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SUMMARY
 

1. 	 Objectives increasing depths (fron 30-50 cn on the Young 
Jamuna floodplain to 75-100 cm or more on the 

This study aimed to improve basic knowledge Old Brahmaputra floodplain); soil properties 

about floodplain sedimentation processes in (subsoil structure, coatings, oxidized mottles) are 

Bangladesh and, to some measure, the developed and become more pronounced; topsoils 

contribution that flood-borne sediments make to become increasingly acid; the proportion of basin 

soil fertility. Hydrologic records were analyzed to clays increases; and the dominant gray color of 

estimate the total sediment budget of the Ganges Jamuna floodplain soils is replaced by dark gray 

and Brahmaputra rivers. Then, using Geographic on the Old Brahmaputra floodplain. 
Information System (GIS) tools, field teams 
selected two geographic blocks on the Most floodplain land is seasonally flooded. The 
Brahmaputra (JaimUna) floodplain fer (letailed highest ridge tops are inundated only 
study of sedimentation and soil fertility during the intermittently or in years with high river floods. 

1994 monsoon season. Using information derived Lower sites are submerged during the monsoon 

from the field study and from secondary sources, season according to their position in the relief. 

a GIS model was developed for mapping regional The proportion of deeply flooded land tends to 
sedimentation regimes. increase from north to south across the study area. 

A series of flood embankments built along the 

2. The Study Area 	 Jamtna left bank within the past 25 years appears 
to have reduced normal flooding depths and the 

The Brahmaputra River moved into its present frequency of high floods, but river water still 
Jamuna channel about 200 years ago. The enters the floodplain along distributary channels, 
floodplain on its left bank (the Januna floodplain) through regulators/sluices in embankments, and in 
is one of the 23 floodplain physiographic units years when floods breach embankments. 
recognized in Bangladesh. Soil surveys in the 
1960s identified Active, Young, and( Older Farmers grow two or three crops a year over most 
Jamuna floodplain subunits and the Old Brahma- of the area. Rice is the principal crop; jute, wheat, 
putra floodplain. The study area comprised the and other dry-land crops are also grown. 
northern half of the Jamnuna floodplain, north of Fertilizers are used for all the major crops, and 
the Dhaleswari River offtake, and an adjoining irrigation is widely used in the dry season, except 
part of the Old Brahmaputra floodplain, on active floodplain land. 

The Active Jamtna floodplain occupies the 3. Methods 
braided river channel where constantly shifting 
secondary and tertiary channels deposit and erode Sediment, soil, and water sampling. Two study 
sediments during the annual floods. The relief is blocks measuring 5 km x 2 km were selected for 
rather irregular, and the soils comprise stratified detailed study of sedimentation and soil fertility, 
alluvium that is near-neutral in reaction. On the one in Sharishabari tltana, the other in Kalihati 
adjoining stable floodplain land there are and Blhuapur thanas. Each block included parts of 
progressive changes in relief and soils with the Active, Young, and Older Jamuna floodplains. 
increasing distance from the main river. An Within each block, 20 sample plots measuring 
irregular relief of ridges and depressions near the 10 m x 10 mu were selected to represent the major 
river gives place to a smoother landscape of broad flood and sedimentation regimes. At these sites, a 
ridges and basins on old floodplain land. In the marker layer of brick dust, permeable cloths on 
soils, alluvial stratifiration is broken up to jute mats, and sediment traps were placed before 
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the flood season; three replicated subplots were 
used for each technique. By rm!d-August 1994, 
most of these sites had not been inundated, so 
permeable mats were then placed at an additional 
six sites on low-lying land near tile river, 

Because of the very low flood experienced in 
1994, many of the selected sites were not 
inundated. Sediment samples were collected as 
floodwater receded from six permeable mat sites 
and five sediment trap sites. None of the sites 
received enough sediment to make core sampling 
over the brick-dust layer feasible. 

At each sampling site, records were made of the 
physiographic characteristics, depth and duration 
of seasonal flooding, farmers' information on the 
thickness of sediment deposited in average years 
and in the high 1988 flood, and agronomic 
practices. Composite topsoil samples were 
collected from three rcplicated subplots at each 
site. Pits were dug so that the profiles of the 12 
main soil series occurring in the two blocks could 
be described, and samples were taken from the 
main soil horizons. Water samples were collected 
from rivers and inundated study sites. 

Sediment, soil, and water samples were sent to 
laboratories for determination of particle size, pH, 
and electrical conductivity, and contcnts of 
organic matter, nitrogen, phosphorus, potassium, 
calcium, magnesium, sulphur, zinc, iron, copper, 
boron, and manganese. 

Radiocesium sampling. A total of 41 soil cores 
were taken in the study blocks, and elsewhere in 
and around the study area, to collect samples for 
radiocesium ("37Cs), particle size, and bulk density 
determination. Radiocesium is a fission byproduct 
of thermonuclear weapons testing in tile mid­
1950s. Subsequent Cs fallout from the 
stratosphere onto the land surface provides a 
means of identifying sediments that have 
accumulated since the mid-1950s. Two methods 
were used to assess floodplain sedimentation rates: 
the maximum depth to wihich 3' 7Cs was found at 
individual sites; and a core inventory method 
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Xii 

seeking to determine the total activity of flood 
sediments discounting local Cs fallout. 

This study used a GIS to map and assess natural 
resource and infrastructural conditions in the study 
area. The primary data themes, which represented 
the agents of the floodplain sedimentation process, 
were used for baseline mapping, display and 
analysis of field data, and constructing a GIS model 
of floodplain sedimentation processes. Interpretation 
of the primary data yielded other thematic maps for 
use in the model. In addition, sedimentation rates 
reported by farmers and rates derived from analysis 
of soil samples for 137Cs radioisotopes were used. 
The GIS and Global Positioning System (GPS) 
receivers were used to map the location of field 
reconnaissance and sediment sampling sites. 

4. Findings 

Sediment and Soils. Because of the very low flood 
experienced in 1994, few of the sampling sites 
received any sediment deposit. Only two traps 
received significant amounts, at rates of 7.67 and 
35.67 tons/ha. At the six supplementary sites, 
where permeable mats were located in August, 
five sites received 2-6 mm of sediment; the other, 
adjacent to an active river channel, icceived 300 
mm of coarse sediment. Contents of all nutrients 
wcre high or moderate inboth trap and mat 
samples, except for zinc in mat samples and for 
most nutrients in the thick sandy deposit. 

Organic matter contents of topsoils tended to 
increase with floodplain age (from 0.3-1.1 percent 
on the active floodplain to 1.0-2.5 percent on the 
older floodplain) and topsoils tended to become 
more acid (from pH 6.5-7.7 on the active 
floodplain to 6.3-6.8 on the older floodplain). 

Topsoils on the active and young floodplains were 
mainly neutral to mildly alkaline; those on the 
older floodplain were moderately acid. Subsurface 
layers were mainly neutral to mildly alkaline. 

Radiocesium analyses. Radiocesium analyses 
showed that the depth of human-induced mixing 
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(plowing) of the floodplain sediment surface was 
confined to the upper 10 cm. This validates the 
usefulness of the excess depth of penetration 
technique as an accurate and simple means of 
determining total sedimentation at sites since the 
introduction of radiocesium in 1956. The data also 
exhibited a strong correlation of the 37Cs activity 
with fine-grained particles. After correction for 
the grain size, bulk density of samples, and 
atmospheric versus river input, tI.e inventory 
approach yielded accumulation rates that agreed 
well with the simpler technique based on depth of 
penetration. The resulting -40 year average 
sedimentation rates from the 41 core sites were 
used to provide quantitative point data for 
floodplain physiographic zonations in the GIS 
regional model, 

Annual sedimentation rates generated by the GIS 
model for the study area ranged from 0 to 
74 mm/yr with an average rate of 7.6 m/yr. The 
total estimated annual sediment for the study area 
was some 29 million metric tons. Areas annually 
receiving 10 mm or less of sediment account for 
only 25 percent of the total sediments but covered 
75 percent of the study area. According to the 
model, approximately 84 percent of the sediment 
deposited annually is within 0.5 km of a sediment 
source, but only 27 percent of the study area is 
within this distance. A map of cumulative 
sediment deposition over the 1954-1994 period, 
which corresponds with that of the 'Cs analysis 
of soil samples, was also generated by the GIS 
model. 

As would be expected by their definitions, the 
Active and Young Jamuna floodplains had higher 
average annual sedimentation rates than the less 
active Older Jamuna and Old Brahmaputra
 
floodplains. 


5. Assessment 

Sedimentation zones. Sediment rates determined 
by "3

7Cs analysis demonstrate that sedimentation is 
a function of distance from a river source, 
including distributaries and khaLs. The rates 
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correlate closely with floodplain age, averaging 
> 1.3 cm/yr on the Active Jamuna floodplain, 
1.24 cm/yr on the Young Jamuna floodplain, 
0.29 cm/yr on the Older Jamuna, and 0. 15 cm/yr 
on the Old Brahmaputra floodplain. The rates 
obtained by 37' Cs analysis corresponded somewhat 
with figures obtained from farmer interviews. 

Topographic controls. Rapid sedimentation rates 
on land alongside river channels creates elevated 
natural levees, crevasse splays, and point bars that 
can form a barrier to sedimentation across flood­
plains. Among other things, this may form basins 
between levees along main, secondary, and 
tertiary river channels. Such low-lying land may 
be flooded by rainwater and a raised groundwater 
table rather than by sediment-laden river water. 
Wash of sediment from high areas to depressions 
during rainfall gradually reduces relief on older 
floodplain areas. The latter phenomenon has 
implications for interpreting sedimentation rates 
from Cs data because Cs analysis is unable to 
differentiate between new sediment input and 
locally reworked sediment. 

Infrastructure. The construction of flood 
embankments along the Jamuna since the late 
1960s makes it difficult to assess natural 
sedimentation rates on the floodplain. However, 
even in protected areas, river water can still flood 
the land through distributary rivers and khu/s, 
when regulators and sluices in tile embankments 
are opened, and in exceptionally high flood years 
(such as 1988) when embankments are breached. 
Since farmers uniformly mentioned a decrease in 
flood depth in their fields following embankment 
construction, it is assumed that sedimentation rates 
have also decreased. 

Large floods. The Cs data provided a 
sedimentation rate averaged over about 40 years. 
Farmer interviews indicated that greater amounts 
of sediment were deposited in high flood years. 
This input from large floods is particulaily 
significant on older floodplain land where 
sedimentation rates in normal years are negligible. 
Analysis of a satellite image taken during the high 
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flood also shows that tile flow of turbid1987 
water alongside the floodplain becomes an 

important neans of sediment delivery to older 

floodplain areas in large floods, 

5.1 	 Sedimentation and Soil 
)evelopment 

The soil profile descriptions and laboratory 	data 
rawpresented show the rapidity with which 

alluvium changes into soil with pronounced profile 

clwracteristics. They also show that the upper soil 

layers and depression sites have finer materials 

than occur in the substratum and on ridge sites 

respectively. lowever, on the Older Jamuna and 

Old Brahmaputra floodplains the vertical and 

lateral fining piocesses are reversed in the topsoil, 

which has less clay than the underlying subsoil. 

This loss of clay from the topsoil is attributed to a 

process of acidification and clay destruction found 

in seasonally flooded soils. 

Recent alluvium has stratified layers immediately 

below the plowed layer. In developed soils, 

stratificntion has been broken up by biologica! 

mixing, and a B horizon has formed. This horizon 

is characterized by soil structure, oxidation 

mottles, mnd sometimes coatings along cracks and 

voids The tlickness of the 13 horizon tends to 

increase with distance from the active floodplain 

towards the Old I3rahmaputra floodplain. Soils on 

the Active and Young Jamuna floodplains are 

near-neutral in reaction in all layers and generally 
have low organic matter contents. Soils on the 

Older Jamuna and Old Brahniaputra ,loodplains 
have moderately to strongly acid topsoils, and 

have more organic matter than the younger soils, 

especially in basin sites. These soil characteristics 

indicate that flood-borne sedimentation rates must 

be minimal for older floodplain land. 

The findings suggest that the most consistent 
parameter that could be used to indicate whether 

or not soils are receiving significant amounts of 

new river allvium is the occurrence of a lower 
l-I value in the topsoil than in the subsoil. Soil 

color is not a wholly reliable indicator of soil age, 
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although young soils generally have paler 	gray 
thantopsoils and lower organic matter contents 

old soils, and many old floodplain soils have a 

more strongly oxidized subsoil than occurs in 

young soils. 

5.2 Soil Fertility 

Nutrition in sediments. At the sites that received 

sediments, the laboratory data indicate 

considerably higher levels of nitrogen, 
phosphorus, and sulphur than the assumed crop 

arerequirements, but levels of potassium 

considerably below requirements. However, for 

various reasons, these results should be treated 

with caution, not least because they do not 

correspond to farmers' fertilizer practices in the 

area. It is possible that the higher levels of organic 

matter and major plant nutrients present in 

sediment samples than were found in adjoining 

topsoil samples reflect the fact that the algal 

residues on the surface formed a much higher 

proportion of the total sample in the thin sediment 

deposits 	than in 10 cm-thick topsoil samples. 

Soil nutrientstatus. Comparison of the laboratory 

data for soil profiles from different physiographic 

units shows that soil nutrient status is not directly 

linked with sedi'mentation. Soils on the Active and 

Young Jamuna floodplains, which receive the most 

nev, sediment, do not have higher nutrient contents 

than soils on older floodplains, which receive 

negligible amounts of sediments. Also, young, 
unleached soils do not necessarily have higher 

nutrient contents than older soils with acid topsoils. 

The higher nutrient contents of soils on the older 

floodplain probably is linked to their higher contents 

of clay and organic matter. This study did not 

measure the contributions of blue-green algae and 

other biological agents to soil fertility. 

Vertical accretion of sediments from overbank 
flooding were represented in the GIS model using 

a distance function for the natural levees and 

physiography-based minimum annual deposition 
rates for floodplain/backswamp areas. The 

deposition rates predicted by the model are 
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relatively high immediately adjacent to the source 
of sediment and then drop off rapidly to minimum 
thresholds according to physiographic regions. 

The GIS model estimate of average annual 
sedimentation depth, 7.6 mm/yr, compares 
favorably with the rates of 7.5 mm/yr and 
11.5 mm/yr from a sediment budget for the 
Jamuna, Ganges, and Padma river system. Farmer 
reports of relative sediment depths were similar to 
GIS model results. However, averages of mean 
sedimentation rates reported by farmers disagreed 
with the GIS model results for the various 
physiographic units. 

6. Conclusions and Recommendations 

The findings of this study provided important new 
information on the rates and location of 
sedimentation on the Jamuna floodplain, onl soil 
fertility, and on techniques of sediment sampling, 
Important lessons were learned that can guide 
future studies. 

Sedimentiation. It is possible that sedimentation 
rates were underestimated on the active floodplain 
because 1994 was a low flood year and because it 
was impossible to obtain deep cores for Cs 
analysis. The Cs sampling technique also did not 
allow a distinction to be made between sediment 
derived from river floods and sediment washed 
into depressions by local runoff. 

It is difficult to extrapolate the study findings to 
other floodplain areas in other than a general 
sense. That is because of differences in flooding 
characteristics between the study area and the 
southern part of the Jamuna floodplain, and 
because each floodplain region in Bangladesh has 
unique physical and hydrological characteristics, 

Soil fertility. Important findings were that: the 
small amounts of sediment deposited onl sampling 
sites in 1994 may have yieldeJ unrepresentative 
levels of organic matter and plant nutrients; little 
relationship apparently exists between laboratory 
data and soil fertility status; and soil nutrient 
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levels determined by laboratory analysis generally 
are lower in soils that receive sediment increments 
than in those that do not. It would be unsafe to 
extrapolate the study's findings to other floodplain 
areas because of differences in physiography, 
hydrology, and mineralogy between floodplain 
regions. 

Techniques. Important lessons learned from this 
study about techniques were that: GIS mpping 
and analysis is very useful for designing a 
sedimentation study and presenting results, soil 
survey reports provide a useful guide to the 
selection of geomorphic units, but may need 
updating where subsequent changes have occurred 
in river channels or infrastructure; farmer 
interviews are a valuable means of obtaining 
information about flooding and sedimentation 
when averaged for physiographic regions; 
permeable mats and traps proved to be satisfactory 
methods for sediment collection, but the use of a 
marker layer of brick dust was unsatisfactory 
where sedimentation was slight; the "'Cs 
technique for measuring sediment accumulation 
rates proved valuable; and laboratory analysis of 
sediment, soil, and water samples is not a reliable 
means to determine their nutrient values. 

Comparisons with other major fivers. The 
development and evolution of Bangladesh's 
floodplains have similarities to and differences 
from other major river floodplains. As in the 
floodplains of other major rivers rising in high 
mountain regions, the enormous size of the 
Ganges-Brahmaputra catchment tends to produce 
floods in a particular season, the maximum 
sediment discharge precedes the maximun water 
discharge, and the sediments carried to the 
floodplain are little weathered and of high 
potential fertility. Sedimentation rates and 
overbank processes are similar to those observed 
in other major river systems, except that channel 
migration rates in the Jamuna River are 
exceptionally high, distributary channels play a 
more significant role in delivering sediment onto 
floodplains, and tectonic activity may play a larger 
role in channel avulsions and migrations, and in 
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offsetting the elevation of floodplain land by Older Jamuna and Old Brahmaputra floodplains. 

sediment deposition. River control works along The basic concept and fundamentals of the GIS 
model appear sound, however, and an improvedBangladesh's rivers are more recent and less 

complete than along such major rivers as the field sampling strategy and statistical analysis 

Mississippi, Nile, and Rhine, and the based on floodplain geomorphology and 

environinwntal impacts to date have been physiography could improve it considerably. 

correspondingly less. 
Future studies. The following studies are 

Arising from thesc international comparisons, a recommended to confirm, supplement, and extend 

number of univcrsal scientific problems that are the 1994 study's findings. 

relevant to Bangladesh's situation need to be 
addressed. They include: river sediment budgets; 1. 

the effects of large floods, down-gradient flood 
flow; and floodplain vegetation on sedimentation; 
the effect of a rising sea level; tectonic and 
compaction-induced subsidence; and how changes 
in river morphology affect overbank flow. 

River control and sedimentation. Two of the 

study's findings have important implications 

for the planning and operation of flood 

protection works. One is that the bulk of river 

sediments are deposited on narrow strips along 2. 
active river channels with substantially lesser 2. 
amounts being deposited in young floodplains; 
most older floodplain land receive little or no new 
sediments. The other is that the soils receiving 
significant amounts of new sediment do not have 
higher nutrient contents than soils that do notcropped 
receive new sediment. It appears that reduction in 
sediments on the floodplain due to construction of 
embankments would, therefore, have a negligible 
direct effect on the nutrient status of most 
floodplain soils. However, protection works that 
reduced the depth and duration of seasonal 
flooding could reduce fertility benefits derived 
from biological sources, which may be significantbut were not iheasured by this study, 

GIS modelling. Results of the GIS model appear 

plausible with respect to rates derived from 

sediment balance data and relative to most of the 
field data. The average depths reported by farmersindicates that the GIS model may be substantially 
underestimating rates in the Active and Young 
Jamuna floodplains and overestimating in the 

asedimentation 
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Sedimentation studies should be continued on 
the Jamuna floodplain in 1995. The study 
block in Sharishabari fhana should be 
retained, but itshould be extended onto more 
active floodplain land and onto die Old 
Bralhnaputra floodplain. A new block should 
be selected in Daulatpur thana to study 
conditions in the southern part of the Jamuna 
floodplain, and observations should be made 

at intervals alongside de Dhaka-Aricha road 

crossing this part of the floodplain. 

Sampling points in study blocks should be 
S aplid p tten sto blocks shouldibe 
on a grid pattern to facilitate statistical 
analysis of results. The sampling methods 
used in 1994, including farmer interviews 
and cesium analyses, should be retained.Additional observations should be made in 

fields adjoining sample sites to 
a flenes te
crpp edie tionin 


ascertain whether vegetation influences the 
amount of sedimcnt deposited. 

Sediment and topsoil samples should be 
analyzed todetermineparticlesize, reaction 
(pH), and organic matter contents. In view 
of the poor correlation tis study foundbetween laboratory results and apparent 
crop nutrient requirements, it is not 

considered necessary to determine other 
nutrient contents. 

Results of agricultural research trials andfertilizer demonstrations in the study area 
should be reviewed and analyzed to obtain 
direct evidence of the impact of 

on soil fertility and crop 
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performance. To the extent possible, sites on the Jamuna floodplain and to refine the 
used during the past five years should be GIS sedimentation model. 
identified and thtir physiography and soils 
classified. 7. The government (with international 

assistance as necessary) should undertake 
5. Future soil fertility studies should assess a program of basic research studies to 

the contributions of blue-green algae and determine appropriate methods of soil 
other biological agents of flooded nutrient analysis for seasonally flooded 
environments to soil fertility, soils, to assess the contributions of 

biological agents to soil fertility in 
6. As soon as possible, sedimentation studies different floodplain environments, and to 

should be extended to other floodplain identify the processes of clay and organic 
regions to augment the information gained matter accumulation found in old 

floodplain basin soils. 
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Chapter 1 

INTRODUCTION 

1.1 Introduction highest rainfall areas of the world. Over millennia, 
the sedimep:s carried by the huge discharges of 

Most of Bangladesh is on the delta formed by three these rivers have built a broad delta, forming most 
of the world's major rivers, the Ganges, Brahma- of the land area of Bangladesh and the submerged 
putra, and Meghna. These rivers, and many of the delta plain in the Bay of Bengal. 
country's minor rivers, rise ou";ide the national 
boundaries of Bangladesh and make up the Gan- Two distinct sedimentation processes contribute to 
ges-Brahimaputra-Meghna system (Figure 1.1). this delta's formation. The most obvious occurs 
This system, draining a basin of some 1.76 million when shifting river channels deposit volumes of 
square kilometers, carries not only snowmelt from river-borne sediments in a single monsoon season 
the Himalayas but also runoff from some of the (lateral accretion). Another process occurs when 

idSh r BRAHMAPUTRA 

gr11 Ta G g a t , g R 

jh';Y "; 
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sediment-laden waters spill onto the floodplains, 
and finer suspended sediment particles settle as 

the floodwater recedes (vertical accretion). These 

natural sedinentation processes have been and 

continue to be disrupted by the constructic?" of 

roads, bridges and culverts, embankments, and 

flood control or water management structures. 

The effects these interventions h, z on the com-

plex hydrology and environment of Bangladesh 

are of growing interest to planers and resource 

managers. 

While existing literature contains considerable 

information on deltas and their formation, hard 

data on floodplain sedimentation are scarce, and 

the subject is not well understood. Reliable data 

and knowledge about the complex sedimentation 
processes of Bangiadesh's floodplains are particu-
larly rare. Studies that have attempted to measure 
floodplain sedimentation rates ini the country are 

few and have yielded little quantitative informa-

tion. Also poorly understood, although long 

debated, is the role deposited sediments play in 

soil fertility and agricultural production in Ban-

gladesh. Recently accelerated floodplain develop-
ment and the possibility that the Flood Action 

Plan (FAP) and other programs will undertake 
further water resources interventions have created 
an urgent need to improve the state of knowledge 
about floodplain sedimentation. 

1.2 	 Study Objectives and Approach 

The overall objectives of this study were to im-
prove basic knowledge about floodplain sedimenta-
tion processes in Bangladesh and to enhance under-
standing of the contribution made by flood-borne 
sediments to the formation of soils and their fertil-
ity. The study sought to achieve these broad objec-
tives by performing the following tasks: 

1. 	 Assimilate relevant data and literature from 
local, regional, and international sources. 

2. 	 Characterize a floodplain study area as to 
its hydrology, geomorphology, soil prop-
erties, infrastructure, and other properties 
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that are defined by, or are controlling 
factors of, sedimentation processes. 

3. 	 Monitor sedimentation processes for a 

single monsoon fiood season; collect de­

posited sediments, quantify their deposition 
rate and characterize their physical and 
chemical characteristics. 

4. 	 Test various techniques for sampling sedi­
ments deposited on the floodplain. 

5. 	 Develop techniques for mapping and mood­

elling the rate and distribution of sediments 
over larger floodplain areas. 

The study delivers three increasingly detailed levels 

of knowledge about floodplain sedimentation. At its 

broadest level, the study developed first-order 

estimates of the total sediment budget of the Ganges 

and Brahmaputra rivers based on analysis of exist­

ing hydrological records. The intermediate level of 

investigation F'udied a large area encompassing part 

of the east-bank floodplain of the Brahmaputra 

(Jamuna) River. FAP 19 (Geographical Information 
System) compiled information for this study area 

using satellite imagery, digital mapping tools, and 

a Geographic Information System (GIS). A field 
team then used the maps as aids in studying flood­

plain sedimentation and in selecting sites for 

soil-core sampling. Laboratory testing of the core 
samples for an artificial radionuclide (137Cs) yielded 

data on the integrated amount of sedinentation that 

has occurred over the past 40 years. 

At its most detailed level, the study surveyed and 

sampled two representative blocks in the study 

area. Field surveys, assisted by recent aerial pho­

tography and the Global Positioning System (GPS), 
generated detailed maps of each block. Field 
personnel also tested several methods for direct 
sampling of sediments deposited during the 1994 
monsoon season. Sediment and soil samples were 
collected and their physical and chemical properties 
were analyzed. The results of these tests, combined 

with the field study, facilitated understanding of 
local sedimentation processes. It also allowed the 

study to estimate flood-borne sediment deposition 
rates and assess the contribution sediments made to 
agricultural soil resources and their fertility. 
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1.3 	 Background 

1.3.1 	 Floodplain Sedimentation: The 
State of Knowledge 

Sedimentary strata deposited by rivers are broadly 
divisible into lateral and overbank deposits. Lateral 
deposits are formed by channel migration, and 
overbank deposits are formed by vertical accretion 
during floods. Together these mechanisms generate 
a floodplain. Geomorplhologists define a floodplain 
as "the largely horizontally bedded alluvial land-
form adjacent to a river channel, separated from 
the channel by natural levees, and built of sediment 
transported by the present flow-regime" (Nanson 
and Croke 1992). The earliest detailed studies 
(Wolman and Leopold 1957) concluded that lateral 
processes (e.g., point-bar accretion, braid channel 
evolution) predominantly controlled the formation 
and evolution of the floodplain. This belief, widely 
held in the 1960s and 1970s, helped focus research 
efforts by geomorphologists, hydraulic engineers, 
and sedimentologists. Today, as a result, advanced 
models exist for quantifying lateral processes of 
channel development and evolution. More recently, 
however, Nanson (1986) recognized that "rather 
than a single model of floodplain formation, there 
is an array of processes leading to different flood­
plain types in different environments," including 
some dominated by vertical accretion. Theoretical 
models predict that, through avulsion, the channel 
belt eventually will return to a given location, but 
at a different elevation, thereby preserving and 
incorporating finer-grained overbank deposits in 
the alluvial stratigraphy (Bridge 1984). Further 
evidence of the importance of vertical accretion in 
floodplains can be found in the geologic record, 
where many preserved deposits have a ratio of 
floodplain to channel deposits > 1 (Wright and 
Marriott 1993). 

Despite general consensus today that overbank 
deposition plays an important role in total river 
sediment budget and floodplain architecture, 
comprehensive quantitative models of overbank 
deposition are not yet available. This is primarily 
due to (1) the limited number of 'ground-truthing' 
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studies to date that have made direct measurements 
of sedimentation rates in floodplains and (2) the 
complexity of overbank sediment transport. The 
following sections summarize the current state of 
knowiedge about these two factors. 

1.3.2 	 Measuring Sediment Deposition 
in Floodplains 

Table 1. 1 summarizes the methods various investi­
gators have used to measure floodplain sedimenta­
tion. These techniques are divisible into (1) direct 
measurements of layer thickness using mats, traps, 
and introduced or in situ horizons and (2) indirect 
measurements using particle-associated tracer., (Cs, 
trace metals) or measurements of water and sedi­
ment fluxes. The methodology of an individual 
technique, and/or the period over which it inte­
grates sedimentation, limit its applicability. For 
example, 1

37
Cs inventories integrate sediment 

deposition since 1956 (soon after the onset of 
li-bomb testing). This limits their usefulness as a 
tool for examining individual floods. The present 
study employed several methods suited to Bangla­
desh's floodplains (mats, marker beds, traps, 1

37Cs, 

and water/sediment discharge) to assess their 
applicability and cover a range of time scales. 

Although measurements of floodplain sedimentation 
have been made on only a few of the world's river 
systems (Table 1.2), the body of data is sufficient 
to identify several major controls on sediment 
delivery via overbank flow. First, there is no direct 
correlation between river size (water/sediment 
discharge) and the percentage of sediment stored on 
the floodplain and, therefore, on sedimentation 
rates. The unique characteristics of each river 
system (e.g., climate, catchment elevation, stream 
gradient, local geology, etc.) determine the sedi­
ment concentration in river water and the nature of 
the 'flood pulse' that results in sedimentation. 
Second, overbank flow is highly variable between 
river systems and temporally variable within 
individual systems, subject to the frequency, 
regularity, duration, rate of rise and fall, and 
amplitude of floods (Junk et al. 1989). In some 
rivers, for example, large floods may contribute 
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Table 1.1 Teclmiques for Measuring Overbank Sedimentation Rates ini River Floodplains 

Technique 

Marker Beds 

1iood Layers 

Description 

Distribute datum layer of distinct material 
(brick dust, fluorescent-dyed sediment, etc.) 
on the sediment surface prior to deposition. 

l)irect measurement of thickness of sediment 

layer deposited in a single flood. 

Buried Ilorizons 

Mats 

Integrated deposition over in situ datum 

surfaces (soils, peat layers, etc.) of known age 

(dated by radiocarbon analysis). 

Attach a mat (wood, carpet, ;ule, etc.) to the 

sediment surface prior to deposition. 

Sediment Traps Deploy funnel-shaped collectors at the 

sediment surface attached to traps filled with 

preservative (e.g., formalin, etc.) to examine 
chemistry of input material. 

Dendro-
geomorphology 

Tree-ring dating of vegetation that has 

coloib.ed floodplain surfaces (see llupp and 

Morri:, 1990). 

Trace Metals 

'Cs inventory 

Depth of occurrence of high-levels of tace 

metals (As, Cu, etc.) introduced into rivers by 

mining in the drainage basin at a known time 

(see Marron 1992). 

Particle-r' a, tive tracer introduced into 
atmosphere by 11-bomb testing beginning in 

1954-55 (see Walling and Qingping 1992). 

Water sampling/ 
Current meters 

Direct measurement of suspended sediment 

concentration and water vectors on the 
floodplain during overbank flow (see Mertes 

1994). 

Water/Sediment 
discharge 

Monitoring sediment discharge in river above 

and below ,loodplain reach to obtain net loss 
to overbank sedimentation. 
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Major Limitations 

* large errors fo: deposition of < 1 cm 

* removal and diffusive mixing of marker 

bed 

e large errors for deposition of < 1 cm 

* infrequent events 
a not representative of mean input onto 

floodplain 

* errors iii age date of surface 
e horizon not laterally isochronous 

* single, integrated deposition rate 

* large errors for deposition of < 1 cm 

9 deposition may nut reflect iates on 
surrounding sediment surface because of 

different permeability, response to bed 

stress, etc. 

* expensive and easily disturbed 

* must be redeployed following each 

measurement 
* deposition may not reflect rates on 

surrounding sediment surface 

• difficulty interpreting geomorphological 
relationships 
• temporal spread of individual 
colonization 
* single, integrated deposition rate 

* not present in all river systems 
* single, integrated deposition rate 

a two sources (river sediment, direct 
atmospheric flux) 
0 expensive 
• single, integrated deposition rate 

* logistically difficult 
* spatial and temporal heterogeneity of 

suspended sediment flux 
* bedload transport into floodplain 
* two mechanisms of suspended-sediment 
flux (diffusion, advective transport) 

* large measurement errors 

* no information yielded on spatial 
variability 
• difficult to measure at peak flood 
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0o Table 1.2 Summary of River Studies That Quantify Floodplain Sedimentation Rates on Time Scales of 10-10,000 Years 

River 

Culm (UK) 

Average Water 
Discharge 
(m3/sec) 

-5 

Measurement 
Technique 

Cs inventories 

Sediment 
Accumulation 
Rate (cm/vr) 

0-0.7 

Time Period 
(years) 

1954-1987 

Reference 

Walling and Bradley (1989) 

. 
Ilme (Germany) 
Fyrisan (Sweden) 

Coon Creek (USA) 
Belle Fourche (USA) 

-6 
7.0 

-8 

10.2 

Radiocarbon dating 
50x50 cm mats 

Soil layers 
Trace metal (As) 

0.03 
0.0005-0.015 

1.5 (6-15)-

0.9-1.5 

1400-present 

1986 

1853-1975 

1876-1978 

Hagedorn and Rother (1992) 
Gretener and Stromquist (1987) 

Trimble (1983) 
Marron (1992) 

Maluna Creek (Aust) 

Missouri (USA) 

-40 

3,000 

contamination 
Cs inventories 

Flood layers 

0.3 

50-200 

1954-1986 

1982 

Nanson et al. (1992) 

Ritter (1988) 

Fly (New Guinea) 6,000 Trace metal (Cu)
contamination 

0-0.2 1981-1990 Higgins (1990), Day et al. (1992) 

Jamuna (Bangladesh) 19,600 Csentripenetration0-415-94 0-4 1954-1994 This studyTisud 
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Figure 1.2 Flood Layer Thickness, 1973 Mississippi River Flood 

more sediment to the floodplain than all "normal" 

floods combined (Kesel et al. 1974, Gupta 1988, 
Ritter 1988). In other instances, such floods can 
partially denude the floodplain surface (Nanson 
1986). This suggests that caution should be exercised 
when comparing sedimentation rates either between 
rivers or integrated over different time scales. 

Previous studies also reveal that sedimentation rates 
on the floodplain surface have complex spatial 
variability. As a rule, sediment deposition decreases 
exponentially with distance from the river source. 
This is evident in the flood layer thickness of the 
1973 Mississippi River flood (Figure 1.2). As the 
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flood spreads out onto the floodplain, decreasing 

overbank flow velocity reduces its sediment transport 
competence. Working in combination with diffusion 
processes, this causes an exponential decrease in the 
size of tile particles deposited farther from the chan­
nel. This process forms a coarser-grained natural 
levee near the channel, grading with distance into a 
finer-grained, lower-elevation (because of slower 
sedimentation) floodplain. 

This simple sedimentation pattern is complicated, 
however, by along-stream variation inoverbank flow 
rates and concentrations. The former can result in 
point-source introductions onto the floodplain that 
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generate crevasse splay deposits and an irregular 
levee elevation, which may change the path that 
future overbank flows take. Walling et al. (1992) has 
also traced spatial variability to local floodplain relief 
features (levees, channels, point bars, etc.) left 
behind by migration of the main and distributary 
channels and by human alterations. 

1.3.3 	 Floodplain Sedimentation 
Models 

The input-output relationship of turbid water flux to 
a floodplain has been summarized by Hughes 
(1980) and Lewin and Hughes (1980) as the net 
volume increase with time (dV/dt): 

dV 
Qb, + Q.- Q,, + Quf- Q,,, - Qd, 

Water 	 enters as: (I) breach flow through the 
natural 	levee (Qh,), forming crevasse splay depos-
its; (2) 	 overbank flow (Qom,), raising the natural 
levee elevation; (3) flooding of river offtakes (Q,,); 
and (4) 	down-gradient flow from upstream flood-
plain reaches (Q,). Turbid water is lost through 
ebb flow (Qo,) of water retur,!ng overbank via 
levee breaches or offtakes and by output to down-
stream 	floodplain reaches (Qdf). Turbid water flow 
on the 	floodplain surface is affected by non-turbid 
standing water from precipitation and flood-induced 
rise of the water table. Hughes (1980) has shown 
that the 	processes of inundation and recession for 
any river floodplain depend upon the shape of the 
flood hydrograph and the floodplain planform. 
Further, because each flood has a unique hydro- 
graph, no clear-cut relationship exists between total 
influx from the channel (Qi,,) and the volume of 
turbid water stored on any floodplain reach. In 
reality, water volum1es on the floodplain at a certain 
inundation level may differ from those at the same 
stage during recession. 

The inundation process is so complex that only a few 
simple depositional models have been developed for 
predicting sediment delivery to the floodplain. 
Pizzuto (1987), for example, describes the diffusion 
of a vertically integrated sediment concentration 
across the floodplain during a steady overbank flow. 

Floodplain Selirmenlation Siudy 

The steady-state solution predicts the thickness of 
sediment deposited with distance from the channel 
using particle settling velocities, vertically integrated 
sediment concentration of the overbank flow, and 
laboratory-derived diffusivity values. The resulting 
nodel data are fitted with observed rates on a small 
river in Pennsylvania (USA) vith an average error of 
±7 percent. Unique solutions are possible for a 
variety of particle-size classes. This approach, 
however, does not consider other modes of overbank 
sediment transport (e.g., bedload transport, advective 
transport), nor does it consider how overbank flow 
interacts with the other factors mentioned in the 
equation above. 

Several studies have shown that aggradation of the 
floodplain surface decreases with time and eleva­
tion, i.e., asymptotically (see Wright and Marriott 
1993). Continued sedimentation-induced raising of 
the floodplain surface over time places it above the 
reach of all but the highest floods. This process is 
magnified by natural levee formation and dimin­
ished with increasing subsidence rates on the 
floodplain. loward (1992) models deposition rate 
on the floodplain as a function of floodplain height 
(maximum floodplain height [E,,,,,] relative to local 
floodplain height [EJ). Diffusion length scale (X) 
is used to predict exponential decrease in the coarse 
suspended load deposition rate (it) with distance 
from the channel (as in the Pizzuto model), while 
the fine-grained fraction deposition rate (v) is 
modelled as distance-independent (e.g., one rate 
over the entire flooded area). The resulting model 

Depostion rate (4) = (E,_. - E,) Iv + t cxp(-t)/X)l 

in which D = distance to the nearest channel, is a 
basic representation of the rapid deposition on the 
levee as well as more distant overbank sedimenta­
tion. This model was the starting point for the 
floodplain sedimentation model developed in the 
present study. 

1.3.4 	 Floodplain Sedimentation in 
Bangladesh 

As previously noted, most of Bangladesh lies 
within the deltaic plain of the Ganges-Brahmaputra-
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Table 1.3 	 Estimates of Total Annual Water and Sediment Discharge for the Major Rivers of 
Bangladesh 

Estimates of Average Annual Sediment Discharge (106 ton/yr)
Average Annual 
Water Discharge Coleman 

River (nr1/s) (1969) 

Brahinaputra 19,600 608 

Ganges 11,000 479 

Mcghna 4,800 13 

Meghna fluvial system. These three rivers, along 
with approximately 230 tributaries and distribu-
taries, crisscross the predominantly low-gradient 
and low-elevation plain and debouch into the Bay 
of Bengal. Table 1.3 summarizes the water and 
sediment discharges of the three rivers, 

Of these major rivers, the Brahmaputra-Jamuna has 
the highest downstream gradient and is therefore 
highly charged xkith sediment (Barua 1994). The 
240-kin reach in Bangladesh has two major tribu-
taries, the ]'eesta and Atrai rivers, and several 
distributaries (Old Brahmaputra, Dhaleswari, etc.). 
The major floodplains of the Brahmaputra-Jamuna 
system are the Tcesta; Karatoya-Bangali; Lower 
Atrai; Old Brahniaputra; and the active, young, and 
old Jamuna (FAO 1988). 

In Bangladesh, the Ganges receives water from one 
tributary, the Mahananda, and has only one major 
distributary, the Gorai. Floodplain areas include the 
active Ganges, and high and low Ganges (FAO 
1988). 

The Meghna, the smallest of the three major 
systems, has the highest water yield per unit aiea of 
catchment (Barua 1994). The Meghna's major 
tributaries are the Surina and Kushiyara, and its 
floodplains include the Meghna, Surma-Kushiyara, 
and the Sylhet Basin (FAO 1988). 

Annual monsoon-season flooding of these three 
river systems inundates, on average, about 18 
percent of Bangladesh (MPO 1987). However, 
unusually large floods, like the flood of 1988, can 
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MPO 
(1987) 

387 

CBJET 
(1991) 

499 

RSP 
(1994) 

586 

212 196 549 

inundate as much as 54 percent of the country. 
Rising river levels in the wet season (June Septem­
ber) result in overbank and offtake flow, particu­
larly in high-flood years, that supply sedi­
ment-laden water to the physiographic units of the 

floodplain (e.g., active floodplain, natural levee, 
and flood basin). It is clear from existing research 
that Bangladesh floodplains vary conside!rably in 
the quantity and character of sediment they receive 
from rivers (Alam et al. 1990). Among the factors 
involved are the flooding characteristics of the 
individual rivers, floodplain elevation relative to 
the river, the presence of offtakes, and increas­
ingly, the presence of embankments. 

Considerable sedimentological and chemical infor­
mation on the nature of sediments and soils in 
individual Bangladesh floodplains is available from 

the shallow tubewell and deep-well drilling pro­
gram of the BWDB, and from the regional studies 
of the Soil Survey (see Section 1.4. 1) and Bangla­
desh Geological Survey. However, virtually no 
quantitative information is available about vertical 
accretion rates or total sediment fluxes onto the 
floodplains. First-order estimates suggest that a 
significant portion of the total sediment load of the 
rivers is stored in the floodplains, as much as 
40-80 percent according to Milliman and Syvitski 
(1992). In other words, as little as 20-40 percent of 
the sediment carried by the rivers of Bangladesh 
may be discharged into th Bay of Bengal. Of 
course, much of the sediment is only "stored" on 
the floodplain until it re-enters the channel via 
lateral bank erosion. The average storage time is an 
important determinant of soil development. 
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Whitton et al. (1988) recorded sediment deposition 
ol deep-water paddy land ol the Jamuna floodplain 
near Manikganj between July and November. 
Sediment deposition was highest in July, when it 
was 215 g/m12 /week (0.016 cm depth, using a bulk 
density of 1.35 g/cm1 ), and lowest in the first week 
of November, when it was 35 g/m 2/wcek (0.003 
cm). Elsewhere, they found that the annual deposi-
tion ranged from a low of 36 g/m 2 (0.003 cm) at 
Daudkandi on tile Meghna to 5,353 g/m 2(0.40 cm) 
at Mohadevpur near the Jamuna-Ganges conflu-
ence. The median annual deposition for all sites 
was 408 g/n 2 (0.03 cm). Sites near the river 
Meghna had the lowest deposition rates, which 
ranged from 36 to 187 g/m 2 (0.003 to 0.014 cm), 
while sites near the Jamuna had the highest. 

1.4 Soils and Soil Fertility 

This section provides a brief introduction to infor-
imation available to this study on Bangladesh's 
floodplain soils and their fertility. It provides a 
basis for understanding and interpreting the study 
findings regarding the role of sedimentation in 
maintaining soil fertility on Bangladesh's flood-
plains. More detailed information on the soils of 
the study area is given in Chapter 2. 

1.4.1 Soil Developnent 

Virtually the whole of Bangladesh was covered by 
reconnaissance soil surveys in the 1960s and 1970s, 
and comprehensive reports were published for 
administrative districts and subdivisions (e.g., 
SRDI 1967a, b). The information collected on these 

surveys is summarized in FAO (1971), FAO 

(1988), and Brammer (1995a). 


'Fle floodplains that occupy about 80 percent of the 
country have been formed by the country's main 
rivers: the Brahmaputra-Janimuna, Teesta, and 
Ganges, which bring sediments rich in weatherable 
minerals from crystalline rocks in the Himalayas; 
and smaller rivers in the north and east, which 
bring in coarser sediments derived from sedimen-
tary rocks in adjoining hill areas of Bangladesh, 
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Assam, and Tripura (Huizing 1971). Active, 
meander, piedmont, estuarine, and tidal floodplains 
are differentiated. A great diversity of soils has 
developed on these different landscapes, and soil 
patterns often are complex. 

In many areas, the soil surveys recognized active, 
young, and old floodplain landscapes. Active 
floodplains occupy land within and adjacent to the 
inain rivers where shifting channels deposit and 
erode new sediments during the annual floods. New 
alluvium is stratified (in layers). On most flood­
plains, this alluvium is neutral or slightly alkaline 
in reaction, but new Ganges and Lower Meghna 
ailuvium is moderately alkaline and calcareous. 

The soils survey describes young and old flood­
plains as virtually stable land that the main river 
channel has moved away from, but they are crossed 
by tributary or distributary channels that vary from 
active to moribund (silted up). On these flood­
pliins, the processes of soil formation dominate 
over sediment deposition, as evidenced by soil 
characteristics: i.e., the original alluvial stratifica­
tion has been broken up by biological mixing; the 
subsoil has developed structure and oxidized 
mottles; and, in older soils, the topsoil has become 
acid. These changes are most pronounced in areas 
distant from active river channels. Young flood­
plain soils are mainly gray and have developed soil 
characteristics to depths of about 30-75 cm. Old 
floodplaini soils often have dark gray topsoils and 
have developed structure to depths of 75-100 cm 
or more, and the relief often has been smoothed by 
the wash of fine sediments from ridges towards 
basins during heavy rainfall occurring when the 
soils are not flooded. Appendix I gives a more 
detailed account of the processes of soil develop­

eient in Bangladesh. 

1.4.2 Floodplain Soil Fertility 

Bangladesh's floodplain soils are generally consid­
ered to be fertile. They have sustained the produc­
tion of two or three crops a year for many decades, 
or even centuries, with only moderate or low 
additions of manures or fertilizers. Popularly, the 
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' maintenance of their fertility is attributed to addi-

tions of alluvial silt from the annual floods, 

Field evidence from the abo,,e-referenced soil 

surveys threw doubt on this popular belief (FAO 

1971). Large areas of floodplain land were found 

to be flooded hy rainwater, not by silty river water. 

Such areas have soils with well-developed profiles, 

as described above, and strongly acidic topsoils that 

show no evidence that they receive regular or 

periodic increments of river sediments. Yet flood-

plain soils clearly are "fertile," whether flooded by 

river water or by rainwater. What are the sources 
of this fertility in areas that apparently do not 

receive regular increments of new alluvium? 

There appear to be four possible sources of plant 

nutrients in floodplain soils in addition to those that 

may be provided by new sediment deposits (Brain-

mer 1995b): 

* the provision of nitrogen by blue-green 

algae (BGA) living on the soils and in the 
floodwater; 

* 	 decomposition of leaves and other plant 

remains, including submerged lower leaves 
of paddy, jute, and weeds; 
release of nutrients from weatherable in-
erals in the seasonally flooded topsoils, 
some of which are dissolved in the flood-
water and transferred to other sites; and 
increased availability of phosphorus when 
topsoils are submerged. 

The two latter phenomena are associated with 

cyclical chemical changes occurring in seasonally 
flooded soils. When submerged, topsoils become 
anaerobic (lacking oxygen), under which conditions 
iron is reduced (in the ferrous form) and the reac-
tion becomes neutral. When air reenters the topsoil 
after flooding ends, iron is oxidized to the ferric 
form, and the reaction changes to acidic or alkaline 
according to the specific type of soil. 

Studies by the International Rice Research Institute 
(IRRI) show that blue-green algae growing in 
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paddy fields may contribute an average of 30 kg/ha 

of nitrogen per crop season (Roger & Kulasooriya 
1980). Studies made in deep-water paddy areas in 

Bangladesh (including parts of the Jamuna flood­

plain) suggested annual figures of 8-18 kg/ha of 

nitrogen fixation (Catling 1993). That is equivalent 

to 13-30 kg/ha of urea, the usual nitrogenous 
fertilizer used in Bangladesh. 

Catling (op. cit.) suggested that those relatively low 

nitrogen figures could result from the low light 

intensities within dense stands of deep-water paddy. 
He stated that, in neighboring fallow fields, algal 

growth was 20 times greater and possibly produc­

ing two to three times as much nitrogen. This 

observation suggests that levels of algal growth and 

nitrogen production could be low in silty floodwa­

ter through which less light penetrates than in clear 

water. It also suggests that the change from aits and 

deep-water amanz paddy cultivation to irrigated 
boro paddy cultivation in recent decades, leaving 
soils fallow in the kharif season, could have in­

creased algal growth and nitrogen release signifi­
cantly over the levels previously experienced under 
traditional kharifcropping patterns on moderately 
deeply and deeply flooded land. (Aus and aman 

paddy varieties are grown in the kharif [rainy] 

season and boro paddy in the rabi [dry] season. 
Aman is divided into deep-water aman, sown 

before the rainy season, able to lengthen its stems 
as floodwater rises, and harvested after floodwater 
recedes; and so-called transplanted amnan, planted 
in the rainy season on shallowly or non-flooded 
land and harvested after the end of the rains.) 

Rother et al. (1988), investigating BGA nitrogen 
fixation at their Manikganj study site on the Jamuna 

floodplain west of Dhaka, confirmed Catling's 
finding that BGA were much more abundant in 
flooded fallow fields than in flooded paddy fields. 
Ilowever, they also found that twice as much 
nitrogen was fixed in the pre-flooding period as 
during the flood period. They estimated that BGA 
on soils contributed about 11 percent of the nitro­

gen requirements of deep-water paddy, and soluble 
nitrogen in floodwater contributed about 6 percent. 
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In a study of the contribution of flood sediments 
and BGA to soil fertility carried out inside and 
outside the Chandpur Irrigation Project on the 
Meghna river floodplain and the Old Mcghna 
estuarine floodplain, ISPAN (1993) reported that 
river-derived sediments were mainly deposited 
close to the river Meghna. Those sediments had 
higher contents oforganic matter, calcium, potash, 
sulphur, and manganese than local soils, but lower 
contents of copper and zinc. The quantities of 
scdiments deposited in the year of study (1992, 
which was a low-flood year) were not reported. 
Total dissolved solids (TDS)were reported to be 
high in Meglna water, but levels of calcium, 

magnesium, potassium, and ammonia nitrogen 
were moderate or low, and their contribut;on to 
plant nutrition was considered to be low relative to 
that provided by the sediments deposited. 

The same study reported that quantities of BGA 
varied between sites, but were generally considered 
to be high. The 'were much more abundant in 
clear water alonq the Dakatia River than in turbid 
Meghna River water, and were slightly higher 
outside embankments than inside. The amounts of 
nitrogen fixed were not determined, but it was 
suggested that they might be about 16-20 kg/ha. 
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Chapter 2
 

STUDY SETTING
 

2.1 	 Overview of Floodplain Characteristics and on estuarine and tidal floodplains elevation 
differences are 1 to 2 meters or less. 

2.1.1 Physiography and Relief 
2.1.2 Flooding 

The floodplains that cover about 80 percent of 
Bangladesh are diverse and complex in relief and Much of the floodplain area of Bangladesh is 
soils. The 23 floodplain physiographic units recog- inundated during the monsoon season. Flooding 
nized (Figure 2. 1) are of four kinds: generally is shallow in the north and near the coast, 

and deeper in central Bangladesh and the Sylhet 
River floodplains include those of the Basin. On ridges, flooding is intermittent or shal-
Ganges, Brahmaputra-Jamuna, and Megh- low, and it becomes deeper and more prolonged in 
na rivers, their tributaries and distribu- adjoining depressions; some depressions stay 
taries, and some smaller rivers in the east. submerged throughout the year. The depth and 

" Piedmontplains (alluvial fans) occur at the duration of flooding vary from year to year, de­
foot of the Ilimalayas and the northern and pending on the amount of floodwater flowing in 
eastern hills, from India through the main rivers and on the 

" Estuarineflood,"''ainsoccupy a large area amount and intensity of' local rainfall. Regional and 
of eastern Bangladesh. local differences in flood depth and duration are 

" Tidal floodplains are found in the south- important determinants of the cropping patterns in 
west and parts of the southeast (included in Bangladesh that will be described in Section 2.2.7. 
the Chittagong Coastal Plain). 

2.1.3 Age 
Significant differences in physiography, sediments,
 
soils, and flooding characteristics exist between Three landscape ages can generally be recognized
 
these different kinds of floodplain (FAO 1988). on river floodplains:
 

The rivers t~aversing these floodplains have 0 Active floodplains, within and alongside
 
changed course over time, leaving behind them an rivers, have shifting channels that are liable
 
intricate landscape of ridges (former levees) and to deposit and erode sediments during the
 
depressions (interridge depressions, old channels, annual floods.
 
and backswamps). Elevation differences between 0 Young floodplains are stable land that a river
 
ridges and their adjoining depressions are greatest or its distributaries have recently moved
 
in the Sylhet Basin, where they range up to 5 away from (within 50-200 years on the
 
meters. On other river floodplains and on piedmont Jamuna floodplain) and that has developed
 
plains, differences are in the 2-to-3-meter range, predominantly gray topsoils and subsoils.
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Figure 2.1: Physiographic Units of Bangladesh 
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1. Old Ilimalavan Piedmont Plain 
2. Active TistaFlnod plain 

3.Tista Meander Floodplain 
* 4.Karatoya-Bangali Floodplain 

5.Lower Atrai Basin 
6.Lowver Purnabhaha Floodplain 
7. Active Brahmaputra-Jamuna Floodplain 
8. Young Brahma. & .amuna Floodplains 

* 9. Old Brahmaputra Floodplain 
110. Active Ganges Floodplain 

11. ligh Ganges River Floodplain 
* 12. Low Ganges River Floodplain 
* 13. Ganges Tidal Floodplain 
* 14. Gopalganj-Khulna Bils 
* 15. Arial 
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i!t16. ,Middle leghna River Floodp'l, 
17. Lower Neghna River Floodlain 

18. Young Meghna Estuarine Floodplain 
k,19. Old eNlghna Estuarine Floodplain 
A, 20. Eastern Srna-Kusiyara Floodplain 

21. Sylhet Basin 
U 22. Northern and Eastern Piedmont Plains 
0 23. Chittagong Coastal Plains 
U 24. St. Martin's Coral Island 

25. Level Barind Tract
 
I 26. 1Iigh Barind Tract
 
[ 27. North-Eastern Barind Tract 
0 28. Madhupur Tract 
M 29. Northern and Eastern iHills 
ME30. Akhaura Terrace 
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Oldfloodplains have remained stable for a 
long period (possibly centuries) and have 
developed mature, (lark-colored topsoils 
and well-oxidized subsoils. 

