 - Dec. 91 2 - 

(1) I n c l u d e s  a  4-month m o b i l i z a t i o n  pe r iod .  

Sudanese c o n t r a c t o r s  a r e  n o t  exper ienced  i n  t h e  c o n s t r u c t i o n  
of engineersd  roads  nor  p repa r ing  a  render  based upon a  d e t a i l e d  b i l l  
of q u a n t i t i e s  f o r  road c o n s t r u c t i o n .  A s  de f ined  i n  t h e  PID, one of 
t h e  g o a l s  o r  o b j e c t i v e s  of t h i s  p r o j e c t  i s  t o  e s t a b l i s h  i n  Sudan 
c a p a b i l i t i e s  f o r  road c o n s t r u c t i o n  by l o c a l  c o n t r a c t o r s .  Th i s  i s  n o t  
a s imple  t a s k  and w i l l  i nvo lve  n o t  only a s s i s t a n c e  t o  them i n  p repa r ing  
t e n d e r s ,  b u t  a l s o  i n  road c o n s t r u c t i o n  t echn iques  and management and 
maintenance of equipment. The c o n s t r u c t i o n  i s  t h e r e f o r e  b a s i c a l l y  a 
construction-management p r o j e c t  and as such t h e  c o n s u l t a n t ' s  s t a f f i n g  
requi rements  must b e  i nc reased  t o  i n c l u d e  pe r sonne l  exper ienced  i n  
l a b o r  and equipment managment p l u s  equipment maintenance.  L i s t e d  i n  
Table  G-3 a r e  t h e  f o r e i g n  s t a f f i n g  requi rements  f o r  t h e  Cons t ruc t ion  
Srage.  The l o c a l  s t a f f i n g  i s  given in  Table  6-4. Loca l  s t a f f i n g  
requi rements  change a n n u a l l y ,  s i n c e  i n  1987 t h e r e  w i l l  b e  3  c o n s t r u c t i o n  
c o n t r a c t s  i n  p r o g r e s s ,  9 in  bo th  1988 and 1989, 7  i n  199C, and 4 i n  
1991. 





3 .  ~ e h a b i l i t a t  ion of Kadugli-Dubeibat Road 

A s  p a r t  of t h e  t e c h n i c a l  a s s i s t a n c e  team, a  Haintenance Engineer 
and ?laster Mechanic w i l l  be a s s igned  a t  D i l l i n g  t o  a s s i s t  and a d v i s e  R?BC 
i n  t h e  r e h a b i l i t a t i o n  of t h e  road and maintenance of t h e  equipment. 
R e h a b i l i t a t i o n  w i l l  s t a r t  a t  t h e  end of t h e  r a i n y  season i n  1986 o r  about  
October.  It i s  e s t ima ted  t h a t  z l l  t h e  r e h a b i l i t a t i o n  work can be  complered 
in' two dry seasons.  

The Maintenance Engineer ' s  and Master Mechanic 's  ass ignment  i n  
D i l l i n g  w i l l  beg in  i n  September 1986 and con t inue  u n t i l  A p r i l  1988 f o r  a 
t o t a l  of 20 man-months each. 

4 .  Management 

Pre-cons t ruc t ion  a c t i v i t i e s  such a s  p r e q u a l i f i c a t i o n  procedures  
f o r  p o t e n t i a l  Sudanese c o n t r a c t o r s ,  f i n a l i s i n g  t h e  l i s t ,  a d v e r t i s i n g  and 
o r d e r i n g  equipment,  m a t e r i a l s  and f u e l s  f o r  r e h a b i l i t a t i o n  of Kadugli- 
Dubeibat Road, d e s i g n s  of Phase 1 roads ,  p r e p a r a t i o n  of c o n t r a c t  documents, 
r e q u e s t s  f o r  and e v a l u a t i o n  of p roposa l s  from l o c a l  c o n t r a c t o r s  and c o n t r a c t  
n e g o t i a t i o n s  w i l l  consume a  c o n s i d e r a b l e  p o r t i o n  of t h e  p r o j e c t  t i n e  pe r iod .  
Throughout t h i s  s t a g e  of t h e  work, t h e  T.A. Team Pknager must be  l o c a t e d  
i n  Khartoum. 

The c o n s t r u c t i o n  c o n t r z c t i n g  procedure a s  o u t l i n e d  i n  Cons t ruc t ion  
Inp lementa t ion  w i l l  occur  annua l ly  f o r  t h e  fo l lowing  t h r e e  y e a r s  f o r  Phases  
2, 3 and 4.  I n  a d d i t i o n  t o  t h e  work r e q u i r e d  by t h a t  t a s k ,  t h e  Team 
Xanager w i l l  a s s i s t  and a d v i s e  RBPC on t h e  a d m i n i s t r a t i o n  of t h e  16 
c o n s t r u c t i o n  c o n t r a c t s .  Th i s  c a r k o t  b e  accomplished o u t - s t a t i o n  from 
Khartoum. L i s t e d  i n  Table  G-5 a r e  s t a f f  requi rements  f o r  t h e  c o n s u l t i n g  
eng inee r  ' s management o f f  ice i n  Khartoum. 

Table  G-5 

S t a f f i n g  f o r  Consul t ing  Engineer ' s  Management O f f  i c e  

S t a f f  

1. Team Hanager (A&=) 
2 .  Deputy Team Manager ( l o c a l )  
3.  Sen io r  C le rk  ( l o c a l )  
4 .  C l e r k s  ( l o c a l )  
5. T y p i s t s  ( l o c a l )  

T o t a l  Man-Months 



Cost Analysis of Engineering Services  

1) Team Director  (Sept. 85-April 92) - 80 months 
ifamily s t a t u s ,  2 ch i ld ren)  

a )  Salary  (uninf l a t e d )  $4250 month 
b) Post d i f f e r e n t i a l  (25%) $1060 month 
c) Fringe (22%) $ 990 month 

$6300 month 
d)  F ie ld  overhead (85%) $5350 month 

$11650 month --------- 

Escala t ion  of overhead and incremental s a l a r y  inc reases  (10% per  annun 

Fx - LS (15%) 

1985 : 4 months @ 11,650 46,660 6,990 
1986 : 12 months @ 12,815 153,780 23,067 
1987 : 12 months @ 14,096.5 169,158 25,374 
1988 : 12 months @ 15,506 186,072 27,911 
1989 : 12 months @ 17,057 204,684 30,703 
1990 : 12 son th s  @ 18,762 225,144 33,772 
1991 : 12 months @ 20,638 247,656 37,148 
1992 : 4 months @ 22,702 272,424 40,864 

F?[$ 1,505,518 LSS 225,829 

Allowances 

- Education (6.5 years @ 20,000) SL30,OOO - COLA (80 months @ $150) 12,060 
- Misc. items(6.7 years  @ 1,000) 6,700 

- Subtota l  148,700 
* 

Travel and Transpor ta t ion  

- I n t e r n a l  t r a v e l  and p e r  d i en  - LSS 20,000 . - Round i r i p s  @ $3,400 each 
4 peop le  x 6 t r i p s  x 3,400 81,600 12,240 

- H.B. gocas (3  times) 60,000 f 5,000 
- Storzge, unaccompanied baggage, 

consuxzables 90,000 13,500 

- Subtotal S231,OOO S60,740 
- Tee (10% of direct labor  sa la ry ,  

post d i f f e r e n t i a l ,  f r i nge ,  
e s ca l a t i ons )  81,400 12,200 

- Totals FX$1,966,615 LSS 298,769 
=--" -. ----=== U l i S I Z :  

-- - cse FX$1!,970,000 LSS 300,000 



2. Resident Engineer (Nov 86 - Jan 92) - 63 months 
(family s t a t u s ,  2 ch i ld ren)  

a) Salary  (uninf l a t e d )  
b) Post  d i f f e r e n t i a l  (25%) 
c) Fringe (22%) 

d) F i e l d  overhead (85%) 

$ 3,800 month 
950 month 
850 month 

5,600 month 
4,760 month 

$10,360 month 

Escala t ion  af overhead and incremental s a l a r y  inc reases  (10% p e r  annun) 

1985 : 0 months @ 10,360 
1986 : 2 months @ 11,396 
1987 : 12 months @ 12,536 
1988 : 12 months @ 13,789 
1989 : 12 months @ 15,168 
1990 : 12 months @ 16,685 
1991 : 12 months @ 18,353 
1992 : 1 month @ 20,189 

- 
22,792 

150,432 
165,468 
182,016 
200,220 
220,236 

20,189 

FXS 961,353 

Allowances 

- Education (5 years  @ 20,000) 
- COLA (63 months @ 150) - Misc. itens (5 years  @ 1,000) 

~ Travel  and Transpor ta t ion  

- I n t e r n a l  t r a v e l  and per  diem 
- Round trips @ $3,400 each 

4 people x 4 t r i p s  x $3,400 
?i. H. goods (2 times) 
- Consumables, s to rage ,  

unaccompanied baggage 

- Fee (10% of d i r e c t  labor  
salary, d i f f e r e n t i a l ,  f r i nge ,  
e s ca l a t i ons  

- Tota l s  



3. Assis tant  Resident Engineer (Jan 87 - Dec 91) - 60 months 
(family s t a t u s ,  2 chi ldren)  

a) Salary (uninf l a t ed )  
b) Post d i f f e r e n t i a l  (25%) 
c )  Fringe (22%) 

d) F ie ld  overhead (85%) 

$ 3,400 month 
850 month 
750 month 

5,OQO month 
4,250 month 

$ 9,250 month 
---UIII-II 

Escalat ion of overhead and incremental s a l a ry  increases  (10% per annurn) 

0 months @ 9,250 - 
0 months @ 10,175 - 

12 months @ 11,192 134,304 
12 months @ 12,312 147,744 
12 months @ 13,543 162,516 
12 months @ 14,897 178,764 
12 months @ 16,387 196,644 

FXS819,972 

Allowance 

- Education ( 5  years @ 20,000) 100,000 - 
- COLA (60 months @ 150) 9,000 - 
- >lisc. items (5 years C? 1,000) 5,000 - 

$114,000 - 

Travel and Transportztion 

- i n t e rna l  t r a v e l  and per diem - 6 ,GO0 
- Round trips @ S3,400 each 

4 people x 4 trips x $3,400 54,000 6,000 - H.H. goods (2 times) 40,000 10,000 
- Consumables, scorage, 

unaccompanied baggage 60,000 10,000 

$154,000 
- Fee (10% of direct labor  

s a l a r y ,  differential, Frizge, 
e sca l a t i ons  44,323 

- Totals  fX$1,132,295 
= C = = = n =  



4. Maintenance Engineer (NOV 88 - Apr 92) - 42 months 
( f ~ i l y  status, 2 children) 

a) Salary (uninf lated) $ 3,800 month 
b) Post differential (25%) 950 month 
c) Fringe (22%) 850 month 

$ 5,600 month 
d) Field overhead (85%) 4,760 month 

$ 10,360 month ---------- 
Escalation of overhead and incremental salary increases (10Z per annum) 

0 months @ 10,360 
0 months @ 11,396 
0 months @ 12,536 
2 months @ 13,789 
12 months @ 15,168 
12 months @ 16,685 
12 months @ 18,353 
4 months @ 20,189 

$7 10,806 S 106,620 

Allowances 

- Education (3.5 years @ 20,000) $ 70,000 - - COLA (42 months @ 150) 6,300 - - Misc .items (3.5 years Ca 1,000) 3,500 - 
$ 79,800 

Travel and transportation 

- Internal travel and per diem - 6,000 
- Round trips @ $3,400 each - 

4 people x 4 trips x $3,400 54,000 6,000 
- H.3. goods (2 times) 40,000 10,000 
- Consumables, storage, 

L unaccompanied baggage 60,000 LO, 000 

$154,000 - ~~$32,000 
- Fee (10% of direct labor 

salary, differential, fringe 
escalations 38,425 C 9 

- Totals FXS 983,028 Lss144,383 

- Use EY.S 990,000 LSSP50,OOO 



5. Consrmcrian Superintendent (Nov 86 - Dec 91) - 62 rnonths 
( f a i l y  statusp 2 children) 

a) Salary (uninf lated) $ 3,800 month 
b) Post differential (25%) 950 month 
c )  Fringe (22%) 850 month 

$ 5,600 month 
d) Field overhead (85%) 4,760 month 

$ 10,360 month -.----.---- 

Sscalation of overhead and incremental salary increases (10% per znnum) - 

Fx - LS (15%) 

1985 : 0 r~onths @ 10,360 - - 
1986 : 2 clonths @ 11,396 22,792 3,419 
1987 : 12 months @ 12,536 150,432 32,565 
1988 : 12 months 8 13,789 165,468 24,820 
1989 : 12 months @ 15,618 182,016 27,302 
1990 : 12 months @ 16,685 200,220 30,033 
1991 : 12 months @ 18,353 220,236 33,035 
I992 : 0 months @ 20,189 - - 

$941,164 LSS111,174 

Allowances - 
- Education (5 years @ 20,000) 100,000 - 
- COLA (62 months @ 150) 9,300 - 
- Xsc items ( 5  years @ I ,  000) 5,000 - 

$114,300 - 

Travel and Transportation 

- Internal zavel and per diem - 6,  000 
- 3ound trips @ $3,400 e a c h  

4 p e o p l e  x 4 trips x $3,400 54,000 6,000 
- H.H. go~ds (2 times) 40,000 LO,000 
- ConsumabPes, storage, 

unaccompanied baggage 60,000 10,000 
S 154,000 ~SS32,00C 

- Fee (102 of C r e c t  labor 
salary, d i f f e r e n t i a l ,  fringe 
escalacicns 50,874 7,631 

