
BUREAU OF RECLAMATION 
HYDRAULIC LABORATORY. 

UNITED ST ATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF RECLAMATION 

OFFICE 
FILE COPY 1>-~-~ 

WHEN BORROWED RETURN PROMPTLY 

HYDRAULIC MODEL AND PROTOTYPE 

STUDIES OF CASA COLORADA 

CHANNELIZATION--MIDDLE RIO 

GRANDE PROJECT, NEW MEXICO 

Hydraulic Laboratory Report No. Hyd-477 

DIVISION OF ENGINEE.RING LABORATORIES 

OFFICE OF ASSISTANT COMMISSIONER AND CHIEF ENGINEER 
DENVER, COLORADO 

May 1961 



~ONTENTS 

Foreword 

Summary .. 

Introduction • 

Review of Previous Studies . . ~ . 
Jetty Field Velocity Recovery Concept • . 

Velocity Recovery Studies in Fixed Bed Sectional Model • 

Use of Design Graphs for Jetty Units . . . 
. . ,. . . . . . . 

Nomograph for Jetty Tie Back Spacing . . •. 

Comparison of Earlier Studies with Velocity Recovery Studies 

Movable Bed Model--Casa Colorada Reach •. 

Movable Bed Model--Tie Back Spacing Study 

Prototype Data Analysis . 

Friction Factor Analysis . 

Proposed Method for Computing Deposition in a Jetty Field 

Summary and Conclusions 

. . 

Model of Single Jack Unit. . . . • • . . • • • • . • • . . 
Plan and Cross Section of a Jetty Field • . • . . . . . . • . 
Sectional Model Arrangement for Velocity Recovery Study • • • • 
Steel Jetty Tiebacks. Spacing for Continued Mini~um Velocity 

Reduction . . . . . .. . . . -· .. . . .. . . . . . . . . 
Design Graph. Steel Jetty Tiebacks . . • • . · • . . . • . . . • . 
Nomograph for Steel Jetty Tie BackSpacing for Continued 

Minimum Velocity Reduction. • . • • • • . • • . • • • • • • 
Layout of Casa Colorada River Reach, Movable Bed Model. ••• 
Size Analyses of Sediments. Movable Bed Model • • • • • . 
Settling Velocity Characteristics of Plastic Material • . • • 
Cross Sections of Casa Colorada River Reach Model • • • 
Initial Condition of Bed Before 500-foot Tie Back Spacing Study . • 
Typical Bed Condition After Model Hydrograph . • • . . . . . . 

1 

2 

2 

2 

3 

5 

7 

7 

7 

8 

10 

11 

12 

15 

Figure 

1 
2 
3 

4 
5 

6 
7 
8 
9 

10 
11 
12 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



CONTENTS- -Continued 

Smoothed-out Curves for Model Depth Versus Velocity • . • • • • 
Terminal Model Study Concentration Versus Discharge~ ••••• 
Core Samples of Bed Taken from Right Jetty Field, · Desi_gn 

Channel and Left Jetty Field, in Upstream Curve, Movable 
Bed Model . . . . . . . · . . .. . . · . . . . . . . . . . . 

Cross Sections at Ranges 114. 77 and .115. 34, Prototype • . • • . 
Cross Sections at Range 116. 47; Prototype • • • • . • • • • • • 
Cross Sections at Range 116. 67, Prototype . • • • . • • . • • • 
Cross Sections at Range 11 7. 05, Prototype • • • • • • • • • • • 
Cross Sections at Range 11 7. 43, Prototype • • . • . . • • • • • • 
Cross Sections at Range 117. 62, Prototype ••.•••••••• 
Cross Sections at Range 11 7. 81, Prototype_. . • • • • • . • • • 
Cross Sections at Range 118. 15, Prototype • • • • • • • • • • , • 
Cross Sections Above Bosque Bridge, Prototype ~ . • • • • • • • 
Manning's "n" Value·Versus Depth, Prototype. • • . • • • • 
Manning's "n" Value Versus Velocity, Prototype • • • • • . • . 
Depth Versus Velocity, Prototype • • • • • • • . • • • • • • . 
Flow Section Area Versus Width, Prototype. . • • • • . • 
Flow Section Area Versus Depth, Prototype. • • • • • • • • • • 
River Characteristics, Prototype • • • • • . • . . • • . • • • 
90 Percent Finer Size of Suspended Sediment Versus Velocity 

in Jetty Field or Channel, Prototype • ~ . • • • ·• • • • • • • 
Reduction Percent of Channel Velocity Versus the Ratio of 

90 Percent Finer Sizes of Suspended Sediment~ Channel to 
Jetty Field, P'rototype. • • • • . • • • • . • • • • • • . • • 

Velocity Versus Concentration, Prototype •. • . • . • • • • 
Friction Factor in Terms of Relative Tie Back'Spacing and 

Unit Discharge, Movable Bed Model. • . . • • • • • • • • • • • 
Percentage Increase in Friction Factor in Terms of Relative 

Tie Back Spacing and Unit Discharge, Movable Bed Model .••• 
Depth, Velocity, and Friction Factor Versus Unit Discharge, 

· Prototype . . . . . · . . . . . . . . . . . . . . . . . . . . . 
Graph of .computed Data • • • . • • • • • • • • . • ~ • • • • 

Relative Change in Bed Elevations Between Channel and Jetty 
· Field--Runs 8 through 1·3, Movable Bed Model, Casa Colorada, 

Middle Rio Gran9e Project. • • •. • . • • • • • • • • • • • • 

Figure 

13 
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 

32 
33 

34 

35 

36 
37 

Table 

1 

Analyses of Riverbed Material Before Jetty Field 
Installation--Casa Colorada Prototype Reach--Middle 
Rio. 'Gr,ande .Project ·• • • • • • • • • • • • • • •. • • • • • • 2 · 

Average Prototype River Da.ta--Casa Colorada Prototype 
Reach--Middle Rio Grande Project • • . . • • • • • • . . . . 3 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



CONTENTS- -Continued 

Sieve-size Analysis--Prototype Bed Material--Casa Colorada 
Prototype Reach--Middle Rio Grande Project . . . • . . . 

Sieve-size Analysis Prototype Suspended Material--
Casa Colorada Prototype Reach--Middle Rio Grande Project . 

Computation Table for the Average Rate of Relative Jetty 
Field Deposition for Hydrograph Year . . • • . . . . . 

Computation Table for One Design Channel Unit Discharge 
in Figt1re 37 o • • o • • • • • • • • • • • • • • • • • 

Computation Table for Average Rate of Relative Jetty Field 
Deposition for Total River Discharge of 10,800 cfs . . . 

Table 

4 

5 

• ·6 

7 

8 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



 

FOREWORD 

The studies described in this report were performed in the 
Hydraulic Laboratory by the Sediment Investigations Unit. 
Since steel jacks and jetties are used extensiv~ly in the chan­
nelization of the Rio Grande in the Middle Rio Grande Valley, 
· conferences were held with representatives of the Hydraulic 
Laboratory, Canals, and Hydrology Branches of the Commis­
sioner I s Office , Denver, Colorado, and of the Regional and 
Project offices. Many ideas and methods of approach were 
suggested during these conferences. 

The cooperation of the Project office in obtaining the compre­
hensive field data is greatly appreciated • 
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COLORADA CHANNELIZATION--MIDDLE RIO GRANDE 

PROJECT, NEW MEXICO 

SUMMARY 

The purpos_e of this study was to develop information for effective 
design of jetty fields. Tests were made to establish velocity reduc­
tion and recovery relationships of jetty fields in terms of the Froude 
number. The data are given in equation, design curve, and finally in 
nomograph form. The nomograph presents the values of all variables 
involved with velocity reductions caused by jetty fields. 

Tests were also made with the movable bed model of the Casa Colorada 
prototype reach. The suspended sediment in the model consisted of a 
lightweight, granular, plastic material. This study was directed toward 
determining the effect of tie back spacing and depth of flow on friction 
values within the jetty field. Tie back spacings of 250 and 500 feet were 
studied and compared with a control section having no jetty fields installed. 

Field data collected by project personnel were analyzed to establish corre­
lation of the model performance with the prototype. 

A set of general friction curves was developed, leading to a method of 
estimating the time to fill a jetty field with sediment. 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



INTRODUCTION 

Steel jacks and jetties have been used successfully by the Corps of 
Engineers. highway departments. railway companies. and others to 
prevent damage to riverbanks, levees. bridge abutments. and other 
structures. The Bureau of Reclamation is using them to channelize 
the Rio Grande in the Middle Rio Grande Valley. The individual jack 
unit consists of three angle iro~s. 12 or 16 feet in length, joined at 
their centers. A network of wire is laced to the angle irons. These 
units are threaded with cables to form the front and tie back lines 
which makes a jetty field. Figure 1 shows a typical modeled jack 
unit. Figure 2 shows a plan a1'id cross section of a typical jetty field 
installation. 

Jetty fields incorporate some .of the good features of walls and groins 
but are permeable, reducing the possibilities of overconfining the 
river and causing end scour such as occurs with impermeable groins. 
Jetty fields act as sediment traps by reducing the velocities within 
them. In most cases. sediment deposits are stabilized by vegetation. 
The alinement _of the Midclle Rio Grande is being improved with jetty 
fields which cause the phreatic water surface to lower thereby reduc­
in~ evaporation and transpiration losses. 

ltEVIEW OF PREVIOUS STUDIES 

The investigations described in this report supplement previous work 
described in the paper "Use of Steel Jetties for Bank Protection and 
Ch~nnelization in Rivers. 11 by E. J. Carlson and P. F. Enger, pre­
sented at the Hydraulics Division Meeting. ASCE, Madison. Wisconsin. 
August 1956. 

The· data in the above-cited· reference presented velocity change in the 
. jetty field in terms of unit discharge. number of tie back lines, and 

depth of flow for a range of simulated flow conditions. It should not 
be extrapolated beyond these conditions. The number of tie back lines 
varied from 1 to 7. The velocity of approach was equal to or less than 
4. 16 feet per second. ·The Froude number ranged from 0. 066 to 0. 300. 
The model was always operated at depths greater than critical. The 
tie back jacks represented in that study were made with 12-foot by 
3-inch by 3-inch by 1/4-inch angle irons laced with No. 6 wire. In the 
model study, the jetty field_ width equaled the channel width. 

JETTY FIELD VELOCITY RECOVERY CONCEPT 

In the earlier study, velocity reduction tests were based on the com­
parative number of tie back lines through which the flow passed. The 
spacing of tie back lines was changed but was not used as an independent 
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variable. The study covere.d by this report is based on a velocity recov­
ery concep~ as follows. Consider a simple jetty field consisting of one 
tie back line and one continuous frontline. As flow passes through the 
tie back line, a velocity reduction occurs and some of the flow moves 
out to the channel due. to the damming effect of the tieback. Downstream 
from the tieback, flow passes into the jettY. field from the channel. The 

. I 

velocity increases in the field until it attains normal velocity for the 
slope and roughness of the river section. To maintain a velocity in the 
jetty field lower than the normal velocity for the river section, the tie­
backs must be spaced so there is not complete velocity recovery between 
them. Hydraulic model studies were conducted to relate tie back spacirtg 
with velocity recovery. 

VELOCITY RECOVERY STUDIES IN FIXED 
· BED SECTIONAL MODEL 

The fixed bed model was arranged in an open channel flume 13 feet wide 
with a continuous frontline of 1: 16 scale jacks dividing the channel along 
the centerline, Figure 3. One tie back line of scale jacks was placed at 
an angle of 67. 5° with the frontline at its upstream end. Flows of 8. 33, 
16. 67, and 25. 0 cubic feet per second per foot of width representing 
total discharges of 5, 000, 10, 000, and 15, 000 cubic feet per second for 
the middle Rio Grande in the Casa Colorada area were used in the study. 
Prototype depths represented were 4 to 8 feet. 

From dimensional analysis, the following relationship was adopted: 

V:a = f (Nf, X, sin cp) 
Vo y-

where 
VO = Velocity in the normal river channel upstream from a jetty 

field. 

VR = Velocity reduction in the jetty field (VR = Vo - velocity in 
jetty field). 

X = Tie back spacing or distance downstream from a tieback. 

Y = Depth in normal river channel upstream from a jetty field 
installation. 
V 

NF = V ;y, Froqde number of normal flow in the river channel 

upstream. 

where g is acceleration ()f gravity 

cp = angle between a tie backline artd a frontline. 

3 
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Velocity and depth measurements were made at 1-foot intervals across 
the model channel at one section upstream from the tie back line and at 
four sections downstream from the tie back line. Experimental points 
w~re plotted on a dimensionless graph of V R versus Xusing Froude 

Vo y 
number as a parameter. Straight lines,· drawn through the data for 
different Froude -numbers, converged at a value of X equal to l 60~ indi­

y 
eating this to bEl .the point of complete velocity recovery. A graph was. 
plotted on semilog paper of Froude numbers versus VR. The values of 

Vo 
VR occurringwherethe parameter lines crossed the VR axis or X equal 
V 0 Vo· Y 
0 were used. The points thus plotted showed little scatter. The relation­
ship between VR and Froude number plotted as a straight line on semilog 

Vo 
paper resulted in the equation 

VR = 0. 108 ln NF+ 0. 308 
Vo 

(2) 

Combining the velocity recovery relationship with a tie back angle correc­
tion results in the following relationship: 

VR _ ( ~ ( 1 X) (Sin 67. 5~) Vo = 0.108 ln Np+ 0. 308/ 1 - 160 y · Sin 'P 

An adaptation of this equation in graph form is given in Figure 5. 

It is assumed that after velocity in the jetty fields has reached its mini­
mum, the· design velocity reduction will occur immediately upstream 
from any line and the maximum total velocity reduction is immediately 
downstream from any line. The velocity reduction ratio immediately . 
upstream from any line will be the specified design value, VR . The 

(3) 

"Vo 
additional velocity reduction through the line designated as line n, will be:· 

~~VR = ~.108 ln(l-~~) NF+ o. 30~ ~!~ ~- 5:J (4) 

Adding this additional reduction to the reduction immediately upstream 
of line "n" and applying the spacing factor to line n+l gives 

VR (VR VRn\ ( 1 x), 
Vo = Vo + ro / 1 - 160 Y (5) 

This .means. when flow has stabilized in the jetty field, the velocity reduc­
tion upstream of any line is equal to. the velocity reduction upstream from 
any succeeding line. 
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Substituting in (5) the value of VR in (4) and solving for X gives . n y 

X 11 '.'" vRl ro. 108 ln (1--.VR \ NF + 0. 30~ rs~n 67 • 5~ 
v = 160 I.: roJ l v-o/ J ~1n 4> ] (6> 

~: + E- ~:]fr 108 ln(l- ~:)NF+ o. 30~ ~~~ r 50
] 

This equatipn gives the tie back spacing ratio desired for design. A 
graphical representation of this equation is shown in Figure 4. 

USE OF DESIGN GRAPHS FOR JETTY UNITS 

The graph off versus VR with NF as a parameter, Figure 4, is to 
Vo 

be used to find a tie back spactng that will maintain a design velocity 
reduction once this reduction has been obtained immediately upstream 
from any one line in the jetty field. Enter the graph with the desired 
velocity ratio VR and read the spacing-depth ratio X opposite the Froude 

V";° . V 
number NF. The proper .Froude number to be used should be·based on 
the depth and velocity of the fiow upstream from the jetty field. 

I 

The graph in Figure 5 is to be used for special conditions or to design 
a jetty field so that the velocity is quickly reduced to the d~sired amount. 
By entering the graph with the V R value which occurs immediately 

upstream from any line on the Y~ht scale. and proceeding around the 
graph counterclockwise, the VR value immediately upstream from the 

next line may be found. ThisV,8roc.ess may be repeated as many times 
as is necessary. This graph is an adaptation of Equation (3). The 
velocity reduction ratio downstream of any line ''n '' is the sum of the reduc­
tion ratio up to the line and the reduction ratio through the line. 

V'' V VL. Rn _ Rn-1 + · Hn 
. Vo - Vo ·vo 

(7) 

The veit: :~:::::n/~;::~1)li;:·:"t~os 
Vo . .. \ V9 . 

(8) 

Substituting (8) in (7) gives: 
II ;;1 = :!n-1 + [1-_;:n-1] [0.108 ln (1 -::n-ltF + O. 30~ (9) 
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This is the value found on the vertical axis of the graph. The second 
part applies the recovery factor to the next line: 

~:n =l::n-1 + ~-;:n-1] ~.108 1n{1-::n-l) NF+ O. ao~ I 11- rtlfi I (10) 
As an example. take a case where the Froude number for normal flow at 
the design discharge is 0. 4. To find the proper spacing to maintain the 
velocity reduction of 15 percent once it has been obtained on the upstream 
side of a tie back line, enter the single graph and read 83 as the spacing 
ratio. To design the first few lines. use the double gr_aph. First choose 
a trial spacing ratio for the first linef:!. For the example. choose a 
spacing ratio of 70. Then enter the graph for the- fi~st line at a VR value 

Vo 
of zero and proceed counterclockwise around the chart. Read the value 
of the velocity reduction immediately upstream from the second line as 
11. 6 percent. Since this va:lue is less than the desired 15 percent, it is 
necessary to go around again. · For the second line, enter the graph on 
the right side at VR = 0.116 and find that the velocity reduction immediately 

Vo . 
upstream of the third line is 16. 1 percent. Therefore, a design using the 

· first two spaces at a ratio of 70 and all lines thereafter placed at a spac-
ing ratio of 8 3 would be satisfactory. · 

The velocity used in the Froude number must be the same as used in the 
velocity ratio and the depth must be the same as that in the spacing ratio. 
Both graphs are drawn for a tie back angle of 67. 5°. and the equations 
given should be used for other angles. 

The data used in arriving at these relationships came from a study using 
· a straight flume in the laboratory where the flow is parallel to ~he jetty 
field. The graphs and equations should not be applied directly to curves 
and ·stream meanders. The information her.e will undoubtedly be useful 
under such circumstances. but the design procedure must be modified 

. to fit the situation. · 

It is noted that, as a rule, the method will indicate closer spacing for the 
smaller flows. This is a natural· condition since the jetties offer less 
resistance to the smaller flows. For this reason. it is suggested that 
the design flow at a specific reach be the lowest flow which is difficult 
to control in that reach. 

The jacks represented in this ·study were made of 4.;. by 4- by 1 / 4-inch 
angles 16 feet long and laced with No. 6 wire on 15-inch spacing. For 
any other jacks that are geometrically similar, a conversion factor must 
be applied to the tie back spacing determined from Equation (3) or from 
the-graphs. The equation for the adjusted tie back spacing Xa is as 
follows: 
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where 

.( L ) ... 
Xa=X rn. 

X = the tie back spacing determined from Equation (3) 

L = the length of the angle iron of.the geometrically 
similar. jack · 

NOMOGRAPH FOR JETTY TIE BACK SPACING 

(11) 

A nomograph was constructed from the fixed bed model data. Figure 6, 
to assist in determining proper jetty tie back spacing based on the veloc­
-ity recovery principle. The nomograph provides a method for solving 
Equation (3). The variables and parameters being in nomograph form 
in one place makes interpolation simple. An example is provided on 
the nomograph . 

. COMPARISON OF EARLIER STUDIES·WITH VELOCITY 
RECOVERY STUDIES 

To compare the fixed bed model studies described in the section 11Review 
of Previous Studies • ." page 3, with the fixed bed studies described in this 
report. tests were conducted using two tie back lines. Velocity meas­
urements were taken upstream from the first tieback, between the two 
tiebacks and at four cross sections downstream from the second tieback. 
Velocity reduction or recovery was determined for each cross section. 
The resulting data. were plotteq, to relate the velocity recovery with 
distance downstream from the tiebacks apd distance between tiebacks. 
The data compared very well with that produced from-the earlier studies 
for unit discharges greater than 10 cubic feet per second. velocity reduc­
tions greater than 49 percent, and the number of tie back lines six ·or 
more. In the lower ranges of velocity reductions and unit discharges 
tbe earlier studies gave higher values. 

MOVABLE BED MODEL--CASA COLORADA REACH 

Six tests were made with the movable bed model shown in Figure 7. The 
model was operated to simulate a hydrograph. as .shown in Table 1, with 
steps of 5,000 cubic feet per second, a maximum discharge of 15,000 
cubic feet per second, atida minimumdischarge of 5,000 cubic feet per 
second. · 

Two sediments were used to· represent the prototype materiaL A uniform 
sand with mean diameter O. 2 millimeter represented the bedload and a 
lightweight plastic represented the suspended load. The black color of 
the plas~ic material made it easy to distinguish between suspended and 
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bedload deposits. The size analyses of these two sediments are shown 
in Figure 8 with the settling velocity c;:haracteristics of the plastic mate­
rial shown in Figure 9. The control weir at the downstream end of the 
model was shaped to represent the natural river cross section. Cross 
sections at six ranges after each test are shown in Figure 10. 

The effectiveness of the jetty fields is expressed as .the difference in 
. jetty field bed elevation with respect to the adjacent 600-foot channel 
bed elevation. Test 8 with a discharge of 5, 000 cubic feet ·per second, 
was used as the base for comparing scour and deposition produced by 
the simulated hydrograph. 