Piedmont and estuarine floodplains also have young 
and old landscapes. The high (moribund) Ganges 
river floodplain, Old Brahmaputra floodplain, Old 
Meghna estuarine floodplain, and Old Himalayan 
piedmont plain, for instance, may be several 
hundred to several thousand years old. The topsoil 
of an Old Meghna estuarine floodplain buried by a 
Ganges river floodplain soil southeast of the 
Gopalganj-Khulna Beels has a radiocarbon age of 
ca. 1,800 years; and a buried layer within the Old 
Meghna sediments is ca. 3,000 years old (FAO 
1971). 

The map in Figure 2.2 shows floodplains of differ-
ent ages. It should be noted that the ages in the map 
are relative rather than absolute and have been 
derived by considering the physiographic units of 
Bangladesh shown in Figure 2. 1. Also, narrow 
belts of active and/or young floodplains adjoining 
small rivers crossing young and old floodplains 
cannot be shown on the scale of the figure. 

2.1.4 Subsidence 

The sediments underlying Bangladesh are several 
hundred to several thousand meters thick (Khan 
1992). They apparently occupy one or more geo­
synclinal or fault troughs between the Indian massif 
to the west and the folded Yoma-Arakan hill ranges 
to the east. It is difficult to determine whether 
subsidence still continues in these troughs. This is 
due in part to the paucity of datable horizons, but 
it is also because sea-level fluctuations occurred 
during the Pleistocene and Recent periods. The 
comparatively small changes in Bangladesh's 
coastline since Rennell's maps were made in the 
1760s suggest that outgrowth of the Ganges-
Brahmaputra-Meghna delta by sediment deposition 
has been counteracted by subsidence, which could 
be due to tectonic warping or to compaction of the 
underlying sediments, or both (Eysink 1983). 

Floodplain Sedimentation Study 

However, subsidence rates in the delta are neither 
uniform nor universal. They probably are high 
(1-2 cm/year), for example, in the Sylhet Basin. 
Recent subsidence is also suggested by the down­
warping of Madhupur Tract relief and soils below 
Old Meghna estuarine sediments and soils east of 
Dhaka, and of Barind Tract relief and soils below 
Atrai sediments and soils in the Lower Atrai Basin. 
On the other hand, the western edges of the Mad­
hupur and Barind tracts have been uplifted, and the 
western part of the high (moribund) Ganges river 
floodplain and the southeastern part of the Old 
Meghna estuarine floodpla:n also stand higher than 
adjoining parts of their Poodplains, implying that 
these delta-margin areas may also have been 
uplifted. 

Between Dhaka and Narayanganj there is an or­
ganic layer, formed in mangrove swamps growing 
at about sea level, buried in tidal clays 1-2 meters 
below present sea levei. The radiocarbon ages of 
this layer range from 5,600 to 6,700 years. Other 
peat layers buried less than a meter deep in and to 
the south and east of the Gopalganj-Khulna Beels 
(late from between 800 and 3,000 years ago (FAO 
1971). These dates suggest that any subsidence 
occurring in this central-southern area has been 
very slow. 

2.2 The Study Area 

The study area, which is shown in Figure 3.4, 
spans parts of the Jamuna and Old Brahmaputra 
floodplains (Figure 2.2). These floodplains together 
cover 16,344 km2 (about 11 percent of the coun­
try). The study area is bounded on the west by the 
Jamuna left bank, on the east by the Madhupur 
Tract, and extends from the Chatal and Jhenai river 
systems in the north to the Elangjani and Lohajong 
rivers in the south. The following sections briefly 
describe the physical and land use characteristics of 
these floodplains. The Tangail and Jamalpur 
reconnaissance soil survey reports (SRDI 1967a,b) 
and the AEZ report (FAO 1988) contain more 
complete descriptions. 
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Figure 2.2: Relative Age of Bangladesh Floodplains 
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2.2.1 Climate 

The study area has a tropical monsoon climate. Mean 
annual rainfall, most of which occurs between May 
and September, is about 1,500 mm in the south and 
2,000 1m in the north. Rainfall amounts vary 
appreciably between years. Minimum and maximum 
daily temperatures range between about 10-14* and 
25-27"C in winter (December-February) and be-
tween about 250 and 32°C in the monsoon season 
(June-September). The highest temperatures, often 
exceeding 35'C, occur in the pre-monsoon months 
(April-May). Mean monthly potential evapotrans-
piration rates exceed rainfall between November and 
March but are below mean rainfall in other months. 

2.2.2 Physiography 

As shown in Figure 2.2, the Jamuna floodplain has 
three subunits: the active, young, and older flood-
plains. These subunits. as described below, differ 
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from each other in the relative maturity of their 
relief and soils. The boundaries between them are 
sometimes sharp, as is the case between the Young 
and Older Jamuna floodplains at Sharishabari. Else­
where they can be indistinct: for example, in some 
transitional areas, very young floodplain land is 
found within the active floodplain. In other areas, 
recent, small spills of new alluvium have pene­
trated areas of young or older floodplain on scales 
too small to show in the figure. A part of the Old 
Brahmaputra floodplain in the east has been buried 
by sediments and soils of the Older Jamuna flood­
plain. 

2.2.3 Floodplain Development 

The alluvial sediments in the study area belong to 
the Brahmaputra-Jamuna system. Those of the Old 
Brahmaputra floodplain were laid down when the 
river occupied a former course (presently that of 
the Old Brahmaputra River) running north and east 
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Figure 2.3 River Systems of Bangladesh: 1767 and 1991 
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of the Madhupur Tract (Figure 2.3). Between 1782 
and 1830, the Brahnaputra shifted its course to the 
west of the Madhupur Tract. This reach of the 
river, now called the Jamuna, flows immediately 
west of Dewanganj, Madarganj, and Sharishabari. 
Since its change of course, the Jamuna channel has 
tended to widen and move progressively westward, 
leaving a broad floodplain on its eastern side (the 
Jamuna floodplain). On its western side, the river 
is continuously cutting into an older floodplain (the 
Teesta and Karatoya-Bangali floodplains). 
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The Jamuna floodplain is crossed by a number of 
distributary channels (offtakes) flowing southward 
or southeastward away from the main channel. 
Most of these channels, which appear on the 
Rennell map of 1772 (Figure 2.4), are now par­
tially or wholly choked by sediments, and they 
apparently carry much less flow now than in the 
past. Flow in the Dhaleswari River southi of the 
study area has also decreased considerably in the 
past 20-30 years, suggesting a general trend for 
Jamuna distributaries to die out progressively 

downstream. A similar trend is appar­
ent on the Ganges floodplain. The 

oi this deserve investigation 
in future studies. 

No such. trend 	 is discernible on the 
2 N 	 Brahmaputra-Jamuna west bank. 

There, rivers on the Teesta and 
Karatoya-Bangali floodplains flow 
towards 	or parallel with the Jamuna 

L 1. 3(though dle threatened breakthrough of 
.. 	 the Jamuna into tie Bangali River north 

of Sirajganj would create a distributary 
channel on this bank if it occurred). 
Several old channels of the Teesta and 

distributaries occur on the Teesta 
floodplain, which is an alluvial fan, but 
these channels do not appear to have 
progressively silted up downstream. 

10 I,,.,s The Teesta shifted from a western 
channel down the Atrai into its present 
course along the northern edge of its 

floodplain about 200 years ago. 

The section of the Jamuna River adja­

cent to the study area, has a braided 
24'N channel up to approximately 15 km 

wide. Within and alongside its course, 
.	 River in 1772 the constantly shifting secondary and 

Rivers in 198 tertiary channels deposit and erode 

considerable areas of land each year.
_...* ,E 


This belt is the Active Jamuna flood­
"plain. As the river has moved progres-

S,,,SO,1 sively westward, it has abandoned areas 

Figure 2.4 	 Changes in a Part of the Brahnmaputra-Jamu- of active floodplain land, which have 

na River System, 1772 and 1984 become less exposed to the risks of 

ore.., 
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bank erosion and burial by new sediments. This 
stable land constitutes the mainland part of the 
Jamuna floodplain. 

That floodplain has two subdivisions: the Young 
Jamuna floodplain, with rather irregular relief and 
relatively young soils; and the Older Jamuna flood-
plain, with smoother relief and more developed soils. 
'[ie young floodplain apparently is still exposed to 
occasional flooding with silty river water from the 
Jamuna or its distributaries. This happens less fre-
quently on the older floodplain. Due to the ongoing 
westward shift of the Jamuna River, the boundary 
between the active and young floodplains is con-
stantly changing. 

Sediments of the Older Jamuna floodplain have 
buried parts of the Old Brahmaputra floodplain in 
the east. It is by no means certain that all these 
Older Jamuna sediments were laid down since the 
Brahmaputra changed course. The fact that the 
.Jhenai River (shown in Figure 2.4) still follows 
virtually the same course that it occupied in 
Rennell's day suggests that these deposits probably 
were laid down mainly by that river before the 
Brahmaputra changed into the Jamuna channel, 
Unfortunately, radiocarbon dates are not available 
for the Old Brahmaputra floodplain topsoils under-
lying these sediments. 

The Old Brahmaputra floodplain has smooth relief 
and more mature soils than the Jamuna floodplain, 
Rivers crossing this floodplain in the study area 
mainly carry local runoff water, not Brahmaputra-
Jamuna river water. The Bansi River, which 
apparently carried these sediments into the area, is 
now cut off from the Old Brahmaputra, but a 
connection is shown on Rennell's map. 

2.2.4 Geoniorphology 

Floodplain landscapes are rarely flat. Both active 
and older floodplains usually have a succession of 
ridges and depressions. This is because river 
sediments generally are laid down irregularly in 
location and time. In the study area, there are four 
main relief types (Figure 2.5). 

Floodplain Sedimentation Study 

Braid bar, meander scroll, and dune patterns 
occupy parts of the Active Jamuna floodplain where
 
sediments have been deposited on the channel
 
margins by rapid and turbulent river flow during
 
flood stages. (Small areas of active floodplains
 
occur along distributary rivers crossing the Jamuna
 
and Old Brahmaputra floodplains.) Braid bars and
 
meander scrolls are narrow, arcuate or linear ridges
 
and interridge depressions formed by lateral migra­
tion of the river channel. Dune (or mega-ripple)
 
fields are intricate areas of irregular-shaped ridges
 
and hollows formed by bedform migration on the
 
channel margin bottom. In both patterns, differ­
ences in elevation between ridge tops and adjoining
 
depression centers usually are 1-2 meters over
 
distances of about 10-50 meters. The sediments
 
may be predominantly sandy or silty, but they are
 
generally in alternating sand and silt layers of
 
varying thickness. Meander scar patterns sometime
 
remain visible on young and older floodplains
 
unburied by later sediment deposits.
 

River levees are found along sections of main river 
channels and interior rivers and khals on parts of 
the active and young floodplains. Natural levees 
are formed by rapid deposition of sediment near the 
channel during overbank flow. As in the grain size 
relationship in crevasse splays, deposition rates 
decrease exponentially due to a reduced capacity 
for sediment transport as flow velocities decrease 
away from the channel. Levees form a relatively 
high riverbank that slopes gently outward to a 
neighboring depression (flood basin). The relief can 
be slightly irregular in places, but generally is 
smoother than where splays occur. The height 
difference between the riverbank and the adjoining 
depression can be about I meter over a distance of 
less than 100 meters along small khals, and up to 
2-3 meters over 500 meters or more alongside 
major river channels. 

Levee deposits tend to be sandy or coarse-silty near 
the riverbank, becoming finer-textured away from 
the river. They often include layers of different 
texture, representing deposits made by floodwaters 
of different height or velocity. These layers, includ­
ing the surface layer, often are finer near the top 
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Figure 2.5 Representative Landforins in the Blrahmaputra-Jaimuna Floodplain 

than lower down. They overlie former riverbed or 

splay deposits, so their base (which often forns the 

base of the soils that develop in them) often is 

irregular in depth. 

Crevasse splays mainly form oil land adjoining 

large river and distributary channels on the 

Active and Young Janmna floodplains. They 

develop in places where rising flood levels in a 
channel overtop the bank along a limited section. 

This allows river water to flow rapidly and 

turbulently onto adjoining land that was not 
flooded, or was only shallowly flooded, when [he 

river "burst its banks" (the natural levee is 

FAII 19/FAP 16 

breached). Splay deposits, as the name inplies, 
are like finger deltas, with narrow ridges and 

interridge depressions spreading out from the 

breach site to form a more or less arcuate fan. 
Similar irregular splays sometimes occur in basiis 
of the Young and Older Jamuia floodplaiis 

where rapidly rising floodwater has entered along 

khals (small, natural or artificial channels) when 

water levels in the basin were lower than in the 
adjoining river. Sediments tend to be sandy oin 

the higher parts of splays and iore silty oil lower 

parts. This is due to decreasing flow competence 
with distance from the channel for carrying 
sediment in suspension and as bedload. 
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Flood basins are nearly enclosed depressions be-
tween the levees of neighboring rivers. On the active 
floodplain (mainly in areas of very young flood-
plain), basins lie between neighboring channels. On 
older floodplain land, basins lie between the main 
river and a distributary river or between neighboring 
distributary rivers. These basins Usually drain 
through small khals on the downstream side. Subsid-
iary levees or crevasse splays sometimes occur along 
such khals where tilelatter also serve to admit water 
to basins on rising flood stages. For that reason, the 
relief in basins on the Young Jam1una floodplain is 
not always smooJth. Flood basins contain clayey silts 
and silty clay deposits that settle out distant from the 
channel. Permanently flooded areas in some old 
floodplain basins (beels and haors) contain peat 
accumulations. 

Ridge-and-basinrelief mainly occurs on the Older 
Jamuna floodplain and the Old 13rahmaputra flood-
plain. In these areas, an initially rather irregular 
relief has been smoothed out by a combination of 
processes: by deposition of finer levee sediments in 
slow-moving floodwater behind riverbanks; anld by 
lateral wash of sediments from ridges towards de-
pressions during heavy rainfall when part or all of the 
relief 	is not flooded. The ridges are the levees of 
former river channels that have silted up. Clay 
deposits in basins on old floodplains can be 0.5-1 i1 
or more thick. 3oth ridge and basin deposits often 
have 	an irregular boundary with underlying former 
levee 	and riverbed deposits. Elevation differences 
between ridge tops and basin centers generally are 
2-3 meters over distances of 0.5-I ki. 

!Floodphttin gradient. In addition to local relief 
differences, there is an overall gradient from iiorth 
to south or southeast on tile Jainuna and Old Brah-
maputra floodplains. This gradient is steeper, in 
fact, than that of the .lamua River itself. As will be 
described below, tlis is indicated by an increase in 
the depth of seasonal flooding on floodplain land 
from north to south (which continues into the 
Jamuna floodplain south of the study area). 

The reason for this steeper gradient, especially on 
the Old Brahmiiputra floodplain, remains to be 

Fioodplain Sedimentation Study 

established. Possible causes include: 

0 	 uplifting of the northern part of Bangladesh 
by tectonic activity in the 1782 and 1897 
earthquakes, which seems to have affected 
northern areas more than southern ones; 

0 	 subsidence of southern and central parts of 
Bangladesh, either by tectonic movement 
or by compaction of the underlying sedi­
ments, as discussed in Section 2.1.4; 

0 	 progressive aggradation by river sediments 
over former tidal and estuarine lowlands in 
central and southern Bangladesh; or 
a combination of these factors. 

2.2.5 Soils 

The soils of the study area change from west to 
east, from stratified alluvium on the Active Janmuna 
floodplain to soils with well-developed profiles on 
the Older Jamuna and Old Brahmaputra flood­
plains. Figure 2.6 indicates the progressive stages 
in soil devopme. t on these floodplains, and 
Appendix I describes the soil-forming processes 
involved. The main features of the soils in each 
physiographic unit and subunit are described 
below. Profile descriptions and laboratory data for 
the main soils are in Appendix II. 

The Active Jamunafloodllain has stratified sands 
and silts on an irregular ielief of linear ridges and 
interridge depressions. The sediments usually are 
more sandy on the ridges and more silty in the 
depressions, but larger, more uniform areas of sand 
or silt sometimes occur after major floods. These 
sediments are subject to burial by variable amounts 
of new sediments during annual floods, which may 
alter tile relief and surface texture between years. 
They are also exposed to removal by bank erosion 
as channels shift or widen. 

Such sedimients generally are gray, stained yellow 
or brown along cracks to varying degrees, and 
often still raw and unripened in silty layers. They 
are neutral to moderately alkaline in reaction. The 
description and laboratory data for Silty Jamuna 
Alluvium (profile 19 in Appendix I1)illustrate the 

FAP 19/FAP 16 
2-9 



ACTIVE FLOODIPLAIN YOUNG FLOODPLAIN OLD FLOODPLAIN 

Sedimcntation from flood watler 
C lhi ish Io bais ----­

.............. .- Plo ghI 
 .N- > .... 

............ ................. ... .l~.......................... .. .. ....... .. .. .. .. ..... c
 

Biotic mixiing 
St nICtII-c 

.. ......................... ... Coatings Soil
 

....
 
... ........................................................................................................................................................................................... .--....'1.:...... 


.........................
.................................... 

............ . ii.i. 


,............... .................. ..............................................
........................ 

................................ 

...................... ... ...... .:.:.. "-,
 

......................... ..........
............. .............................--- ........... ....
...... ...
.................................... 

... ... .... ..... ................
.................................................................................................................................... ...
 

.. . . . . . . . . . . . . . .. . . . ... . . . .. .--, 0- 0 n 

cmi
 _______ 60-90+ 

"l'inic -> 

Figure 2.6 Stages of Floodplain Soil Formation in Bangladesh 

physical and chemical properties of Active Jamuna mapped in 1965 to young floodplain when visited 

floodplain sediments and soils. in1994. 

The Young Jannunafloodplain occupies a broad Generally, except in relatively sandy materials, 

band adjoining the active floodplain. On the evi- stratification has been completely broken up in the 

dence of topographic and soil maps, young flood- subsoil, and structure, coatings, and mottles have 

plain land has remained stable (i.e., not been developed. However, some areas of less-developed 
soils exist on recent spill deposits adjoining inter­affected by bank erosion or burial by thick layers 

of sediments) for 50 years or more. lowever, the nal channels, and also on sandy ridges and in 

relief and soils are still relatively young. An irregu- perennially wet depression centers where soil 

lar pattern of ridges and interridge depressions development is slow. The developed soils range 

occurs within a broad ridge-and-basin landscape, from gray or olive silt loams on the ridge tops to 

and the soils have profiles in which stratification gray silty clay loams on lower ridge sites and basin 

has been broken up and soil characteristics devel- margins, and to gray silty clays in depressions. 

oped to a depth of about 30-50 cm overlying 
stratified alluvium. The rapidity of soil formation The descriptions and laboratory data for the Son­

was noted in field studies of the Sharishabari block atala and Dhamrai series (profiles 16 and 17 in 

which had qhanged from active floodplain when Appendix II) illustrate the physical and chernical 
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properties of Young Jamtna floodplain soils. The 
fact that the topsoils in all these profiles are near-
neutral in reaction suggests that they are still 
receiving sufficient new alluvium during seasonal 
flooding to counteract the acidification that occurs 
in older floodplain soils. 

The Older Janina floodplain generally has a 
smooth ridge-and-basin landscape with more 
mature soils than are found on the younger flood-
plains. Near its eastern edge it overlaps tile Old 
Brahmaputra floodplain, the characteristic soils of 
which can often be found buried below Jamuna 
soils and sediments. The soil series developed on 
tile OldCr Jalnuna floodplain are similar to those on 
the younger floodplain, with a similar range in 
texture from silt Ioans on ridge tops to silty clays 
in depressions, but their profiles are usually more 
deeply developed, and structure, coatings, and 
mottles are more strongly expressed. Older Jamuna 
floodplain soils differ from Old Brahmaputra soils 
in having gray instead of (lark gray subsoil coat-
ings; topsoils also usually are gray, not dark gray. 

The descriptions and laboratory data for the Dham-
rai and Sabhar Bazar series (profiles 2 1 and 12) 
illustrate the physical and chemical properlies of 
Older Jamuna floodplain soils. Note that both these 
profiles have moderately acid topsoils and higher 
organic matter contents than the profiles described 
on younger floodplains. 

The Old Brahmaputrafloodplain in the east and 
north of the study area has a smooth landscape of 
ridges and basins with more mature soils Ihan occur 
on the .anuna floodplain. These soils range from 
silt oarns on ridge tops to heavy clays in depres-
sion centers. They are characterized by dark gray 
topsoils and subsoil coatings, and by brighter 
subsoil oxidation colors than occur in JaInuna 
floodplain soils. Many basin centers stay wet for 
most or all of tie dry season. 

The description and laboratory data for the Ghatail 
series in Appendix II illustrate the physical and 
chemical properties of basin soils on the Old 
l3rahmaputra floodplain. Note the higher organic 

Floodplain Sedinenlation Stuly 

matter content and stronger topsoil acidity than in
 
equivalent basin soils oil the various ages of Jamu­
na floodplain. There also Isa greater contrast
 
between topsoil and subsoil textures, reflecting clay
 
destruction in the topsoil under seasonally reduced
 
and oxidized conditions (see Appendix 1).
 

2.2.6 Flooding 

Floodplain landscapes are subject to flooding
 
during the monsoon season. Soil survey findings
 
indicate that the highest ridge sites are submerged
 
for brief periods and only in years with high
 
floods. Lower ridges and depressions are flooded
 
in most years or ever), year. Some depression
 
centers stay under water throughout the year. There
 
is al overall trend for depths of flooding to in­
crease from north to south or southeast across the
 
study area (see Figure 3.1 I).
 

The depth and duration of seasonal flooding are 
critically important for agriculture, as will be 
described in Section 2.2.7. Bangladeshi farmers 
classify their land according to the "normal" depth 
of flooding: i.e., what they expect in years with 
average floods (possibly in three or four years out 
of five) according to local experience. These 
flooding characteristics determine their annual 
cropping patterns. Table 2.1 shows a standardized 
form of this classification developed on soil surveys 
in the 1960s, together with a modification devel­
oped for HYV paddy cultivation by the Master Plan 
Organization (MPO, now the Water Resources 
Planning Organization, WARPO). Table 2.2 
shows the relative proportions of land in each 
flood-depth type for the two study blocks. (The 
distribution of these depth-of-flooding land types in 
the Sharishabari and Kalihati blocks, as surveyed 
under this study in 1994, is shown in Figure 4.2.) 

Flooding characteristics can change over time. This 
can happen when continuing sedimentation gradu­
ally builds up land levels in relation to flood levels: 
e.g., on active floodplains; on older floodplains 
where thick spill deposits bury land in depressions 
formerly subject to deep flooding; and, over a 
longer time scale, where runoff from ridge soils 
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Table 2.1 Depth-of-Flooding Land Types 
Not all floodplain land is regularly 

NornZl laximiim Water )epthl flooded by river water. Such inundation 
mainly occurs on active floodplains and 

Highland 0 F0 adjoining parts of ieyoung floodplain. In 

Medium lighland-I 0-30 FO years with exceptionally high floods, such 

11 river may extend over
Medium I lighland-2 30-90 as 1988, water 

most or all of the Jamuna floodplain, but 
Medium Lowland 90-180 F2 soil profile evidence suggests that river 

Lowland 180-300 (flooded <9 months) F3 water rarely, if ever, extends over the Old 
180-3(X) (flooded > 9 months) F4 Brahmaputra floodplain. This can be 

Very Low Land > 300 F4 substantiated by comparing the satellite 
image of the 1987 flood (Figure 3.9) and 

Bottomland Mainly > 30, hut includes pe-ss 4 the physiographic map of the study area 
(Figure 3. 10). The satellite image shows 

Note: This classification was developed on the country's recon- only isolated areas of sediment-laden 
naissance soil surveys and in the agroccological zones (AEZ) study floodwater. The characteristic dark-col­
(FAO 1988). The Master Plan Organization (MPO 1987) adopted ored topsoils on this floodplain have not 
the system with someni modifications, including an increase of the F3 been buried by gray Jamuna sediments, as 
land type depth of flood to 360 cm. they have in the eastern part of the Older 

Jamuna floodplain. 
carries sediments into adjoining depressions. All 
such changes in land elevation clue to sedimentation Many areas not flooded by river water are flooded by 
are rapid relative to changes due to land subsidence non-turbid rainwater. Thi water comes from two 
that may be occurring, and they will tend to oh- sources. One is nioff of rainfall into basins which is 
scure them, except possibly in the case of earth- then ponded on the land when high river levels block 
quakes (for a graphic account of the effects of the drainage from the area. The other is groundwater 
1897 earthquake on land levels and sediments onl that rises above the surface in depressions during the 
the neighboring Teesta floodplain, see Khan 1977). monsoon season. The extent of rainwater flooding 
Constructing flood embanknents can also reduce varies within the monsoon season and between years 
flood levels on the land side (and possibly increase according to the amount and intensity of local rainfall 
them on the river side), and road and railway and according to external river levels. 
etnbankments can impede the flow of water across 
a floodplain, causing changes in normal flooding Flood embankments constructed over the past 20 to 
characteristics. 30 years apparently have reduced the extent of 

Table 2.2 Land Type l)istribtition in the Sharishabari and Kaliiati Blocks 

Plercent Distribution of Land Types 

Medium Medium
 
Study Block Ilighland lighland Lowland Lowland
 

Sharishabari 0 51 42 7 

Kalihati 13 58 23 6 
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river flooding on the Janmuna floodplain in "nor-
mal" flood years. However, river flooding can still 
occur on flood-protected land in years with high 
floods, when more river water flows down dis-
tributary channels and through regulators in the 
embankment, or when the embankment is 
breached, as happened both alongside and upstream 
of the study area in 1988. 

2.2.7 Land Use 

The soils of the study area are intensively used for 
agricultural production. In most places, farmers 
grow two or more crops per year, an average 
cropping intensity of more than 200 percent. The 
main determinants of cropping patterns are climate, 
soil and land type, risk of flood damage, and the 
availability or unavailability of irrigation. The 
Bengali names of crop seasons and paddy crops 
used below are defined in Section 1.4.2. 

Rain-fed crops are most extensive on the Active 
and Young Jamuna floodplains, but they also arc 
grown on Ion-irrigated parts of older floodplains. 
On HIighland and Medium Highland soils, the main 
cropping pattern is als paddy or jute in the khaif 
season followed by a dryland tbi crop. Some land 
is used for a single crop of sugarcane, and some is 
triple-cropped with jute, transllplanted oman, and 
either wheat or potatoes. On Medium Low!and 
soils, mixed arts and aman paddy are grown in the 
kharifseason and followed by rahi pulses or wheat. 

Away from the active floodplain much of the land 
is irrigated in the dry season. Shallow tubewells are 

the main source of irrigation, but deep tubewells 
and low-lift pumps also provide some irrigation. 
With irrigation, farmers grow boro paddy in the 
dry season on all except the most permeable ridge 
soils and recent spill deposits. On Medium High­
land soils, boro paddy is followed by transplanted 
aman in the kharif season and sometimes also by 
mustard grown early in the next rabi season. On 
Medium Lowland soils, boro is sometimes followed 
by transplanted deep-water anian, and this is 
sometimes followed b,mustard. A single crop of 
boro is giown on Lowland sites. Except in a few 
wet depression centers, 1IYV boro is grown. 

Farmers use fertilizers for all of their major crops. 
More fertilizers are used for irrigated crops than 
for rain-fed crops. In both cases, farmers apply 
morc urea than TSP and MP fertilizers. This study 
observed farmers in many places. using urea at 
higher-than-recommended rates and TSP and Ml' 
at 'ar below recommended rates. The crops grown 
in the study area and typical fertilizer rates used are 
shown in Tables 4. Ia and b 

2.2.8 Madlhpiir Tract 

The Madhupur Tract, on the east of the study area 
and from which several soil and cesium samples 
were taken for comparative purposes, is an uplifted 
block of unconsolidated Madhupur Clay, probably 
of Tcrtiary age (Huizing 1971). It includes dis­
sected and undissected areas, with both deep and 
shallow soils, mainly red or brown in color, but 
including some gray upland and valley soils. 

Floodplain Sedimentation Study FAP 19/FAP 16 
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Chanter 3
 

METHODS
 

3.1 Floocplain Monitoring 3.1.2 Description of Blocks 

3.1.1 Study Block aild Site Selection Before setting up the sampling program, the study 
blocks were surveyed in detail. The Sharishabari 

The study area (see Figure 3.A) covered a portion of' block was surveyed April 17-21, the Kalihati block 
the Jamuna ald Old l3rahmaputra floodplains. Within between April 27 and May I. The surveyors used 
and adjacent to this selected area, exploratory visits large-scale (1:20,000) aerial photographs, thana 
were made during March 1994 to select appropriatc soil maps, topographical maps, and portable Global 
sites for niore detailed stu(ly. The areas visited were: Positioning System (GPS) receivers. Based on 
Dewanganj, Madargani j, and Sharishabari taims of interpretation of the aerial photos, traverse lines I 
Janmalpur District; 13htapulr and Kal ihati thanas of kin apart were selected, aligned to cross all the 
Tangail District; and l)aulatppr than of Manikgan j main physiographic units and land types of tihe 
District. Al average of half a day was spent in each study area. At each observation point along the 
th.ia collecting data ol the flood regime and sedi- traverse lines, information was collected by direct 
merit (leposition, the natural setting, the amount of observation and by interviewing local people. Data 
disturbance to Iatural conditions by embankments were gathered on flood regime, relief position, soil 
and other structures, and site accessibility, characteristics, infrastructure, cropping patterns, 

and farmers' observations of the thickness of 
Based on these exploratory investigations, supported sediment deposited in average and high-flood 
by use of the FAP 19 Geographic Information years. Maps were prepared in the field to show 
System (GIS) database and preliminary results of a sedimentation zones, land types, and infrastructure. 
sedimentationi zoning model, two rectangular study This information was later added to the GIS data­
blocks were selected for (etailed characterization and base, where it was used to verify and update GIS 
sampling. One block was in Sharishabari, the other maps and sedimentation zone modelling, and to 
was in I3huapu r and Kaliliati thanas. The blocks select sediment and soil sampling sites. 
chosen represented the anticipated range in sedineni­
tation zones in each area. The factors used for the 3.1.3 Sample Site Selection 
selection were: proximity to the Jamuna River and its 
distributaries; position along the Jamuna River; flood Within each study block, 10 sample plots rcasur­
regime; physiography andl relief; soil types; and ing approximately 10 x 10 i were selected to 
disturbance of natural conditions by roads, embank- represent the major flood and sedimentation re­
ments, etc. The selection process also took into gimes identified. Sediment sampling was restricted 
account the availability of mnaps and other data, and to the center of each plot to minimize disturbance 
the accessibility of prospective sampling sites during by humans and animals. Arrangemen" were made 
floods and at other times, with the landowner to construct a secure fence to 
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keep people and livestock out; the fence was then 
covered with bamboo matting to keep floating 
vegetation out. Landowners were financially 
compensated for keeping the land fallow and 
undisturbed during the study period. A local person 
hired for each sampling site ensured that it was not 
disturbed, and collected floodwater samples and 
information on inundation depth. 

3.1.4 Sediment Sampling 

Since there was no established method for sampling 
flood-borne sediments on Bangladesh's floodplains, 
the study used three methods to collcct representa-
tive samples at each of tie 20 sampling sites and 
determine the most suitable method for future 
studies. The methods used were: soil coring, 
permeable mats, and sediicnt 
traps. Below is detailed infor-
ination on each of these meth­
ods. 

Mats and traps were placed at 
the Sharishabari sites between 
May 26 and 30, and at the 

Kalihati sites between June 6 
and 10. Six additional sites 
were selected in low-lying 
areas close to the river be­
tween August 14 and 19. At 
these sites, permeable cloth 
nats were placed oi lald al-

ready inundated by river wa­

ter. These additional sites 
5 

were necessary because most 
of the other sites had not been 
inundated due to very low 
flood levels in the Jamuna 

River in 1994. Figure 3.1 
shows the layout for each 
sampling site. 

Soil cores. At each site, a 
diin layer of fine brick dust 1 
was spread over the soil stir- Fenclng around 

face in three subplots measur­

done with the intention of collecting 6-inch cores of 
sediments deposited on the marker layer, which 
co,' I then be sent to the laboratory for physical 
and clhmical analysis. However, becausc of the 
very low flood, none of the sites received enough 
sediments to make core sampling feasible, so no 
samples were collected by this method. 

Permeable mats. Permeable jute mats measuring 
2 X 2 in were placed near the center of each of the 

six additional sample plots and secured with iron 
nails. On each mhat, three 50 x 50 cm permeable 
cloths were secured with iron nails. The sediment 
samples were collected on September 6-7, after the 
floodwater had receded. The sediment samples 
were carefully collected with the smaller cloths and 
placed in sealable plastic bags for shipment to the 

0.m 

0.m 

lo., 
Sedimnt trap 

2, 

Dl 
,K D 

D 
2m E IOta 

frmeoh emot iph 
lample cloibs 

0 0
 
Sediment trapr 

3 Sites to, soi cores 

x S WS1AnA: 

smrnple site 

ing 50 x 50 cm. This was Figure 3.1 Layout of Sample Site 
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laboratory. Tile purpose of the outer permeable mat 
was to reduce the effects of surface erosion, rain­
drop splashing, etc., before and after flooding of 
the plots. 

Sediment traps. Three sediment traps were set up 
in each of tie 20 sample sites. The trap was de-
signed to overcome problems previously experi-
enced in trapping sediments on Bangladesh's 
floodplains (ISPAN 1993). These problems were: 
periodic flooding, floating vegetation, human 
interference, lateral wash from higher sites, rain-

drop splash, and bedload transport and resuspen­
sion during rapid flood flow. Each trap was ini-

tially filled with clean tubewell water. Because of 
1994's low flood level, only 15 of the 60 tnaps 

were inundated by river water. These were col-
lected on September 18 as the floodwater receded, 
tightly capped and sent to the laboratory for physi-
cal and chemical analysis of the contents. 

3.1.5 Topsoil Sampling 

Topsoil samples were collected From each sampling 
site between October 2 and 14, after floodwater 
recession. Each sample was a composite of 25 sub 
samples taken from the topsoil (0-10 cm) in the 
same field. Sampling was replicated three inres in 
each field on subplots measuring 3.33 x 10 m. The 
number of samples collected totalled 78 (26 sample 
sites x 3 replicates). S.,, iples were placed in 
heavy-duty polydhene h:1. ;ealcd, and sent to the 
laboratory for chemical a;w, physical analysis. 

3.1.6 Site and Soil )escriptions 

A detailed description made of each sampling site 
consisted of: physiographic characteristics of tie 
area, a detailed history of agronomic practices, the 
depth and duration of seasonal inundation, farmers' 
information on the thickness of sediment deposited 
in average years and in the high 1988 flood, and a 
description of the soils. Detailed soil profile de-
scriptions were made of the 12 main soil series 
occurring in the two blocks. Eighty-five soil sam-
pies collected from the main soil horizons of these 
soils were sent for physical and chemical analysis. 

Floodplain Scdimcntation Study 

3.1.7 Water Samples 

Water samples were collected from rivers and 
inundated fields in order to determine the amounts 
of suspended and dissolved nutrients they con­
amined. The first batch of samples was collected on 

August 10 from the Jainuna and Dhaleswari rivers. 
Three samples were collected 30 cm below the 
surface. Three samples also were collected from 
each inundated sampling site between August 15 
and 18. In all, 17 samples were collected and sent 
to tie laboratory for analysis of dissolved nutrients. 

Later, 29 water samples were collected from 
inundated fields between August 16 and 31. At 
weekly intervals between September 6 and October 
4, 22 samples were taken at 30-cm depth from the 
Jamuna, Dhaleswari, and Jharkata rivers. These 
water samples were sent to the FAP 24 laboratory, 
which measured their suspended sediment contents. 

3.1.8 Laboratory Analyses 

The Bangladesh Institute for Nuclear Agriculture 
(BINA) laboratory performed the physical and 
chemical analyses of soil, sediment, and water 
.amples using standard procedures (Hunter 1984). 
lhe laboratory analyzed soil and sediment samples 

for particle size, pl-l, organic matter, available 
nitrogen, phosphorus, potassium, calcium, magne­
sium, sulphur, zinc, iron, copper, boron, manga­
nese, and electrical conductivity. It should be noted 
that the particle-size limits used in soil analysis 

2 2(< p clay, - 2 0p fine silt, 20-50p coarse silt, 
> 501-L sand) differ from those used by secdimentol­

> 6 3ogists (<63y silt+clay, ,u sand) referred to 
later. 

Soil and sediment p11 was measured using a glass 
electrode in a 1:2.5 soil:water suspension. Electri­
cal conductivity was measured using a conductivity 
bridge. NI-I, nitrogen was determined colorimetri­
cally using a soil extract with NaOH, EDTA, 
sodium acetate, and bleach solution. Calcium and 
magnesium were determined using an atomic 
absorption spectrometer in a soil filtrate made in a 
lanthanum solution. Sulphur and boron were 
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determined on calcium phosphate extracts using a 3.2 Radiocesitun Sediment Accwnulation 

turbidinletric procedure for sulphur and colorimet- Rates 
ric measurement for boron. Phosphorus, potassium, 
iron, manganese, and zinc were determined on Floodplain sedimentation rates were measured 

sodium EDTA extracts (0.25 N Na!ICO/O.0IM using the artificial radionuclide of cesium, "'Cs. 

EDTA/0.01 N NIlIF with 0.5 g superfloc 127 per Sediment samples for Cs analysis were collected 

10 liters). Phosphorus was measured color- with sediment corers and by hand-sampling 

imetrically, and the other nutrients were measured rectangular pits dug at the sampling sites. The 

by atomic absorption spectrophotometry. September field study used a 15-cm-diameter PVC 
corer to collect samples. Cores were driven into the 

BINA followed ASI procedures in measuring water ground, dug out, and subsampled with the aid of a 

sample nutrients. Dissolved solids were determined cm-scale extruder. Due to difficulties with sample 

following Standard Methods for Analysis for Soils, sizes and obtaining volumes for bulk density 

Plant Tissues, Water 1nd Fertilizers (1990). analysis, the November field study collected sam­
ples with plexiglass tray cores (4 x 12 x 60 cm) 

The FAP 24 laboratory used the hydrometer driven laterally into pit walls. In addition, several 

method to determine suspended sediments in the cores > I m long were taken with a portable vibra­

water samples. For each sample, data were pre- coring system using 10-cm PVC tubing. 

seated for wash load (<63 micron) and bed load 
(>63 micron). Radiocesium is a fission byproduct produced in 

large quantities by the atmospheric testing of 

3.1.9 Nutrient Balance in Soils thermonuclear weapons, which began in the mid­
1950s. These tests injected large quantities of 

Data on crop uptake of nutrients were based on a 37' Cs into the stratosphere, where rapid mixing 

compilation made by the Bangladesh Agriculture led to global fallout of the radionuclide beginning 

Research Council (BARC) of the results of field about 1956 for the northern hemisphere (Cambray 

trials conducted by the Bangladesh Agriculture et al. 1982; Figure 3.2). Cesium is a particle-

Research Institute (B3RI), Bangladesh Rice Re- reactive element that bonds strongly to sedimen­

search Institute (BRRI), and Bangladesh Jute tary particles, making it a useful chrono-strati-
Research Institute (BJRI). Information on cropping graphic marker. The radionuclide has been used 
patterns was collected from farmers at each of the as a temporal control on sedimentation rates in a 

sampling sites. The nutrient uptake data were number of sedimentary environments, including 

calculated for these palterns on the basis of individ- river floodplains (e.g., Ritchey et al. 1975, and 
ual crops and their yields at the 
specific sites. 

An assumed 35 percent fertilizer 5 
0 

-efficiency was used to convert the 
u_


nutrients added during the growing 

period of the crop. This efficiency C) 
value was taken to bc thle mean 

value of all nutrients from the fer­
the on-farmtilizer obtained from 0-i 

research data. The nutrient contents -i-1--" 

of sediments were determined for 1954 1960 1970 1980 
the total weight of sediments de­
posited at each site. Figure 3.2 Radiocesium Fallout, 1954-1980 
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Walling and Bradley 1989). Riverine sediments 
containing measurable quantities of "'Cs as a 
significant fraction of the sediment load are 
derived from upstream surficial soils that have 
received fallout "'Cs. Overbank flooding and the 
subsequent delivery of "'Cs-laden sediment to 
downstream floodplain areas will provide en-
hanced levels of 'Cs to the floodplain, 

This study used two distinct approaches to pro-
vide sedimentation rates from 'Cs profiles of 
floodplain sediments: penetration depths and 
isotope inventories. These approaches are de-
scribed below. 

DIRECT 
PRECIPITATION 

RIVER SEDIMENT 

SEDIMENT SURFACE 

130Do DONDIFFUSION 

-10 cm 

ZONE OF ACCUMULATION (cm/38 years) 

PRE-1956 SEDIMENT 
(no Cs) 

A simple approach to modeling sediment accum­
ulation rates from 37Cs profiles is to examine the 
maximum depth of '3"Cs penetration in sediment 
cores (Figure 3.3). If diffusion of 'Cs is negligi­
ble, and floodplain sediments are undisturbed, the 
penetration depth of 13Cs will reflect the thickness 
of sediment deposited since the first significant 
input, in this case 1956-1994 (i.e., 38 years). 
Fallout cesium is strongly adsorbed by clay parti­
cles in surface horizons of the soil, althnugh Cs has 
been found to be somewhat mobile under certain 
conditions (Frissel and Pennders 1983). Moreover, 
disturbance of floodplain surficial sediments is 
common in the study area and also cannot be 

PLOWING 

ZONE OF MIXING 

Figure 3.3 The Process of 'Cs Accumulation in Sediments 
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ignored. However, if typical diffusion/disturbance 
depths can be established in a particular area, then 
first-order accumulation rates can be estimated by 
using the "excess" penetration depths for '"Cs 
(i.e., beyond that expected by diffusion/disturb-
ance). In this case, the excess penetration depth 
would reflect the thickness of sediment deposited 
since 1956. 

This study attempted a second, indirect, approach 
that examined the total integrated "Cs activity per 
unit area (inventory) in floodplain sediments. In a 
floodplain area with net accumulation, the invento-
ry reflects the sum of fallout '7Cs and flood-borne 
sediments containing "Cs. Under steady-state 
conditions, therefore, the excess inventory (above 
atmospheric fallout) is proportional to the amount 
of sediment accumulated since 1956. Determining 
the transfer function from excess inventories to 
sediment accumulation rate requires estimating the 
average 1'"Cs activity of flood sediments. Walling 
et al. (1992) developed a mathematical model that 
can be used to deconvolve '"Cs activity profiles 
into atmospheric and sedimentation components, 
providing a way to determine average activities of 
flood sediments. The method assumes steady-state 
input of sediment and that grain-size variations in 
the study area are negligible, 

Sediment grain size potentially is a major limitation 
of the inventory technique since much of the '17Cs 
is bound to the fine fraction of the sediment. Varia-
tions in grain size, therefore, will strongly affect 
excess inventories. A secondary objective of this 
aspect of the study was to examine the control of 
textural variations on measured '7Cs inventories, 
and to develop a procedure to correct "Cs inven-
tories for these~variations. The following section 
outlines the analytical methods this study applied to 
measure 13'Cs activities (and supporting analyses). 

3.2.1 Radiocesiumn Activities 

Gamnma spectroscopy was used to measure 1'"Cs 
activities. Samples were collected from sediment 
cores and pits; these were homogenized and packed 
into pre-weighed 70-mil plastic petri dishes that 
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were labeled, weighed, and sealed with electrical 
tape. At the laboratory, the petri dishes were put on 
a low-energy intrinsic germanium detector (LEGe) 
coupled to a multichannel analyzer, where they 
were counted for 24 hours. After counting, the 
samples were dried in a 65"C oven for at least two 
days, cooled in a desiccator, and weighed using a 
top-loading balance. Radiocesium activities were 
determined using the integrated (net) area of the 
661.66 keV photopeak. Net peak areas were 
multiplied by a detector-specific factor that ac­
counts for detector efficiency using a particular 
counting geometry. Factors for each of the three 
detectors used were estimated by extrapolation 
from efficiency versus energy plots constructed 
using a liquid Harwell uraninite standard counted 
with the same geometry. Specific activities were 
calculated by dividing the total measured sample 
activity by the sample dry weight, and expressed as 
disintegrations per minute per gram of sample 
(dpm/g). The square root of the net counts was the 
standard error for the count data. 

3.2.2 Textural Analyses 

Samples for textural analysis were homogenized 
and a 15-30 gram aliquot was weighed. Aliquots 
were then disaggregated in a 0.05 percent sodium 
hexanetaphosphate solution in combination with an 

ultrasonic bath. The sample was wet-sieved through 
a 63/t sieve to separate the sand and mud 
(silt+clay) fractions. To measure the total percent­
age sand fraction of the sample, the fraction re­
maining in the sieve was washed onto filter paper 
with deionized water, dried at 65°C, and weighed. 
The total weight of the silt and clay fractions was 
measured by putting the sediment-water solution 
that passed the wet-sieve into a -liter graduated 
cylinder and recording the volume. This was 
homogenized, and a 20-ml aliquot taken and placed 
in a 50-ml beaker. The beaker sample was dried at 

65 0C and weighed. The remaining graduated 
cylinder sample was concentrated by centrifugation 

at 7,000-9,000 rpm. Detailed granulometry of the 
silt (>4[t) and clay (<4/.) fractions was performed 
on the concentrated sample using a Sedigraph 
model 5100 x-ray digital settling analyzer. 
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3.3 GIS Mapping 

AGeographic Information System (GIS) is a comput-
erized system for the input, storage, analysis, and 
display of maps, aerial photography, satellite images, 
and other spatially referenced data. Essentially, any 
data with spatial coordinates can be analyzed and 
mapped using GIS. 'Ihis study used a GIS to map and 
analyze natural resource and infrastructural condi-
tions in the study area and study blocks. The digital 
database was used for baseline mapping, display and 
analysis of field data, and the construction of a GIS 
model of floodplain sedimentation processes. The 
GIS model produced a regional map of areas as-
sumed to be receiving similar quantities of floodplain 
sediment deposition. 

The GIS software packages used for this study 
were the vector-based pcARC/INFO GIS and the 
raster-based PC ERDAS GIS. Both are widely used 
in Bangladesh and internationally, 

The data structure used to store digital maps in 
ARC/INFO is known as a coverage, which is an 
automated map containing sets of points, lines, or 
polygons that represent geographic features and 
associated attribute data. For example, a soil 
coverage would consist of digital polygons repre-
senting soil map units, each with a unique identifier 
linking it to a record in a database table containing 
descriptive attributes. 

ERDAS, on the other hand, employs a raster, or 
grid-cell data structure, where each cell is repre-
sented by a display pixel, or picture element. Each 
pixel is assigned a data file value corresponding to 
a map attribute. For instance, numeric dentifiers 
for soil types'can be assigned to pixels that geo-
graphically coincide with soil map units. 

3.3.1 GIS Database 

The initial acquisition of data involved collecting 
and examining primary sources to assess the natural 
resource status of the study area and study blocks 
(Figure 3.4). Another purpose of this assessment 
was to stimulate development of an appropriate GIS 

Floodplain Sedimentation Study 

model for determining sediment deposition re­
gimes. The primary data themes acquired and used 
for this inventory were: hydrography (rivers), 
topography in the form of a digital elevation model 
(DEM), soils, geology, satellite imagery, roads, 
and embankments. The study collected detailed 
data for the study blocks and somewhat more 
generalized regional data. These data represent the 
agents of the floodplain sedimentaticn process in 
the GIS environment. From them FAP 19 derived 
additional data in the course of model development. 
These derived data included: distance from sedi­
nent source, inundation land type (flood depth 
regime), physiographic regions, historical changes 
in the Jamuna River left bank, and land cover 
during the 1987 flood. The source and quality of 
the primary and derived data themes are described 
below and summarized in Table 3.1. 

The study also used the GIS to map the location of 
field reconnaissance areas, sediment trap locations, 
and sampling sites. Geographic coordinates for 
each location were collected in the field using a 
Global Positioning System (GPS) receiver that 
employs electronic signals from satellites specially 
designed for automated land survey and navigation. 
The field data points were then georeferenced to 
compile a field map for visual analysis and incorpo­
ration of the data into the GIS model. 

3.3.2 GIS Data Themes 

DEM. A digital elevation model (DEM) is a 
computerized representation of a continuous sur­
face, usually that of the Earth. More specifically, 
it is an array of digitally stored numbers represent­
ing the elevations of discrete points on a surface. 
This virtual surface can be viewed by displaying 
the array of values on a computer monitor, where 
each point is represented by one pixel. Since the 
elevation values are geographically referenced, it is 
possible to apply mathematical algorithms to them 
for chai'wterization and analysis of land surfaces. 

FAP IQ has compiled a seni-detailed DEM 
(500 m : 500 rr.) oased on spot elevation points 
from deiailed Bangladesh Water Development 
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Table 3.1 Summary of GIS Data Themes 

GIS Data Theme 

DEM 

Hydrography 

Infrastructure 

Satellite Images 

Topographic Maps 

Urban Areas 

Soils 

Proximity to Sediment Source 

Flood Image Map 

Physiographic Regions 

Land Type Map 

Jamuna Left Bank 

Data Source 

BWDB maps, FINNMAP aerial photo maps 

1989 SPOT maps 

LGED thana maps 

1987 Landsat MSS, 1993 Landsat TM, 
1994 Landsat TM 

Wilcox, Indian Atlas, SOB 

AEZ maps, GPS data 

AEZ maps 

Sediment study hydrography (above) 

1987 Landsat MSS satellite image 

Sediment study soils (above) 

Sediment study soils (above), sediment study 
DEM (above) 

1973 MSS image, 1994 TM image, various 
historical maps 

Source Scale/Resolution 

1:7920, 1:15840 BWDB maps 
1:20000 FINNMAP maps 
500 in resolution DEM 

1:50000 

1:50000 

MSS - 80 in resolution 
TM - 30 m resolution 

Wilcox 
Indian Atlas - 1:63360 
SOB - 1:50000 

1:250000 

1:250000 

80 in resolution 

80 in resolution 

1:250000 

1:250000, 500 in resolution 

MSS - 80 in resolution 
TM - 30 in resolution 

Board (BWDB) topographic maps compiled during 
the early 1960s. This DEM can be used for the 
digital terrain analysis required for water resource, 
environmental, engineering, and urban and rural 
planning. GIS use in these applications typically 
requires DEM~derivatives such as slope, aspect, 
contour, shaded relief, and 3-D perspective maps 
generated by digital terrain analysis. The principle 
use this study made of the digital elevation model 
(Figure 3.5) was in the preparation of a flood depth 
map for modelling sediment deposition regimes. 

After the BWDB spot elevation points were digi-
tized, a spatial interpolation algorithm was used for 
point-to-surface transformation, i.e., the point 

FAP 19/FAP 16 

elevation data acquired during digitizing were 
transformed into a raster GIS file. These ERDAS 
GIS files have a 300 m pixel size and a 0. 1 m 
elevation interval. However, it is important to note 
that the data resolution of the products depends on 
the data source, in this case, 500 m horizontal 
resolution and 0. 1 ft. vertical resolution. A detailed 
account of this process is given in ISPAN 1995b. 

For the mapping and analysis required in this 
study, FAP 19 extracted the portion of its DEM 
covering the study area. The data did not afford 

complete coverage of the area because they are 30 
years old and because shifting of the Jamuna River 
channels left many voids. Furthermore, there also 
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Figure 3.4: Sediment Study Location Map 
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Figutjre 3.5: lDigital Elevation Modelof' tle Study Area 
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Figure 3.6: Hydrography of*the Study Area 
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Figure 3.7: Infrastructure in the Study Area 
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Data Source 'The Bangladesh Reconnaissance Soi Survey of\
 

Soil Resources Development Institute (SRDI).
 
Digitally compiled by ISPAN // FAP 19.
 

30 60 90Km 0 



Figure 3.9: Satellite Image of the 1987 Flood 
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Figure 3.10: Physiographic Units of the Study Area 
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Figure 3.11: Inundation Land Types (Flood Depth) of the Study Area 
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Figure 3.12: 	 Procedure for Deriving 

Lan( Type Map
Polygon Attribute Table 

AEZ Code Land Type Distribution (%) 

(Soil Assoc.) 
F0 Fl 1 12 	 F3 F4 

(I,548 55 35 10 0 0 

G1, 553 31 4,4 20 5 0 

GI, 554 17 28 45 10 0 

GL 554 

Elevation (ill) 

GL 	663 [] <.3.6-4.5 

4.6-,5
 
x 	GL 54 8 J 5.6-6.5 

M,,6.6-7.57.6-8.5i 


8.6_/ 


DIMSOIL MAP 

Area Elevation Curvc 
8.0 

7.0
 
Algorithm for l)elincating Land lype Map 

6.0 

I. 	 Obtain the percentage of each land type ' 0 FF1 
(F,- F,) in the soil association polygon ".0 [ 

from the ARC/INFO Polygon Attribute >S3.0 
Thble (PAT). 	 w 

2. 	 Locate the DEM pixels which 1.00 31 50 75 

geograplically correspond to the same Cumulative area(,,) 
polygon via GIS overlay techniques. 