- Torals FXS1,260,388 - - LSSP80,805 
==-ze= au- 



6. Master Xechanic (Sov 86 - Dec 91) - 62 months 
(family status, 2 children) 

a) Salary (uninf lated) $ 3,600 month 
b) Post differential (25%) 900 month 

0 

c) Fringe (22%) 800 month 

5,300 month 
d) Field overhead (85%) 4,500 month 

$9,800 monrh ----------- 

Escalation of overhead and incremental salary increases (10% per annum) 

FX - LS (15%) 

1985 : 0 months @ 9,800 - - 
1986 : 2 months @ 10,780 21,560 3,234 
1987 : 12 months @ 11,358 142,296 21,344 
1988 : 12 months @ 13,044 156,528 23,479 
1989 : 12 months @ 14,348 172,176 25,826 
1990 : 12 months @ 15,783 189,396 28,409 
1991 : 12 months @ 17,361 208,332 31,250 
1992 : 0 month @ 19,097 - - 

$890,288 $133;542 

Allowances 

- Education (5 years @ 20,000) 100,000 - - COLA (62 months @ 150) 9,300 - - Ylsc  items (5 years @ 1,000) 5,000 - 
114,300 - 

Travel and Transportation 

- Internal travel and per diem - 6,000 - Round trips @ $3,400 each 
4 people x 4 trips x $3,400 54,000 6,000 

- H.H. goods (2 times) 40,000 10,000 - Consumables, storage, 
unaccompanied baggage 60,000 10,000 

154,000 32,000 
- Fee (10% of direct labor 

salary, differential, fringe 
escalations 4 8 , 1 2 4  7 31% 

~X$1,206,712 LS$ 172,760 
p.I-= - 

- Use ~~$1,210,000 Ls$ 170,000 



7. Q u a n t i t y  Surveyor (Jan 87 - Dec 91) - 60 months 
(family s t a t u s ,  2 ch i ld ren)  

a )  Sa la ry  (uninf Xated) S 3,400 month 
b) Post  d i f f e r e n t i a l  (25%) 850 month 
c )  Fringe (22%) 750 month 

5,000 month 
a) Field overhead (85%) 4,250 month 

$ 9,250 month ---------- 
Esca la t ion  of overhezd and incremental  s a l a r y  i n c r e a s e s  (10% p e r  annum) 
-7 

1985 : 0 months @ 9,250 - - 
1986 : 0 manths @ 10,175 - - 
1987 : 12 months @ 11,192 134,304 20,146 
1988 : 12 months @ 12,312 147,744 22,162 
1989 : 12 months @ 13,543 162,516 24,377 
1990 : 12 months @ 14,897 178,764 26,815 
1991 : 12 months @ 16,387 196,644 29,497 

FXS 819,972 LSS 122,997 

Xllotrance -- 
- Education (5 years  @ 20,000) 100,000 
- COLA (60 months @ 150) 9,000 
- Yisc . i t e m s  (5 yea r s  @ 1,000) 5,000 

$114,000 

Travel  and Transpor't,ation --- 
- I n t e r n a l  t r a v e l  and per  diem 6,000 
- Xound t r i p s  3 $3,400 each 

4 people x 4 t r i p s  x $3,400 54,000 6,000 
- H.H. goods (2 t imes) 40,000 10,000 
- Consumables, s to rage ,  

unaccompanied baggage 60,000 10,000 

$154,000 LSS32,OOO 
- Zee (10% of d i r e c t  l a b o r  

salary, dif ferent ia l ,  f r i q e ,  
escalztions L A ,  323 6 ,648  

". - ~otals FXS1,132,295 LSS161,645 
=-====13 =%mP=s 

- Use FXSB ,130,000 LSS160,OOO 
- -  - 



8. Xaintenance Engineer (Sept 86 - Apr 88) - 20 months 
(family sratus, 2 children) 

a) Salary (uninflated) 
b) Post differential (25%) 
c) Fringe (22%) 

d) Field overhead (85%) 

$ 3,800 month 
950 month 
850 month -. * 

$ 5,600 month 
4,760 month 

$10,360 month ------------ 

Escalation of overhead and incremental salary increases (10X per annum) - 
FX - LSS (15%) 

0 months @ 10,360 
4 months @ 11,396 
12 months @ 12,536 
4 months @ 13,789 

.Allowances 

- Education (2 years @ 20,000) 40,000 - 
- C O U  (20 months @ 150) 3,000 - 
- 3fisc. Items (1.7 years @ 1,000) 1,700 -, 

$ 44,700 - 

Travel and Transportation 

- Internal travel and per diem 6,000 
- Round trips @ $3,400 each 

4 people x 4 trips x $3,400 54,000 6,000 
- H.H. goods (1 time) 20,000 5,000 

v - Consumables, storage, 
unaccompanied baggage 15,000 5,000 

I 
$ 89,000 $22,000 

- Fee (10% of direct labor 
salary, differential, fringe, 
escalations 13,577 2,037 

- Totals F X s ~ ~ ~ , ~  LS$61 A=== 713 

- Use FXS400,OOO LSS60,OOO 



- - 
G-15 

10. Short Term Technical Assistance - Design 
(Design, Drainage and S o i l s  Engineers - 4Omm) 

Salary  4 0 m  @ $12,000 
(Home o f f i c e  overhead 
and post  d i f f e r e n t i a l )  480,000 
Allawances 16,000 
Tra,vel: 8 round t r i p s  
@ 53,400 27,200 
Fee @ 10% d i r e c t  l abor  21,300 

Tota l  FXS544,SOO 

Use FX$550,000 LSS100,OOO 

11. Borne Of f ice  Support 

(Home Off ice  managers wi th  home o f f i c e  overhead) 

a) S a l a r y 4 4 m o n t h s @ $ l 2 , 0 0 0  528,0010 - 
b) ~ s c e l l a n e o u s  12,000 - 
c) Fee @ 10% direct l abor  23,5010 - 

Tota l  FX$568,580 - 

U s e  FX$570,000 - 

12. To t a l s  f o r  Engineering Services 

a) Design s e m i c e s  550,003 100,000 
b) Construct ion & Xaintenance 

Supervision 6 Training 8,970,000 1,310,000 
c) Kadugli-DuSLebat Road 

Rehab i l i t a t i on  780,000 120,000 
. d)  Home Off ice Support 570,000 - 

e) Contingency (15% of i t e m s  
a ,b ,c)  1,630,000 230,000 

To t a l  FX$12,500,000 LS$1,760,000 (1) 

(I) LS$1,760,000 = LS 3,696,000 @ 2.10 exchange rate 





H. Zonomic Analysis  

1 .  Summarv 

Tnis por%ion o f  t h e  s t u d y  covers t h e  r e s u l t s  o f  an economic f s a s i b i l i t y  
a n a l y s i s  o f  c o n s t r u c t i n g  roads  on t h e  fo l lowing  a l ignments  l o c a t e d  i n  t h e  
South  ord do fan a r e z ,  s o u t h  o f  Umm Ruwaba and El Obeid. 

No. - Locat,ion 

1 A S h e r k e i l a  - 3 a l a h a t  
la 3 a r i d  - S h e r k e i l a  
1 C Z1 Abbasiya - Barid 
2C Rashad - El Abbasiya 
3 A  Abu Gubeiha - Rashad 
4 A  Kologi - Abu Gubeiha 
4a Shagrabeth - Kologi 
4C Talodi  - Shagrabeth 
4D Kadugli - Talad i  

Tr,e s tudy  found t h a t  t h e  o v e r a l l  a l ignment  ( S h e r k e i l a  t o  Kadugl i )  
would be ? e a s i b l e .  Discounted a t  15 p e r c e n t ,  t h e  o v e r a l l  NPV would be 
iS24.7 m i l l i o n ,  whi le  t h e  I R R  would be 29.8 pe rcen t .  However, one segment 
( 4 A )  was margina l ,  wi th  an I R R  o f  17.3 p e r c e n t ,  and ano the r  (48)  had  an 
I R R  o f  on ly  21 pe rcen t .  The a n a l y s i s  is covered i n  d e t a i l  i n  t h e  remainder 
of t h i s  s ec t io r i -  A5tachment 3 is  2rovided as a p o s s i b l e  i n s e r t  t o  a P r o j e c t  
Paper. Attachment 4 c o n t a i n s  t h e  economic i n d i c a t o r  c a l c u l a t i o n s  f o r  all 
study roads. 



2. The Area Transport System 

As shot-im by Figure H - 1 ,  the proposed road project would link Balahat 
on the Rosti-El Obeid road with Kadugli, the southern terminus of the 
El bbeid-~adugli highway, serving *El Abbasiya, Rashad, Abu Gubeiha, Kolodi 
and Talodi, enroute. With the paving of Kosti-El Obeid road scheduled 
for completion in 1990, the proposed project would improve access to the 
outside world for a sizeable segment of the Sudanese population, 
particularly during the rainy season. For example, the 1983 ceasus 
indicated that the Rashad Area Council alone included sone 323$000 
people (1). Other than the El Obeid-Kadugli road to the west, which i s  
gravel (El Qbeid-Dubiebat) and asphalt (Dubiebat-Kadugli) the area is 
presently served only by numerous tracks, which can become completely 
impassable during the rainy season to all but tractors and similar 
vehicles. 

The Nuba Yountain Corporation CmfC) a government entity, is presently 
involved in the maintezance of a number of these tracks. This organ- 
ization supplies cotton seed to member farners and plows their land for 
both cotton and dura cultivation, with the grain serving as a principal 
food crop. The M C  also purchases the cotton produced, gins it, and 
hauls it to the railhead at Semeih, for export. Tracks are maintained 
to the fams and to the buying seatfans which support the gins ( s i x  each 
for the gins at Talodi, Kolodi and Xbu Gubeiha), plus two for the 
collection points at El Xbbasiya. A crack is also naintained from 
Shagrabeh, (a village between Talodi and Kalogi) north to the Seneih 
railhead to support the movement of XMC catton for export. 

Other than the El Obeid-Kadugli highway, and numerous earthen tracks, 
the only other surface transport presently available in the vicinicy 
of the study area is a line of the Sudan Railways, which parallels the 
planned Kosti-El Obeid highway. X branch sf this line also runs to 
Dubiebat, where the h?!C has a sizeable wz-ehouse. The proposed connection 
of the Kologi-Talodi area with Kadugli could resxlt in considerable 
diversion of cotton shipments from that area to t h e  Dubiebat railhead, 
vs. the Semeih railhead. 

The ra~ion served by the proposed roads is principzlly agrfcuitural, 
producing livestock, oiiseeds, dura and groundnuts, in addition to 
cotton. Since production of cotton (the primary crop) fluctuates with 
woriO prices, the tonnage exported annually from the area also varies. 
Eowever, a recent agricultural development offers the possibility of a 
significant increase in area export tonnage. A new hybrid dura has 
5een deveioped by representarives of t h e  ZCRZSAT (the International Crop 
Xssearch institute for the Ssmi-Arid Tropics af Xndura Pradesh, I n d i a ) ,  
in cooperation xish the Xgricui:ural Besearch Corporation of Sudan. 
This neu hybrid has produced 403 percent increases iii test piot out?uts. 

(1) Third Pspulation Census, Kordofaa Reeion, Sudan, Sov 30, 1983. 





The new grain is now being planted extensively for seed production, 
and the previous 4-fold increase in output has been maintained. 
Considering the present worldwide grain shortage, this new grain 
might provide the impetus for a switch from present area production 
of dura for consumption, to production for export. While parc of 
the added production will doubtlessly be consumed by the farmers, 
there should be enough left to materially increase area exports. 
Although it is too early yet to predict the resulting impetus on 
highway traffic, the prospect .appears promising. 

3. Project Benefits 

X conservative approach has been taken co specifying benefits 
for the proposed road project, with only vehicle operating costs (VOC) 
and passenger tims considered. Full bellefits were taken for norinal 
and diverted traffic. However, only half of the benefits from 
generated traffic was considered. No credit was taken for the road's 
possible effect on area agricultural production. However, agricultural 
tonnage was included along with other factors in estimating the number 
of vehicles in the individual road segment AADT. 

In assessing benefits, it was assumed that all segments of the 
proposed alignment would eventually be improved. Further, no 
allowances were made for the effect of possible future fuel snorcages. 

4. Traffic - General 
In an environment such as the Southern Kordofan, traffic surveys 

may be nore of an art than a science. For example, since fences are 
usually found only around built up areas, the vehicle driver roans 
freely over the landscape, limited only by the terrain the 
capabilities of his vehicle. As a result, population centers are 
connected by multiple tracks, with traffic continually shifting from 
one to another as drivers search for optimum driving conditions. 
Under such circunstances, a traffic enumerator on one track could 
wzll miss vehicles on all the others. Partial traffic counts are, 
therefore, more likely to be the rule than the exception, with 
consequent possibie understatement of normal traffic. 

Sew traffic counts were not made for the current study, due to 
time restrictions. However, the cited limitations apply to the 
traffic data from previous studies which were used. The principal 
source of such data was a Xorconsult study dated 1980 (2). This 
study covered the assigned alignment from Balahat (on the Kosti- 
Urn Ruwaba Road) south to Talodi. It did not include the remaining 
alignment between Talodi and Kadugli. This was covered by z Carl Bro 
Study, dated 1979 (3). Reliance was also placed upon a Louis Berger 
Study for recent vehicle operaring costs (VOC) information ( 4 ) .  