The second column of Table 1 gives the difference in bed elevation of 
the jetty field from that of the channel after Test 8. The oth,er columns 
show·how much greater (+) or less (-) the differences in jetty field and 
channel elevation were for each succeeding test, than for Test 8. The 
summation of the changes in difference in elevation when divided by the 
number of ranges, results in the average change in jetty field bed eleva­
tion compared to the base Test 8. 

Lowering of jetty field elevations with respect to channel elevations, 
during Tests 12 and 13, indicated a greater deposit in the channel than 
in the jetty field during the receding flows of the hydrograph. Table 1 
also shows that on the ascending portion of the hydrograph, scour in the 

·. channel increased with increase in discharge. These phenomena are 
typical of the sedimentation action in the prototype. 

MOVABLE BED MODEL--TIE BACK SPACING STUDY 

To compare jetty fields of different tie back spacings, the Casa Colorada 
movable bed model was modified. The walls of the model were changed 
to provide nearly constant jetty field and channel widths. The prototype 
channel width was 600 feet, and the jetty field widths were 450 feet on 
each side of the channel. The downstream control was changed to a 
level weir rather than representing a natural river cross section. Tie 
back spacings of 2 50 and 500 feet were studied. The tie back angle was 
.maintained approximately 67° throughout the study. 

A control test was made as a basis for comparing the effectiveness of 
the different tie back spacings. In preparation for the control run, the 
bed was shaped to a plane surface sloping to the control weir. The con-

. dition of the bed, before a test, is. shown in Figure 11. The model was 
operated so as to represent the following prototype discharges: 

5, 000 cubic feet per second 
10, 000 cubic feet pe·r second 
15, 000 cubic feet per second 
10, 000 cubic feet per second 

5,000 cubic feet per second 
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The duration for each step of discharge was approximately 10 days. 
Figure 12 shows typical photographs of the bed after producing this 
hydrograph in the model. . The bed was reshaped to its initial fiat 
cross section, and the above hydrograph was repeated for each of 
the tie back spacings studied.· · 

Lightweight granular plastic, representing suspended sediments, was 
continually introduced during the tests. The characteristics of the 
plastic sediment is shown in Figures 8 and 9. The rate at which the 
plastic was added to the model was in proportion to the product of the 
discharge and time for each stage of the hydrograph. 

Sediment samples were taken with the US DH-48 wading-type hand 
sampler at the downstream control weir. The samples were obtained 
in the nappe of the flow and consequently. the sample represented 
total load. The samples were integrated in vertical and horizontal 
directions. The total length of the weir was 7 feet. and the horizontal 
integration covered a length of 1 foot for each sample. For each river 
discharge, samples were also obtained at the control weir in regions 
that appeared to have maximum, minimum, and average concentration 
of suspended load. These regions of the weir were determined by observ­
ing the concentration of black plastiq that was used to represent the sus­
pended load. Concentration versus discharge in log-log coordinates is 
plotted in Figure 14. · 

During these tests. average velocities were measured in both jetty fields 
and in the channel. Bed and water surface elevations were also meas­
ured. The location of suspended and bed sediment deposits were recorded 
and photographs taken. · 

Core samples 4 inches in diameter were taken from the jetty fields and 
the channel. Figure 15 shows cores taken at an upstream range line 
after the last test. The core with the greatest depth of black plastic 
sediment was on the inside of the curve. Deposits in the jetty field on 
the inside of the curve tended to crowd the flow into the channel and into 
the jetty field on the outside of the curve. The results of these tests 
indicated jetty field installations should be constructed only on the out­
side of curves initially. They should be constructed on the inside of. 
curves only as the need develops. 

Figure 13 gives the results of the scour and deposition tests in the form 
of smoothed curves. It shows model velocity plotted against model 
depth for prototype jetty tie back spacing of-250 feet, 500 feet, and 
infinity. The prototype discharges representing the step hydrograph 
are shown giving model depths and velocities for each discharge. 
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PROTOTYPE ·DATA ANALYSIS 

Considerable field data from the Casa Colorada prototype reach and data 
from other jetty fields near Albuquerque were furnished by the Middle 
Rio Grande Project. These data appear in Tables 2 through 5 and in 
Figures 16 through 24. The ,purpose of obtaining these data was to verify 
the laboratory model. To do this, the prototype river characteristics 
were determined, analyses were made, and a· set of river curves developed. 

The data that were furnished consist of river cross sections. velocities, 
discharge measurements, slope mea~;urements, and size analyses of sus:.. 
pended and bed sediment, both in the jetty· fields, and in the main river . 
channel. Most of the field data were obtained at range lines correspond­
ing to measuring stations on the model. Average prototype curves were 
developed from the data. 

Initial plots were made of the average discharge and other river charac­
teristics. The general trend could be .determined for some of the curves, 
but for others no trend was evident. This was due to the normal scatter 
of data points, and the limited range and amount of data. For the curves 
in which the general trend could be determined, points of inflection were 
difficult to locate. 

To overcome these difficulties, analyses were made of data taken at points 
across the river sections. Using the point-data allowed the investigation 
of much greater depths and velocities and their relation to Manning's 11h 11 

value. Using point values made it possible to determine effects the jetty 
fields had on the average river characteristics. It permitted extrapola­
tion of the data and a definite location of the critical inflection on the 
curves plotted from the average river characteristics. 

A plot of point depth versus point Manning's "n" was made. To calculate 
the "n" values, the slope associated with each point was assumed to be 
the same as for the average river section. Values of point velocity versus 
point depth and point velocity versus point "n" values were also plotted. 
The three curves were first drawn by eye, averaging the scatter of data. 
The small inconi;istencies between the curves, when reading "n" values 
from corresponding velocities and depths, were corrected by weighting 
the differences equally. The resulting curves are shown in ;Figures 25 
through 27. 

A plot of the average flow width versus the average flow area was made .. 
There was a gap in the field data for areas less than 500 square feet. 
Using the cro13s. section for the lowest discharge measured during the 
field data program and assuming that this cross section did not. change its 
shape for lower discharges, the width and area were computed to fill the 
gap. The plot of these data are shown in Figure 28. 
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A plot was also made of the average depth of flow section versus the 
average area of flow section, Figure 29. The curve was computed by 
dividing flow areas from Figure 28 by their corresponding widths to 
obtain the depth. 

Using values from curves in Figures 25 through 29, the river character­
istics. i:p.cluding velocity. depth. width. Manning's "n". flow area. and 
square root of slope were plotted against river discharge. These curves 
are shown in Figure 30. · It is noted_ that the maximum scatter of values 
of depth and widtlt. occur at a discharge of 5, 200 cubic feet per se·cond. 
The average depth is 2; 0 .feet anc:i the average width 500 feet. This is the 
low flow ~hich is most difficult to control and corresponds closely with 
the value of dominant discharge determined independently in another office. 

From the velocity-discharge measurements •. average velocities in the 
jetty fields and in the river channels were calculated. These averaged 
velocities were plotted against the 90 percent finer size of the suspended 
sediment in Figure 31. Another plot was made of the velocity reduction 
in percent of channel velocity versus the ratio of the 90 percent finer 
sizes of the suspended sediment in the channel to that in the jetty field. 
This ratio represents the relative size of the sediment expected to settle 
in the jetty field with respect to_ the suspended sediment in the channel 
for. g;i.ven velocity reductions .. Points on this curve are shown as solid 
dots iri. Figure 32. To c:['.oss check Figures 31 and 32, velocity reduction 
curves were calculated from Figure 31, assuming velocities 2, 4. and 6 
feet per second in the channel. These calculated curves are shown in 
Figure 32, and they indicate that Curves 31 and 32 are consistent. 

Cross sections of the Casa Colorada prototype reach are shown in Figures 
16 through 24. These se:ctioris verify that the jetty fields are preventing 
scour and. ~n m_ost cases. causing de-posits within the jetty fields. 

- . 

Tp determine the prototype carry~ng capacity for suspended sediment. 
velocity and sediment concentration were plotted. There was considerable 
scatter of points. and a- curve determined by the .least squares method was 
fitted to a second-degree polynomial. This curve is shown in Figure 33. 

FEIC.TION ~ ACTOR_ ANALYSIS 
J. 

A friction factor analysis was made of the tie back spacing model data. 
The Darcy-Weisbach friction factor being nondimensional was selected 
for the analysis. This friction factor (f) for open channel flow. assuming 
that the hydraulic radius is equal to depth. is expressed by the following 
equation: · · · · · 

. f = Bg(SY)_·. 
. . . 2 

. . V 
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where 

g = acceleration of gravity 
S = slope 
Y= depth 
V = Velocity 

To obtain results that can be applied to rivers other than the Middle Rio 
Grande, new scaling factors were determined that did not reflect the 
characteristics of that particular river. To do this. parabolic curves 
were drawn through the· prototype curves of discharge versus width. 
depth, and velocity. These curves were then adjusted by distributing 
deviations equally among the three variables. making the final curvee.; 
consistent with the continuity equation. New scale factors of prototype 
to model of these variables were computed. 

Since frictional resistance is fundamentally a function of the Reynolds 
number, the new scale factors were plotted against the unit discharge 
for the control run of the model. This is essentially equivalent to plot­
ting them versus Reynolds number, the unit discharge being equal to 
the velocity times depth, and the viscosity and density being constant. 

Prototype friction factors and unit discharges were computed and are 
plotted with the relative tie back spacing X as a parameter in Figure 34 

y-
where Xis the tie back spacing and Y is the initial depth in the jetty field. 
Typi_cal of friction curves. the values of "f" become constant for large values 
of Reynolds numbers. For Reynolds numbers greater than 100, 000, ''f" 
values become constant in this study. 

The percentage increase in friction factor was determined from Figure 
34. This percentage increase versus the reciprocal of the relative tie 
back spacing with the unit discharge as a parameter. is plotted in Figure 
35. The reciprocal of the relative tie back spacing Y may be considered 

X" 
as the relative depth in the jetty field. 

In using the curves in Figures 34 and 35, it should be noted that the solid 
portion of the curves in Figure 34 represents the limits of the model data. 
The dashed portions of the curves are considered to be reaE1onable extra­
polations of the model data. 

PROPOSED METHOD FOR COMPUTING 
DEPOSITION IN A JETTY FIELD 

Using comprehensive field data and the friction factor analysis of this 
study, rational designs can be made of jetty field installations. The mini­
mum field data required is similar to that plotted in Figures 33 and 36. 
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The point data analysis described in this report makes it convenient to 
obtain these curves from the usually small range of values available 
from the field. 

The design channel width should correspond to the low most difficult 
discharge to control. Judging from the deviations in width and depth 
in Figures 28 and 29, the design channel width for Casa Colorada study 
reach should be about 500 feet. The corresponding river discharge is 
about 5, 000 cubic feet per second. For this design example, a tie back 
spacing of 250 feet was selected, and levee to levee width of 1, 400 feet 
was assumed. The channelization length was 2 miles. 

The installation of a jetty field causes an increase of hydraulic roughness. 
This increase in roughness causes a reduction of velocity in the jetty 
field. Consequently, the· sediment-carrying capacity of flow in the jetty 
field is reduced. However, this does not necessarily mean that there 
will be deposition of· sediment in the jetty field only. The jetty field 
also causes constriction of flow· in the channel, and there is scour in 
the channel above certain discharges. 

For convenience, and to simplify the computations, the process of scour 
and deposition is assumed to occur nonconcurrently and that deposition 
occurs only in the jetty field, and scour occurs only in the channel. Both 
phenomena are recorded as relative deposition; In field installations, 
deposition and scour may or may not occur at the same time. 

For a constant total river discharge, the flow in the jetty field gets pro­
gressively less, and the terminal depth of flow approaches zero. The 
above series of events occurs for all practical tie back spacings. The 
information desired is the average rate of relative deposition in the jetty 
field for the selected tie back spacing, and the time for the jetty field 
system to stabilize. 

Suspended sediment concentration and a varying hydrograph are major 
influences upon the rate of relative deposition. 

To determine the average rate of relative jetty field deposition for the 
hydrograph year, average rates for constant river discharges were com­
puted and are shown in Column 2 of Table 6. Since 5, 000 cubic feet per 
second just covers the width of the design channel, the rate of deposition 
was assumed to be zero in the jetty field for all flows below 5, 000 cubic 
feet per second. The rate of deposition was calculated for a discharge 
of 10, 800 cubic feet per second since this discharge just covers the levee 
to levee width of 1, 400 feet which was selected for the example design. 
A computation was also made for 7. 500 cubic feet per second to deter­
mine deposition values for this intermediate discharge. The rates of 
deposition for 15, 000 and 17, 000 cubic feet per second were extrapolated. 
The average rates of deposition for the inter.vals between discharges are 
listed in Column 3. The corresponding percent of time on the hydrograph 
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for the discharge interval is entered in Column 4. As can be seen, the 
percentage is small for the last two discharge intervals. Column 5 
divided by 100 is the average -rate of relative jetty field deposition for 
the hydrograph year, and in this design example it amounts to 0. 68 foot 
per year. 

To compute the average rates of relative deposition shown in Column 2 
of Table 6, the information plotte.d in Figure 37 must be computed for 
the constant total river discharges of Column 1. For the remainder of 
this analysis, only the computation for 1 O; 800 cubic feet per s~cond 
river discharge will be considered. An example computation for d~ter.­
mining the jetty field depth for one unit design .channel discharge (f'CJ" 
cubic feet per second per foot) is shown in Table 7. .: 1 '.'-<' 

Using the design widths and the continuity equation, the unit discharge 
in the jetty field is 6. 44 cubic feet per second. Various depths of flow 
are assumed for the jetty field,. Column 3. Using these depths, the 
velocities are computed, Column 4, using a slope of 0. 000829. The 
friction factor is ·computed and entered in Column 5. This friction factor 
represents friction for the hydraulic characteristics assumed to exist for 
the values. in Columns 1 through 4. To solve for the depth that will actually 
be obtained, advantage is taken of the friction factor analysis of this study. 
Ratios of assumed depths to the tie back spacing are computed and are 
listed in Column 6. The percentage increase in friction factor caused by 
the tiebacks at the assumed depths is determined from Figure 35 and 
appears in Column 7. The friction factor that would occur at a unit dis­
charge of 6. 44 cubic feet per second with respect to the bed roughness 
alone is 0. 0170. This value can be read from Figure 36 and when multi­
plied by one plus the decimal percentage of friction increase, results in 
the combined friction for- the bed and tiebacks. The depth that exists in 
the jetty field must be consistent with both systems of determining the 
friction. The depth must have the same value of friction associated with 
it for both methods of computing friction. The depth can be determined 
by interpolation or by cross plotting Column 5, and Column 9 versus 
Column 3 on the same coordinates. The jetty field depth for this example 
is 1. 86 feet .. The remaining values of Figure 37 can now be computed or 
determinec:I from Figure 36. The above computations are repeated for 
enough values of unit design channel discharges to define the curves in 
Figure 37. 

The computation of the time rate of relative deposition for the constant 
river discharge at 10, 800 cubic .feet per second appears in Table 8. 
Values of unit discharge (qc) in Column 1, Table 8 for the design channel 
are assumed for the range indicated in Figure 37. The average channel · 
unit discharge for each interval is entered in Column~- By continuity 
.and using the design widths, values of the unit discharge (qf) for the jetty. 
field are determined, Column 3. For each of the assumed values of qc• 
the differences in depth between the channel and jetty field (~y) are· com­
puted from values determined in Figure 37 and are listed in Column 4. 
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From Column 4, the second differences of depth ( ~ 2y) for the unit dis­
charge intervals are computed and appear in Column 5. The values of 
channel and jetty field. discharges and ·velocities were determined from 
the continuity equation, the selected design width, and Figure 37. The 
values for these variables appear in Columns 6 through 9. From Fig-
ure 33, the corresponding values of suspended sediment concentration 
in parts per million by weight in channel and jetty field are entered, in· 
Columns 10 and 11, respectively. The QC terms (discharge x concentra­
tion) in Columns 12, 13, and 14 are proportional to the sediri:tent-ca~rying 
capacities for the design channel and jetty {ield. The QC term _in Column 
15 is proportional to the river seciiment-carrying capacity prior to instal­
lation of the jetty field. This term is constant since the computation con­
cerns one total discharge. Whether there is deposit in the jetty field or 
scour in the channel is noted in Column 16. which is headed Remarks. 

The rate of scour or deposition, whichever occurs, is proportional to 
the values of the difference between the river sediment-carrying capacity 
before and after channelization. . The sediment-carrying values times a 
constant (1. 20) times the unit weight of water divided by the unit weight 
of the sediment gives the in-place volume of the solids scoured or deposited
per second, Column 20. The factor (1. 20) is an approximate value and 
converts the suspended load -to total load. In Column 18 are the areas 
associated with the scour and deposition. These areas times the change 
in depth difference, Column 5, result in the volume to be scoured or 
deposited at the rate given in Column 20. These volumes are entered in 
Column 19. Dividing the values in Column 19 by those.in Column 20 
·gives the incremental times ( ~ T) to deposit or scour the incremental 
volumes, Column 21. The sum of Column 21 is the total time for the 
now to be completely channelized for the discharge that had originally 
covered the total jetty field installation width. This time is 2. 77 x 10 6 
seconds.- The average relative rate of jetty field deposition is 37. 2 feet 
per year for the constant river discharge of 10, 800 cubic feet per se·cond. 
In the example, the rel~.tive deposition (difference in channei and jetty 
field bed elevations) amounted to 3. 27 feet in 32 days to reach complete 
channelization. · 

SUMMARY AND CONCLUSIONS 

The model and prototype study indicated that jetty fields are successful 
in alining rivers that carry considerable amounts of suspended sediments. 
The model studies showed that suspended sediment deposited in the jetty 
fields on the inside of the curves, tended to crowd the flow to the outside 
of the curves. This suggests that jetty fields be placed initially on the 
outside of curves only, and placed· on the inside of curves only if experi­
ence shows they are required. 

To compute relative rate of sediment deposition, . comprehensive field 
data are required. The use of point data analysis described in this report 
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aids greatly in extending field data and establishing inflections of river 
characteristic curves. 

To select the design discharge. it is recommended that width and depth 
be plotted versus flow area. The design discharge would be the value 
corresponding to the flow area having the· maximum scatter or deviation 
of data points with respect to depth and width. rhis would be the low. 
most difficult discharge to control. The average· river width correspond­
ing to this discharge should be selected for the design channel width. 

Conservative values of initial channel and jetty field velocities can be 
determined from the :r;-esults of the velocity recovery study. The relative 
rate of deposition for a jetty field installation can be computed by the 
procedure demonstrated in this report. Modifications and refinements 
may be desirable in future studies. 
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Middle Rio Grande Project 
Casa Colorada Channelization 

MODEL OF A SINGLE JACK UNIT 

1:16 Scale 

Figure 1 
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(a) Upstream view 

(b) Downstream view 

Middle Rio Grande Project 
Casa Colorada Channelization 

INITIAL CONDITION OF BED BEFORE 500-FOOT 
TIE BACK SP ACING STUDY 
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Figure 12 

(a) Upstream view 

(b) Closeup of deposits in jetty field 

Middle Rio Grande Project 
Casa Colorada Channelization 

TYPICAL BED CONDITION AFTER MODEL HYDRCXIRAPH 

Movable Bed Model 
Scale 1:140 Horizontal, 1:22 Vertical 
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• • 
• • 
• • 

: !l' 
• • 

u7.81.: 
-117.62: 
117.43: 
117.05: 
116.67: 
116.4I: 

!able l 

RILAfiVB CIIAIGE D BED ILIV.B.IOllS UlWEDf CIIADEL 
.AllD Jl'l'ft"~l'IELD--RJIS 8 mR>UGB 13 

Mo"Vable Bed Model, caaa coioraaa . 
(Middle Rio Grande ProJect) 

: Difference 1D : 
: Jetty field ; · 
:and cbennel bed:Cbange in ditterence-aiilce Run 8 
: elevations : 

• :- • . • • • • . • • 
• 3.43 :-0.31: 2.42: 1.58 :-1.23 :-1.76 . 
• -0.22 : 1.56: 2.15: ~-29: 1.14: 2.02 • . o.88 : -0.04 : -0.37 : 1.10 : o.66 : o.06 • . 2.53 _ :·-0.29 : 0 .. 95 :-1.28 :-3.23 :-3.28 • . 1.12 : 1.41 : 1.32 : · 2.21 : ·o. 72 : 0.91 • 
• -0.11 : 1.21 : 0.22 : 0.§ : 1.06 : 0.21 • 

Awrage accumulated cbange 
in Jetty tiel.d elevation 
(tt) since Run 8 

• • 
• • 

• • 
• • 

: 
. . . 