3. 	 Sort tlid DEM pixels by elevation in 
descending order. 

4. 	 Al locate (lie sorted pixels (hi gh - low) to 
land type classes (F, - F,) based on the 
percentages obtained in step I, i.e., the 
highest pixels are allocated to highland 
areas (F) using the appropriate Land Type (depth) 

percenlage, 1!1d so Ol dovn to lowland FO (0- 30 cm)
 

(F4) which is Illotted the lovest clevatio, 90 cm) '(30. 


pixcls. 	 pa F2 (90-180 cm) 
N 	 13F4 (>18f0 cnm) 

5. 	 Repeat steps 1-4 until all soil association U Water 

polygons on the map arc classified. LAND TY1) 



Figure 3.13: Jamuna River Left Bank Alignment, 1830 to 1994 
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Figure 3.14: Location of Sampling Sites for Radiocesium Analysis 
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were numerous unsurveyed areas. Where available, 
more current elevation data from 1990 FINNMAP 
1:20,000-scale orthophoto maps were appended to 
the data set. Estimates of elevation were also added 
to fill small voids in the study blocks, 

Hydrography. FAP 19 developed a GIS-supported 
digital hydrography database for inclusion in its 
niational database for Bangladesh. This seni-de­
tailed data set, based on SPOT satellite image 
maps, includes all the major rivers, khals, large 
beels, and chars of Bangladesh. The intended users 
of this database are FAP component studies con-
cerned with river morphology, hydrodynamic 
modeling, and the provision of data for regional 
and national natural resource applications and 
research. 

The SPOT maps are based on niultispectral satellite 
images of February 1989) with a ground resolution 
of 20 in and mapped at 1:50,000 scale. Survey of 
Bangladesh (SOB) topographic maps at 1:50,000 
scale and BWDB topographic maps at 1:7,920 and 
1:15,840 scales were used for reference and image 
interpretation. 

The portion of the river database covering the study 
area was extracted for mapping and analysis (Fig-
ure 3.6). These data were appended to the 1994 
Jamuna bankline digitized from a Landsat TM 
satellite image. Additional digitizing from the same 
satellite imagery added many smaller rivers and 
khals originally not included in the database, 
Details of rivers and khals for the Sharishabari 
study block were digitized from FINNMAP 
1:20,000-scale aerial photographs acquired in 
1990. 

Infrastructure. This data layer includes roads, 
railways, and embankments in the study area 
(Figure 3.7). A regional map of national highways 
and feeder roads (types A and B) was digitized 
from Local Government Engineering Department 
(LGED) thana maps. The railway network included 
in this data theme was derived from the 17 agro-
ecological zone (AEZ) maps (1:250,000 scale) 
published by UNDP-FAO under the Land Re-
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sources Appraisal of Bangladesh for Agricultural 
Development in Report 5 Volume (FAO 1988). 

All raised roads and embankments in tihe Sharishabari 
study block were digitized from FINNMAP 1:20,000­
scale aerial photographs acquired in 1990. These data 
call be linked to tabular information comprising 
dimensions and other physical characteristics. 

Satellite images. Digital Landsat images from 
the 1973, 1993, and 1994 dry seasons, and a 
Landsat image of the August 1987 flood were 
used as a backdrop for thematic data and to aid in 
landscape interpretation. The 1993 data were 
appended to the 1994 image to give a single, 
complete coverage of the study area. The right 
bank of the Janmuna River was digitized from the 
1994 image and from a 1973 image to determine 
the age of newly accreted land. 

Soils. This study used a subset of the FAP 19 
National Database (ISPAN 1995a) soils data that 
covered the study area (Figure 3.8). This soils data 
set was originally digitized from UNDP-FAO 
1:250,000-scale AEZ maps (FAO 1988). AEZ soils 
data are primarily derived from the Reconnaissance 
Soil Survey conducted by the Soil Resource Devel­
opment Institute (SRDI). Soils in this survey were 
mapped as members of a soil association, which is 
a group of distinct soils occurring contiguously in 
a regular pattern associated with the relief (AEZ 
Report 2). The AEZ Land Resources Appraisal 
also produced tabular data sets for use in land 
evaluation. The environmental attributes included 
in these data are those that directly affect crop 
production: soils, climate, and flood regime charac­
teristics. FAP 19 acquired a digital soils map from 
the Agriculture Sector Team (AST) project, con­
verted it into ARC/INFO format, and made refine­
ments that included georeferencing and linking the 
AEZ data sets to soil map units. These data sets 
include information pertaining to landscape posi­
tion, flood depth, physiographic attributes, etc. 

Topographic maps. Several maps were used to 
digitize historical changes in the location of the 
Jamuna River bankline bordering the study area. 

FAP 19/FAP 16 
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The maps used were compiled in 1830 (Wilcox), 
1914 (Indian Atlas), and 1953 (Survey of East 

Pakistan). The banklines for all dates were then 

transforned to a common cartographic projection, 

the Bangladesh Transverse Mercator (BTM). 

Urbanareas. The geographic coordinates of impor-

tant urban centers in the study area were extracted 

from the FAP 19 National Database (ISPAN 1995a). 

This information has been used to add landmarks to 
the study area maps. 

Distancefrom sediment source. The study used a 

subset of the rivers data that included only the rivers 
within the study area. The vector features (lines and 
polygons) representing rivers were converted into 
ERDAS raster format with 80 il resolution pixels, 
Proximity analysis was then performed to encode 
each pixel in the image with its distance from the 
nearest river or khal. The pixel size of the file dic-
tated the distance increment, which was 80 il. 

Land cover during the 1987flood. The August 
1987 MSS flood image was classified using coi-
puter image processing to create a land cover map. 
A "clustering" routine was used for this purpose. 
This routine groups pixels with similar digital 
values and then assigns them to specific user-
interpreted land covers or types. In this case, the 
image was classified into four categories: sediment­
laden floodwater, flor)(.'i~'.ter (without sediment), 
vegetation, and clouto ('igure 3.9). 

Physiographicregions. AEZ soil maps include an 
attribute indicating a physiographic region for each 
soil association polygon. In the study area, these 
regions are: the Active, Young, and Older Jamuna 
floodplain; Old Brahmaputra floodplain; and 
Madhupur Tract (Figure 3. 10). These data repre-
sent past and present influences on landscape 
formation as interpreted by soil scientists. To create 
a physiographic map, soil association boundaries 
were "dissolved" to merge adjacent polygons 
belonging to the same physiographic region. In the 
GIS model, sediment deposition rates were as-
signed to each class in proportion to the likelihood 
that sediments would occur in floodwater, 
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Flood inundation land type (flood depth). A map 
of flood inundation land types was created from 

two of the primary data sources described above: 

the DEM, and digital soils data (Figure 3.11). The 

map is effectively a digital representation of "nor­
mal" flood depths during the monsoon season. The 

depth of flooding classes are equivalent to those 
used by MPO, as described in Section 2.2.6. 

The soil unit in the AEZ maps is the soil associa­
tion, which is a particular pattern of soil bodies 

made up of a number of soil series characterized by 
similar parent material and environmental condi­

tions. These series are further subdivided into soil 

phases based on land use considerations. In Bangla­
desh, the most common soil phases are the depth­
of-flooding inundation classes: highland, medium 
highland, lowland. SRDI made flood inundation 
interpretations for each soil phase during its Soil 
Reconnaissance Survey. Due to the complexities of 
soil associations, it is impossible to map the actual 

flood inundation boundaries at the reconnaissance 
mapping scale, i.e., the data describes the quantity 
but not the location of each flood depth class. The 
solution to producing inundation land type maps 
requires integrating the soils and topography data 
layers using GIS. Figure 3.12 contains a general 
description of the algorithm for this analysis and a 

process diagram for illustration. 

The algorithm is performed sequentially on each 
soil association polygon in the input soil map to 
allocate its area to a flood depth category using the 

land type proportions in the ARC/INFO polygon 
attribute table together with the land elevations 
from the DEM. For instance, if 15 percent of a soil 
area belonged to the FO class (highland), then the 
highest elevated 15 percent of the area in the 
polygon would be assigned to that class using the 
DEM. The remaining area in the polygon would 
subsequently be allocated to the flood depth classes 
lower in the landscape in the same manner. The 
elevation ranges needed to implement the allotment 
of DEM pixels to flood classes are obtained by 
constructing an area-elevation curve, i.e., a func­
tion for cumulative percentage of area versus pixel 
elevation (Figure 3.12). This curve facilitates the 

Floodplain Sedimentation Study 



determination of the elevation "breakpoints" that 
define the flood class ranges. The land type algo-
rithm was implemented with a suite of ERDAS 
programs and dBASE IV application programs. 

JanunaRiver bankline migrcttion. Historical and 
image-derived maps of the Jamuna clearly show 
that the river has a dynamic channel. To document 
recent migration of the river's banklines, Landsat 
images from 1973 and 1994 were displayed on 
large-format, high-resolution computer monitors 
and the banklines were interpreted and digitized. 
Historical bankline positions were digitized from 
the best available copies of maps of the region 
compiled in 1830 (Wilcox), 1914 (Indian Atlas), 
and 1953 (Survey of East Pakistan). The banklines 
for all dates were then transformed to the BTM 
cartographic projection. Figure 3.13 shows the 
positions of the left bankline of the Jamuna for 
tese dates. The banklines were overlaid using the 
ERDAS GIS to determine the relative ages of the 
land with respect to three categories: before 1953, 
1953-1973, and 1973-1994. 

3.4 GIS Modelling 

The data themes described above were used to 
develop a GIS model for mapping regional sedi-
mentation regimes. The primary data themes for 
the model were hydrography, land elevation 
(DEM), soil association, and a temporal series of 
satellite images, including the one of the 1987 
flood. Interpretation of these data yielded thematic 
maps of distance from sediment source, estimates 
of flood depth, physiographic regions, spatial-
temporal changes in the Jamuna River bankline, 
and extreme flood extent. The model development 
process also used field data on annual sedimenta­
tion rates as reported by farmers and derived from 
analysis of soil samples for 'Cs radioisotopes. The 
sediment rates reported by farmers were used to 
represent minimum rates during average flood 
years. The model also used "Cs accumulation rate 
data to construct a function for predicting annual 
sedimentation rates based on distance from sedi-
ment source. The model yielded estimates of annual 
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sedimentation rate and cumulative sediment deposi­
tion over 40 years (1954-1994) in a digital map 
format. The model was implemented with ERDAS. 
GISMO, a macro language that allows the overlay 
of images using mathematical and logical operators, 
was the primary ERDAS tool used for model 
implementation. 

The model considers average annual sedimentation 
rates, sedimentation rates resulting from excessive 
flooding, flood depth during an average monsoon 
season, and land age (which is variable due to river­
ine erosion and accretion). Raster GIS maps were the 
model input for each of these spatial variables. The 
results are raster maps of the study area showing 
estimates of annual sedimentation rates and cumula­
tive sediment deposition for the 1954-1994 period. 

Annual sedimne'tdeposition rate. The formula FAP 
19 used to estimate annual sedimentation rates is: 

Swif,,l = (Sisiace X F87 X Fnnial) 

where 

Sa,,,, = annual sedimentation rate (cm/yr) 
Sdi,,,,,e = estimated sediment accumulation rate 

as a function of distance from sediment 
source (based on '"Cs accumulation 
rate data) 

F87 = anl excessive-flood weighting factor 
based on a land cover map of the 1987 
flood (0.5 for non-flooded areas, 1.0 
for flooded areas) 

For,,, = a flood-depth weighting factor based 
on a map of normal flood depths (0.5 
for shallow flooding [FO], 1.0 for deep 
flooding [F1-F4]). 

The cornerstone of the model is the SdSi,,,C paramLn­
ter, which is based on the relationship between 
'Cs sediment accumulation rates and their distance 

from sediment sources. The sediment deposition 
rates estimated from the 1'Cs analysis and a mea­
surement of the distance of the sample points 
(Figure 3.14) from the nearest river or khal were 
used to develop a function describing this relation-
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Figure 3.15 Function of Sediment Deposition with Distance from Source 
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ship. Since tie geographic coordinates of the 
sample points had been obtained, the distance of 
the points from the nearest river or khal could be 
determined using GIS analysis. The points were 
overlaid on a raster "proximity" map, i.e., a map 
with pixels encoded with their distance from the 
nearest river. These distances, and the sediment 
d6position rates associated with the 1'7CS sample 
points, were used to develop the following 
distance-weighted function to predict deposition 
rates: 

SdjI,,c = D '6 X 0.236633 

where 

Sdkac, = estimated sediment accumulation rate 
as a function of distance from sediment 
source 

D = distance in kin from the sediment 
source. 

Figure 3.15 is a graph of this function. The deposi­
tion rate as predicted by the model is relatively 
high immediately adjacent to the source and ap­
proaches zero as distance from the river increases. 
Physiography-based minimum rates were imposed 
to level off the function, i.e., the distance function 
was used as the Sdi,.nce parameter in the model until 
a lower threshold (minimum rate) was reached. The 
mininmuni rate is variable and linked to particular 
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Table 3.2 Sample Model Calculation 

Model 
Parameter Map Map Attrihute Value/Factor 

Sdisaiw. Distance function or 
physiographic map 

2 mm/yr from function or 3 mm/yr minimum for 
Young Janiuna floodplain 

3 mm/yr 

F87 1987 flood map Scdiment-ladcn floodwater 1.0 

F Flood depth map FO 0.5 

A Land age map Accrccd 1953-1973 30 years 

CALCULATION: 

San.nuai = x F87 x F = 3 m x 1.0 x 0.5 = 1.5 mm/yr 
S40  = Sa.....A = 1.5 mm/yr x 30 years = 45 nn of sediment for the periodx 

physiographic units (see Figure 3.10) and is based 
on field observations and results of the '3 7Cs analy-
sis. The more dynamic physiographic units, the 
Active and Young Jamuna River floodplains, were 
assigned a minimum rate of 3 am/yr. Less active 
units, the Older Jamuna and Old Brahmnaputra 
floodplains, were assumed to have a minimum rate 
of I mim/yr. The points on the function where it is 
leveled off are indicated by horizontal dashed lines 
in Figure 3.15. 

The second model parameter, F87, is a weighting
factor that modifies SdkllC, based on a map of the 
1987 flood. The categories of a land cover map 
based on the 1987 flood satellite image (see Figure 
3.9) were used to assign a weight to the F,, factor: 
a value of 1.0 for the sediment-laden floodwater 
category and 0.5 for all other categories (other 
floodwater, vegetation, and clouds). 

The third parameter in the model, F,..io..,is also a 
weighting factor. In this case the factor tempers 
Sd,,,cc on the basis of "normal" flood depths as 
indicated by the inundation flood depth map (see 
Figure 3.11). The F,,,,,,,Iwas given valuefactor a 
of 0.5 for FO, the highland areas that normally 
receive flood depths of only 0-30 cm, and 1.0 for 
all other inundation flood depth classes, 
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Forty-year cumulative sediment deposition. The 
cumulative sediment deposition for 40 years 
(1954-1994) was also estimated by the GIS model. 
This time span coincides with that of the 117Cs 
analysis of soil samples for determination of sedi­
ment accumulation rates. The formula for this 
component of the GIS model is: 

S40 = Sa,,,al x A 

where 

S 40) 	 cumulative deposition (cm) from 1954 to 
1994 

Sa.,..,
. =1 annual sedimentation rate as estimated by 
the GIS model (cm/yr) 

A = age of the land. 

This step in the model is fairly straightforward in 
that the output of the GIS model for the S . 
equation is multiplied by land age as determined 
using the map of changes in the position of the 
Jamuna River left bank (see Figure 3.13). The 
relative ages of land in the study area were deter­
mined using the map, which uses three classes, 
before 1953, 1953-1973, and 1973-1994. These 
relative age categories are roughly equivalent to 
land ages 	of 40, 30, and 10 years, respectively. 
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GIS implementation. GIS "map algebra", using 
maps as variables, was employed to implement the 
model. The map variables were mathematically 
overlaid pixel by pixel, i.e., geographically coinci-
dent pixel values from each map were the basis for 
calculating numeric output to be assigned to pixels 
in an output GIS map. Figure 3.16 illustrates how 
the model Was executed. Below each parameter of 
the equation in the figure are boxes indicating the 
corresponding map(s) with which each was repre-
sented. The values assigned to each map attribute 
for model calculations are listed below the map 
names. A logical expression is implemented in the 
case of the S,. 1 ,¢ variable where the distance 
function value is used only if it is greater than the 
minimum rate thresholds for each physiographic 
unit. The output from this first equation of the GIS 
model (S,,,i) is subsequently used as input to the 
second equation for determining cumulative sedi-
ment deposition, as illustrated in Figure 3.17. 

A sample calculation for a single geographic 
location (coincident pixels) on the image maps will 
help clarify the model implementation ('Fable 3.2). 
The map attributes indicated correspond to the 
values/ factors in the table as specified by the 
model. The calculations yield a 0.15 cm/yr annual 
sedimentation rate and a 4.5 cn cumulative sedi-
ment deposition. 

Figure 4.6 shows the model output for S for 
the entire study area. Annual sedimentation rates 
in this map range from 0 to 74 mu/yr. Cumula-
tive deposition (S,) for the period ranges from 0 

to 296 cm. 


Model rationale. The distance function used in the 
GIS model appears to offer a plausible repre­
sentation of the sedimentation process close to 
sediment sources. The deposition rate predicted by 
the model is relatively high immediately adjacent to 
the source, then drops off rapidly to roughly 1 
mm/yr at 2 ki. Realistically, this asymptotic 
function cannot be considered a valid model at any 
distance. In the real-world situation, the rate would 
level off at some base level until forced to zero by 
a rise in topographic elevation. This is why 
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physiography-based minimum rates were imposed 
to level off the function. The use of physiography 
makes sense here since all the units within the study 
area are floodplains categorized according to 
relative depositional activity. The dynamic physio­
graphic units, the Active and Young Janluna 
floodplains, were assigned a minimum rate of 3 
m/yr. This threshold is based on the mean of six 

"37Cs sample rates for these physiographic units, 
which were clustered at the low end of the data 
range. The more stable Older Jamnuna and Old 
Brahmaputra floodplains were assigned a minimum 
rate of I nn/yr. This threshold is supported by 
both the mean of all the 37Cs sample rates for these 
physiographic units and by rates reported by 
farmers (see Tables 5.1 and 5.2). 

The F87 model parameter is based on a satellite 
image of the unusually severe flood of 1987. The 
map represents empirical geographic data on areas 
inundated by sediment-laden floodwater or by non­
riparian floodwater, and areas that were not 
flooded. The image classification is supported by 
the physiographic unit map (Figure 3.10), which 
shows a strong correlation between the Active and 
Young Jamuna floodplains and sediment-laden 
water in the flood image (Figure 3.9). Thus, using 
the satellite image and GIS analysis, a detailed map 
showing flooded areas and the generalized physio­
graphic units was created to a resolution of 80 m 
(image pixel size). 

The flood-depth factor (F) used in the analysis is 
based on the best map of flood depths and the 
best digital topographic data available in Bangla­
desh, which were combined using GIS analytical 
techniques. 

Cumulative sediment deposition was determined for 
the 1954-1994 period since this is the time span 
covered by the "Cs soil sample analysis. Land age 
(A) was considered in the model to account for the 
effects of riverine erosion and accretion in the 
active floodplains adjacent to the Jamuna River 
(Figure 3.13). In other words, some land has 
accreted since 1954 and is therefore less than 40 
years old. Only a small portion of the study area, 
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approximately 5.4 percent, fell into this category. 

Nevertheless, the land age information helped 

calibrate the cumulative deposition rates to actual 

field conditions. 

Literature Surveys 

The ISPAN library and other archives in Bangla-

desh were searched for information on flooding, 

sedimentation, and associated effects on soil fertil-

ity. This included a search of MPO, BARC, 

FAP, and regional studies inSWMC, BWDB, 

peer-reviewed literature. An additional review was 
States of internationalconducted in the United 

literature (technical and peer-reviewed) relating to 

floodplain sedimentation processes, soil fertility in 

floodplains, research methodologies, and prior 

The searches paid particularmodelling efforts. 
attention to locating results from other Asian rivers 

(e.g., Mekong, Indus, Yellow, etc.). Appendix III 

contains a bibliography of the results of the local 

and international searches to aid future researchers. 

1, 2, 5, and 6 of this report presentChapters 

information gleaned from these studies.
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Chapter 4
 

DATA AND RESULTS
 

4.1 Sediment, Soil, and Water Analysis Table IV. la and b in Appendix IV contains data 
cn the physical characteristics of sampling sites in 

Maps of the Sharishabari and Kalihati study blocks, the Sharishabari and Kalihati blocks. The follow­
shown with sample site locations and infrastructure ing sections detail the quantity and nutrient con­
in Figures 4. 1a and b, were developed for use in tents of sediment samples, and Chapter 5 inter­
the presentation and interpretation of field data. prets these data. 
Land type mapping of tlhe study blocks was done to 
gain an understanding of flooding in normal years ........ 4.1.1 .. Sediment Quantity 
Figure 4.2 shows the distribution of these depth-of­
flooding land types in the two study blocks as Farmers' information. Tables 4.2a and b present 
surveyed for this study in 1994. The relative the information farmers provided on the thickness 
proportion of land in each land type category is of sediment deposited at each sampling site in an 
shown in Table 4. 1. average year and in 1988. For comparison, the 

tables also list the thicknesses measured at the 
The quantity of sediment deposited in the study sampling sites. 
area in a normal flood year could not be measured 
directly because of the very low flood level in Sediment traps. Five sampling sites with sediment 
1994. Only a few areas along the rivers and on traps were inundated for 5-35 days and received 
nearby low-lying land were inundated by river river water sediment. These sites, 2, 3, 7, 8, and 
water and received sediment deposits. However, 10, were on the Active and Young Jamuna flood­
local farmers at each sampling site provided infor- plains. Table 4.3 shows the weight of the sediment 
niation about the thickness of sediment deposited in deposited at each of these sampling sites. The 
1994, in average flood years, and in the high flood results are expressed as the mean value of three 
of 1988. This reported information is shown in replicated samples. Sites 10 and 2 were topographi-
Figures 4.3a and b. cally lower than the other sites. Only two sites 

Table 4.1 Land Type Distribution in Sharisliabari and Kalihati Blocks 

Percent Distribution of Land Types 

Medium Medium 
Study Block Ilighland Highland Lowland Lowland 

Sharishabari 0 51 42 7 

Kalihati 13 58 23 6 
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Figure 4.1a: Sharishabari Block and Sample Sites 
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Table 4.2a Flooding and Sediment Deposition, Sharishabari 

Flood Depth and )uration 

Normal Year 1994 Sediment Deposition 

Site Physiographic )epth Duration Depth Duration Normal 1988 1994 

No. Unit (cm) (days) (cm) (days) (cn)" (cm)" (cm)t 

14 AJF 70-90 120 0 0 4-5 30 0 

15 YJF 180-210 130 26 3 5 10-12 0 

16 YJF 60-90 120 0 0 1 15-20 0 

17 YJF 60-90 125 0 0 1-3 5-6 0 

18 YJF 90-130 130 0 0 1-2 8-10 0 

19 ANF 60-100 90 0 0 1 - 0 

20 AJF 100-120 120 0 0 3-4 - 0 

21 OJF 180-200 150 0 0 0 2-3 0 

22 AJF 90-120 90 0 0 15-20 30-40 0 

23 OJF 120-160 95 0 0 1 4-5 0 

24 AJF 300-450 125 115 18 50-60 - 30 

25 AJF 180-200 105 60 16 40-50 150-160 0.02 

26 AJF 210-240 105 56 16 15-20 40-50 0.01 

Fariners' estimate 
tStudy measurement 

Table 4.2b Flooding and Sediment Deposition, Kalihati 

Flood Depth and Duration 

Normal Year 1994 Sediment Deposition 

Site Physiographic Depth Duration Depth Duration Normal 1988 1994 
No. Unit (ciii) ,lays) (cm) (days) (cn)' (cm)" (cnm) 

7 AJF 90-120 120 20 8 0 5-6 Trace 

8 YJF 90-100 120 20 20 1-2 10-12 Trace 

9 YJF 120-160 100 45 37 2-3 4-5 0 

10 YJF 120-170 120 30 35 2-3 5-6 0 

11 YJF 100-120 105 5 1 1-2 15-20 0 

12 OJF 80-90 120 0 0 0 2-3 0 

13 AJF 210-220 130 60 25 50-60 90-120 0.01 

1 AJF 90-120 105 0 0 5-6 30-40 0 

2 AlF 110-130 120 20 7 5-6 30-40 Trace 

3 AJF 110-120 120 20 5 5-6 60-70 Trace 

4 OJF 90-120 120 0 0 0 0 0 

5 AJF 180-200 120 50 21 20-30 - 0.02 

6 AJF 240-270 110 80 28 60--70 90-120 0.04 

*Farmers' estimate 
tStudy measurement 



site. The most sediment was recorded 
atte il ediane sts e 24

Table 4.3 Results of Sediment Samples with Area for 
Cloth Mat 	 the infilled channel sites; site 24andTrapatCloth, Mat, and Trap 	 received about 300 ram, and site 6 

Sedi-

Sample Type of Weight Area ment 
No. Sample (kg) (cmin) (ton/ha) 

24 Cloth 99.40 2,209 4,500 

25 Cloth 0.12 2,240 5.18 

26 Cloth 0.08 2,193 3.45 

13 Cloth 0.21 2,575 8.07 

5 Cloth 0.27 2,567 10.44 

6 Cloth 0.74 2,500 29.77 

7 Trap 0.02 1,660 1.12 

8 Trap 0.13 1,660 7.67 

10 Trap 0.59 1,660 35.29 

2 Trap 0.02 1,660 1.00 

3 
25 

Trap 
Mat 

0.04 
1.84 

1,600 
37,044 

2.64 
4.96 

26 Mat 1.14 36,260 3.14 

13 Mat 3.08 34,200 9.00 

5 
6 

Mat 
Mat 

1.30 
11.15 

33,775 
33,775 

3.84 
33.01 

received significant amounts of sediment: site 8 at 
a rate of 7.67 tons/ha and site 10 at a rate of 
35.29 tons/ha. Assuming a bulk density of 
1.5 g/cm2, those figures are equivalent to sediment 
thickness of about 0.5 mm at site 8 and 2.3 mm at 
site 10. However, field observation after the flood 
recession suggests that surface wash fiom higher 
land at site 10 may have outweighed the sediment 
deposited by river water at that site. 

Cloths and mats. The six cloth and mat sampling 
sites set up in August were inundated by river 
water for 16-18 days. All six sites, 24, 25, 26, 13, 
5, and 6, were on the Active Jamuna floodplain and 
received significant amounts of sediment. The 
thickness of the deposited sediment was 
.01-.04 cm, except for site 24, which received 
30 cm. Table 4.3 shows the weight and associated 
depth (calculated) of the sediment deposited at each 

Floodplain Sedimentation Study 

received about 2 mm. 

Depth 
(nmm) 4.1.2 Sediment Contents 

300.0 

0.4 	 The nutrient contents of sediment and 
0.2 	 topsoil samples collected at sampling 

sites are given below. Table 4.4 
0.5 	 shows the reference levels against 

0.1 	 which nutrient contents were adjudged 

2.0 	 high, moderate, or low. Chapter 5 
0.1 	 assesses the quantities of nutrients 

added by sediments in relation to the
0.5 	 quantities extracted by crops. 

2.4 

0.1 	 Sediment traps. The analytical results 
0.2 	 for sediment samples collected in 
0.3 	 traps, presented in Appendix IV, Ta­ble IV.2a, 	 are expressed as the mean 

0.2 	 value of three replicated samples. 

0.6 	 They show that the sediments had 
0.3 	 high levels of calcium, potassium,
0.2 	 sulphur, iron, and manganese; moder­

ate to high 	levels of phosphorus, cop­

per, zinc, 	and nitrogen; and moderate 
levels of 	magnesium and boron. In 

general, finer sediments at lower sites contained 
more nutrients than coarser ones at higher sites. 

Cloths. Except at one site (24), sediments depos­
ited on cloths (Table IV.2b in Appendix IV) had 
high contents of calcium, iron, sulphur, and man­
ganese, high to moderate contents of potassium, 
nitrogen, phosphorus, copper, and boron, moderate 
contents of magnesium, and low contents of zinc. 
The coarse-textured sediments at site 24 had low 
contents of all nutrients except calcium (high), and 
of magnesium, sulphur, and boron (moderate). 

Mats. The sediments deposited on mats (Table 
IV.2c in Appendix IV) had nutrient contents similar 
to those of sediments deposited on the cloths. At all 
sites, the contents of calcium, sulphur, iron, and 
manganese were high; potassium, nitrogen, and 
boron were between moderate and high; and 

FAP 19/FAP 16 
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Table 4.4 Approximate Values of Plant Nutrients Used to Interpret Soil Test Results 

Element 	 Low ( ) 

N (ug/g soil) 75 

P (ug/g soil) 	 12 

S (ug/g soil) 	 12 

B (ug/g soil) 0.2 

Cu (ug/g soil) 1. 

Fe (ug/g 	soil) 20 

Mn (ug/g soil) 5 

Zn (ug/g soil) 2 

Ca (mieq/100 gsoil) 2 

Mg (mneq/100 g soil) 0.8 

K (ineq/100 g soil) 0.2 

Source: SRDI (1991) 

magnesium and copper were moderate. Phosphorus 
contents varied widely between low and high. 

4.1.3 	 Nutrient Contents of Topsoil 
Samples 

In both 	study blocks (Sharishabari and Kalihati), 
topsoils in all physiographic units had similar 
nutrient levels. Analytical data are presented by 
physiographic unit and topographic position in 
Tables IV.3 and IV.4 (Appendix IV). The results 
are expressed as the mean value of three replicated 
samples. The findings are reviewed by physio­
graphic unit below. No topsoil samples were taken 
from the Old Brahmaputra floodplain, but data for 
a single profile from a floodplain basin site, re-
ported in Section 4.1.4, are discussed below for 
comparison with Jamuna floodplain topsoils. 

Active Jamtnafloodplain. Calcium and manganese 

contents of topsoils on this floodplain were high, 
boron contents were moderate, and phosphorus and 
sulphur contents were moderate to low. Potassium, 
nitrogen, and zinc contents were low at almost all the 
sites. Contents of iron, copper, and magnesium 
varied widely from low to high. Organic matter 

FAT 19/FAP 16 

Medium Optimum 

76-150 151-300 

12-25 26-75 

13-25 26-75 

0.21-0.50 0.51-4 

1.1-3 3.1-10 

21-40 41-200 

5.1-10 11-50 

2.1-4 4.1-18 

2.1-4 4.1-18 

0.81-2 2.1-9 

0.21-0.4 0.41-1.5 

contents ranged between 0.3 and 1.3 percent, and 
pH values ranged between 6.3 and 7.7. 

Young Jamunafloodplain. Topsoils on this flood­
plain had high amounts of calcium, iron, and manga­
nese. Magnesium mid copper levels were high in most 
places but moderate at some sites. Phosphorus contents 
were moderate to low, and potassium, nitrogen, 
sulphur, and zinc levels were low. Boron levels were 
mainly moderate. Organic matter contents (0.8-1.4 
percent) were slightly higher than on die active flood­
plain, but pH values were similar (6.3-7.6). 

OlderJantunafloodplain. Topsoils on this flood­
plain had high amounts of calcium, magnesium, 
iron, and manganese similar to those on other 
floodplains. Phosphorus and boron levels were 
moderate, and potassium, nitrogen, sulphur, and 
zinc levels were low. Levels of copper varied from 

moderate to high. Generally, organic matter con­

tents on this floodplain (1.0-2.5 percent) were 
higher than on the Active and Young Jamuna 
floodplains, and p1I values were lower (6.3-5.8). 

Old Brahmaputrafloodplain. The topsoil example 
from this floodplain comprised two layers. Com-

Floodplain Sedimentation Study 
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bining and averaging the data for these layers 
showed them to have an organic matter level (1.9 
percent) similar to that in the depression sample 
(site 4) from the Older Jamuna floodplain but a 
lower pHi (5.6). Calcium and magnesium levels 
were high and potassium levels were moderate. 

4.1.4 	 Nutrient Contents of Soil 
Profile Samples 

Twelve soil profiles were described and sampled to 
a depth of 1.5 in to determine the physical, mor-
phological, and chemical characteristics of the 
study area's major soils. Tables IV.5 and IV.6 
(Appendix IV) present the analytical data for the 
top three layers of all profiles sampled during the 
study. In addition, Appendix It provides detailed 
descriptions and analytical data for two representa-
tive profiles from each of the three physiographic 
units on the Jamuna floodplain and for a typical 
basin soil from the Old Brahmaputra floodplain. 
Data for the latter profile were extracted from the 
Tangail reconnaissance soil survey report (SRDI 
1967a); only data for OM, pl1, Ca, Mg, and K are 
quoted for this profile because other nutrient 
contents either were not determined or were deter-
mined using different methods. 

The organic matter contents of Jamuna floodplain 
topsoils generally were low (0.5-1.1 percent). The 
exception, site 12, a depression site, had 2.5 percent, 
which is similar to the amount quoted for the Old 
Brahnaputra floodplain soil. In most profiles, or-
ganic matter contents decreased with depth, 

Topsoils of the Active and Young Jamuna floodplains 
were mainly neutrai to mildly alkaline in reaction, 
whereas those of the Older Jamuna floodplain soils 
were moderately acid, and that of the Old Brah- 
maputra was strongly acid in the surface layer. In 
most Jamuna floodplain soils and the Old Brah-
maputra floodplain soil, subsurface layers were near- 
neutral to mildly alkaline, but they were slightiy or 
moderately acid in the site 12 profile. 

Calcium levels in virtually all soil horizons were 
high. Magnesium levels were more variable: 

Floodplain Sedimentation Study 

mainly high on the Young and Older Jamuna flood­
plains and the Old Brahmaputra floodplain, but 
ranging between low and high on the Active Jamu­
na floodplain. Potassium levels were moderate in 
the Old Brahmaputra floodplain soil but, together 
with zinc, they were low in all soil horizons in 
other physiographic units. Phosphorus and sulphur 
contents were mainly low, but they were moderate 
in topsoils at a few sites; levels generally decreased 
with depth on the Young and Older Jamuna flood­
plains, but they were more variable on the active 
floodplain. Nitrogen levels were moderate at some 
of the lower sites (21, 12, 2) but low elsewhere. 

Soils of the Older Jamuna floodplain had high iron 
and manganese contents, but amounts varied widely 
between low and high in other physiographic units. 
Copper and boron levels were moderate or high in 
most soil horizon,. 

4.1.5 	 Dissolved Nutrients 

Water samples were collected from rivers and six 
sampling sites to determine the quantities of dis­
solved nutrients. These sampling sites (24, 25, 26, 
13, 5, and 6) were inundated more deeply by river 
water and for a longer period than other sites. 
Trable IV.7 (Appendix IV) presents the analytical 
results, expressed as the mean value of three 
replicated samples. 

River water was higher in total dissolved solids 
(TDS), calcium, magnesium, and manganese than 
the surface water at the sampling sites, but boron 
and iron contents were lower in river water. Potas­
sium and phosphorus levels generally were higher 
at sampling sites than in file river water, and they 
were higher at the Sharis iabari sites than at Kali­
hati. Contents of calcium, naiesium, potassium, 
copper, iron, and manganese were slightly higher 
in Jamuna River samples than in those taken from 
the Dhaleswari River. 

River water was near-neutral in reaction, whereas 
water from the Sharishabari sites was mildly 
alkaline and that from the Kalihati sites was moder­
ately acid. 

FAP 19/FAP 16 
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Water samples generally had much higher contents 

of calcium, magnesium, and potassium, and much 
lower contents of other nutrients, than sediment 

samples collected at the same sites. The exception 
was site 6, where boron was slightly higher in 

water than in sediment. The magnitude of the 
differences between the data for water and sedi-
ment samples, and the fact that contents of cations 
are consistently higher and those of other nutrients 
are consistently lower (with the exception noted), 
suggest incompatibility between the methods used 
rather than actual differences in nutrient contents. 

4.2 Radiocesiuni and Textural Analyses 

Results from the cesium laboratory analyses are 
presented in Figure IV. I and Table IV.8 (Appendix 
IV). In general, activity profiles from the Active 
Jamuna floodplain revealed detectable I31Cs levels to 
greater depths than observed in the Older Jamuna 

0.20 
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0.00 10.00 

floodplain. Silt- and clay-size material typically 
comprised about 90 percent of the samples (sand 
percentages usually < 10 percent). The three surface 

samples, consisting of fresh material from the 1994 

flood, revealed a good relationship between 37Cs and 
percent clay (Figure 4.4), indicating the importance 
of grain size incontrolling observed 3'7Cs activities. 
Atmospheric fallout levels of 137Cs were determined 
from cores collected in the forested Madhupur Tract 
(sites 35, 36, and 60). Additional "background" 
cores were collected from the Old Brahmaputra 
floodplain, an area where little or no turbid-water 
flooding is occurring today. 

The consensus of these cores was that Cs penetra­
tion depths of about 10 cm could be attributed to 

the combined effects of diffusion, bioturbation, and 
plowing (Figure IV. 1, Appendix IV). The penetra­
tion depth method (see below) considered 131Cs 
below this depth to be accumulation. Exceptions to 
the 10-cm mixing depth (sites 36 and 60) are 

r2 = 0.72 

20.00 30.00 

Percent Clay 

Figure 4.4 Percent Clay Versus "'Cs Activity (dpmn/g) 
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Table 4.5 Sediment Accumulation Rates Based on Excess Penetration (> 10 cm) of 'Cs 

Site.. Mill. Cs Max. Cs Min. Accumulation Max. Accumulation 
Number Depth Depth Rate (cm/yr) Rate (cm/yr) 

12 20 22 0.26 0.32 

27 53 59 1.13 1.29 

28 41 0.82 

29 42 0.84 

30 41 0.82 

11 158 3.89 

31 40 42 0.79 0.84 

32 37 39 0.71 0.76 

33 70 81 1.58 1.87 

24 60 1.32 

23 Bag Samples 

21 0 20 0.00 0.26 

34 12 14 0.05 0.11 

35 8 10 Soil Soil 

36 20 30 Soil Soil 

37 130 3.16 

38 45 60 0.92 1.32 

8 20 130 0.26 3.16 

39 0 10 0.00 0.00 

40 0 15 0.00 0.13 

41 0 15 0.00 0.13 

42 15 30 0.13 0.53 
43 0 15 0..0 0.13 

44 0 18 0.00 0.21 

45 15 30 0.13 0.53 

46 0 15 0.00 0.13 

47 0 10 0.00 0.00 

48 15 30 0.13 0.53 

49 15 30 0.13 0.53 

50 0 15 0.00 0.13 

51 15 30 0.13 0.53 

52 0 15 0.00 0.13 

53 0 15 0.00 0.13 

54 15 30 0.13 0.53 

55. 15 20 0.13 0.26 

56 15 30 0.13 0.53 

57 0 10 0.00 0.00 

58 10 18 0.00 0.21 

59 0 12 0.00 0.05 

60 20 30 Soil Soil 

61 50 1.05 

74 19 29 0.24 0.50 

FloodplaIn Sedimentation Study FAP 19/FAP 16 
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attributed to the effects of earthworm activity 4.2.2 Radiocesiun Inventories 

observed at those sites. This figure is further 

validated by the fact that < 10 cm 'Cs penetration 
was observed in many of the Jamuna floodplain 
sites (i.e., zero accumulation). 

The '"Cs inventory is defined as the total, vertical­

ly integrated activity per unit area (dpm/cm2) at a 

site and iscalculated by multiplying the activity by 
the bulk density and length of each interval, then 

4.2.1 Normalization of 'Cs Activities summing the results: 

By observing the relationship between tle percent-

age of sand in three surface samples deposited 
Inventory = (Activity x Bulk density 
interval) for all sample intervals in a site 

x Length of 

during the 1994 flood season and their activity, it 

was concluded that sand carries no significant 
13'Cs. Therefore, the observed activities were 

Two figures 
inventory of 

for 
raw 

'Cs inventory are given: the 
activity for an assumed bulk 

normalized to the silt+clay (mud) fraction only. 

The observed activity was multiplied by the inverse 

of the mud fraction: 

density of 1.35 g/cm3 (this value applies only to 

the Cs analysis, for all other analysis the assumed 

bulk density was 1.5), and the inventory of grain­

size-normalized activity for an assumed bulk 

Activity normalized to mud fraction = Observed density (Table IV.8). 

activity x (I/mud fraction). 
Some sites had sample intervals for which activity 

To remove the effects of grain size on observed 

activity, the sand-normalized activity was multiplied 

by a "correction factor." Tiis factor was derived from 

tie three surface samples mentioned above. A regres-
sion was rmn on these three samples for sand-normal-

ized activity versus percent clay (Figure 4.5). This 

function was considered to show the "ideal" activity in 

was not measured. An averaging technique was 

used to calculate the inventory for these sites. The 

interval was split into two equal lengths. The top 

length's inventory was calculated using the activity 

of the interval directly above it, and tle bottom 

length's inventory was calculated using the activity 
of the interval directly beneath it. 

relation to the percentage of clay in a sample. The 

ideal activity for the percentage of clay in each sample 
was divided by the ideal activity for 30 percent clay; 

4.2.3 Accumuulatiomi Rates and 
Inventories 

the inverse of this ratio is the correction factor: 
Sediment accumulation rates were calculated for 

Grain-size-normalized activity 
activity x Correction factor 

= Sand-normalized each of the "'Cs sites from the observed excess 
(i.e., > 10 cm) penetration depths (Table 4.5). 
Accumulation rates were calculated by taking the 

Correction factor = I /(Ideal activity/Ideal activity 
for 30 percent clay), 

excess penetration depths and dividing by the time 

since first significant input, 38 years. In some 
cases, only minimum rates could be given as the 

For each sample, ideal activity was calculated from cores did not recover complete 13Cs profiles. 

the linear equation given by the regression: Minimum and maximum accumulation rates are 
reported based on the uncertainty introduced by the 

y = mx + b sampling interval. In general, rates were up to 
4 cm/yr in the active braid belt and low (< 1 cm) 

Where: y = Ideal activity 
m = 0.0033 

or negligible in the older floodplain, with some 

local exceptions (see discussion in Chapter 5). In 

x Percentage of clay addition, inventories were typically higher in areas 

b = .02 with higher accumulation rates. 

FAP 19/FAP 16 Floodplain Sedimentation Study 
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Table 4.6 Sediment Deposition by Physiographic Unit 

Total Sediment Mean Annual Rate 

Weight 
Physiographic Unit (metric tons) 

Active Jamuna Floodplain 5,054,515 

Young Jamuna Floodplain 5,291,261 

Older Jarnuna Floodplain 9,514,512 

Old Brahmaputra Floodplain 9,379,594 

To better evaluate tie relationship between 137Cs 
inventories and sediment accumulation rates, plots 
of raw and grain-size-normalized inventories versus 
sediment accumulation rates were produced (Figure 
4.5). Linear regression of these plots reealed a 
moderately low r2 value (.51) for the raw invento-
ries. Using normalized inventories produced a 
significantly better fit (r2 = .77), suggesting that 
the approach used in this study to apply grain-size 
corrections to account for spatial heterogeneity of 
sediments is reasonable. 

4.3 	 GIS Mapping Modelling Results 

The GIS model for mapping regional sedimentation 
regimes was run as described in detail in Section 
3.4. GIS "map algebra" was used to implement the 
model using as variables the analytical by-products 
of the primary data theme maps: distance from 
sediment source, estimates of flood depth, physio-
graphic regions, spatial-temporal changes in the 

Area Weight Depth 
(ha) (metric tons/ha) (rm) 

22,895 221 11.5 

41,577 127 8.1 

83,901 113 7.1 

84,629 111 6.7 

Januna River bankline, and sedimentation in an 
extreme flood. Geographically coincident pixels from 
each of these map variables were mathematically 
overlaid to calculate the corresponding pixel values 
for the output GIS map. Field data were also used to 
construct a function predicting annual sedimentation 
rates with respect to disiance from sediment sources. 
Annual rates as measured by the 37Cs inventories 
laid the mathematical foundation for the distance 
function, while the rates reported by farmers were 
used as a basis for determining minimum rates for 
each physiographic unit in the study area. Figures 
3.16 and 3.17 are concise summaries of the model. 

The model yields maps of current annual sedimenta­
tion rate and cumulative sediment deposition over the 
past 40 years (1954-1994) in a digital map format. 

4.3.1 	 Annual Sedirnent Deposition 
Rate 

Annual sedimentation rate maps generated by the 
GIS model are shown for the entire study area in 

Table 4.7 Sediment Deposition Rate by Study 

Total Sediment 

Block 

Mean Annual Rate 

Study Site 
Weigh 

(metric tons) 
Area 
(ha) 

Weight 
(metric tons/ha) 

Depth 
(mam) 

Kalihati 1,044,374 8,(49 121 7.5 

Sharishabari 1,457,798 5,529 264 13.6 

Floodplain Sedimen(ation Study 	 FAP 19/FAP 16 
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Figure 4.7 and for each study block in Figure 4.8 
Rates as determined by the GIS model for the study 
area range from 0 to 74 mm/year with an average 
rate of 7.6 am/year. The calculation of tie weight of 
the sediments deposited in one year was based on 
,...,se rates and an assumed sediment bulk density of 
1.5 g/cm3 . The total estimated sediment weight for 
the study area was 29.3 million metric tons. The 
distribution of the sediment and the area covered is 
shown in relation to the annual rates predicted by the 
model in Figure 4.8. Note that the low rates account 
for a large proportion of the study area but relatively 
little of the total sediment deposits, and vice versa, 
For example, areas annually receiving 10 mm or less 
of sediment account for only 25 percent of the total 
sediments but cover 75 percent of the study area. 
Also noteworthy is the relationship between sediment 
weight and proximity to sediment source. According 
to the model, approximately 84 percent of the sedi-
ment deposited annually is within 0.5 km of a sedi-
ment source, but only 27 percent of the study area is 
within this distance. 

The same statistics were calculated for the study 
area on the basis of physiographic unit (Figure 
3. 10) using GIS techniques, and are shown in 
tabular form in Table 4.6. The physiographic units 
in the table are ordered from most to least dynamic 
moving from left to right. In general, the total 
amount of sediment deposited is relatively high and 
the area covered is relatively low for the two most 
active physiographic units. In other words, as 
would be expected by their definitions, the Active 
and Young Jamuna receive more sediments per 
hectare than the less active Older Jamuna and Old 
Brahmnaputra floodplains. Note that the Active 
Jamuna floodplain receives roughly twice as much 
sediment per hectare as the Old Bralbmaputra 
floodplain. This relationship is also reflected in the 
mean depths for these physiographic units. 

Study block statistics on annual rates, sediment 
quantities, and areal coverage were nlso tabulated 
as shown in Table 4.7. 

Estimates of the quantity of sediment deposited in tie 
Sharishabari block are relatively high (264 t/ha), and 

l(loodplaifl Sedimentation Study 

the block consequently has a high mean annual rate 
of 13.6 nun. This is in part due to the fact that 60 
percent of the block consists of Active Jamuna 
floodplain. The block also has little flood-free (FO) 
land. In the Kalihati block, on the other hand, the 
mean annual rate of 7.5 mm is nearly identical to the 
average for the entire study area. The Kalihati block 
is dominated by Young Jamuna floodplain (64 
percent) and a contains a significant proportion of 
Older Jamuna floodplain (13 percent). There is also 
a considerable amount of flood-free (FO) land. The 
combined effect of these factors resulted in a large 
share of low annual rates in the model falling be­
tween 1 and 3 mm/year. 

'[le distribution of annual rates can be visualized in 
their geographic context using Figure 4.7. Estimated 
rates greater than 10 mm (shown in brown) consti­
tute only a small portion of the mapped area. The 
bulk of the study area (75 percent) clearly is comi­
posed of rates less than 10 mm. The relatively higher 
rates (shown in brown and red) only occur close to 
rivers and khais. The block maps (Figure 4.9) show 
a close-up view of this relationship. Here, linear 
bands of a single sedimentation rate encase the river 
channels. These layers are the expression of the 
distance function component of the model, i.e., as 
distance from the river increases, the annual rate 
decreases. The rate was assumed to level off at a 
base level as discussed in Section 3.4. 

The areas in green or yellow on the GIS maps 
indicate where the physiography-based minimum 
rates were imposed by the model leveling off the 
function at I or 3 mm. They are generally located 
at the periphery of high-sedimentation zones close 
to the river and in the more remote floodplains. 
The yellow and light green colors in the remote 
floodplains largely represent areas where the 
minimum rate of 3 mm for the Active and Young 
Jamuna floodplains was imposed. This has mainly 
occurred in the northwest and southwest portions of 
the study area adjacent to tl-e Jamuna River and in 
the Jhenai River basin in the northeast. The light 
green areas in particular indicate areas where FO 
inundation land types (minimal flooding) dimin­
islhed the rate in accordance with the model (by 50 
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Figure 4.7: GIS Sedimentation Model Result for Study Area 
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Figure 4.8: GIS Sedimentation Model Result, Sharishabari and Kalihati Blocks 

::: i !Y' 

7 
SHIjSABR 

Seim n 
Annual 

(mI , ,j 

FlondplainSeim nttin tu y A/ r-:FA 

KALHAT 
16 



Figure 	4.9 GIS Model Results: Amount of Sediment and Area for Various Rates 
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percent). The controlling variable for the dark model. This period corresponds with that of the 
green areas in the remainder of the remote flood- 1'3 Cs analysis of soil samples for determination of 
plains was the minimum rate for tile Older Jamuna sediment accumulation rates. Cumulative deposition 
and Old Brahmaputra floodplains. Speckling, in all for the period was calculated by multiplying the 
categories on the map, is an effect of ihe non- annual rate map by the age of the land to adjust for 
flooded areas and non-sediment floodwaters in the land age. Recall that the land age map is a product 
1987 flood image map. The model reduces rates by of historic changes in the location of the Jamuna 
50 percent for these 1987 map categories. River left bank (Figure 3.13). 

The large blank triangular area in the east c-ntral The land age factor represented by this map only 
portion of the map is the Madhupur Tract, which is affected a small portion (5.4 percent) of the study 
considered flood-free in the model. All other blank area. The areas affected include three lobes on the 
areas (no sedimentation) on the rate map are a left bank of the Jamuna: in the northwest, west of 
combined effect of tle older physiographic units, the Sharishabari block, and west of the Kalihati 
FO inundation land types, and/or non-flooded areas block. In these phces, riverine accretion formed 
and non-sediment floodwaters as indicated by tle land sometime between 1953 and 1973, making it 
1987 flood map. less than 40 years old. Therefore, except in the 

three areas mentioned above, the same general 
4.3.2 	 40-Year Cumulative Sediment numerical distributions and spatial patterns are 

Deposition exhibited as with the rate map. 

A map of cumulative sediment deposition over the Forty-year cumulative deposition, as estimated by 
1954-1994 period was also generated by the GIS the GIS model for the study area, ranges from 0 to 
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296 cm with an average thickness of 29.5 cm. The 
total estimated weight of sediment deposited in the 
study area is 1,135 million metric tons. Regions 
receiving 40 cm or less in the 40-year period 
accounted for 26 percent of this sediment in 75 

percen, of the study area. Conversely, approxi­
mately 83 percent of the sediment was deposited 
within 0.5 km of the sediment sources, accounting 
for only 26 percent of the total study area. 
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Chapter 5
 

ASSESSMENT OF RESULTS
 

5.1 	 Determinants of Sedimentation Several conclusions can be drawn from the physio­
graphic sedimentation data in Tables 5.1 and 5.2. 

5.1.1 Sedinientation Zones Where 	the data types overlap, they tend to agree. 
This suggests that farmer interviews are a useful 

[he sedimentation rates compiled from farmer method of determining relative sedimentation rates 
interviews and by calculating excess 'Cs in a floodplain area. At 19 sites, Cs rates were 
penetration suggest the strongest correlations < I cm/yr and, in every case, the farmers also 
result from a classification based on physiogra- reported < 1 cm/yr (generally 0) at the same site. 
phy. The existing soil divisions of Active, Because Cs methods are dependent on depth of 
Young, and Older Jamuna, and Old Brahniaputra coring, farmer interviews provide the only informa­
floodplains, in effect, are categories based on soil tion on sites with extreme sedimentation rates 
age. In a sedimentation sense, well-developed soil (>4 cm/yr). Farming in Bangladesh requires close 
profiles (i.e., old age) cannot occur where there observation of the conditions on a very small 
is relatively rapid sediment input. These catego- (typically <200 in2) plot. Each farm plot serves as 
ries therefore are a convenient way to summarize a sedimentation monitoring site not unlike the plots 
spatial differeaces in Jamuna floodplain deployed with mats and traps by the present study. 
sedimentation. 	 Unfortunately, the limited data from the sedimenta-

Table 5.1 	 Sediment Accumulation Rate and Grain Size Data for Cs Cores from Each 
Floodplain Region 

Average (range) Downcore-Averaged 
Number of Sediment Accumulation Sand:Silt:Clay 

Floodplain Region Cores Rate (cm/y), Percentage 

Active Jamuna I > 1.32 2:82:16 

Young Jamnina 14 1.24 (0-> 3.89)1 6:64:30 

Older Janiuna 201 0.29 (0-1.05) 5:51:44 

Old Brahmnaputra 3 0.15 (0-0.53) 5:43:52 
. average calculated as max.-niin./2; range calculated from lowest ninimium to highest maximum; minimum 
value used in cases where Cs found to bottom of the core 
t does not include core no. 27 from the extreme southern field area (> 1.05 cm/y; 1:46:53 percent) that may 
be influenced by overbank flooding fromi the southern Dhaleswari offtake 
lincludes six cores where Cs was found to thc bottom of the core (minimum accumulation rate) 
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Table 5.2 Summary of Fanner-Reported Sedimentation Rates for Average Years and in the 
1988 Flood 

Average 	(range) of the 
Mean Flood 

Sedimentation Rate 
Floodplain Region (cm/y) 

Active Jamuna 	 14 (0-70) 

Young Jamuna 	 2.1 (0-5) 

Older Jamuna 	 0.1 (0-1) 

Old Brahrmaputra 	 0 (0) 

tion plots (because of the low 1994 flood) did not 
permit their comparison with farmers' data. 