(2) Sorconsult, A.S., Sudan Feeder Roads Easter Plan, Final Report, ?lay 1980. 

(3) Carl Bro, A.S., Economic 6 Technical Study of the Kadugli-Talodi Road, 
February 1979. 

(4) Louis Berger, International, Inc., Economic R eappraisal of the Kosti- 
El Obeid Road, November 1983. 



5 .  Yormal Traffic 

Study road segments upon which normal traffic was estimated 
are shown by Table H - 1 .  The basic data upon which calculations 
were based for the various road alignments Barahat-Talodi are 
shown by Table H-2. Average annual daily traffic ( M T )  was 
calculated from estimates of freight and passengers for the base 
year, which was Fiscal Year 1978-79. In order to reduce the 
volume of calculations, annual growth rates for different types 
of cargo were averaged, and applied to the base year totals. 
These rates are reasonable. All freight growth rates are under 
5 percent, and passenger growth was6 percent or less. The 
composition of traffic was also assumed to change over time, with 
a trend towards a lower proportion of medium trucks, with more large 
trucks, buses, light vehicles and passenger cars, This trend is 
in line with current experience. 

In estimating the number of vehicles by type which would Be 
required daily to handle the tonnage-projected for a particular 
year,the following equation was used: 

TOP 

where M T  = Average annual daily traffic, for type vehicle 

:Tinere a vehicle was dual purpose, i.e. habitually carrying people 
and cargo at che same the (e.g. medium trucks and light vehicles), 
requirements were calcuizted separately an6 then netzed, wirh only *.  the higher zlgure then used. This procedure effective2p slixiaated 
possfble double coucting of freight and passezger requirezents, 50r 
such vehicles. 

T = Total annual forecast tonnage. 

P = Percent of total allocated to that type vehicle, 
that period 

L = Average loading of type vehicle, that period, in tons 

365 = Nuuiber of days per year. 

X similar procedure was used in calculating the nuixber of 
vehicles required to handle forecast passenger totals, with 
passengers substituted for tonnage. 

Average passenger loads assigned to vehicles for calculating 
.UDT were = medium truck - 20, bus - 30, li$t vehicle - 3 and 
?assenger car - 7. 

For ease of reference, the  road secticn numbers used fn t2e 
Sorconsult s t ~ d y  were retained, with trw'o exceptions- X different 
alignment was used for the Bashad-Ei Abbasiya Section (2A)  ~ h l c h  
connecteci t5ese tvo cities directly. The new allgnrnent was s i ~ ~ f l ~ t  
to the Sorconsuit Section 2C, and this designation wzs used. 





TABLE H-2 

BASIC INPUT DATA ASSUMPTIONS 

Section 1A = Sherkelia - Balahat 

Vehicle Traffic Characteristics 



Section 18: Barid - Skerkeila 

Vehicle Traffic Characteristics 

Percent Freight Bled 
Distribution - Trk 

*Yr - 1 
Yrs 0- 3 

4-9 
10-20 

Tons per Vehicle 

Percent 
Passenger Distribution 

Trk 
Tlr Bus - 

Normal Traffic 

Volume Y r  -1 
Annual Growth Rate ( I )  
Years 0-3 

4-9 
10-20 

Freight 

23,000 

3.6 
4.1 
3 .8  

* ViZhout road improvement, these assumptions apply for years -1 

Lt 
Veh - Car - 



Vehicle Traffic Characteristics 

Percent Freight Hed Trk 
Dis$nibution Trek - T LX - 

* Yr -1 IOO . 0 
Yrs 0-3 1OQ.O 

4-9 90.0 10.0 
10-20 70 0 30.0 

Tons per Vehicle 

Yr -I 2.3 11.0 
Yrs 0-3 2.3 11.0 

4-9 2.3 11.5 
10-20 2.3 12.5 

3e7:ent 
Passenger Distribution 

* Yr -I 86.5 
Yrs 0-3 86.5 

4-9 70.0 
10-20 50.0 

Normal Traffic Freight 

Val-me Yx -1 21,000 tons 
Annual Growth a t e  ( 1 8 )  
Years 0-3 3.8 

4-9 3.4 
18-20 2.6 

* Wirhout road improveueent, these assumptions apply for 





Section 3A: Abu Gubaiha - Rashad 

Vehicle Traffic Character is t ics 

Percent Freight Med 
Distribution - Trk 

* Yr -1 97 -0 
Yrs 0-3 97.0 

4-9 90.0 
10-20 70.0 

Tons per  Vehicle 

Yr -I 2.3 
Yrs 0-3 2.3 

4-9 2.3 
10-20 2.3 

Percen.: 
Passenger Distribution 

* Yr -1 78.0 
Yrs 0-3 78.0 

4-9 60.0 
10-20 50.0 

Xcrmal Traffic 

Polume rtm: -1 
Aanual Grovth Rate ( X )  
Years 0-3 

4-9 
10-20 

Trk 
Tlr - Bus - 

Freight 

6,000 tons 

5.5 
5.5 
4 .O 

* Virhout road kprovenent, these assumptions apply for Years 



Section 4A: Kologi - Abu Gubeiha 

Vehicle Traffic Characteristics 

~ Percent Freight Med 
Distribution - Trk 

* Yr -1 96.0 
Yrs 0-3 96.0 

4-9 90.0 
10-20 70.0 

Tons per Vehicle 

Yr -1 2.3 
Prs 0-3 2.3 

4-9 2.3 
10-20 2-3 

Percent 
Passenger Distribution 

* Yr -1 68.0 
Frs 0-3 68.0 

4-9 60-0 
10-20 50.0 

Bormal Traffic 

Volume Y r  - Z  
Annuzl Growth Rate (%) 
Years 0-3 

4-9 
10-20 

* Without road improvement, these 



Section 4B: Shagrabeth - Koloql 

Bus - 

Vehicle Traffic Characteristics 

Percent Freight Pled Txk Lt 
Distribution Trk - - Tlr - Veh - Car 

* Yr -1 94.0 6.0 
Yrs 0-3 94.0 6.0 

4-9 90.0 10.0 
10-20 70.0 30.0 a 

Tons per Vehicle 

Yr -1 2.3  11 "0 
Yrs 0-3 2.3  81 ,O 

4-9 2.3 11.5 
10-20 2 - 3  12.5 

Percent 
Passenger Distribution 

* Yr - 1 75.8 23.6 2 .Q 
Yrs 0-3 75.0 23.0 2 .O 

4-9 65.0 30. O 5 -0 
10-20 50.0 40.0 5 -0  5 * 0  

Normal Traffic Freight Passengers 

Volume Year -1 11,400 tons 61,080 
Annual G r o ~ t h  Rate ( X )  
Years 0-3 3.3 6.0 

4-9 3 -0  6 - 0  
10-20 3.0 6,O m 

- 
* Yithout rozd improvenent, these assumptions apply f o r  Yezrs -1 to 20 ,  

- - 



Section 4C': Talsdf - Sharzrabetk 

Vehizie Traffic Characteristics 

Percent Fre ight  
Disrribueion 

* Yr -1 95*0 
Yrs 0-3 95.0 

4-9 90.0 
10-20 70.0 

Tons per Vehicle 

Yr -1 
Yrs 0-3 

4-9 
10-20 

Percent 
Passeneer Distribution 

Trk 
nr - 

3% Yr -1 79.0 
Yrs 0-3 79.0 

4-9 65.0 
10-20 50.0 

Normal Traffic 

Annual Growth Rate (Z) 
Years 0-3 

4-9 
10-20 

* Without road improvement, these 

Bus 

Freight 

14,000 tons 

assumptions apply for 

Veh - Car - 



The new alignment had two advantages. First, it was shorter. 
Secona, it allowed the El Abbasiya-Barid link to share in diverted 
traffic. Otherwise, El Abbasiya would be connected to Barid (to 
the north) by an extension of the Barid-Balahat road, The 
disadvantage of the new alignment was that it negotiates higher 
ground. 

A different n o m l  traffic was also used for Section 2C than 
for Section 2A. As shown by Figure H-1, Section 2A would have 
connected to a proposed Rashad-Xbu Kershola alignment, northwest 
of Rashad. The proposed length was 92 kilometers as opposed to 
the 60 kilometer alignment selected for this study. This 
additional length could have led to considerable diversion to the 
more direct track, if the 2A alignment had been selected for 
construction. In any event, the Norconsult study assigned only 2500 
tans of freight and 16,000 passengers of normal traffic to Section 2-4 
for the base year, alchough diverted freight and passenger aliocations 
were substantial. This assignment of normal traffic was not 
considered logical, Accordingly, normal passenger and vehicle 
traffic for the sections on either side of 22 (Sections IC and 3A) 
were averaged, and the results used for initial traffic on Section 
2C. 

For ease of reference, the Kadugli-Talodi Section was also 
nunbered as 4D. For the Kadugli-Talodi section, the normal traffic 
estiaated by the Carl Bro study (AADT - 50 vehicles, 1977/89) was 
accepted, with the lesser of two proposed growth rates ( 3  percent per 
year vs 6 percent) proposed. The growth rates which were proposed 
by she Norconsult Study for the other roads were conservative and were 
adopted for the present analysis. 

As indicated earlier, the Xuba Xountain Corporation maintains 
a track from ehs vicinity of Shagrabeth (north of Talodi) north to 
a railhead at Semeih. Cotton for export is hauled on this track, 
using principally tractor-trailers. However, this particular track 
was not considered in this study for a variety of reasons. First, 
it does not connect the area population centers, i.e, Kologi, Abu 
Gubeiha, Rashad and El Xbbasiya. Second, a certain amount of 
traffic should bediverted from this track to the study roads when 
r3ey are opened, using the railhead at U m  Ruwzba, via the one at 
Se3eih. Third, with the opening of the route from Kologi west ts 
Sacugti, zhere would also be a pdssibilicy of diverting part or' t;?e 
cotrzn crafiic to the railhead at Dubiebat, via the one at Seseih. 

6 .  3iverted Traffic 

I r  xas considered necessary to tle diverred traffic on the 
norrhern 2nd of the arojsc t  roads to traffic on =he soon-to-be-ptvea -- .  Kos~i-273 3cwaba rcad. .A recent forecast of this trdzkxc. xnich 
xas available from the previously referenced Berger rtport. had 
siready been accepted as reasonable and therefore represented a 
vaiid point of departure. The quescion then becomes, just hor; mch 
of this traffic might be diverted to or from the study roads? 
In addirion, there is a considera~le (hut unquantified) amount of 



If the project roads were improved, much of this trafzic would use 
them to reach the Kosti-El Obeid road. The evencual ispact on traffic 
on the Kosti-El Obeid road would be a net of these two diversion effects. 

The amount of traffic on a particular road which is diverted to 
and from the Kosti-El Obeid road should vary icversely with distance from 
the latter road. Section lA, which connects directly to the Kosti- 
Urn Ruwaba road should, therefore, have a higher level of diverted traffic 
than Section 43 (Shagrabeth-Kologi) which is far to the south. 
Accordingly, it was assumed that the net diversion to/from effect des- 
cribed earlier could result in the addition of the equivalent of 4 percent 
of the Kosti-Umm Ruvaba XADT during the critical years, to road sections 
connecting Balahat, Barid, El Abbasiya, Rashad and Abu Gubciha. This 
comprises Sections 1A, 13, lC, 2C and 38. For Section 4 X  (Kologi- 
bbu Gu~eiha) the rate was reduced to 3 percent, and for Section 4B 
(Shagrabeth-Kologi), 2 persent was wed. 

These diversion estimates are considered very conservative. For 
example, during the opening year for Section 1.A (1990-91) the diverted 
IUT)T would only be 11 - medium trucks and buses, 2 - truck/trailers and 
4 light vehicles or cars. In the final year of the analysis period 
for this section (2909-lo), comparable diverted AADT figures would be 
21, 8 and 13. A review of normal traffic estimates will indicate tha: 
the development of this traffic as forecast is a prerequisite to the 
economic viability of the proposed road segments. This is a principal 
reason for ensuring that a conservative estimate was used: 

From Shagrabetn west, diversion traffic was assumed to be oriented 
towards the Kadugli-El Obeid road, rather than the Kosti-Umm Ruwaba 
highway. The Carl Bro study proposed a beginning M D T  for diverted 
craffic of 20 vehicles. This was considered as unsubstantiated, and 
a starting AhDT for diverted traffic of 5 vehicles (10 percent of 
nomal traffic) was estimated, with a 3 percent annual growth rate. 
At the final year (2008-09), these data would result in a diversion 
of 13 vehicles per day. Diverted traffic for Section 4C (Talodi- 
Shagrabeth) was estimated at 5 percent of normal traffic, due to its 
nearness to the primary Kadugli-El Obeid road. 

- ror consistency, it was necessary to establish a connection between 
the nurcber of vehicles diverted and the number of passengers for wnom 
benefits were calculated. This was accomplished by loading the 
diverted vehicles at the prescribed rates. 