• • 
• • 

. 
• 
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Table 2 

ANALYSES OF RIVERBED MATERIAL BEFORE JETTY 
FIELD INSTALLATION 

Casa Colorada Prototype Reach 
· (Middle Rio Grande Project) 
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Table 2 

Sheet lot 1 

• . : ; • . . • Y'' . . ""ol::ume. • . ·. ,~ , .I.-~ ..... _ eYI _•,_ ..• 

Range :station:Total:Sample :Specil'ic:veigbt:Poros-: Percent finer than 
: :depth:clepth :gravity : (lbs/ : ity : size in millillleters 
: .. . : (f't): (f't) : :cu tt): (~) : • . . . -. . . . . . . . . . . . 

11.9.31: 1+81: 9.2: 1.9 : 2~65 97.5: i.o.a 
: 2+34 ·: 9.8 : 8.5 : 2.66 99.4 :· 4o.2 
: i.+00 -: 9.3 : -7 .o : 2.~ 98.1 : 4o.5 
: 5+911,. : 9.2 :0.0-().Ja.: : 
: . 5+94 : 9.2 :0.4-1.2: : 
: 5+94 : 9.2 :l.2-3.0: . • : 
: 5+94: 9.2 :3.0-6.2: 2.61.: 98.8: 39.5 
: 8+46 : 8.6 :0.0-1.0: . : : 
: 8+46 ·: 8.6 :1.0-5.9: 2.62 : 78.1: 52.3 
: 12+26 ·: a., ·:0.0-2.6: : : • 

ll9e31J 12+26 : 8.5 :2.6-6.6: 2.63 :J.04e4 ·: 36.5 : 
119.-12: lw,63 : 8.3 : . 7 .3 : ·2.63 : 98.1 : 4o.3 : 

: . 5t06 ·: 8.9 • 7 .1 : - 2.65 . :100.6 :- 39.2 ; 
: 6+54: 9~2- 7.8 : 2.63 :101.3: 38.4: 
: 7..68 : 8.9 . 8.9 :· 2.65 : -96.3 : 41.9 : 
: &32 : 8.6 8.6 : 2.63 ·: 81.9 : 50.2 : 

119.12: 9+58 : 9.3 · 8.4 : 2.65' :101.9 :" 38.5 : 
118.93: . 3+28. : 8.6. 7 .8 : 2.65 :100.6 : 39.2 :. 

: 4+95 : 8.6 8.o : 2.63 :105.6 : ·35. 7 : 
: 6+58: 7.0: · 7.0 =· 2.65 :124 .... : 24.9: 
: 7+61 : 7• 7 :0.0-1.8: . :c - : : 
: 7+61 : 7. 7 :1.8-5.6: . 2.63 :100.6 : 38.8 : 
: St-96 : 0.1 :0.0-1.3: : : :. 
: 8+96: 8.1 :1.3-6.9: 2.65 : 99.Ja.: 4o.o: 
: 9+13: 9.3 :0.0-1.1: : : : 

l.18.93: 9+13: 9.3 :1.1-8.3: 2.65 :113.8: 31.3: 

: 
: 

: 
• • . . 
: 
• . 
• . . . 
• .. . . 
: 
• . 
• • . . 
: . • 

• . 
. . . . 

: 
: 
• . 
: . . 
• • 
• • 
: 

: . . . . . . . 
: 
: 

. • . . 
• . 

. . 
• • 
• . . • 
• . 
• . . . 
. • 

• . 
• . 
. . 
: . • 

. . . • . • . • 

• . 
: 
• • 

: : : . •.· : : : . . : : : : 
: o.6 : 3.1:l.8.Ja.:16.8:92.8:96.4:97-7:98.6:100 : . 
: 0.1: 2.4:20.7:75.2:86.9:89.5:90-9:92.l:94.6:100 
: 0.9 : .3.4:27 .0:73-2:88.5:·91..6:'93-i:95.6:98.Ja.:100 -
:52.9 :67.l:92-5:99~0:99-7:9.9.8:99-9:100: · : 
: 1.1 :12.9:45.0;98.1·:99.6:99.8:99-9:99-9:100 : 
:46.3 :59-4:85.3:98.5:99.8:1.00 : . : : . : 
: 0.7: 2.4:23.o:69.1:9i.5:96.1:97.8:98.1:100: 
:21.9 :32-5:69-3:97 .6:99.6:99-9:99-9:100 ; · ·: . 
: 1.1: 6.5:21~8:13.6:86.6:91.2:93.e:95-7:97.2:100 · 
: 2.7 : 6.l:30.l:88~5:97•5:99-3':99-7:100 : - . : . 
: 2.2: 4.a.:l.6.0:55-5:85.5:93.8:96.3:97-5:98-7:100 
: 1.2: 7.2:36.1:87.6:96.3:98.3:99.o:99.6:100: 
: 0.1 ,: 2.2:19~4:86.0:97 .2:98-9:99~6:100 : . . : 
: 1.5: 5.2:31.2:84.4:96-5:98.8:99.7:99.9:100: 
: 1.7 _: 7.5:37.7:87.5:93~3:95.o:95.lt:95.7:97-3:100 
: 2.0 : 7.8:Ja.9.4:95.7:99.1:99.9:100 : : . : 
: 1.2 : 6.7:34.7:&l.2·:91.1:95.1:98.2:99-5:100 : · 
: 0.2: 2.4:20.4:79.3:92.9:9S.5:96.5:97.7:99.7:100 
: 1.0 =· 2.1:12.0: 52.3:77 .. 5:·86.6:91.3:94.8:96.6: 100 
: 0.1 : 2.6:1a·.2:,a...6~7i~o:16.5:79.3:82.2:89.1:100 
: 1.8: 7.6:40.3:95.8:98-7:94.6:100: : : 
: 1.5: 4.7:21.1:60.2:75.9:80.9:82;,8:Bl..7:89.5:100 
: 3.5: 6.8:22.2:93-9:99.4:99.9:100: : : 
: 1.0: 3.5:19.7:61..o:78.Ja.:85.0:88.0:90.2:92.1:100 
:94.1 :96.4:98.1:99.5:99.8:99.9:100: : : 
: 0.5: 3.1:11.2:60.2:83.1:87.7:90.o:91.6:93.1:100 
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Sheet 2 of 7 
'l'&b1e 2 

: : : v: . :VOJ.Ume: : 
Range :station:Total.~S!Plpk :Specific:veight:Poros-: Percent finer than 

: :depth: depth :pllVity :CU(l~): 1c!{ : W. Me. Mn. n,n. ne. J.:~~e,!e:1!¼1~~:·l K. ,i A. I. A. b n.•2 x·"..x X 
• • • • • .&, ., • . . . . . . . . 

118.74: 3+20 : 9.4: 7.6: 
: lw-07 : 9.4: 9.4: 
·: ~ : 9.1 : 7 .4: 
: 5+83 : 9.1: 8.2: 

118.74: 6+47 : 8.1: 7.5: 
118.55: 3+62 : 7.1 :0.0-2.1: 

: 3+62 : 7.1 :2.1-5.0: 
: lt+Jao : 8.9: 7.8: 
: 5+31 : 6.9: 5.8: 
: 6+26 : 7.5: 6.0: 

l18.55: 7+39 : 7.4.: 6.7: 
l18.35: 3+72 : :0.0-1.0: 

: . 3+72 : :1.0-2.6: 
: 3+72 : :2.6-3.0: 
.: J,+38 : 7.5 : 5.5: 
: 5+19 : 8.7 : 7.7: 
: 6+19 : 8.9: 7.3: 

u8.35: 6+75 : 8.5: 7.4: 
u8.15: 2+10 · : 9.6 : . 7 .6: 

2+90 : -9.0 : 7 .2: 
3+58 ·: 8.4 : 8.4: 
'-+50 : 9.4 :o.o~.8: 
J,+50 : 9.4 :0.8-8.6: 
5+49 : 9.6 :0.0-2.8: 

u8.15: 5+49 : 9.6 :2.8-6.3: 
u7.98: 5+50 : 9.0 :0.0-1.3: 

: 5+50 : 9.0 :1-3-7-7: 
: 6+37 : 7.7: 6.9: 
: &61 : 9.0 : 7.4: 

u1.98: 9123 : 8.7: 6.5: 

2.68 
2.66 
2.65 
~-66 
2.64 

2.64 
2.64 
2.66 
2.66 
2.65 

2.62 
2.67 
2.63 
2.65 
2.66 
2.65 
2.63 

2.65 

2.64 

2.64 
2.62 
2.61 
2.61 

. . . . 
: 81.9: 51.1: 
: 93.8: 43.6: 
: 86.9: 47.5: 
: 100.0: 39.8: 
: 105.6: 36.0: . . . 
; 88.J.; i.6.6·; 
: 98.8: 40.2: 
: 85.6: 48.5: 
: 104.4: 37.2: 
: 103.8: 37.4: . . . . . . . . 

90.0: 
100.6: 
101.3: 
,93.8: 

100.0.: 
97.5: . 

105.6: 
• • . . . 
: 98.1: 

: 
: . . 

45 .o: 
39.7~ 
38.4: 
41.5-: 
39.8: 
41.1: 
35-7: . . 
40.8: 

• . . . . . 
: 83.1: 49.6: 
: . . 
: 100.6: 
: 90.0: 
: 101.9: 
: 93.8: 

: 
39-3: 
45.0: 
37-5: 
42.5: 

. . 
: . . . . 

. . 
: 

• . . . . . . . 
. . 
: 
• ·• . . . . 
: . . . . . . 
. . . . 

: 

. . . . . . 

. . . . . • 

. . 
:· 

: 

. . 
: . • . . 
: 
: 
: . . . . 
• . . . . . 

: 
: 

• . . . 
. . 

: 

. . 

: 
: . .. 
: 
: . • . .. 
: . . . . 
• . . . 
: . . . . 

: . . . . 
. . . . . . 
: 
: . . 
: 

: . . 
• . . . 

: 

: 

. . . . . . . . . 
: 3.7;13.7;55.9;91.6;95.oi96.7;9'7.7;98 • .);100 .; 
: 0.1: 2.7:17.1:82.4:96.6:98.8:99.5:99.7:100: 
: 1.7: 6.6:33.4:81.7:90.6:92-9:93~7:94~7=96~2:100 
: o.6: 5.7:32.3:87.o:92.3:93.3:93.8:94.2:94.4:100 
: o.8: 2.9:21.o:54.9:71.8:78.4:82.2:86.2:92.4:100 
: 84.8:90.7:97.3:99.4:99.9:100: : : : 
: 1.6: 5.4:29.1:76.5:88.5:92.6:96.4:97.8:98-5:100 
: 0.5: 3.2:18.7:72.4:90.6:95.2:97.2:98.8:100: 
: 0.9: 2.7:20.2:71.9:87.0:90.1:91.4:92.l.:93-5:100 
: 0.9: 3.6:29.o:68.9:85.7:89.8:91.8:93.1:94-5:100 
: 0.3: 2.o:15.4:64.2:77.3:82.8:86.3:89.1:92.6:100 
: ya.6:84.7:95.8:97 .9:98.9:99.5:99.9:100 : : 
: 20.2:24.9:49.0:91.2:99.3:99.9:100: : : 

4.1: 6.5:23~ 7:61.9:75 .6:78.1:79.6:81.9: 92.,3:100 
: 1.7: 4.3:23.0:58.5:75.3:80.8:84.4:88.l.:95-6:100 
: 0.3: ·4.0:37-5:74.8:87-7:91.?:92.4:93-l:94.8:100 
: o.6: 2.7:16.7:60.8:80~2:86.o:88.4:91.0:95-9:100 
: 2.2:10.1:45.9:89.2:94.7:96.1:96-7:97-0:98.l:100 
: 0.5: 3.2:J.8.6:67.6:82.6:86.7:89.0:90.0:90-7:100 
: 1.0: 3.9:23.2:77.8:92.8:95-7:96.8:97-3:98.4:100 
: 1.3: 5.4:29.1:62.3:81.0:86.2:89.0:92.0:94.6:100 
: 14.9:26.5:81.4:99-9:1.00 : : : : : 
: 1.5: 4.5:l6.7:58.1f84.0:92-3:95-3:96.6:97-7:100 
: 39.4:53-4:78.9:99-2:99-7:100: : : : 
: 5.4:16.0:38-9:91-3:97-5:98-9:99-9:100: : 
: o.6: 3-5:23-5:93-9:99.1:100: : : : 
: 1.5: 4.7:23.2:82.5:93.1:95.7:96.6:97.4:99.o:100 
: 2.3: 6.5:24.7:79.8:91.6:95.0:96.6:97.7:100: 
: 1.4: 4.9:22.o:66.9:82.6:89.2:92.5:94.6:98.8:100 
: 3.o:11.o:45.4:83.4:93.8:96.3:97.4:98.1:98.4:100 
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Sheet 3 ot 1 
'l'abl.e 2 

: ·--:-.--·:~:if·:~.· .· _,.:Vol.ume:. : 
Range :Statloti:Total.:SBm,pDt ~ :Speclf'lc:welght:Poroa-: Percent f'lner than· 

: -· >:depth: depth· :gravity : (l.ba/_: it1 : (size 1n mil.l.imetei-s) 
.... . . 

.. ·. . :cu f'tJ: 
: ~ .. ~ ·:: ' ; ·: . : ,-. '.: : : 

ll.7~81.: 7+93: ·: 9.2·: 7.5: - 2.62 -: 100.·6: 38.5: 
: &55 : 9.5: 8.o: 2.64 : 1.00.-6: 39~0: 
: 9+51. : 7.5_: 7.0: 2.73 : 99_.-4: 41..a:· 
:12+72 -· : 9.8 :o.o-o.4: : : : 
:12+72 : 9.8 :0.4-2.5: : : : 
0 12"-72. • ·9 8 :3-5-3.l: • • • • :-r • • . . • • • 

-:12+72 ·: 9.8 :3.1-8.6:, 2.64 : 92.5: 43.9: 
:13+77· : 9.5 :o.o-o.~: : : :. 

. u7.81.:1.3+77 : 9.5 :o-~4-8.o: 2.66 : 101..9: · 38.7: 
l.l.7 .62: &45 ·: 9.5 ·: 7 .6: 2.63 : 98.1: .. lfo.3:. 

: 9+29 : 8.5: 6.7: 2.64 ·: 96.3: 41..7: 
:l.0+95 : 7 .4 :0.0-1..4: : : . : 
:1.0+95 : 7 .4 :1..4~6.o: . 2.64 : · 90.0: 45.4: 
:l.4+24 •: 8.5 :0.0-1..5: : : ·: 
:14+24 : 8.5 :1..5-5.5: 2.63 : 1.02.5: 37.6: 
:15+58 -: 9.4 :0.0-2.5: . : - : - : 

u7.62:1.5+58 : 9.4 :2.5-6.6: 2.63 : 1.02.5: - 37 .6: 
u7 .43:10+45 · : 9.4 :o.o-o.8: : - : 

:l.0+45 : 9.4 :0.8-1..9: : ' .. : : 
: l.0+45 : 9.4 : 1..9-7 .5: 2.67 : 93.1.: · 43-.5: 
:J.0+94 : 9.7: 8.5: 2.66 : 99.4: i.o.2: 
·:,12+01 ·: 9.0 : ·7.8: 2.66 : 73.1.: 56.0: 
:12+89 : 8.2 : 8.2: ., 2.65 · : 101..-9: · 38.5: 

l.l.7.43:l.472 : 9.5: 8.2: 2.62 : 90.6: 44.7: 
u7.24:l.3+81 : 8~7: '.6.5:· 2.66 : 94.4: 43-.2: 

:l.496 : 8.4 : 6.2: 2.62 : 95.6: , 41..6: 
:l.5+57 ·: 7.8 : · ·6.2: - 2.62 : - 94.4:. 42.4: 
: l.6+54 : 8.8 : 7 .3: 2.65 : 96.3: 41..9: 
:17+JJ9 : 9.6 :0~0-0.6: : ; 
:17+JJ9 : 9.6 :0.6-2.5: : . : 

Ann~ ,,-fte_ AXn_ X-.~- ft2_ AZAE- •""E- Ae ._ ... 2 · _ .. X- A ·A~ ;. A. U X- 42 ft_ -.i)§ A 

. . 

. . 

: . . 

. . 
= 

• . 
: 

: . . 

. . 

: 

. . 

. . . . . . . . 

: 

. • 

. . 
: . . 

• . 

. . 

. . 

• .. ,. • • 41,. • • •• • • . . . . . . . . . . . 
: 1..9: 7.o:36.o:76.o:88.1:92.2:93.5:94.2:94.4:1.oo 
: 1..3: 4.2:26.-3:67.1:84.7:89.7:92.4:94.5:98.o:-1.oo 
: 2.2:ll..4:3'5.7:64.2:82.9:88.9:91..2:92.5:95.5:100 
: 30.7:39.2~80.0:99.5:100 : : - : ~ : :· 
: 1.1.:. 5.7:39.3:96.0:99.8:100 : : , : : 
: 1.7: 4.3:l.8.o:73 .. 1:96.0:99.0:99.8:100: : 
: 1.1: 3.5:21.6:69.7:89.4:94.5:96.2:97.9:99.3:1.oo -
: 24.1:43.8:71.3:93.8:97.6:99.5:100: : : 
: 1.1: ·3.2:15.4:50.9:75.4:81 •. 1.:83.4:86.1:93~6:100 
: 0.1: 3.4:20.;3:75~2:90.5:94.4:95.8:96.7:97.6:100 
: l..4~ 3.9:2Ja..1:64.8:81.3:86.4:88.7:90.7:92.8:100 · 
: 32.3:36.9:66.1:97;6:99.5:99.9:100 : . •. ·: ·: 
: 1.4: 3.6:J.8.8:66.8:85.8:91..5:93.9:94.5:96.l.:l.OO 
· 82 8•87 4·""- ·6·99 7•99 -9·100· · · • . · • . . . . . ~· . . . . . . . . . -· 
: 0.9: 3.7:19.7:66.1:85.9:90.9:92.9:93.8:96.7:100 
: 1.4: 7.3:68.2:98,.3:99.6:99._9:99.9:100 : : 
: o.4: 2.6:20.4:73.9:90.7:91&-.9:97.3:98.5:100: 
: 31.9: 37 .3:68.6:99,.5:·J.00 : .' .: - : : :· 
: 2.8:12.2:78.3:96.1:97.1:98.7:100 : : : 
: 2.7:10. 1: 50 .• 0:87.9:96.6:98.4:99 •. 3: ioo : : 
: o.8: 3.3:22.1:86.4:96.,7:98.7:99.4:99.9:100 :· 
: o.8: 5.5:27.8:86~6:95.Ja.:97~5:98.4:99.3:1.00 : 

1.4: 8.od,.3 .o: 89~2= 94.8:·95 .6: 95 .9: 96.2: 97 ~4= 100 
: o.6: 3._2:23.5:S0.6:Qlf..6:97~5:98.6:99.3:1.00 : 
: 0.9: 4.2:24. 7:87 .5:96.2:-97:.4:~.1;98.4: l.00 : 
: 1.2: 4.0:30.3:87.2:94.2:95-3:95-7:95-9:98-7:100 
: 0-.9: Ja..1:27:.2: 83-7:-93-4:95-2: 96-1: 96-7: 97 •5: l.00 
: . 1.2: ~-J:22.6:74.4;9l..4:93•4I24.o:94.8:94.8:100 
: 26.7:35-7:45.9:98-9:99.6:99-7:99.8:100: : 
: 0.7: 4.7:42.6:85.3:95-3:97-9:99.0:99.6:100: 
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Table2 

Range ~ station~Total.~ SampH· i Specific~:}: ~~Etoros- ~ Percent f'iner than 
. : . :depth: depth :gr,;,.vity :(lbs/ : ity : ( size in llil.l.imeters 

: : {f'tl: (ftl : :cu i-tl: {il . =· . . • • . . • . . . . • • . • • . . • • . . . . . . . . . . . . . • . . . . .. •· . 
117.24: 17+49 : 9.6 :2.5-8.4: 2.64 : 100.6: 39.0: . . . . . 2.1: 4.7:26.2:79.5:92.5:94.5:95.6:96.5:96.9:100 . . . . . 
ll7 .05: 13+74 : 8.4 :0.0-2.6: . . . . . . : . 6.1:24.2:87.5:96.8:97.7:99.o:100 : : : . . . . . . . 

·: l.3+74 : a.a. : 2.6-1 .9: 2.62 : 98.1: 40.1: : . . . . 1.9: a..1:23.1:83.7:97.3:98.7;99.1:99.6:100: . . . . 
: 15+03 : 9.2 : 8.6: 2.70 : 94.4: ~.l:. . . . . . 1.9: 6.1:26.5:86.8:97.9:99.2:99.8:100: : . • . . . 
: 17+00 : 9.7 : · 8.2: 2.65 : 103.1: 37.7: . • . . . 1.lf.: 5.7:33.5:75.8:85.6:86.9:87.6:88.7:90.9:100 . • . . . 

u7.05: 17+52 : 9.2 : 7.2: 2.61 : 96.9: 40.6: . . . . . 1.0: 3.4:25.5:78.0:91.3:93.9:95.2:96.0:97.6:100 • . . . . 
ll6.87: 13+25 : 9.2 : 7.5: 2. 72 : lolf..4: 38.6: . . . : : 2.0: 5.7: 25.4: 73.8:89.0: 92.7: 94-7:96.0:97 .6: 100 . . . 