The data in Tables 5.1 and 5.2 show a strong 
correlation between sedimentation rate and flood-
plain age. In general, only in the Active and 
Young Jamuna floodplains is significant sedimen-
tation taking place. However, Figure 3.15 dem-
onstrates that this is a function of distance from a 
source, 	 including distributaries and even khals. 
Thus, significant sedimentation can occur in the 
older floodplain areas immediately adjacent to a 
distributary or khal. Since these features migrate 
across the floodplain over time, this is an impor-
tant means of sedimentation (ind creating relief; 
see Section 5.1.2) in older areas. The highest 
observed sedimentation rates (from farmer data) 
are on the natural levee and splay deposits (up to 
160 cm/yr). As sedimentation decreases with soil 
age and distance from the source, grain size also 
decreases. Table 5.1 demonstrates a progressive 
decrease in the silt:clay ratio with increasing 
distance from sediment sources. This relationship 
has been observed in other systems (see Figure 
1.2). It results when coarser material settles near 
the source, leaving only fine-grained material to 
be deposited in stagnant distant (lower elevation) 
areas. 

The stages in the progressive evolution of sedimen-
tation at any site on the floodplain night be as 
follows: 

FAP 19/FAI' 16 

Mean Year 1988 Average (range) 1988 
Number of Sedimentation Rate Number 

Sites (cni/y) of Sites 

26 41 (4-160) 23 

21 27(2-120) 21 

16 2.1 (0-5) 14 

3 2.3 (1-4) 3 

(1) 	 Lateral river migration creates new land. 
(2) 	 Rapid vertical accretion (decimeters per 

year) occurs in natural levee/splay setting 
(Active Jamuna). 

(3) 	 As the river migrates away, sedimentation 
decreases to cm/yr (Young Jamuna). 
(Plus possible partial erosion of sequence, 
deposition of channel sand/levee sequence 
with distributary migration across site.) 

(4) 	 Soil develops rapidly as sedimentation 
decreases to negligible except during large 
floods (average rate, nmm/yr) (Older 
Jamuna). 
(Plus possible partial erosion of sequence, 
deposition of channel sand/levee sequence 
with distributary migration across site.) 

(5) 	 Backswamp/flood basin forms with virtual!y 
no sediment input or peat accurmlation. 

The sequence may reverse at any stage in the cycle 
if the Jamuna migrates back across the floodplain. 
The amount of time a site spends in each stage 
depends upon the lateral migration rates of the river 
and its distributaries. 

5.1.2 	 Topographic Controls 

In some cases, elevation changes on the floodplain 
are a direct result of the sedimentation process. For 
example, natural levee and crevasse splay deposits 
onl the active floodplain may be elevated several 
meters above the surrounding floodplain. Sedimen-
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tation rates observed in this study, and in other 
river syste:ms (see Mertes 1994, for example), 
typically are decimeters to meters per year for such 
areas-an order of magnitude or more above those 
in more distant areas. Hence, elevated features ol 
the active floodplain are created by rapid sedi-
mentation on time scales of a few years to decades, 
Similarly, low-elevation heel areas result, in part, 
from negligible sedimentation. 

lowever, the sed imentation/elevation link is more 
complicated than that. Elevation also is a barrierto 
the distribution of sediment across the floodplain, 
For example, a natural levee/splay complex can 
become progressively more distant from the river 
if the channel migrates. The probability of this 
happening is particularly high in an unstable, 
young, braided river like the Jamuna. As the active 
floodplain moves away from the feature, sedimen-
tation rates decrease exponentially with distance 
and it becomes a natural "embankment" that is 
exposed in all but the highest floods. in this way, 
natural levees and splay deposits produced by 
vertical accretion are indistinguishable from cleva-
tion on the floodplain produced by lateral accretion 
due to channel migration. Point bars (scroll, lateral, 
side) generated at the river-land interface, and 
levees generated immediately landward of the 
interface, are active floodplain features that become 
barriers to sedimentation as the channel moves 
away. 

The strong relationship between sed imcntation rate 
and distance from the river source means that these 
bar:ers to sediment delivery rapidly decrease in 
significance with distance from the river. Fo: 
instance, in areas less than about 1 km from the 
river channel, where sedimentation rates ire cm/yr, 
any increase in the distance sediment must traverse 
(by diffusion or advection) due to diversion around 
a barrier will significantly affect sedimentation 
rates behind the barrier. In more distant areas, an 
incremental increase in the distance travelled will 
be far less significant as the sedimentation rate 
curve becomes asymptotic (see Figure 3.15). 
Orientation of the feature relative to the direction of 
overbank flow also v ill play a role in this. 

Floodplaln Scdimentafir n Study 

The presence of distributary (e.g., Dhaleswari, 
Jhenai, etc.) and tertiary channels (khals) extend 
this process far into the Jamuna floodplain. This 
study has shown that these features, too, have 
"active floodplains" that create raised levees 
through rapid vertical accretion and scroll bars 
through lateral accretion. Migration of these 
higher-order channels across the floodplain, and the 
reworking of older examples, produces a complex 
network of raised features of various elevations and 
orientations. This suggests that some low-elevation 
heel areas (the shape of others implies that they 
form as cut-off channel bends) form when a section 
of "old" floodplain is isolated in more recently 
active floodplain characterized by areas of raised 
topography. That is to say, negligible sedimentation 
in heels results from their being cut off from 
sedimentation sources by areas of high elevation 
produced by those sources. Their low elevation 
subjects them to deep flooding by rainwater and 
rising groundwater tables, rather than flooding by 
turbid water. 

The foregoing argument also says that the "age" of 
any area of the floodplain is important for sedi­
mentation and soil development (see Section 1.4). 
This implies that local redistribution of sediment is 
taking place on the floodplain, and therefore, older 
areas of the floodplain (i.e., areas where greater 
time ias passed since reworking by migration of 
the Jamuna or higher-order channels) have less 
relicf. Redistribution of fine-grained sediment by 
down-gradient riinwvter runoff when the floodplain 
is not flooded certainly is occurring. Sediment 
redistribution from high areas to low ones likely is 
occurring as well because of intensive farming, 
which tends to "flatten-out" floodplain relief. This 
relationship between floodplain age and relief can 
be observed in the different physiographic units of 
the field area: there is a progressive decrease in 
relief from the Active Jamuna floodplain to the 
Young and Older Jamuna floodplains to the Old 
Brahiaputra floodplain. 

This process potentially has implications for inter­
preting sedimentation rates from the Cs data. 
Radiocesium analysis is unable to differentiate 
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between new sediment input from the Jamuna (or 
smaller distributaries) and local sediment accumu-
lating in low-elevation areas. In an attempt to 
measure the importance of redistribution, this study 
collected seven cores (sites 4C-46) from a - 1 km2 

section of the Kalihati block where there is 
2-3 meters of relief. Results did not measure 
significant redistribution; in fact, the highest 
sedimentation rates were in high areas, a reflection 
of their recent deposition by distributaries. Iligh 
and low elevation cores collected in other sites 
(31-33, 52, and 53) show no trend attributable to 
redistribution. This indicates that redistribution 
rates fall within the error bars of the sampling 
interval (<2-3 mm/yr). 

5.1.3 Infrastructure Controls 

The map in Figure 3.7 indicates the current loca-
tion of roads and embankments in the study area. 
Embankments have been constructed at various 
times since the late 1960s, so it is difficult to assess 
the changes from "'Cs accumulation rates inte-
grated since thc 1950s. However, even in areas 
isolated from the river by embankments (the term 
used hereafter to refer to flood embankments, 
roads, or railways), the supply of turbid water 
likely is not completely removed. The policy along 
the left bank has been to control flooding from the 
Jamuna, as opposed to completely denying entry of 
river water and sediment to the floodplain. Hence, 
all the existing embankments have regulators, 
sluice gates, or bridges that can pass sediment-
laden water into the floodplain, as well as to natural 
flow points at the distributary offtakes. Such is the 
case at site 58 on the Older Jamuna floodplain, 
where 1'Cs data evidences some sedimentation 
(1-2 mml/yr), even though the site is landward of 
the Sharishabari railroad emhankment, which has 
been in place for about 100 years. River water can 
also pass through embankments when they are 
breached by bank erosion or in high floods (as 
occurred in 1987 and 1988). 

Seimnent deposition rates would be expected to 
decrease somewhat as distance from the source to 
deposition point is increased (see Section 5.1 .2). 
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Farmer interviews indicate no clear trend of de­
creasing sedimentation after embankment construe­
tion. This can be assumed, however, since the 
farmers uniformly mentioned a decrease in flood 
depth in their fields. 

Construction of the GIS model did not introduce 
constraints produced by embankments. This could 
be included in future models by using known 
locations of water passage together with the dis­
tance function (see Section 5.4). Large floods 
would remain a separate case: the 1987 flood 
image indicates that cross-floodplain flow is rela­
tively unconstricted during major floods. 

5.1.4 Influence of Major Floods 

Radiocesium data provide a sedimentation rate 

averaged over about 40 years (since the onset of 
thermonuclear testing). This averages out the 
relative effects of major floods. Farmer interviews 
included enquiries about the last major flood in 
1988. The data, summarized in Table 5.2, indicate 
that large floods cause increased sedimentation in 
all areas. This is particularly significant in the 
Older Jamuna and Old Brahmaputra floodplains: 
the -2 cm recei -ed in larger floods is virtually the 
only sediment input to these areas. Despite the 
small quantities relative to other areas, soil fertility 
still may be affected since ihis material is fine­
grained and therefore of high quality. 

The farmer interview is perhaps the only means of 
generating information about large historic floods. 
As a check on the validity of this information, the 
average of "1988" and "normal" flooding depth 
over 40 years should be comparable to the Cs 
accumulation rates. This is the case, for instance, 
in the older areas, where both methods yield an 
average of about 1-2 mm/yr. The rates determined 
by both methods have been used in setting up the 
GIS model discussed in Section 5.4. 

The 1987 satellite image classification of turbid and 
rainwater flooding shows the very different flood 
regime present in high-flood years. The volume of 
turbid water on the floodplain becomes so large 
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that down-gradient, along-floodplain flow becomes 
an important means of sediment delivery. In this 
case, sediment delivery to older floodplain areas by 
distributaries is hypothetically unimportant, except 
that offtakes from the Jamuna becomne major input 
points for water that spreads out as sheetflow on 
the floodplain. Sedimentation is more difficult to 
predict from models based on input volumes, 
because the system likely is less closed, and much 
less predictable, in years when there are high 
floods. That is, a percentage of the turbid water 
input entering the floodplain re-enters the river 
farther downstream. 

5.2 Sedimentation and Soils 

5.2.1 Soil Characterisi.X,.s 

The soil profile descriptions and laboratory data in 
Appendix I1illustrate two important characteristics 
of the floodplain soils of Bangladesh. One is the 
general occurrence of finer material in the Lipper 
layers overlying a coarser substratum. The other is 
the rapidity with which raw alluvium changes into 
soil under the country's prevailing environmental 
conditions. 

Te.rture profile. All the profiles described show 
the presence of finer materials near the surface 
overlying coarser materials at depth. On the Active 
and Young Jamuna floodplains, this "fining up-
ward" chara:cteristic of individual flood deposits 
apparently represents the burial of bed-load materi-
als deposited on the active floodplain by finer 
wash-load niaterhils deposited in quieter water as 
the floods recede, both on active floodplains and on 
adjoining stable floodplain land. 

A "fining laterally" process is also evident. The 
profiles from the Older JamUna floodplain and the 
Old Brahniaputra floodplain show higher clay con-
tents in the upper layers of basin soils than occur ol 
the younger floodplains. These fine basin materials 
may include colloidal clay carried a greater distance 
from the rivers and deposited in deeper, quicter 
water. They apparently also include reworked soil 
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material that has been washed from adjoining ridge 
soils into basins during rainfall. On the oldest flood­
plain land, these finer deposits have accumulated to 
a considerable depth (see next section). 

Oin the older parts of the Jamuna and Brahmaputra 
floodplains, these vertical and lateral fining processes 
are reversed at a certain stage in soil development. 
Topsoils in these units have lower clay contents than 
the underlying subsoils (see profiles 12 and 21). This 
reversal is attributable to a destructive soil process 
(ferrolysis) discussed below. 

Soil profile development. The profile descriptions 
illustrate the differences between "alluvium" and 
"soil" described in Chapter 1. In all profiles, the 
surface layer (Ap horizon) has been disturbed by 
plowing. Only in profile 19 (Silty Alluvium) does 
stratified material occur immediately below this 
layer. In all the other profiles, a so-called B hori­
zon has formed: i.e., a layer in which soil-forming 
processes have altered the original physical and 
chemical properties of the parent material. The 
underlying stratified alluvium is designated C 
horizon. 

These changes in the B horizon are indicated by 
such properties as: absence of alluvial stratification; 
prismatic and/or blocky structure instead of the 
original stratified, platy structure; yellow or brown 
oxidation mottles; and, in some profiles, the pres­
ence of coatings on the faces of subsoil pores and 
structural units. These soil changes have occurred 
to a depth of 30 cm in profile 3 on the active 
floodplain, to 56 cm and 80 cm, respectively, in 
the two profiles from the Young Jamuna floodplain 
(2 and 16), and to 77 cm and 116 cm in the profiles 
from basin sites on the Older Jamuna and Old 
Brahmaputra floodplains (12 and Ghatail Series). 

Soils on the Active and Young Jamuna floodplains 
are near-ncutral in reaction in all layers and have 
relatively low organic matter contents. Soils on the 
Oloer Jamuna and Old Brahmaputra floodplains 
have moderately to strongly acid topsoils, indicat­
ing that contributions of neutral-to-alkaline river 
sediments must be negligible. These older soils also 
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have more organic matter in their topsoils than is 

present in young soils. The thickness of clay 

material and the depth of acidification and organic 
matter accumulation in these profiles suggest that 

they have received fine material washed out of 
"old" topsoils on adjoining higher land. The fact 

that radiocesium is confined to the cultivated 

topsoil layer of these older soils indicates that the 

rate of accumulation of materials by lateral flow 

into basin sites must be very slow (<2-3 mm/yr). 

The two profiles from basin sites on the Older 
Jamuna and Old Brahmaputra floodplains have less 

clay in their surface layer than in the subsoil. This 

phenomenon is attributable to clay destruction in 

the topsoil under conditions of seasonally alternat-
ing reduction and oxidation sustained over a long 

period (see Appendix I). On older floodplain land, 
this process apparently proceeds more quickly than 
clay sediment deposition, whether such clay is 

derived from rivers or from lateral wash. 

Soil age. The soil profile characteristics described 
above, together with the evidence from the cesium 
and sediment collection studies described in Chap-
ter 4, indicate that the deposition of sediments from 
river water occurs to a significant extent only in a 
narrow belt on active and young river floodplains 
(and, presumably, on narrow strips of such land 
along distributary river channels crossing older 
floodplains). The greater part of the Jamuna and 
Old Brahinaputra floodplains apparently has not 
received significant amounts of new sediment 
during the past 40 years, except during major river 
floods (especially in 1974 and 1988). 

It seems probable, on the evidence of soil profile 
characteristics,,that the Old Brahmaputra floodplain 
in the study area has not received a regular input of 
sediment since the Brahmaputra River shifted to its 
Jamuna course about two centuries ago. In view of 
the distance between these areas and the Old Brah-
rnaputra channel, it is also probable that they did 

not receive new river sediments for several centu-
rics before that time. The most significant sedimen-
ttio1n process on older floodplain land apparently 
is the redistribution of finer materials from higher 
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land towards lower land, which is attributable 'o 

surface runoff when the ridge soils are exposed to 

heavy rainfall. The additions of sediment .eceived 
in occasional high floods are comparatively small 

and insufficient to offset the process of clay de­
struction in these soils. 

Indicatorsof recent sedimentation. The findings 

described above indicate that topsoil reaction is the 

most consistent parameter that could be used to 

indicate whether or not floodplain soils are receiv­
ing significant amounts of new river alluvium. Soils 

in the study area that do receive regular increments 

of new sediment, or that have done so within the 

recent past (possibly < 100 years), are near-neutral 
to alkaline in reaction in all layers. Older soils, 

which are not receiving significant amounts of new 

alluvium, have a lower pH in the topsoil than in 
subsoil layers. 

Taking into account information from other 

floodplain areas of Bangladesh, the important 
distinction lies in the difference between topsoil 
and subsoil reaction rather than in the absolute 
reaction value. On the Ganges floodplain, for 
instance, where new alluvium is calcareous and 
has pH values around 8.0-8.4, topsoils remain 
neutral to alkaline in reaction until some time 
after the lime has been leached. On this flood­
plain, therefore, the partial or total loss of lime 
from the topsoil relative to the subsoil can be 
used as an indicator that sedimentation has 
become insignificant. (An exception to this 
characteristic is known to occur in some ridge 
soils on old parts of the Ganges floodplain, 
where soil mixing by ants and other soil fauna 

constantly brings calcareous material to the 
surface from lower layers. However, these soils 
are rarely if ever flooded, and adjoining lower 
soils that are seasonally flooded have neutral or 
acid topsoils overlying alkaline and calcareous 
lower layers.) 

Soil color is not a wholly reliable indicator of soil 
age. Although young floodplain soils generally have 
paler gray topsoils and lower organic matter contents 
than old floodplain soils on equivalent topographical 
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sites, exceptions are known to occur. For example, 
some Young Jamuna floodplain soils can appear dark 
gray when wet or moist (though they become mid-
gray when dry); and some Old Brahmaputra flood-
plain ridge soils lack dark gray topsoils and have 
lower organic matter contents than sonic depression 
soils on the Jamuna floodplains. In general, however, 
the combination of dark gray color and strong acidity 
in topsoils is a good indicator that they are old and 
unaffected by recent additions of river sediment 
(though an exception to this occurs in some tidal 
floodplain areas where acid sulphate soils occur); and 
the color of subsoil coatings (gray in young soils; and 
dark gray in old soils) is another good indicator. 

5.2.2 	 Soil Fertility 

The contribution of new river sediments to soil fertility 
can be approached in two ways: by a nutrient-balance 
method that compares the quantity of nutrients added 
in sediment with the quantity of nutrients extracted by 
crops growing on the site; and by comparing the 
nutrient status of soils at different distances from the 
river source and that, on the basis of this study, proba-
bly receive different amounts of sediments. 

Nutrientsin sediments. Table 5.3 shows the assumed 
levels of nutrient offtake by crops grown in the two 
study blocks, as described in Section 3.1.9. The 
balance between nutrients added in sediments and 
fertilizers and the assumed offtake by crops, for six 
sites where sediment samples were collected in 1994, 
was calculated and presented in Table 5.4. For com­
parison, data are included for two sites where no 
sediment was deposited. Tables IV. la and IV. lb in 
Appendix IV show the physical characteristics of tie 
sampling sites and crops grown on them. 

At tie sites receiving sediment, the figures in Table 5.4 
imply positive nutrient balances for nitrogen, phospho-
rus, and sulphur and a negative balances for potassium 
at al! except site 24, where 30 cm of sediment were 
deposited in 1994. However, the implications of this 
exercise and the figures shown in Table 5.4 are at best 
indicative and should be treated with extreme caution 
for a number of reasons. 

Table 5.3 Assumed Levels of Nutrient 
Uptake by Crops 

Nutrient 
Yield Uptake 

Crop T/ha T/ha 

S-ARISHABARI 
Boro (HYV) 5.9 0.267 
Wheat 2.8 0.193 

1'. Aman (L) 2.3 0.110 
Jute 	 2.2 0.223 

Millet (kaon) 0.8 0.850 
Mustard 	 1.1 0.790 

Sesamurn 0.5 0.570
 
KALIHATI
 

Mixed Aus & Aman 2.8 0.140 

B.Aus 	 2.2 0.102 

Wheat 	 2.2 0.151 

Jute 	 2.5 0.251 

T. Aman (L) 2.4 0.143
 

Boro (-IYV) 5.9 0.269
 

Mustard 	 1.4 0.100 
B.Aus 2.7 0.136
 

Black gram 1.3 0.089
 

Source: BARC (see Section 3.1.9) 

(a) 	 Only one site (24) recorded a significant 
amount of sediment. 

(b) 	 Correlations between nutrient levels deter­
mined by laboratory analysis and crop perfor­
mance or response to fertilizer applications in 
the field usually are weak or non-existent. 

(c) 	 Sediments deposited in 1994 were on flooded 
lands and subject to considerable chemical 
changes between their aerated and submerged 
conditions, as was described in Chapter 2. 
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Table 5.4 Relative Contributions of River Sediment Deposits to Soil Nutrient Status 

Sediment Nutrients (kg/ha) 
Thickness 

Sample No. Source (cm) N P K S 

21 Sediment 0 0 0 0 0 

Fertilizer -40 41 31 0 

Crop off-take 144 34 184 22 

Balance -104 +7 -153 -22 

24 Sediment 30 869 401 130 1270 

Fertilizer 24 0 0 0 

Crop off-take 92 20 126 13 

Balance +801 +381 +4 + 1257 

25 Sediment 0.02 782 98 61 186 

Fertilizer 42 0 0 0 

Crop off-take 135 33 207 18 

Balance +689 +65 -146 +168 

26 Sediment 0.01 693 93 65 293 

Fertilizer 66 27 12 4 

Crop off-take 134 24 178 19 

Balance +625 +96 -101 +278 

7 Sediment Trace 194 73 12 119 

Fertilizer 42 24 4 0 

Crop off-take 137 22 116 16 

Balance +99 +75 -100 +103 

8 Sediment Trace 552 138 60 253 

Fertilizer 78 15 8 2 

Crop off-take 169 42 256 24 

Balance +461 +111 -188 +231 

12 Sediment 0 0 0 0 0 

Fertilizer 66 26 19 0 

Crop off-take 143 25 182 20 

Balance -77 + 1 -163 -20 

3 Sediment Trace 304 58 21 312 

Fertilizer 57 18 4 0 

Crop off-take 169 25 182 20 

Balance +192 +51 -157 +292 
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(d) 	 If sediments were providing the large 
amounts of nitrogen and phosphorus indi-
cated, farmers would not need to apply 
fertilizers at these sites. 

(c) 	 The large negative balances for potassium 
and large positive balances for sulphur 
appear contrary to research findings and to 
farmers' experience. Potassium fertilizer 
requirements are rarely found to be more 
than a fraction of the levels suggested by 
tie "deficiencies" indicated. On the other 
hand, sulphur has been found to be defi­
cient over large parts of the country. 

(f) 	 The nutrient contents in the sediment sam­
pies seem to bear little relation to the nutri-
ent levels measured in topsoil samples 
taken from the samle sites. Table 5.5 con-
pares nutrient levels in sediment and top-

soil samples from six of the sites included 
in Table 5.3. The much higher levels of 
organic 	matter, nitrogen, and sulphur in 
some sediment samples than in adjoining 
topsoils 	could possibly be due to differ­
ences in the proportion of the total sample 
that algal residues on the surface contrib­
uted to 	 the very thin sediment deposits 
relative 	 to topsoil samples 10 cm thick. 
This possibility deserves investigation in 
f'ture studies of this kind. 

This finding is discussed further in Section 6.3. 

Soil nutrient status. Comparison of the laboratory 
data for the soil profiles from different physio­
graphic units indicates that soil nutrient status is not 
directly linked with sedimentation. Soils on the 

Table 5.5 Comparison Between Selected Nutrient Levels in Sediment Samples and Adjoining 
Topsoil Samples 

Nutrient 

OM Ca Mg K Ni I) S 

Site No. Source JAI % meq/100 gi ;ig/ml 

24 Sediment 6.9 0.2 4.2 1.3 0.1 13 6 19 

Topsoil 6.3 0.4 0.4 0.3 0.0 13 7 17 

25 Sediment 6.9 4.6 7.9 1.9 0.3 162 17 45 

Topsoil 6.8 0.4 4.6 0.8 0.1 27 15 10 

26 Sediment 7.0 5.2 7.9 1.9 0.5 187 21 89 

Topsoil 6.9 0.4 5.0 1.6 0.1 33 1I 20 

7 Sediment 7.4 4.5 7.9 1.7 0.3 173 65 106 

Topsoil 7.1 0.9 7.1 2.1 0.1 27 8 12 

8 Sediment 6.8 0.9 7.6 2.2 0.2 72 18 33
 

Topsoil 6.8 1.0 8.0 3.4 0.1 31 16 2
 

3 Sediment 7,3 3.8 6.5 1.6 0.2 115 22 118
 

Topsoil 7.2 0.8 7.0 2.3 0.1 58 15 2
 

Note: Sediment samples were from cloth (site 21) and tie average of cloth and mat (sites 25 & 26).
 
Sediment samples for sites 7, 8, and 3 were from traps.
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Active and Young Jamuna floodplains, which have 
received recent increments of nCw alluvium, do not 
have higher nutrient contents than soils on the older 
floodplains that apparently have not received such 
sediments. In fact, contents of important plant 
nutrients such as calcium, magnesium, nitrogen, 
phosphorus, and sulphur in the topsoils of the 
active floodplain soils, which receive most sedi-
ment, are lower than those in the older soils, which 
receive little or none. Similarly, young, unleached 
soils do not necessarily have higher nutrient con-
tents than older soils with acid topsoils. 

The higher nutrient status of soils oi the older 
floodplains probably is linked to their higher 
contents of clay and/or organic matter: more 
nitrogen and sulphur with higher organic matter 
contents; more exchangeable cations with ligher 
clay and organic matter contents. The higher iron 
and manganese levels in profile 12 probably reflect 
both the high content of organic matter and the 
acidity in this soil. 

The possible contributions of blue-green algae 
(BGA) to floodplain soil fertility were not assessed 
by this study. As was discussed in Chapter 1, BGA 
activity probably is greater in clear water than in 
silty waler. In the study area, therefore, the contri-
bution of nitrogen by BGA probably is greater ill 
older floodplain areas flooded by clear water than 
it is in Active and Young Jamuna floodplain areas 
where floodwater is clouded by silt. 

Moderately and deeply flooded land on stable 
floodplain areas also has more vegetation-both 
crops and weeds (including aquatic weeds)-than 
active floodplain land. This provides more resi-
dues, which in turn provide more soil organic 
matter. Over time, this builds up to an equilibrium 
level for the local environment: least on active 
foodplains; more on young floodplains (and more 
in depressions than oil ridges); most in old flood-
plain basins. The highest amounts of organic matter 
are found in some perennially wet old floodplain 
basins outside the study area. Peaty topsoils occur 
in parts of the Sylhet Basin; and thick peat and 
muck deposits are found in the Gopalganj-Khulna 

FAP 19/FAP 16 

Bee/s. These peaty materials, it may be noted, are 
not rich in nutrients and are potentially strongly 
acid if drained and oxidized. Their occurrence 
indicates that the amounts of river sediments 
reaching such basins is very small indeed. 

5.3 Sediment Balance Estimates 

This study estimated overall floodplain sedimenta­
tion based on sediment transport measurements 
made by the Bangladesh Water Development Board 
(Appendix V). This was done by defining a fluvial 
system comprising the three major rivers, the 
Jamuna, Ganges, and Padma (see Figure V.1, 
Appendix V). The system also includes the Dhal­
eswari and Gorai rivers, which are distributaries of 
the Jamuna and the Ganges, respectively. The 
inflow boundaries of the system are at Bahadurabad 
on the Jamuna River and at Hardinge Bridge on the 
Ganges. The outflow boundaries are at Baruria on 
the Padma, at Kushtia on the Gorai River and at 
Jagir and Taraghat oil the Dhaleswari. The sedi­
ment transport data cover the period 1966-1992 
(details of data quality and data analysis methods 
are described in Appendix V). Due to the difficulty 
of gauging sedimentation in such a vast river 
network, the limited resources deployed to do so, 
and the significant amount of missing information, 
the estimates presented must be considered very 
general and indicative. Despite such limitations, 
data from different periods are consistent. 

Mean annual sediment transport estimates through 
the Jamuna River at Bahadlurabad range from 387 
million tons (MPO 1987) to 650 million tons 
(Hlossain 1992). In the Ganges River at Hardinge 
Bridge, the estimates range from 196 million tons 
(CBJET 1991) to 549 million tons (RSP 1994). The 
export estimates out of the system range from 563 
million tons (MPO 1987) to 894 million tons (RSP 
1994). These estimates cover the entire amount of 
suspended sediment transport from clay to sand. 
Figure V.7 (Appendix V), which shows the sedi­
ment balance based on different size fractions, 
indicates that about 6 inillion tons of sand remains 
within the fluvial system; the silt-clay fraction 
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Table 5.6 GIS Model Estimates of Sediment Deposition with Distance From Sources 

0-0.1 

Sediment, metric tons 14,918,044 
(% of total) (51) 

Area, ha 16,135 
(% of total) (7) 

Tons/ha 925 

Deposition Thickness (cm) 6.17 

remaining within the system is about 169 million 
tons. "l'ogether, these figures represent about 15 
percent of the total scdiment input. This amount 
remaining within the tLuvial system can be trans-
lated into overall sedimentation rates in th- flood-
plain. An estimate based on GIS mapping and 
analysis by FAP 19 indicates that an area of 
6,500 km2 to 10, 148 kni is anntally inundated, 
according to two boundary determination methods. 
The sequestered am1OuInt of sediment therefore 
accounts for an annual average sedimentation rate 
of from 7.5 to 11.5 mim/yr. It is recognized that 
there is a great degree of spatial and temporal 
variability in the sedimentation process. 

5.4 	 GIS Modelling of Floodplaini 
Sedinieitationi 

Riverine sediments are primarily deposited by two 
distinct processes-lateral deposition from migration 
of the river channel, and vertical accretion from 
overbank flooding (see Section 1.2. 1). It is the latter 
mechanism that this study sought to model. 

The floodplain itself can be divided into two distinct 
active sedimentation zones identified by their deposi-
tional mechanisms and their proximity to sediment 
sources: the natural levee and floodplain/backswanp. 
A natural levee is formed when floodwaters spill 
over a riverbank and deposit a higher proportion of 
zelatively coarSe sediments, creating a splayed 
landform adjacent to the riverbank. According to 
Allen (1970), the width of levees ranges from one-

Fhoodplaili Sedimentation St idy 

Distance 

0.1-0.2 0.2-0.5 > 0.5 Total 

5,994,269 
(21) 

3,637,459 
(12) 

4,714,464 
(16) 

29,264,236 

20,504 
(9) 

292 

31,876 
(14) 

114 

164,922 
(70) 

29 

233,437 

-

1.95 0.76 0.19 -

half to four times tilechannel width, and their eleva­
tion is between a few decimeters to as miuch as 
8 meters, depending on river size and sediment load. 
This landform usually is higher in elevation than 
adjacent floodplain/backswamp areas, which are 
characterized by low flow velocities and are season­
ally drained. In these areas, vertical accretion depos­
its
mostly fine sediments. The prczesses in these two 
zones have been simulated in the GIS model using a 
distance function for the natural levees and 
physiography-based minimum annual deposition 
rates for floodplain/backswamp areas. 

The deposition rate predicted by the model is very 
high immediately adjacent to the source of sedi­
ment, as dictated by the distance function, and then 
drops off rapidly. The high rates adjacent to the 
river in the model simulate deposits of coarser 
sediments that are rapidly deposited as natural 
levees. The slower depostion of finer sediments 
throughout the period of inundation is represented 
by the threshold rates associated \vith different 
physiography. The GIS sedimentation model output 
shown in Figure 4.6 displays linear bands of 
decreasing sedimentation rate categories that 
parallel the river channels, simulating this process. 
The high sedimentation rates adjacent to the 
sources are responsible for the bulk of the s';di­
ment, which is deposited in a small proportion of 
the total area within the natural levee zone (Figure 
4.7). Table 5.6 shows the GIS model estimates of 
total annual sediment deposits for various (d'stances 
from the sediment source. About half of the total 
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sediment is deposited in a relatively small area 
within 100 meters of the sources and 84 percent is 
deposited within 500 meters of the sources. The 
remaining 16 percent of the sediment is distributed 
over some 70 percent of the floodplain area. 

5.4.1 	 Comparison of GIS 1\Iodel 
Results with Sediment Balance 
Estimates 

The sediment budget for (he .aiuna-Ganges-ladma 
river system isexamined indetail in Appendix V. The 
assessment, based on CIUEl and River Survey Project 
data, estimates that some 76 million in' of coarse 
sediments and 117 million in' of fine suspended 
sediments are unaccounted for in the river system and 
presumably deposited annually on die associated flood-
plains or riverbeds. "[he floodplain area associated with 
this fluvial system, as derived from GIS analyses of 
data on physi ographic units, river catchiment bOUnd-
aries, and topographical and infrastructural informa-
tion, was estimated to be some 10,148 ki 2. This 
translates to average depths of 7.5 and 11.5 mm/yr 
(Table V.2, Appendix V). These values compare 
favorably with the 7.6 nimi/yr predicted by the GIS 
model for the study area of this project, which encore-
passes a generally representative area of sonie 2,554 
kmil 2 within the larger fluvial system. 

5.4.2 	 Comparison of (IS Model 
Results with Field Data 

In this section, GIS modelling results are compared 
with field data collected as part of this project, 
including data compiled from sediment collection 

devices, and sedimentation rates as reported by 
farmers and the 37Cs analysis results. The field'
data were not collected systematically, and each 
data point represents conditions at isolated points 
on tle floodplain; it is therefore likely that averages 
from these data are not representative. The GIS 
model results, on the other hand, summarize all 
conditions, including relatively high depositional 
areas adjacent to sediment sources and areas re­
ceiving relatively low amounts of sediment such as 
floodplain backswamps. 

Comparison of the mean annual sediment depth 
generated by the GIS model with the data compiled 
from sedimient collection devices in the field is 
difficult because the relatively dry monsoon season 
of 1994 failed to inundate most of the sediment 
sampling sites. Regardless, some sample sites in 
both study blocks yielded sediment data. The bulk 
of these registered a sediment depth of 2 mm or 
less. This is consistent with results of the GIS 
model for areas 0.8 km or more from sediment 
sources, which was the case for most of the sam­
pies. The main exception was a sample within 
100 meters of a river tl,:,t received a total of 30 cm 
of sediment during the monsoon season, consisting 
mostly of coarse fractions. 

Averages of mean sedimentation rates reported by 
farmers at the field sampling sites (Table 5.7) 
disagree with the GIS model results ('fable 4.6) 
for the various physiographic units. The average 
value reported by farmers for the Active Jamuna 
sites was 14 cm/yr, which is more than an order 
of magnitude greater than the 1. 15 cm/yr pre-

Table 5.7 Estimated Annual Sedimentation Rates (cma) 

Floodplain Region GIS Model Farmer Reports '3'Cs Analysis 

Active Jamnia 1.15 14 1.32 

Young Jaimumi 0.81 2.1 1.24 

Old Jamuna 0.71 0.1 0.29 

Old lBrahiaputra 0.67 0 0.15 
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dicted by the model for this physiographic unit. 
The 2. 1 cm/yr value for tile Young Jamuna flood­
plain is also more than twice that predicted by the 
GIS model (0.81 cm/yr). The Oider Januna flood-
plain is reported to receive 0. 1 cm/yr of sediment, 
which is well below the GIS model prediction 
(0.71 cmn/yr). lowever, farniers reported an 
absence of sedincnt deposition in the Old Brah-
napttra floodplain, again short of the GIS model 

prediction (0.67 cm/yr). Altough this report is 
based on only three surveys, their report of no 
sediment deposition is consistent with the I im/yr 
rate assuled by the irod 'ifor areas distant from 
the sediment sources ( > 1.5 kin). This conclsion 
is based on tile assumpltion thIt a 1 run accunulIa-
tion minight go unnoticed by farmers. 

Altiough the GIS model is based partly on results 
of Cs analysis, it is nevertheless useful to con­
pare gross results of the two methods. Average 
selimentation rates froma Cs analysis of field 
samples (Table 5. 1) shows Active and Young 
Jarmuna floodplain sample sites were 1.32 and 
1.24 cni/yr, comared with 1.15 and 0.81 cm/yr 
from the GIS model (Table 4.6). The Old tarunna 
and Old Brahnmaputra floodplain average values 
differ significantly: 0.29 and 0.15 for the Cs 
analysis, and 0.71 and 0.67 cm/yr for the GIS 
model, respectivley. One might expect more 
agreement since the GIS model is based on a 
sou rce-distarIce fuInction derived from the Cs 
samples (Figure 3.15). 1 lowever, tie function is 
not based on a proportionate amount of samples 
from each pllysiographic unit, and only tile 
Young Jarnuna samples are evenly distributed 
about the curve. This suggests the need for a 
more extensive aid systematic field sampling 
strategy to refine tile source-distance function 
used in the model; an increase in the unliber of 
Cs samples, and an even distribution with respect 
to physiograplhic unit and distance, would yield a 
more finely calibrated function. Stratirication of 
results based on flo,)dplain geomorphic features 
such as levee zones versus backswarnps, in 
addition to physiographic units, also would 
produce more appropriate comparisons, 

Floodpl in Sedinentalion Study 

5.5 	 Synthesis of Results 

The findings of this study provide important new 
information on the rate and location of sedimenta­
tion on the Jamuna floodplain. This has allowed the 
construction and testing ofa first approxination of 
a floodplain sedimentation model, as described in 
Section 3.4. Two matters remain to be discussed: 
to what extent can the model be applied to other 
floodplain regions of the country? and what lessons 
were learned that can be used to improve the 
dlesign of future studies'? These questions are 
addressed below under three headings: sedimenta­
tion, soil fertility, and techniques. Chapter 6 
presents tl recommendations arising from this 
assessment. 

5.5.1 	 Sedimentation 

The findings show that in the study area: 

(a) 	 Most sediment is deposited close to the 
active river channels and amounts decrease 
progressively with distance from those 
channels. 

(b) 	 Average rates of sediment deposition 
correlate with the geomorphic ages of 
floodplain identified by earlier soil sur­
veys. In general, the greater the floodplain 
age, the lesser the amount of new seditnen­
tation. 

(c) 	 Sedimentation rates are not uniform within 
these physiographic units. Measured aver­
age rates were lower in the Sharishabari 
block than in the downstream Kalihati 
block. Within each block, considerable 
local variations ocur in the amounts de­
posited because of the irregular occurrence 
of distributary channels and spill deposits. 

(d) 	 Although there has been a flood embank­
ment on the Jamuna left bank aongside the 
study area for varying periods up to about 25 
years, river sediment continues to enter the 
floodplain in high-flood years. This happens 
when the embankment is breached (mainly 

upstream of the study area), along khals 
linking floodplain basins with distributary 
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rivers, and possibly at times when regulators 
or sluices in the embankment are opened at 

farmers' request to let water onto the land 

during tile flood season. 

The extent to which these findings can be extrapo-

lated to other areas is discussed below: first for tile 

study area; then for other parts of the Jamuna 

floodplain; and finally for the country's floodplain 

area as a whole. 

Study afrea. Sampling was not done on a statistical 

basis. Because the study was exploratory in nature, 

a disproportionate number of samples was taken 

from sites on Young and Older Jamullna floodpla ills 

where recent spill deposits were visible in tile 

landscape. Fewer samples were taken from the 

Active Jamuna and Old Bralmapura floodplains. 

For these reasons, average sedimentation rates may 

have been overestimated for some physiographic 

units and underestimated for others. The fact that 

1994 was an exceptionally low flood year in the 

Jamuna and that it was impossible to obtain deep 

core samples (see Section 3.1.4) may have contrib-

uted to an underestimation of active floodplain 

sedimentation rates. Moreover, the techniques used 

did not permit making a distinction between sedi-

ment derived directly from river floods and sedi-

ment washed into depressions by local runoff. 

Recommendations regarding interpretation of the 

study area findings are made in Section 6.3. 

Jamuna floodplain. The proportions of tile four 

physiographic units in tile study -area--Active, 
Young, and Older Jamuna floodplain, and Old Brah­

ilaputra floodplain-cliange front north to South 

across the area. As Figure 3. 10 illustrates, in 

east-west cross-sections between the Janila River 

and the Madhupur Tract, the proportion of Young 

JaIlllula floodplain land illcreases soutllward at tile 

expense of Active and Older Jamuia floodplain, and 

Extrapolating the study area findings to the south­

ern half of the Jamuna floodplain is difficult 

because there are important differences between 

the two parts of the floodplain. In the first place, 
the Older Jamuna floodplain was not specifically 

recognized in the Dhaka district soil survey 

(SRDI 1967c). Ilowever, the survey did consider 

an area of slightly calcareous soils near Manik­

ganj to have developed in mixed Atrai, Ganges, 
and pre-Jamuna sediments deposited before the 

Jamuna invaded the region. Some "windows" of 

old basin clays mapped within the Jamnuna flood­

plain east of Manikganj were also identified as 

pre-Jamuna deposits. 

Second, the northern an( southern parts differ in 

river and flooding characteristics. Tihe Jamuna 

floodplain is much wider in tie south than it is in 

the study area, there is a greater proportion of 

deeply flooded land, and the rivers are mainly 

unembanked. Flooding directly from the Jamuna 

apparently is much less important than flooding 

from the Dhaleswari-Kaliganga distributary (and 

distributaries of that river) and by runoff from the 

Older Jaluna ard Old Brahmaputra floodplains to 

tile north (which probably comprises varying 

proportions of river water and rainwater from year 

to year according to differences in rainfall, Jamuia 

river levels, and whether Jamuna emb.nkments are 

breached or not). River levels and overland flow in 

this area call also be influenced by adjoining or 

downstream water levels at the Ganges-Jamuila 
confluence, in Arial Beel, and in tile Padma and 

Lower Meghna rivers, which can vary independ­

ently of levels in the Jamuna. 

A third difference is in river dynamics. Tie 

Dhaleswari only shifted into its present Kaliganga 

clamiel in 1941. Since that time, tile old channel has 

almost silted up. Even the Dhaleswari-Kaliganga 
channel itself has silted up considerably within the 

past 30 years, as is indicated by river discharge 
tainedOld Bralilaputra floodplain. On the remainder of tile 	readings. Rivers intie north appear to have r, 

iore stable courses in recent times, although all offloodplain soutl of the study area, tile proportion of 

Young Jamuna floodplain increases further and the 	 themn (including the northern intake of the Diales­

wari) appear to have silted up significantly inthe pastOld Brahnlmputra floodplain disappears. 
30 years. 
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Recommendations regarding tile extrapolation of 
study area findings to the Jamuna floodplain as a 
whole are given in Section 6.3. 

01herfloodplains. Each of the 23 floodplain physio-
graphic units shown in Figure 2. 1 has its own flood-
ing and sedimentation characteristics (FAO 1988, 
Brammer 1995a). The Jainuna floodplain differs 
from other floodplains illa number of respects. 

(a) 	 Jaulllna River discharge and sediment 
contents are significantly greater than in 
the Ganges and in the Meghna upstream of 
its confluence with tie Padma. 

(b) 	 Almost the entire overland spill from the 
Jamuna is oi me side (the lcft bank). On 
the river's right bank, overland flow either 
is towards the i iver, on the Teesta flood-
plain, or is parilId to it, on the Karatoya-
Ilangali floodplain. (Hlowever, this situa-
tion could clanI ge in tilefinn iC if tile Jam1u-
na were to make its threatened break-
through into the Bangali channel.) 

(c) 	 The .Iamu na floodplain is in a highly dy-
namic state. Since the lBralmnaputra moved 
into its JanMa channel about 200 years 
ago, Ihena i and Jwnuna sediments have 
progressively buried an older landscape, a 
process that apparently continues in the 
southern half of tile Jamuna floodplain, 
(This infilling applies mainly to the Active 
and Young Jamuna floodplains. The Old 
Brahinapltra floodplain, ail( probably the 
Older Jamuna floodplain as well, predate 
the shift illthe Brahmaputra course.) 

Only the ex:1emc eastern part of ihe Ganges 
river floodplain, where the Ganges River 
shifted from its former Arial Khan channel 
into its present Padina channel about 150 
years ago, appears to be as dynamic as the 
Active and Young Jalullna floodplains. 

Although the Teesta shifted from the Atrai 
into its present channel about the same time 
as tile Bralmaputra shifted into its Jainuna 
channel, soil surveys on the 'Feesta flood-
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plain do not indicate a similar proporzion of 
active and young floodplain land to that 

existing on the Jamuna floodplain. However, 
the situation on this floodplain is complicated 
by the large-scale liquefaction and ejection 
of sediments that occurred in its eastern part 
in the 1897 earthquake (Khan 1977). 

Rivers and floodplain areas elsewhere in 
the country apparently have been stable for 
several centuries. 

(d) 	 Flood regimes are significantly different 
between young river floodplains (such as 
that of the Jamuna), old river floodplains 
(such as that of tile Old Brahmaputra and 
most of the Ganges floodplain), piedmont 
plains at the foot of hills, the old Meghna 
estuarine floodplain, the young Meghna 
estuarine floodplain, and the Ganges tidal 
floodplain. Significant differences also 
occur within these broad units. 

(e) 	 Brahmapu!ra-Jamuna River sediments have 
higher mica content than those of Meghna 
tributaries, and they have much lower 
montmorillonite clay contents than Ganges 
sediments. These mineralogical differences 
may introduce significant differences in the 
suspended sediment loads of these rivers 
and the extent to which sediments are 
dispersed over adjoining floodplains. 

(f) 	 Floodplain reg;ons differ in tile dates when 
flood embankments were constructed and 
the extent to which the embankments (and 
other infrastructure) have interfered with 
natural flooding and sedimentation. 

These differences make it difficult to extrapolate 
the study findings beyond ihe Jamuna floodplain, 
except in a broad sense. Section 6.3 makes 
recommendations for conducting field studies on 
other floodplains. 

5.5.2 	 Soil Fertility 

The study findings regarding the supposed nutri­
tiona! benefits of river sediments show that, in the 
study area: 
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(a) 	 Most Jamuna floodplain areds, including 
parts of the active floodplain, received no 
measurable sediment deposits during the 
exceptionally low 1994 ilood. 

(b) 	 Many parts of the Older Jamuna and Old 
Bralimaputra floodplains receive river 
sediment deposits only in years with high 
river floods, such as in 1988; 

(c) 	 The low and intermittent rate of sediment 
deposition within the mainland part of the 
study area may (in part at least) be due to 
the coistruction of flood embankments on 
the east bank of the Jamna within the past 
25 years. 

(d) 	 The small amount ')f sediment deposited on 
all but one of the sampling sites receiving 
sedinments in 1994 may have yielded unre 
presentative figures for organic matter and 
associated nutrient contents, as discussed in 
Section 5.2.2. 

(e) 	 Little relationship apparently exists be-
tween nutrient levels determined by labora-
tory analysis and soil fertility status as 
indicated by farmers' fertilizer practices. 

(1) 	 Soil nutrient levels determined by labora-
tory analysis generally are lower in young 
soils, which receive periodic increments of 
river sediments, than in older soils, which 
receive little or none. 

The extent to which these findings can be extrapo­
lated to other floodplain areas is uncertain. Much 
of what was presented above about extrapolating 
the study's sedimentation findings applies equally 
to the soil fertility findings: i.e., important environ-
mental differences exist between the north and 
south of the Ja muina floodplain; and physical and 
hydrological conditions differ between each of 
Bangladesh's 23 main f oodplain physiographic 
regions (Figure 2. 1). Among the important differ-
ences between these regions are variations in the 
mineralogy of river sediments (described in Chap-
ter I and Appendix I); and possibly, also, regional 
and intraregional differences in the contributions to 
soil fertility made by blue-green algae and by other 
soil and aquatic flora and fauna (discussed in 
Chapter I and Section 5.2.2). 

FAP 19/FAP 16 

For these reasons, it would be unsafe to extrapolate 
the study's findings about the nutrient status of new 
sediments and soils in the study blocks to other areas 
wimout confirmatory studies in those areas or e­

gions. These limitations are in aiddition to those 
described in Section 5.2.2 regaroing the uncertain 
relationship between soil nutrient contents deter­
mined by laboratory analysis and soil fertility as 
reflected in plant growth, crop yields, and responses 
to fertilizer applications. Section 6.3 makes recom­
mendations on this issue for future sLudies. 

5.5.3 	 Techniques 

Because of the lack of previous experience with 
sampling sediment deposition on the floodplains of 
Bangladesh, several sampling methods were tried 
and tested, as described in Section 3.1.4. Unfortu­
nately, the year of testing (1994) was an exception­
ally low-flood year and the majority of sites origi­
nally selected for sampling were not flooded. 
Among other things, this meant that it was not 
possible to compare amounts of sediments 
deposited on cloths/mats with those collected in 
traps. This limitation was overcome to some extent 
by sampling six substitute sites as floodwater 
spread onto low-lying land in the Kalihati block. 
Nonetheless, the study gained valuable experience 
with sampling techniques, which can be used to 
improve sampling in future studies. 

Important lessons learned about sampling tech­
niques from the 1994 study included: 

(a) 	 Soil survey reports provide a useful guide to 
geomorphic units within which sampling 
sites can be selected, hut soil inaps may need 
to be updated in active and young floodplain 
areas where rapid landform and soil changes 
have taken place since the time of survey. 
Changes in flood and flooding characteristics 
due to the implementation of flood control, 
drainage, and irrigation projects may also 
need to be taken into account. 

(b) 	 Employing a local person to guard and 
monitor sampling sites provided adequate 
security. 
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(c) 	 Cloths, mats, and traps proved to be satis-
factory sediment collection methods, Out 
measuring the thickness of sediment depos-
ited on a marker layer of brick dust did 
not, at least where the amount of sediment 
deposited was small, 

(d) 	 Laboratory analysis of sediment and soil 

samples is not a reliable means of deter­
mining the nutrient value of sedimentation 
and flooding. 

Chapter 6 makes recommendations to improve the 
design of future floodplain sedimentation studies. 
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Chapter 6 

RECOMMENDATIONS
 

6.1 	 Comparison of Bangladesh's 

Floodplains with Other Systems 


The development and evolution of Bangladesh's 
floodplains have similarities and differences with 
other riverine floodplains around tile world. file 
comparisons that can be made are of three types: 
the nature of the floods, the characteristics of the 
floodplain, and tie nature and magnitude of human 
alteration to the system. 

Nature of floods. Like other river systems with 
large catchments, tie Ganges-Brahmaputra system 
produces a regular, seasonal flood at a predictable 
time. With the exception of a few catchment basins 
having two wet seasons (e.g., the Congo River), all 
such systems have a single annual flood. Such 
regular floodplain inundation simplifies modelling. 
Small river systems, particularly those draining 
h;PIh mountain areas, are characterized by irregu-
lar, catastrophic floods that may cause rapid depo-
sition of coarse material or denudation of the 
floodplain surface (Nanson 1986). In Bangladesh, 
rising floodwater inundates the floodplain at the 
same time (June-September monsoon season) that 
local precipitation is flooding low areas of the 
floodplain with rainwater. This is characteristic of 
all South Asian rivers influenced by the southwest 
monsoon; but in other regions, local seasonal 
flooding may be absent or occur at other times of 
the year. 

The Ganges-Brahmaputra flooding exhibits another 
characteristic of major rivers: maximum cediment 
discharge may precede maximum water discharge 
by up to 1-2 months (!.han and Barua 1995). Thi, 

effect has been attributed to offset tributary inputs 
or time lags related to the storage and depletion of 
sediment supply stored on channel beds and river­
banks during low-water periods (Meade in prep.). 
Therefore, sediment concentrations are reduced 
during tile most likely period of overbank transport 
(maximum flood level). 

File character of sediments carried onto the flood­
plain is strongly overprinted by tie individual 
characteristics of the drainage hasin. Both the 
Ganges and the Brahmaptitra-Jamuna originate in 
high mountain catchments characterized by rapid 
erosion and physical weathering. Relative to other 
lowland rivers, the rivers of Bangladesh carry a 
less chemically altered regime of clays (illites and 
smectites) onto thc floodplain, with greater poten­
tial soil fertnity. Coupled with that is the rapid 
breakdown of sediments into soils observed in the 
Bangladesh climate. This may be counterbalanced, 
in part, by the granulometr, of Ganges-Brah­
maputra sedimne s that decreases the quantity of 
this high-quality clay. The Brahmaputra-Jamuna, in 
particular, carries a silt-rich sediment load relative 
to many other rivers. The high silt-to-clay ratio 
means the river is reatively deficient in clay 
minerals, which are the main source of cations for 
soil fertility. 

Nature of floodplains. Sedimentaion rates ob­
served by this study are on the same scale as those 
observed in other systems (see Table 1.2). Unfortu­
nately, little or no quantitative data are available 
for other South Asian rivers, the most relevant for 
comparison. In fact, it can be said with some 
assurance that the results of this study, when 
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combined with 30 years of soil studies in Bangla-
desh and the GIS infornation, provide as good a 
database onl floodplain sedimentation as is available 
for any large river in the world. 