7 -  Generated Traffic 

The new road should result in generation of an undetermined amount 
of passenger and freight traffic. The Norconsult Study cites evidence 
of an mediate increase of passenger traffic of 20 percent, incident 
to a road opening. This was considered too high, and a figure of 10 
percent of normal traffic was assumed, for combined passenger and 
freight generazion. This should ensure that the resulrs are sufiicienzly 
conserva:ive. 
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3 .  T r a f f i c  P r o j e c t i o n s  and Vehic le  Mixes 

For c o n s i s t e n c y  of r e s u l t s ,  t h e  v e h i c l e  mixes used i n  W T  
c a l c u l a t i o n s  f o r  S e c t i o n s  IA through 4C were as o u t l i n e d  i n  Tab le  H-2 
from t h e  Korconsul t  Study. Likewise,  t h e  mixes used w i t h  S e c t i o n  4D 
(Kadugli-Talodi) are based upon c r i te r ia  from t h e  Carl Bro s tudy .  
Likewise,  t h e  t r a f f i c .  d i v e r t e d  to/f rom t h e  Kosti-El Obeid road w a s  
t aken  i n  t h e  v e h i c l e  p r o p o r t i o n s  s p e c i f i e d  by t h e  Berger  Study on 
t h a t  road. The r e s u l t s  a r e  shown by Table  H - 3  f o r  opening and. f i n a l  
y e a r s  f o r  each road segment by type  v e h i c l e  and t r a f f i c .  I n  t h i s  
Table ,  y e a r  -I is t h e  base  yea r ,  2978/79. Normal t r a f f i c  growth was 
based on d a t a  f o r  t h i s  yea r .  Diver ted  and gene ra t ed  t r a f f i c  and 
changes i n  v e h i c l e  mix were assumed t o  s t a r t  on ly  when a road opened. 
Table  H-4 shows t h e  AADT f o r e c a s t ,  by v e h i c l e  t y p e ; f o r  each road seg- 
ment f o r  each o f  t h e  a n a l y s i s  yea r s .  In deve loping  t h e s e  e s t i m a t e s .  
rraffic was f o r e c a s t  f o r  each ;f t h e  cr i t ical  y e a r s  ( those  a t  which 
v e k i c l e  mixes changed)  with i n t e r v e n i n g  yea r  t raff ic  t h e n  i n t e r p o l a t e d .  
This procedure r e s u l t e d  i n  some unde res t ima t ion  o f  requi rements  i n  
t h e  e a r l i e r  y e a r s ,  bu t  it avoided t h e  a b r u p t  changes i n  year-to-year 
AADT which %auld have o the rwi se  r e s u l t e d ,  p r i n c i p a l l y  i n  medium t r u c k s /  
tuses. This r e s u l t e d  i n  a more r e a l - l i f e  p rog rzs s ion  o f  t rzff ic  
and echanced t h e  c o n s e r v a t i v e  n a t u r e  o f  t h e  r e s u l t ,  

Table H-4 shows AADT f o r  conso l ida t ed  v e h i c l e  t y p e s  by VOC l e v e l ,  
i.e., neditrm t r u c k s  and buses anad combined, as are light v e t i c l e s  
and cars. 

9. Vehicle  Opera t ing  Cost S a v i n ~ s  

Vehic le  o p e r a t i n g  c o s t  (V0C)- b e n e f i t s  a r e  r e a l i z e d  on n o m z l ,  d iver ted .  
and genera ted  v e h i c l e  t r a f f i c .  The d i f f e r e n c e s  i n  VOC on t h e  e x i s t i n g  
road v e r s u s  t h a t  on t h e  improved road is t h e  b a s i s  f o r  t h e s e  b e n e f f t s ,  
which a r e  c a l c u l a t e d  on a n  annual  basis. A s  i n d i c a t e d  e a r l i e r ,  b a s i c  
VOC f o r  t h e  p r e s e n t  s tudy  were taken  from t h e  r e f e r e x e d  Berger  Study. 
The b a s i c  d a t a  from t h e  Berger  Study a r e  reproduced h e r e  on Table  3-5. 
These d a t a  a r e  f o r  a 6-ton t r u c k ,  a Bedford o r  Aust in .  The v a l u e s  shobm 
compare f avo rab ly  wi th  p rev ious  Norconsult  s tudy  r e s u l t s ,  wnen p rope r ly  
i n f l a t e d .  

aased  upon t h e  f n f o r n a t i o n  shohn ia Table  3-5, Berger de r ived  a  
table reflecting VOC r e l a t i o n s h i p s  between v e h i c l e  cypes  and road 
s u r f a c e s .  Th i s  t a b l e  i s  reproduced h e r e  a s  Table  2-6.  It w i l l  5 e  
noted thaz  t h i s  t a b l e  shows t h r e e  l e v e l s  of VOC, depending upon t h e  
s e v e r i t y  of t h e  s u r f a c e  c m d i t i o n s .  I n  o r d e r  110 ensu re  a  consenrac ive  
r e s u l r ,  t h e  lowest  c o s t  s e c t i o n  ( E l  Obeid-Cnm Rcwaba) w a s  s e l e c t e d  
a s  i h e  S a s i s  f o r  convers ion  t o  c l a y  s u r f a c e  c o s t s .  The convers ion  
w z s  necessary because 60-70 pe rcen t  of t h e  s o i l s  through which t5e 
stady raad a l i g n n e n t s  pess a r e  e i t h e r  c l a y  o r  c l a y  zxixrures. T-- , ~~e 
r e s a i c s  a r e  s h o n  i n  Table  H-7 ,  w ~ i c h  a l s o  i n c l u d e s  e s c a l a t i o n  ( a t  
37.5 p e r c e r . ~ )  t o  account  f o r  i n f l a t i o n  between mid 1983 and J m u a r y  
i985. 



TRhFFIC PROJECTIONS BY TYYZ VEHICLE TUFFIC 

Med / T r k -  Trk/ Lt  Veh/ 
No. Sect ion Bus T l r  - C a r  To ta l  

1A Sherkelia-Balaha t 

Open Tears (1990-91) 

Xornal 59 
Diverted 11 
Generated 6 
To ta l  r 

Fina l  Years (2009-10) 

Normal 120 
Diverted 21 
Generated 12 - 
Tota l  153 

1B Baria-aalahat - 
Open Years (2990-91) 

Nomzl 43 2 - 45 
Diverted 11 2 4 - 17 
Generated 4 - - -- - & 
Total  58 4 4 

- 
66 

Fina l  Years (2009-10) 

Normal 74 4 17 95 
Diverted 21 8 13 42 
Generated 7 - - 2 - 9 
Tota l  102 12 32 

- 
146 

1 C  E l  Abbasiya- Barid 

Open Fears  (1990-91) 

Xonnal 3 9 - 2 41 
Diverted 1 1 2 4 - 17 
Generated 4 - - - - 4 
Tota l  54 2 6 62 

- 

Fina l  Pears  (2009- 10) 

Nomal 69 4 44 117 
Diverted 21 8 13 - 42 
Generated 7 - - 5 - 12 
Tota l  97 12 62 171 

- 





So. - Sect ion Xed/Trk- - Trk/ 
Bus - T l r  - 

4 3  Shagrabeih-Kalogi 

~ Open Years (1991-92) 

flormal 2 1 
Diverted 6 
Generated 
Total 

Final  Years (2010-11) 
Normal 39 
Diverted 11 
Generated 
Total  

L t  Veh/ Totzl 
Car - 

4C Talodi-Shagrabeih 

Open Pears 

Normal 27 1 1 29 
Diverted 1 - - 1 
Generated 1 - - - - - 1 - 
Total 29 1 1 3 1 

Final Years 

Nomal 5 5 3 32 90 
Diver red 3 - 2 5 
Generated 3 - - - 1 - 4 - 
Total 6 1 3 35 99 

4D Kaaugli-Talodi 

Open Yesrs (1989-90) 

Normal 64  3 4 7 1 
Diverted 5 1 1 7 
Generated 5 - 1 - I - 7 - 
Total 70 5 6 85 

Final Years (2008-09) 

Nomal 113 6 16 128 
3ivetted 10 1 2 .  13 
Generated 10 1 - 1 - 12 

1 3 3  
- 

Total 8 19 
150 



T a b l e  H-4 

FORECAST AADT - 3Y BOAD, YEAR AND TYPE VEHICLE 

1B - Barid-Sherkelia 

Year M-Trk/ Trk/ Lt Vehl TOTAL - M-Trk/ Trk/ L t  Veh/ TOTAL - 
Bus - Tlr - Car - Eus - Tlr - Car - 

Year PI-Trk l' Trk L t  ileh / - 
3u.s Tlr - - Car 



,..,""C - FORECAST WjST - 2: ROAD, YSAR AND TYPE VfU'"'- 

3 A  - Aku Gubeik-3ashad 4 A  - Kzlogi-Lbu Eebeka 

Year 

1492-93 
94 
95 
96 
97 
98  
99 
00 
0 '1 
62 
03 
04 
35 
G6 
47 
0 s  
GO 
7 fr 
! 1 
i Z 

Year TOTAL - 

M-Trk/ T r k l  Lt Vehl - TOTAL - 
k s  T r l  Car - - -  
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T a b l e  H - 5 ;  

- ECOXOXIC TRUCK O P E M T I S G  C O S T S  OX SXSD 15 KOXDOFAS 

Vehicle: Bedford or Austin - 6 ton (1) 

C a b  and frame 
Body and reinforcement 
- tires (included beiow) 

Initial Value 

Residual Value (502 a f c e r  6 yea r s )  
Present value ef residual vei-icle at 122 

Pounds Sudanese 

Amounr to be depreciated 31,600 

Yearly C o s ~ s  

Depreciztion (ar 12: over 6 years) 7, TO0 
Izsurance 100 
Yaintenance 3,300 
Driver (plus 2 assisrants) G ,000 
fuel L3,600 
O i l  a32 lubricants 1, LOO 
Tires 3,800 
Wernead L,100 

TOTAL 33,000 

Yearly  u se  30,000 k~ - VOC ~ e r  'LZ 1 . 2 7 ~ s .  

- 

(Ij Louis 3erger In~ernatlonal, Economic Xeappraisal  05 t h e  Sosti - 
El Obeid Rosd, S ~ - ~ e n b e r ,  1983, T a b l e  h . 1  
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Table 13-6 

- ECONOMIC VEHIC1,E OPEIMTING COSTS PER K21 (KORDOFm) 

(MID 1983) 

Road ~ocatfon/Typs (1) 
Heavy 
Trucks 

X e d  ium 
Trucks/Buses 

P a s s e n g e r  
Cars/Pickups 

El Obeid - Urn Ruwaba 
Sand 
P a v e d  
Saving 
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T a b l e  8-7 

VOC DERIVATIOK 

Item - 
Medium 
Truck 

1. VOC for sand surface,-mid 1983(1) 1.24 

2. 13ilation to Jan 1985 (x 1.375)(2) 1.71 

3. Convert to clay surf ace (x 1.03) (3) 1 . 7 6  

4. VOC for paved surface(1) 0.17 

5. Inflatlon to Jan 1985 (x 1.375)(2) 0.64 

6. Convert to gravel VOC (LS x 1 . 1 6 ) ( 4 )  

Truck Light 
Trailer Bus Veh. Car - - -  

7. VOC saving, gravel road vs clay track 
(L3-L6) 1.02 1.83 1.02 0.44 0.44 

Frsn Louis Berger International, Economic Reappraisal of the Kosti- 
51 Obeid Road, Xovember 1983, Table 4.2 

Raised from mid-1983 VOC to January 1985 level. 

Increases sand surface VOC to clzy surface VOC, with surface 
wet 5 months and dry 7 months. Based on relationships determined 
in Sorconsult, X.S., Sudan Feeder Xoads Yaster Plan, Final Re?ort, 
Part 3, Yay 1980, p-2-51  whish indicates that VOC for a m e d s m  truck 
(FeS-Far 1979) for operation on loose sand were 2.12 milliemes per 
i c ~  via a siriilar cost of 2.19 milliemes for cperation on the ciceti - &,cce. clay suy=- ihe clay surface VOC was 3 percent higher. 

Ibid. VOC for ~ituninous surface @ 82 nilliernes ?er ka, compared 
to 95 milliemes per kn for good gravel (95 52 = 1.16). 

- 



10. VOC Benefits  

31 ca lcu la t ing  VOC b e n e f i t s ,  the  consumers' surplus approach was 
used. This technique involves  the fol lowing equation and was computed 
separately f o r  each vehic le  type:  

C 3  = (V, + V,) ( 2 ,  - P2) (K) ( Y i  

'Xhere C9 = Consumers* surplus 

V, = b e r a g e  annual d a i l y  t r a f f i c ,  e x i s t i n g  raaa 

V2 = Average annual d a i l y  t r a f f i c ,  inproved road 

?1 
= VOC per km, e x i s t i n g  roaa 

P = VOC per km, improved roaa 2 

i< = 3oad length,  i n  kii 



i 1.. -Time Savings 

In determining a reasonajle cost for passengers' the, in=erviews 
were conducted in the area of influence of the study road. Based on 
the results, unskilled labor was priced at LS 3.50 per day or LS 0.50 
per hour for a 7 hour day. Skilled labor was likewise priced at 
LS 8.00 per day or LS 1.14 per hour, and administrative/other labor 
at LS 16.00 per day or LS 2.29 per hour. 

In calculating passenger time benefits, the number oc passengers 
in normal traffic was calculated, using the growth rates outlined in 
Table H-2. The number of passengers on diverted vehicles was then 
estinated, using the loading rates which were noted previously. 
Finally, the number of passengers in generated traffic was calculated, 
at 10 percent of normal passenger traffic. The total was thec 
disaggregated to unskilled, skilled and administrativejother categories, 
using respective mulziplisr of 75, 15 and 10 percent. The multi- 
pliers were used in the Sorconsult study and are still zpplicable. 
Each category was then multiplied by the appropriate wage race and the 
hours of travel or fractions thereof, in tenths, which was saved by 
ose travelling the improved vs the existing road. In estimating 
rime saved by using the improved road instead of a track, average 
running speeds from the Norconsult Study (5) were compared, for a 
gravel road and a track. Comparative speeds of 52 kph for a gravel 
road and 30 kph for a track, were derived. Only half of the benefits 
from generated traffic was taken. 

i 2 .  Economic Indicators 

Tables H-8 and H-9 shows cost and benefits Eor each of the nine 
road segments. In each case, the first two entries under cost are 
construction costs, with the remaining entries attributed to periodic 
and routine maintenance. The last figare in the benefic colurnn is the 
salvage value of the road and structures. Tzble 3-10 kreaks o u t  3efiefi:s. 