: 13+75 : 9.2 : 6.9: 2.62 : 106.9: 34.4: : . : . . o.4: 3.6:19.8:74.9:89.8:92.5:93.5:94.1:95.5:100 0 . . 
: llf+91: 8.9: 8.7: 2.57 : 91.3: 43.2: . . . . . 1.2: 5.6: 28.8: 81.8:93.9: 96.1: 97.0: 97.5: 100 : . . . . . 
: 1,-.&> : 7 .9 : 6.3: 2.61 : 91.3: ~-1: • . . . . 2 .1: 7 .o: 29.3: 87 .o: 95 .7: 97 -5: 98.5: 99.3: 100 : . . . . . 
: 17+31 : 9.2 : 0.0-2.9: . . : : . • . : 37 .3: 56.8: 88.l: 99.8: 100 : . . . . . . . . . . . . . 

116.87: 17+31 : 9.2 :2.9-5.7: 2.69 : 95.6: lf.3.1: . : . . . 1.4: 4.2: 23.0: 79.3: 85.8: 87-5: 88.3: 88.9: 89.2: 100 . . . . 
l16.67: · 8t02 : 7 .6 : 4.3: 2.63 : 111.3: 32.7: : . . . . 0.5: 2.6: 17 .1: 85.1: 95.9: 97.2: 97 .6: 97 .8: 98-5: 100 . . . . . 8+58 : 9.0 : 7.5: 2.58 : 96.3: 40.3: : . . . : 2.2: 7-5:27-7: 73-7: 87.3: 91.1: 93-5:95-1:97-6: 100 . . . . 

• 9+31 : 9.9: 8.5: 2.65 : 83.1: 49.8: . • . . . 7 .5: ll.6:24.5: 66.5: 88.1: 93-7: 95-7: 97 .8: 98.9: 100 . • . . . . 
: 10+54 : 9.5 : 8.3: 2.60 : 100.0: 38.5: . . . . . 2.5: 6.5: 30.4: 68.3: 86.1: 92.1:,94 .• 9: 97 .2: 100 : . . • . . 

l16.67: J.0+98 : 9.9 : 9.3: 2.61 : 86.9: 47.9: . . . . . 2.1: 6.8: 23.2: 54. 7: 74.3: 81.0: 84.6: 87 .9: 91.4: 100 . • . • . 
ll6.47: i.+82 : 9.0 : 8.5: 2.64 : 94.4: 43.6: . . . • . 1.4: 5.1:31.7:86.1:97.2:98.8:99.5:100: . . . . . . . 

: 2-t87 : 9.0 : 7.4: 2.61 : 103.8: 36.4: . . . . . 3.7: 6.3:J.8.o:58.7:81.1:89.2:91.3:92.9:93.3:100 . . • . . . 3+84 : 9.2 : 8.8: 2.65 : 96.3: 41.9: . . . • . 2.2: 6.o:26.5:73.5:91.4:95.7:97.9:99.2:100: . . . . . . . 1&+56 : 8.9: 7.9: 2.64 : 97 .5: 40.9: . . : : : o.4: 2.7:17.9:48.5:65.7:73~1:77.4:80.4:85.4:87.3 . . . 
l16.1t.7: 6+33: 8.o: 6.6: 2.60 : '4.4: 38.8: . . . . . 1.2: 4.4:23.8:71.8:88.5:91.8:93.2:94.1:94-7:100 • . . . . 
U6.26: . 0+8J. : 9.5 : . 8.7: 2.67 : 96.3: 112.3: . . . . . 7 .6:11.3: 20.6: 89.5: 95 .6: 97 .o: 99.2: 99.5: 100 : . . . . . 

-: 1+84 : 7 .6 : 0 .0-0 .4: 2 •. 66· : . . . . • • 1.2: 5.8:39.9:93.9:98.1;99.5:100: . . . . . . . . . . . 1+84 : 7 .6 : o.4-1~2: 2.ao : • . .. • . . .0.5:- 3.7:lt2.6:94.5::98.9:99.6:l00: . . . . . . . . . . .. . 1-ta : 7 .6 : 1.2-3.5: 2.64 : . . . . . • 0.9: 6.2: 33.0: 85.2: 96. 7: 98.6: 99.1: 99.5: ioo ··: . . . . . . • . 1"84: 7.6 :3.5.5.0: 2.64 : . • • • . . 0.2: 1.6: 11.9: 69.4: 94.0: 97 .5: 98-5: 99-9: 100 : . . . . • . . 
• 1+84 : 7 .6 : 5 .o-6 .a: 2.67 : • . • • . • 0.2: 2.2: 15.8: 37-5: 74.4: 86.9: 91.9: 94.9: 100 _:. . . . . • . . . 1+84 : 7.6 :6.8-7.6: 2.66 : . . . • . • o.4: 4.4: 41. 7: 93 .1: 99.1: 99. 7: 100 : : : . . . . • . • 
• 2+41 : 8.2 :0.0-0.4: 2.69 : . • • • . . 0.1: 6.6:56.0:97-9:99-4:99.8:99-9:100: • . . • . . . . . 
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Range : Station:Total: SBmpl.e :·Spec1t1c:we:lcht:Poros-: 

Table 2 

Sheet 5 of 7 

: :depth: depth. :gravity- : (lbs/ : ity : ,---- c:: ----, - - -- rnx_ xx;;_ A#ul'lll- ,...,..._ ,..p_ x2,..p_ .,...;._ xr- _ P _ .. x_ A ,.._ ,. x_ a x_,2 x_:;x A aft) : en :cu ft,: . . 
u6.26: 2-f,J,.1 

: 2+»..1 
: 2-Ml 
: 2-fJl.1 
: 2f.la.1 
: 2+41 
: 2+11-1 

. . . 
~ . . 
: 8.2 :o.J,.-1.8: 
: 8.2 : 1.8-3.0: 
: 8.2 :3.0.3.9: 
: 8.2 :3.9-l,..5: 
: 8.2 :li.5-6.0: 
: 8.2 : 6.0-1.1: 
: 8.2 : 7 ~i.8.2: 

3+06 : 7 .8 : o .o..o .... : 
3+06 : 7 .'8 : o.J,.-2.6: 
3+06 : 7 .8 : 2.6-3.8: 

: 3+06 · : 7 .8 :3.8-J,..J,.: 
: 3+06 : 7.8 :4.J,.-5.3: 
: 3+06 : 7 .8 : 5.3-1.0: 

U6.26: ·3-f-06 : 7 .. 8 : 7 .0.7 .8: 
: 

116.26: ~ 
Above : 1+03 

: 1+50 
Bosque: 2+55 

:)+6J,. 
Bridge: 4+68 ·. 
ll5.87: 1+36 

: 3+05 
: 453 
: 5+2J,. 
• . ~~..J, 
• ,71"C~ ' ,: ~'3 ll5-87: o+53 

9'10 .... : 4+02 
: 457 

. . •. 
; 9.4 ; 7 •. 2; 
: 9.8 : · 9.1: 
: 9.5 : 7.6: 
: 8.8 :: 7.9: 
: 9.5 : 8.6: 
: 7.8 : 6.8: 
: 9.4 : 8.o: 
: 7.J,.: 5.9: 

4.8.: 2.8: 
4.0:0.0-1.0: 
4.o :1.0 .. 3.8: 
8.4 :0.0-1.1, 
8.4 :1.1-7-3: 
9.1: 7-9: 
7.7 : 7.7. 

2.62 : 
2.62 : 
2.65 : 
2.62 : 
2.72 : 
2.62 : 
2.65 : 
2.66 : 
2.61 : 
2~66 : 
2.63 : 
2.57 : 
2.58 · : 
2.62 : 

: 

: . • . . 
: . • . . . . 
• . 
. . 
. . . . . . 

2.62 · : 1oi.9: 
2.63 : 95.0: 
2.66 : 88.1: 
2.69 : ·96 .. 9: 
2.62 : 98.8: 
2 .611, : 95 .6: 
2.66 : .9'.9: 
2.60 : 86.9: 
2.66 : 91.9: 
2.62 - : : 
2.60 .: ·100.0: 
2.~ .. : --~~··:·:.: 
2.67 : 75.0: 
2.611, : l.02.5: 
2.60 : 103.1: 

. . 
: 
: 

• . . . . . . . 
: 
: . . 
: . . 

37.8: 
42.2: 
Ja.7.&: 
42.4: 
39.7: 
42.o: 
41.7: 
46.5: 
44.7: . . 
38-5: 

: 

. . . . . . 
: . . 
. . 
. . 
: . . 
: 

. .. 
: . . . . . . . . 

55-1: 
37.8: 
36.5: 

. . 

. . . . . . 

: 

. • . . 

: 

. . 
: 
• . 

. . 

. . 

. . 

. . 

. . . . . 

: : . . . . . . 
:· 

: . . . . . . . . 

. . 

. . 
=· 

. . 

. • 

. . . . 

. . 

: . . 
: 

: . . . . . . . . . ' . .. . . . . .. . . . 
: . 0.7: 5.6:44.3:,-r.0:99.1:99.6:100 : : : 
0 0 ·3• I.6•·1' 6 1·•·M 1•99·8•,.•0() •· • 0 0 • • • .... --~-- ··71,.• • • -~· •. • • . • 
: 0~3: 3.:a.:29.5:71.7:So.4:83.8:85.9:87.5:88.9:100 
: o.8: 2.9:26.7:77.0:89.5:93.8:~.o:96.8:100: 
: 0.3: 2.0:18.6:57.7:83.1:92~2:95.4:97.o:100 : 
: 0.2: 2.o:u.3:52.9:79.5:86.3:88 •. 6:89.8:91.3:.100 
: o.J,.: 2.8: 13.6: 77 .1: 96.1: 98.2: 98. 1: 98.8: 100 : 
: 50. 7: 53.4: 74.9: 97 .6: 99.4: 99.8: 99.9: 100 : : 
: 0.5: 3.7:26.2:95.2:99.Ja.:99.8:99.9:100 : : · 
: . o. 5: 3 .6: 30. 5: 78. 7: 92 .8: 95 .8: 96 .6: 97 .2: 98 .1: lOO 
: 0.5: 2.8:u.JJ.:36.9:69.8:81.1:87.1:91.7:98~5:100 
: o.4: 2.5: 8.8:Jao.9:74.1:86.5:92.8:96.9:100 : 
: 0~5:· 2.5:16~0: 55·.3:8l'.3:91.3: 95.4:91~6: 97.6:100 
: o.J,.: 2.Ji.:18.4:84.8: 99.2:99.9:100 : : - : . . ·- '_ ·. . . . . . . ' . . . . . . . . . . . 
: · 0.9: 2.-7:21.i:-68.8:88.4:93.9:96'.7:98.4:lQO: 
: 1.3: 7 •. 5: 34.018).:J: 95.6::97 .8: 98.4: 98.8: 98.9: 100 
: 1..4: 7 .8: 30.6:84.2: 95.2:97.7: 96.9: 99.4: 100 : 
: 0.7: 4.1: 19.2: 7Ja,.2: 92.1:95.8:97 .6:99.2:100 : 
: 1.1: 4.o: 22 .8: 57 .2: 76 .2: 85 .4: 90 .8: 9Ji..4: 96 .i..: 100 
: 1. 5: 4. 1: 22 .o: 75 ~8: 90 .9: 93. 7: 95 ·.o: 96. 1:.98 .8: 100 
: · 1.4: 7.1:Jao.5:94.1:99.0:99.~6:99.7:100 : : 
: 20.5:24.1.:43.4:80.4:93.2:95.9:96.7:97.3:97.3:100 
: 1.2: 6.3: 39.6:85. 7: 88~8:89.6:90.0:90.0:_91.5: l.00 
: 93-5:96~1: 98.9:99.7: 99.9: 100 : : : : 
: 1.-2: 7.7:41.3:88.5:96.6:98.3;99.1:99.8:100 : 
: 43.1:49.7:97-2:99.2:99.8:l.OO : . : : : 
: 0.5: J,..7:28.4:93-l:97-7:98-7:99.2:99-5:100: 
: l..9: 4.4:23.8:55.2:75.2:83.5:87.3:90-3:95.0:l.OO 
: 1.2: 3.4:1.9.4:55.5:74.3:81.6:85.6:89.Ja.:95.8:100 
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Tab1e 2 

• • • 1/· • noiiime • • • • • • • w.1 • • 

Range :Station:Total:Sampl.e :Bpecitic:weight:Poros-: Percent finer than 
: ;depth: depth :gravity :(lbs/ : ity : (size 1n millimeters) 

- - - - - w. ME. w. hid. ne. NSe: •. idE- 6E - E .. 1 X- d X- •. A- J.t X-1L A-SB K . {ttJ:·{tt2 : •· 
• . . 
• . . :cu tt,: 

: : : ·= : : : : 7 : : : : : : : : 
· 91fo.4 : 5+60 7.8: 7.0: 2.65 

: 7+00 9.0 :o.o-4.6= 2.6"' 
: 7+00 9.0 :4.6-7.9: 2.71 
: 7+63 8.1 :0.0-6.1: 2.6"' 

9lfo.4 :. 7+63 8.1 :6.1-8.1: 2.65 
u5.52: 7+21 : 9.6: 8.8: 2.63 

: 7+73 : 9.4 :0.0-5.7: 2.63 
: 7+73 : 9.4 :5.7-9.I,.: 2.59 
: ·8+12 : 9.2. =· 6.2: 2.68 
: 8+39 : 8.8 :0.0-1·.3: 2.69 

u5.52: 8+39 : 8.8 :7.3-8.8: 2.51 
u5.52: 8+8o : 8.6 :0.0-6.1: 2.67 
u5.52:·8+8o : 8.6 :6.1-8.6: 2.60 
u5.34: 7+78 : 7.8 : 7.5: 2.63 

: 8+79 : 8.9 :0.0-0.5: 
: 8+79 : 8.9 :0.5-7.2: 2.66 
-:u+90 : 9.3 : 8.1: 2.63 
:13+54 : 7 .4 : 6.7: 2.65 

u5.34:14+36 : 8.9: 7.7: 2.65 
115.15: 7+02 : 8.5 : 7.0: 2.65 

. : 9+02 : 9.6 :0.0-0.6: 
: 9+02 : 9.6 :0.6-9.0: 2.6"' 
:10+50 : 8.6: 7._2: 2.66 
:u+82 : 8.1 : · 6.9: 2.61 

115.15:13+50 : ·a.o : 6.5: 2.63 
u4.96: 8+Jl.9 : 8.1 : 8.JJ 2.63 

: 9+la4 : 8.4: 8.4: 2.63 
:10+50 : 8.Ja. : 7.1,.: 2.65 

114.96:11+88 : 8.3 : 8.3: 2.66 
114.77: 7+21t- : 7.9 : 7.4: 2.63 

: 96.9: 41.5: : : : : : o.a:3.9 :20~8:59.6:77.2:83.5:86.5:88.9:93.5:100 
: 98.1 : lfo.5 : : : : : : 2.7:5.5 :32.6:88.9:95.8:98.0:99.1=99.7:100 : 
: 47.5: 12.9 :i.o.8:49.2:59.0:ao.2:aa& 95.8:97.1:98.4:99.2:99.8:100: : : : 
:100.0 : 39.4 : : : : : : 4.2:u.2:36.9:59.2:95.9:97 .8:·99.4:100 : : 
: 56.3: 66.o :45.2:51.6:63.6:74.2:Sl.8: 88.4:91.1:95.6:98.8:99.8:1.oo: : : : 
: 83.8 : 49.0 : : : : : : 1.6: 8.3:32.9:78.5:94.6:97 .3:98.4:99.1:100 · 
: 95.6 : 41.8 : : : : : : o.8: 3.o:21.a..:ao.0:92.4-:95.2:96.4:97 .1:100 
: 48.1 : 70.3 :48.4:66.4:72.0:85.4:SILA! 96.5:98.6:99.5:99.8:99.9:100 : : : 
: 86.3: 48.5: : : : : : 2.3: 8.6:38.6:85.o:94.0:97.0:99.0:99.4:100 
: 91.9 : 45.4 : : : : : : 1.4: 8.o:39.7:89.5:95.3:97.4:98,8:99.4:100 
: 50.6 : 67.7 :43.2:48.2:56.0:66.8:15,0: 82.4:·&r.o:91.8:94.2:96.8:98.2:100 : : 
: 92.5 : 44.6 : : : : : : o.r.=- 3.1:20.7:86.9:95.6:97 .o:97 .7:98.2:98.8:100 
: 70.0: 56.9 :19.0:20.8:31.2:54.2:a;.o: 96.6:98.9:99.4:99.7:99.9:100: ·: : : 
:.1JOO.O: 39.2: : : : : : 1.3: 4.9:32.o:69.1:84.7:91.9:95.5:97.7:100: 
• • • • • • • • .... 6•-,:8 6"97 5·99 5•99 8·100 • • • • • • • • • • • • r• • I' • • • • • • • • • • • • 

: 95.0: 42.9: : : : : : 2.0: 5.9:26.8:68.1:82.6:86.2:87.8:89.7:92.6:100 
:101.3: 38.4: : : : : : 2.3: 5.5:25.2:69.2:87.1:92.0:92.6:93.5:96.4:iOo 
: 96.9: 41.5: : : : : : o.6= 2.7:21.Ja.=63.a..:ao.9:85.9:87.8:59.4:9.1.4:100 
: 95.6 : 42.3 : : : : : : o.4= 2.8:24.1:83.7:94.4:96.6~97 .3:97.7:98.8~100 
: 83.1 : 49.8 : : : : : : 1.4: 6.3:25.5:75.5:88.6:92.2:93.7:94.5:98.1:100 
• • • • • • • • ,-2·1·21 o·L•. 8•""2 3·99 5·99 8·"·00 • • • • • • • • • • • ~- • .• •oat-. .• ·7'-'• • • • • •.1.1 • • • 

: 96.3 : 41.7 : : : : : : o.8: 3.5:16.9:54.8:79.4:87.9:91.5:94.o:96.1:100 
: 95.0 -: 42.9: : : : : : 1.1: 4.1:l.8.5:62.5:87.3:93.8:96.0:97.o:98.3:100 
:101.9 : 37.6: : : : : : 1.0: 4.4:24.4:62.0:81.9:87.4:59.7:91~5:94.8:100 
.: 91.9 : 44.1 : : : : : : o.6: 3.5:24.1:83.1:96.8:98.7:99.3:99.8:100 : 
: 91.3: 44.5: : : : : : 1.9: 8.8:i.6.3:90.5:94.6:96.3:97.7:98.3:100: 
:108.1: 34.2: : : : : : 0.3: 2.7:23.4:66.9:84.0:89.5-:92.6:94.5:96.o:100 
:100.0 : .39.6: : : : : : o.6= 2.9:19.0:60.9:79.Jt::84.4=86.6=88.1:91.3:100 
: 98.1: ~1.0: : : : : : 0.7: 4.o:26.7:ao.4:93.1:96.9:98.0:98.8:100: 
: 85.0: i.8.3: : : : : : 2.2:10.o:47.5:86.6:97.2:99.2:99.8:99.9:100: 
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Table 2 -

Sheet T of 7 

: : : .;!/: ~- :Volume: : 
Range :Station:Total:Samp :Specif'ic:weight:Poros-: Percent finer than 

: :depth: depth :gravity :(1la/ : ity : (size in millimeters) 
: : :f't : f't . :cu f't : - ) : .c:RS~: .005: .009: .o:C9: .o; t,· -- --. . . : : : : • . . . . • • . . . • . . . . . . . . . . . . . . . . . . . . . 

114~77: 9+05 : 7.9: 7.2: 2.66 : 98.8 : lao.6 : . • • . • 1.0: 3.4:24.3:71.5:91.0:95.5:97.5:98.7:100: . • . . . 
:10+118 : a.o : 7.6: 2.67 : 93.1: 44.2: . . . . . 0.7: 4.2:23.3:63.5:81.9:88.2:91.1:92.9:95.3:100 . . . . . 
:u+IIO : 8.i: 7.2: 2.65 :_ 92.5 : 44.9 : . . • . . 0.7-: 3.6:25.2:77.1:93.1:96.2:97.3:98.4:ioo : ·- . . . . 

114. 77:12+30 : 8.7: 8.o: 2.64. :100.6: 39.0: . . : • • 2.0: 6.4:32.o:75.4:87.9:91.6:93.7:94.7:96.3:100 . . . . 
u4.55: 2+56 : 8.8: 8.2: 2.65 : 86.9: 47.5: . . . . . 1.1: 5.6:36.5:93.9:98.0:99.3:99.9:100: : . . . . . 