The Brahmaputra-Jamuna, and Ganges rivers, and 
particularly the Jamuna, are distinguishable by 
extreme rates of lateral, iigration (up to 800 ni/yr for 
some reaches). This indicates that the average life 
span of a floodplain area is on the order of centuries 
before it is recycled by riverbank erosion. This 
compares with recycling rates of millennia or tells of 
millennia observed in more stable major rivers like 
the Amazon or Mississippi (Meade in prep.). This 
lateral recycling rate is complicated in Bangladesh by 
a trend of downstream aggradation. Both the Jamuna 
and the Ganges appear to be infilling the alluvial 
v'alley and progressively silting up downstream 
distributaries. On the Jamuna, the Dhaleswari has 
been silting up for the past 20-30 years, as distribu-
taries upstream seem to have done earlier. There are 
remnants of several earlier distributaries on the 
Ganges floodplain, of which only the Gorai remains 
open (though it is in decline): the -loogly is artifi-
cially maintained by the Earakka barrage. This 
progressive movemew" eastvard (Ganges) and 
southward (Jamuna) is burying older tidal and estua-
rine sediments. Progressive infilling is characteristic 
of river systems where there has been a major change 
in base level, caused by an increase in relative sea 
level from glacio-eustatic variations or regional 
subsidence. The relative impact of these two factors 
in Bangladesh is unknown. 

Overbank processes, on the other hand, resemble 
those observed elsewhere. Many rivers develop 
natural levees and crevasse splay deposits. Figure 
1.2 demonstrates that an exponential decrease in 
sedimentation rates and grain size also has been 
observed in other systems. One aspect that is fairly 
un;jue is the presence of distributaries, as opposed 
to the dendritic pattern of tributaries found in most 
large river systems. These distributaries on the 
Jamuna and the south bank of the Ganges serve to 
deliver sediment much farther onto the floodplain 
than is typical, and also to generate relief in these 
areas. 

FAt' 19/FAP 16 

Tectonic activity in Bangladesh may play a larger 
role in sedimentation processes than it does for 
rivers in more stable regions. Earthquakes, for 
example, can precipitate avulsions of the major 
rivers, as occurred in the 1780s, when the Brah­
maputra shifted to its ,urrent Jamuna channel. 
Equally important, but less well understood, is the 
effect of tectonic subsidence and basement uplift. 
Subsidence may slow the elevation rise of any 

floodplain area with continued sedimentation, 
resulting in greater sediment accommodation. In 
addition, differential regional subsidence may 
contribute to river channel migration. 

human alteration. The Ganges-Brahmaputra flood­
plains are intensively settled and farmed, and earlier 
sections have described the possible effect this has on 
sedimentation. However, river control is incomplete 
compared with many river systems. Floods such as 
occurred 1988 are a reminder of the incomplete 
control over the flow of water and sediment onto tlh, 
floodplains. On the Mississippi and Rhine rivers, for 
example, embankment control has reached a more 
complete stage. Flood control of the Nile was accom­
plished in the 1960s by construction of the Aswan 
High Dam. Both processes have been shown to exact 
environmental tolls in systems that normally receive 
significant sediment. In both the Mississippi and the 
Nile, the deltaic portion of the system is experiencing 
rapid land loss because subsidence is not counter­
acted by new sedimentation. The Nile also is experi­
encins, soil fertility loss on the floodplain because 
sediment input from annual floods has been denied. 

Several universal scientific problems relevant to the 
situation in Bangladesh and needing to be addressed 
can be identified from existing studies of river 
sedimentation. These include: 

Sediment budgets. For few systems is 
there a thorough understanding of the input 
and output balances of sediment and water 
in rivers and the adjacent ocean. Such an 
understanding would be invaluable for 
calculating the cycling of various particle­
reactive and dissolved nutrients, inorganic 
and organic compounds, and pollutants. 
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Large floods. Existing floodplain sedimen-
tation studies have not compiled a suffi-
cien: temporal database to determine tile 
relative effects major foods have on the 
system. 

* 	 Overbank flow models. Existing quanti-
tativc models of water and sediment trans-
port onto the floodplain are relatively 
crude compared to models of channel flow 
and lateral accretion. Several major pro­
cesses (e.g., down-gradient flow within the 
floodplain, hed-load transport, the effect of 
vegetation on bed roughness etc.) have not 
been addressed at all. 

" 	 Base-le'iel changes. What effect does a 
rising sea level have on seu..uent transport 
upstream, including flow onto the flood-
plain? Does subsidence (tectonic and sedi-
ment compaction) play a role in relative 
sea level rise? 

" 	 Planformn changes. flow does the river 
morphology planform affect overbank 
,,ow? Can these processcs be modelled? 

6.2 	 River Control, Sedimentation, and Soil 
Fertility 

Two 	study findings have important implications 
for floodplain soil fertility. One is that, except in 
excessive floods, the bulk of river sediments are 
deposited on. narrow strips along active river 
channels with substantially lesser amounts being 
deposited in young fhoodplains; most older flood-
plain land receive little or no new sediments. The 
other finding is ihat the soils receiving significant 
amounts of new sediment do not ,ppear to have 
higher nutrient.contents than soils where sedimen- 
tation is insignificant or absent. 

It must be emphasized again that due to the nature 
of this study, firm co,.clusions cannot be derive2d 
from these findings, however, it is believed that 
they are clearly supported by the body of data and 
observations. The findings have an important 
implication for the planning and operation of flood 
protection works. Such interventions apparently 
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would deprive only a proportion of protected areas 
from annual or frequent sediment d position; the 
reduction of sediment supply probably would be 
even less under the concept of controlled flooding 
that is currently advocated. Therefore, it does not 
appear that cutting off or reducing sediment sup­
plies alone would have a significant negative 
impact on soil fertility for most areas, at least in the 
short and medium terms. 

If, however, flood control works reduce the depth 
and duration of seasonal flooding on certain pro­
tected lands, then tie fertility benefit:, derived from 
biological sources could be signific,.nily affected. 
The earlier studies reported in Chapter 1 indicate 
that BGA can contribute significantly to the fertility 
of Bangladesh's floodplain soils, especially on 
deeply flooded land. This study did not examine the 
contribution blue-green algae (BGA) and other 
biological agents make to soil fertility. However, 
the relatively high contents of organic matter found 
in several of the sediment samples collected sug­
gests that such organic agents were significant 
contributors to the nutrient content of the new 
deposits (see Section 5.2.2 and Table 5.3). 

6.3 	 Future Studies 

Because of the significance of the above findings 
for river control planning, it is recommended that 
confirmatory studies be carried out on the Jamuna 
floodplain and be extended to other floodplains 
where flood protection works are already in place 
or are planned. The purpose would be to assess the 
actual impact on soil fertility of different kinds of 
protection, drainage, and irrigation works. These 
studies should take into account the different 
cropping patterns and levels of fertilizer use that 
follow such interventions, the length of time that 
the more intensive practices have been used, any 
interruptions in flood protection that may have 
occurred due to embankment breaching or exces­
sive rainwater flooding, and the contributions that 
biological sources make to soil fertility inside and 
outside protected/drained/irrigated areas. 
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Benefitting from lessons learned from this study, 

which were discussed in Section 5.5, it is recoin-

mended that the following studies be carried out to 

confirm, supplement, and extend the present study's 

findings. Separate recommendations are made for the 

determination of sedimentation rates, techniques to 

be used, and assessment of soil fertility benefits. 

6.3.1 Sedimentation 

Study area. lecause of the exceptionally low flood 

of 1994, it is recommended that the study be 

continued on the Jamuna floodplain in 1995. The 

Sharishabari block should be retained, but another 

block should be selected in place of the Kalihati 

block, where Jamuna Multipurpose Bridge works 
It isare likely to interfere with natural flooding. 

recommended that the new block be in the southern 

half of the Jaununa floodplain, in Daulatpui thana 

of Manikganj district, between the Jamuna and 

Dhaleswari channels, 

3oth this block and the one at Slarishabari should 

be extended to include active charland within the 

Jamuna River. Physiographic maps of each block 

should be prepared on the basis of soil survey 

maps, and updated in the field in areas near rivers 

where landform and soil changes may have oc-

curred since their original mapping. Additionally, 
in Section 6.3.2, supplementaryas recommended 

be along sectioninformation should collected a 
part of the Jamunacrossing the entire southern 

floodplain. 

1994 study only inves-Oldfloodplain land. The 
tigated river sediment contribution to soil fertility 

on relatively young floodplain land. Because of the 

low flood levels, no direct measurements were 

made of tile amounts of sediments reaching older 

floodplain land, which is flooded mainly or entirely 

by rainwater. Soil analyses show that soils on these 

older floodplains, especially those in basin sites, 

often contain greater amounts of clay, organic 

matter, and important plant nutrients than young 

floodplain soils. The possible sources of the addi-

tional clay-whether from the main river, from 

interior rivers carrying local runoff, by sheetwash 
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from adjoining ridges, by mineral weathering 

within tile soil, or by a combination of such pro­

cesses-deserve further investigation; so too do the 

possible sources of the higher organic matter levels 

and nutrient contents in such soils. 

To this end, it is recommended that the Sharisha­

bari block be extended to include part of the Old 

Brahmaputra floodplain and that additional sites in 
in futureold floodplain regions be included 

sedimentation studies. Agricultural research funds 

should be allocated to determine the sources and 

processes of nutrient supply in old basin soils, 

possibly including the use of radioactive tracer 

techniques. 

6.3.2 Techniques 

It is recommended that the following changes be 

made in designing and carrying out future flood­

plain sedimentation studies. 

basisSampling points. To o. ain a better for 

statistical analysis, it is recommended that sampling 

points within study blocks be at regular intervals 

along transects crossing the floodplain perpendicu­

lar to the alignment of the main Jamuna River 

channel. The preferred method would be to use a 

grid of transects, which might allow researchers to 

obtain a picture of variations within each block. 

asSamp! ; techniques. It is recommended that, 

in 1994, cloths or mats, and traps be used to 

collect sediment samples at all sites within each 

block, and that the same security measures be 

used. The amount of sediment collected on cloths 

or mats should be compared with the amount in 

assess the relative suitability ofsediment traps to 
these techniques. Vibracore samples should be 

taken at selected intervals along one or more 

transects in the Daulatpur block for application of 

the 13 Cs technique. 

In addition, it is recommended that observations be 

made in cropped or vegetated fields surrounding 

sampling sites. The purpose of this would be to 
more sediment is deposited onascertain whether 
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land where vegetation impedes floodwater flow 
than on sampling sites left bare. Brick dust or some 
other material should be considered for use in 
cropped fields as a marker horizon. Above this 
horizon the thickness of any sediment deposited 
could then be measured and compared with 
amounts deposited on neighboring cloths. Ilow-
ever, this technique would only be suitable in fields 
undisturbed by harvesting or plowing during the 
flood period, 

To supplement direct measurements of sediment 
deposition, it is recommended that, as in 1994, 
informal fa rmer interviews be used to collect 
inlormation oi the amount of sediment deposited in 
"normal" flood years and in 1988. This information 
should be gathered from both study blocks and 
along a transect crossing the floodplain alongside 
the Dliaka-Aricha road between Nayarhat on the 
Bansi River in tlie east and the Kaliganga channel 
near Manikganj in the west. Interview points on 
this cross-section should be selected at upper, 
middle, and low points of each successive ridge-
and-basin lIadform. Vibracore samples for Cs 
analysis should be taken at several points alongside 
the Dhaka-Aricha road to serve as a control on the 
in formation collected from farmers. 

If the study of soil fertility aspects of sedimentation 
i:; to continue, topsoil samples should be collected 
at all sampling sites and at farmer-interview points 
along the Dhaka-Aricha road. These samples 
should be sent to a laboratory for the determina-

tions indicated in the next section. 


6.3.3 Soil Fertility 

The poor correlation this study fbund between soil 
nutrient contents determined in the laboratory and 
apparent nutrient use by plants (see Section 5.2.2) 
is riot a wholly unexpected finding to soil scientists, 
Such correlations often are weak or nonexistent, 
and a great deal of public and farmers' money can 
be wasted oil soil tests of dubious meaning or 
value. In view of the importance of assessing the 
kinds, magnitude, and location of possible changes 
in soil fertility following water control interven-
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tions, it is rccommended that future studies use the
 
following techniques.
 

Laboratory analyses. Sediment and topsoil sam­
pies should be analyzed by a laboratory to deter­
mine particle size (sand, silt, clay), reaction (p1),
 
and contents of organic matter. (As was indicated
 
in Sections 4.1.5 and 5.5.2, it is not considered
 
worthwhile to determine the contents of other
 
nutrients.)
 

Survey of agronomic trials/demonstrationsites. 
To obtain direct evidence of the impact sedimenta­
tion has on soil fertility, it is recommended that the
 
results of agricultural research trials and fertilizer
 
demonstrations in the study area be reviewed and
 
analyzed. All such sites in the parts of Jamalpur,
 
Tangail, Manikganj, and Dhaka districts west of
 
the Madhupur Tract should be used. If this is not
 
feasible, as many sites as possible within and close
 
to the two study blocks should be used. If the sites 
of trials and demonstrations carried out inl past
 
years can be located and classified reliably, the
 
results for, say, the past five years should be
 
analyzed together with those for trials and demon­
strations crried out in the current study year.
 

This analysis should assess whether fertilizer 
response is different for sites flooded by silty river 
water than for those flooded by clear rainwater. 
Direct observations on such sites could also provide 
valuable information on the effects (positive, 
neutral, or negative) of the current year's sediment 
deposits on crop performance. 

If arrangements can be made in time for the 1995 
study season, SRDI should be commissioned to 
identify and classify the sites, and BARC commis­
sioned to review and interpret the data. If this is 
impossible, the FAP 16 soils consultant should be 
engaged to perform these activities. 

Biologicalactivity. It is important that future soil 
fertility studies assess the contributions that blue­
green algae, other algae, mycorrhiza, terrestrial 
and acluatic plants, and other biological agents 
make to floodplain soil nutrition. Such studies 
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should be carried out under the aegis of BARC, but 

could perhaps use specialists from university 
as by overseasdepartments, supported needed 

research institutions. Pield observations should be 

made and biological samples taken at the sedimen-

tation sampling sites, and efforts should be made to 

with environmentalcorrelate findings relevant 

parameters within physiogralllic units, including 

sedimentation rates, soil nutrient data, and local 

agricultural practices (including fertilizer use). 

Research studies. A program of research studies is 

needed to establish the extent to which soil nutrient 

levels measured in a laboratory actually indicate plant 

nutrient deficiencies and fertilizer requirements. Such 

research is especially needed for seasonally flooded 

soils, the chemistry of which is quite different from 

the upland soils for which methods of laboratory and 
developed and calibrated.soil-test analysis were 

Countrywide studies also need to establish whether 

there are significant differences between the fertilizer 

requirements of soils that receive periodic increments 
that do 	 not. Theseof river sediments and those 

studies should take into account possible differences 

in crops, yields, and total annual production between 

such soils in different agro-ecological zones, 

In addition, it is recommended that a comprehensive, 

systematic program of studies be initiated to deter-

mine the contributions made by 13GA and other bio-

logical agents to water and soil fertility in different 

floodplain environments. The range of environments 

studied should include old and young floodplain land, 

non-floodcd to deeply flooded land, flood-protected 

and unprotected areas of different kinds, irrigated 

and non-irrigated land, and saline and non-saline tidal 

and estuarine land. Studies are also recommended to 

identify the sources of clay and organic matter 

accumulation observed in old floodplain basin soils. 

It is recommended that funds be allocated to 13ARC 

to organize and supervise such studies. 
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6.3.4 	 Recommendations for Refining 
the GIS Sedimentation Model 

The GIS sedimentation model developed for this 

study represents a basic framework for modeling 

floodplain sedimentation processes. The primary 

variables affecting floodplain sediment deposition 

have been incorporated into the model to simulate 

sedimentation processes. Further, the study has 

attempted to develop a source-distance deposition 

function by using 37Cs data generated by this study. 

The GIS maps produced by the model have yielded 

seemingly reasonable estimates of annual rates and 

long-term depositional patterns as evidenced by their 

relative agreement with sediment budgets produced 

in this same study and with those derived from the 

sediment balance data of the River Survey Project 

and CBJET (Appendix V). The average depths 

reported by farmers indicate that the GIS model may 

be substantially underestimating rates in the Active 

and Young Jamuna floodplains and overestimating in 

the Old Jamuna and Brahmaputra floodplains. 'l 

basic concept and fundamentals of the GIS model 

therefore appear sound, but an improved field sam­

pling strategy and statistical analysis based on flood­

plain geomorphology and physiography could im­
prove it considerably. 

Several driving variables have been simplified o1" 

omitted from the model, either due to lack of suffi­

cient data or because their inclusion was impractical 

within the scope of this project. Complex variables 

such as the sediment load and size of the rivers and 

khals, discharge and flow velocity, terrain effects, 

and barriers to flooding such as (raised) roads and 

embankments could be worked into the model to 

yield more accurate results. In particular, the inclu­

sion of roads and embankments in the model is a 

refinement that would adjust the unconstrained 

patterns suggested by this model to match those 

actually imposed by the landscapes of Bangladesh. 

Attributes required to make a road/embankment map 

a GIS model include construction dates,useful in 
dimensions, and the location of water control struc­

tures such as sluice gates and conduits. Moreover, the 

effects of these structures on sediment fallout would 

need to be considered. Another variable that could be 
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ilnproved in the model is that of terrain surfaces. The 
most detailed I)EM available in Bangladesh, that 
produced for the FAP 19 national database, was used 
for lhis sedimentation model. Ilowever, a higher-
resolution I)EM would be useful for more accurate 
modelling of flood extent and depth. 

In addition to the incorporation of more complex 
variables in the GIS model, a more extensive field 
sampling strategy could be used to refine and verify 
the source-distance funct ion used in the nmdel. An 
increase in (lie number of field samples and obser-
vations shouhl yield a more finely calibrated func-
tion. Systematic sampling of transects orthogonal to 
rivers and kha/s at well-distributed sampling sites 

would also enhance tie function. Eurthernmore, 
field sample data could be stratified according to 
river width or discharge to produce a series of 
distance functions rather than just one for all rivers 
and khals.
 

Overall, the sedimentation model developed for this 
study has been a success. Its results appear reason­
able and are generally supported by field observa­
tion and ai alyses. It has laid the groundwork for 
GIS modelling of the floodplain sedimentation 
processes that occur in Bangladesh, or for other 
deltaic environments. 
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Appendix I 

SOIL DEVELOPMENT PROCESSES ON THE FLOODPLAINS OF BANGLADESH 

Reconnaissance soil surveys carried out in the 
1960s and 1970s produced considerable new 
information on soil formation and land use in 
relation to physiography and geomorphology in 
Bangladesh. These findings were published in 
district and subdivision technical reports, and were 
later consolidated in two comprehensive reports 
(FAO 1971, 1988). The 1971 report reviewed soil 
forming processes; a revised edition is currently in 
the press (Brammer 1995a). The following account 
is derived mainly from the latter publication. It 
focuses on processes occurring in floodplain soils. 

Parent Materials 

Bangladesh is entirely underlain by sedimentary 
formations. Sediments of Tertiary and Quaternary 
ages underlie the northern and eastern hills and the 
uplifted Madhupur and Barind tracts, which respec-
tively occupy 12 and 8 percent of the country. The 
remaining 80 percent is underlain by recent sedi-
ments on different kinds of floodplains: active; 
meander; piedmont; estuarine; and tidal. The soils 
of the study area occupy parts of the Active Jamuna 
floodplain and the Jamuna and Old Brahmaputra 
meander floodplains (see Figure 2.1). 

Active and meander floodplain sediments of the 
Brahmaputra-Jamuna, Teesta, and Ganges rivers are 
derived mainly from metamorphic rocks in the 
Himalayas and are rich in readily weatherable 
minerals such as biotite and feldspars in the sand 
fraction. Young and old Meglna estuarine sediments 
derived from these rivers are also rich in such miner-
als. On the other hand, piedmont and Meglna river 
floodplain sediments derived from the northern and 
eastern hills generally have low contents of readily 
weatherable sand minerals (Iluizing 1971). 

Soil Diversity 

A wide range of soils is found on Bangladesh's 
floodplains. Several factors contribute to this 

diversity: parent material, geomorphology, hydrol­
ogy and drainage, and age. Soil patterns often are 
complex, too. Individual floodplain soils rarely 
occupy large contiguous areas: generally, they 
grade into their neighbors over lateral distances of 
100-200 meters or less. Because of the environ­
mental conditions, soil development often is very 
rapid, with soil profiles sometimes developing in 
new alluvium within 25-50 years. 

Brahmaputra-Jamuna and Teesta sediments differ 
from Ganges sediments in being noncalcareous, 
and from Meglna river sediments in having much 
higher contents of weatherable minerals. Teesta 
sediments have higher mica contents than other 
sediments. All the sediments contain mixtures of 
kaolinite, illite, and chlorite clay minerals, and 
Ganges and Lower Meghna sediments contain a 
proportion of montmorillonite as well. When first 
deposited, Brahmaputra-Jamuna and Teesta sedi­
ments are near-neutral to moderately alkaline in 
reaction (p-1 6.8-8.0); Ganges and young Meglna 
estuarine sediments are calcareous with pH 
8.0-8.4; and sediments derived from eastern hill 
areas are slightly acid to neutral (p-I 6.5-7.0) 

Because of the way in which rivers lay down their 
sediments-coarse sediments near the channel 
where floodwater flows most rapidly; finer ones 
away from the channel where floodwater moves 
more slowly or stagnates-riverbanks (levees) are 
raised higher than the land behind them. Over time, 
as rivers change their courses, this leaves behind a 
floodplain landscape comprising complex patterns 
of arcuate ridges (the former river levees) and 
circular or linear deprcssions (basins, old channels, 
or interridge depressions). Associated with this 
relief, relatively coarser (sandy or loamy) materials 
occur on the ridges which grade laterally into finer 
materials (heavy silts or clays) in depressions. On 
most river floodplains, the difference in elevation 
between ridge tops and adjoining depression cen­
ters is 2-3 meters, but it can be up to about 

Floodplai Sedimentation Study FAP 19/FAP 16 
A-I 



5 meters in the Sylhet Basin. Local elevation 
differences on tidal and estuarine floodplains 
generally are about 1 meter. 

Soil Formation 

After deposition, sediments are subject to soil 
formation (unless they are quickly eroded by 
shifting river channels, as can happen on active 
river floodplains). Close to river channels, sedi-
mentation may dominate over the processes of soil 
formation, and soil profiles are stratified through-
out (i.e., having layers of alluvium with different 
textures). Farther away from river banks, soil 
formation generally dominates over sedimeh ation 
and soils have well-developed profiles. 

In brief, soil formation on the floodplains of Ban-
gladesh involves the following processes. These are 
illustrated schematically in Figure 2.6. 

" 	 Initial 'ripening' of the raw alluvium (i.e., 
admission of air into the originally satu-
rated material). 

" 	 Homogenization (mixing) by soil animals 
and by plowing of the topsoil, which grad-
ually breaks up the original stratification 
from the surface downwards. 

* 	 Development of prismatic and blocky sub­
soil structure, except in sandy materials. 

* 	 Formation of subsoil coatings and iron­
hydroxide mottles. 

* 	 Accumulation of org r ic matter in the top- 
soil: more in depression soils, which stay 
wet for several months of the year, than in 
ridge soils, which are only occasionally 
flooded; and more in old floodplain soils 
than in young soils and new alluvium. 

" Leaching of cations such as calcium from the 
topsoil into tei floodwater as a result of 
seasonal changes between reduced (anaero-
bic) and oxidized (aerated) conditions in the 
topsoil. Over a period of a few decades, this 
process eventually makes topsoils acidic 
during the period when they are not flooded, 
However, subsoils remain aerated when 
submerged and are not affected by this 
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process, except in perennially wet depres­
sions.
 
Over time (several decades or centuries),
 
accumulation of clay in depression sites,
 
washed from adjoining ridges when heavy
 
rainfall occurs at times when the soils are not
 
flooded.
 

0 	 Eventually, as a result of continuing acidifi­
cation, clay destruction in th topsoil, mak­
ing topsoils on most old floodplain land 
lighter in texture than the underlying subsoil. 

0 	 In cultivated soils, the formation of a con­
pact plowpan below the cultivated topsoil, 
especially in soils puddled for the cultivation 
of transplanted paddy (aman and boro). 

In these processes, two factors are particularly 
important: soil hydrology and age. Because of the 
ridge-and-depression relief, soils on the highest ridge 
tops are only occasionally flooded and they remain 
aerated throughout the year. Downslope, the depth 
and duration of seasonal flooding gradually increase, 
and some basin centers stay wet for most or all of de 
year. The seaisonal alternation of flooding and expo­
sure to air has profound chemical effects that cause 
significant changes in soil properties over thne. 
These effects are described below under relevant 
topic headings. 

Soil Reaction 

When soils are submerged for more than about two 
weeks, the topsoil becomes chemically reduced 
(i.e., iron changes from the ferric to the ferrous 
form). This layer is re-oxidized when air re-enters 
the soil after flooding ends. The seasonal alterna­
tion between ferric and ferrous iron displaces 
cations (such as calcium and magnesium) from the 
soil material so that, over time, the topsoil becomes 
acidic in the oxidized condition. Acidification of 
the topsoil occurs even on the Ganges river flood­
plain where the original alluvium was calcareous. 
Subsoils are not subject to this seasonal reduction­
oxidation process: either because of air entrapped 
below the topsoil when the soils are submerged or, 
in wet basin centers, because they remain reduced 
(and neutral) throughout the year. 
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The differentiation between topsoil and subsoil 
reaction described above can apparently take 
place within as little as 25 years if the process is 
not interrupted by the deposition of new sediment 
on the soil surface. Thus, away from active river 
channels, most floodplain soils have topsoils that 
alternate in reaction between acidic when out of 
water and neutral when submerged, overlying 
subsoils that stay neutral to moderately alkaline 
throughout the year. (On the Ganges river flood-
plain, where the topsoils of young soils are 
calcareous, the seasonal change in reaction is 
between neutral when flooded and alkaline when 
above water.) The cations displaced by the sea-
sonal iron transformation apparently are removed 
laterally in the floodwater, not leached downward 
to accumulate in lower soil layers. So, appar-
ently, is lime leached from calcareous topsoils by 
conversion to soluble calcium bicarbonate under 
reduced conditions. 

Subsoil Properties 

When first deposited, river alluvium is saturated 
with water. On drying out, air enters the material, 
more quickly in sandy than in silty material. Entry 
of air in this 'ripening' process causes some ferrous 
iron to be oxidized to the ferric state, changing the 
color of ripened alluvium from an initial gray to 
olive or olive-brown. 

The next processes occur more or less simulta-
neously, but are best considered separately, 

lHomogenization. Mixing by soil animals 
and disturbance by roots start during the 
ripening process and accelerate its prog­
ress. Mixing gradually breaks up the origi-
ial stratification, but progress can be slow 
in sandy layers. Animal holes and roots 
create tubular pores, which are important 
for soil aeration, water penetration, and 
drainage, 
Structure. Drying of the upper part of 
silty alluvium during ripening causes it to 
shrink. This produces vertical cracks that 
gradually penetrate deeper into lower 
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layers, except where these aic sandy. 
These cracks form polygonal (prismatic) 
structural units. In relatively fine silts and 
clays, these units eventually crack along 
horizontal or diagonal lines to form blocky 
structure. 
Coatings. Under conditions of seasonal 
flooding, dispersed soil material from the 
surface washes down pores and cracks 
between structural units, forming shiny 
gray coatings (gleyans) on their faces. 
Aottles. The continued entry of air into 
subsurface layers allows stronger oxidavion 
of the material to occur, producing local­
ized patches of stronger orown and yellow 
colors surrounded by less-oxidized or gray 
material. This mixture of contrasting colors 
is known as mottling. 

Organic Matter 

Decomposition of leaves, stems, and roots of plants 
growing on the soil produces humus that gradually 
accumulates in the upper soil layers, mainly in the 
topsoil. Organic matter contents usually are higher 
in depression soils than in ridge soils. That is 
because prolonged seasonal flooding retards the 
rate at which organic matter decomposes, whereas 
ridge soils remain aerated for most or all of the 
year and organic matter breaks down quickly. 
Generally, too, organic matter contents are higher 
on older floodplains than on young floodplains. In 
fact, dark-colored topsoils in combination with 
brightly oxidized subsoils are properties that often 
can be used to differentiate between so-called old 
and young floodplain sos. 

Clay Destruction 

Eventually, on most floodplains, topsoils become 
lighter in texture than the underlying subsoils. 
There is no evidence in Bangladesh's floodplain 
soils that significant amounts of clay are leached 
from topsoils into lower layers: the subsoil coatings 
(gleyans) described above contain silt as well as 
clay. Rather, it appears that the seasonal reduction­
oxidation cycle described above gradually destroys 

FAP 19/FAP 16 
A-3 



clay in the topsoil in a process termed 'ferrolysis' 
(Brinkman 1977, Brammer & Brinkman 1977). 

This texture contrast is found on relatively older 

parts of se-called young floodplains as well as on 

old floodplains. It occurs ,onthe Jamuna and Old 

Brahmapi'tra floodplains in the study area. Ilow-
ever, it does not occur on the Ganges river flood-
plain and in some old floodplain basins elsewhere, 
despite the fact that soils there have strongly or 
very strongly acid topsoils. Soils in those areas 
often have as much clay or more in the topsoil as in 
the underlying subsoil. 

The reason why acidification of topsoils takes place 
without clay destructio'i on the Ganges river flood-
plain is not clear. In old floodplain basins, it 

appears probable that the process is disguised by 
the simultaneous deposition of clay derived by 

surface runoff from adjoining ridge soils. Such 

basin soils (Acid Basin Clays) may have clay 
contents of about 80 percent to depths of 50-100 
cm or more and be very strongly acidic (pll <5.0) 
throughout, even within the Ganges river floodplain 
where the original materials were calcareous. 

Nonetheless, evidence of clay destruction is often 
apparent in these old basin soils in the presence of 
white silt specks in the topsoil and/or white pow-
dery coatings on subsoil structural faces. This 
suggests that the rate of clay deposition in such 
sites is very slow. This is confirmed by the fact that 
the uppermost of three organic layers present in 

such soils in the lower part of broad valleys in the 

Madhupur Tract near Dhaka, dated at ca. 1400 

years before the present, lies buried by only about 
30-50 cm of alluvial clay. 

Plowpan 

Nearly all the floodplain soils of Bangladesh are 
cultivated. Cultivation with the traditional plow 
fairly quickly forms a compact layer at the base of 

the topsoil, about 10 cm below the soil surface. 
This layer (the plowpan) usually is about 5 cm 
thick. It is especially prominent in soils that are 
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deliberately puddled for transplanted paddy cultiva­
tion. Deeper plowing by power tillers, which have 
been introdaced in some areas in recent years, 

appears to have reduced the thickness of previously 

existing plowpans but not to have destroyed them. 

Plowpans form an important marker horizon in 
soils. The fact that, over wide areas of older 
floodplain land, they have not been deeply buried 
indicates that sedimentation rates from river-water 
flooding on such land must be negligible. In some 
old floodplain basins, compact topsoils as much as 
25 cm thick occur, suggesting that the plowpan in 
such sites has thickened as sedi:nentation on the soil 
surface has occurred, whether by deposition of 
colloidal material in suspension in floodwater or by 

lateral wash from adjoining higher land. 

Postscript 

The features described above are supported by the 
findings of tlv present study, namely that new 
sedimentation from river flooding apparently is 
significant only on the active floodplain and locally 

near c,innels in older floodplain areas. Elsewhere, 
flooding is mainly by rainwater under which 
topsoils become acidic, even on the Ganges river 
floodplain where new alluvium is calcareous. That 
acidity could not develop if soils were receiving 
regular increments of new alluvium that is neutral 
to alkaline in reaction; nor could soils with a 
prominent plowpan at the base of the topsoil, with 
well-developed structure, coatings, and oxidation 
mottles in the subsoil and in whiclh alluvial stratifi­

cation has disappeared to depths of 50-100 cm or 

more. 

Soil surveys indicate that, ignoring areas occupied 
by settlements and water, soils with developed 
profiles occupy about 85 percent of the country's 

floodplain area (FAO 1988). Raw alluvium and 

very young soils developed to less than 25 cm 
depth (i.e., the soils that may be receiving signifi­
cant amounts of new flood sediments on their 
surface) occupy only about 15 percent of the 
floodplain area. 
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Appendix II
 

PROFILE DESCRIPTIONS AND ANALYTICAL DATA FOR SELECTED SOIL PROFILES
 

Soil series 
Location 

Sample site no. 
Village 
Physiography 
Relief and position 
Drainage 
Land use 

Horizon Depth 
(c111) 

ApI 0-12 

Cl 12-21 

C2 21-43 

C3 43-60 

IIC4 60-80 

IIC5 80-95 

IIC6 95-150 

Silty Jamuna Alluvium 
Longitude 089'47.0274E 
Latitude 24"44.603 IN 
19 
Kumaribari, P.S. Kazipur, Sirajganj District 
Active Jamuna floodplain 
Upper part of very gently undulating ridge 
Poor. Probabie flooding depth about 90 cm for 3 months 
Jute-Transplanted aman(L)-wheat 

Description 

Loam; olive-gray (5Y 5/2 moist) with few fine distinct yellowish-brown 
(10YR 5/6) mottles; massive; friable moist; slightly sticky, slightly 
plastic wet; many roots: clear smooth boundary. 

Loam; olive-gray (5Y 5/3 moist) with few fine distinct brown (10YR 
5/3 moist) mottles; partially finely stratified and weak medium platy 
structure; fine tubular pores; friable moist; sticky and plastic wet; few 
roots; gradual smooth boundary. 

Silt loam; olive (5)' 5/3 moist); finely stratified and weak medium platy 
structure; common fine tubular pores; friable moist; sticky and plastic 
wet; clear smooth boundary. 

Sandy loam; olive (5Y 5/3 moist) with few fine distinct brown (10YR 
5/3 moist) mottles; stratified; few fine to very fine tubular pores; friable 
moist; slightly sticky and slightly plastic wet; abrupt smooth boundary. 

Sand; light olive-gray (5Y 6/2 moist); single grained; loose moist; 
nonsticky and nonplastic wet; abrupt smooth boundary. 

Sandy loam; olive (5Y 5/3 moist); stratified; friable moist; slightly 
stick), and slightly plastic wet; few iron stains; clear smooth boundary. 

Sandy loam; gray (5Y 5/3 moist); stratified; friable moist; slightly 
sticky and slightly plastic wet; few iron stains; clear smooth boundary. 
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Table II.1 Analytical Data for Profile of Silty Jamuna Alluvium 

Site 
No. 

19 

Name of 
soil series 

Silty 

Jamuna 
Alluvium 

Depth 
(cm) 

0-12 

12-21 

2 1--13 

____Particle Size (%) 

Sand Silt Clay 
(US) (US) 

53 34 13 

51 36 13 

45 52 3 

pH 

7.2 

7.2 

7.4 

OM 

% 

0.6 

0.6 

0.41 

5.9 

5.9 

5.6 

meqilOOg 

0.9 0.16 

1.0 0.14 

0.7 0.06 

NHa 

36 

33 

59 

P 

8 

14 

7 

S 

10 

12 

8 

B 

0.2 

0.5 

0.3 

Cu 

gg 

2.6 

2.4 

1.5 

IFe 

30 

26 

9 

iMn 

11 

17 

6 

Zn 

0.7 

0.7 

0.5 

43-60 63 34 3 7.4 0.2 3.6 0.5 0.06 36 14 18 0.3 1.2 8 6 0.9 

60-80 95 2 3 7.4 0.1 0.5 0.1 0.02 27 7 10 0.6 0.2 3 3 0.5 

30-95 59 30 11 7.5 0.2 2.2 0.5 0.07 33 12 10 0.5 1.4 8 6 1.5 

95-150 77 18 5 7.4 0.2 2.4 0.5 0.08 33 10 16 0.5 2.2 9 11 1.2 



Soil series 
Location 

Sample site no. 
Village 
Physiography 
Relief and position 
Drainage 
Land use 

Horizon Depth 
(cr1) 

Ap 0-8 

B21 8-17 

B22 17-30 

Cl 30-41 

C2 41-70 

C3 70-80 

C4 80-100 

C5 100-152 

Melandaha 
Longitude 089"47.8489 E 
Latitude 24('23.9946N 
3 
Sharifabad, P.S. BIhuapur 
Active .aiuna floodplain 
Middle part of very gently undulating ridge 
Poor. Seasonally flooded up to 110-120 cm for 4-5 months 
Jute-Transplanted aman(L)-wheat 

Description 

Silt loam; olive (5Y 5/2 moist); massive; common fine tubular pores; 

firm moist: sticky' and plastic wet; common roots; clear smooth 
boundary. 

Silt loam; light olive-brown (2.5Y 5/4 moist) with common fine 
distinct yellowish-brown (I(0YR 5/8 moist) mottles; weak medium 
prismatic breaks into moderate coarse to medium subangular blocky 
structure: many very fine tubular pores; firm moist; sticky and plastic 
wet; CommIlOl loots; clear smooth boundary. 

Sandy loam; olive-brown (5Y 5/3 moist) with few fine prominent dark 
yellowish-brown (I lYR 4/4 moist) mottles; weak medium prismatic 
breaks into weak coarse to medium subangular blocky structure; 
common fine tuhtlar pores; friable moist; slightly sticky and slightly 
plastic wet; abrupt smooth boundary. 

Silt loam; dark grayish-brown (2.5Y 4/2 moist); stratified; few 
common tubular pores; very friable moist; slightly sticky and 

nonplastic vet: abrupt smooth boundary. 

Sand; gray (5Y 5/1 moist); stratified; few fine tubular pores; loose 
moist; nonsticky and nonzplastic \vet; clear smooth boundary. 

Sand; (lark grayish-brown (2.5Y 4/2 moist); stratified; common very 
fine tubular pores 'very friable moist; slightly sticky and slightly 
plastic wet; abrupt smooth boundary. 

Sand; gray (5Y 5/1 moist); massive; few fine tubular pores; very 
friable moist; nonsticky and nonplastic wet; abrupt smooth boundary. 

Sand; gray (5Y 5/1 moist); single-grained; nonsticky and nonplastic 
wet. 
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Soil series 
Location 

Sample site no. 
Village 
Physiography 

Relief and position 

Drainage 

Land use 


ilorizon Depth 
(cm) 

Ap 0-!I 

B21 11-32 

B22 32-56 

B3 56-80 

CI 80-106 

1IC2 106-118 

11C3 118-133 

!IC4 133-150 

Sonatola 
Longitudc 089"48.781 IE 
Latitude 24"44.4619N 
16 
Char Dasherbari, P.S. Sharishabari 
Young Jamuna floodplain 
Upper part of very gently undulating ridge 
Poor. Seasonally flooded 60-90 cm deep for 4 months 
Transplanted aman(L)-wheat 

Description 

Silt loam; olive (5Y 5/3 moi-!); massive, breaks into cloddy structure; 
common very fine tubular pores; firm moist, slightly sticky and slightly 
plastic wet: many roots and few shells; gradual smooth boundary. 

Loam; olive (5Y 5/3 moist) with few fine prominent yellowish-brown 
(IOYR 5/8 moist) mottles; ,xlerate medium subangular blocky 
structure; common fine and many very fine tubular pores; firm moist; 
sticky and plastic wet; nearly continLuous thin gray coatings along ped 
faces: clear smooth botudary. 

Loam; olive brown (2.5Y 4/4 moist) with few fine distinct yellowish­
brown (I0YR 5/8 moist) mottles; moderate medium prismatic breaks 
into moderate medium to fine subalgular blocky structure; many fine 
tubular pores; firm moist; sticky and plastic wet; nearly co:,iinuous 
gray coatings along ped faces; clear smooth boundary. 

Loam; light olive-brown (2.5Y 5/4 moist) with common fine and
 
medium distinct dark yellowish-brown (10YR 4/4 moist) mottles; weak
 
coarse to medium prismatic structure; many fine tubular pores; friable
 
moist; slightly sticky and slightly plastic wet; nearly continuous gray
 
coatings along ped faces; clear smooth boundary.
 

Silt loam; light olive-brown (2.5Y 5/4 moist); moderate fine to
 
mediumlplaty structure, partially stratified; common fine tubular pores;
 
friable moist: slightly sticky and slight'y plastic wet; abrupt smooth
 
boundary.
 

Sand; light brownish-gray (2.5Y 6/2 moist) and dark grayish brown
 
(2.5Y 4/2 moiJkt), stratified; loose moist; nonsticky and nonplastic wet;
 
abrupt smoothI boundary.
 

Loam; light oliv'.--brown (2.5Y 5/4 moist): partially stratified; few fine
 
tubular pores; very friable moist; nonsticky a.1d nonplastic wet; abrupt
 
smooth boundary.
 

Sand; light brownish-gray (2.5Y 6/2 moist) and dark grayish brown
 
(2.3Y 4/2): stratified; loose moist; nonsticky and nonplastic when wet.
 

FAP 19/FAIP 16 Floodplain Sedimentation Study 
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Table 11.2 

Site 
No. 

Analytical Data for Profile of Melandaha Series 

Name of Depth Particle Size (%) 
soil series (cm) TSm 

Sand Silt Clay 

(US) (US)/ 

pH OM 

% 

K 
meq/100g;g/ 

NH, I P B Cu Fe zIIvgZn 

3 Melandaha 0-8 29 52 19 7.2 0.8 3.8 1.5 0.10 33 7 8 0.2 2.5 56 15 0.7 

8-17 27 52 21 7.3 1.1 7.0 2.8 0.10 36 7 6 0.3 2.2 37 8 0.8 

17-30 57 30 13 7.3 0.4 5.8 2.3 0.09 33 7 8 0.4 1.4 24 8 0.6 

3041 93 2 5 7.3 0 1.8 1.2 0.03 17 8 8 0.4 0.2 7 2 0.6 

"1-70 94 2 4 7.3 0 0.5 0.5 0.02 7 11 10 0.3 0.1 1 1 0.6 

70-80 68 26 6 7.2 0.4 3.3 1.0 0.05 7 8 10 0.3 1.0 11 5 0.7 

80-100 90 6 4 -1.3 0.2 0.5 0.4 0.02 7 8 9 0.4 0.3 2 2 1.0 

100-152 90 6 4 7.3 0 0.5 0.3 0.02 10 8 10 0.4 0.1 3 1 1 0.7 



Soil series 
Location 

Sample site no. 
Village 
Physiography 
Relief and position 
Drainage 

Land Use 

llorizon Depth 
(cIII) 

ApI 0-8 

Ap2 8-12 

1321 12-30 

B22 30-47 

B23 47-70 

Cl 70-86 

C2 86-120 

C3 120-150 

I)hamrai 
Longitude 089"49.1633E 
Latitude 24"44.7183N 
15 
Char Dasherbari, P.S. Sharishabari 
Young Jannmua floodplain 
Lower par( of nearly level ridges 
Poor. Seasomnlly flooded between 180-210 cm for a period of 4-5 
Inionths 
Mustard-Boro (IIYV) 

Description 

Loam; gray (5Y 5/i moist); massive; friable moist; slightly sticky, 
slightly plastic wet; many roots; iron staining along root channels; clear 
smooth boundary. 

Silt loam; olive-gray (5Y 5/2 moist); massive; firm moist; slightly 
sticky, slightly plastic wet; common roots; clear smooth boundary. 

Clay loam; olive (5Y 5/3 moist); few fine distinct olive-brown (2.5Y 
5/6 moist) mottles; weak to moderate coarse to med ium prismatic 
breaks into weak coarse subangular block)'; many very fine to fine 
tubular pores; firm moist; sticky and plastic wet; gradual smooth 
boundary. 

Silt loam; light olive-brown (2.5Y 5/4 moist) with common fine distinct 
strong brown (I OYR 5/8 moist) mottles; weak coarse to medium 
prismatic; many very fine to fine tubular pores; firm moist; sticky and 
plastic wet; nearly continuous medium gray coatings along ped faces; 
clear snooth boundary. 

Silt loam; light olive-brown (2.5Y 5/4 moist) with few fine distinct 
yellowish brown (IOYR 5/6 moist) mottles; weak coarse prismatic 
structure with common fine tubular pores; friable moist; slightly sticky 
and slightly plastic wet: nearly continuous gray cutans along ped faces; 
abrupt smooth boundary. 

Sandy loam; olive (5Y 4/3 moist); massive; very sticky and very plastic 
wet; abrupt smooth boundary. 

Loam; olive-brown (2.5Y 4/4 moist); stratified; slightly sticky and 
slightly plastic wet. 

Silt loan; light olive-brown (2.5Y 5/4 moist). 

FAP 19/FAP 16 Floodplain Sedimentation Study 
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Table 11.3 Analytical Data for Profile of Sonatala Series 

Site Nameof Depth Particle Size (%) 
No. soil series (cm) 

Sand Silt Clay 
(US) (US) 

Sonatola 0-11 27 50 23 

11-32 27 48 25 

32-56 25 48 27 

56-80 35 48 17 

80-106 29 56 15 

106-118 89 8 3 

118-133 45 44 11 

133-150 97 0 3 

pH 

7.0 

7.3 

7.3 

7.3 

7.3 

7.3 

5.8 

6.4 

OM 

0.7 

0.7 

0.6 

0.7 

0.2 

0 

0 

0 

8.7 

9.0 

8.9 

9.4 

8.0 

4.3 

7.3 

1.8 

Mg I 

meq/100g 

3.2 

3.6 

3.6 

3.3 

2.2 

0.9 

2.3 

0.5 

K 

0.19 

0.10 

0.10 

0.11 

0.11 

0.06 

0.12 

0.03 

NH, 

36 

50 

43 

36 

36 

33 

36 

33 

P S 

8 18 

4 10 

7 10 

8 10 

7 10 

3 10 

6 10 

2 10 

B1 1 Cu 

Lg/g 

0.5 1.8 

0.4 2.7 

0.3 2.9 

0.5 1.8 

0.3 1.6 

0.3 1.2 

0.5 1.2 

0.5 1.0 

Fe 

17 

26 

.'1 

37 

11 

1 

2 

3 

Mn Zn 

8 1.2 

11 0.9 

21 0.8 

10 1.0 

7 1.1 

5 2.6 

16 1.3 

5 0.5 



Soil series 
Location 

Sample site no. 
Village 
Physiography 
Relief and position 

Drainage 

Land use 


H-orizon Depth 
(cIII) 

Apl 0-9 

Ap2 9-13 

B21 13-29 

B22 29-43 

B23 43-65 

Cl 65-88 

IIC2 88-122 

122-140 

Dhamrai/Sabhar Bazar 
Longitude 089"49.4635E 
Latitude 24"45.4865N 
21 
Nagda, P.S. Sharishabari 
Old Jamuna floodplain 
Nearly level basin 
Poor. Seasonally flooded up to 180-200 cm deep for about 5 months 
Mustard-Boro(HYV) 

Description 

Clay loam; dark grayish-brown (2.5Y 4/2 moist); massive, breaks into 
cloddy structure; few fine tubular pores; firm moist; sticky and plastic 
wet; iron staining along root channels; gleyed (NG/dark gray); few 
roots; abrupt smooth boundary. 

Clay loam; light olive-brown (2.5Y 5/4 moist) with common fine to
 
medium distinct yellowish-brown (IOYR 5/8 moist) mottles; moderate
 
medium to fine subangular blocky structure; firm moist; sticky and
 
plastic wet; abrupt smooth boundary.
 

Clay; (lark gray (5Y4/1 moist) with common fine to medium strong
 
brown (7.5YR 5/8 moist) mottles; moderate medium to fine prismatic
 
structure; many fine tubular pores; firm moist; sticky and plastic wet;
 
nearly continuous gray coatings along ped faces; clear smooth
 
boundary.
 

Clay loam; dark gray(5Y 4/I moist) with many fine to medium distinct
 
light-olive brown (2.5Y 5/6 moist) mottles; moderate medium prismatic
 
breaks into subangular blocky structure; very fine tubular pores; friable
 
moist; sticky and plastic wet; nearly continuous gray coatings along ped
 
faces; clear smooth boundary.
 

Loam; light olive-brown (2.5Y 5/4 moist) with few fine distinct
 
yellowish-brown (IOYR 5/6) mottles; weak coarse to medium prismatic
 
breaks into weak coarse to medium subangular blocky structure; many
 
fine tubular pores; friable moist; slightly sticky and slightly plastic wet;
 
abrupt smooth boundary.
 

Sand; gray (5Y 5/1 moist); single grained; loose moist, nonsticky and
 
nonplastic wet.
 

Silt loam; grayish-brown (2.5Y 5/2 moist); sticky and plastic wet.
 

Loamy sand
 

N.B. Groundwater table at 90 cm.Below 88 cm, samples were collected by auger.
 
This profile is considered to be transitional between Dhamrai series (silty clay loam or clay loam in B
 
horizon) and Sabhar Bazar series (silty clay or clay in B horizon).
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Table II.4 Analytical Data for Profile of Dhamrai Series 

Site 

No. 

Name of 
soil series 

Depth 
(cm) 

Particle Size pH OM NH P S B Cu Fe Mn Zn 

Sand 
(US) 

Silt 
(US) 

Clay % meq/100g ,g/g 

15 Dhamrai 0-8 47 34 19 7.5 0.6 7.0 2.2 0.09 36 15 20 0.4 12.0 20 8 0.7 

12-30 23 48 29 7.7 0.7 7.4 2.8 0.10 59 11 12 0.7 1.7 44 8 1.5 

30-47 13 62 25 7.7 0.2 7.0 3.1 0.11 40 10 13 0.4 1.7 34 11 0.8 

47-70 27 56 17 7.7 0.2 8.0 3.0 0.09 33 11 10 0.4 1.6 23 4 0.9 

70-86 79 12 9 7.7 0.2 6.0 1.9 0.03 33 7 10 0.1 0.7 3 3 0.7 

86-120 45 42 13 0.2 7.5 2.4 0.11 20 6 10 0.3 1.2 14 4 0.9 

120-150 25 56 19 6.9 0.4 8.4 2.9 0.22 33 11 19 0.3 2.6 52 6 0.8 



Soil series 
Location 

Sample site no. 
Village 
Physiography 
Relief and position 
Drainage 
Land use 

Horizon Depth 
(cmI) 

Ap 0-7 

Ap2 7-10 

B21 10-22 

B22 22-39 

B23 39-64 

B3 64-77 

C 1 77-146 

FAP 19/FAr 16 

Sabhar Bazar 
Longitude 08953.7303 E 
Latitude 24"24.6909N 
12 
Jadurpara, P.S. Kalihati 
Old Jatiuna floodplain 
Nearly level basin 
Poor. Seasonally flooded up to 80-90 cm deep for about 4 months. 

Mustard-Boro(HYV) 

Description 

Clay loam; light brownish-gray (2.5Y 6/2 moist) with many fine 

prominent strong brown (7.5YR 5/6 moist) mottles; massive; common fine 

to very fine tubular pores; firm moist; sticky and plastic wet; cracks 1-2 

cm wide at surface; common roots; abrupt smooth boundary. 

Clay; dark grayish-brown (2.5Y N4 moist) with fine prominent strong 

brown (7.5YR 5/6 moist) mottles; massive; few fine tubular pores; very 

firm moist; sticky and plastic wet; abrupt smooth boundary. 

Clay; dark gray (5Y 4/1 moist) with many medium distinct light olive­

brown (2.5Y 5/6 moist) mottles; strong medium prismatic breaks into 

strong medium subangular and angular blocky structure; many very fine 

tubular pores; firm moist; sticky and plastic wet; clear smooth 

boundary. 

Clay; dark gray (5Y 4/1 moist) with many medium prominent 

yellowish-brown (10YR 5/8 moist) mottles; strong medium prismatic 
structure breaks into strong medium subangular and angular blocky; 

many very fine tubular pores; very firm moist; sticky and plastic wet; 

continuous thick gray (5Y 5/1) coatings along ped faces; clear smooth 
boundary. 

Clay loam; gray (5Y 5/1 moist) with many medium prominent 
yellowish-brown (10YR 5/8 moist) mottles; strong medium subangular 

and angular blocky structure; common fine tubular pores; very firm 

moist; sticky and plastic wet; continuous thick dark gray (5Y 4/1) 
coatings along ped faces; clear smooth boundary. 

Sandy clay loam; dark grayish-brown (2.5Y 4/2 moist) and light olive­
brown (2.5Y 5/6 moist); moderate coarse to medium prismatic structure 

breaks into moderate meditm1 subangular blocky; common very fine 

tubular pores; firm moist; sticky and plastic wet; common manganese 
concretions; abrupt smooth boundary. 

Sandy loam; light olive-brown (2.5Y 5/4 moist); weak coarse to 
medium prismatic structure; many very fine tubular pores; friable 

moist; slightly sticky and slightly plastic wet; common manganese 
concretions. 

Floodplain Sedinentation Study 
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Table 11.5 Analytical Data for Profile of Dhamrai/Sabhar Bazar Series 

Site 

No. 