Table H - i l  shows KPV and IRR for each of the road segments. 
In calculating the NPV, a 15 percent discount factor was used, and 
costlbenefits data were discounted back to the szme base vear for 
all roads, 1986/87. Table H - l l  is based upon t z b l e s  in Aftackment 
4, whicn show XPV and IR5,cinc~~tions for each road segment. 

(5) Sorconsult, A.S., Sudan Feeder Roads, Yaster Plan, final Reporr, 
?art B ,  Plethods, Parameters and Resulcs, >lay i980, p2.62 
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T a b l e  H-10 

STUDY ROAD BENEFITS - VOC VS PASSENGER 

FtOADS/ BENEFITS 

Year 
Benefit 

1990-Q 1 
VOC 
Pass. 
Total 

Pass. 
Tot a1 

2000 -0 1 
VSC 
?ass . 
Total 



Year / 
Eenef it 

Pass. 
Tstal 

Pass. 
.* ~ ~ t a l  

2008 -09 
VCC 
ass. 
7 ;otat 

S T U D Y  ROAD BENEFITS - VOC VS ?fiZSENCER 

ROADS / BENEFITS 
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Table  H-17 

SUWARY - ROAD SEGMENT ECONOMIC I N D I C A T O R S  

NO. - SZGiENT 

1 A Sherkei la-aalahat  

1 B Earid-Sherkeila 

1 C E l  Abbas iya -&rid  

2 C  Flashad-El Abbasi:za 

3 A  Abu Cubeiha-3ashad 

4 A  Kologi-hbu Gubeika 

h B  Zhagrabek-Kologi 
Q: Taf  odi-Chagrabeh 

49 KzdugiF -Talodi 

: i ) Using 2 ;5 sercent  Ziscount r t t e  

( Percent 1 



i 3 .  S e n s i t i v i t y  Tes t s  

S e n s i t i v i t y  t e s 2 s  app l i ed  i n  t h e  s t c d y  road a n a l y s i s  i nc luded :  

Case - Test - 
P. Discount r a t e  @ 10 p e r c e ~ t  per  yea r .  
5 Discount r a t e  @ 18 7 e r c e n t  ?e r  yea r .  
C Construct ion c o s t s  @ + 20 pe rcen t ,  

d i s c o u n t  r a t e  @ 15 pe rcen t  per  year .  
Z EkneFiss @ - 15 g e r c e n t ,  d i s coun t  r a t e  

@ 15 pe rcen t  per  year .  

Czse A. A s  shown by Table H-12, when t h e  d f s s o ~ n ~  r a t e  was 
rsduced t o  1O pe rcen t  : ?r y e a r ,  N P V ' s  i nc r ea sed  s i g n i f i c a n t l y ,  wit;:-. 
r e s u l t s  ranging  from 581.508 m i l l i o n  f o r  Road 43  (ShagraSeth-Kologi; 
50 LS19.355 m i l l i o n  f o r  Road 4 9  (kadugl i -Talodi  1. Tne IRii's wouid 
no t  change from t h o s e  c a l c u l a t e d  e z r l i e r  f o r  %he 15 pe rcen t  discom: 
r a t e ,  because t h e  k a s i c  i n p u t  dc t a  w o c l d  n o t  cha rge -  

Case E. m.e r a i s i n g  cf t h e  d i s coun t  r a t e  t o  78 ge rcen t  3er 
yea r  r e s u l ~ e d  i n  d r a s t i c  r e d u c t i o n s  i n  scme of t h e  ?i?Vrs. For ex=ple ,  
t he  N?V f o r  Road gA ( Kologi-Abu Gabekia 1 aro;?ea t o  2 -LSi39,000. 
S i n i l z - l y ,  the NPV f o r  Road 4 5  (SkagraSeik-Kologi w a s  reduced t o  
LS208,000. E h e r  roads  cont inued  t o  show p r o f i : ~ ~ ; ~ ;  ,,,&ty. 

Czse C ,  idken c o n s t r u c t i o n  costs were i nc rez sed  by 20 pe rcen t  
(wiSh a 15 pe rcen t  d i s coun t  r a t e ; ,  t h e  X?V f o r  %ad 4 A  f e l l  t o  a 

-~SLli ,000,anc? %he J R R  dropped t o  14.9 pe rcen t .  Likewise, t he  H?V 
f o r  Road 4B decreased ( t o  LS318,000 1, a n d  t h e  Z3R fell t o  12 pe rcen t .  
Again, t h e  o t h e r  roads  d i d  c o n p a r a t i v e l y  w e l l .  

9 s e  a. kken b e n e f i t s  were decrezsed Sy 75 ?e rcen t  (agziln -di% 
a. 15 perp,er,t discount. rate 1 ,  t h e  NPV f o r  Road 4 A  f e l l  t o  a -LS30,30i3, 
with an 132 of i 4.9 ge rcen t .  The X?V f o r  3oad 48 c e l l  t o  2 1 ; ,  000, 
xi  ,,,, t h an fJF: of 18.1 pe rcen t .  Other roads  reazinec! i n  com-,aratively 

S 5 t t e r  sha3e.  

7 2 .  Recap i f  u i a t i s n  

A s  t h e  South Ksrdofan r eg ion  c s n t i n u e s  50 g rcx ,  t r a f f i c  oc  t h e  
key a r t e r i a l  poaas ?lar.nej. f o r  the zrea (Kost,;-Zl O k i d  C k i d -  
Kadugl i )  can  be  expected ta keep $ace. Iioctirngs ubict: c o l l e c t  and 
channel  t r a f f i c  (which is  now u s i n g  t r a c k s )  $3 :hese key rsads cac 
a l s o  expec t  s i g n i f i c a n t  gafns .  As t h e  d i s t a n c e  froz t ~ e s e  r?ad-s gros;, 
t h e  volume of this . ckanne led  t r a c f i c  shoule d e c ~ e a s e ,  as t h e  7ercoptiori 
of a  reduced t r i p  l e n g t h  cross-counzry beg ics  ts outweighc %he atzsac- 
t i o n s  of a more c o n f o r t a S l e ,  lower VOC ( b u t  larger) r o u t e .  '%is ten- 
eency is ~ e f P e c t e d  3y t h e  v a r i o u s  feas ib i l i5 -y  tests which have bees 
zpp l i ed  t o  t h e  s tudy  roads ,  w i t h  ~ l i g n m e n t s  4 A  (Kologi-AS= Gubeihal 



NO. - 
Sherkeila-Balahat 
Sarid-Sherkei la  
Abbasiya-Barid 
Rashad-El Abbasiya 
Abu Cu beiha-Rzshad 
Koioqi- Abu Gubahia 
Shagrabeth-Kologi 
C* ~alodi-Shagra beth 
Kadcgli-Talodi 

H- 34 

Table H-12 

TEST RESULTS 

CASE A CASE 3 CASE C 
NPV @ Disc Pates of Conat .Costs @+20% 

10% I 8% NPV' ' IRR 
C 

( ----------- ~lOO----------- 1 (%I 
2.829 1.032 1.366 34.9 
7 . 7 1 1  2 .194 2 .898 26 .0  
3.086 0 -855 1.151 2 3 . 9  
6.139 I .  549 2 . 1 3 i  2 2 . 6  
5 .116 1 -231 i -779 2 4 . 4  
3 - 2 3  -0,139 -0.041 1k.3 
1 .508 0 .208  0 ,318  18.0 
4 .013 0 .728  1 .S73 20.0  

14.355 7.761 9 3 5 9  34 - 8  

CASE D 
Eecqfits @-15% 
MTV"' ' IRR 



and 4 3  (Shagrabeth-Kologi ) c o n s i s t e , i t l y  doing worse tfran t h e  o%er 
roads .  A= i n d i c a t e d  by t h e  sshemat ic  (F igure  8-11 Shese roads  a r e  
a t  a maxlrnurn d i s t a n c e   fro^ t h e  p r i n c i p a l  roads ,  =a should She re fo re  ".. tend t o  share l e a s t  i n  S e n e f i t s  of d i v e r z i o n .  ice t e s t s  c o n s i s t e n S I y  
show Road 4.4 IKologi-A3u Gebeiha ) as marginal  , and Road 4 2  (Stzagrzbeth- 
Kologi)  is n o t  a g r e a t  d z a l  b e t t e s .  Tr.e remainder of t h e  road s e g a e n t s  
appear  t o  o f f e r  e x c e l l e n t  chances  f o r  proving o u t  as f e a s i b t e -  Overall., 
g r a n t i n g  t h e  zssumptions  which have been made, t h e  n e t  p r e s e n t  va iue  
of t h e  e n t i r e  a l ignment  i s  LS24.? m i l l i o n  (at  a 15 pe rcen t  per yea r  
d i s c o u n t  rate) and t h e  IF? is 29 - 8  pe rcen t  1. Pn i n o r d i n z t e  s h a r e  of 
this 7erformance (e .g . ,  an N?V of  ESlO.8 m i l l i o c ) ,  is a t t r i b u t a b l e  
t o  Road 4 9  ! Gdcql i -Ti?lodi  1, a r e i z t i v e l y  long  semen: which connects 
t o  t h e  p r i n c i a l  =(?beid -Kzdugli highway. %owever, I n  t h e  c a s e  of 
t h i s  road,  as with the o t h e r s ,  an &tempt has been naae t o  ensu re  
that  t r a f f i c  e s t i n a t e s  (ane resulting b e n e c i t s j  ue re  keg: a t  conserva-  
t i v o  l e v e l s .  AccordingPy, t h e  chances of r e a l i z i n g  t h o s e  e s t i m a t e s  
would appear  t o  Se f a i r l y  good. 





COXPXU1TIVE COST OF TF33CAL SECTIOSS 

For a comparison between the cost per kilometer of 4, 5.5 and 6 meter 
alternative roadway widths, it was assumed that the following was the 
same for each alternative: 

1. Borrow haul distance of lob, 

2. V~lume and cost of side ditch excavation. 

~ 3. Fcrmation height of 0.50 meters. 
4. Clearance width of 30 meters. 

5. Gravd haul distance of 15h. 

1, Typical Sectio3 4 ?leters Wide 

a) Earthworks 

3 
Fornation value = 0.5m [2(4.6m) + 4<0.5Oni)] (100Cm)?5, = 2,800n fb 

3 
Formation cosz = 2,8001~ /b x LS 3.OO/m 3 - LS8400/ka ~ Ditch cost 

3 
= 1,440n /b x LS 2.50/n 

3 = LS3680Jkm 

Eaulage 
3 3 

= 2,800n /km x l o b  x LS 0.50Jm km = ~ ~ 1 4 0 0 0 / h  

Clearing = 3 b  x IOOOm x LS 0.18/m 
2 = LS5400/h - 

TOTAL EART3WOR.K COSNT LS3 1400 

b) Grzvel Surfacing 150 m Thick 

Volume = 0.151~[2(&m) i 4(0.153)] (1000m)4 
3 

= 645m /km 
Gravel cost= 645m3/h x LS B.OO/m 3 = LS 5160 
Eaulage = 64% /b x (15-l)h x LS 0.40/m km = LS 4525 

T0T.Q GRAVEL SLXFACIXG COSTS LS 9675 



2 .  T y p i c a l  Section 5.5 Meters Wide 

a) Earthworks 

3 
Fornation volume = 0.50m [2(6.I~> + 4(0.50m)] (1000m)% = 3,550~1 /km 

3 
Formation Cost = 3,550111 /ka x LS 3.OQ/m 

3 = LS10,650/km 

Side  Ditches - - 
Haulage 

3 3 
= 3,550on /km x lOkm x LS 0.50/m km = LS17,750/km 

Clearing = LS 5,4OO/km 

TOTAL E2RTHWORK COST LS37,400/'m 

b) Gravel Surf acing 150mm Thick 

Go lume 
3 

= 0.15m[2(5.5m) + 4(0.15m)] (1000m)% = 870m /km 

Gravel Cost 3 = 870m /km x LS 8.00/m 3 = LS 6,96O/h 

Haulage 
3 = 870in3/km x (15.l)kn x LS 0.50/m km = LS 6,09O/km 

TOTI% GRAVEL COST ~~113,05O/kn 

USE LSf3,000/~ 

c) Total Cost Earthworks and Gravel 

3 .  T v p i c a l  Ser=fon 6.0 merers Wide 

3 Fornation Volume = 0.5dm12 (6.6m) t 4 (0.5h) 1 (1000m)% = 3800m /:a 
3 Pona r ion  Cost = 3800m / X m  x LS 3.00/m3- = LS11,400/ki 

Side Ditches = LS 3,6001k~ 

Zaulage 3 3 
= 3800m /h s 1Okm x LS O.5O/m lrn = LS10,000/ka 

TOTAL XT'ni-OMS COST 

b )  Grzve' Surfac ing  150m Thick -. 