~ 6f.16 : 8.8: 8.1: 2.65 : 98.1 : lao.8 : . . . . . o.4: 4.4:24.4:66.4:84.5:89.4:91.4:92.6:94.8:100 . . . . . 
: 8+72 : 8.3: 8.1: 2.62 :103.8: 36.6: : . . . . 0.9: 5.2:27.5:56.o:76.8:84.7:88.3:90.4:94.4:100 . . . . 
s 9+25 : 7.8: 7.0:_ 2.63 :100.6: 38.8: . • . . . 0.3: 1.8:13.3:61.8:78.5:83.0:84.7:86.o:92.1:100 • . . . . 

ll4.55:10+05 : 7.8: 7.1: 2.60 : 95.0: 41~5: . . . . . 1.4: 5.9:28.o:65.5:82.6:90.2:93.7:96.3:98.4:100 . . . . . 
:µ4.32: 6f.39 : 8.2: 7.0: 2.64 : 78.1: 52.7: . . . . : 2.4: 5.2:24.8:55.7:74.3:81.8:85.3:87.4:90.1:100 . . . . 
- : 7+00 : 7.8: 7.4: 2.62 : 99~4: 39.3: . . . . . 1.8; 4.8:26.6:69.5:87.4:93.7:96.2:97.4:98.6:100 . . . . . 

: 7+49 : 8.7: 8.4: 2.65 : 98.1 : lao.8 : . . : . . o.6: 2.8:21.3:63.o:83.o:88.3:90.4:92.1:93.5:100 . . . . 
u4.32: 8+o6 : 8.6: 7.8:_ 2.60 : 92.5: 43.1: . . . . . 1.2: 5.7:32.1:70.4:84.5:88.0:89.4:90.9:93.5:100 . . . . . 
~l.~A : 1+30 : 8.9 : 7.3: 2.64 : 81.9: 50.4: : : . . : 5.4:14.3:1&0.1170.8:90.7:94.5:95.7:96.5:97.7:100 . . 

:4+28 : a.o: 8.o: 2.65 : 89.4 : 46.o : . . . . . 7.5:12.9:46.9:82.6:95.6:98.1:98.5:99.o:J.OO: . - . . . . 
: IH-76 : 9.la. : 7.6: 2.62 : 97.5 :- lao.6 : : . : . . 4.o: 9.1:27.6:71.4:91.7:95.9:96.7:97.6:100: . . . 
: 6f.77 : 8.9: 7.9: 2.66 :100.0: 39.8: . . . . . 2.6: 5.9:27.4:76.1:93.1:97.8:98.3:99.2:100: . . . . . 

941-A : 7+43 : 8.8: 8.o: 2.66 :101.3: 39.1: . . . . : 1.2: 3.9:J.8.8:68.5:88.3:93.1:95.3:96.7:98.4:100 . . . . 
113. 92: 1+22 : 8.5 :0.0-0.5: . . . . . . : : 74.4:80.2:97.0:99.1:99.7:100: : : : . . . . . . 

: 1+22 : 8.5 :o.5-7 .9: 2.65 :105.0: 36.6: . . . . . 1.4: 4.9:25.5:84.6:96.6:98.3:99.o:99.6:100: . . . . . 
: 6+09 : 8.1: 7.6: 2.63 :100.6: 38.8: . . . . . 1.5: 6.1:34.4:67,6:87.3:92.3:94.3:95.4:99.1:100 . . . . . 
: 6+80 : 9.0 : 8.5: 2.65 :109.4: 34.0: . . . . : 23.3:25.o:1&0.2:81.o:84.4:92.1:95.1:97.0:98.6:100 . . . . 

u3.92: 7+64 : 8.6: 7.2: 2.65 : 94.4: 41.9: : : : . : 2.5: 9.3:35.2:74.2:87.6:92.4:94.7:96.7:98.7:100 . 
u3.72: 2+64 : 7.5 : 6.4: 2.68 :u3.8: 32.1: : : . . . 0.5: 2.4:J.8.6:85.8:97.1:98.8:99,6:99.9:100: . . . 

: 5+04 : 9.5 : 8.o: 2.65 :100.6: 39.2: . . . . . 2.0: 8.4:40.4:77.6:92.0:95.8:97.2:98.6:100: . . . . . 
: 6f.10 : 8.1 : 6.2: 2.67 :102.5 : 38.6 : . . . . . 0.5: 2.1:15.8:63.4:88.2:92.9:94.4:95.8:97.8:100 . . . . . 
: 7+75 : 9.0 : 8.4: 2.64 :105.6: 36.0: . : . . . 0.5: 2.2:16.3:53.o:76.6:84.7:88.2:90.3:92.6:100 . . . . 
: 91-78 : 9.5 : 7.7: 2.68 : 90.6 : 45.9 : : . . : : 1.3: 4.5:21.5:78.7:92.4:94.2:94.8:95.3:96.5:100 . . 

u3.72:10t65 : 8.4 : 6.6: 2.63 : 101.9 : 38.0 : : . : : . o.8: 4.9:29.4:74.2:87.4:91.4:93.o:94.2:94.8:100 . . . . -: . . . . . . . . . . . • . . . . . . • . . . . . . . . . . . . . . . • . . . 
YSaapJ.e depth is depth of' sample in tube and not equal. to total. depth because of canpaction. 
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Tab1e 3 

AVElWJE PRO!L'O'lXPE RIVER DATA 
CASA COLOBADA PROTOT!PE REA.Cll 

MIDDLE RIO GlWlllE PROJECT 
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• . • • 
Date . Section : station . . . . . 

• • . • 
4-25-57:Casa Colorada: l.l.8.15 

:Casa Colorada: u7.43 
:Casa Colorada: l16.67 

. . . . 

Table 3 

Sheet 1 of 2 

:Measurecl :Average:Samp].e: ·· ': ~ . 
:Width :Velocity-: depth .:depth : Area. :Discharge:· slope 
:{feet}: {tm!l :{:reetl :{f'eetl:{sg. ttl: {c:rs} :(ft/ft . . • . . . . . • • ' . • . . 
: 337.0: 2.07 . 1.72 : 1.72 : 578.2 : 1,199 :0.000755. . 
: 553.0: 1-~, • 1.43 : 1.43 : 790.0 : 1,178 :0.000645 • 
: 285.0: 2.1. . 1.~ : 1.~ -: 560.4 : 1,199 :0.000725 . 

:Casa Colorada:Above Bosque Br: 392.0: 2.03 . 1.51 : 1.51 : 592.5 : 1.,202 :0.000750 . 
:Casa Colorada: u5.34 : 279.0: 2.50 . 1.59: 1.59: ,41i.3.o: 1.,108 :0.ooo8oo • :Casa Colorada: u4.77 : 377.0: 2.00 : 1.48: 1.48: 558.7: l.,ll8 :0.000855 

5-ll-57:Casa Colorada: u7.81 : 665.0: 4.17 • 1.33: 1.33: 881,..5: 3.,691 :0.OOQ-,61 • 
5-32-57:Casa Colorada: u6.47 : 781.0: 3.06 . : 1.69: 1.69 :1319.7: 4.,035 :0.000754 

:Casa Colorada: u7.05 : 490.0: 4.07 • 1..86 : 1..86 : 9u.3 : 3.,710 :o.C>00754 • 
5-l.3-57:Casa Col.orada: u7.43 : 558.0: 3.90 • 2.u: 2.u :u75.1: 4,578 :0.000747 • :Casa Colorada: u6.67 :J258.0: 2.80 • 1..29: 1..29 :1620.5: 4.,545 :0.000747 • :Casa Colorada: u7.62 : 750.0: 4.08 . 1.51. : 1..51 :ll35-0 : 4.,628 :0-000747 • 
6- 6-57:Casa Col.orada: u7.81 : 406 •. 5: 4.53 • 2.07: 2.07: 842.3: 3.,814 :0.000736 • 

:Casa Colorada: u7.62 : 651..5: 3.87 . 1.46 : l..46 : 951. .1 : 3.,681 :0.000736 • :Casa Colo~: u7.43 : 487.5: 4.39 • 1.87: 1.87: 932.2: 4.,007 :0.000736,. • 
6- 7-57:Casa Colorada: u7.05 : 557.0: 4.47 . 1.88: 1.88 :J.Ola.5.7: 4.,678 :0.000739 • :Casa Colorada: l16.67 :ll46.0: 2.92 • 1.35 : 1..35 :1545-0 : 4.,517 :0.000739 . 

:Casa Col.orada: ll6.47 : 893.0: 3.07 . l..45: 1.45 :3292-5.: 3,~4 : 0. 000739 · . 
6-18-57:Casa Colorada: u7.81 : 440.o: 4.92 • 1.94 : 1.94 ·: 854.3 : 4,202 ;0.000750 • :Casa Colorada: u6.47 : 381.5; 5.22 · : 1.98 : 1.98 : 753.8 .: 3,935 :0.000750 

:Casa Colorada: u7.05 : 289.0: 4.19 . 3.18 :_3.18: 918.3: 3.,851 :0.000750 . 
6-19-57:Casa Colorada: ut.62 : 532.0: 4.48 • 1.58 : 1.58 : 838.1 : 3,754 :0.000771 • :Casa Colorada: u7.43 : 372.0: 4.J2 • 2.10: 2.10: 781.5: 3.,216 :0.000771 • :Casa Col.orada: JJ.6.67 : 4u.o: 4.64 . 1.90: 1.90: ~9-6: 3,619 :0.000771 • 6-27 ... 57':Casa Coiorada: u7.81 : 366.0: Ja..57 • 2.15: 2.15 7.8: 3,5~ :0.000740 • :Casa Colorada: u7.05 : 273.0: 4.91 . 2.58: 2.58 705.6: 3,467 :0.000740 . 

:Casa Colorada: u7.43 : 358.0: 4.58 . 2.01: 2.01 719.6: 3.,296 :0.000740. . 
:Casa Col.orada: JJ.6.47 • . • • . :0.000740 . . . . . . 

6-28-57:easa Colorada: u6.67 : 455.0: 4.45 . 1.68 : l..68 766.4: 3.,410 :0.000754 . 
:Casa Colorada: u7.62 : 420.0: 4.36 • 1.82 : 1.82 765.8: 3.,3'12 :0.000754 • 
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Date 
• • 
:· Section 
• • 

• • 
• • . • 

• • • • 
4-22-58 :Cesa Colorada: 

:Cesa Coloracla: 
4-23-58 :Cesa C01orada: 

:Casa Colorada: 
4-24-58 :Cesa Colorada: 

:casa ColoraiJa: 
4-30-58 :Cesa Colored&: 

:Casa COlorada: 
:Cesa Colorada: 
:Cesa Co1orada: 

5- 1-58 :Cesa COlorada:. 
:Casa Colorada: 

5-l.9-58 :Cesa COlorada: 
:Casa Col.orada: 
:Casa Colorada; 
:Casa Col.orada: 

5-20-58 :casa COlorada: 
:Cesa Col.orada: 

5-27-58 :Cesa Col.oracla: 
.. :Casa ·Colorada: 

5-28-58 :casa Coloi-aaa: 
:casa COJ.orada: 
:Casa.Colorada: 
:casa Colorada: 

station 

116.47 
117.81. 
J.i7.05 
117.43 
116.47 
117.62 
ll.6.47 
117.05 
117.43 
117.81 
l.16.67 
117.62 
l.16.47 
117.05 
117.43 
117.81 
ll.6.67 
117.62 
116.47 

· 117.81 
l.16.67 
117~05 
117.43 
11z.62 

Rio Grande 

Tabl.e:3 

Sheet 2 of' 2 

: : :Average:Samp1e: : Q., :Measured 
:Width :Ve1ocit7: depth :depth : Area :Discbarge: s1ope 
·: (:f'eet): (fps) : (:f'eet) : (:f'eet): (sq f't): · (c:f's) : (:rt/f't} 

. . . . . . . . 
; 89\- ; 4.03 ; 1.52 ; 1..52 ; 1.,360 ; ' 5i48o ;0.000672 
: 460 : 5.69 : 2.22 : 2.22 : 1.,020 :· 5,800 :O.OOOC,12 
: 310: 5.69 : 3.68 : 3.68: 1.,llto: 6,490 :0.000655 
: ·. 450 : 5.58 : 2.611. : 2.611. : 1.,190 : 6.,611.o :0.009655 
:1,254: 3.15 : 1.611- : l..6la-: 2.,060: 6.,Ja.80 :O.ooo6ll 
: Y8<> : ~h97 : 1.73 : 1.73 : 1,350 : 6.,710 :O.ooo6ll 
: 856: 4.44 : 1..65 : 1.65: 1.,410: 6.,260 :0.000653 
: 300: 5.45 : 3.63 : 3.63: 1.,090: 5.,9'1,o :0.000653 
: 372 : 5.92 : 2.77 : 2.77 : 1.,030 : 6.,100 :0.000653 
: 465 : 5.70 : 2.32 : 2.32 : 1.,080 : 6.,160 :0.000653 
: 7()0 : 4.41 : 1.9\, : 1.9\, : 1.,360 : 6.,000 :0.QOOQ.5 
: 545 : 5.30 : 2.02 : 2.02 : 1.,100 : 5.,830 :0.000645 
:1.,133: 4.25 : 1.59 : 1.59: 1,aoo: 1.,650 :0.000652 
: 746 : 5.36 : 2.02 : 2.02 : 1.,510 : 8,09() :0.000652 
: sJa-8 : 6.02 : 2.32 : 2.32 : .. 1,270 : 7 ,.650 :0.000652 
:1,156 : 5.25 : 1.25 : 1.25.: ·1,440 : 7,560 :0.000652 
:1,713: 3.16 • 1.43 : 1.43: 2.,450 :· 7i750 :0.000663 

· :1,002 : . 4.14 1.811- : 1.811- :· 1,840 : 7.,610 :0.000663 
:1,587 : 3.90 . 1.44 : 1.44 : 2,280 : 8,900 :0.000648 
:1.,4112 : 3. 71 1.44 : 1.44 : 2,070 : 7 .,690 :0.000648 
:1.,726: 3.05 1.67 : 1.67: 2.,89(): 8,81.o :O.~ 
:J..,80JI. : 3.03 1.60 : 1.60 : 2-,880 : 8,740 · :O.ooo6o8 
:l,319 : 4.71 1 •• 43 : 1.43 : 1,890 : 8,9()() :O.ooo6o8 
:113].4 : 3.88 . · 1.62 : 1.62 : 21130 : 81260 . :o.0006o8 
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Table 4 

SIEVE-SIZE ANALYSIS PR0'ro'l'IPE BED MATERIAL 
CASA COI.ORADA PRO'l'O'l'XP.E REACH 

MIDDLE RIO GRANDE PBOJECT 
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• • 
S!!!P1! No. : Section 

• • 
: 
• . 
• • 
• • 
• . 
• . 
• • . 
• 
• • . . 

u7.43 

U6.67 

Table 4 

U. S ~ BUBFAU· OF RECLAMATION 

SIEVE-SIZE ANAIXSIS Sheet l of 14 . . Beel Mat~r1a1 · . 
Rio Gi'&Dde--casa Co1o~ . • : Percent ·~r_ ~ 

: station :0.0625:0.125:0.250:0.500:1.000:2.000: . • 
. 
• 
• • 
• . 
• • 
• • . 
• 

3+06 
3+56 
1&+06 . 
Ja.t-56 
5+J.6 
5+66. 

: lOl-97_ 
: 11+67 
: ll+97 
: 12f-37 
• • 
• • 

• • • • . 
• • • • • • • 

. • • . • • 

0.5: 3la-.3: 96.0: 99.3: 99.8:100 : : : 
0.3: 23.8: 86.2: 96.7: 97.6: 98.4: 99.5:100.0: 
0.3: 29.5: 95~4: 99.5: 99.8: 99.8:100.0: : 
0.2: 22.9: 85.6: 96.9: 98.9: 99.5: 99.9:100.0: 
0.5 : 33.4: 88.4: 96.9: 99.2·: 99. 7:100.0: : 
0.2 : lao.O: .. 99.l: 99.8: 99._9:lOO.O: : : 
0 5 • 1•1• l• -~ 2.,:,oo,, O• . • . • ·. • • • • ...... ;,1 • -~ • • • • . • • 

: 0.5 :. 35.5: 98.8: 99.7: 99.8:100.0: : : 

. . 
7+68 
8+74. 
91-23 
3+J.6 
3+66" 

o.4 : 20.2: 70. 7: 91.0: 96.1: 98.4: 99. 7:100.0: 
o.4: 22.6: 82.3: gr.a: 90.9: 99.3: 99.8:100.0: 

. 0.9 : :811..6: 99.3: 99.9:100.0: : :. : 
. 0.3 : 29.6: 75~1: 93.8: 97 .1: 98-3: 99.3:100.0: 
0.2 : i8.o.: ·76.1: -~.6: 97.2: 98.4: 99.0:100.0: . . 

~Above Bosque Br: 

u5.34 

114.r, 

. 
• . . . . . 
• 
• • . . 
• • . . 
• • 
• . 

Ja.t-16 
13+49 
13+22 
l.2f-84 

91-02 
lOt-52 
11+02 
11+52 
12f-a? 

_0.2·: 23.7: 92.0,; 9.9.3: 99.9:100.0: : : 
:· 0.3 : ·30.4: 97.2: 99-4: 99.6: 99.7:100.0: : 
: 0.1 : 15.6: TT .o: 96_.3: 98.8: 99.8:100.0: : 

0.3 : 69. 7; 99.8: 99.9:100.0: .: . : : 
0.3: 33.3: 78.7: 95.0: 98.4: 99.2: 99.8:100.0: 
0.1: 7.6: 34.7: 76.8: 92.8: 97.5: 99.4:100.0• 

99.0 : 99.4: 99.8: 99.8: 99.8:100.0: .: 
J.6.8 : 78.2: 96.2: 99.5: ·99.9:100.0: : 
0.2: 45.4: 98.9: 99.9:100.0: : : 

: 0.2: 47.4:.99~4: 99.9:100.0: : : 
: 0.1 : 17 .3: 70.3: 96.3: 99.1: 99.5:100.0_: 
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• • 
S!!!Jl!e Ho. : Section 

• 

May 11-13,: 195t_7.8J. . . . 
• 
:Ma.y 11 . • .. 
• 
• • 
• • 
: 
• • 
: 
• • 
• • 
• • 
• • 
: 117.(ie 
• • 
:Ma.y 13 

. 
• 
• • . • 

117.43 

Ma.713 

Sheet 2 of l.4 

• • 

Tab1e )J_ 

: Percent finer than , _ . • 
: station :0.0625:0.125:0.250:0.500:1.000:2.000:4.000:8 ............ _ .. 6 ............ . . . . '. . . . . . . . . . . . . ~ • • 

:Main cbamel.: 0.7 : 30.2: 95.8: 99.4: 99.6: 99.8:100.0: : 
. • .,,,L.t:.r:. • • • • • • • • • 
• 1-ru;J • • • • • • • • • 

- :Main chmmet: 82.1 : 92.5: 99.0:100.0: : : : : 
•· 11:..a..25 • • • • • • • • • • :-w-; • • • • • • • • • 

:Main chaime1: 1.5 : 54.9: 96.5: 99.3: 99.5: 99.6:100.0: : 
• 8+25 • • • • • • • • • . . . . . . . . . . . 
:Main channel: 89.6 : 99.6:100.0: : : · : : : 
• . .. ~~r:. • •. • • • .• • • • • J.VTu;, • • • • • • • • • 

:Main channel: 1.1: 59.5: 96.8: 99.4: 99.8:100.0: : : 
• '7,.1..11: • • • • • • • • • • 1-r .., • • • • • • • • • 

:Behind Jacks: ¢.4 : 99.4:100.0: : : : : : 
• .. •.. 05 • • • • • . • . . 
• .._..-g ~ • . ·• • • • • • • 

:Behind jacks: 86.5 : 99.3:100.0: : : : : : 
• 12+55 • • • - • • • • • • • • • • • • 
:Channe.l : 2.4 : 811-.5: 'R • 1= 96.6: 98. 7: 99.2:. 

. . 
-- - 100.0: 

• na.,,9 • • • • . • • • • ;;,rJ. • • • • • • • • • 
:Cbanne.l. : 1.7 : 58.9: 99.1:100.0: : : • • 
• n..,N, • • • • • • • • ;;,-:,,t' • • • • . • • • . • 
:Cmmne1 : 1 .• 3 : 59.8: 99.4: 99.9:100.0: : . . 
• , n..,_nJ, • • • • • • • 
• .LVT";l""t' • • • • • • •. 