Name of 

soil series 
Depth 

(cm) 
Sand 
(us) 

Particle Size(%) 

Silt 
(US) 

Clay 

pH OM 

% 

Ca I Mu I 

meq/100g 

K NH, I P I S B ICu 

gig 

Fe Mn Zn 

21 Dhamrai/ 

Sabhar 
Bazar 

0-9 

9-13 

37 

35 

34 

32 

29 

33 

5.9 

6.9 

1.1 

0.6 

9.5 

9.6 

3.1 

3.2 

0.17 

0.15 

83 

66 

22 

8 

20 

12 

0.6 

0.3 

4.5 

2.7 

289 

75 

89 

12 

1.1 

1.2 

13-29 33 26 41 7.1 0.6 8.3 3.4 0.15 36 8 10 0.3 2.6 60 6 0.8 

29-43 25 38 37 7.2 0.4 8.4 3.2 0.09 36 19 8 0.3 2.1 46 4 0.8 

43-65 47 40 13 7.1 0.2 7.0 2.2 0.04 50 14 10 0.3 0.8 28 5 0.8 

65-88 95 0 5 7.1 0 2.0 0.4 0.02 17 14 9 0.3 0.6 4 1 1.1 

88-122 27 58 15 7.1 0 7.0 2.1 0.05 66 8 10 0.3 1.2 26 3 0.8 



Soil series 
Location 
Village 
Physiography 
Relief and position 
Drainage 
Land use 

lorizon Depth 
(cIII) 

Apl 0-5 

Ap2 5-10 

A3 10-20 

B2 20-66 

B3 66-89 

Cl 89-114 

IIC2 114-127 

Ghatail 
8/15-10 (SRDI airphoto reference) 
Sadhurpara Golgonda, P.S. Ghatail 
Old Brahmaputra floodplain 
Basin 
Poor. Seasonally flooded to moderate or great depth (> 90 cm) 
B.anian- khesa ri/fall ow 

Description 

Silty clay; very dark gray (2.5Y 3/1 moist) with common fine distinct 
(lark brown (7.5YR 4/4) mottles; moderate coarse and medium cloddy 
and medium and fine granular structure; common fine tubular pores; 
plastic; nonsticky moist; many fine roots; abrupt smooth boundary. 

Clay; very clark gray (2.5Y 3/1 moist) with common fine distinct dark 
brown (7.5YR 4/4) mottles; massive; few fine tubular pores; plastic, 
nonsticky moist; many fine roots; abrupt wavy boundary. 

Clay; dark gray (5Y 4/1 moist) with common fine distinct dark 
yellowish-brown (IOYR 4/4) mottles; moderate coarse angular blocky 
structure; COmm1l111on fine tubular pores; medium nearly continuous dark 
gray coatings along vertical and horizontal ped faces and pores; plastic 
and nonsticky moist; common fine roots; clear smooth boundary. 

Clay; dark gray (5Y 4/I moist) with many fine distinct dark brown 
(IOYR 4/3) mottles; strong very coarse prismatic and moderate very 
coarse angular blocky structure in upper part; few fine tubular and few 
fine vesicular pores; thick continuous lark gray coatings along vertical 
and horizontal ped faces and pores; slightly firm moist; few fine roots, 
and common fine roots on ped faces; clear wavy boundary. 

Silty clay; clark grayish-brown (2.5Y 4/2 moist) with many medium 
distinct yellowish-brown (10YR 5/8) mottles; moderate very coarse 
prismatic and weak coarse angular blocky structure; common fine 
tubular pores; medium nearly continuous dark gray coatings along 
vertical and horizontal ped faces and pores; slightly firm moist; gradual 
boundary. 

Clay; dark gray (IOYR 4/1 wet) finely mottled dark yellowish brown; 
moderate very coarse prismatic structure; few fine tubular pores; 
medium continuous coatings along vertical ped faces and pores; plastic 
and slightly sticky wet; clear smooth boundary. 

Clay loam; gray (5Y 5/1 wet) with many fine distinct yellowish-brown 
(IOYR 5/6) mottles; massive; few fine tubular pores; thin continuous 
coatings along pores; consistence not recorded. 

N.B: Profile description from Reconnaissance Soil Survey report, Tangail Subdivision (SRDI 1967). 
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Table 11.6 Analytical Data for Profile of Sabhar Bazar Series 

Site 

No. 

12 

Name 

of soil 
series 

Sabhar 
Bazar 

Depth 

(cm) 

0-7 

7-10 

Particle Size (%) 

Sand Silt Clay 
(US) (US) 

28 36 36 

22 32 46 

pH 

5.5 

5.9 

OM 

% 

2.5 

1.5 

Ca 

8.4 

9.7 

IMg 

meq/100g 

2.9 

3.0 

K 

0.12 

0.06 

NIH 

83 

83 

P 

10 

8 

S 

40 

6 

B 

Trace 

Trace 

Cu 

6.7 

4.7 

Fe 

754 

800 

Mn 

67 

37 

Zn 

1.0 

1.0 

10-22 14 38 48 6.3 1.1 10.4 3.4 0.05 83 6 10 Trace 2.5 112 13 0.9 

22-39 14 34 52 6.6 0.8 11.1 4.4 0.06 83 8 9 Trace 3.6 130 4 0.9 

39-64 38 30 32 6.8 0.6 10.5 3.5 0.10 83 8 7 0.13 3.1 359 4 0.9 

64-77 50 24 26 6.8 0.4 9.7 2.9 0.06 83 6 10 Trace 1.7 93 9 1.0 

77-146 74 12 14 6.8 0.2 5.9 1.5 0.01 33 8 4 0.05 0.2 10 I 0.J 

A­



Table II.7 Analytical Data for .Profide of Ghatail Series 

Depth 

(cm) 

0-5 

5-10 

Particle Size (%) 

Sand Silt Clay 

(US) (US) 

16 43 41 

21 38 41 

CEC 

20.3 

'9.7 

Ca 

8.8 

13.6 

Exchangeable cations, meq/100g 

Mg K Na 

1.5 0.27 0.13 

2.8 0.13 0.13 

H 

6.5 

2.7 

Total 

17.20 

19.36 

TEB 

10.70 

16.66 

BSP 

62 

86 

pH 

5.3 

5.9 

C 

2.22 

1.59 

Percent 

N 

0.17 

0.12 

C/N 

13 

13 

10-20 18 34 48 23.7 2.4 6.7 1.07 0.08 13 

20-66 

66-89 

89-114 

114-127 

12 

11 

33 

36 

33 

49 

27 

36 

55 

40 

40 

28 

30.8 

26.4 

22.3 

16.9 -

6.8 

7.1 

6.9 

7.1 

N.B: Laboratory data from reconnaissance soil survey report. Tangail Subdivision (SRDI. 1967). N data represent total nitrogen, not NH4nitrogen reported for study samples from other floodplains. 



Appendix III 

FAP 19 FLOODILAIN SEDIMENTATION LITERATURE SURVEY
 
Ordered by (1)topic (2) (late
 

GENERAL STUDIES 

Harwood, K.; Brown, A. G. 1993. Fluvial processes in a forestcd anastornosing river; flood partitioning and changing 
flow patterns. Earth Suiface Processes and Landforis 18 (8):7,11-748. 

Wright, V. P.; Marriott, S. B. 1993. The sequence stratigraphy of fluvial depositional systems: the role of floodplain 
sediment storage. Sedimentary Geology 86 (3-4):203-210. 

Brown, A. G.; Keough, M. 1992. Palcochanncls, paleoland surfaces and the three dimensional reconstruction of 

floodplain environmental change. In Lowilandfloodplain rivets, geomoqhological perspectives, P. A. Carling and G. 

E. Petts, 185-202. John Wiley & Sons, Chichester, U.K. 

Carling, P. A.; Pctts, G. E. 1992. Lowlandfloodplain rivers; geoinorphologicalperspectives. 
John Wiley & Sons, Chichester, U.K. 

Nanson, G. C.; Crokc, .1.C. 1992. A genetic classification of floodplains. In Floodplain Evolution, G. R. Brakenridgc 
and J. llagedorn. Geomnorphology 4 (9): 459-486. 

Zwolinski, Z. 1992. Sedimentology and geomorphology of overbank flows on meandering river floodplains. In 
Floodplain Evolution, G. R. Brakenridge and J. I lagedorn. Geomoiphology 4 (9):367-379. 

Brakenridge G. R.; Ilagedorn J. 1992. Floodplain cvolulinn Geomorphology 4 (9):367-490. 

Smith, N. D.: Farrell, K. M. 1992. Avulsion; a major control in the evolution of fine-grained alluvial floodplains. 

Annual Meeting Abstracts, American Assoc. of Petroleum Geologists and Society of Economic Paleontologists and 
Mineralogists, G. Eynon (cd.), 122. 

Smith, N. D. 1991. The role of avulsion in the evolution and facies architecture of alluvial floodplains. In Geological 
Society of America, North-central Section; 25th Annual Meeting. Abstracts with Programs Geological Society of 
America 23 (3):61. 

Gee, D. M.; Anderson, M. G.; Baird L. 1990. Large-scale floodplain modelling. Earth Stwface Processes and 
Landforns 15:513-523. 

Walling, D. E.; Bradley, S. B. 1990. Some applications of caesium-137 measurements in the study of erosion, 
transport and deposition. In Erosion, transport and deposition processes, D. E. Walling, A. Yair, and S. Berkowicz 
(eds.), IAIIS AISII Pulicaticn 189:179-203. Univ. of Exeter, Dept. of Geography, Exeter, U.K. 

Hlupp, C. R. 1990. Woody vegetation and sedimentation in relation to flood-plain and riparian-surface development. 
InEOS Transactionsof the American Geophy-sical Union 71:5 10. 

Brinkmann, W. L. F.; Bradley, S. B. 1989. Floodplain environments. GeoJournal 03432521:1-62. 

FAP 19/FAP 16 Floodplain Sedimentation Study 
A-20 



Georgiev, B. 1989. Bed load transpxrt in floxlplain during high waters. L 'hydrauliqueet 1'environnement; compte rendu
 
de IeXXII Congresdle 1'Association Inteiiationale dle Recherches l"ydrauliques;Tome B, lyl)drauliquefluvialeI[Hydraulics
 
and tie environment; proceedings of the XXIII congress of the International Assoc. for Hydraulic Research; Volume B,
 
Fluvial hydraulics], M. S. Yalin (ed.), 23:13507--135 3.
 

"Feisseyre, A. K. 1989 19901. Soil sand; its origin, transportation and part played in the construction of mud­
supported floodplains in a humid, temperate climate. Geologia Sudetica 24 (1-2):285-292.
 

Okubo, K.; Muramoto, Y.; Inoue, K. 1989. Overbank flood flows with topographic change in floodplains (in
 
Japanese). Disaster Prevention Research Institute Annuals 32 (B-2):641-656.
 

Walling, 1). E.: Bradley, S. B. 1989. Use of caesium- 137 measurements to investigate rates and patterns of recent
 
floodplain sedimentation. Proceedings of the Fourth International Symposium on River Sedimentation, L. Ding (ed.),
 
4:1451-1458.
 

Nakagawa, I1.; Takahashi, 'r.; Iligashiyania, M. 1989. Suspended sediment deposition in flood plains duL to
 
me.Jerir 6 river bank breach. Proceedings of the Fourth International Symposium o River Sedimentation, L. Ding
 
(cd.), 4:587-5941.
 

lolden, A. P.; James, C. S. 1989. Boundary shear distribution on flood plains. J.of Hydraulic Research 27
 
(1):75 -89.
 

Kazuo, A.; Masaharu, F.; LIiu, B. Y. 1988. Transport of suspended sediment in channels with floodplains (in
 
Japanese). Kyoto Daigaku Bosai Kenkyujo Nenpo [Disaster Prevention Research Institute Annuals] 31 B-2:461-475.
 

Brakenridge, G. R. 1988. River flood regime and floodplain stratigraphy. In Flood geomorphology, V. R. Baker, R. 
C. Kochel, and P.C. Patton (eds.), 139-156. John Wiley & Sons, New York, NY, USA. 

Baker, V. R.; Kochel, R. C.; Patton, P. C. (eds.) 1988. Flood geomorphology. John Wiley & Sons, New York, NY,
 
USA.
 

Pizzuto, J. E. 1987. Sediment diffusion during overbank flows. Sedimentology 34 (2):301-317. 

Arcement, C. J. Jr; Schneider, V. R. 1987. Roughness coefficients for densely vegetated flood plains.
 
In Water Resources Investigations. U.S. Geological Survey, Reston, VA, USA.
 

Bown, 1'. M. 1986. Maturation sequence, lateral succession, and the pedofacies; a new tool for evaluation of Paleosols
 
in floodbasin sediments. Sediments Down-(Under,"12th InternationalSedimentological Congress, abstracts, 39. Bur.
 
Miner. Resour., Geol. and Geophys., Canberra, Australia.
 

Brown, A. G. 1985. Traditional and nultivariate techniques in the intepfretation of floodplain sediment grain size 
variations. Earth Suifaces Processes and Landfornis 10 (3):281-291. 

Brakenridge, G. R. 1981. Sediment storage changes in the floodplain subsystem as inferred from terraces, fluvial 
stratigraphy, and raciomctric dates. EOS Transactions of the American Geophysical Union (AGU 1984 spring meeting) 
65 (16):217. 

Meade, R. II. 1984. Storage of sediment in large rivers at time scales ef 0.1 to 10,000 years. EOS Transactions of 
the American Geophysical Union (AGU 1984 spring meeting) 65 (16):216. 

Floodplain Sedimenatlion Study FAIP 19/FAP 16 
A-21 

'V 



Slander, T. W.; Kopsick, D. A.; Steeples, D. W.; Knapp, R. W. 1984. The application of seismic reflection profiling
 

in determining subsurface alluvial stratigraphy. In River meandering, C.M. Elliott, 159-169. Am. Soc. Civ. Eng.,
 
New York, NY, USA.
 

Nortcliff, S.; Thornes, J. 13. 1984. Floodplain response of a small tropical stream. In Catchnent Exp)eriments in 

Fluvial Geomorphology. T. P. Burt, D. E. Walling, 73-85. Geo Books, Norwich, U.K. 

Bridge, J. S. 1984. Large-scale facies scqueILccs inl alluvial overbank environments. J. of Sedimentaly Petrology 54
 
(2):583-588.
 

Sundborg, A. 1983. Les problenies d sedimenrtation dans les bassins fluviaux [Sedimentation in fluvial basins]. Nature
 
et Ressources 19 (2): 10--2 1.
 

Chernov, A. V. 1983. Gcomorfologiya poym ravrninykh rek IThe geonlorphology of floodplainsl. Izd. Mosk. Univ., 

Moscow, USSR. 

Mulholland, P. J. 1981. Deposition of riverborne organic carbon in floodplain wetlands and deltas. In 

Carbon Dioxide Effects Research and Assessment Programi; Flit of organic carbon by rive,:s to the oceans; report of 

a workshop, G. E. Likens, F. T. Mackenzie, J. F. Richey, J. R. Sedell, and K. K. Turekian, 142-172. U.S., 

National Research Couicil, Committee on Flux of Organic Carbon to the Ocean, USA. 

Trimble, S. W. 1980. Relationship of land use to sediment budget. The Geological Society of America, 93rd Annual 

Meeting. Abstracts with Programs Geological Society of America 12 (7):538. 

Illughes, D. A. 1980. Floodplain inundation; processes and relationships with channel discharge. Earth Surface 
Processes and Landforms 5 (3):297-304. 

Rateliffe, B. C.; Fagerstrom, J. A. 1980. Invertebrate lebensspuren of l-olocene floodplains; their morphology, origin 

and palcoecological significance. J. of I'aleontology 54 (3):614-630. 

Lewin, J. 1978. Floodplain gcomorphology. Prog. Phys. Geogr. 2 (3):408-437. 

Allen, J. R. L. 1978. Studies in fluviatile sedimentation: an exploratory quantitative model for the architecture of 

avulsion-controlled alluvial suites. Sedimentary Geology 21:129-147. 

flay, J. D.; Ragsdale, II. I. 1978. Patterns of cesium-137 distribution across two disparate floodplains. In 

Environmental Chemistrv and Cycling Processes, D. C. Adriano and I. L. Brisbin Jr , 462-478. 

McDonnell, K. L. 1978. Transition matrices and the depositional environments of a fluvial sequence. J. of 

Sedimentai' l'etrology 48 (1):43-47. 

Perez, F. A.; Christofoletti, A. 1977. Relacionamento entre ordem e largura de planicies de inundacao em bacias 

hidrograficas [Relationship between order and length of floodplains in hydrographic basins]. Notic. Geomorfol. 17 

(3,1):112-119. 

Scully, R. W.; Arnold, R. W. 1976. Soil properties as parameters related to flooding history; the influence of lateral 

and vertical accretion of floodplain deposits on soils. Monograph. Cornell Univ., Dept. of Agron., Ithaca, N.Y., 

USA. 

Maddock, T. Jr. 1976. Floodplain dynamics. J. Soil Water Conserv. 31 (2):44-47. 

Floodplain Sedimentation StudyFA 19/FAP 16 

lA 

A-22 



Tyuryukanova, E. B. 1975. Migration of Sr('X)) and Cs(137) in soils. In Recent Contributions to Geochemistr, and 
Analytical Clhemistrv, A.I. Tugarinov, 5(A)-596. John Wiley & Sons, New York, N.Y., USA. 

Ritchie, J. C.; Ilawks, P. 11.; Mcllenry, J. R. 1975. Deposition rates in valleys determined using fallout Cesium-137. 
Bulletin of the GeologicalSociety of America 86:1128- 1130. 

Knox, J. C. 1973. Alluvial response to climatic fluctuations since 1200() radiocarbon years B.P. 
Ninth Congress of the International Union for Quaternary Research; abstracts, 189-190. 

'h irriol, C,; Gaudu R. 1971. Du reseau maillC de condluites aux ecoulements d'inondation dans les plaincs [Free 
surface flow in channels during flood flows on plains]. Int. Assoc. Hlydraul. Res., Congr., Proc. (14 Vol. 5), 
Seminars, 213-216. 

Allen, J. R. L. 1970. A quantitative model of grali size and sedi mentar' structure in lateral deposits. J. of Geology 
7:129-146. 

Chalov, R. S. 1969. Geneticheskaya kharakteristika poymennyki obrazovaniy na gornykh rekakh [Genetic 
characleristics of floodplain formations in mountain riversj. Vses. Geogr. Ovo., Izv. 101 (3):257-260. 

Nunnally, N. R. 1967. l)efinitioI and identificalion of' chainlc and ovcrbank deposits and their respaective roles in 
floodplain formalion. Professional Geographer 19: 1--4. 

Wolman, M. G.: I.eopold, L. B. 1957. River flood pltains some,, observations on their formation. U.S. Geological 
Society Professional P~aper 282-C. 81 -107. 

NORTII AMERICA 

White, C. 1993. The great flood of 1992. Earth in Space 6 (2):7-10. 

Asian, A.; llasiotis, S.; Aulin, W. J. 1993. lolocene trace fossils and biofabrics of floodplain sediments and soils 
of the Mississippi River. Geological Society of America, 89th Annual Cordilleran Section Meeting and 46th Annual 
Rocky Mountain Section Meeting, Absiracts with Programs Geological Society of America 25 (5):5. 

Berger, G. W.; Fasterbrook, D. J. 1993. Thermoluminescence dating tests for lacustrine, glacionlarine, and floodplain
 
sediments from western Washingimi and British Columbia. CanadianJ. of Earth Sciences (J. Canadiendes Sciences
 
de la Terre) 30 (9):1815--1828.
 

Asian, A.; Autin, W. J. 1993. Htolocene construction of the Mississippi River floodplain and the significance of
 
crevassing. Geological Society of America, 1993 Annual Meeting. Abstracts with Programs Geological Society of
 
America 25 (6):272.
 

Wolfe, W. J.; Dichl, T. II. 1993. Recent sedimentation aind sutface-water flow patterns on the flood plain of the North 
Fork Forked Deer River, Dyer Coutty, Tennessee. Prepared in cooperation with the Tennessee Wildlife Resources 
Agency. U.S. Geological Survey, Denver, CO, USA. 

Miller, A. J.; Parkinson, 1). J. 1993. Flood hydrology and gcomorphic effects on river channels and flood plains; the 
flood of Novcmber 4-5, 1985, in the South Branch Potomac River basin of West Virginia. In Geomorphic studies of 
the storm andflood of November 3-5, / 95, in f/e upper Potomac anid Cheat River basins in West Virginia and 
Virginia, R. B. Jacobson, El -E96. U.S. Geological Survey Bulletin. 

Floodplain Sedimenfation Study FAP 19/FAP 16 
A-23 



Kite, J. S.; Linton, R. C. 1993. Depositional aspects of (he November 1985 flood on Cheat River and Black Fork, 
West Virginia. In Geonmrphicstudies of the storm andflood of November 3-5, 1985, in the upper Potomac and Cheat 

River basins in West Virginiaand Virginia, R. B. Jacobson, D I-D24. U.S. Geological Survey Bulletin. 

Jacobson, R. 13. 1993. Geomophic studies of the storm andflood of November 3-5, 1985, in the upper lotonac and 

Cheat River basins in West Virginia andlVirginic. Ui S. Geological Survey Bulletin. 

Magilligan, F. J. 1992. Sedimentology of a fine-grained aggrading floodplain. In Floodplain evolution, G. R. 

Brakenridge and J. Ilagedorn. Geomorphology,4 (9):393-408. 

Brierley, G. J.; Ilickin, E. J. 1992. Floodplain development based on selective preservation of sediments, Squamish 

River, British Columbia. In Floodplain evolution, G. R. IBrakenridge and J. Ilagedorn. Geomorphology4 (9):381-391. 

Asian, A.; Auhin, W. J. 1992. 1lolocene flood plain soil formation in the Lower Mississippi River valley; implications 

for the interpretation of alluvial Palcosols. Geological Socicly of America, 1992 Annual Meeting. Geological Society 

of America Abstracts with Programs 24 (7):228. 

Marron, 1). C. 1992. Floodplain storage of mine lailings in the Belle Fourche River system; a sediment budget 

aptproach. Earth Su'face Processesand Land(lforns 17 (7):675-685. 

Porler, I). A.; Guccione, M. J. 19(X). Iloloccnc evolution of the Mississippi River flood plain, Charleston, Missouri. 

Geological Society of America, 1990 Annual Mceing. Geological Society of America Abstracts with Programs 22 

(7):311. 

Brierley, G. J. 1991. Floodplain sfdinelntology of the Squamish River, British Columbia; relevance of element 
analysis. Sedimentologv 38 (4):735-750. 

Graf, J. B.: Wcbb, R. I1.; IHereford, R. 1991. Relation of scdiment load and flood-plain formation to climatic 

variability, Paria River drainage basin, Utah and Arizona. GeologicalSociety cflmerica Bulletin 103 (11): 1405-1415. 

Marion, G. NI.; Introne, I). S.; Van Cleve, K. 1991. The stable isotope geochemistry of CaCO3 on the Tanana River 
floodplain of interior Alaska, USA.; coinposition and mechanisms of formation. Chemical Geology; Isotope 

Geoscience Section 86 (2):97-- 10. 

laywood, N. A.; Waters, IM. R. 1990. Late Quaternary alluvial history of the Brazos River floodplain, Texas. 
Geological Sociely of America, 1990 Annual M/leeting. Geological Society of America Abstracts with Programs 22 
(7):268. 

Reichart, T N. 1999. Applied geophysical study of the Connecticut River floodplain near Northampton, 
Massachusets. Keck Research Sylposium in Geology, II. II. Woodard (cd.)2:141-144. Beloit Coll., Dept. of Geol., 
Beloit, WI, USA. 

)Forman, S. L. ; Jackson, N1. I.; McCalpin, J.; Maal, . 1988. The potential of using thermolumrilescence to dahte 
buried soils developed on colluvial and fluvial sediments from Utah and Colorado, USA.; preliminary results. In 

Thermohlminescencc and electron spin resonance dating; Part 11,Quaternary applications; P. I). Townsend, I-1.M. 

Rendell, M. J. Ailken, 1. K. Bailiff, S. A. Durrani, J. Fain, R. Gruen, A. Mangini, V. Mejdahl, B. W. Smith. Univ. 

Sussex, Brighton, U.K. QuaternaryScience Re,'iews 7 (3-4):287-293. 

FAP 19/FIAP 16 Floodplain Sedimentation Study 
A-24 



Marron, D. C. 1988. Transport and flood-plain storage and metals associated with sediment downstream from Lead, 
South Dakota. In U.S. Geological Survey toxic substances hydrology program, surface-water contamination; 
proceedings of the technical mccrng, Denver, Colorado, February 7 !, 1987, G. E. Mallard, 11. Open File Report, 
U.S. Geological Survey, Reston, VA, USA. 

Pierson, 13. A. 1988. Morphology and grain size patterns of a small overbank deposit of the Brandywine Creek, 
Pennsylvania. Master's Thesis, Univ. of Delaware, USA. 

Schiferle, J. C. 1988. IHydrologic conditions of floodplain sedimentation along the upper Missisquoi River, northern 
Vermont. Master's Thesis, Wright State Univ., USA. 

Ritter, D. F. 1988. Floodplain erosion and dl[)osition during the December 1982 floods in Southeast Missouri. In 
Flood geonmoqilology, V. R. Baker, R. C. Kochel, P. C. Patton, Univ. Ariz., Dept. of Geosci., Tucson, AZ, USA, 
243-259. John Wiley & Sons, New York, NY, USA. 

Johnson, E. A.; Pierce, F. W. 1988. Variations ini fluvial deposition on an a!luvial plain, Paleocene Fort Union Formation, 
southeastern Powder River basin, Wyoming. Geological Society of America, Rocky Mountain Section, 41st annual 
mnecting. Geological Society of America Abstracts with Programs 20 (6):423. 

Emerson, J. W. 1988. I.atc Ilolocene channel erosion and floodplain sedimentation in the l1ackwater River valley,
west-central Missouri. Geological Society of America, South-central Section, 22nd annua! meeting. Geological Society 
of America Abstracts with Programs 20 (2):98. 

Knox, J. C. 1987. 1listorical valley floor sedimenttion in the Upper Mississippi Valley. Annals of the Assoc. of 
American Geographers 77 (2):224-2,14. 

Saucier, R. T. 1986. Holocene fluvial landforms and depositional environments of the Lower Mississippi Valley.
Southeastern Section of the Geological Society ofAmerica, Centennialfied guide, T. L. Neathery (ed.). Geol. Surv. 
Ala., Univ. of Alabama, USA 6:409-412. 

Jacobson, R. B.; Coleman, D. J. 1986. Stratigraphy and Recent evolution of Maryland Piedmont flood plains. 
American J. of Science 286 (8):617-637. 

Brakenridge, G. R.; Thomas, P. A.; Schiferle, J.; Conkcy, L. E. 1986. Floodplain sedimentation, postglacial uplift, 
and envronnienal change, Missisquoi River, Vermont. Program and Abstracts American Quaternary Assoc. 
Conference, T. L. Pcwe (ed.), 35a (9):119. 

Magilligan, F. J. 1985. 1listorical floodplain sedimentation in tie Galena River basin, Wisconsin and Illinois. lnnals 
of the Assoc. ofIAmerican Gcographers 75 (4):583-594. 

Brakenridge, G. R. 1984. Alluvial stratigraphy and radiocarbon dating along the Duck River, Tennessee: implications
 
regarding flood-plain origin. Geological Society of America Butlletin 95:9-25.
 

Brakenridge, G. R.; Schiferle, J. C.; Thomas, P. 1984. Paleohydrology and sedimentology of meandering river 
floodplain sediments, northern Vermont. The Geological Society of America; 97th annual meeting. Geological Society 
of America Abstracts with Programs 16 (6):453. 

Kronenfeld, K. R. 1984. Factors affecting peat deposition in a 1lolocene river-floodplain swamp near Wilmington, 
North Carolina. Southeastern Geology 25 (1):25--35. 

Knox, J. C. 1984. The relative importance of lateral and vertical accretion sediments in -lolocene upper Midwest 

Floodplain Sedimenttion Study FAP 19/FAP 16 
A-25 



floodplains. The Geological Society of America, 97th meeting. Geological Society of America Abstracts with 

Programs 16 (6):562. 

Bennett, B. A.; Lash, G. G. 1984. Subsurface mapping of meandering fluvial deposits in tlp.. Grimsby Member 

(Medina Formation) of Northwest Pennsylvania. The Gcological Society of America, Northeastern Section, 19th 

annual meeting, M. L. Crawford (ed.). Gcological Society of America Abstracts with Programs 16 (1):3. 

Trimble, S. W. 1983. A sediment budget for Coon Creek basin in the Driftlcss Area, Wisconsin, 1853-1977. 

American J.of Science 283 (5):454-474. 

Brakenridge, G. R. 1982. Alluvial stratigraphy and geochronology along the Duck River, central Tennessee; a history 

of changing floodplain sedimentary regimes. Ph.D. diss., Univ. of Arizona, USA. 

Emmett, W. W.; Myrick, R. M.; Meade, R. II. 1982. Field data describing the movement and storage of sedinent 

in the East Fork River, Wyoming, Part Ill. River hydraulics and sediment transport, 1980. U.S. Geological Society 

Open-File Report 82-359. 

Brakenridge, G.R. 1982. Alluvial stratigraphy and radiocarbon dating, Duck River, central Tennessee; floodplain 

response to environmental change. In Character and timing of rapid environmental and climatic changes, V. Markgraf, 

L. B. Brubaker, S. E. Chcrnicoff (eds.). American Quaternary Assoc. National Conference, Abstracts 7:75. 

Patton, P. C.; Burnett, A. W.; Iilidstlan, R. G. 1982. Processes of flood plain sedimentation and Holocene terrace 

formation, Housatonic River Basin, western Comecticut. Northeastern and Southeastern combined section meetings, 

1982, '.o.Wright, J. 1i. Medlin (eds.). Geological Society of America Abstracts with Programs 14 (1-2):72. 

Wilkin, D. C.; Ilebel, S. J. 1982. Erosion, redeposition, and delivery of sediment to Midwestern streams. Water 

Resources Research 18 (4): 1278-1282. 

Glasko, M. P.; Folomeycv, B. A. 1981. Metoaika opredeleniya skorostey nakopleniya poytennogo allyuviya 

ravninnykh rek po arkheologo-g;,w,.-,orfologicheskitr dannym (na primere Sredney Oki) [Methods of tneasuring alluvial 

sedimentation rates in plain-rivers usin archaeaiogic-geomorphologic data; the central Oka]. Geomorfologiya 1981 

(3):26-36. 

Scully, R. W.; Arnold, R. W. 1981. Holocene alluvial stratigraphy in the upper Susquehanna River basin, New York. 

Quaternary Research (New 1ork) 15 (3):327-344. 

Brakenridge, G. R. 1981. Latw Quaternary floodplain sedimentation along the Pomte de Terre River, southern 

Missouri. Quaternai, Research (New York) 15 (1):62-76. 

meandering rivers in the central U.S.; implicationsBrakenridge, G.R. 1981. Alluvial stratigraphy along confined 
regarding the origin of floodplains. Geological Society of America, 94th annual meeting, N. C. Hestor, M. C. Noger 

(eds.). Geological Society of America Abstracts with Programs 13 (7):4 15. 

Singhroy, V. If.; Wightman, J. F. 1981. Bank erosion and flood plain studies of the Annapolis River; an application 

of remote sensing data. Seventh Canadian symposium on remote sensing-Compte rendu du septiene symposium 

canadien stir la teledetection, Manitoba Remote Sens. Cent., Canada, W. G. Best, S. Weselake (eds.). Proceedings 

Canadian Symposium oilRemote Sensing 7:304-3 15. 

Kuenzler, E. J.; Mulholland, P. J.; Yarbro, L. A.; Smock, L. A. 1980. Distributions and budgets of carbon, 

phosphorus, iron and manganese in a floodplain swamp ecosystem. Report, Water Resources Research Institute of 

the Univ. of North Carolina 157:234. 

Floodplain Sedimentation StudyFAP 19/FAt' 16 
A-26 



Yanosky, T. M. (investigator). 1980 119811. Flood rings in trees along the Potomac River. Geological Survey 
ProfessionalPaler(Washington, D.C.) (1175):233. 

Gray, H1.H.; Collins, M. B. 1980. Floodplain sediments along tle Ohio River at Louisville, Kentucky. Geological 
Society of America Abstracts with Programs 12 (5):227. 

Stene, L. P. 1980. Observations on lateral and overbank deposition; evidence from Holocene terraces, southwestern 
Alberta. Geology (Boulder) 8 (7):314-317. 

Kirkland, J. T.; Funk, R. E. 1980. A model for deposition of overbank sediment along the upper Susquehanna River 
inthe Oneonta region, New York. Geological Society of America Abstracts with Programs 12 (2):45. 

Smith, D. G.; Smith, N. D. 1980. Sedimentation in anastomosed river systems; examples from alluvial valleys near 
Banff, Alberta. J.of Sedimentar, Petrology 50 (1): 157-164. 

Smith, D. G.; Putnam, P. E. 1980. Anastomosed river deposits: modern and ancient examples in Alberta, Canada. 
CanadianJ.of Earth Sciences 17:1396- 1406. 

Brakenridge, G. R. 1979. The impact of climatic change on floodplain sedimentation, soil formation, and colian 
activity in southern Missouri. Geological Society of America Abstracts with Programs 11 (7):393. 

Jackson, T. J.; Ethridge, F. G.; Youngberg, A. D. 1979. Flood-plain sequences of fine-grained meander-belt system, 
lower Wasatch and upper Fort Union formations, central Powder River basin, Wyoming. American Assoc. of 
Petroleum Geologists, Bull. 63 (5):831-832. 

Wilson, M. 1978. 1lolocene geology and archaeology of the Bow River floodplain at Calgary, Alberta. American 
Quaternary Assoc. National Conference, Abstracts (5): 181. 

Nanson, G. C. 1977. Channel migration, floodplain formation, and vegetation succession on a meandering-river 
floodplain in N.E. British Columbia, Canada. Ph.D. diss., Simon Fraser Univ., Canada. 

Hay, J. 1). 1977. A comparative analysis of Cs-137 dynamics in two floodplain forests of a southeastern coastal plain 
stream. Ph.D. diss., Emory Univ., USA. 

Eckblad, J. W.; Peterson, N. L.: Ostlie, K.; Temte, A. 1977. The morphomnetry, benthos and sedimentation rates 
of a floodplain lake in Pool 9 of the Upper Mississippi River. American Midland Naturalist97 (2):433-443. 

Garten, C. T. Jr; Gentry, J. B.; Pinder, J. E. 1Il; Sharitz, R. R.; Smith, M. FH. 1975. Radiocaesium dynamics in a 
contaminated floodplain ecosystem in the southeastern United States. IAEA, Proc. Ser. (406):331-347. 

Ritter, D. F. 1975. Siratigraphic implications of coarse-grained gravel deposited as overbank sediment, southern 
Illinois. I. of Geology 83 (5):645-650. 

Costa, J.E. 1975. Effects of agriculture in erosion and sedimentation in the Piedmont Province, Maryland. Geological 
Society of Anterica, Bull. 86 (9):1281-1286. 

Kesel, R. H1.; Dunne, K. C.; McDonald, R. C.: Allison, K. R.; Spicer, B. E. 1974. Lateral Erosion and Overbank 
Deposition on the Mississippi River in Louisiana Caused by 1973 Flooding. Geology (Boulder) 2 (9):461-464. 

Floodplain Sedimentation Study FAP 19/FAP 16 

A-27 



Glenn, J. L.; Hubbell, D. W.; Stevens, 1-1.II. Jr. 1973. Sedimentation in the lower Columbia River and estuary. 

Relations sedimentaires entre estuaires et plateautv continentatLr; resumes, 38-39. Inst. Geol. Bassin Aquitaine, 

Bordeaux, France. 

Ritter, D. F.; Kinsey, W. F.; Kauffman, M. E. 1973. Overbank sedimentation in the Delaware River valley during 

the last 6,000 years. Science 179:374-375. 

Stewart, J. II.; Lamarche, V.C. 1967. Erosion and deposition produced by the floods of December 1964 on Coffee 

Creek, Trinity County, California. U.S. Geological Survey Professional Paper 422K. 

Schmudde, T.I. 1963. Some aspects of the landforms of the Lower Missouri River floodplain. Annals of the Assoc. 

of American Geographers53:60-73. 

Wohnan, M. G.; Eiler, J. P. 1958. Reconnaissance study of erosion and deposition produced by the flood of August, 

1955 in Connecticut. American Geophysical Union Transactions39:1-14. 

Oriard, L. L. 1951. A seismic investigation of subsurface geology in the Missouri River flood-plain near St. Charles, 

Missouri. Master's Thesis, St. Louis Univ., USA. 

EUROPE
 

Bentham, P. A.; Tailing, P. J.; Burbank, D. W. 1993. Braided stream and flood-plain deposition in a rapidly aggrading 

basin; the Escanilla Formation, Spanish Pyrenees. In Braidedrivers, J. L. Best, C. S. Bristow (eds.), Univ. of Leeds, 

Dept. of Earth Sciences, Leeds, U.K. Geological Society Special Publications 75:177-194. 

Walling, D. E.; Quine, T. A.; lle, Q. 1992. Investigating contemporary rates of floodplain sedimentation. In Lowland 

floodplain rivers; geomnorpliologicalperspectives,P. A. Carling, G. E. Petts (eds.), Institute of Freshwater Ecology, 

Anibleside, U.K., 165-184. John Wiley & Sons, Chichester, U.K. 

Lewin, J. 1992. Floodplain construction and erosion. In The rivers handbook; hydrologicaland ecologicalprinciples, 

P. Calow, G. E. Petts (eds.), Univ. of Sheffield, Department of Animal and Plant Sciences, Sheffield, U.K., 

144-.161. Blackwell Sci. PuI., London, U.K. 

Brown, A. G.; Keough, M. 1992. Holocene floodplain metamorphosis in the Midlands, United Kingdom. In 

Floodplain evoltion, G. R. Brakenridge, J. [lagedorn. Geonorphology 4 (9):433-445. 

-lagedorn, J.; Rother, N. 1992. Holocene floodplain evolution of small rivers in the uplands of Lower Saxony, 

Germany. In Floodplain evolution, G. R. Brakenridge, J. Iagedorn. Geonorphology 4 (9):423-432. 

Marriott, S.1992. Textural analysis and modeling of a flood deposit; River Severn, U.K. Earth Suiface Processes 

and Landforns 17 (7):687-697. 

Leenaers, 1-. 1991. Deposition and storage of solid-bound heavy metals in the floodplains of the River Geul (the 

Netherlands). EnvironmentalAonitoring and Assessment 18 (2):79-103. 

Rumsby, B. 1991. Flood frequency and magnitude estimates based on valley floor morphology and floodplain 

sedimentary sequences; the Tyne Basin, N.E. England. Master's Thesis, Univ. Microfilms, Ann Arbor, MI, USA. 

FAP 19/FAI' 16 Floodplain Sedimentation Study 

-1N
 

A-28 



Makhinov, A. N. 1990. Ruslovyye protsessy i formirovaniye poym v usloviyakh ustoychivoy akkumulyatsii nanosov 
v doline reki [Channel processes and floodplain formation under conditions of steady valley alluviation]. 
Geomorfologiya 1990 (3):75-83. 

Sobotovich, E. V.; Golovko, N. V.; 01' khovik, Y. 0. 1990. Doslidzhennya migratsiyinoyi zdatnosti organo­
mineral'nikh form radionuklidiv u donnikh vidkladakh (na prikladi zaplavi r. Prip'yat') [Studies of migrational 
capacity of organo-mineral radionuclides in bottom sediments; example of the Pripet floodplains]. Dopovidi Akademiyi 
Nauk Ukrayins'koyi RSR, Seriya B: Geologichni, Khimichni ta Biologic/mi Nauki 1990 (7):37-40. 

Cooper, D. M.; Dixon, A. J. 1989. Characterization of grain size distributions in Thames floodplain gravels. 
Mathematical Geology 21 (7):673-68 1. 

Babinski, Z. 1989. Charakterystyka rowniny zalewowej dolnej Wisly ICharacterization of the floodplain of lower 
Vistulal. Przeglad Geograficzn)-Pol'skij Geograficeskij Ohzor-Polish Geographical Review-Polonaise de 
Geographie 62 (1-2):95- 130. 

Oliero, 0. A. 1989. Dinamica del cauce y de la Ilanura de inundacion del Rio Ebro en el termino de Alfaro 
[Dynamics of the Ebro River floodplain at the Alfaro boundaryj. Cuadernos de Investigacion Geografia 15 
(1-2):47-54. 

Walling, D. E.; Bradley, S. 13. 1989. Rates and patterns of contemporary floodplain sedimentation; a case study of 
the River Culm, Devon, UK. In Floodplain environments, W. L. F. Brinkmann, S. B. Bradley (eds.), J. W. Goethe 
Univ., Frankfurt, Federal Republic of Germany. Geolournal 03432521:53-62. 

Brinkmann, W. L. F.; Lehniann, R. 1989. Geo-ecologic environment of a River Main floodplain sediment profile; 
a nicro-scale study. In Floodplain environments, W. L. F.Brinkmann, S. B. Bradley (eds.), J. W. Goethe Univ., 
Frankfurt, Federal Republic of Germany. GeoJournal03432521:15-26. 

Gretener, B.; Stromquist, L. 1987. Overbank sedimentation rates of fine-grained sediments. A study of the recent 
deposition in the lower River Fyrisan. Geografiska Annaler 69A: 139-146. 

Lcwin, J.; Macklin, M. G. 1987. Metal mining and floodplain sedimentation in Britain. International geomorphology 
1986, Proceedings of the first international conference on geomorphology, V. Gardiner (ed.), Part I, 1009-1027. John 
Wiley & Sons, Chichester, U.K. 

lambert, C. P.: Walling, 1). E.1987. Floodplain sedimentation: a preliminary investiagation of contemporary deposition 
within the lower reaches of the River Cuin, Devon, U.K. GeografiskaAnnaler 69A:393-404. 

Brown, A. G. 1987. llolocene floodplain sedimentation and channel response of the lower River Severn, United 
Kingdom. Zeitschriftfuer Geomorphologie 31 (3):293-310. 

Strashevska, K. 1986. Poyna Dunaya na Uchastke Vidin-Svishtov IFloodplains of the Danube between Vidin and 
SvishtovJ. Itzhenerna Geologiya i Khidrogeologiva 15-16:26-37. 

Marsland, A. 1986. The flood plain deposits of the lowcr Thames. The QuarterlyJ. of Engineering Geology 19 
(3):223-247. 

Hayward, M. 1985. Soil development in Flandrian floodplains; River Severn case-study. In Soils and Quaternary 
landscape evolution, J. Boardnan, Brighton Polytech., Humanities Dept., Brighton, U.K., 281-299. John Wiley & 
Sons, Chichester, U.K. 

Floodplain Sedimentation Study FAP 19/FAr 16 
A-29 



Mansikkanicmi, I1. 1985. Sedimentation and water quality in tle flood basin of the River Kyronjoki in Finland. Fennia 
163:155-194. 

Macklin, M. G. 1985. Flood-plain sedimentation in the upper Axe Valley, Mendip, England. Transactions, Institute 
of British Geographers, New Series 10 (2):235-244. 

Myslinska, E. 1985. Engincering-geological problems in research on flood deposits. Bulletin of the International 
Assoc. of Engineering Geology 32:105-109. 

Avetyan, S. A.; Zborishchuk, N. G.; Rozanov, B. G. 1985. Variation of texture of Alluvial clay soils of the Dniester 
floodplain upon reclamation. Aloscow Univ. Soil Science Bulletin 40 (2): 1-6. 

Brown, A. G. 1984. An analysis of overbank deposits at Blandford-Forum, Dorset, England. Revue de Geomorhologie 
Dynanique 32 (3):95-99. 

Burrin, P. J.; Scaife, R. G. 1984. Aspects of Ilolocene valley sedimentation and floodplain development in southern 
England. Proceedings of the Geologists Assoc. 95 (1):81-96. 

IHavinga, A. J.; Op' thof, A. 1983. Physiography and formation of the Ilolocene floodplain along the lower course 

of the Rhine in The Netherlands. Mededelingen Landbouwhogeschoo' te Wageningen 83-8:73. 

Brown, A. G. 1983. Floodplain deposits and accelerated sedimentation in the lower Severn Basin. In Background to 
palaeohydrology; a perspective, K. L. Gregory, Univ. of Southampton, Dept. of Geography, Southampton, U.K., 
375-397. John Wiley & Sons, Chichester, U.K. 

Somogyi, S. 1982. River channel and flood plain evolution of the great plain section of the Danube, based on map 
evidence between 1782 and 1950. In Quaternary studies in ltungary, M. Pecsi (ed.), 285-299. Hung. Acad. Sci., 

Geogr. Res. Inst., Budapest, lungary. 

Lewis, J. A. 1982. British floodplains. Papers in earth studies; Lovatt lectures-Worcester, B. 11. Adlam, C. R. Fenn, 
L. Morris (eds.), 21-37. GCeo Books, Norwich, U.K. 

Zwolinski, Z. 1982. Facies model of vertical accretion deposits included within a floodplain along meandering lowland 

rivers, the Parseta River, Poland. Abstracts of papers; International Assoc. of Sedimentologists, eleventh international 

congress on sedimentology, J. 0. Nriagu, R. Troost (eds.), International Congress on Sedimentology (Congres 
International de Sedimentologie), 11:22. 

Kuznetsov, V. A.; Zinienkov, 0. .; Kolkovskiy, V. M. 1982. Radiouglerodnyy vozrast allyuviya poymiy basseynov 
Nemana i zapadnoy Dviny [Radiocarbon age of floodplain alluvium in the basins of the Neman and Western Dvina 
rivers]. Doklady Akadenii Nauk BSSf' 26 (3):267-270. 

Afanas' yeva, T. V.; Tereshina, T. V.; Remezova, G. L. 1981. Pochvy poymy Obi i usloviya ikh obrazovaniya 

[Floodplain soils of the Oh region and conditions of their formation]. Prirodnyye Usloviya Zapadnoy Sibiri 8:140-149. 

Gomez, B.; Sims, P. C. 1981. Overbank deposits o-" lic Narrator Brook, Dartmoor, England. Geological Magazine 
118 (1): 77-83. 

Witt, A. 1979. Present-day mechanism of flood plain lateral a.cretio! in the middle course of the Warta River. 
Quaest. Geogr. (5):153-167. 

FAP 19/FAt' 16 Floodplain Sedimentation Study 
A-30 



Ryazanov, P. N. 1979. Osobennosti sostava gumusa pochv i nailkov poymy reki Protvy [Organic matter composition 
in soils and silt deposits in the Protva River floodplainj. Vesn. MAosk. Univ., Ser. 17, Pcchvoved (1):66-70. 

Lewin, J. 1978. Meander development and floodplain sedimentation; a case study from mid-Wales. Geol. J. 
(Liveipool) 13 (Part I):25-36. 

-lavlicek, P. 1977. Radiokarbondaticrung der Flussablagerungen in der Talauc des Flusses Morava [Radiocarbon 
dating of fluvial sediments in the floodplain of the Morava River]. Vesiti. Ustred. Ustavu Geol. 52 (5):275-283. 

Obediyentova, G. V. 1977. Erozionnyye tsikly i formirovaniye doliny Volgi [Erosion cycles and formation of the 
valley of the Volga River[. Diss., Izd. Nauka, Moscow, USSR. 

Andriyash, 0. P. 1976. Osnovnyye cherty geologicheskogo stroyeniya poym priust'yevykh uchastkov Dnepra, 
Yuzhnogo Buga, lngul'tsa IGeologic structure of the Dnieper, Bug and Ingulets pre-estuary floodplains]. 
Chetiveriichn. Period. 16:152-156., 

Lewin, J.; Manton, M. M. M. 1975. Wclsh floodplain studies; the nature of floodplain geometry. 
J.Ilydrol. 25 (1-2):37--50. 

Dobrovol' skiy, G. V.; Afanas' yeva, 1'. V.: Rcmczeva, G. L.; Balabko, P. N. 1974. Tipy poyrny reki Obi v 
predelakh yuzlnotayezlnoy podzony IThe Oh River floodplain in the vicinity of the southern Taiga Subzone]. 
Zemel'n),Ye resursv Sibiri, R. V. Kovalev (ed.), 29-34. Izd. Nauka, Novosibirsk, USSR. 

Velikanova, Z. M.; Yarnykh, N.A. 1970. Field investigations of the hydraulics of a floodplain during a high flood.
 
Soviet llydrology: Selected l'apets Vol. 5:33-53.
 

ASIA 

Sahu, K. C.; Prusty, B.G.; Godgul, G. 1994. Metal contamination due to mining and milling activities at the Zawar
 
zinc mine, RaJasthan, India; 2, Dispersion in floodplain soils of stream. Chemical Geology 112 (3-4):293-307.
 

Uimitsu, M. 1993. Late Quaternary sedimentary environments and landforms in the Ganges Delta. Sedimentary
 
Geology 83: 177-186.
 

Shu, L.; Finlayson, B. 1993. Flood management on the lower Yellow River; hydrological and geomorphological 
perspectives. Current research in fluvial sedinlentology; papers from the 5th international conference on Fluvial 
sedimentology, C. R. Fielding (ed.), Univ. of QLccilslanld, Dept. of Earth Sciences, Brisbane, Queensland, Australia. 
Sedimentary Geology 85 (1-4):285-296. 

Woo, II.; Lee, B.K.; Yu, K. 1991. Sedimentation aspects of floodplain management; lessons learned from the Han 
River flood of Scp'telnbcr 10-12, 1990, Korea. Proceedings of the 1991 national conference on Hydraulic engineering, 
R. M. Shane (ed.), 'nn. Valley Auth., Eng. Lab., Norris, TN, USA 1991:1102-1107. 

Kalicki, T. 1991. Budowa teras iwiek rowniny zalewowcJ berezyny kolo Borysowa (Bialorus) [Structure of terraces 
and age of the flood plain of l3crezyna River near Borysow, Byelorussia]. Przeglad Geograficzny-Pol'skij 
Geograficeskij Obzor-Polish Geographical Review-Polonaise de Geographie 63 (1-2):363-377. 

Floodplain Sedimenltaton Study FAP 19/FAP 16 
A-31 



Pernetta, J. C.; Osborne, P. L. 1990. Deltaic floodplains; the Fly River and the mangroves of the Gulf of Papua, 

Papua New Guinea. In Implications of expected climate changes in the South Pacific region; an overview, J. C. 

Pernetta, P. J. Hughes (eds.), UNEP, Reg. Seas Rep. and Stud., Nairobi, Kenya. UNEP Regional Seas Reports and 

Studies, 200-217. 

1989. Estimate of reduction in deposition in lower Yellow River by warping on floodplains. InHong, S.; Chen, Z. 

Taming the Yellow River,"silt andfloods, L. M. Brush, M. G. Wolman, B. W. Huang (eds.), Johns Hopkins Univ.,
 

Baltimore, MD, USA. GeojournalLibraor 13:585-596.
 

Haque, C. E.; Zamnan, M. Q. 1989. Coping with riverbank erosion hazard and displacement in Bangladesh; survival
 

strategies and adjustments. Disasters 13 (4):300-314.
 

Habib, M. A. B.; Rahman, M. S. 1987. Interaction in and between some properties of pond bottom and adjacent land soil
 

of three Bangladesh soils. PakistanJ. of Scientific and IndustrialResearch 30 (5):350-355.
 

New results from studies of the late Quaternary of north central Thailand and their implications forBishop, P. 1987. 
onQuaternary alluvial st'atigraphy. Proceeding of the CCOP symposium Developments in Quaternary geological 

F. Wezel, J. L. Rau (eds.), CCOP Tech. Secr., Bangkok,research in East and Southeast Asia during the last decade, 

Thailand. CCOP/TP 18:207-217. 

Bishop, P. 1987. Geomorphic history of the Yore River floodplain, north central Thailand, and its implications for 

floodplain evolution. Zeitschriftfuer Geomorphologie 31 (2): 195-211. 

Bajpai, V. N.; Gokhale, K. V. G. K. 1986. llydrogeomorphic classification of the marginal Gangetic alluvial plain 

in Uttar Pradesh, India, using satellite imageries. J. of the Geological Society of India 28 (1):9-20. 

Chirigaku HyoronUmitsu, NMl.1985. Natural levees and landform evolutions in the Bengal lowland (in Japanese). 

(GeographicalReview of Japan), Series B 58 (2): 149-164. 

Manchanda, N4. L.; llilwig, F. W. 1983. Micromorphological studies of soils of Indo-Gangetic alluvial plain 

developed under different climatic conditions. J. of the Indian Society of Soil Science 31 (1):73-84. 

1981 119821. Fluvial processes in the Kosi (India) catchment basin and their impact on morphology of theDas, K. N. 

floodplain. In Perspectives in geonioqhology; essays on Indiangeomoqhology, Vol. 4, 1-1. S. Sharma (ed.), Rajasthan
 

Univ., Dept. of Geography, Jaipur, India, 49-76. Concept Publ. Co., New Delhi, India.
 

Sinha, S. N.; Dayal, N. 1980. Geomorphological and sedimentological study of a part of the Lower Ganga Basin,
 

District Begusarai, Bihar. J. of the Geological Society of India 21 (7):348-353.
 

Wilkinson, r. J. 1978. Erosion and sedimentation along the Euphrates Valley in northern Syria. In The environmental 

C. Brice (ed.), 215-226. Acad. Press, London, U.K.history of the Near and Middle East since the last ice age, W. 

Parkash, B.; Goel, R. K. 1977. Paleogcographic evolution of a part of the Indo-Gangetic Trough from the late 

Tertiary to Recent. J. of the Geological Society of India 18 (6):288-294. 

Branimer, H.; Brinkman, R. 1977. Surface-water gley soils in Bangladesh; environment, landforms and soil 

morphology. Geodermia 17 (2):91-109. 

Bose, R. N.; Bose, P. K.; Mukherjce, B. 1976. A review of the seismic refraction and magnetic surveys in the 

Gangetic Plain of Sliah.bad, Gaya, Patna and Monghyr Districts, Bihar. India, Geol. Sun., Rec. 107 (Part 2):73-79. 

Floodplain Sedimentation StudyFAP 19/FAiP 16 
A-32 



Al Habeeb, K. H. 1976. Sedimentology of tlie flood plain sediments of the middle Euphrates River (Iraq). Baghdad 
Univ., Coll. Sci., Bull. 17. (issue). Thcscs abstracts (1965- 1975), 320-322. 

Biswas, A. B. 1969. Studies on the sedinicntation and ground-water conditions in the Nadia District, West Bengal. 
idia, Geol. Sur'., Misc. Publ. (14). Groundwater Part I11,89-100. 