t'o iume = C l . l 5 m [ 2 ( 6 m )  t 4{O.l5m)j(l000~)4 = 945m3/k7 

Gravsl Cost 
3 

= 3453 /Zc s LS 8.30/a 3 
= LS T , 5 6 O / h  - 

3 = 945nd/kz x (15-1) x LS 0 .  j O / m  'm = LS 6,j:5/-GT 
7"q.r -ksnL GRAVEL COST LSIC, E75;-m 

~ cP T o t a l  Cost Zarthworks and Gravel 





Attachment 2 

PROJECT IXPLEhESTATION SCHEDULE 

I .  Prepara t ion  of d r a f t  scope of work 
f o r  t echn ica l  a s s i s t a n c e  s e r v i c e s  
inc luding t h e  CBD n o t i c e  reques t ing  
p re  q u a l i f i c a t i o n  ques t ionnai res  

2. ?P approved, p r o j e c t  authorized 

3 .  Pro jec t  Agreement signed 

4. CBD n o t i c e  published reques t ing  
t echn ica l  a s s i s t a n c e  se rv ices  
p r e q u a l i f i c a t i o n  ques t ionnai res  

5, IFTP a v a i l a b l e  a t  AID/N f o r  
p requa l i f i ed  f inns 

6 .  Closiag d a t e  t o  rece ive  t echn ica l  
proposals  f o r  t echn ica l  a s s i s t a n c e  
se rv ices ,  with proposals  received 
i n  Khartoum 

7. Se lec t ion  of f i r s t  consul tant  f i rm 
f o r  engineering s e r v i c e s  con t rac t .  
=PC n e g o t i a t e s  v i t h  top f i rm 

8. MPC executes tec'nnical a s s i s t a n c e  
s e r v i c e s  con t rac t .  USAID approves 

3. T.A. s e r v i c e s  f i r m  mobilized Khzrtoum 

LO. Review of P ro jec t  Program and 
prepare Inception Report 

11. 3egin Boad Betterment design,  
Phase 1 

12. Request f o r  p r e q w l i f  i c a t i o n  da ta  
from Sudanese con t rac to r s  

i 3 .  F i n a l i s e  equipment, m a t e r i a l  and - 

f u e l  needs f o r  Kadugli-Dubeibat 
rehab. work 

14. Advert ise f o r  equipment, m a t e r i a l s  
and f u e l  for Radugli-Du'oeibat 
rehab. work 

Dzte ---- 
Responsible 

En t i ty  ----------- 

Jan. 1985 

Feb. 1985 

Mar. 1985 

Apr i l  1985 

June 1985 

July  1985 

Sept. 1985 

Sept-Oct 1985 

Oct  1985 

Nov. 1985 

Nov. 1985 

USAID 

GOS /USAIil /CONSULTAXT 



15 Receive p r e q u a l i f i c a t i o n  d a t a  from 
Sudanese C o n t r a c t o r s  Jan .  1986 

16. Eva lua t ion  of equipment needs  of 
Sudanese C o n t r a c t o r s  and methods 
of o b t a i n i n g  and/or  financing. Feb -1986 

17. Order  equipment, m a t e r i a l s  and f u e l  
f o r  Kadugli-Dubeibat rehab.  work Feb ,1986 

18. Evz lua t ion  of t e n d e r i n g  and c o n t r a c t  
owned procedures  w i t h  Sudanese 
c o n t r a c t o r s  for road be t t e rmen t  work ?larch 1986 

19. P repa re  c o n t r a c t  documents f o r  Fhase 1 Ifarch 1986 

20. h e q u a l i f i e d  l ist  of Sudanese 
C o n t r a c t o r s  approved f c r  Phase 1 Xarch 1986 

21. Complete road be t te rment  d e s i g n s  
for Phase 1 Apr f l  1986 

22. Approval of c o n t r a c t  documents 
and t e n d e r i n g  and c o n t r a c t  
award procedures  Yay i986 

23. Phase 1 c o n t r a c t  t ende r ing  documents 
f u r n i s h e d  t o  p r e  q u a l i f i e d  Sudanese 
Con t r ac to r s  Yay 1986 

24. Sudanese Contractor's t ende r  
documents r ece ived  June 1986 

25. Eva lua t ion  of Sudanese C o n t r a c t o r ' s  
t ende r  documents J u i y  1985 

25. C o n p e r e t i t i v e  n e g o t i a t i o n s  w i th  
Sudanese C a n t r a c t o r s  Xug . I386 

27.  Axard of c o n s t r u c t i o n  contracts Aug. 1986 

25.  YA Y ~ i n t e n a n c e  Engineer and ?!astsr 
Xechanic a r r i v e  D i l l i n g  B P C  
nain tenance  depot  Xug . I986 

29. 3oad maintenance equipment f o r  
rehab.  of Kadugli-Dubeibat 
road ;irr p i a c e  a t  D i l l i n g  Sept. 1366 

30. Ass i s t ance  ro  Sudanesz C o n t r a c ~ o r  
in o b t a i n i n g  needed equi?men t , 
saterial and f u e l  Sept. 1986 

31. Sudanese Cont ra tEors  begin - -  - 

n o 3 i l i z z t i o n  on s i t e  ( 4  months) Sept  .I986 

VSXID /Gas /CGXSCLTAX'i 

GOS /USA19 /CQSSLfLTaT 

CQXSLLTAYTlGOS /USAID 

cos /VSAIC /COXSULT,~WT 



32. Profecz accounrs audited 

33. Rehab. of Kadugli-Dubeibat Road 
begins 

34. Begtn Phase 2 program - see 
Schedule A 

35. T.A. s e r v i c e s  personnel t o  Phase 
i const rucr ion  site 

34. Construction of Phase ? begins 

f' on 37. F i r s t  p r o j e c t  evalua,L 

38. P r o j e c t  accounts audi ted  

Sept. 1986 

GQS /COSSIIT,2ST 

( see  schedule A) 

Consultant 

Oct. 1986 

Sov. P 986 

Jan 1987 

A a r L l  1987 

Sept .I987 

USAXD/REDSO/GOS 

VSALD/XEDSO /GOS 

( see  scheGule A) 
39. Begin Phase 3 program (see 

Schedule A) O c t .  1983 

40. re ha^. of Kadugli-Dubeibat Road 
completed 

A 1 .  Rehab. of Kadugli-DubeiSar RoaC 
and equipment maintenance 
evaluated .June/July 1988 

Sept -1988 52. P r o j e c t  Accounts audi ted  

43. T.X. ?laintenance EngiJleer and 
Yechanical Engineer t r a n s f e r  
t o  Phase 1 const ruc t ion ,  Segin 
aaintenance organiza t ion  and 
trainkg a s s i s t a n c e  (1). CSXSULT~T/GQS 

(See Schedule A) 
44. Phase 4 Program begins (see 

Schedule A) 

45. Complete Phase I cons t ruc t ion  

46. Inspect ion  and acceytance of 
?hase 1 construction 

Dee. 1988 

Jan. IS89 

47. RoutLne mLntenance of ?has@ 
I begins 

LB. P r o j e c t  accounts audi ted  Sept. I984 

49. Second p r o j e c t  evaluat ion  



50. Complete Phase 2 construction 

51. Routine Xaintenance Phase 2 begins 

52. Project accounts audited 

53. Complete Phase 3 construction 

54. Routine maintenance Phase 3 begins 

55. Third praj ect evaluation 

56. Project accounts audit 

57. Complete Phase 4 Construction 

58. Xoutiae maintenance Phase 4 begins 

59. T.A. services consultant's 
construction personnel leave the 
sf te 

50. >hiatenace engineer and ?!aster 
Xechanic leave the site 

61. Project accounts audit 

62. TA Team Director leaves the project 

Dec. 1989 CONTIUCTOR 

Jan. 1990 GOS /CONSLBLTmT 

Sept .I990 USAID 

Dec. 1990 COXTRACTOR 

Jan 1991 GOS/COHSL~LTXVT 

April 1991 USAID/REE~SO/GOS 

Sept. 1991 USXID 

Jan. 1992 GDS /COSSLZ,TmT 

Jan 1392 COSSLIT,EI'F /CSX23 

Yarch 1992 COSSCLT.X~T/USXID 

?+larch 1992 VSAID 

April 1992 C3NSCZTTQ:T / U S A D  



SCHEDULE il 
PHASES OF ROAD BETTERhlEENT 

1. Begin road bet ter inent  d e s i g n s  
Phase 2 

2. Complete Phase 2 d e s i g n s  and 
c o n t r a c t  documents 

3. Phase 2 t e x d e r i n g  documents 
f u r n i s h e d  t o  p r e  q u a l i f i e d  
Sudanese c o q t r a c t o r s  

Date ---- 
Responsible  
E n t i t v  
-----i------ 

Oct 1986 Consul tan t  

Apr .I987 Consul tan t  

Consul tan t  

4 .  Sudanes: c o n t r a c t o r ' s  t e n d e r  
documents rece ived  June 1987 GOS/USAID~consulrant 

5. Eva lua t ion  of Sudanese c o n t r a c t o r ' s  
t e n d e r  documents J u l y  1987 ConsultantlGOSjUSAID 

6. Competative n e g o t i a t i o n s  w i t h  
Sudanese c o n t r a c t o r s  Aug. 1987 GOS/U§AID/Consuf t z n t  

7 .  Award of c o n s t r u c t i o n  c o n t r a c t  Aug .I987 GOS/USilID 

8. A s s i s t a n c e  t o  c o n t r a c t o r  in 
o b t a i n i n g  needed equipment, 
materials and f u e l s .  Consui tan t  

9. Mob i l i za t i on  of Sudanese 
Con t r ac ro r s  (4 months) Sept .  1987 Cont rac . t s r  

10. Cons t ruc t ion  of Phase 2 beg ins  Jan .  1988 

11. Cons t ruc t ion  of Phase 2 conplered Dec.1989 Con t r ac to r  

12. I n s p e c t i o n  and accep tance  of 
Phase 2 c o n s t r u c t i o n  Jan .  1990 GOS/USilID/Cansul tznt 

13. Phase 2 opened t o  t r a f f i c  Jan, 1990 GOS 

14. Rout ine maintenance of Phase 2 
beg ins  J an .  1990 GOS/Contraccor 

BOTE: Schedules  f o r  Phase 3 and 4 s i m i l a r  bu t  1 and 4 y e a r s  l a te r  
r e s p e c t i v e l y .  



Economic Analys i s  

1. Economic V i a b i l i t y  

Tine roads  proposed i t h i s  s tudy were analyzed i n  two prev ious  
s t u d i e s ,  one by 3 0 r c o n s u l t ( ' ~  and ano the r  by Carl Bro. (2 )  The Soreonsu i t  
s tudy  recommended a series of a l ignments  which connected Balaha t  (on t h e  
proposed Kosti-Umm Ruwaba highway) with  Ta lod i  (sot i rheast  of Kadugli)  
pas s ing  through S h e r b e i l a ,  B a r i ? , % E l  Abbasiya, Rashad, Abu Gubeiha, Kologi 
and Ta lod i ,  enroute .  Th i s  r o u t i n g  was found n o t  t o  be  econornicaily f e a s i b l e .  
The r e f e renced  C a r l  Bro s tudy analyzed t h e  segment Radugli-Talodi,  and judged 
i t  as f e a s i b l e .  

S ince  t h e  p r e s e n t  s tudy h a s  determined t h e  c i t z d  Balahat-Kadugli  r o u t i n g  
Co b e  econonica l ly  f e a s i b l e ,  a l though two of t h e  s e p e n t s  ( 4 A :  Rologi- 
Xbu GubeTna and 41): Shagrabeih-Kologi) had low NPV's, t h e  ques t ion  might 
w e l l  be r a i s e d  as t o  t h e  f a c t o r s  l ead ing  t o  t h i s  apparen t  imprevenen:. 

Tnere appear  t o  be  f o u r  p r i n c i p a l  f a c t o r s  involved.  F i r s t ,  a 
very low c o s t  road has  been proposed, making maximum use  of econonica l  
s t r ean -c ros s i ag  s t r u c t u r e s  such a s  f o r d s  o r  I r i s h  b r idges .  Second, t h e  
de l ay  i n  opening (from 198516 t o  1988/89-1992/93) h a s  provided a d d i t i o n a l  .-.-. ~,,e f o r  t r a f f i c  t o  develop. Th i rd ,  wh i l e  t h e  c o s t  of c o n s ~ r u c t i o n  n a ~ e r 5 a l s  
has  risen on t h e  c o s t  s i d e ,  chere  have a l s o  Seen countervaLl ing  i n c r e a s e s  
i n  v e h i c l e  gene ra t ing  c o s t s ,  on t h e  b e n e f i t  s i d e .  Fourth ,  d i v e r t e d  tza5fi .c 
has  been keyed t o  r e v i s e d  f o r e c a s t s ,  e s p e c i a l l y  on t h e  Kostf-El Obeid road. 

W e  po in ted  o u i  i n  Sec t ion  H, very conse rva t ive  t r a f f i c  growth 
r a t e s  w e r e  used f o r  both f r e i g h t  and nassengers .  These r a t e s  have v a r i e d  
wi th  each a r e a  segment. While ( a s  indicated) d i v e r t e d  t r a f f i c  h a s  been 
keyed t o  p r o j e c t e d  l e v e l s  i n  t h e  Kosti-Urn Ruwaba road a t  t h e  n o r t h  end 

- ?  of t h e  programed r o u t i n g ,  i t  was t i e d  t o  Kadugli-El Obeid c r a r r i c  on t h e  
southern  end. 