:F1ood plain : 98.3 : 99~9:100.0: : : : 
• • 
• • • 13+~•- • • • • • • • . ~ . . . . . . . • • 

. :Jetty- field : 55.4 : 99.5:100.0: : : : • • • 1a::.....~•- • • • • . • • • . • • • ..,,..._J,.,. .• • • • • • • • • 
:Main channel.: 0.5 : 21.1: 86.5: v,.2: 98.2: 96.5: 99.2:100.0: 
• 11:· :+·~·- . . . . . . . . . . ,.,.. . . . . . . . . . 
:Main channel: 3.4 : 61.3: 90.8: 96.9: 98.0: 98.8:100.0: : 
• ll:• GI. • • • • • • • • • . ~ . . . . . . . . . 
=Jetty f'ield.: aa.2 : vr .8= 99.8=100.0= : : = : 
:12+21 : : : : : : : : : 
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• • 
&mq,J.eNo.: 

• • 
Section 

May 11-13,: 1957117 .05 
:May J2 
• • 
• • 
• • 
• .• 

116.67 

Mql3 

·: 
• • 
: 116.l,.7 
• • 

1'able ~- Sheet 3 at 14 

• • . . .~ ......................... -----..=---·- ---w ---- ..... , : ·stat1011 ·:o.XZXirt ... ft .Ar- ... ft ftP~-A- P~••·-ft ftAn. ... i. XXX:, ... d l'W'V"ll .... z ~ 
: . • 

. . . . 
:Main channel: 
: 14+95 : 
:Main cbam,el: 
: 15+63 : 
:Main. channel: 
: 15+77 : 
:Jett;,r field : 
: J.8+32 : 
:JetiLtield: 
. 52 . • • 
:Jett;,r field : 
• ~~A . .. , • • . 7TUU • 
:Jett;,r field : 
• . L.na_·_ • • - Ot-,,._, .. 
:Main clumnel: 
: . 8+28· . : 
:Main channel: 

• • . • 

. ' . . . . . 
2.7: 87.9:100.0: 

. • 

• • . ... .. 

. • 

• • 
: . . . . . • • • • • 

3.0: 69.5: 96.9: 99.8:100.0: 
• • • • • • • • • • 

. • 

1.9.- : 40.1: 96.6: 99.6: 99.8:100.0. 
• • • • . . . . 

2.8: 811-.8: 99.3:100.0: 
. . 
: 

. . 
• . 

• • • • • • • • • • • • 
o.8: 38.2: 98.2: 99.7: 99.9:100.0: . . . . . . . . •. . 

92.3 : 97 .5: 98. 7: 99.6:100.0: . . .. . . . . 
98.3: 99~7:100.0: 

. . . 
• 

. . 
• • 

. • 
• • 
• • 
• • 

. • 

. 
• 

. . 
• 
• • 
• • . 
• 

: 
: 

• • 

• • . 
• . 
• . • 
• • 
• • 
• • 
• • 
• • 
• • . . 
: . • 
• • . . . . . . . . . . . . . . . . . 

2.9: 57.7: 87.2: 93.9: 95.0: 95.9: 96.7:100.0: . . ,. . 
• J • • • • . . . . . .. 

1.5: 51.9: 98.2:100.0: 
·• . 
• . • • 

• . 
• ·ALl'\O. . . ' . ·. •· • • • . • . . ·~ . . . . .. . . . • 

• • :Main cbazmel: 1.6 : 311-.5: 90.9:100.0: 
: I 91-88• • :. • :• • •: •,: : 
:Jett7 .. fie1d : 98.4 : 99.1: 99.8:100.0: 

• • : • • • • 

• • 
• . 
• • : 13+38 : 

:Jetty ''field : 
: 1+26 : 

. .. . . . . . . . ~- . . . . . . . . . 
1.8: 61.0:·99.4: 99.7: 99.7:·99.7: 99~7:100.0: 
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• • 
S!!!!e!e Ro. : 

• • 
Section 

May ll-13, 1957 
:May 12 . . 
• • . • . 
• 
: 
• • 
: 
• • 
• • 

June 6 and June 71 1957 

Date 
• • . • . • 

6 - 7-57: ll6.47 

Sheet 4 of 14 
Table ti. -

• . • . 
• station :0. • . . • . • . • • . • • . • . • • • • . • 

:Jetty field : 5.9 : 96.9: 99.8: 99.8: 99.9: 99.9:100.0: : 
• 1:+rA • • • • • • • • • • "JU • •· • • • • • • • 
:Main channel.: o.4 : 20.3: 89.6: 98.0: 98.8: 99.2: 99.9:100.0: 
• . J.:+P7~ • • • • • • • • • • ,0 • • • • • • • • • 

:Main cbanne1: 0.5 : 34.7: 90.3: 96.9: 97.9: 98.5: 99.4:100.0: 
• ,.,,,_.___,..L • • • • • • . ~~ . . . . . . 
:F1oocl pJ.aiD : 88. 7 : 97 • 9:100.0: : : 
• c-LAI: • • . • • • • . ~ . . . . . . 
:F1ood pJ.aiD : 97.9 : 99.9:100.0: : : 
• 0 •. ,.3 • • • • • . • UT'.1.1 • • • • • • 

: 
• • 

. • . . : . • 

. . 
• . • . 

• • 
• . 
• • 

. . . . . . . . . . . . . . . . . . 
:Jetty field: 26.1: 63.9: 98.9: 99.9:100.0: 
• l::+37 • • • • • • . . . . . . . 
:Jetty field: 4.5: 16.4: 90.5: 99.0:100.0: 

. . . • 
• • . • 
• . • • 
• . . . 
• . • • 

. . • . 
• . . . 
• . • . . . • . 
• • • • . . • . 

• . 1:+85 • • • • • • • • . . . . . . . . . 
:Jetty field : 0.5 : 2.l.: 20. 7: 81.6: 97 .8: 99. 7:100.0: 
• 2+·,'7 • • • • • • • • • ;.a. • • • • • • • • 

:Main channel: 1.1: 6.1: 41.7: 93.4: 99.6:100.0: : 
• ~57 • • • • • • • c:r- • • • • • • 
:Main channel: · 0.7 : 3.0: 22.6: 71.2: 95.5: • .... 0,7 • . • • • • • • .::-ru • • • • • • 

. . . • 
96.6: 97.0: 

• . • . 
:Main channel: 2.0: 7.4: 46.9: 99.1:100.0: • . . . 

3+17 

• • . . . • 
• . 
• . 

• • 

• • 
• • 
• • . • 

97.6:100.0 
• . 
• . 
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. . 
S~e No.: Section 

• . 
Jm.e 6-7, 7957 117 .81 

• . . . . . . 
• . . . 

117.62 
117.05 
116.47 

: 117.81 
• • 
• . . • 
. . . • . . 
: 117.62 . . 
• • . . 
• . 
• . 
: 117.43 
• • 
• • . . . • . • 

Table~ 
Sheet 5 of 14 

: : Percent finer than s1eve size in mm 
: station :o. 5:o.125:0~~50:0.500:1.000:2.000: · ,.,..,.. " . . • • . . • • : • . . • 

: . · 91-07 : 1.0 : 5.0: 51. 7:100.0: : : : : 
: 9+67 . : 0.5 : . 2.9:. 28.4: 85.7: 96.3: 97.8: 99.1: 99.8:100.0 
:Jack fie1d : 44.4 : 67.3: 84.7: 97.8: 98.2: 98.~: 99.0:100.0: · 
:F1oodlnq . : 58.3 : 73. 7: 99.4:100.0.: . : : : : 
: 6+1,.1,:. : 73.2: 88.4: 95.8: 97.3: 98.1: 99.0:100.0: : 
: 9+44 : 79.4 : 90.4: 98.6: 99.4:100.0: : : : 
:Me.in chmmel.: 3.3: 13.2: 75.9: 97.4: 99.8:100.0: : : 
: 8+30 : : : . : : . : : : : 
:Main chanilel.: o.8 : 4.5: 44.9: ·97.5: 99.8:100.0: : 
• ,,o+25 . • • . . • • • • . • .a.: '·. • • • • • • • • • 

:F1dod pl.a.in : 45.1 : 99.0:100.0: : : : : : 
• i".T" ' • • • • • • . •. • • • 13c.LOO· • • • • • • · • • • 
:F1ood plain : 45.0 : 96.2: 99.0: 99.4:. 99.6: 99.8: 99.9:100.0: 
• l.3-'-50 • •. • • • • • • • • .r • • • • • • • • • 

:Main channel.: 3.2 : l.0.l: 75.6: 97.6: 9.9.3: 99.9:lQO.0: : 
• 0 ... 09 . • • • • • u-ro . • • • • ' • • . 

' . . • 
:Main channel: ~-4 : J.J. • .1.: bOej: 99 - •- -- - ,,,.11"1 -- --.4:100.0: . . . . 
• ni..89 • • • • . ;,• . . ~ . . • . . • • 
:Main c,bannel.: .L.~ : 7 .c!: 0.1..0:.1.00 - - - - ,_ , :..-- .o·: . • . . • • • ,,o+89 • • • • • J.: ... ' • • • • . . • • . • 
:Main channel: 3.0 : .l..l..4: 00.5: 99 - - -- I ,_ - --.6:l.OO.0: : • . 
• 1o+67 • • • • • • • • • . . . . . . . . . . 
:Main channel: o.8: 3.9: 37.9: 97.4: 98.8: 98.9: ~,9: 99.1:100.0 • ll+30 • • • . • • • • • • . . . . . . . . . . 
:Main channel: 0.9: 4.9: 52.4: 97.2:100.0: : : : 
• , a.._35 .• • • • • • • • • • .a.c;;T" • • • • • • • • • 
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• • 
Samp1e Ho. : Section 

• • 
June 6-L 122I 

• • 
• • 

Date • • 
T-'°7-57 • 117.05 . 

• . 
• • 
• • 
• • 
• • . 
• 
• • 
• . 
• • 
• lJ.6.67 • 
• • 
• • 
• • . • 
• • 
• • 
• • 
• • 
• • . • 
• • 

Sheet 6 of 14 
Tab1e II. 

: : Percent finer than· sieve size in mm 
: station :O. 5:o.250:0.500:1.000:2.000: · ---. • • • . . . 

• • • • • • . 
:Jettuf'iel.d : 36.3 : 75 .4: 99.0: 99~6:100.0: . , 5 . . . . . . • . ~ . . . . . . 

. • 

. 
• 
• • 

. . 

. . 
• • 

• . 
• • . 
• . . . . . . . . . • • • • • • • • • 

:Mai.Jl cbamlel: o.8 3.8: 29.8: 92.5: 99.5: 99.8:100.0: : 
• ,•··tvl • • • • . . • . 
• ~..,..77 • • • • • • • • 
:Main cbanne1: 1.0 5.1: 38.7: 92.8: 98.8:100.0: : : 
• 1"-L20 • • • • • • • • . ._,., ;;, . . . . . . . . 
:Main cbarmel: o. 7 4.4: 36.0: ')7 .3:100.0: : : : 
• 1:1:.1..~ • • • • • • • • . ._,-.- ;;,;;, . . . . . . . . 
:Jetty f'iel.d: 25.2 62.7: 98.4: 99.1: 99.3: 99.6: 99.8:100.0: 
• ,A._._nn • • • • • • • • • ...,.,,.-u;;, • . • • • • • • • 

:Jetty f'iel.d: 7.9: 21.1: 87.8: 99.4: 99.8:100.0: : : 
• .. o. '·o • • • • • • • • • • ~ 7 • • • • • • • • • 

:Jett7 f'iel.d : 11.5 : 26.4: 81.2: ')7.5: 99.0:100.0: : : 
: 4+22: : ·: : : : : : : 
:Jetty f'iel.d : 35.7 : 9'J.2:. ')7.2: 98.7: 99.5:100.0: : : . 1~~ . . . . . . . . . . . -~ . . . . . . . . . 
:Main channel: 2.7: 36.7: 93.3: 99.1: 99.6: 99.7:100.0: : 
• 7e1..72 • • • • • • • • • . -.- . . . . . . . . . 

.ooo 

:Main channel.:. 3.8 : 17.6: 92.8: · 98.8: 99.3: 99.5: 99.6: 99.6:100.0 . • 8+82 • . . . • • . • • . . . . . . . . . . 
:Main channel.: l..0: 5.1: 36.l.: 78.6: 93.2: 96.8: 98.3: 99.0:100.0 
• n_._~ • • • • • • • • • . ~ . . . . . . . . . 
:Fl.ood plain : 30.6 : 98.8: 99.6: 99.8:100.0: : : : 
• l.2+82 • • • . • • • • • • . . . . . . . . . . 
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• • 
Sanq>l.e No.: . Section 

J.8 l.9. 1957 
June -! ll 7 .81 

• 

. • . • . . 
: ll.7.62 · 
• • . • . . 
: 117.43 
• • . • . 
• . • 
• • 
• • 
: 117.05 
• . . 
• . . 
• • 
: 116.67 
• • . • . • 
• • 

· Sheet 7 of 14 
Table 4. 

. . . . - -------· ----- ---- ,--~ ... - ---- -- --, : Station :0-.,..,.1 "~·-"- .............. _,..,. """~""-" ~"'"- .. ,.,.,..,.,..__,.,. l"lo.A.,,.__f.. ,..,.,..,.,..__a ,..,.,..,,.,._ .. ;: ,,..,.,... .... . . 
: 8+33 · . ~ . ~--. 

: 91-98· 
: 13+43 

. • . . • . • . . . 
0.7: 4.o: 54.2:100.0: 

. • 

0.7 : 4.4: 43.3: 98.6:100~0 
1.6·: -8.4: 68.7: 99.4:100.0: 

34.0 : 92.4: 99.9: 99.9:100.0: 

. . 

. . . . 
: 
• . 

• • . • 
: 
• . 

• . 
• • . • 
• . 
• • 

:noodWB¥ : : :· : : : : : : 
: 91-02 · : 1.6 : 7.6: 6o.5:. 99~2:100.0: . : ·. : . : 
: 91-92 : '0.8 : 5.4: 51.2: 96.0: 98.7: 99.4: 99.7:100.0: 
: 10+82 : o.8 : 4.5: 50 .. 5: 98.~:100.0: - : : : 
: 1~7 : : 48.9 : 57 .2: .93.0: 99~6:100.0: · : : _ : 
: 12+lf.o · : o.6 :- 3.5: ·25.8: 88.8: 88.9: 99.6: 99.8:100.0: 
: 13+02. · : o.6 : · 3.5: 26.3: 83.6: 96. 7: 98.9: 99.3: 99.6:100.0 · 
: 13+90 · : 0.3 : 2.2: 46.3: 97.5: 99.9:100.0: : : 
: 14+65 . : 1.9 : 10.2: 73.9: 97.2:iOO.0: : : : 
: 14+45 : 98.1 : 98.8: 99.8:100.0: : : . : : 
: 15+24 : 97 .6 : 98.2:100.0: : : . : . : : 
: 15+30 . : 97 .9 : 98.9: 99. 7:100.0: . : : : : 
: 15+09 · : 1.2 : 8.7: 88.3: 99.4:100~0: : : : 
: 15+79 · : 1. 7 : 3. 7: 66.o: 98.8:100.0: - : : : 
: 161-29 : 2.5: 14.o: 81.9: 99.4:100.0: : : : 
: 17+05 : 4. 7 : 18.3: 89.6: 99.4:100.0: · ·: · : : 
: 17+65 : 10.4 : 40.0: 98.9:100.0: : : : : 
: 7+lf.o : 1.6: 7.0: 63.5: 99.3:100.0: : : : 
: 8+6o : 0.9: 5.9: 48.6: 91.0: 98.7: 99.2: 99.5:100.0: 
: 9+80 : 0.7 : 6.9: 79.8: 97.9: 99.8: 99.8: 99-9:-100 : 
: 1o+6o : 1.2 . 6.o: 60.3: 99.1:100.0: : : - : 
: 15+20 : 73.4 ao.2: 91.8: 99.1:100~0: : : : 
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Table 4 
Sheet 8·of 14 -I . • • eroeut finer than sieve size · in DDl1 •' ... • • 

s,-e No.: Section . station :o. 5:o.J2~:o.2~0-:o.~oo:1.ooo:2.ooo: • 
• . • • • • • • . . . • • • • . . • . • . • • June l.8-19, 1957 . 116.47 • 1+03 : 6.6: 28.9: 99.4:·99.8:100.0: : : : • • . . 2+83 : o.4 ·: 2.5: 31.8: 87.4: 98.2: 99.1: 99.7:100.0: • . 
• • 3+03 • o.8: 4-.7: 40. 7: 98. 7: 99.2:100.0: • • • • • • • • • 3+33 · : o. 7 ; 4.3: 41.3: 99.8:100.0: . : :· • • • • . . 7+33 -25.8: 69.0: 87.2: 93.8: 96.7: 98.8:100.0: • • • • .June g-f-28, .1957 . • lOl-13 ·51.4 : 68.5: 95.5:100.0: : : . : . • . • ii7.81 • &-41 1.2 : -6.9: 59.·7: 99. 7:100.0: : . :· • . . . .9+41 o.4: 3.4:· 41.2: 95.5: 99.7: 99.7: 99.7: 99.7:100.0 . . lOt-31 1.8 : 9.2: 78. 7: 99.1: 99. 7:· 99~8:100.-0: : . 

117.62 • St-98 1.0 : 6.1: 70.3:· 99.6:100.0: : : . : • . 91-58 1.1: 6.1: 37.0: 68.o: 90.3: 9li,.7:-96.6: 97.8:100.0 • 
: lOt-63 2 4 • 11 8· 82 2•100 o· • • - • · • . . . . . . . . . . . . . . JJM.46 . 92 6 • 97 6• 99 5•l.OO O• • • • • . .. . . . . . . . . . . . 

117.43 . .ll-i-19 : o.a :· 4.2: 38.5: 89.6: 97.7: 99.4: 99.9:100.0: . 
• • l.2+24 : o. 7 : · 4.i: 41.0: 99.4:100.0: : : : • . . • 13+()11. . o.6: 3.5: 30.5: 88.9:·98.4: 99.5: 99.8:100.0: . . • .. .u7.05 • 15+08 • o.z: 4.7: 61.l.: 92.0: 97.8: 98.4: 98.9: 99~3:100.0 • . • 
• • 15+88 • o. - :.. 5.2; 58.8:100.0: : : : : . . • • . 16t-28 . 1.8: 9.6: 49.9:100.0: • • • • • . . . . • • 11.6.67 . 7+16 . 1.6: 8.7: 88.7: 99.3: 99.8:100.0: . • . • • • • 8+31 • o.6: 4.o: 56.4: 99.3:100.0: • • • • • . • • . 9t-Ol . o.8: 5.0: 48.o: 99.2:100.0: . • • . . • . . . lOt-61 . 0.5: 3.4: 39.5: 98.8:100.0: . • • • . • • • • 15+20 : ll..8 : 22.7: 69.1: 95.3UOO.O: • • • . • • • JJ.6.47 . 1+14 • 8.o : 26.6: 98.1: 99.8:100.0.: · : • • . • • . 

• 2+79 • o.6: 3.8: 43.3: 99~0: 99.8:100.0: • • • • . . 
• 3+09 • 1.5 : 8.6: 56.0: 97.9:100.0: . • • • • . . . 

• . 3+39 • 1.5: 6.8: 42.o: 98.5:100.0: . . .. ' . • • • • .. • • . 8+19 • 5.9: 15.8: 47.2: 93.1: 97.6: 98.6: 99.5:100.0: • • . 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



: 
!lo.: Seatiion 

Ajedl. 21~. ~'-~7 

ll.6.67 
• 

n7.05 

117.Ji.3 

: 117.62 
: 

117.81 

• • 
• statiOll • 
• • 

Sheet 9 of 14 
!'abl.e#J. 

.. 
• ;O • 
• . • • • •·· . • •· : • • . • . • . • 

• 00 .. , .. •· 00·6• 00 ·8·100·0· : • . • • • _,.,... .• ;;,;,e. . • ;;,;,• ... . • • • • • • 

. • 
,,_.000 

1+35. 
2+95 
Ja+Ja.5 
61-o5· 
7+25 
St-15 

. : J.Ja..3 : 67.5: 97.3: 99.8:100.0: . : . : : : 
·. :. 24.7 : 52.9: 95.6: gB.6: 99.9:. 99.9:100.0: : : 
t 0.5 : 2.6: 33.4: gB.4: 99.9:100.0: : : : -

t~ 
7+11t 
9t-21t 

. 10fJIJI. 
11+91,. 