Coleman, J. M. 1969. Brahmaputra River: channel proccsses and sedimentation. Sedimentaly Geology 3:129-239. 

Rasid, 1I. 1966. Morphology of the Jamuna flood plains. Orient. Geogr. 10 (2):57-72. 

SOUTH AMERICA 

Mertes, L. A. K. 1994. Rates of flood-plain sedimentation on the central Amazon River. Geology (Bouldet) 22 
(2):171-174. 

Dumont, J. F.; Garcia, F.; Fournier, M. 1992. Registros de cambios clinaticos por los depositos y morfologias 
fluviales en la Amazonia occidental IFluvial landfornis and fluvial deposits as paleoclimatic records in western 
Amazonial. In Palco-ENSO records international symposium; extended abstracts; former ENSO phenomena in 
western South America; records of El Nino events, L. Ortlieb, J. Machare (eds.), 87-92. 

Mertes, L. A. K. 1990. Ilydrology, hydraulics, sediment transport, and geomorphology of tile Central Amazon 
floodplain. Pll.). diss., Univ. of Washington, USA. 

Hamilton, S. K.; Lewis, W. M. Jr. 1990. Physical characteristics of the fringing floodplain of the Orinoco River, 
Venezuela. Interciencia 15 (6):491-500. 

Rasanen, M. E.; Salo, J. S.; Jungnert, II.; Pitiman, L. R. 1990. Evolution of the western Amazon lowland relief; 
impact of Andean foreland dynamics. Terra Nova 2 (4):320-332. 

Franzinelli, E. 1987. Quaternary sedimentation in the lower Negro River, Amazonas, Brasil. International Union for 
Quaternary Research; XII(th) international congress; programme and abstracts [Union international pour Ietude du 
Quaternaire; Xll(e) congres international; programme et resumesj, 108. 

Rasanen, M. E.; Salo, J. S.; Kallioia, R. J. 1987. Fluvial pcrturbance in the western Amazon Basin; regulation by 
long-term sub-Andean tectonics. Science 238 (4832):1398-- 1401. 

Mertes, L. A. K. 1985. Floodplain (levelopment and sediment transport in the Solimoes-Amazon River, Brazil. 
Master's thesis, Univ. of Washington, USA. 

Dumne, T.; Mertes, L. A. K.; Meade, R. II. 1985. Sediment transport and sedimentation along the Amazon 
lloodplain. Fhe Geological Society of America, 98th annual meeting. Geological Society of America Abstracts with 
Programs 17 (7):570. 

Bigarella, J. J.; Ferreira, A. M. M. 1985. Amazonian geology and the Pleistocene and the Cenozoic environments 
and paleoclimnates. In Ke'y environments; Amazonia, G. T. Prance, T. E. Lovejoy (eds.), 49-71. N.Y. Bot. Gard., 
New York, NY, USA. Pcrganion Press, Oxford, U.K. 

Floodplain Sedimentation Stmdy FAP 19/FAP 16 
A-33 

A1
 



AFRICA 

Moattassern, K. M.; Wahba, K.; Attia, K.; Galay, V. J. 1989. Dynamic floodplain changes to the River Nile after 
the High Aswan Dam. In M.S. Yalin. L'hydraulique et I'environnenent; compte rendu de le XXIII congres de 
I'Association Internationale de Recherches Ilydrauliques; Tome B, Hydraulique fluviale [Hydraulics and the 
environment; proceedings of the XXIII congress of the International Assoc. for Hydraulic Research; Volume B, 
Fluvial hydraulics]. Proceedings, Congrcs de I'Association Internationale de Recherches Hydrauliques [International 
Assoc. for Hydraulic Rcscarch Congress] 23:B277-B290. 

McIntosh, R. J. 1983. Floodplain geomorphology and hunan occupation of the upper inland delta of the Niger. 
Geographical Journal 1,19 (Part 2): 182-201. 

Visser, J. N. J.; Botha, 13. J. V. 1980. Meander channel, point bar, crevasse splay and acolian deposits from the Elliot 
Formation in Barkly Pass, north-eastern Cape. Geol. Soc. S. Afr., Trans. 83 (Part 1):55-62. 

Philobbos, E. R.; Kishk, M. A. 1976 119771. A preliminary investigation of the grain-size parameters of sonie 
Quaternary sediments of the Nile Valley, Upper Egypt. Assiut Univ., Fac. Sci., Bull. 5 (3):359-.369. 

OCEANIA 

Warburton, J.; Davies, T. R. Il.; Mandl, M. G. 1993. A meso-scale field investigation of channel change and 
floodplain characteristics in an upland braided gravel-bed river, New Zealand. In Braided rivers, J. L. Best, C. S. 
Bristow (eds.), Univ. of Leeds, Dept. of Earth Sciences, Leeds, U.K. Geological Society Special Publications 
75:241-255. 

Reinfelds, I.; Nanson, G. 1993. Formation of braided river floodplains, Waimakariri River, New Zealand. 
Sedimentology 40 (6):1113-1127. 

Nanson, G. C.; East, T. J.; Roberts, R. G. Quaternary stratigraphy, geochronology and evolution of the Magela 
Creek catchient in the monsoon tropics of northern Australia. In Late Quaternary evolution of coastal and lowland 
riverine plains in Southeast Asia and northern Australia, C. D. Woodroffe (ed.). Sedimentary Geology 83 
(3-4):277-302. 

Day, G. M.; Dietrich, W. E.: Apte, S. C.; Batley, G. E.; Markam, A. J. 1992. The fate of mine-derived sediments 
deposited on the Middle Fly River flood-plain of Papua New Guinea. Ok Tedi Mining Limited, Tabubil, Papua New 
Guinea (internal report). 

Warner, R. F. 1992. Floodplain evolution in a New South Wales coastal valley, Australia; spatial process variations. 
Geonoiphology 4 (9):4,17-458. 

Thorp, M.; Thomas, M. 1992. The timing of alluvial sedimentation and floodplain fortuation in the lowland humid 
tropics of Ghana, Sierra Lcone and western Kalimantan (Indonesian Borneo). Geomorphology 4 (9):409-422. 

Pickup, G. 1991. Event frequency and landscape stability on the floodplain systems of arid central Australia. 
Quaternary studies in Australia and New Zealand, 13. G. Thom, R. J. Wasson (eds.), Univ. of Sydney, Sydney, 
N.S.W., Australia. Quaternvit Science Reviews 10 (5):,163-473. 

liggins, R. J. 1990. Off-river storages as sources and sinks for environmental contaminants. Regulated Rivers: 
Research and Management 5:401-4 12. 

FAt' 19/FAP 16 Floodplain Sedimentation Study 
A-34 



Salomons, W.: Eagle, A. M. 1990. IHydrology, scdimentology and tie fate and distribution of copper in mine-related 
discharges in the Fly River system, Papua New Guinea. The Science of the Total Environment 97/98:315-334. 

Nanson, G. C.; Erskine, W. D. 1988. Episodic changes of channels and floodplains on coastal rivers in New South 
Wales. In Fluvial geomorphology of Australia. R. F. Warner (ed.), 201--221. Univ. of Sydney, Dept. of Geol., 
Sydney, N.S.W., Australia. Acad. Press, Sydney, N.S.W., Australia. 

Grant, P. J. 1985. Major periods of erosion and alluvial sedimentation in New Zealand during the late Holocene. J. 
of the Royal Society of New Zealand 15 (1):67-121. 

Nanson, G. C.; Young, R. W. 1981. Overbank deposition and floodplain formation on small coastal streams of New 
South Wales. Zeitschriftfiuer Geomoiphologie 25 (3):332-347. 

Woodyer, K. I).; Taylor, G.; Crook, K. A. W. 1979. Depositional processes along a very low-gradient, suspended­
load stream; the Barwon River, New South Wales. In Continental arid climate lithogenesis, E. D. McKee (ed.). 
Sediment. Geol. 22 (1-2):97-120. 

lHesp, P. A.; Shepherd, M. J. 1978. Somc aspects of the late Quaternary geomorphology of the lower Manawatu 
Valley, New Zealand. N. Z. J. Geol. Geophys. 21 (3):403-412. 

Currey, D. T. 1978. Remote sensing floods arid flood plains, Victoria, Australia. International Symposium on Remote 
Sensing Environ., Proc. (12 Vol. 1):463-479. 

Grimes, K. G.; l)outch, II. F. 1978. The late Cainozoic evolution of the Carpentaria Plains, North Queensland. BMR 
J. Aust. Geol. Geophvys. 3 (2):1101-112. 

Simpson. C. J.; Doutch, I1. F. 1977. The 1974 wet-season flooding of the southern Carpentaria Plains, Northwest 
Queensland. BAIR J. Ais. Geol. Geophys. 2 (I):43-5 1. 

Scholer, II. A. 1976. Discharge of sands by sandy bed streams and the regime of leveed rivers in coastal flood plains 
with special reference to rivers in eastern New Soulh Wales. Royal Society of N. S. W., J. Proc. 109 (Part 
3-4):81-89. 

MODELLING 

Wolff, C. G.; Burges, S. J. 1991. An analysis of ihe influence of river channel properties on flood frequency. J. of 
Ilydrology 153 (1-4):317-337. 

Bridge, J. S.; Mackey, S. 1). 1993. A revised alluvial straigraphy model, MI. Marzo, C. Puigdefabregas (eds.), Alluvial 
sedimentation. Special Publication of the International Assoc. of Sedimentologists 17:319-336. 

Mackey, S. D.; Bridge, J. S. 1993. Simulating alluvial architecture in three-dimensions; effects of avulsion and 
tectonism on the spatial distribution of alluvial channel-belt deposits. American Assoc. of Petroleum Geologists 1993 
annual convention. Annual Mceting Abstracts American Assoc. of Petroleum Geologists and Society of Economic 
Paleontologists and Mineralogists 1993:1,12-1,13. 

loward, A. D. 1992. Modeling channel and floodplain sedimentation in meandering streams. In Lowland floodplain 
rivers; geomotmlologqiwal petectives, P. A. Carling, G. E. Pelts (eds.), Institute of Freshwater Ecology, Ambleside, 
U.K., 1-41. John Wiley & Sons, Chichester, U.K. 

Floodplain Sedimentation Sh1dy FAP 19/FAP 16 
A-35 



Bates, P. D.; Anderson, M. G.; Baird, L.; Walling, 1). F.; Simm, D. 1992. Modelling floodplain flows using a two­

finite clement niodel. Earth Sutface Processes and Landforms 17 (6):575-588.dimensional 

Thomsen, B. W. 1ljalhmnrson, II. W. 1991. Estimated Manning's roughness coefficients for strearn channels and 

flood plains in Maricopa County, Arizona. Monograph Report, Flood( Control District of Maricopa County, USA, 

Gregory, K. J.; Maizcls, J. K. 1991. Morphology and sediments; typological characteristics of fluvial forms and 

deposits. In Temperate lpalaeohydrology, fluvial proc('esses in the tenperate zone during the last 15 000 years, L. 

Starkel, K. J. Gregory, J. B. Thornes (cds.), Pol. Acad. Sci., Inst. Gcogr., Cracow, Poland, 31-59. John Wiley & 

Sons, Chichester, U.K. 

Murota, A.; Fukuhara, T.; Seta, M. 199%. Effects of channel shape and floodlplain roughness on flov structure in 

compound cross section. .1.of ilydroscience and Il dralicEngineering 8 (2):39-52. 

Chen, Y. 11. 1988. Development of a two dinensional finite-difference water andI sediment routing model; TWODSR 

and its integration with a one-dimensional model. In Twelve selected computer stream sedimentation models developed 

in the United States; Part 3, Six privately owned models; proceedings; Interagency computer stream sedimentation 

Energy Regul. Comm., Interagency Ad Iloc Sedimentation Work Group,model seminar, S. Fan (ed.), Fed. 
Washington, DC, USA, 453-190. 

Ervine, 1). A.; Ellis, J. 1987. Experimental and compltational aspects of overbank floodplain flow. Transactions of 

the RoYal Society of Edinburgh: Earth Sciences 78 (4):315-325. 

Nanson, G. C. 1986. Episodes of vertical accretion and catastrophic stripping; a model of disequilibrium flood-plain 

development. Geological Society of America Bulletin 97 (12): 1467-1475. 

Pizzuto, J. E. 1986. A diffusion model of overbank deposition. SEPM, annual midyear meeting. Abstracts, Society 
Annual Midyear Meeting 1986 (Vol. 3):90-91.of Economic Paleontologists and Mineralogists, 

Krislnappen, B. G.; Lam, L. Y. 1986. Turbulence modeling of floodplain flows. ASCE J. of HydraulicsEngineering 

112:251-265. 

Martinez, R. 1. 1982. Simulation of floods in wide, flat overbank areas. Ph.D. diss., Stanford Univ., USA. 

Smith, D. G. 1982. Anastomosed river deposition model. Abstracts of papers; International Assoc. of 

Sedimentologists, eleventh international congress on se(linicnlology, J. 0. Nriagu, R. Troost (eds.), International 

Congress on Sedimlentolog, (Congres International (Ic Scdimentologie), 11:22. 

Sellars, C. D. 1981. A floodplain storage model used to deternine evaporation losses in the upper Yobe River, 

northern Nigeria. J. ?f Hydrology 52 (3-4):257-268. 

Lewin, J.; Hughes, D. 1980. Welsh floodplain studies II. Application of a qualitative inundation model, J. of 

Hydrology 46:35-49. 

Boochs, P. W.; Mull, R.; Ilomagk, P. 1979. Numerical simulation of groundwater flow and flood runoff in river 

plains. Papers World Congress on Water Resources (Ponencias Congreso Mundial sobre Approvechamientos 

Ilidraluicos), F. Gonzalez Villarreal (cdl.), (3 Vol. 6):2731-2740. 

Weiss, I1. W. 1976. An integrated approach to mathematical flood plain modelling. Ph.D. diss., Univ. of 

Witwatersrand, South Africa. 

Floodplain Sedimentation StudyFAP 19/FAP 16 
A-36 



Bennett, J. P. 1974. Concepts of Mathematical Modeling of Sediment Yield. Water Resources Research 10 
(3):485-492. 

Klaussen, G. J.; Van dcr Zwaard, J. J. 1974. Roughness coefficients of vegetated floodplains. J. of Hydraulic 
Research 12:43-63. 

REMOTE SENSING 

Afanas' yeva, T. V.; Matekina, N. P.; l'rifonova, T. A. 1992. Remote scnsing imagery in (he study and mapping 
of floodplain soils in humiid regions. Mapping Sciences and Remote Sensing 29 (3):226-231. 

Pilon, P. G. 1991. Integraling satellite imagery into a geographic information system for monitoring the downstream 
impacts of dam construction ol floodplain agriculture in Sokoto State, Nigeria. Ph.D. diss, Univ. of Waterloo, 
Canada. 

McColm, G. A.: Syme, W. .1. leitzel, 1. G. 1990. Integration of the flood modeling process with a geographic 
information system. JRISA proccedings, p'pers from the almu:I conference of the Urban and Regional Information 
Systems Assoc.; Volume IV, Urban & regional analysis, regional agencies public administration, public information 
edulcationitechnology transfer, research agenda group state/province, F. Westerlund (ed.) , Univ. Wash., Dep. Urban 
Design & Plann., SeattIc, WA, LISA, 297 -311. 

Vasil, yev, S. V. 1990. Mapping the dynamics of floodplain landscapes. Mapping Sciences and Remote Sensing 27 
(3):2,15-251. 

Leenaers, II.; Okx, J. P1.1989. The use of digital elevation models for flood hazard mapping. Fourth Benelux 
colloquium on geomorphological processes; IG U-COMI'AG meeting; proceedings, Lab. Exper. Geomorphol., 
Louvain, Belgituu, F. J. P).M. Kwaad, J. W. A. Pocsen (eds.). Earth Surface Processes and Landforms 14 
(6-7):631 -640. 

Leenaers, II.; Okx, .1. P.; Burrough, P).A. 1989. (,o-kriging; an accurate and inexpensive means of mapping
 
floodplain soil pollution by using elevation data. Gcoslatistics; Proceedings of the Third international geostatistics
 
congress; Volume I. Ec. Natil. Super. Mines Paris, Cent. Gcostatistique, Fontainebleau, France, M. Armstrong (ed.),
 
37 1-382. Kluwer Acad. lub!., Dordrecht, Netherlands.
 

Berkovich, K. NI.; Zaytsev, A. A.; Novakovskiy, 13.A.; Sventek, Y. V. 1987. Remote sensing in the morphometric 
analysis of channels and floodplains. Mapping Sc'iences and Remote Sensing 24 (3):209-217. 

Christensen, F. .1. 1987. l)igital change (ltcction; a quantitative evaluation of image registration and wetland 
phenological characteristics using high resolution multispectral scanner data. Ph.D. diss., Univ. of South Carolina, 
USA. 

Dlianlju, M. S. 1985. Flood plain mapping from L.ailsat imagery. National seminar on Remote sensing of water 
resources; Volume 1, Proceedings, J. F. Mistry (ed.), Gujarat Irrig. Dept., Gandhi Nagar, India, 77-99. Indian Water 
Resour. Soc., Ahmedabad, India. 

Sesoren, A. 1984. Geological interpretation of Landsat imagery of tie Bangladesh Ganges delta. ITC J. (Bulletin de 
lITC) 3:229-232. 

Singh, 13.D.; Goel, A. K. 1984. Fluviomorplhological investigations in the flood plain area of River Satluj in the north 

Floodplain Sedimentation Study FAP 19/FAt' 16 
A-37 



cast of Ludhiana (Punjab) using photo-interpretation techniques. Photonirvachak. J.of the Indian Sociely of Photo 

hiterlretationand Remote Sensing 12 (2):47-52. 

Afanas' eva, T. V. (Afanas' ycva, T.V.); Trifonova, T. A. 1983. Typology of floodplain lands of the Ob River based 

on a complex ilterpretation of aerial and satellite photographs. Moscow Univ. Soil Science Bulletin 38 (4): 1-7. 

sequential aerial photography. 

Ph.D. diss., Univ. of Minnesota, Minneapolis, USA. 
Olson, K. N. 1981. Assessment of Upper Mississippi River floodplain changes vitlh 

Ambrosia, V. 1980. ILanluse mapping from the Landsat imagery of North-Cmntral India. Remote Sensing Quarterly 

2 (4):39-40. 

from India.Pal, S. K. 1980. Ulpdatinig small scale flood plain mapping by Laldsat imagerics; selected examples 
R.P. Arya (eds.), Osmania Univ., IndianI1s G.C. 

NatI. Cartogr. Assoc., Ilyderabad, India. Inlian Carogralher1:262. 
Proceedings of tile national cartography conference, Agarwal, 

Elks, J. F. 1979. Air photo ilterpretation of flood plain features; a means of determining former discharges of the 

Kansas River. Master's thesis, Univ. of Kansas, USA. 

Henninger, I). L.; Stauffer, M. L.; Petersen, G.W.; McMurtry, G.J. 1975. Floodplain delineation using Landsat-I 

data. Research Publication Institute for Research on Land ant Water Resources, Pennsylvania State Univ. 103. 

Dozzi, 1. T.1975. Flood plainl mappillg; pholograltiltetric data for hydrology. Am. Soc. Photogramm. , Fall Conv., 

Proc. 1975. 633-639. 

ANCIENT ANALOGUES 

Koppellus, 1. B.; Pedersen, G. K. 1993. A palynological and sedimentological study of Cretaceous floodplain 

deposits of the Atane Formation at Skansen and Igclhungumq, Disko, West Greenland. Cretaceous Research 14 

(6):707-734. 

Kraus, M. J.; Asian, A. 1993. Eocene hydromorphic Palcosols; significance for interpreting ancient floodplain 

processes. .1.of Sedinemialy Petrology 63 (3):453-463. 

Mader, D. 1985. Braidplain, floodplain and playa lake, alluvial-fan, acolian and palacosol facies composing a 

diversified lithogenctical sequence in the Permian and Triassic of South Devon (England). In Aspects offluvial 

sedimentation in the Lower Triassic Buntsandstein of Europe, D. Mader (ed.), 4:15-64. Springer-Verlag, Berlin, 

Federal Republic of Germany. 

O'Brien, P. E.; Wells, A. T. 1984. Processes ol a Jurassic floodplain, tle Marburg Formation in Southeast 

Queensland. Geoscience in the dcvelopucint of natural resources, R. A. Binns (ed.). Abstracts, Geological Society 

of Australia 12:415. 

Dingman, L. E. 1982. The sedimnentology and paleohydraulics of the Upper Devonian Catskill facies of the Unadilla-

Hancock area, south-central New York State. Master's thesis; SUNY at Binghamton, USA. 

Smith, R. M. II. 1980. The lithology, sedlimentology anld taphonomy of flood-plain deposits of the Lower Beaufort 

(Adelaide Subgroup) strata near Beaufort West. Basin symposium, Univ. Witwatersrand, Dept. of Geol., 

Johr1nncsburg, South Africa, A. B. Cadle (ed.). Geol. Soc. S. Afr., Trans. 83 (Part 3) Special Issue:399-413. 

Floodplain Sedimentation StudyFAP 19/FAt' 16 
A-38 



Lobanowski, I!., Przyhylowicz, T. 1979. Tidal-flat and flood-plain deposits in the Lower Devonian of the western 
Lublin Uplands (after tle borcholes Pionki I and Pionki ,4). Acta Geol. Pol. 29 (4):383-407. 

Smith, R. M. II 1979. The sedimentology and taphonomy of flood-plain deposits of the lower Beaufort (Adelaide 
Sibgroup) strata near Beaufort West, Cape Province. S..,fr., Geol. Sur., Ann. 12 (1977-78):37-68. 

Stear, W. M. 1978. Seclimentary stnctures rclated to flucttat ing hydrodynamic conditions in flood plain deposits of 
the Beaufort Group near Beaufort West, Cape. Geol. Soc. S. Afr.. Trans. 81 (Part 3):393-399. 

Meyer. R. 1976. Continental scdiimetation, soil genesis and marine transgression in the basal beds of the Cretaceous 
in the east of the Paris Basin. Sedintentology 23 (2):235--253. 

Graham, .. R. 1975. Deposits of a near-coastal fluvial plain; tie Toe I lead Formation (tipper Devonian) of Southwest 
Cork, Eire. SedimentarV Geology 14 (1):45-61. 

Friend, P. F.: Moody, S. M. 1970. Carbonate deposition on the river floodplains of the Wood Bay formation 
(Devonian) of Spitsbcrgen. Geol. Afag. 107 (3): 181-195. 

Brady, L. L. 1969. Stratigraphy and petrology of the Morrison Formation (Jurassic) of the Canon City, Colorado, 
area. J. of Sedimentar Petrology 39 (2):632-648., 

Floodplain Secdilicfulation Sti.ly FAP 19/FAP 16 
A-39 



Appendix IV
 
Tabulated Data for Sediment and Water Samples
 

Table IV.la Physical Characteristics of Sample Sites, Sharishabari 

Soils Normal Flooding Cropping Fertilizers Used 

Relie" and 	 Subsoil Depth Duration Pattern (1993)
Site Physiographic 

No. Unit Position Series Testure (era) (days) (1993) kg/ha
 

14 AJF US of VG[J levee Melandalha Silt loaml 70-(X) 120 	 Jute-Wheat Urea - 225 
TSP - 37 
Mi- 19 

15 YJI LS of NIL ridges l)h.lrta i Clay loan) 180-21) 13(1 Mustard- Urea -524
 
Boro(l I)* TSP - 412
 

MP - 74
 
ZnSo 4 - 7 
Gypsum - 75 

Sonatola Silt loam 60-9) 120 T.Aman(L)- Urea - 262
16 YJF US of VGU ridges 

Wheat 	 TSP - 75 
MiP - 37 

17 YJF US of VGIJ ridges Melandalia Sill loam 60-90 125 	 T.Aman(L)- Urea - 337 
Wheat 	 TSP - 150 

MP - 37 

lhamrai Clay loam 'X)-131 130 T.Aman(L)- Urea - 52418 YJF VGU basin 
Boro(ll)* 	 TSP - 112 

IP - 37 

US of VGU ridges 	 Silty Jamuna Silt loam 60-1(N) 90 Jnle-T.Aman(L)- Urea - 315
19 AJF 

Wheat 	 TSP - 75 
MP - 37 

alluvium 

20 AJF MS of VGU ridges Melandaha Silt loam liX)-120 120 	 Jute-T.Aman(L)- Urea - 561
 
Wheat TSP - 112
 

21 OJF NL basin Sabhar Clay 180-2(X) 150 Mustard- Urea - 250
 

hazar Boro(l1)* TSP - 262
 
MP - 150
 

22 AJF US of VGIU levee Melatidaha Silt loam W0-120 90 Sugarcane 	 Urea - 150
 
TSP1 - 75
 
MP - 37 

23 OJF LS Of VGU ridges Siltiondi Silty clay 120-160 95 	 T.Aman(L)- Urea - 486 

loam Boro(HI)* 	 TSP - 150 
MP - 75 
ZnSo4 - II 
Gypsum - 75 

AJF Infilled channmel Sandy Saind 3(X)-45(1 125 Mix Seasantnn & Urea - 15024 
Jamiuna 	 Kaon-T.Amain(L) 
alluvium
 

25 AJF LS of VGU levee Silty Jamuna Silt loam 180-2X0 105 Jute-T.Aman(L)- Urea - 262
 

alluvium Black gram
 

26 AJF LS of VGU levee Silty Jainuna Sillloam 210-240 105 Mustard- Urea - 411
 

alluvium Boro(ll)* TSP - 168
 
MP - 56
 
Gypsum - 93
 

Abbreviations:
 
Physio, rahy Relief and position Cropping patterns
 

L: Low-yield varietyAJF: Active Jattuna floodplain US: Upper slope 

IH:lligh-yield variety
YJF: Young Januma 	floodplain NiS: Middle slope 


loodplain LS: Lowel slope *: Irrigated
OJ: Older lamunia 

VGt: Very gentfy undulating
 
NI.: Nearly level
 

Floodplain Sedimentatiotn StudyFAP 19/FAr 16 
A-40 



Table IV.lb Physical Characteristics of Sample Sites, Kalihati 

Soils 	 Normal Flooding Cropping Fertilizers Used 

Site Physiographie Relief aInd Sublsoil l)epth Duration Pattern (1993)
 
No. Unit Position Series Texture (cm) (days) (1993) kg/ha
 

7 AJF US of VGU ridges Melandaha Silt loam (X)- 120 120 Mix aus & aman - Urea - 262
 
Wheat TSP - 150
 

MI, - 19
 
8 YJF MS of VGU ridges Melandaha Silt loam 90-1(X) 120 Jute-T.Aman- Urea - 486
 

Wheat 	 TSP - 75 
MP - 37 
SS1 - 45 

9 YJF LS of VGU ridges Dhamrai Clay loam 12(- 1() 10) 	 Mix aus & aman- Urea - 412
 
pulses TSP - 112
 

MP- 19 

10 YJI 	 LS of NL-VGU l)halmrai Clay loao 120-170 120 T.aman(L)- Urea - 240
 
ridges Mustard TSP - 37
 

SSI'- 150 

II YJF MS of Nlridges Melandala Silt loam I X)- 120 105 	 B.aus-T.aman(l,)- Urea - 3(X)
 
Black gram
 

12 OJF NI. basin Sabhar ('lay 80-90 120 Mustard- Urea - 411I
 
hasar Boro(ll)* TSP - 165
 

MI, - 89
 

13 AJF MS of VGU levee Silt)' Jamira Silt loam 210-220 130 Jute-T.aman(L)- Urea - 374
 
alluviuit Onion TSP- 150
 

MP - 19
 

I AJF iS of VGU ridges Melandaha Silt loa 90-120 105 	 Mix atis & amtan- Urea - 262
 
pulses rsi, - 752
 

MP - 37 

2 AJF I.S of NI. ridges )lanrai Clay loart 110-130 120 Mix aus & aman- Urea - 150
 
Wheat TSP - 56
 

MP- 19
 

3 AJF MS of VGU ridges Melandala Sill loam 110-120 120 Jute-T.anian(LO- Urea - 352
 
wheat rSp - 56
 

MP - 19
 

4 OJF I.S of VGIJ-G(U Dhamrai Clay loam 90-120 120 	 T.D.aman- Urea - 659 
ridges muslard-boro(ll)* 	 TSP - 112 

MP - 37 
SSP- 120 

5 AJF MS of VGU levee 	 Sandy Sandy loam 180-2(X) 120 Mix aus & aman- Urea - 75 
Jaiuta Black grain 
alluvium 

6 AJF Infilled chatnel Silty Jamtma Silt loam 240-270 110 Mix arts & aman- Urea - 150 
alluvium Wheat TSP - 37 

MP - 15 

Abbreviations: 
Physiography Relief and positiol 	 Cropping patterns 
AJF: Active Jamtua floodplain US: Upper slope 	 L: Low-yield variety 
YJF: Young Janmuna 	 floodplain MS: Middle slope II: High-yield variety 
OJF: Older Jatuna floodplain 	 LS: Lower slope *: Irrigated 

VGU: Very gently undulating 
NI.: Nearly level 
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Table IV.2a Analytical Data for Sediment Deposited in Traps 

Site Phys. Topographic OM EC Ca Mg K NH,, P S B Cu Fe Mn Zn 

No. Unit Position Texture pH % ds/m meq/100gm soil ;4g/gm 

7 AJF US of ridges - 7.4 4.5 0.47 7.9 1.7 0.28 173 65 106 0.21 2.9 599 276 6.2 

3 AJF MS of ridges - 7.3 3.8 0.43 6.5 1.6 0.20 115 22 118 0.40 1.6 164 54 3.1 

2 A.JF LS of ridges - 7.3 5.2 0.64 8.0 1.7 0.35 173 52 182 0.27 1.4 230 60 4.4 

8 YJF MS of ridges Loam 6.8 0.9 0.14 7.6 2.2 0.20 72 18 33 0.33 5.3 309 150 2.9 

10 YJF LS of ridges Clay loam 6.6 1.6 0.25 8.8 1.9 0.45 133 61 55 0.37 7.1 248 181 4.2 

Table IV.2b Analytical Data for Sediment Deposited on Cloth 

Site Phys. Topographic OM EC Ca Mg K NH, P S B Cu Fe Mn Zn 

No. Unit Position Texture pH % ds/m meq/10Ogm soil ug/gm 

5 AJF MS of levee Silty clay 6.9 2.0 0.60 7.6 1.8 0.20 108 15 143 0.24 3.1 115 52 1.2 
loam 

26 AJF LS of levee Clay loam 7.0 5.2 0.47 7.3 1.9 0.48 201 27 8j 0.50 2.2 148 72 0.8 

25 AJF LS of levee Silty clay 6.9 4.2 0.28 7.7 1.8 0.30 151 19 36 0.53 2.0 i00 76 0.7 
loam 

24 AJF Infilled Sand 6.9 0.2 0.10 4.2 1.3 0.05 13 6 19 0.36 0.1 15 4 0.4 
channel 

13 AJF MS of levee Silt loam 7.1 3.4 1.90 9.1 1.9 0.42 187 13 303 0.62 2.1 50 34 0.6 

6 AJF Infilled Silt loam 6.7 2.1 0.20 5.9 1.9 0.20 87 12 54 0.20 2.3 234 100 0.9 
channel 

Table IV.2c Analytical Data for Sediment Deposited on Mats 

Site Phys. Topographic OM Ec Ca Mg K NH, P S B Cu Fe Mn Zn 

No. Unit Position Texture pH % ds/m meq/100gm soil gg/gn 

24 AJF LP of levee Loam 6.9 5.2 0.3 8.4 1.9 0.46 173 15 94 0.53 2.2 117 67 0.7 

25 AIF LP of levee Loam 6.9 5 0.22 8 1.9 0.31 152 11 43 0.39 2.1 103 74 1 

5 AJF MP of levee Silt loam 7.2 4.8 0.56 7.9 1.8 0.3 130 12 151 0.56 2 163 48 0.8 

13 AJF MP of levee Loam 7.1 4.5 1.6 8.9 1.9 0.48 216 46 303 0.53 2 70 5 0.4 

6 AJF Infilled Silt loam 8.9 3.5 0.16 5.9 1.9 0.28 76 10 41 0.21 2.4 352 134 0.5 
channel 



Table IV.3 Analytical Data of Topsoils of Sampling Site, Sharishabari 

Site 

No. 

14 

Physio-
graphic unit 

AJF 

Name of 
soil series 

Mvelandaha 

Land type 

Medium 

high land 

Texture 

Loam 

pH 

7.2 

OM 

% 

0.33 6.33 

meq/100gm 

1.66 0.12 

NH, 

25 

P 

12 

S 

17 

B 

0.4 

CU 

'ig/gm 

2.7 

Fe 

52 

Mn 

13 

Zn 

0.9 

20 AJF Ditto Medium 

low land 

Loam 7.7 0.43 8.4 1.63 0.22 34 4 10 0.3 2.5 258 52 0.7 

22 AJF Ditto Ditto Sandy loam 6.5 0.10 4.9 1.1 0.05 29 8 8 0.3 0.7 18 7 0.9 

19 AJF Silty allu-

vium 

Medium 

high land 

Loam 7.7 1.3 5.5 0.9 0.17 33 5 11 0.3 3.0 458 15 0.8 

25 AJF Ditto Low land Sandy loam 6.8 0.40 4.6 0.8 0.06 27 15 10 0.4 1.9 27 40 0.7 

26 AJF Ditto Ditto 
Loam 

6.9 0.40 5.0 1.6 0.07 33 11 20 0.4 1.7 30 16 0.7 
24 AJF Sandy allu-

vium 

Low land Sand 6.3 0 2.4 0.3 0.02 13 7 17 0.4 0.7 7 5 0.8 

17 YJF Melandaha Medium 

high land 

Loam 7.5 0.8 8.5 1.4 0.13 21 5 8 0.6 2.8 55 15 0.7 

16 YJF Sonatola Medium 

high land 

Loam 7.6 1.0 8.6 2.9 0.15 22 24 10 0.4 3.1 69 13 0.9 

18 YJF Dhamrai Medium 

low land 

Clay loam 7.6 1.1 8.9 2.9 0.16 52 4 5 0.3 3.5 358 18 0.9 

15 YJF Ditto Low land Loam 7.6 0.8 7.6 1.9 0.20 21 14 8 0.5 3.0 94 24 0.8 
23 OJF Silmondi Medium 

low land 

Clay loam 6.3 1.3 7.0 2.8 0.05 57 20 8 0.3 2.6 270 25 1.1 

21 OJF Sabhar 

bazar 

Low land Clay loam 6.7 1.0 9.0 2.3 0.07 35 20 11 0.3 1.8 245 59 0.7 



Table IV.4 Analytical Data of Topsoils of Sampling Sites, Kalihati 

Site 
No. 

Physio-
graphic unit 

Nameof 
soil series 

Landtype Texture pH 
-

OM 
___ 

IMg rK 
meqfl00gm 

NH, P S B Cu 

Mg/gm _______ 

Zn 

7 AJF Melandaha Medium low 
land 

Loam 7.2 0.9 7.1 
I 

2.1 0.12 27 8 12 0.3 2.2 56 19 0.7 

I AJF Ditto Ditto Loam 6.7 1.0 7.3 1.8 0.12 7 18 41 0.4 2.8 35 13 0.5 

3 AJF Ditto Ditto .oam 7.2 0.8 7.0 2.3 0.11 58 15 2 0.5 3.0 56 20 0.7 

2 AJF Dhamrai Medium low 
land 

Clay 
loam 

7.2 1.1 9.6 3.8 0.13 33 12 2 0.1 3.6 93 35 0.7 

5 AJF Sandy allu-
vium 

Low land Sandy 
loam 

6.5 0.8 7.3 1.2 0.10 59 22 57 0.2 3.3 59 53 0.8 

13 AF Silty allu-
vium 

Low land Loam 5.9 0.9 7.7 1.4 0.12 12 10 7 0.4 3.3 54 36 0.6 

6 AJF Ditto Ditto Silt loam 6.9 0.8 6.7 1.3 0.22 53 22 23 0.3 5.9 234 142 1.7 

8 YJF Melandaha Medium low 
land 

Loam 6.8 1.0 8.0 3.4 0.12 31 16 2 0.3 4.4 261 100 0.9 

11 YJF Ditto Ditto Silt loam 6.4 1.0 8.2 3.1 0.12 7 12 6 0.6 3.0 60 19 0.6 

9 YJF Dhamrai Medium low 
land 

Silt loam 6.8 0.8 7.6 3.0 0.19 29 17 11 0.3 3.7 106 27 0.8 

10 YJF Ditto Ditto Clay 
loam 

6.3 1.4 7.9 3.3 0.11 34 15 12 0.- 2.7 68 25 0.7 

12 OJF Sabhar 
bazar 

Medium 
high land 

Clay 
loam 

6.5 2.5 8.7 2.9 0.08 28 16 12 0.3 5.0 188 46 0.7 

4 OJF Dhamrai Medium low 
land 

Clay 
loam 

6.8 1.8 8.7 3.6 0.07 61 13 5 0.1 4.0 187 30 0.9 



Table IV.5 Analytical Data of the First Three Layers of Soil Profiles, Sharishabari 
Site 
No. 

Phys. unit Name of 
soil series 

Land type Depth 
(cm) 

Texture pH OM 
% 

Ca7Mg K 
meq/100 gm 

NH, I P S I B I Cu 
pg/gm 

Fe Mn 'Zn 

14 AJF Melandaha Medium 
Highland 

0-12 
12-29 

Loam 
Loam 

6.3 
7.2 

0.6 
0.2 

5.3 
5.7 

1.6 
2.0 

0.14 
0.14 

33 
33 

8 
7 

10 
10 

0.5 
1.0 

2.0 
2.8 

18 
47 

14 
14 

1.0 
1.0 

20 AJF Ditto Medium 
Lowland 

29-51 

0-9 
9-24 

Loam 

Loam 
Silt loam 

7.2 

7.3 
7.5 

0.2 

0.4 
0.6 

5.7 

3.2 
6.0 

2.0 

0.7 
1.0 

0.10 

0.09 
0.09 

33 

33 
36 

7 

8 
11 

15 

10 
8 

0.6 

0.3 
0.5 

2.8 

2.0 
2.3 

46 

23 
17 

26 

9 
13 

0.8 

1.0 
1.5 

24-44 Sandv loam 7.5 0 3.1 0.5 0.02 33 10 10 0.4 0.4 2 2 1.2 
19 AJF Silty allu- Medium 0-12 Loam 7.2 0.6 5.9 0.9 0.16 36 8 10 0.2 2.6 30 11 0.7 

16 YJF 

vium 

Sonatola 

Highland 

Medium 
Highland 

12-21 
21-43 

0-11 
11-32 

Loam 
Silt loam 

Silt loam 
Loam 

7.2 
7.4 

7.0 
7.3 

0.6 
0.4 

0.7 
0.7 

5.9 
5.6 

8.7 
9.0 

1.0 
0.7 

3.2 
3.6 

0.14 
0.06 

0.19 
0.10 

33 
59 

36 
50 

14 
7 

8 
4 

12 
8 

18 
10 

0.5 
0.3 

0.5 
0.4 

2.4 
1.5 

1.8 
2.7 

26 
9 

17 
26 

17 
6 

8 
11 

0.7 
0.5 

1.2 
0.9 

15 YJF Dhamrai Lowland 

32-56 

0-8 

Loam 

Loam 

7.3 

7.5 

0.6 

0.6 

8.9 

7.0 

3.6 

2.2 

0.10 

0.09 

43 

36 

7 

15 

10 

20 

0.3 

0.4 

2.9 

2.0 

41 

20 

21 

8 

0.8 

0.7 
8-12 Silt loam 7.7 0.7 7.4 2.8 0.10 59 11 12 0.7 1.7 44 8 1.5 
12-30 Clay loam 7.7 0.2 7.0 3.1 0.11 40 10 13 0.4 1.7 34 11 0.8 

21 OJF Sabhar 
bazar 

Lowland 0-9 

9-13 

13-29 

Clay loam 

Clay loam 

Clay 

5.9 

6.9 

7.1 

1.1 

0.6 
0.6 

9.5 

9.6 
8.3 

3.1 

3.2 
3.4 

0.17 

0.15 
0.15 

83 

66 
36 

22 

8 
8 

20 

12 
10 

0.6 

0.3 
0.3 

4.5 

2.7 
2.6 

289 

75 
60 

89 

12 
6 

1.1 

1.2 
0.8 



Table IV.6 Analytical Data of First Three Layers of Soil Profiles, Kalihati 

Site No. 

7 

Phys. unit 

AJF 

Name of 
soil series 

Melandaha 

Land 
type 

Medium 
Lowland 

Depth 
(cm) 

0-9 
9-20 

Texture 

Loam 
Loam 

pH 

6.9 
7.4 

OM 
% 

1.1 
0.6 

Ca I Mg K 
meq/100 gm 

8.3 2.8 0.10 
7.2 1.8 0.10 

NH, 

59 
59 

P 
-zg/gm 

11 
10 

S 

10 
2 

B 

0.25 
0.05 

Cu 

2.9 
3.3 

I Fe 

116 
87 

MnI 

22 
25 

Zn 

1.2 
1.5 

20-44 Sandy loam 7.4 0.2 5.5 1.2 0.04 59 3 2 0.28 2.0 41 8 1.0 
3 AJF Ditto Ditto 0-8 Silt loam 7.2 0.8 3.8 1.5 0.10 33 7 8 0.2 2.5 56 15 0.7 

8-17 Silt loam 7.3 1.1 7.0 2.8 0.10 36 7 6 0.3 2.2 37 8 0.8 

2 AJF Dhamrai Medium 
Lowland 

17-30 

0-10 
10-26 

Sandy loam 

Clay loam 
Clay loam 

7.3 

6.7 
6.9 

0.4 

1.1 
1.0 

5.8 

6.8 
8.5 

2.3 

2.2 
3.4 

0.09 

0.07 
0.11 

33 

83 
83 

7 

8 
4 

8 

10 
43 

0.4 

Trace 
Trace 

1.4 

1.3 
1.4 

24 

30 
20 

8 

6 
5 

0.6 

0.2 
0.3 

26-56 Sandy loam 7.1 0.2 6.5 1.4 0.06 83 7 2 Trace 0.6 12 3 0.2 
8 YJF Melandaha Medium 

Lowland 
0-10 
10-18 

Loam 
Silt loam 

7.2 
7.0 

1.0 
0.6 

8.4 
6.6 

3.5 
3.4 

0.10 
0.13 

83 
83 

7 
6 

10 
2 

Trace 
0.25 

4.7 
3.3 

300 
191 

34 
23 

1.4 
1.0 

11 YJF Ditto Ditto 

18-38 

0-11 

Loam 

Silt loam 

6.9 

7.1 

0.2 

0.8 

5.1 

7.6 

2.5 

2.5 

0.08 

0.11 

66 

50 

10 

14 

5 

5 

0.50 

0.5 

2.4 

2.1 

75 

45 

17 

18 

1.2 

0.8 

12 OJF Sabhar 
bazar 

Medium 
Highland 

11-30 
30-50 

0-7 
7-10 

Silt loam 

Sandy loam 

Clay loam 
Clay 

7.1 

7.2 

5.5 
5.9 

0.8 

0.4 

2.5 
1.5 

6.1 

4.8 

8.4 
9.7 

2.2 

1.7 

2.9 
3.0 

0.09 

0.05 

0.12 
0.06 

33 

26 

83 
83 

7 

8 

10 
8 

5 

5 

40 
6 

0.6 

0.4 

Trace 
Trace 

1.7 

1.0 

6.7 
4.7 

24 

8 

754 
800 

7 

7 

67 
37 

0.7 

0.7 

1.0 
1.0 

10-22 Clay 6.3 1.1 10.4 3.4 0.05 83 6 10 Trace 2.5 112 13 0.9 



Table IV.7 Dissolved Nutrients in Water from Sample Sites and Rivers 

Ca Mg K NH 4 P S B Cu Fe Mn Zn 
Total 

Quantity of 
Total 

Dissolved 

Sediment Solids 
Site No. pH EC mg/l (mg/l) (mg/I) 

24" 7.3 0.118 23.6 3.4 2.7 Trace 0.31 3.4 0.26 0.25 1.32 0.11 0.21 366 17 

25' 6.2 0.127 23.7 3.1 5.8 Trace 0.42 4.3 0.21 0.15 1.26 0.08 0.21 20 10 

26' 7.5 0.118 22.1 3.8 3.6 Trace 0.33 4.1 0.22 0.38 1.32 0.14 0.22 33 13 

5t 6.8 0.122 22.4 3.6 3.2 Trace 0.39 3.7 0.28 0.20 1.22 0.07 0.21 53 20 

6" 6.1 0.115 22.1 3.5 3.1 Trace 0.37 4.0 0.26 0.16 1.79 0.13 0.22 173 27 

13' 6.4 0.119 22.4 3.8 3.2 Trace 0.32 4.3 0.30 0.18 1.29 0.10 G.23 73 23 

Jamuna 7.0 0.105 28.8 10.2 3.2 Trace 0.32 3.8 0.14 0.27 0.6 0.29 0.20 847 73 

Dhaleswari 7.0 0.104 26.3 8.7 2.7 Trace 0.21 4.2 0.17 0.16 0.43 0.23 0.20 533 97 
(1) 

Dhaleswari 7.2 0.103 23.9 7.9 2.7 Trace 0.32 4.2 0.19 0.18 0.44 0.22 0.17 727 57 
(2) 

" Sharishabari site 
Kalihati site 
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Table IV.8 Results of Cesium Analysis 

Cesium Activity (dpm/g) Cesium Inventories (dpm/cm2) 

Site Depth (cm) ! Sampler Grain Size Analysis% sand 'cil clay RawActivitv Error Grain-normalized
Activity Error Raw ActivityB.d. (a/cc) Subtotal TOTAL [ Normalized ActivityB.d. (g/cc) Subtotal TOTAL 

3ANGLADESH:7-94 
025akal025akal 0-7.57.5-16 RCRC 0.031.61 65.7082.71 34.3015.68 0.210.20 0.01

0.01 0.19
0.34 0.01

0.02 
1.35
1.35 

2.16
2.28 

1.35
1.35 

1.93 
3.S5 

025akal 

025akal 

025akal 
025akal 
025akal 
025akal 
025akal 
025akal 

025akal 

025akal 

nb 
025akal 

16-24.5 

24.5-34 

34--14 
4-55 

55-63 
63-73 
73-80 
80-89 

89-97 

97-119 

1 i9-134 

RC 

RC 

RC 
RC 
RC 
RC 
RC 
RC 

RC 

A 

A 

1.90 

2.21 

10.23 
15.62 
27.77 
19.81 
21.16 
20.65 
2.62 

4.98 

9.97 

84.02 

79.92 

84.79 
79 26 
65.28 
70.40 
74..16 
70.79 

88.35 

88.30 

83.28 

14.08 

17 S6 
-±98 
5.12 
6.95 
9.80 
-. 38 
8.56 

9.03 

6.72 

6.75 

0.19 

0.21 

0.11 
0.06 
0.05 
0.10 
0.07 
0.11 

0.12 

0.11 

0.12 

0.01 

0.01 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

0.01 

0.01 

0.01 

0.35 

0.32 

0.42 
0.24 
0.20 
0.27 
0.29 
0.35 

0.29 

0.33 

0.38 

0.Oi 

0.02 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

0.01 

0.01 

0.01 

1.35 

1.35 

1.35 
1.35 
1.35 
1.35 
1.35 
1.35 

1.35 

1.35 

1.35 

2.22 

2.64 

1.55 
0.94 
0.57 
1.30 
0.62 
1.37 

i.29 

3.29 

2.45 

1.35 
1.35 
1.35 
1.35 
1.35 
1.35 
1.35 
1.35 

1.35 

1.35 

1.35 

4.05 

4.07 

5.63 
3.60 
2.19 
3.70 
2.70 
4.26 

3.16 

9.76 

7.66 

025akal 134-149 A 18.55 78.48 2.97 0.10 0.01 0.49 0.01 1.35 2.01 1.35 9.84 
nb 025aka 

U32bpr 

032bpr 

032bpr 

032bpr 

032bpr 

032bpr 

032bpr 

nb 032bpr 

032bpr 

032bpr 

032bpr 

032bpr 

149-155 
0-9.5 

9 5-19 

19-29 

29-50 

50-65 

65-72 

72-84 

84-96 

96-102 

102-114 

114-124 

124-131 

A 
RC 

RC 

RC 

A 

A 

A 

A 

A 

A 

A 

A 

A 

17.97 
0.91 

0.31 

0.05 

75.15 
38.60 

53.35 

-3.80 

6.88 
0.40 

46.34 

56.20 

0.08 
0.64 

0.51 

0.13 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.000 

0.01 
0.02 

0.02 

0.01 

0.0000 
0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000J 

1 

0.26 
0.35 

0.44 

0.07 

0.01 
0.02 

0.02 

0.01 

j 

1.35 
1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

0.62 
8.21 

6.57 

1.72 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

25.31 

16.51 

1.35 
1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

x 
x 

x 

x 

x 
x 

x 

x 

x 

2.10 
2.10 

5.67 

1.00 

68.51 

8.77 

LEGEND Sampler 
RC: ring core 
TC: tray core 
H: hand or bag sample 
A: auger 
CS: core sample (ring?) 

Texture 
L: loam 
Sa: sand, sandy 
Si: silt, silty 

C: clay 
F: fine 

Note: 
A indicates interpolated activity 

Average bulk density calculated from porosity 

A-53 



Table IV.8 Results of Cesium Analysis (cont.) 

Cesium Activity (dpm/g) Cesium Inventories (dpm/cm2) 

Grain Size Analysis Raw Grain-normalized I Raw Activity Normalized Activity 
Site Depth (cm) I Sampler % sand % silt % clav Activity Error Activity Error B.d. (,/cc) Subtotal TOTAL B.d. (gicc) Subtotal TOTAL 

BANGLADESH: 9-94 
1 0-2 6c >.52 -12.99 51.49 0.74 0.03 0.49 0.03 1.35 2.00 1.35 1.33 
1 

1 
2-4 

4-6 

6c 

6c 

2.27 

1.90 

62.97 

63.42 

34.75 

34.69 

0.65 

0.73 

0.02 

0.03 

0.59 

0.66 

0.03 

0.03 

1.35 

1.35 
1.77 

1.97 
1.35 

1.35 

1.60 

1.78 
1 6-8 1.79 64.55 33.66 0.75 0.02 0.70 0.02 1.35 2.04 1.35 1.89 
1 8-10 6c 0.97 60.66 38.37 0.75 0.03 0.62 0.03 1.35 2.03 1.35 1.67 
1 10-12 6c 0.8S 62.73 36.38 0.67 0.03 0.58 0.03 1.35 1.81 1.35 1.56 
1 12-14 6c 0.71 33.06 66.23 0.15 0.01 0.08 0.01 1.35 0.41 1.35 0.21 
1 14-16 6c 0.63 59.02 40.35 0.0000 0.0000 0.0000 0.0000 1.35 0.00 1.35 0.00 
1 16-18 6c 4.14 34.03 61.83 0.20 0.02 0.11 0.02 1.35 0.54 1.35 0.30 
1 18-20 6c 1 71 56.91 41.38 0.03 0.01 0.03 0.01 1.35 0.09 1.35 0.07 
1 20-22 6c 1.87 56.25 41.89 0.10 0.01 0.08 0.01 1.35 0.27 1.35 0.21 

6c22-246c 0.0000 0.0000 0.0000 0.000.0 1.35 0.00 .35 0.00 
1 

1 

24-26 

26-28 

6c 

6c 
0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

1.35 

1.35 

0.00 

0.00 

1.35 

1.35 

0. C 

0.00 

_ _ 

1 28-30 6c 1.35 1.35 
1 30-32 6c 1.35 1.35 
1 32-34 6c 1.35 1.35 
1 34-36 6c 1.35 1.35 
1 36-38 6c 1.35 1.35 
1 

2-1 
38-40 

0-20 
6c 

6c 
_4_ 

32.65 57.58 9.88 
0.0000 

0.10 
0.0000 

0.01 
0.0000 

0.32 
0.0000 

0.51-! 
1.35 

1.35 
0.0 

2.62 
12.94 1.35 

1.35 
0.00 

8.78 
10.59 

2-1 20-40 6c 11.82 80.72 7.46 0.03 0.01 0.10 0.01 1.35 0.87 1.35 2.64 
2-1 

A2-1 
40-44 6c 14.41 72.66 12.92 0.10 0.01 0.21 0.01 1.35 

1.35 

0.52 

0.59 

1.35 

1.35 

1.16 

1.31 
a2-1 1.35 0.82 1.35 2.63 
2-1 53-59 RC 14.09 78.95 6.96 0.13 0.01 0.43 0.02 1.35 1.09 1.35 3.51 
2-1 59-63 RC 0.0000 0.0000 0.0000 0.0000 1.35 0.(0 1.35 0.00 
2-1 63-68 RC _ 1.35 1.35 

LEGEND Sampler texture Note: 
RC: ring core 
TC: tray core 

L: loam 
Sa: sand, sandy 

A indicates interpolated activity 

H: hand or bag sample 
A: auger 

Si: silt, silty 
C: clay 

Average bulk density calculated from porosity 

CS: core sample (ring?) F: fine 



Table IV.S Results of Cesium Analysis (cont.) 