It i s  poin ted  o u t  t h a t  t h e  f i n a l  r e s u l r  of t h e  d i v e r s i o n s  of 
t r z f f l c  on t h e  Kosti-Zmm Ruwaba road w i l l  be a n e t  of two e f f e c t s .  F i r s r ,  
a c e r r a i n  zmount of t r a f f i c  w i l l  be d i v e r t e d  t o  and from t h i s  road a t  
Sa l aha t .  Second, t h e r e  w i l l  be a d d i t i o n s  t o  t h e  Rost i -El  Obeid t r a f f i c  
a t  3 a l a n a t ,  involv ing  v e h i c l e s  which c u r r e n t l y  proceed cross-country t c  
and from K o s t i  from p o i n t s  i n  t h e  p r o j e c t  area, e ,g .  Kologi,  Xbu Giibeiha, 
&shad, E l  Abbasiya and Barid .  I t  can be s a f e l y  assusled t h a t  t h e  access 
t o  t h e  paved Kosti-Crmn Ruwaba highway which w i l l  be  provided by t h e  p r o j e c t  
road should ensure  che d i v e r s i o n  of a h igh  p ropor t ion  of t h i s  t r a f f i c .  
There should a l s o  be  some d i v e r s i o n  of rhe  c u r r e n t  Shagrabeth-Semeih c o t i s n  
t r a f f i c ,  t o  t h e  scud? roads.  

(1) Sorconsu l t ,  A.S., Sudan Feeder Roads :qaster P lan ,  F i a a l  Xeporr, :!ay 1984 
( 2 )  Car l  ares, X.S., Economic and Technical  Study of t h e  K ~ d ~ ~ l i - T ~ l ~ d i  Road, 

Feb. 1974 



I n  any even t ,  very c o n s e r v a t i v e  p r o j e c t i o n s  of t h e  l e v e l s  of 
t h i s  d i v e r t e d  t r a F f i c  were made. For example, a maximum of 4 p e r c e n t  
of annual  t r a f f i c  t o  and from t h e  Kosti-El Obeid road w a s  a l l o c a t e d  t o  
t h e  s tudy  segments, dec reas ing  t o  2 pe rcen t  near t h e  southern  end of t h e  
rou t ing .  West of Shagrabeth,  d i v e r s i o n s  were assumed t o  be  towards t h e  
Kadugli-El Obeid road,  and on t h e  Kadugli-Talodi segment, d i v e r s i o n  w a s  
r e s t r i c t e d  t o  10 pe rcen t  of normal t r a f f i c .  Generated t r a f f i c  on a l l  
segments were l i m i t e d  t o  10 pe rcen t  of n o r n a l  t r a f f i c ,  wi th  only h a l f  of 
t h e  r e s u l t i n g  b e n e f i t s  counted.  

2 .  A g r i c u l t u r a l  S e n e f i t s  

No c r e d i t  was taken f o r  a g r i c u l t u r a l  b e n e f i t s  which might r e s u l t  
from the opening of t h e s e  roads.  I n  t h e  f i r s t  p l ace ,  annual  a g r i c u l t u r a l  
product ion was one cf t h e  i n p u t s  cons idered  i n  e s t h a t i n g  t h e  number of 
v e h i c l e s  r equ i r ed  t o  handle  f r e i g h t  and passenger  c a r r i a g e .  P ro j ec t ed  
i n c r e a s e s  i n  a g r i c u l t u r a l  product ion would t h e r e f o r e  a l r eady  be r e f l e c t e d  
i n  VOC b e n e f i t s .  I n  t h e  second p l a c e ,  r e s i d u a l  a g r i c u l t u r a l  b e n e f i t s  a r e  
d i f f i c u l t  t o  q u a n t i f y ,  and a g r i c u l t u r a l  p roduct ion  per  se is  inf luenced  
by a v i i r i e ty  of f a c t o r s  o t h e r  than improvement i n  roads.  For  exsmple, 
a new hybr id  dura  promises t o  i n c r e a s e  sorghum product ion 400 percent  i3 
t h e  a r e a  se rved  by t h e  p r o j e c t  roads.  Although p a r t  of t h e i r  i nc reased  
product ion w i l l  b e  consumed by t h e  farm f a m i l i e s  involved,  a s i z e a b l e  
propor t ion  should eve2 tua l ly  be exported from the a r e a .  Tiis i n c r e a s e  
i n  agricultural product ion (and t h e  added road t r a f f i c  whicn w i l l  r e s u l t )  
w i l l  obviously be due t o  f a c t o r s  o t h e r  than t h e  in f luence  of road i m p r c v e s e ~ c s .  

3 .  Exchange Rates 

During t h e  pe r iod  of :he s tudy ,  t h e  o f f i c i a l  euchanse r a t e  wzs 
r ev i sed  by t h e  Governor of t h e  Bank of Sudsn t o  USS1.OO = Ls.2.100. A t  
i h e  same t i n e ,  t h e  going r a t e  a t  t h e  sho?s of none? changers  was around 
USS1.00 = Ls.2.400. I n  c a l c u l a t i o n s  such a s  e s t ima t ion  of c o n s t r u c t i o n  
c o s t s ,  where fo re ign  exchange was a f a c t o r ,  t he  o f f i c i a l  r a t e  of (USSi.00 
= Ls.2.100) was used a s  mosc a p p l i c a b l e .  A11 b e n e f i t s  and c o s t s  have been 
expressed in Sudanese ~ o u n d s  i n  t h e  econonic a n a l y s i s ,  and t h e r e  h z s  j e s n  
no shzdow ? r i c i n g .  

. Econonic I n d i c a t o r s  

The r e s u l t s  of t h e  e c o n m i c  analysis of t h e  nine road s e p e n t s  are -- shorn 5y  T a b l e  3-1. Lne i n t e r n a l  r a t e s  of r e ru rn  (142) f o r  t b e  s egxen t s  
r a n g e  i r o n  7 - 5  Ferce2t  f o r  Secr ion  -A co A0.2 psrcen; for Secricm 2 2  , 

c- 9 zveragias  ~ 7 . 3  3 2 r c e z t  f o r  t h e  e n t i r e  alignnenr. C s i n g  a 15 percenr  discount 
. I  - 

~ 2 ~ 2 ,  ner p re sen t  va lues  (S?V) range fran L ~ . 5 ~ ~ , 3 0 0  f o r  SeccLon 4) (5hagra5ec3- -. x o l o g i )  ta L a .  la .  S a i i l i ~ n  f o r  S e c r l o n  LD (Kadugli-Talodi) . 



I n  v i e v  of t h e  h igh  NPV i n d i c a t e d  for S e c t i o n  4D (Kadugl i -Ta lod i ) ,  
a second a n a l y s i s  was c a r r i e d  o u t ,  w i t h  normal  r r a i f i c  reduced by 25 g e r c e n t ,  
and w i t h  d i v e r t e d  and g e n e r a t e d  t r a f f i c  reduced a c c o r d i n g l y .  Even unCer 
t h e s e  c o n d i t i o n s  of reduced t r a f f i c ,  t h e  NPV was  still Ls.7 .1  n i l l i o n .  

T a b l e  3-1 

ZCOSOMIC IXDICXTORS, SY ROAD SEG>.IESI & TOTAL 

No. - Segment 

?A Shebe i l a -Ba laha t  

NPV Ti23 
-6 - 

(Ls.10 ) 
1.493 20.; 

4 A  Kaiogi-Abu Gubeiha a.595 2: -3  

4C Taloc i -Shagrabe ih  1.508 4C .2  



PRESENT 
YE28 CDDTS VM.UE -- -m------ 

1987 0.0 0.0 
1958 0.0 0.0 
1999 S2Y.O 400.0 
1990 353.0 232.1 
1931 13*0 5.7 
1992 10.0 5.0 
1373 10.0 4.3 
I P Y S  61.6 22 .9 
!t?5 10.e .. -. 

5.3 

1?36 10.0 2.8 
1997 10.0 1 4  &**  

!Y9S 1010 2.1 
lYQSr 5l.f 11.4 
;!OOi. 16.0 1 • 6 -- i d 6 1  10.0 I.? 
;!0rJ2 16.0 1.2 
2.303 10 s i i  1.1 
1!)'34 61 .O C 1 

-I* I 

2955 16.0 0.E 
?OCC 16.9 0 *7 
2007 10.6 3.6 
:)ooe 1o.c 0.5 
2559 61.0 2.8 
2010 18.0 0*4  
2519 0.0 0.0 ---- ---- 
TO? ??eb*O 70'3.1 

TOIN. 1013L PRESEHT 
SEHEFI'I S PEHEFETS VALUE ---- -- 





Table 4-3 

YESMT TOTN fFQTdL PRESENT 
YEIF. COSTS VP.4 UE BEHEFITS BENEFITS VhtlE - -- 

ALL COSTS AElD BENEFITS I N  1HEUSF.DS Of CQSTLNT 1985 LS 



T a b l e  4-4 

f RE SENT 
YSM COSTS W E  - --- 
1%7 000 0.0 
1986 0.0 O e O  
19r19 2269.0 133901 
1990 1S??eO 733.2 
195'1 41eO 19.3 
193% 41.0 11.0 
1993 41.0 804 
1334 22.0  3919 
1YY5 41.0 5eO 
19% 41.0 3.8 
1Y97 41.0 2e9 
!?36 41e0 2.; 
1999 2S2eO 10.7 
2000 41 -0 1.3 
2001 4150 1.0 
2002 41 e0 0.8 
?OG3 41.0 0.6 
2304 252.0 2 e 9  
2005 41e3 0.4 
2606 41.5 0.3 
?00? 41.0 Oe? 
9 -- - 6 ~ 0  41 S O  0.2 
:!009 252.0 0*8 
2919 41.0 0.1 
2011 6.0 0.3 

9t'MEFlTii;'CCST RATIO= i .00 
NET PHEW!! VALUE= 0.0 
INiF!;KAl R Y E  Ct kF'iuE9: 30.1 FERCEHT 
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4-6 

Table 4-6 

INTE2NCIL RATE OF RETURN CEJ C4I.AlftlN 

PRt SEN7 
Yt'AR COSTS VhLUE - 
1W7 0.0 
1988 0.0 
1969 1111*0 
1990 743.0 
1971 1Y.O 
1YY2 1Y.O 
1333 13.0 
lY91 116.0 
1355 13.0 
1996 19.0 
1997 19.0 
1YYB 1Y.O 
199'3 116.0 
2000 tY.0 
2001 19.0 
:!(I02 19.0 
2093 17.0 
:GO4 116eO 
2005 19.0 
%006 19.0 
20F/ 13.0 
;'f)oa I Y .  0 
?OS? 116.0 
;!(!I 3 19.0 
??!I 3.0 

TOTW IOTAL. PRESENT 
Bk')IF.FI TS SE3EF ITS VCUUE - 

BEHEF i ; i C O S  I RAT 1 0 - 2  1 00 
NET PRESENT rlhL litL= 0. O 
IHXRHh!. RfiTE OF R E I U R K -  27.4 PERLENT 
A:: COST: EE?IiFITS IN iH!tUL;A?!!!C, CF COh'STAHi !YE5 t S  



Table 4-7 

N t l  Pkk Sf tlT VALUE FJD BENEFI T/COST RATIO I;NCLtL6'FION 

HUHPER OF YEARS-25 DISCOUN r RATE--15.0 PERCENT 

PRESENT Tf)lr?L TOIN,  PWSDIT 
7EhH CCSlS VALUE SENECI TS BEt'HEf I IS VCU.UE --- ---..-.I-- _ _ _ _ )  

IY8? 0.0 0.0 0.0 0.0 0.0 
1388 0.0 0.0 0.0 0.0 0.0 
IY!?? 2249.0 175'1.3 0.0 0.0 0.0 
lO?C 1579.0 1030.2 0.0 0.0 0.0 
19Y1 49.0 ? d  . 0 1037.0 1031tO 592.9 
1997 49,O 24.4 10Y7.1 1097.1 545.4 
1Y93 9Y.O 21 *? 1140.6 1160.6 501.8 
1934 303.0 113.9 1227.9 12ZI.Y 461 *6 
1795 49.0 1LO 129Y.O l?YY+O 424.6 
19fb 49.0 13aY 135&l*Z JJ5P.4 336.2 
?Y97 4Y.O 13*1 14:!0*6 1120.6 351.2 
1938 49.0 10.5 1485.6 1485.6 313.3 
1939 303.0 56.6 1523.6 1553.6 295t4 

TOO0 43.0 0.0 1624.7 1624.7 264.1 
2001 ?Y .O 6.9 16?Y*O 14Y9vO 210.1 
2GC? 49.0 6.0 1795.1 1730.1 226.0 
:*OCL3 49.8 5 *2 1836.0 leH6a0 201.5 
3 0 :  303.0 18 12 19&?*1 1YW.1 184.7 
2005 49.0 4.0 2093.6 393 .6  lb?*? 
2606 43.0 3.4 1 3 P C  

,&J . I*~ ?205*0 155.0 
;!Q07 4Y *O 3.0 2321.0 2324.0 142.0 
2GCj 49.0 2.6 2449.5 2440.5 130.1 
2OCP 303.0 14.0 2579.7 2579.7 1!9t2 
2510 49.0 '? h.6 2713.0 2738.0 ?OYs? 
2912 0.0 9.0 28C2.0 2802 ,O 97.9 ----- ---- --UI -- 
i 5944,O 3?OY15 3798.1 37798.1 5906.2 