: 15+()11. 
: l.6tJl4 
: 14+87 
: l.5+51 
: ~31 
: l.8+27 
: il.+'5 
: 121-55 
: l.3+30 

·. :- 15+10 
:PJ.ood plain 
I 9'-52 
: 10l-27 
: 11+52 
: 8+32 
: 91-67 
: ll~ 
: l2:t-Tr 

; 0·.4 : 2.4: 28.6: TI-3-: 90.9: 93.7: 9'1-.9: 96.0: 97.0:100.0 
~ 0~4 • 1.4• 22.3~ 0 -=».5~ 00.8• m.a-100.0• • • . . ·, '. . ~ . -~ .• ~ .. . . . •. ·m· ,. • oo 8·100· O• . . • • . • • • • • --~· .... 7;,•_ • • • •. • • • • • 
• 00 1 • nt, · '· • 00 8•100 O• • • • •· : • ;;,;,• • 7"'.... 77• • . • • • . • • · • 
: ~7 ._8 : 85 .3: 99.4: 99.8:100.0: . : : : : 
• · .., ·5 • ~tt. 9• ·a-, 9•· 00 8•,·00 0• • • • • •. ,.... • ~- ~ 71 • •. ;;,;;,• .• .a.:•' • • • . • • • 
.: : 0"4 : 2.(): .22.6: 75.2: 9'1,.2: VI .6: 98.5: 99.4:100.0': 
: :1~3 : 5;2:.· 37.Ji.: 93.2: 99.8: 99.9:100.0:. : : 
: 85'-0 : 99.2: 99.8:100.Q: . ·. : : : : . 
•. ft'!> ,. • nn 3·100· O• • . . • • • • 7--e&I- • 77• • • • . .• • · • • I 
. 1~·1 : '7.0: 78.7: 99.9:J.OO.Oi : : : 

1.7 : 10.6: TT .6: 99.5:1.QO.0: .. : : : 
. 6~1 : 17 .3: 82. 7:-99.4: 99.9:100.0:· . .: : 
. G~ ·1 • ·OO 8• ·oo 8•,•QO o·· •· ··• .·~ . • • ,~. • ~· e: .;,;;,• -~ • • • • • .• 

1~0 : 5.4: 60.6: gB.o: 99.9.:100.0: · : : 
·.0.5 : _3.o:-_25.8: 93.0: 99.7:100.0: : : 
2 .• 8 : 13.1: 75.4.: gB.2: 99.9:100.0: : : 

J.8;.2 : 55.1: gB.8: 99.6: 99.8: 99.9:100.0: : 
86.6 : 99.4:100.0: : : : : : 
o.6 : 3. 7: "-·5: 97 .4: 99 •. 9: . 99.9:100.0: : 

: 0~5 : 2. 7:· 23.4: 82.6: 'R •.1: 99.6::J,OO.O: : 
: 3.3 : 13.7-: 71.9: 98.9:100.0: · : : : 
: 1.3: 6.4: 59.0: 97.1:100.0: : : : : o.a : 3.9:· 35.2: se.a: 99.5:100.0: : : 
: 3.7: 13.0: 78.0: 99.0:100.0: : : : 
i 80.9 : 93.Ja.: 99.8:100.0: : : : : 

• 
: 
: 
: 
• • . • 
• .. 
• • 
• • 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



• • 
Ko.: 

• • 
Section 

AF:9:39:!!9:11 1~ 
: ll6~7 
• • 
: 
: .. 

JJ.6.67 

u7.05 

u7.Ja.3 

u7.62 

Sheet 10 of 1Ja. 
!l.'abl.e ~ 

. • . • 

. • station ~l!'r.ll~=-=~~-=~~~ .... ~-!"""'!r.~"P-""""!~~~~="".""'llooo= 

• • 

1+18 
2+78 
6tJ,8 
7+58 
8+58 
91-78 
7+25 
8+95 

10+45 
12+25 

~J 
~51 
J.6+ol.· 
18+41 = J21-811-

.In Juk 
: field 

'-Behind .1&.cks •. 
• 
:East f'l.ood 
:. plain 
: 9+65 
: J.0+65 

• • • • : : • . • • • • • • 

oo O • oo 5•l.OO O• • • • • ;,;,• . ;;,;,• .-. . . . . . . 
1.1: 9.5: 90.Ja.: 99.Ja.: 99.6: 99.7:100.0: 
0.5: 5.3: Ja.3.2: 96.8: 99.6:100.0: : 
o.8: Ja..5: 39.7: 87.7: 96.6: 99.8:100.0: 
1.9 8.3: 63.9: 99.8: 99.9: 99.9:100.0: 

'R ·3 96. 1:100.0: : : : : 
311-~3 75.0: 99.7: 99.9:100.0: : : 
9.1 39.6: 96.8: 99.6:100.0: : : 
1.0 5.2: "--9: 89.9: 98.8: 99.7:100.0: 

• 0.2 0.9: l.6.Ja.: SJ12.Ja.: 99.5: 99.9:100.0: 

: 

: 10.8 Ja.1.2: 99.6: 99.8~100.0: : : 
: o.Ja. 2.3: 21.1: 78.2: f.71.0: 98.9: 99.2: 99.6:100.0 
: 1.2. 7 .2: 68.2: 99.8:100.0: : : : 

0.1 Ja..9: 38.6: 'R .1:100.0: : : 
9';-.1 96.3: 99.7:100.0: : : : 
1.6: ll.6: 69.1: 99.6:100.0: : : 
1.7: 8.6: 56.7: 91.2: 98.0: 99.Ja.:100.0: 
1.0: 6.2: Ja.5.2: 93.2: 99.8:100.0: : 

1Ja..o: 28.1: 86.8: 99.1:100.0: : : 
• • . • • • 

81. 7 : na 8 =100.01 ·: 
• • 7f,iilw • • • • • • • 

l.6.5: 4Jl..9: 99.2:100.0: 

• • 
• • 
• • 
: 

• 
' . • • • • . . . . . 

. 
• 
• • 
: 
• • 
: 

o.6: 
1.3: 

Ja..1: Ja.9.1: 98.0:100.0: ' : : 
1 .2: 50. 1: '.71.6: 99.Ja.: 99. 9: 100.0 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



.o 
• 

§ 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

0\0 
• • 

§~ ........................................................... 
0\4 

~~ 
•• ••• •• •• •• •• •• •• •• •• 

0 •• •• •• •• •• •• •• •• O\M' 0 
...................... 

• 
§ §-.......... • ••• 0\ 

, ... 
"' 

•• •• •• 00 •• •• •• • •.•••••••• 0 •• ·~ -~ •• 
• • • 

.. .. .. .. .. . §§ 
••• •• •• •• •• •• •• •• 0\'0\0 CW') 

§ 
• ••••••••••••••••••• 
0 .::t-00 

.............. 
.t-lt\0rt 

•••••••••• 
.,,§~. 
•• •• •• •• •• •• •• •• 

• • • 
~§§ 

' .............. . -~i_g~-§ 
• ••••••••••••• 0 0 ,0 -=t.:t lt\t- o· 0 O\t-0\C\I O It\ 0 0CO\OCO O 0 

§ § _§ .-,~~'&§ . ·• . . .. . . . . . . . . . 
§'&i'&ct§ ~ . §.§ ~~m§ § 

•• •• •• •• •• •••••••••••••• •• •• •• •• •• •• •• •• • •••••••••••••• 
0 t- CO 
• • • -~ -~ ~ 

0 -=t O CW")\0 
• • • • • m~,&~ 

-=t O CW")C0 CW') rt \0 . .:t O\CO t- 0 \0 It\ 
• • • • • • • • • • • • • • 

~J;:~J ~: ~'& ~ ~'&s, ~ ~ 
•• •• •• ................... • ••••••••••••••• • ••••••••••••• 0\ 
• 0\ 

\0 • • 
~ '& 

t- co co CW")CO C\I . . .. " . 
!!1'°.::t' ~~ 

CW') 0 0 -=t· C\I t--=t 
• • • • • • • 

~'°·!!IA'"~~ 
0\-=t t- ,-t r.-1 CW").::t' 
• • • • • • • 
~-~~ ~ C\I ~ca 

. -=t.f ........ - •'• .......... ·~ .................... . .............. 
j •. 

o. 

t- \0 
• • 

,-t ~ 

CW') \0 ,-t t- C\I CW') rt 
• • • • • • • 
~ 0 C\I O Oit,tg 

rt rt CW') 0 CW")\0 0\ • • • • • • • 
~~lt\C\I 08$'& 

•• •• •• • ••••••••••••• 

8 
,pf 

1 
i&· 

.. •• •• 

! 
1 

~ • 
. fJl 

•• •• .. •• •• •• •• •• •• •• •• ............ " ............... . 
• 

ti 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



• • 
Bo.: 

: 
Section 

lflq 1.9-29,: 195811.7 .05. 
: 
• • 
• • 

• • 
• .. · 
: 
: 
: 
• • 

11.7.43 

11.7.62 

117.8i 

Sheet l2 or J.4 
1'ab1e ft 

. . •· • 
: 

tiM.a•;ti • ---- - - - ==--·- -- C o""' cm.· •0 .A2.-. .. _~ ,x .. _4"11r, x=x-~ .:xx_. ~_...._,. ~-a ~-•2 IV'V't,,._::cx WWW 

: 

= : 
: 
: lA+s,2 
• 1~. 

. l.6t-o2 . 
·J.&.02 

:.l()t-90 

• • 
. =· • • • • . • : • • • • • • 

: se.1 • 95.9: .. 99.0:100.0: : : : 
17 .9 39.8: 99.1: 99.8:100.0: : :· 
0.2 2.7: 45.5: 97.5: 99.8: 99.9:100.0: 
1 •. () 7.4: 69.1: 99. 7:100.0: : : 
0.7 5.8: -43.8: 97.1: 99.8:100.0: : 
8.5 27.6: 90.6: 90 •. 5: 99.4: 99.8:100.0: 

11+50 
... l2t-85 

0.2 6.4.: 54.9: 98-.2:·100.0: : : . 
. • 0.2 2.6: ~.2: se .• 1: 99.1: 99.9:100.0· 

Biglll;~. 
: f'l.oocl 
: p1.a1n 
:Left bank 
: f'l.ood. 
: p1.a1n 
: . 7+30 
: 91-SJ(;) 

· .•. :·.. 'I A.Lot\ •. ·. .vr;,v 

: . . laf-3<> 
:111gllt f'l.ood 
: p1.a1n . 
:Rigbt f'l.ood 
: p1.a1n 
:Left f'l.ood 

: 0.5 3.8: 38.5: 98.3:100.0: ; 
: 25.1 ~-4: 99.9:100.0: 
• • : : • .. 
• • • • • • • • • • 
: 91 •. 0 : 98.5: 99.5:100.0: 

-: . : :, :· 
I . : : : 

96.9 : 99 •. 0: 99.5:100.0: 
0.5: 3.8: Jaa.o: 99.0:100.0. 
1.2.: 8.6: '5-9: 99.1:100.0: 
o.4: 2.8: 29"-.3: 97.1:100.0: 

se.1 ·= ge.6: 99.6: 99.9:100.0: 
: : . : : : 

56.2 : ·SJr.4: 98.9: 99.5:l.OO.0: 

• • 
• • 
• •· 
·= 
• • 
• • 

: 
• 

: : . : : : : . 
50.5: se.1: 90.4: 99.3: 99.8: 99.9:100.0: 

• ....,.4.., • • • . • • • • . ,,..,,,.... . . . . . . . . 
: . · ~50 .· : 0.7 : · 2.7: 47.7: 96.1: 99.6: 99.9:100.0: 
: 91-70 : 2.6 : 15.8: 79.1: 99.5:100.0: : : 
: ll.+70 : 0.7: 4.6: 43.2: 97.8:100.0: : : 
: J.3+60 : 83.7: 9().9: 98.7:l.OO.0: : : : 
: l.5+25 : 91.6 : 99.0: 99,9:l.OO.0: : : : 

: 

• 

• • 
• • 
• • 
• • 
: 
: 
• • 
• • 
• • 
: 
: 
• • 
·: 

• 
• • 
: 
• • 
: 
• • • • 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



• • 
S!!!l?!e Bo. : Section 

JJ.6.67 . 

117.05 
• • . . · • 
• • 
• • 
• • . . . 117.43 • . . 
• 
• • 
• • 
• • 

Table* 
Sheet 13 of.14 

. . . . -- - - - ,- ... , 
: ua&,W,,,. :o.6625:o.125:o.250:o.500:1.ooo:2.ooo:4.ooo:S.ooo:i6.ooo 
• • 

• • 
• • 
• • : ,: 

• .. . 

• • 

1+70 
3+20 
5+30 
6t-8o 
8+oo 
91-30 . 

. . 
• . . 
• • 

: .16+50 
. ·2+'14 

4+4Ja. 
. 8+~ 

: ·. .10+4JI. 
. 12t-24 

• • . . . 
• .. -• • • 
• • 
• • 
• • 
• • 

15+24 
i91-211, 
. 2+83 

8t-6. . 3 
'l2+33 
14+.93 
15+53 

. l.6t-03. 
18+.Ja.3 .· 1a+oo 
10-1-95. 
11+85 

·l2f-90 
JJ,+45 

• • • • • • . . • • • . • . • . 
• 

: 88.1 : 91.3: 99.0:100.0: : : : : 
: 1.6: 12.2: 97.4:100.0: : : : : 
: o.6 : 1 .o: 91.3: 99~3= 99.8:100.0;_ . :_ : 

,. : o.l:f.- :- 3~1:. 1t2.1: 97 .6:100.0: : : · : 
: · .o.4. :. 2.3: 22.0: 61,8:. 97 .2: 98-9: 99.1: 99.6:100.0 
• m 5 • nA 7•100 O• . . •· • . •· -·~· ·. ·• 7U.·-- a: . .... • • • 
: 82.2 : ~.o: 9Eh4:.100.o: : 
: 93.5 : . 96.5: 98"6:100.0: : 
: 98.3 :. 96.8:100.0: : : 

.. : o. 7 : 8.4: 92.9: 99.5:;1.oo.o: 
.: ~-0 :: 8.2: -,4..8: 99.6:100.0: 

· : : o.6 : . 3.9:. 28.6: SJl&..8:100.0: • • • 
• m 9 • 97 9•,·00· O• . • • • • • .• ;,-•· .. • • • .a.: • • • • • • • 
; 75.8 : · 85:•9= . 93~·2:. _99.0:100.0: : : : : 96.3_ : 98.1:100.0: : .. : : : I 
: 68.e ·: ··811-.9: SJl&-.1: 96-1: 97 .4: 97 .4: 97 .4: 90.3:100.0 • 97 5 • nA 3• lVll 1•100 O• .. • · • • • -~ • ...• ~- • ,77• • • • • • • • • 0 a:: • · 4 °• 73 .4.,,00 O• • • • • .. .,.. .. . .u. •- -~ . . . . . . 
: __ 0.7 .: 6~1: :'4.3: 98.7:100.0: : : : 

0 8 • 6 2• ·52 3• nA 9•,·00 O• • • • • • • • • • -;l'J•· e.l.! • • • • • ··o.4 '.: 2.~: 31.1:- 91,..o: 99.6:100.0: . . . : · . . : . 
N, 5 . nA 1; .,,oo O• • • • • • 71'• • ~ .... .a.: • • • • • • • 
o.6: 5.9: ~9: 99.2:ioo.o: : : : 
1.1: 7.5: 52.9: 96.5: 99.6:100.0: : : 
o.6 : · 5 .o: 41. 7: 97 .3: 99~ 9:10().0.: · : 

·• · ni:. 2· • nA· 5• tVll 7.·,:00 ·0• . .. ~ . . • • • ;1fJ. .' • '7'1• • ;,;,• • .I.! • • • • • 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



. . 
Sam;p].e No. : Section . . 
May 27-28, 1958 

: 117.62 
• • 
• • . . 
• • . • 
: 117.81 . • . • 

117.81 

Table a Sheet 14 of 14 

. . . . - --·----. ----- --. --. ,--- -- ---- -- --, : station :O.r..ZX~---" -."'~-"' ftr--ft_n r-,x;::;::_:; IV'V"\. __ ,,,,, ~-•• ,vv,'\_U ,vv,,._,.z """"--~ l"V'V'tl . . . . . • . • . . • • . . • . . . • . • • 
• 5+63 • 9l O• 97 6•,,oo O• • • • • • • . . . . .• . .~ . . . . . . . . : lo+l.8 : 0.3: 2.4: 20.3:50.0: 66.5: 78.0: 83.7: 89.8: 99.1 :l.00.0 : ll+J.8 : 1.2: 7.7: 62.l: 98.8:100.0: : : : : l2+l.8 : o.6: 4.8: 38-7: 93.1: 99.3:100.0: : : :Flood plain : 62.9: 78.3: . 99.0:100.0: : : : : 
:l'l.ood plain : 85.7: 95.6:100.0: : : : : : : o+6o : 87.3: 91.6: 96.4:100.0: : : : : : 7+30 : 39.7: 52.8: 99.0: 99.4: 99.6: 99.9:100.0: : : 91-10 : l..l.: 3.7: 48.3: g'f.O: 99.7:100.0: : : : l.Ot-10 : 2.7: 16.7: 72.0: 96.6:100.0: : : : : 11+30 : 1.0: 6.6: 45.1: 97.9:100.0: : : : : 14+10 : 72.1: 87 .4: 99.6:100.0: : : : : : 16-1-10 : 90.3: 96.4: 97 .8: 99.0:100.0: : : : 
: Samples taken Apr.11; 30, 1'58 : : : : : : : 8+32 : 3.0: 13.8: 83.0: 99.4: 99.9:100.0: : : : 9+72 : . 1.1: 6.8: 42.4: 95.4: 99.9:100.0: : : : 11+72 · : o.8: 4.3: 46.o: 99.5:100.0: : : : : 13-1-TI : 5.8: 19.8: 90.3: 96.7: 99.3: 99.9:100.0: : 
:Behind jacks: 96.7: 98.2: 99.6:100.0: : : : : 

• • 
• • 
• • 
• • 
• • . • 
• • 
• • 
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!l.'abl.e' 

Sheet l of ll .. 

4w • • • I· : • • • . • • , . 
Date· -· : . ~ · : Section :Discharge: Cone : 

• • • de =·• . 'J:lD . • • • • . 
l • : .. . , . . • • • . ·• .. . . • • • • • • • • • • 

11-25-57: 9:50 -= ll.8.15 1,199 • • • . • • • • • . • 
: :Main cbanuel 1,200: 55 38~0 57.,7 ~-9 : T1~0 : 90.0 : 99.5 :100 
• • • • • . : . . • • • • . 

4-25-57: 1:20 pa: 117.Ja.3 1,178 1,960: ·59 57.6 87.2 97.6:: 98.5 •100 • . • • 
4-25-57:12:30 pa: n7.43 3,710: 59 Ja.5.9 69.Ja. 87.2: 92.0 98.2 :100 :100 

• • . . • • • • • • • • • 
4-25-57: · 9:30 pa: l.l.6.67 1,199 . . • • • -~ . • • • • 

• :lfa1n. cbenuel 3,1'2<>: 55 : i.s.Ja. ~-2 88.o : 91.8 98.8 :100 :100 • . . • • • • . . • . • • • • • Ja.45 ... 57: 2:10 pa:Above Bosque Br. • • • • • • • • • • • • 
• •J'l.ood plain • 1,202 2,6J.o: 62 : 66 :92 99.4 :100 . . . . . . . • • 

Ja.-25-57: 2:10 pa:Above Bosque Br: • • • : • • • . . 
• • • • • . • 

• :Ka.1n cbarmel • 3,J.60: _62: 52.8: 76.3 91.1: 93.7: 99.0 :100 :100 • • 
: . . • • • : • . • • • • • • • • • • • 

4-25-57: 5:10 pa: n5.34 • • • • • • • • • • • • • • • • • • 
: ~pla4. . 1,108 : 2,-"fOO: . Q. : 60.5 85.s 'R·9. 98.9 •100 • . • . • 

4-25',57: 5:10 ~ . _ ll5.,. . • • • • • • . • • • • . :Jll:ln. cbamel . : 3.,JISo: Q.: lfll..7 611-.3 T7.0 T1·1 89.0: 99.2 :100 • • . • : .. • . • • • • • • 
• 1,ll.8 . • • • . • • • • . . 

• :11a1n cnarrneJ. • : 4,JI&>: : 61.: 37.8 52.6 61..5 611-.o 78.() : 96.Ja. :100 • • 
• : • • . • • • • • . • • • • • :• 

lliaY' li, 12, 8114 13, l9'jh 
• • • • • . • • . • 5-ll-5f: 3:10 pa: ~ 7 .81 • • • • • • • 

99~8 ;100 
.. .. 

• :J'l.ood pla1n • : 3,650: :62:52 :Tll, : . 96~8 :100 • • • • 
5-ll-57: 3:20 pa: 117.81 • 3,691.: : , .. • • • • . . 

• • • • . • . • 
• :Ill.in cbarmel • : 6,090: :62:32 : 46 : T7.2 92.8 : 99.6 :100· • • • • 

5-11-57: 3:25 pa: 117~81 . • • • • : • . • . . • • • • • . • • 
• t8eb1Dd 3ack8 • : 1,830: . 62 . • : 91.1 96.2: 99.8 :100 :100 • • • • • 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



Sheet 2 of 11 
Tab1e 5, 

Qy • • • • . . . • • • . • . . 
Date • time . Section :Discharge: Cone •Temp• Percent finer than sieve size 1n DDll • . . . 