Cesium Activity (dpm/g) Cesium Invenories (dpm/cm2) 
Grain Size Analysis Raw Grain-normalized Raw Activity Normalized ActivityS I De h [m)Samler % sand j% silt o clav Ac__ vitv Error Activitv j Error B.d. (/cc) Subtotal TOTAL B.d. (2/cc) Subtotal TOTALa2-1 

1.35 0.00 1.35 0.00a2-1 
1.35 0.00 1.35 0.00

2-1 70-80 A 12.44 80.00 7.56 0.12 0.01 0.35 0.012-1 80-83 A 21.29 71.20 7.51 0.06 
1.35 1.58 1.35 4.790.01 0.20 0.01 1.35 0.24 1.35 0.80
 

2-1 33-93 A 
 5.66 92.85 1.49 0.08 0.01 0.41 0.01 1.35 1.09 9.42 1.35 5.53 31.14 
-2 0-20 6c 16.81 73.54 9. 3 0.35 0.02 0.972-2 0.03 1.35 9.4920-40 6c 7.92 1.3586.12 5.96 0.13 0.01 0.41 0.02 1.35 3.39 1.35 11.042-2 J 40-41 6c 2.10 76.07 21.83 0.10 0.01 0.13 0.012-3 0-20 6C 8.44 7,79 18.77 0.12 0.01 

1.35 0.14 13.02 1.35 0.18 37.410.20 0.01 1.35 3.35 1.35 5.321-3 20-410 6c 17.66 580 6.5. 0.07 0.01 0.24 0.01 1.35 1.88 1.35 6.53 
2-3 40-42 6C 38.42 46.55 15.03 0.06 0.01 0. I7 0.01 1.35 0.16 5.40 1.35 0.45 12.302-4 0-20 6c 1.16 67.25 21.59 0.16 0.01--- 0.24 02 1.35 .372039 833C 84.8 20_39 1.35 6.42679 . I1 .01 0.33 0.0 -. 8.33I2-4 1---- - 1.3539-41 6c 5.84 8.4079.29 14.88 0.17 0.01 0.31 0.02 1.35 0.46 7.57 1.35 0.83 15.64 

2..9 71.63 508 L 00 0.01 [ 43 0.02 1.35 0.00 na 11.35 1 . n4-1 0-20 0.94 64.78 34.27 0.31 0.02 0.28 J 0.02 1,35 8.35 1.35 7.534-I 20-40 0.58 55.87 43.54 0.42 0.02 0.31 0.02 1.35 11.30 1.35 8.264-I 40-42 1.13 64.69 34.18 0.03 0.01 1 0.03 0.01 1.35 0.09 1.35 0.08A4-1 
0.0000 0.0000 1.35 0.18 1.35 0.16&4-1 
0.0000 0.0000 1.35 0.00 1.35 0.004-1 50-68 A 0.0000 0.0000 0.0000 0.0000 1.35 0.00 1.35 0.004-1 68-80 A 

1.35 1.354-1 80-94 A 
1.35 1.354-1 94-108 A 
1.35 1.354-1 108-123 A 
1.35 1.354-1 123-137 A 0.0000 0.0000 0.0000 0.0000 1.35 0.00 19.91 1.35 0.00 16.044-2 0-20 6c 1.66 68.15 30.19 02 0.01 0.30 0.01 1.3 7.95 1.35 8.05note 4-2 20-30 
1.35 0.00 1.35 0.00
 

4-2 30-37 6c 0.66 68.23 31.11 0.41 0.02 0.40 
 0.02 1.35 _ 3.83 1.35 3.74 
LEGEND Sampler Texture Note: 

RC: ring core L: loam A indicates interpolated activity 
TC: tray core Sa: sand, sandy 
H: hand or bag sample Si: silt, silty Average bulk density calculated from porosity 
A: auger C: clay
 
CS: core sample (ring?) F: fine
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Table IV.8 Results of Cesium Analysis (cont.) 

Cesium Activity (dpm/g) Cesium Inventories (dprn/cm2) 

Site ]Depth (cm) Sampler 

Grain Size Analysis 

% sand % silt % clay 

Raw 

Activitv Error 

Grain-normalized 

Activit Error B ,) 

Raw Activity 

Subtotal TOTAL 

B Normalized Activity 

IB.d. (g/cc) SubtotalI TOTAL 
4-2 37-39 6c 0.29 30.31 69.40 0.32 0.02 0.16 0.02 1.35 0.88 1.35 0.42 
.14-2 1.35 2.20 1.35 1.05 
.%4-2 1.35 0.00 1.35 0.00 

-2 49-64 A 0.0000 0.0000 0.0000 0.0000 1.35 0.00 1.35 0.00 
64-77 A 0.0000 0.0000 0.0000 0.0000 1.35 0.00 1.35 0.00 

4-2 77-95 A 1.35 1.35 
4-? 95-116 A 1.35 1.35 

-4-2 1-_13_1 A 0.0000 0.0000 C.0000 0.000 1.35 0.00 14.86 1.35 0.00 13.26 
4-3 0-20 6c 2.59 92.80 4.61 0.14 0.01 1 0.50 0.02 1.35 3.88 1.35 13.47 
4-3 20-38 6c 1.68 64.30 34.02 0.44 0.02 0.40 0.02 1.35 10.64 1.35 9.73 
4-3 38-40 6c 22.39 66.13 11.49 0.05 0.01 0.13 0.01 1.35 0.13 1.35 0.36 

note 4-3 36-51 A 0.36 60.29 39.35 0.29 0.02 0.23 0.02 1.35 4.36 1.35 3.48 
'-3 51-70 A 0.18 46.72 53.10 0.35 0.02 0.21 0.02 1.35 9.02 1.35 5.51 
4-3 70-81 A 0.31 49.46 50.23 0.08 0.01 0.05 0.01 1.35 1.15 1.35 0.74 
4-3 81-95 A 0.0000 0.0cyO 0.0000 0.0000 1.35 0.00 1.35 0.00 
-3 95-107 A 0.0000 0.0000 0.0000 0.0000 1.35 0.00 1.35 0.00 

4-3 107-122 A 0.0000 0.0000 0.0000 0.0000 1.35 0.00 29.20 1.35 0.00 33.29 
5 'noteF na 2.77 81.48 1 15.75 0.14 1 0.01 10.24 0.011 1.35 1 0.00 na 1.35 0.0 na 

6plot f bag#I na 87.43 10.16 2.41 0.0000 0.0000 0.20 0.0000 1.35 0.00 1.35 0.00 
6 ploc ba z#2 na 1.35 1.35 
6plot bag#3 na 1.35 1.35 
6plot bag#4 na 1.35 1.35 
6bank bag#1 na 27.79 59.50 12.71 0.10 0.01 0.27 0.01 1.35 0.00 1.35 0.00 

b6 ba#I na 0.00 67.00 33.00 0.13 0.01 0.12 0.01 1.35 0.00 1.35 0.00 
b6 bag#2 na 1.35 na 1.35 na 
7 0-20 1.31 71.59 27.09 0.38 0.02 0.42 0.02 1.35 10.27 1.35 11.32 
7 20-35 6c 0.0000 0.0000 00000 0.0000 1.35 0.00 1.35 0.00 
7 35-37 6c 0.0000 0000 1.35 0.00 1.35 0.00 

a7 1.35 0.00 1.35 0.00 

LEGEND Sampler Texture Note: 
RC: ring core L: loam A indicates interpolated activity 
TC: tray core Sa: sand, sandy 
H: hand or bag sample Si: silt, silty Average bulk density calculated from porosity 
A: auger C: clay 
CS: core sample (ring?) F: fine 
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Table IV.8 Results of Cesium Analysis (cont.) 

Site ]Depth (cm) Sampler 

Grain Size Analysis 

%sand I %silt clav 

Cesium Activity (dpm/g) 
Raw Grain-normalized 

Activity Error Activity Error B.d. 

Cesium Inventories (dpm/cm2) 
Raw Activity Normalized Activity 

(,/cc) Subtotl TOTAL B.d. (2/cc) Subtotal I TOTAL 

7 

7 
7 

7 

7 
7 
7 

8 

8 

8 

S 
8 

8 

8 

8 

8 

8 

8 

8 
8 

40-60 

60-77 
77-85 

85-96 
96-103 
103-113 

113-124 

0-? 

2-4 

4-6 

6-8 

8-10 

10-12 

12-14 

14-16 

76-18 

18-20 

20-)2 

22-2 
24-26 

A 
A 
A 

A 

A 

A 

A 

6c 

6c 

6c 

6c 

6c 

6c 

6c 

6c 

6c 

6c 

6c 

6c 

6c 

2.62 

2.4S 

2.91 

2.12 

2.28 

3.19 

__1.35 

45.96 

73.78 

4-"5-73 

63.78 

62.99 

41.50 

51.42 

23 7-
51.36 

34.10 

34.73 

55.30 

0.0000 
0.0000 
0.0000 

0.0000 

0.47 

0.45 

0.46 

0.0000 

0.45 

021 

0.05 

0.0000 

0.0000 

0.0000 
0.0000 
0.0000 

0.0000[ 

0.02 -

0.02 

0.02 

0.0000 

0.02 

0.01 

0.01 

0.0000 

0.0000 

0.0000 

0.'-30 

0.56 

0.30 

0.0000 

C 40 

0.03 

0.0000 

0.0000 

0.0000 

0.02 

0.03 

0.02 

0.0000 

0.02 

0.01 

0.0000 

0.0000 

A1.35 

1 35 
1.35 
1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1._5 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

0.00 

0.00 
0.00 

0.00 

0.00 

1.26 

1.21 

1.25 

0.00 

1.21 

0.15 

0.00 

0.00 

10.27 

1.35 

1.35 
1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

0.00 

0.00 
0.00 

0.00 

0.00 

0.81 

1.51 

0.81 

0.00 

1.09 

0.09 

0.00 

0.00 

11.32 

8 

8 

8 

8 

8 

8 
8 
8 

26-28 

28-30 

30-32 

32-34 

34-36 

36-38 

38-40 
40-42 

6c 

6c 

6c 

6c 

6c 

6c 

6c 

6c _ 

_ 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.O00 

0.0000 

0.0000 

0.0000 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

0.00 

0.00 

0.00 

0.00 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

0.00 

0.00 

0.00 

0.00 

LEGEND Sampler Texture Note: 
RC: ring core 
TC: tray core 
H: hand or bag sample 

L: loam 

Sa: sand, sandy 
Si: silt, silty 

A indicates interpolated activity 

Average bulk density calculated from porosity 
A: auger C: clay 
CS: core sample (ring?) F: fine 
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Table IV.8 Results of Cesium Analysis (cont.) 

Cesium Activity (dpm/g) Cesium Inventories (dpm/cm2) 

Grain Size Analysis Raw Grain-normalized Raw Activity Normalized Activity 

Site 
.18 

Depth (cm) Sampler % sand % silt 7c clay Activity Error ______I Frror B.d. ( 
1.35 

I/cc)Subtotal TOTAL 
0.00 

B.d. (2/cc) 
1.35 

Subtotal 
0.00 

_TOTAL 

.18 1.35 0.00 1.35 0.00 

8 45-62 A 0.0000 0.0000 0.0000 0.0000 1.35 0.00 1.35 0.00 
S 62-73 A 1.35 1.35 
S 73-80 A 1 1.35 1.35 
8 80-93 A 1.35 1.35 
8 93-104 A 1.35 1.35 
S 104-115 A 1.35 1.35 
8 115-128 A 1.35 1.35 
S 128-139 A 0.0000 0.000 00000 0.0000 1.35 0.00 5.08 1.35 0.00 4.31 
9 0-2 13.66 72.61 13.73 1.05 0.02 2.21 0.03 1.35 2.83 1.35 5.98 
9 2-4 10.41 76.13 13.46 1.03 0.03 2.13 0.04 1.35 2.79 1.35 5.75 
9 4-6 9.74 75.08 15.18 0.43 0.02 0.80 0.03 1.35 1.15 1.35 2.16 
9 6-S 9.79 76.4-4 13.76 0.22 0.01 0.44 0.02 1.35 0.59 1.35 1.20 
9 8-10 11.37 73.83 14.80 0.12 0.01 0.23 0.01 1.35 0.32 1.35 0.62 
9 10-20 0.0000 0.0000 0.0000 0.0000 1.35 0.00 1.35 0.00 
9 20-30 1.35 1.35 
9 30-32 1.35 7.69 1.35 15.71 
10 0-2 19.53 70.60 9.87 0.65 0.02 1.82 0.03 1.35 1.75 1.35 4.93 
10 2-4 16.64 69.69 13.67 0.82 0.02 1.80 0.03 1.35 2.22 1.35 4.86 
10 4-6 16.02 69.96 14.02 1.03 0.03 2.20 0.04 1.35 2.78 1.35 5.95 
10 6-8 17.52 56.53 25.96 0.91 0.03 1.25 0.03 1.35 2.47 1.35 3.37 
10 8-10 18.57 61.97 19.46 0.79 0.02 1.37 0.03 1.35 2.13 1.35 3.69 
10 10-20 1 14.35 70.17 15.48 0.38 0.02 0.74 0.02 1.35 5.09 1.35 9.94 
10 20-30 9.73 62.90 27.38 0.14 0.01 0.17 0.01 1.35 1.92 1.35 2.29 
10 30-32 7.17 55.17 37.66 0.0000 0.0000 0.0000 0.0000 1.35 0.00 18.36 1.35 0.00 35.04 

LEGEND Sampler Texture Note: 
RC: ring core L: loam A indicates interpolated activity 
TC: tray core Sa: sand, sandy 
H: hand or bag sample Si: silt, silty Average bulk density calculated from porosity 
A: auger C: clay 
CS: core sample (ring?) F: fine 
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Table IV.8 Results of Cesium Analysis (cont.) 

Cesium Activity (dpm/g) Cesium Inventories (dpm/cm2) 
Grain Size Analysis Raw Grain-normalized fRaw Activity Normalized Activity 

Site Depth (cm)I Sampler % sand % silt [% cav Activitv Error Activity Error B.d. (g/cc) Subtotal TOTAL B.d. (2/cc) Subtotal TOTAL 
BANGLADESH: 11-94 
o.meghna 

m.meghna 

30-40 

30-40 

A 

A 1.35 
1.35.35 

1.35 
m.meghna 50-60 A 1.35 na 135 na 

11 
a_ _ 

0-10 H 0.84 77.25 21.91 0.15 0.01 0.20 0.01 1.35 
1.35 

0.00 
0.00 

1.35 
1.35 

0.00 
0.00 

all 

11 
All 
•All1 

20-30 VC 7.87 70.94 21.19 0.17 0.01 0.24 0.02 
1.35 

1.35 
1.35 
1.35 

0.00 

0.00 
0.00 
0.00 

1.35 

1.35 
1.35 
1.35 

0.00 

0.00 
0.00 
0.00 

12 
12 
12 
12 

I12 

13 

13 
A13 

4560 
0-15 
15-310 
3G 45 
45-60 

60-65 

0-10 

10-20 

VC 
VC 
VC 
VC 
VC 

VC 

VC 

H 

1.47 
4.36 
6.60 
3.40 
5.47 

1.72 

0.58 

74.28 
70.30 
83.88 
54.97 
54.26 

59.86 

75.76 

23.84 
2 
9.53 
41.64 
40.27 

38.43 

53.66 

0.18 
134 0.18 

0.09 
0.47 
0.29 

0.0000 

0.30 

0.27 

0.01 
0.01 
0.01 
0.02 
0.01 

0.0000 

0.02 

0.02 

0.22 
.21 

0.22 
0.37 
0.23 

0.25 

0.33 

0.02 
0.02 
0.01 
0.02 
0.02 

0.02 

0.02 

1.35 
1.35 
1.35 
1.35 
1.35 

1.35 

1.35 

1.35 
1.35 

0.00 
0.00 
0.00 
0.00 
0.00 

.000.00 

0.00 

0.00 
0.00 

0.00 
0.001.35 

1.35 

1.35 
1.35 
1.35 

1.35 

1.35 

1.35 
1.35 

0.00 
0.00 
0.00 
0.00 
0.00 

0..0 
0.00 

0.00 
0.00 

00 

a 
13
14 

_13 

130-140
0-10 

VC
H 5.79 37.40 56.81 

0.0000
0.36 

0.0000 
0.02 0.22 0.02 

1.35 

1.35
1.35 

0.00 

0.00
0.00 

0.00 
1.35 

1.35
1.35 

0.00 

0.00 
0.00 

0.00 

A14
A14 1.35

1.35 
0.00
0.00 1.35

1.35 0.00
0.00 

14 20-30 TC 0.00010 0.00003 1.35 0.00 1.35 0.00 

A14 
a,14 _F 1.35

1.35 1.35
1.35 

14 

A14 

40-50 TC 0.0000 0.0000 I 1.35 

1.35 

0.00 1.35 

1.35 

0.00 

LEGEND Sampler Texture Note: 
RC: ring core L: loam A indicates interpolated activity 
TC: tray core 
H: hand or bag sample 

Sa: sand, sandy 
Si: silt, silty Average bulk density calculated from porosity 

A: auger 
CS: core sample (ring?) 

C: clay 
F: fine 

A-59 
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Table IV.8 Results of Cesium Analysis (cont.) 

Cesium Activity (dpm/g) 	 Cesium Inventories (dpm/cm2) 

Grain Size Analysis Raw Grain-normalized Raw Activity Normalized Activity
Site _ Depth (cm ) _Sampler % sand % silt %_ claActivitv Error Activitv Error B.d. (g/cc) Subtotal TOTAL B.d. (./cc) Subtotal TOTAL 

,a,14 111111 	 1.35 1 !.35 

141 80-90 TC I I IIna 1 	 1 1.35 0.00 1.35 0.0 
15-1 0-15 C 1.89 59.26 38-85 .49 0.02 00 0.02 1350.00 .35 0.00 
15-I 15-30 TC 0.00093 0.02 1.35 0.0 1.35 0.00 
15-! 30-45 TC na 1.35 1.35
15-1 45-60 TC na 	 1.35 1.35 

15-1 60-64 TCI na 1.35 9.89 !.35 0.00 
15-2 0-15 c 1.12 -2.71 5b.16 0.74 0.03 0.44 0.03 1.35 0 1.35 0.001 

I5-2 -15-30 TC 	 0.0000 0.0000 1.35 000 1.35 0.00 

15-2 30-45 TC na 1.35 1.35 
15-2 45-60 TC na 1.35 1. 35 
15-2 60-64 H na 1.35 15.08 1.35 0.00 

1b-3 0-15 TC 6.90 59.86 33.24 0.52 002 0.51 003 1.35 U.00 1.35 0.00
 
15-3 15-30 TC 10.50 13.19 76.31 0.11 0 01 0.05 0.01 1.35 0.00 1.35 0.00
 
15-3 30-45 TC 0.0000 00000 1.35 000 1.35 0.00
 
!5-3 45-60 TC 0.0000 0.0000 1.35 0.00 1.35 0.00 
15-3 60-75 TC na 1.35 1.35 
15-3 75-90 TC na 1.35 1.35 
15-3 90-105 TC na 1.35 1.35 
15-3 105-115? A na 1.35 1.35 

A 15-3 1.35 1.35 
a15-3 1.35 1.35 

15-3 180-190 A na 1.35 0.00 1.35 0.00 
15-4 0-15 TC 1.47 26.90 71.63 0.74 0.03 0.35 0.02 1.35 0.00 1.35 0.00 
15-4 15-30 TC 0.0000 0.0000 1.35 0.00 1.35 0.00 
15-4 30-45 TC 0.0000 0.0000 1.35 0.00 1.35 0.00 
15-4 45-60 TC 0.0000 0.0000 1.35 0.00 1.35 0.00
 
15-4 60-65 H 1.35
na 1.35 

A 15-4 _ _ i 1.35 1 35 

LEGEND 	 Sampler Texture Note: 
RC: ring core L: loam A indicates interpolated activity 
TC: tray core Sa: sand, sandy 
H: hand or bag sample Si: silt, silty Average bulk density calculated from porosity 
A: auger C: clay
 
CS: core sample (ring?) F: fine
 



Table IV.8 Results of Cesium Analysis (cont.) 

Cesium Activity (dpm/g) Cesium Inventories (dpm/crn2)] 
Grain Size Analysis Raw Grain-normalized Raw Activity Normalized Activity


Site [Deth (cm) Sampler -%
a 15-4 _- ,_ sand I-1 _silt Clay I- A Error Activity Error B.d. (,c Subtotal TOTAL- 1.35 	 B.d. (g/cc) Subtotal TOTAL1.35 

15-4 100-10 	 na 1.35 	 14.95 1.35 0.0015 -	 '''TC 3."7,3 88.28 7.99 _010 0 . 2 6 0.01 1.35 0.0015-5 TC 	 1.35 0.000.0000 0.0000 1.35 0.00 	 1.35 0.0015-5 30-45 TC 0.0000 0.0000 1.35 0.00 1.35
15-5 45-60 TC na 	

0.00 
1.35

15-5 60-72 TC na 	
1.35 

1.35
15-5 72-95 TC na 	

1.35 
1.35 1.3515-5 95-102 TC 	 na 1.35 1.3515-5 102-120 TC 	 na 1.35 1.35a15-5 
1.35 1.35a15-5 _ 
1.35

15-5 228-238 A na 
1.35 

Z 1.35 0.001.35 	 2.41
15-6 	 T 11.21 65.61 23.17 0.39 0.02 0.54 002 1.35 0.00__ 1.3515-6 15-30 TC 12.49 69.83 17.68 0.07 	 0.000.01 0.12 0.01 1.35 0-00 1.35 0.00 
15-6 30-45 TC 0.0000 0.0000 1.35 0.00 1.35 0.00
 
15-6 45-60 TC na 
 1.3515-6 60-65 H 	 1.35na 	 1I. 0.00 1.3515-7 T15 I7 2.51 4 54.69 0.61 0.03 0.37 003 1.35 * 1.35 0.00 

0.00 

15-7 15-30 TC 0.0000 0.0000 1.35 0.00 1.35 0.0015-7 30-45 TC 0.0000 0.0000 ­ 1.35 0.00 1.35 0.0015-7 45-60 TC 	 na 1.35 1.3515-7 60-65 H 	 na 1.35 1.35 a 15-7 
1.35 1.35A15-7 
1.35 1.3515-7 175-185 A na 	 1.35 12.31 1.3516 0-10 TC 4.06 44.80 51.14 0.65 	

0.00 
0.03 0.43 0.03 1.35 0.00 1.35 0.0016 10-20 TC 0.0000 0.0000 0 I 1.35 0.00 1.35 0.0016 20-30 TC na 	 1 1.35"__ 

LEGEND 	 Sampler Texture Note:
RC: ring core L: loam A indicates interpolated activity 
TC: tray core Sa: sand, sandy
H: hand or bag sample Si: silt, silty Average bulk density calculated from porosity
A: auger C: clay
 
CS: core sample (ring?) F: fine
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Table IV.8 Results of Cesium Analysis (cont.) 

Cesium Activity (dpm/g) Cesium Inventories (dpm/cm2) 
Grain Size Analysis Raw Grain-normalized Raw Activity N ormalized Activity 

l % d % st _ __t Error Activi r B.d. (,/c) TOTAL B.d. (,/cc) Subtotal TOTAL1Subtotal 
16 30-45 TC na 	 1.35 1.35 

16 45-60 TC na 1.35 1.35 

16 60-65 H 1.35 1.35 

A 16 1.35 1.35 

116 1 1 1.35 1.35 

16 110-120 A 1 1.35 8.76 1.35 0.00 
17 0-15 TC 15.80 53.38 30.82 0.56 0.02 0.65 0.03 1.35 0.00 1.35 0.00 

17 15-30 TC 15.84 52.10 32.07 0.64 0.03 0.71 0 03 1.35 0.00 1.35 0.00 

17 30-45 TC 0.0000 0.0000 1.35 0.00 1.35 0.00 
17 45-60 TC na 	 1.35 1.35 

17 60-65 H na 1.35 1.35 
A 17 1.35 1.35 

a 17 1.35 1.35 

17 115-125 A na 1.35 0.00 1.35 0.00 

is 0-15 TC 12.36 63.19 24.45 0.37 r 0.02 0.50 0.03 i.35 0.00 1.35 0.00 

18 15-30 TC 8.99 57.33 33.67 0.22 0.02 0.22 0.02 1.35 0.00 1.35 0.00 
18 30-45 TC 0.0000 0.0000 1.35 0.0.0 1.35 0.00 

18 45-60 TC na 1.35 1.35 

18 60-65 H na 1.35 1.35 

a18 1.35 1.35 

618 1.35 1.351 
18 160-170 A na 1.35 0.00 1.35 0.00 

19 0-15 TC 3.40 42.50 54.10 0.70 0.03 0.43 0.03 1.35 0.00 1.35 0.00 

19 15-30 TC 0.0000 0.0000 1.35 0.00 1.35 0.00 

19 30-45 TC 0.0000 0.0000 1.35 0.00 1.35 0.00 

19 45-60 TC na 1.35 1.35 

1 60-65 H na 1.35 1.35 

'119 1.35 1.35
 

A19 1.35 1.35
 

LEGEND 	 Sampler Texture Note: 
RC: ring core L: loam A indicates inte-polated activity 
TC: tray core Sa: sand, sandy 
H: hand or bag sample Si: silt, silty Average bulk density calculated from porosity 
A: auger C: clay
 
CS: core sample (ring?) F: fine
 



Table IV.8 Results of Cesium Analysis (cont.) 

Cesium Activity (dpm/g) Cesium Inventories (dpm/cm2) 
Grain Size Analysis Raw Grain-normalized Raw Activity Normalized Activity 

Site Depth (cm) SampLer % sand % silt % clay Activity Error Activitv Error B.d. (g/cc) Subtotal TOTAL B.d. (/cc) Subtotal TOTAL 
19 125-135 IA nar1 1 14.15 1.35 0.00 
20 0-15 TC 8.16 54.37 37.471 0.68 0.03 0.61 0.03 1.35 0.0 1.35 0.00 
20 
20 

15-30 
30-45 

TC 
TC 

6.21 51.21 42.58 0.05 
00000 

0.01 
0.000 

0.04 0.01 1.35 
1.35 

0.00 
0.00 

1.35 
1.35 

0.00 
0.00 

20 45-60 TC na 1. 3 5 
1.35 

20
21-1 
21-1 

60-65
0-15 
15-30 

H I
TC 
TC25.1 

8.42 25.19 66.40 
na 

0.54 
0.0000 

0 000.29 
0.0000 

0.03 
1.35 
1.35 
1.35 

0.00 
0.00 

0.00 1.35 
1.35 
1.35 

0.00 1 
0.00 

0.00 

21-1 30-45 TC na 1.35 1.35 
21-1 - 5-60 TC na 1.35 1.35 
21-1 60-65 H na 1.35 10.90 1.35 0.00 
21-2 015- TC 3.68 50.09 46.23 0.48 0.02 0.34 0.02 1 1.35 0.00 1.35 0.00 I_ 
21-2 15-30 TC 0.000 0.000 1.35 0.00 1.35 0.00 
21-2 30-45 TC 0.0000 0.0000 1.35 0.00 1.35 0.00 
21 _ 45-60 TC na 1.35 1.35 
21-2 

22 
60-65 
0-15 

H 
TC 4.03 62.09 33.38 

na 
0.61 0.02 0.58 0.03 

1.35 
1.35 0.00 

9.67 1.35 
1.35 0.00 

0.00 

22 15-30 TC 1.24 70.71 28.05 0.07 0.01 0.07 0.01 1.35 0.00 1.35 0.00 
22 30-45 TC 0.0000 0.0000 1.35 0.00 1.35 0.00 
22 45-60 TC na 1.35 1.35 
22 60-65 H na 1.35 1.35 

A22 
A22 

1.35 

1.35 

1.35 

1.35 
22 120-130 A _ na 1.35 0.00 1.35 0.00 

23-1 0-5 H 24.14 58.49 17.37 0.0000 0.0000 0.0000 0.0000 1.35 0.00 1.35 0.00 
423-1 1.35 0.00 1.35 0.00 
a23-1 1.35 0.00 1.35 0.00 
23-1 

A23-1 
15-20 H 5.49 65.871 28.64 0.16 0.01 0.17 0.02 1.35 

1.35 

0.00 

0.00 

1.35 

1.35 

0.00 

0.00 

LEGEND Sampler Texture Note: 
RC: ring core L: loam A indicates interpolated activity 
TC: tray core Sa: sand, sandy 
H: hand or bag sample 
A: auger 

Si: silt, silty 
C: clay 

Average bulk density calculated from porosity 

CS: core sample (ring?) F: fine 
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Table IV.8 Results of Cesium Analysis (cont.) 

Cesium Activity (dpm/g) Cesium Inventories (dpm/cm2)] 

SiteA23-1 

23-1 

Depth (ce 
35-40 

S 

C 

Grain Size Analysis 
% sand % silt % clay 

Raw 
Activity 

0.0000 

Error 

0.0003 

Grain-normalized 
Activity Error B.d. (,/cc)

1.35 
1.35 

Raw Activity 
Subtotal 

0.00 

TOTAL 
Normalized Activity 

B.d. (g/cc) Subtotal TOTAL
1.35 
1.35 0.00 

423-1 
1.35 1.35 

a23-1 
23-I 

23-2 

23-2 

23-2 

23-2 

A23-2 

175-185 

0-15 

15-30 

30-45 

45-60 

A 

TC 

TC 

TC 

TC 

0.24 

0.06 

55.37 

52.87 

44.39 

47.07 

na 

0.45 

0.17 

0.0000 
na 

0.02 

0.01 

0.0000 

0.32 

0.11 

0.02 

0.02 

1.35 

1.35 

1.35 

1.35 

!7666_1.35 

1.35 

0.0-

0.00 

0.00 

0.00 
1.35 
1.35 

1.35 

1.35 

1.35 

1.35 

"--00 

1 0.00 

0.00 

0.00 

a23-2 1.35 1.35 

23-2 90-100 A na 
1.35 

1.35 
1.35 

1-35 
a23-2 

23-2 

24 

24 

24 

24 

24 

a24 

165-175 

0-10 

10-20 

20-35 

35-50 

60-65 

a2 -1.35 

A 

- f 4.81 

TC 
TC 

TC 

H 

53.02 42.17 

na 

0.71 

0.0000 

0.0000 

na 

na 

0.02 

0.0000 

0.0000 

0.56 0.03 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

0.00 

0.00 

0.00 

0.00 

1.35
1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

0.00'1 

0.00 

0.00 

0.00 

A24 1.35 1.35 

24 

25 
25 

120-130 

0-10 
10-18 

A 

TC 
TC 

16.49 
10.14 

54 
53.56 

30.06 
36.30 

na 

0.55""-'-" 
0.34 

0.03 
0.02 

0.65 
0.32 

0.03 
0.02 

1.35 
1.35 

1.35 
1.35 

0.00 
0.00 

9.61 
1.35 
1.35 

1.35 
1.35 

0.00 
0.00 

0.00 

25 
25 

A25 

18-35 
35-50 

TC 
TC 

0.0000 
na 

0.0000 1.35 
1.35 

0.00 1.35 
1.35 

0.00 

25 1.35 

1.35 -
1.35 

1.35 

LEGEND Sampler 
RC: ring core 
TC: tray core 
H: hand or bag sample 
A: auger 

Texture 
L: loam 
Sa: sand, sandy 
Si: silt, silty 
C: clay 

Note: 
A indicates interpolated activity 

Average bulk density calculated from porosity 

CS: core sample (ring?) F: fine 
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____ ____ ____ ___ 

Table IV.8 Results of Cesium Analysis (cont.) 

Cesium Activity (dpm/g) Cesium Inventories (dpm/cm2)Grain Size Analysis Rav d , RawuActivity[malz 3 Normalized Activity [Site IDenth (cm)TSampler %sand 1%silt %clay Activity [ Error IAcvit Error B.d. (cc) Subtotal TOTAL B.d. (cc) Subtotal 
25 60-65 -H ao.o 35ooo 0.00 1.3526 0.790. 3TC26 04000 0.35 00912-23 IC 1.35300 1.03 0.00

0 
2 3-36 IC __70_00 1.35 0.00 0.00 

26 
_0 -Too 0 000 _13_36-51 ___ __ _j_ _ 1.35 _ 0.00_fa 

ja _ _ _ _j_ __ _ 1__. 33__ 1.56 51-60 
_ 

1.35 11.48 1.35 000S 0-10 H f-) 54.i3 223. 9 0.5 .827 10-20 
2218 002 0.U3 1.35 0.00F 17.23 51.40 31.37 1.35 000.23- 002 0.26 0.02 135 000-7 20-30 H 135 0.00229 44.76 3 0 I 0.01 0.02 135 000 11.35 0.00
 

27 30-40 H 
 0.0000 0.0000 1.35 0002- 0.00 135 0.00 0.0038 4 53.77 
_____I _ _ _ .9 3 0.58 0.0 135109 100 I 0.00 i3-5.3 Io__oooo .1120 0006 0.02 0.39 0.02 - _ _ _135 000-o2S 20-35 IC 1 0.00D28 11 1 0.06 38.08 61.86 0o000 0100 I0007 07o - -- 1.5.1352S 35-50 IC 0.27 62.33 37.40 - 0- 5 " 0.00

0.24 0.1 020- 0.01 i-o.o5o1.35 0.01.3528 0.00_1.35 -­
0.00a~28 606 ____ 1-35 0.00J13____ 

.01,35 
H____ 

1835-6 0.00S 

LEGEND Sampler Texture Note: 
RC: ring core L: loam A indicates interpolated activity
TC: tray core Sa: sand, sandy
H: hand or bag sample Si: silt, silty Average bulk density calculated from porosity
A: auger C: clay
 
CS: core sample (ring?) F: fine
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Appendix V
 

TIE USE OF SEI)INEN' BALANCE TO
 
ESTIMATE FLOODPLAIN SEI)IMENTATION
 

Introduction 

Tile balance of suspended sediments in a defined 
fluvial system can be determined if the sediment 
inputs and outputs to that system are quanItifiCd at 
its boundaries. The balance indicates the gross 
sedimentary behavior of the cutire system. 
Determinations of sediment balace usually are 
made ol a mean anMual basis, ald tile results 
indicate tie total aggradation or degradation of the 
system. This appendix uses 13\VI)13 suspended 
sediment data to examine the sediment balace ina 

extensively used by researchers and consultancy 
organizations. 

2 The Fluvial System 

The defined fluvial system examined in this report 

comprises three major rivers, the Jamuna, Ganges, 
and Padmla. The system analyzed in this report also 
intcludes the D)haleswari River, a distributary of the 
.lainluna, and the Gorai River, a distributary of the 
Ganges. The inflow boundaries are on the BIlahma­
pUtra River at 13aladurabad and on the Ganges 

Table V.1 Mean Annual Suspended Sediment Transport of Rivers (million tolls)
 

River Coleman CIkJET NI1() FEC Hloss.1.. RSP (FAP 24) BWI)B
 

650 586 500Jamuna 608 199 387 431 

549 450Ganges 179 196 212 338 480 

894 694Padma 581 563 

Note: [ie Jamuina River transport is cstimatcd at hahadt.abad. The Ganges River transport is estimated at 

Ilardinge Bridge. The Padma River transport is estimatcd at Baruria and Mawa. 

defined fluvial system (Figure V. I) consisting of 
the Jamuna, Ganges, and Padma rivers. Section 2 
describes this fluvial system in greater detail. 

Sediment sampling along the rivers of what is now 
Bangladesh began in 1957 (MP0 1987a) under the 

precursor agency to the 3angladesh Water 
Development Board (BWDB). ii 1965, the FAQ 

(1969) began systematizing water data collection 
efforts. Today, as a result, Bangladesh a;r. about 
300 water level stations and 80 discharge 
measurement stations, 25 of which make 
sedimentation meastuemlents (13D\Vl 1972, 13WDI3 
1982). MPO reported in 1987 that suspended 
sediment concentration information was available 
for about 51 stations prior to 1983 (excluding 1971, 
when data gathering was suspended due to the 
Liberation \Var). Since 1969 these data have been 

River at Hlardinge Bridge. The outflow boundaries 
are on the Padma River at Baruria (Mawa for the 

CBJET [1991] case), on the Gorai River at Kushtia, 
and on the Dhaleswari River at Jagir and Taraghat. 

Table V. I summarizes estimates made of the mean 
annual suspended sediment transport of the three 
major rivers according to various sizes. The 

remainder of this section briefly describes the 

ftivial environment of the rivers in the system. 

The lDrahanaputra-J amunl:.' River, with a catchment 

area of about 573,500 k'.n' and a length of 2,900 kin, 
drains the northern and eastern slopes of the 
Himalayas. It i; a ,vide, braided river with wandering 
thalwegs. Its mean annual discharge is about 19,600 
m/s. The present course of the Jamuna River is only 
about 200 years old. Of the three major rivers in 
Bangladesh, tie Januna carries the highest sediment 

Floodplain Sedimentation StudyFAI' 19/FAP 16 
A-66 



Figure V .1: The Jamuna-Ganges-Padma Fluvial System and Associated 
Floodplain with Location of BWDB Gauging Stations 
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Note: Partial physiography legend is shown. For all units refer to Figure 2.1 
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load both in terms of quantity and caliber (Barua 
1994). The river has a bed slope of 7 x 10-' and a 
median bed material grain size of 0.22 am. Based on 
River Survey Project (RSP)measurements made in 
June 1993 at Bahadurabad, Barua (1995) indicated 
that the median grain sizes of surface-water 
sediments varied between 0.012 and 0.026 mm. 
Estimates of the river's mean anmmal suspended 
sediment transport range from 387 million tons 
(MPO 1987a) to 650 million tons (Ilossain 1992). 

river is about 28,000 m3/s. The Padma has a slope of 
-
5 x 10 and a median bed-material size of 0.09 ram. 

Estimates of the Padma's mean annual suspended 
sediment transport range from 563 million tons 
(MPO 1987a) to 894 million tons (RSP 1994). 

The Dhaleswari River is one of the major left-bank 
distributaries of the Jamuna River. The mean annual 
discharge of the river for the 1987 hydrological year 
was about 600 m3/s, representing some 4 percent of the 
Jmuna's discharge. The Dhaleswari has a bed slope of 

The Ganges River drains the southern slope of ti;. about 4.5 x 10-, and the median grain size of its bed 
Iimalayas and the northern part of the central Indian 

plateau. It has a catchment of 1,090,000 km2 and a 
length of about 2,200 ki. It is a wide, meandering 
river with wandering thalwegs. The river has a bed 
slope of about 5 x 10' and carries an annual discharge 
of 11,000 mni/s. The median grain size .oftho riverbed 
material is0. 12 mim. Estimates ofsuspended sediment 
transport by the river range from 196 million tons 
(CBJET 1991) to 549 million tons (RSP 1994). 

The Padma is a 120-kin-long river reach extending 
from the Ganges-Jamuna confluence at Aricha to the 
Padma-Meghna confluence north of Chandpur. The 
reach drains tie combined discharge of the Ganges 
and the Brahmaputra. The Padma has a generally 
straight course at its upper end and a double-thread 
braided lower end. The mean annual discharge of the 

material, measured at Tilly, is about 0.24 mam. 

The Gorai River is a right-bank distributary of the 
Ganges River. Its mean annual discharge is 1,400 
nmI/s, representing about 13 percent of the Ganges 
River discharge. The Gorai offtake is about 16 km 
downstream of Ilardinge Bridge. The river's average 
slope is about 4 X 10 . The median grain size of its bed 
material in the upper reaches is about 0.15 mam. 

3 Sediment Transport Data 

3.1 Data Collection 

As mentioned in the introduction, BWDB 
suspended sediment data extend back to 1957. 

Measuring vertical I Measuring vertical 2 

_
I IYQStaff 
Water level GaUge 

- ~~{ ~ --o Z 

0.8 1 

! I 

Figure V.2 River Cross-Section: BWDB Sediment Transport Measuring Schemes 
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BWDB collects these data using mooring vessels 
(Figure V.2) to periodically sample river transects. 
Using Brinkley instantaneous samplers, tcchnicians 
collect water samples from two depths (20 percent 
and 80 percent) at several verticals along each 
transect. These verticals are chosen in such a way 
that discharge between two of them does not exceed 
10 percent of the total discharge (WMO 1981). The 
sand and silt fractions of the samples are then sepa-
rated from the water in the field. This is done by 
passing the sample tlrou,,h an elutriator for 100 
seconds to separate the sand, which is collected in a 
tube. Silty water from alternate verticals ismixed and 
saved. The measurement process for each vertical 
usually takes several hours. The total sampling time 
for the Blahadurabad transect of the Janinna River is 
usually about two days. The mean sand-concentration 
in each vertical is calculated by tie Stratlb method 
(Indian Standard Institution 1969). l'otal discharge 
and suspended sediment transport through the 
transect is computed by the velocity-area method. 
Data usually are collected weekly dluring the 
monsoon period (May--Novemner). At Bahadurabad, 
data are collected for the whole year. 

The procedure described above has been in use since 
1965. It should be noted, however, that RSP (1994) 
reported that some data are missing. Moreover, the 
quality of the available data has been questioned. 

Halcrow (1992), using a one-dimenlsional morph1o-
logical modelling exercise, demonstrated that discharge 
and sediment transport data for the perixl 1966-70I are 
consistent and reliable. larlier, Rl'T-NI1I)ECO-I3CL 
(1989) and SWMC (1991) reached similar conclusions. 
The tested dat;t,were reported by the East Pakistan 
Water and Power Development AuLority 
(EPWAPI)A 1969). CBJEI' (1991), in its report, 
found large differences inJamnina (13ahadurabad) sedi-
ment transport rating curves when comparing the 
period 1968--69 with 1980-82. More estimates 
occurred in the former ),ears than in fhe latter. 

3.2 Estimates of Annual Transport 

To estimate annual sediment transport, daily 
transport data are needed. Since the 13WD13 data 

Floodplain Sedimentation Sthdy 

are for varying periods (some weekly), the 
1missing" data must be interpolated. This is 
generally done by developing Q-h and Q-Q, 
relationships. 

A Q-h relationship is a discharge rating c'irve 
between water level (h) and discharge (Q). Water 
levels (h) are observed five times daily, but dis­
charges (Q) mostly are measured weekly. Once Q­
h relationships have been established for a set of 
data, they can be used to estimate mean daily dis­
charge (Q). From the established Q-h curves, 
mean daily discharge is read against mean daily 
water level. 

A Q-Q, relationship can then be similarly 
establislhexi from the data set. Using this 
relationship, mean daily Q, (sediment transport 
rate) is estimated against mean daily Q. Most of the 
annual sediment transport estimates presented in 
Table V. I were computed by this procedure. 

Coleman (1969) did not explain how his nontlly 
transport estimates were derived, but they probably 
were calculated by averaging available data. His 
data covered five years (1958-1962) that predated 
the 1965 establishment of the measuring technique 
now in use (FAO 1969). The MPO (1987a) 
estimates in Table V. I were determined by 
establishing Q-Q, relationships for measurements 
made between 1979 and 1983. Hossain's (1992) 
estimates are based on synthetic information 
derived from actual measurements and computed 
data using his equations (Hossain 1987). CBJET 
(1991) estimated transport by establishing Q-Q, 
curves for several measured years. FEC (1989) 
used a different approach to make its estimates. 
First, it selected measured discharge and sediment 
transport with return pericds of 50 dry years, 10 
dry years, 2 dry years, 10 wet years, and 50 wet 
years. These data were then used io establish Q-Q, 
relationships. The established relationships were 
used to estimate sediment transport at Bahadurabad 
and Hardinge Bridge from 1956 to 1988. The River 
Survey Project (RSP 1994) made a forced estimate 
of sediment transport for the years from 1966 to 
1991 by using Q-Q, relationships established with 

FAP 19/FAIA 16 
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data from 1966 to 1970. The 1970 cut-off date was 

selected based on the argument that the data for 

later years are inconsistent. 

4 Sediment Budget 

Despite the limitations of existing data and 

analyses, they can be used to get an idea of the 

total sediment budget of the Jamuna-Ganges-Padma 
fluvial system. [he completeness of the CBJET 
(1991) and RSP (1994) information make them 

particularly useful for this purpose. 

Figure V.3 shows the annual suspended sediment 

transport for the period 1965--1988 based on the 

CBJET data. The data indicate that the import of 

suspended sediment ranges from 443 million tons 

in 1979 to 992 million tons in 1973, with a mean 

annual transport of about 695 million tons. 

Sediment export from the system ranges from 308 
million tons in 1982 to 1,014 million tons in 1984, 
with a mean of about 581 million toils. Examina-

tion of the figure reveals that, inthe 1965-70 
period, import was consistently higher than export. 

In later years, however, import and export are 

inconsistent. Despite the inconsistency, the mean 

balance between import and export indicates that 
some 114 million tons remained within the fluvial 
system annually. 

Analyses of FAP 24 River Survey Project (RSP 
1994) data were used to prepare separate balances 
for silt/clay and sand fractions. Figure V.4 shows 
the silt and clay transport for the 1966-1991 
period.hnIports range from 556 million toils in 1972 
to 908 million tons in 1988, with a mean of 740 

million toils. Exports range from 416 million tons 
in 1972 to 774 million toils in 19,8, with a mean of 
571 million tons. These data are consistent. The 
balance shows a mean of 169 million toils of silt 
and clay remaining within the system annually. 

Figure V.5 shows the sand transport for the 

1966-1991 period. Imports ranlge from 256 million 
tons in 1972 to 555 million tons in 1988, with a 
mean of about 398 million toils. Exports range 

FAP 19/FAI' 16 
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from 211 million toils in 1972 to 703 million toils 

in 1988, with a mean of about 386 million toils. 

About 12 million toils of sand remained within the 

system. 

To further confirm the data consistency, Figure 
V.6 shows silt/clay and sand suspended sediment 

transports. Figure V.7 summarizes the sediment 

transport balance, showing imports and exports 

through various river channels. 

5 Floodplain Inundation 

To show how sediment transport relates to flooding 
and floodplain sedimentation, annual hydrographs 
of the Serajganj transect were developed. These 
hydrographs indicate days when danger levels were 

exceeded. Danger level is defined as the average 

flood level with a return period of 2.33 years 

(FFWD 1993). This level is defined to provide 
people with warnings of floods that may damage 
crops and homesteads (FFWD 1993). Figure V.8 

shows the number of days when floods exceeded 
this level at Serajganj. The figure shows a total 

period of ;line years during which danger level is 

not reached. The estimates in Figures V.4 and V.5 

are consistent with this flood information. The 

estimates in Figure V.3 are not consistent, 
however. Figures V.9a and V.9b present mean 
daily water level data for 1974 and 1988 and show 

where these exceed average flood level. 

For analyzing and interpreting sediment budget 
estimates, the associated area within the fluvial 
system was defined using GIS mapping of physio­
grapy, river catchment boundaries, topography, 
and infrastructure. The challenge was in defining 
the boundaries of the floodplain area associated 
with the sediment transport estimates. As shown in 

Figure V.1, included was the portion of the Jamuna 
floodplain below the Bahadurabad measuring 
trailsect amnd above the Dhaleswari measuring 

station at Tilly. The affected Ganges floodplain 
included the areas below the neasuring site at 
Hlardinge Bridge, and excluded the Gorai flood­
plain, silce sediments in this river floodplain were 
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Figure V.3 Annual Suspended Sediment Transport for the Selected Fluvial System, 
1965- 1988 
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Figure V.4 	 Annual Suspended Silt and Clay Transport for the Selected Fluvial System, 
1966- 1991 
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Figure V.5 	 Annual Suspended Sand Transport for the Selected Fluvial System, 
1966- 1991
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Figure V.6 	 Comlparision of Imports of Suspended Sand With Iports of Suspended 
Silt and Clay for the Selected FIuvial System, 1966 - 1991 
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Figure V.7 Sumary of' Sediment T-ansport Balance 

accounted for at the Kushtia Railway Bridge 
station. The lower end of the entire systcnm was 
defined at lBaruria station onl the P'admia, wvhich 
mceasures the combined flow of the Ganges and [lhe 
Jamuna rivers. 

As shown in Figure V. I , the fluvial system occL-
pies floodplains of three major regions-the north-
wvest, southwest, and the north central. Thcl two 
boundaries shown in the figure correspond with 
areas that are inundated under normal monsoon 
flooding condiions (inside boundary) and areas that 
are flooded in major flood events, such as the 
floods of 1987 and 1988. The floodplains of the 
northwest region are mostly isolated from the LuV-

floodwater from the Ganges and Jamuna rivers does 
not inundate rnuch of this region. The north-central 
region is mainly inundated by thle Padmia River and 
the lBrahmnapUtra-Jamiuna and its distributaries, the 
Old lBrahmaputra and Dhialeswari (NCRS 1993). In 
the southwest region, delineated is a portion of the 
lower Ganges floodplain. Also included is the 
active floodplain area of the three major rivers, 
about 2,770 km12 . The total area within the inner 
boundary, corresponding with normal flooding, is 
about 6,500 kil. The outer boundary, which 
considers large flood events (which are likely major 
contributors to the total sediment deposited in the 
floodplain) in the northwest region and other areas, 

anl estimate of about kmi ofyields 2. 10,148,,vet, outwest an woth norh 2,70 k he ttalare witin he nnecntrl. "he bou 
ial system y enmbanknents (NWRS 1990) and floodplain that is annually flooded.bondriscrrspilllwl i tefiur bunar, it nrml lodigiwt oresonin 
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Floodplain Sedimentation 

Figures V.4 and V.5 show that the combined sand 
and silt fractions include some 175 million tonls, or 
15.percent of thle total suspended sedliment transport, 
which remains unaccou~nted for. Assuming a 
sedimient bulk dlensity of 1.5 glcin', this represents 
117 million iu' of sediments. The 114 
million tonls estimated from C13J ET 
data represents anl amlounlt of 76 
million in'. Assuming that thie 
sedimlent measurements are accurate, 
then these unaccounted sediments 
must remain ,ithin (the fluvial 
system. Their distribution aiong 
river channels and active floodplain 

areas is, in fact, not established. It is 

.FAP 19/ A 16 	 s 

Tabl1e V. 2 

ExceededI Danger- Level at Scr-ajganj, 

nonetheless useful to present the data, as in Table 
V.2, where a uniformn distribution of the retained 

sediments over the floodplain is assumed. Using the 
10, 148 kml2 channel and floodplain area discussed in 

thle above section, the average sedimentation rates 
are 7.5 mmi/yr from CBJET sedimlent balance data, 
and 11. .5 mmn/yr fromn RSP data. 

Estimated Sedimentation Rates 

Floodph~it areaI Sedimentation rate Sedimentationi rate 
(j 1 )based on CBJE Ydata based on RSP data 

(nun/year) (mnuryear) 
1 

7.5 	 11.510,d148 
(GIS-liael) 
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Figure V.9a Examinple of the llydrograph: Jamuna River at Sirajganj in 1974 
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Figure V.9b Examiple of the H ydrograph: Jamna River at Sirajganj in 1988 
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7 Discussion and Conclusions 

Given an accounting of the sediment inputs and 
outputs of a fluvial system, this report demonstrates 
the possibility of using the sedimient balance to 
make a gross estimate of floodplain sedimentation. 
However, both the data used and the analysis 
applied have limitations that should be borne in 
mind. This is particularly relevant in the 
considering the apparently high sedimentation rates 
obtained from such analyses. 

Due to the difficulty of gauging sedimentation in a 
vast river network like the Jamuna-Ganges-Padma, 
the limited resources deployed to do so, and tie 
significant amount of missing information, the 
estimates presented in this report must be 
considered general and indicative. First, it should 
be recognized that in the large and complicated 
river network of 3angladesh it is very difficult to 
locate a measurement transect in an ideal location 
such as prescribed by ISO (1977). There are 
always dangers of a transect being located in an 
overloaded or underloaded sedimentary environ-
ment. In the former case an overestimation can be 
made, while an underestimation can happen in the 
latter case. Studies by the Surface Water Modeling 
Center indicate that an overestimation of sediment 
transport can happen in places like Ilardinge Bridge 
(Galappatti, 1993). Second, it should be noted that 
total sediment load consists of both suspended load 
and bed load. But the present analyses is based on 
suspended sediment only. It has been demonstrated 
by Yuqian (1993) that sed iment balance considering 
only suspended load could not explain the 
morphological behavior of a reach of the large, 
braided Yellow River in China. Third, the 
suspended sediment sampling was made by an 
instantaneous Brikley sampler, which can have an 
inaccuarcy as high as 100 percent (Van Rijmi, 
1986). In addition, investigators have serious 

concerns about the use of sediment rating curves. 
Establishment of Q-Q, relations is a practical 
approach that lacks a theoretical basis. Colby 
(1964), Nordin (1964), and Glysson (1987) 
cautioned against the use of such relations. 

Another consideration is the difficulty of 
determining floodplain area. The considered period 
of about 25 years represents floods ranging from 
some extremely high floods, such as that of 1988, 
to some years with very low floods. Although the 
floodplain boundaries delineated in this study are 
considered reasonable, detailed inundation infor­
mation for these years is unavailable. 

Limitations aside, the estimates based on sediment 
balance indicate that some 15 percent of the total 
sediment load of the Ganges-Brahmaputra is 
sequestered in the fluvial system. This represents 
annual average sedimentation rates ranging from 
7.5 to 11.5 am/year. The lower sedimentation 
rate, which is based on the CBJET sediment 
balance data, compares favorably with the GIS 
model estimates of 8.1 am/year. Since the 
lloodplain area used in these calculations also 
includes active riverbeds, the sequestering of 
sediments within the fluvial system indicates a net 
aggradation of the riverbed. Aggradation in this 
case can mean char developent and overall 
widening of braiding and wandering rivers. Within 
the same cross-sectional area, widening means a 
proportionate decrease in mean cross-sectional 
depth. No information is available on the gradual 
decrease of mean channel depth. However, ISPAN 
(1993) obsevNed widening inimost of the rivers in 
the system. Also, there is the possibility that such 
sedimentation could have been counterbalanced by 
subsidence rates. But maximum subsidence rate of 
only 2 mm/yr has been reported by MPO (1987b). 
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