EFHE'IiiCOST RAT f O= 1.84 
H'I' PESW unkut: 2634.7 
A:? COSTS nNp FEdEiITS !N THilUSAttllj OF CONSTbHT !9ES !.S 



iNiERNAL RATt OF RETURN CALCULATION 

?kt Sf N'I TOTAL TOTbi. PRESENT - 
YEAR l.WS1S UALUE 
---. ----- BENEFITS 9EHEFITS V N U E  -- 
I?Y7 0.0 000 0.0 0.0 0.0 
19BP 0.0 0.0 0.0 0.0 0.0 
lPR9 2J6Y.0 1431*5 0.0 080 Ow0 
1990 1573.0 788.8 0.0 0.0 0.0 
I Y Y X  49.0 1914 109.0 1037v0 411.1 
I??? 43.0 15.4 1097*1 10?7*1 345Pl 
1YF3 1Y.O 12.2 1140.6 1160*6 ZH.7 
1994 323.0 60.0 1227e4 1231.9 243.2 
1YFI 4?-0 7.7 !?YY*O 12Y9*0 204.1 
1900 49-0 6 * 3 1356.4 lf5H.4 169'4 
1937 5 . 0  4.8 112064 1428t6 140*6 
1 49.0 3.11 1485.6 1?85*6 116.6 
IYJS,  363*0 1Y. P 1553.6 1553.6 94.8 
21C3 49.0 2.4 1634.7 3624.7 80.3 
1 IY.O 1,9 16??,0 165'9 .O 66.6 - '952 4910 1.5 1790.1 179Go1 55.7 
."'C3 ,.v 4P 0 1 .? 1Y96+0 18%aO 46*6 
2304 203.0 5.9 1~a7.i i9e7.i 38.y 
;!QC.9 49.0 0.8 2033.6 2GY3.8 32.5 
3% 49.0 0.0 2205.8 2205.8 27 *% 
?O(j7 4Y ,O 0.5 233.0 9324.0 22.7 
2032 49.0 0.4 2449.5 2418.5 19.6 
!vtc9 2i.3.0 ,.- 1.9 2579.7 ZS7Y. 7 15.9 

2:rG 40 .6  012 ?718*0 1718.0 12.3 
')( t 6.0 0.0 10.9 r J I !  2802.0 2902.0 - 

-------- ---- --- --- 
i U I  5311.0' 2416.2 3775'3.1 37798.1 2446.2 

E!!Ef i T i C O S S  RAT1 O= 1 .CO 
!!= ! FkES5NI 'JA!.UE= 0.0 
iETkENiri  R A i E  OF &ETUSN= 26.0 FfRt:aT 
01.:. C W 5  ,?ti)? 3tXr.i I T S  IN iH!!!!Sidli;!S ilk CO?!SfAHT !985 LS 



Table 4-9 

R01lIl 38 - hflll GUBEHIA - RASAAI - 

NET PIiESEHl WfiM fiHD PEHF,'IT/SOST RhTfU CAtCfllATSON 

PRESENT 
YEnk COSTS VALUE ---- --------- 
198? 0.0 O e O  
1988 0.0 0 e0 
1983 0.0 0.0 
197 0 0.0 0.0 
1391 7011.0 1149e8 
lJS2 1341.0 666.7 
1333 46.0 19.9 
I Y Y 4  4Q.G 17.3 
lY35 46.0 15.0 
!YPt 283.0 80.4 
1977 46.0 11.4 
!PPB 46.0 Y *9  
1993 46.0 B.6 
? O M  46.0 7.5 
20G1 283.0 40.0 
2002 46.0 5.7 
2053 46.0 4.3 
2064 46.0 4.3 
2005 46.0 307 
2066 283.0 19.9 
?GO7 46.0 2.8 
2058 44,O 2.4 
2009 4t.0 2.1 
2010 4C.O 1 e 8  

2011 2E3.0 3.9 
%dl? 46.0 ! 9 4  

2013 0.0 0.0 

TOT 5220.0 2055.5 36446.2 36446.2 9228.5 

EF;.fiFF'iT/CDST RflT?O= 2.03 
NET PEESENT VALVE= ?145*1 
ALL COSTS bND EENEFITS Ili THOUSAWS OF COHjTfiHT 19B3 LS 
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Table 4-10 

IH? EfcHf.?. R A E  OF RE1 URN WLCRAI IOff 

f REBf N1 TOTAL TillRL PRt'SEHT 
YEAR COSTS VALUE BENFJITS BEHC:FITS VALE --- -- - 
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Table 4-11 

NF1.t Pf;t.St'K? V!?tUt AHD E-ENFiFITICOS'f RATIO CfiLCULATION 

NdKETE OF YLhRS-27 DISCOIIHl RP,TE:- I5 .0 PERCENT 

PIZk.SENT TO TAI. TO ffiL PRESENT 
YEAR C053S VnLUE BENKf I T S  BENEi ITS VA! UC --- ------------ ------ 
!Ye7 0*0 
15'88 0.0 
19RP 0.0 
t ?YO 0.0 

1991 35i8.0 
IYPt 2Jl5.0 
1993 68.0 
lPY4 68.0 
13P5 68.0 
ZYY6 419.0 
1391 6890 
1990 68.0 
1939 69.0 
2000 6H*0 
331 419.0 
20C2 tS.0 
2053 68.0 
%004 68.0 
2035 6E.O 
;!PO5 41Y.O 
2097 G8.O 
: w e  AH.O 
?G3? 68.0 
:!010 63.0 
2011 419.0 
2412 tH.0 
2313 0.0 ----- 
TCT 8527*0 

W E F  ITfCtrSl' M T i O  I 1,17 
bE1 Pkf SENT VALUE= 535 * 3 
I1L C2STS 4Nn BENEFITS Iff 7HtlilSfitlUS OF CO#STbWT 1589 LS 
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Table 4-12 

INIMNCI R R l T  OF REIURN CFiCULATION 

FFifSEN1 TOIRL TOIF .  FREm1 
YEN' COSTS VhLUE 8EHEFITS BENEFITS VALUE 
--<. - 
197 0.0 0.0 0.0 010 0.0 
1388 0.0 0.0 0.0 0.0 0 I0 
1Y89 0.0 0.0 0.0 0.0 0.0 
1390 0.0 0.0 0.0 0.0 0.0 
1'941 TilYeO 1839.1 0.0 0.0 060 
1937 2345.0 1056.6 0.0 0.0 0.0 
lYJ3 68.0 26.1 905.0 905.0 317.7 
1974 68.0 22.3 959,8 $5988 314.4 
lYYS 48.0 17 SO 101#e0 1018.0 284.3 
1996 419.0 99.8 lo;'? 0 b 1079 6 257 * 1 
lY??  bee0 13.8 1143.0 114510 ?3?*5 
1938 68.0 11 *P !?20*4 122094 211.3 
1YS9 68.0 1G.O 1300.8 1300.8 192eO 
2GOo 68.0 8.6 1386.5 1386.5 174.5 
2001 419.0 45.0 1t77.9 1477.9 155.6 
20C2 dEsO 6.2 1 157L.Z 144.3" 
20C3 63.0 5.3 1673.0 1673*0 130.9 
2034 68.0 4s5 1768.5 1768.3 117.6 
2005 6H.O 3.9 1862.9 1362.9 105.6 
2655 413.0 26.3 1962.2 1362.2 94.9 
2007 68.0 2.8 2064.3 2066. 9 85.2 
2008 68.0 2.4 2177.1 2177.1 76.5 
2909 69.0 2.0 229.4.2 Z293.2 68.7 
2510 6S.O 1.7 2415.5 2615.5 61.1 
2t)lt I1Y.O 9.1 254 4.3 ?944,3 55.4 
2912 ta .0  I .:i :tao.o 2cso.o ~ P , I  
?dl2 0.0 0 *O  4357.0 4;iSi.O 64.0 -- ----- -*- - 
TUT 862?.0 3231.5 :!78?4.8 37874.8 3231.5 



Table 4-13 

NET PRESENT VklUF. AN3 BEHffIT/COST RATIO CALCilL2iiON 

PRESENT 7 r~rw TOTN. FRESFNT 
Y E  20575 VALUE BENFFTTS FENEFIlS VKUE - -------- ------------ 



RMQ 46 - rjHhliR5BETH - KULOGI . 

Table 4-14 

f N1FBNE.i RATE OF RETURN CALCULATION 

iitlflPEh' OF lFARS=26 

Pfit SENT TOTAL TOTAL FRESEHT ' 

'~UR COSTS V~LUE BHEFXTS BEHEFITS VALUE --- ------- -- - - 
1Y8? 0.0 010 010 01.0 0.0 
19RH 0.0 O*O 0.0 O*O 0.0 
lYH? O e O  O*O 0.0 0.0 0.0 
1??0 1069.0 604.0 O e O  O*O 0.0 
tYYl ?13*0 33.1 (1.0 0.0 0.0 
1972 2?,0 B e 5  335,O SjS.0 129.4 
1YY3 Z?*O 7.0 369*0 369.0 117.8 
1974 22.0 5.8 406.4 40fv4 167.3 
1Y95 136*0 29*7 447.6 447.6 97+7 
1936 Z.O 4,a 493.0 43kr.o 9a.9 
15'97 2'2-0 393 500*1 509,1 75.8 
1978 22.0 2.7 533.7 64.6 
!YP? 2700 2*2 539.8 533,8 55.0 
2000 134.0 11.5 556.3 556.3 96.3 
ZOO1 22.0 1.5 573.4 5/3*4 4O*0 
2002 22.0 1.3 591.0 591.0 34.0 
2003 22.0 2.0 615.9 613.9 29*3 
2094 22.0 0.9 691.9 643.9 25.3 
2005 134.0 4.4 663.3 668.9 21 *8 
2 O O t  22.0 0.6 693.1 697.1 18.8 
;!!I07 22.0 0.5 ? ? h e 5  726.5 16.2 
2XE 22.0 0.4 i5f .:! 751.2 13.7 
:!W? 22.0 0.3 789.1 789.1 22.0 
261.3 !315.0 1.7 812.3 822.; 10.3 
1 22.3 0.2 8:Z.O 957.0 B O P  
2312 22.0 002 1ZE4.0 1264.0 11.3 ------- ------- ..--- -- --- 
TOT 7300.0 1024.9 :3203.3 13203.3 1034.9 

2FHiF?f!COSi' iinTIfl:: 1.30 
NET WEEEHT VALUE= 0.0 
i#t F.f;H:'ii K A I F  OF RFT"JR H: 21.0 PWCMT 
ALL CBSTS AN? 5EEf I T 5  JH THOSSAHDS GF CZH5TirHT f9ES L9 





Table 4-16 

fNTERIAL R A E  OF RETURN Chi CULltTlUH 

PRESEH'F r~rn t  aora VRE~FHT 
YkAR C%TS VALUE BEtiE~IT3 BI.3EFlTS VALUE -- --I-. - 



Table 4-17 

RCAO ID - K?aiJtibl - IRl.hlOlt 

PEESEHY TOT& TOT& WStHl 
YEhR COSTS'S VCiLUE P E W I T S  BENEFITS VALUE -- -- -- 
fYS7 6.0 0.0 0.Q 0,O 010 
1saa 3573.0 3107.0 0.0 0.0 c .o 
1688 ZJS:I*O t801.1 0.0 0.0 0 o? 

1970 E b b  (?A 2854.0 2854.0 1676.6 
IY91 75.0 42.9 2946.8 2946.8 lbB4.8 
;?Ti? 75.0 3703 3042.6 3042.6 65l2.7 
2983 442.0 199.7 3141.5 3141.5 1358*1 
1934 75.6 28 92 3?23.6 X143eb 12!9,4 
?YS5 75.0 24.5 3349.4 33JY.Q 1894o8 
1936 75.0 21.3 3257.3 343.9 9E.9 
1937 75.0 1Y *5  35/0*3 3570.3 882.5 
1933 462.0 93.3 3686.3 3655.3 792.4 
lYY9 15.0 13.0 3806.2 3806.2 711.4 
2800 75.0 12.3 3929.9 3929.9 638.7 
:1W1 7:1*0 10.6 4357.4 4051.6 575.5 
2532 75.0 9.2 4189,s 4189.5 51469 
2093 462.0 43.4 $32507 1325.7 462.3 
2Gft 75.0 7.0 4466.3 4466.3 415.0 
2 m  ? L O  60 1 4t11.5 1611.5 372.6 
2306 75.0 5.3 474104 4761.4 334.6 
?@!I? 72.0 4.6 4916-2 4916.2 300.4 
3 0 8  482.0 24,s 5676.0 5076.0 263.7 
;!003 75.0 3.5 5241.0 5241.0 242.1 
2910 0.0 0.0 4412.0 4412.0 177*3 ---- --- -- - 
TC; 9653.0 5575.5 83385.2 83085.2 11641 5.6 

)rEt?.L:X7/69rii HIT lr3.1 2 .?4 
NET PEESEYT VALUE= 10841,? 
WL COSTS AND BEjiEFBTS !h' THDUSAHlrf O f  COEiSThtE? 1985 LS 
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T a b l e  4-18 

IHTFfiNR1 Rf!Tt OF RETURN CALCULATION 

H1I5EbH lilE YEARS224 

PkESENT TOTAL TOTK PRESMI 
YEAR COSTS VhLUE B E N F  if S BEHEFITS VALUE -- 

TO? YC03.9 1P15.7 9 . 2  83085.2 5315.3 

3;kF:;ST;tgS'C 3 A T i O .  1.60 
NET PktSEtlf VM.UE= 0.0 
?VTL'YAL RATE 9 t  EETURN= 50.2 FCECLM a1 l C l l l  

&i tO$:s 3tpLf 175 :H I)iC!JSE,.4'23 OF CO!!S'I'?H7 lPBS hS 