• . . . cfs . : °F :0.003 :0.015 :0.125 :0.250 :0.500 :1.000 • . . . . 
• • • . • . . . • • . . • • • • • . • . . • • • • • • 

May ll,1 12,1 and ~,I 1957 
5-12-57:11:45 -= ll6.47 . • • • • • ; . • • . • . . • • • . • • • 

: :Flood plain . : 4,340: : 58: 43 : 611, : 87.5: 96.9 :100 :100 :100 • 
· 5-12-57:12:50 pa: ll.6.47 . 4,035 . • • • . • . • . • • . . • • . • . . . • 

• :Behind Jacks • • 5 ot.0· : 58: 43 : 58 : ~-3 : '.Tf .1 : 99.9 :100 :100 . . • I· • 
5-12-57:12:50 pa: ll.6.47 . . . . • • • . • . • • • • • . . • . . . • 

• :Main channel . : 8,140: :58:27 : 39 : 65.2: 85.4: 'R·7 :100 :100 • . 
=·· • . • . • . . . • • • • • . • . . • • • . . . • 

5-12-57: . 117.05 • • . . • • . . . • • • • • . • • • • . • • • 
• :F.load plain . • 7 000• : 58: • : ~-3 : '.Tf .6 : 99.8 :100 :100 • • • I • • 

5-12-57: . 117.05 . 3,710 . . • • • . . • • • • • • . • • • • . . . • . :Behind Jacks . : 4,720: : 58: 41 : 59 : ~-0 : 'R-5 : 99.9 :100 :100 • • 
5-12-57: • 117.05 • .. • • • • • . . . • • • . • • • . • • • • • . :Main channel • : 7,900: : 58: 30 : 37 : 69.0: 86.4: 96.2 :100 :100 • • 

• • . • • . • . • . • . • . • . • • . • • • • • • • 
5-13-57: 1:19 pa: 117.43 • • . . . . • • • • • • • • • . • • . . . . 

: :Flood pl.a1n • 4,578 : 4,150: :60:44 : 611, : '.T{ .6 :100 :100 :100 :100 • 
5-13-57: 1:05 pa: 117 .43 • . . • . . . . . . . . • • • • • . • • . • 

• :Behind Jacks • : 2,510: : 6o: 59 : 82 : 99.4 : 99.8 :100 :100 . . • . . • • • . • . . • • . . • • • . • . • • • • • . • • 
5-13-5T-l2:l.8 pa: 117.43 . • • • • • . • • • . . . . • • . • • • • . 

: :Main channel • : 7,210: : 6o: 24 : 35 : 66.6: 87.0: 96.9 :100 :100 . . • . . • . . • • . . • . • • • • • • . • • . • • • 
5-13-57: J.:20 pa: 116.67 . . . . . • . . . . . • . • • • • • • • • . . . . :Flood plain • : 3,460: : 59 : 57 : 80 : 99.4 . :108 : J.00 : 100 • • • • 
5-13-57: J.:20 pa: ll.6.67 • 4,545 . . • . . • . . . . . . . • • . • . . . . 

• :Behind Jacks . : 2,950: : 59: 54 : 78 : '.Tf .2 : 99.4 : 99.9 :100 :100 • • 
5-13-57: J.:20 pa:, 116.67 . . . . • . • . . . • . . . . . . • . . • • • :Main channel. • : 6,580: : 59: 28 : 39 : 70.0: 89.3: 99.2 :100 :100 • • 
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. . 
Date : Time . . 

. . . . . . . . . . 
Section 

May 11, 12, and 13, 1957-- -
5-13-57: 5:00 pm: 117.62 

: :F1ood plain 
5-13-57: 5:20 pm: 117.62 

: :Behind Jacks 
5-13-57: 5:30 pm: 117.62 

: :Main channel . . . . 

• Q_ • . 
• . ~ . 

:Discharge: Cone: 
: cf's : . . . . 
. . 
: . . . . . . . . . . 

. . . . 

. . . 
4,628: 5,620; 

; 2,26o: . . . . 
: 6,49(): . . 

McGinnis:and Skousen Contractors: : . . 
5-17-57: 2:00 pm: 893+00 

: :Main channel 
5•17-57: 2:00 pm: 893+00 

: :Behind Jacks 
6-21-57: 9:20 am: 893+00 

: :Main channel 
6-21:..57: 9:45 am: 893+00 

: :Behind Jacks . . . . 
5-24-57:11:15 am: 470+00 

. . . . 
• . . . 
. . 
• • . . . . . . 

: :Skousen Contr : 
• • • • 

June 6 and 71 1957 
6-6-57 :12:10 pm: 117.81 

: :F1ood p1ain 
6-6-57 :12:25 pm: 117.81 

: :Main channel . . . . 
6-6-57: 2:05 pm. 117.62 

: :F1ood plain 
6-6-57 : 2:05 pm: 117.62 

: :Behind Jack 
6-6-57 : 1:50 pm: 117.62 

: :Main channel 

. . 

. . 
• . 
. . 
. . 
: 
• • . 
• . . 

. . . . 
:11,300: . ·-. . 
:12,300: 
: . . 
:15,300: . . . . 
:13,200: . . . . . . . . 
:10,700: . . . . 
. . . . 

3,814: 2,090: . . . 
; 4,9()0: . . . . . . . . 
: 1,130: 

3,181 : . 
• 935: . . . . 
: 4,550: 

Sheet 3 of 11 
Table$ 

. . 

. . . . . . 

. . . . 
: 63 : 32 . . . . 
: 63: 57 . . . . 
: 63 : 29 . . . . 

. . . . 
: : 
: 67: 25 

. . 

. . 
: 44 
• . 
: 77 . . 
: 42 . . . . . . 
: 36 

. . . . . . 
: : : : 
: 66.9 : 84.7 : 99 :100 . . . . . . . . 
: 96.5 : 99.3 :100 :100 . . . . . . . . 
: 97.8 : 91.1 : 99.3 :100 . 
• . . . . 
: 63 

. . 
. . 
: 

:86· :99 

. . . . 
:J.00 . . . . . . . . . . . . . . 

: 67: 26.9: 37.8: 78.0: 95.8 :100 :100 . . . . . . . . . . . . . . 
: 67 : 48 : 62 : 76.8 : 91.5 : 99.2 :100 . . . . . . . . . . . . . . 
: 68 : 58 : 76 : 90.8 : 99.6 :100 :100 . . . . . . . . . . : . . . . . . . . . . 
: 62 : 21.1 : 30.2: 57.1: 84.7: 98.5 :100 . . . . 
. . . . 
: 71: 43 . . . . 
:7].:21 . . . . . . . . 
: 74 : . . . . . ..,.., . 
• (6P • . . . . 
: 74: 20 

. 
• 

. . 
: 58 . . 
: 30 . . 
• . . . 
: 
: 
: 28 

. 
• 

. • : 

. . . . . . . . 
: 5)11..5 : 99.4 : 99.9 :100 . . . . . . . . 
: 62.7: 91.7: 99.6 :J.00 

. . 
. . 

: 97 • 7 : 99.5 :100 :J.00 . . . . . . : 
: 98.1 : 99.5 :100 :J.00 . . . . . . . . 
: 63.2: 89.5: 99.0 :J.00 

. . 

. . 
:100 . . 
:100 
: 
:100 . . . . . . 
:100 
: 
:100 . 
• 
:100 
: 
:100 

. . 
:J.00 

. . 
: 
:100 . . 
. . . . . . . . 
:J.00 
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• • • • 
Date : Time : 

• • . . 
• • • • 

Section 

June 6 and 71 1957 
6-6-57: 2:10 pn: 117.43 

: :Behind Jacks 
: : 117.43 

6-6-57 : 2:10 pm :Main cbanneJ 
• • . . 

6-7-57 : 1:20 pn: 117.05 
: :Flood plain 
: : lef't side 

6-7-57 : 1:20 pn: 117 .05 
: :Behind jacks 

6-7-57 :10:00 am: 117.05 
: :Main cbarme1 . . . . 

6-7-57 : 8:50 am: 116.67 
: :Flood plain 
: : West side 

6-7-57 : 8:50 am: 116.67 
: :Behind Jacks 
: : West side 

6-7-57: 1:50 pn: ll.6.67 
: . :Ma.ill channe1 . . . . 

6-7-57 : 5:10 pn: ll.6.47 
: :F1ood plain 
: : West side 

6-7-57 : 5:10 pm: 116.47 
: :Main channel 

6-7-57 : 5:10 pn: ll.6.47 
: :Behind jacu 

: . . • • 
:Discharge: Cone 
: cfs : . . 
. 
; 4,007 . . . . 
• • 
• . . . 
• 
; 4,678 . • . . 
• . . . . • . . . • 
: 4,517 

. . . . 
• . . . 

. . . . 

. . . . 
: 2,000: . . . . 
: 5,J.80: . . . . . . . . 
: 3,220: . . . . . . . . 
: 2,430: 
• . . 
: 5,880; . . . . . . • • 
: 2,070: . . . . . . . . 
: 1,880: . . . . . . . . 
: 5,050: . . . 

• . . . . . . 
• • 2 .nl,.n • • • ,\Jlf-U. . . . . . . 
: 3,974 : 5,320: • • 
: . 
• 

. . . . 
: 4,800: 

Tab1e § 

• • 
. 
• 

Sheet 4 of 11 

:Temp: sieve size in nm 
: °F :O. 2 :0.250 :0.500 :1.000 . . 
• • 

. . . . 
: 73: 38 . . . . 
: 73: 17 . . . . . . . . 
:72:32 . . . . . . . . 
: 72: 37 
• . : 
: 72: 16 . . . . . . • • 
: 65: 
• • • • . . . . 
: 65: 52 . . . . . . . . 
: 67: 18 . . . . . . . . 
: 74 : 41 . . . . 
: . • 
: 73: 17 . . . . 
:73:22 

• • 

. . 
: 54 
• • 
: 26 
• . . . 
: 45 
• • . 
• 
: 58 
• . 
: 24 . . . . . • 
• . . • 
: 59 . 
• . . 
: 27 
• . . 
• 
: 6o . 
• 
• • 
: 25 . . 
: 29 

. 
• : • . . 

• 

. . . . . . . . 
: 90.8 : 99.0 :100 :100 . . . . . . . . 
: 58.6: 87.4: 99.0 :100 
: . . • • 

. . . . . . . . . . 
: 85 : 98.8 : 99.8 : 
• . • . . . . . 
• • • • 
: 84.5: 96.7: 99.9: . . . . . . . . 
: 54.8 : 82.lt : 97 .1 :100 
• • 

. . . . • • . . . . . . . . 
: 95.5 : 99.8 :100 :100 
• • • • 

. 
• • • . . . . . . . . 

: 93.5 : 99.3 :100 :100 . • • • • • 
. . . . . . . . . . 

: 66.l : 91.6 ·= 99.2 :100 . 
• 

. • . . . 
• . . . . . . . . 

: 94-.9 : 99.6 :100 :100 . • . . • . : . . . . . . . . 
: 58.2: 85.0: 97.1 :100 . . . . . . . . 
: 66. 7 : 88.4 : 97 .3 :100 

• . 
. . . . 
• . 
:100 
• .. . . . . . 
• 
• • . . 
• . 
:100 . 
• 
• . 
: . • . . 
:100 . • . . 
:100 . . . . 
:100 . • 
• • 
:100 . • 
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• . 
Date : 

• • 

: 
Time : 

• • . . . . 
Section 

.June J.8 and 191 1957 
6-iB-57: 1:50 pm: 117.81 

: ' :Flood plain 
6-J.8-57:ll:10 am: ll 7 .81 

: :Main cbannel . . ., . 
6-J.8-57: l:4o pm: 116.47 

: :Flood plain 
6-18-57:11:10 am: l.16.47 

: :Main channel 
6-J.8-5'l;ll:lO am: 116.47 

: :Behind jacks 
: : l.eft side . . . . 

6-18-57: 6:l.O pm: 117 .05 
: :Behind jacks 

6-J.8-57: 6:05 pn: 117.05 
: :Main channel . . . '. 

6-19-57: 9:00 am: 117.62 
: :Main channel 

6-19-57:lO:l.O am: 117.62 
: :Behind jacks . . . . 

6-19-57:12:45 pn: 117.43 
: :Main chsnne1 

6-19-57: 1:30 pm: 117 .43 
. : :Behind jacks 

• O_ - • • • "'If • • 
:Discharge: Cone : 
: cfs :ppm: . • • • 

. . 
. . 
. . 

: 4,202 : 2,030: . . . . . . 
: : 3,890: 
• • 
: 
• • 
: 3,935 
• . 
• . 
: . • . . 

. • 
: . . 

: 1,330: . . . . 
: 4,020: . . . . 
: 2,050: 
: . . 

. . . . . . . . . . 
: 3,851 : 1,74o: . . . . . . 
• • 3 640· • • I • 

. . 
: 3,754 
• • . . . . 
: 3,216 
• . . • 

. . . . . . . . 
: 3,730: . . . . 
:. 847: . . . . . . . . 
: 3,48o: . . . . 
: 2,520: 

Sheet 5 of ll 
Table 5 

, . . : Percent finer than (sieve size in nm) 

. . ,. . . . 

. . . . 

. 72 . . . . . 
• • 
: 67: 15 . . . . . . . . 
. 70 . . . . . . . 
: 69: 15 . . . . 
: 68: 28 . . 
• • . . . . . . . . 
: 73: 29 
: . . 
: 73: 15 . . . . . . . . 
: 67: 14 . . . . 
: 67 : . . . . 
• • . . 
: 72: 14 
• • . . 
:73:21 

• . 
. 
• . 
• . . 
: 23 . . 
• . . . . • 
: 22 . . 
: 41 . . 
: . . 
: 43 . . 
: 23 
• • . . 
: 22 . . . . . . . . 
: 24 
• . 
: 33· 

. . . . • • 

. . . . . . . . 
: 81.3 : 97 .5 :100 :100 . . . . . . . . 
: 55.7: 87.8: 99.0 :100 
: . . . 

• . • . . . . . . . . 
: 90.6: 98.8: 99.8 :100 . •· . . . . . . 
: 51.0: 76.8: 97.8 :100 . . . . . . . . 
: 78.9: 93.8: 99.4 :100 . . . . 

. . 
: 

. . . . 
. • 
• • . . . . . . . . 

: 83.5 : 99.3 :100 :100 . . . . . . . . 
: 56.2: 87.0: 99.1 :100 
• • . • . . . . . . . . . . . . 
: 54.6 : 84.2 : 98.9 :100 . . . . . . . . 
: 87.8: 98.0: 99.4 :100 . . . . . . • . . . . . . . . . 
: 49.4: 84.3: 99.3 :100 
: : : . : 
: , 73.3 : ,gr .o :100 · :100 

: 

. . . . . . 
:100 

. . 

. . 
:100 . . 
:100 
• . . . . . 
:100 . . 
:l.00 
: . . 
:l.00 

• . 
. . 
:100' . . 
:l.00 
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Sheet 6 of 11 
Table~ 

: : : Qw : : : : Date : Time : Section :Discharge: Cone: ~ 
: : : cfs : ppn : T/D : °F :o.0039:o.0156:0.0625:0.125 :0.250 :0.500 :1.000 . . . . . . . . . . . . . . . . . . . . . . . . . . JUDe 18 and 191 1957 

6-19-57:10:15 am: u,.67 : : : : : : : : : : : : :Main channel : : 3,460: : 7l : 15 : 23 : 54.2 : 84. 7 : 99.2 :100 :100 6-19-57:32:15 pll: 116.67 : 3,619 : : : : : : : : : : : :Behind Jacks : : 1.,210: : 73 : 38 : 61 : 92.6 : 99.3 :100 :100 :100 • • ..,....,.... ... side • • • • • • • • • • • . . .. ~" . . . . . . . . . . . 6-19-57:10:l.5 am: 116.67 : : : : : : : : : : : : :Behind Jacks : : 1.,820: : 69 : : : 78.6 : 9&-.5 : 99.6 :100 : : : 1eft side : : : : : : : : : : : . . . . . . . . . . . . . . . . . . . . . . . . . . June 27 and 281 1957 
6-27-57:10:45 am: 117.81 : 3,597 : : : : : : : : : : : :Main channel : : 3,170: : 75: 13 : 20 : 50.0: 86.o: 99.0 :100 :100 6 27 57• 9· 1·"' ...... 116 1·7 • • . • • • . • • • • - - • .'tV ~- ... • • • • • • • • • • • • o'D"lood plain • • 832• 0 70 • 0 • 92 0 ° nA. 9 .,,OQ O • 

• ...:.i.: • • • • • • • • • ;;1"-1• •• • • 6-27--57:11:30 am: 116.J&-7 : 3,1'67 : : : : : : : : : : : :Behind Jacks : : 1,410: : 74 : : : 74.9 : 95.1 : 99.6 :100 : 6-27-57·,,o·oo ...... 116 1·7 • • • • • • · • • • • 
eJ.! • 15,1&1,1,• •'+ • • • • • • • • • • • : :Main channel : : 3,480: : 11 : 13 : 19 : 44.3 : ao.o : 97.a :100 :100 . . . . . . . . . . . . . . . . . . . . . . . . . . 6-27-57· 2•00 pn• 117.05 • · • • • • • • • • • 
. . . . . . . . . . . . . . : :Behind Jacks : 3,296 : 2,120: : TI : 22 : 32 : 70.2 : 88.1 : 96.5 :100 :100 6 27-57·12· 1·5 Tllll• 117 05 • • · • · • • • • • • 

- • .At- ,r-• • • • • • • • • • • • • : :Main channel : : 3,350: : 76: 13 : 20 : 51.2: 81.0: 96.8 :100 :100 . . . . . . . . . . . . . . . . . . . . . . . . . . 6-27-57: 4:35 pn: 117.43 : : : : : : : : : : : : :Behind Jacks : : 2.,150: : TI : 22 : 32 : 71.1 : 95.1 :100 :100 :100 : : lieat side : : : : : : : : : : : 6-27-57· 3•00 '1"811• 117.43 • • • • • • • • • • • 
• • ,r,-• • • • • • • • • • • • : :Main cbm:mel : : 3.,220: : TI : 13 : 21 : 53.0 : 85.2 : 98.6 :100 :100 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



Tab1e 2 
Sheet 7 of ll 

• • • Qy • • . • . • . • . . • 
Date • Time • Section · :Discharge: Cone : • • 

• . • cf's : ppn • XlD • • • • • • 
• • . • . . . . . • • • • • • . . . • . . . • . • • 

June gz and 281 1~z 
6-28-57:ll:10 em: u6.67 • • • . . • • • . . • • . • • • • • . • • . 

• :Behind jacks . : 1,170: . 72 . • : 90.4 : 99. 3 :100 . . 
• • . . • • . 
• • right baDk. . • • . • . • • • . . . • • • • . • • • • • • . 

6-28-57:ll:10 am: u6.67 • 3.,410 . . • . • • • . . . • • . • • . • • . • . 
• :Main channel. • : 4,070: : 69: ll : 16 : 40.9: 78.9: 96.6: 99.9 :100 • • 

6-28-57: 8: 50 em: ll.6.67 • . . . • . . • . . . • . . . . . . . • • • 
• :Behind jacks • : 1.,420: . 70 . . : a1.a: 96-6: 99.9 :100 . • • . . • . . • J.eft bank . • . . . . • . . • . • • • . • . . • • • . . . . . . • • . . . . • . . • • • . • • . • . • • • . • 

6-28-57:10:55 am: u7.62 ' . • . • . . • . . . . • • • • . • • • . • . . :Behind jacks . 3,342 . 916: • 74 • • : 95.3 : 99.8 :100 . . • . • . . • • . 
6-28-57: 9:30 am: u7.62 • . • . • • • • . . . • • • . . . . • . • . 

~ :Main cbanne1 . : 3,380: : 72: 14 : 22 : 48.o : 86.1 : 99.1 :100 :100 • • 
• • • . • • . . • . . • • . • . . • • . • • . . . . . • . • . . . . . . . . • . • • • . . • • • . . . . 
• • • . • . . . . . . . . . • • • • • • • . . . • • 
• . . • • • . . . . • • . • • . • • • • • . . . • . 

4-22-58: • u6.47 . 5,478 : 8,127:120.,201: . • . . . • • • • • • • . . • . 
: 8: 35 am:station 94-245 : 125 : 3,Boo: 1.,28o: 55: 51 : 75 : 'R : 99 :100 . . • . 
: 9:45 am:station 255-875: 5.,285 : 8.,300:JJ.8.,400: 55 : 22 : 35 : 70 : 91 : 99 :100 • . 
:10:50 am:Station 889-965: 68 : 2,840: . 521: 6o : 53 : 76 : 99 :100 . . . . . • 

4-24-58: . u6.67 . 6.,476 : 7,924'tl38,56o: : • . . . . . • • • • • • . . 
: 9:35 am:Station 410-758: 191 : 3,220: 1.,660: 51: 63 : 82 : 'R : 99 :100 • ··• . . 
: 9:55 am:Station . 6.,285 : 8.,070:136.,900: 52: 27 : 39 ,. : 67 : 90 : 99 :100 . . • .. • 758-1314 . . . . • . . . . • . • • . . • . • • . . . . . 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



Tabl.e j Sheet 8 of ll 

. • • Qy . . . . • . . . . . . 
Date . Time • Section :Discharge: Cone: Q :Temp: Percent finer than sieve size in DDD. . • . • . cfs : ppm . TD : °F :0.003 :0.015 5:0.125 :0.~50 :0.500 :1~000 • . . . 

• • . . . . . . . . . . . • • . . . . . • . . . . . 
4-23-58: • 117.05 • 6,490 : 9.,753:170.,910: : . . . . . . • . . . . . . • 

:l.0:45 am:Station . 6,320 : 9.,910:169,100: 54: 24 : 33 : 59 : 84 : 98 :100 . . . 
: : 1447-1642 . . . . . . . . : . . . • • . . . . . . . 
:ll:45 am:Station . 170 : 3,9l,.O: 1,810: 59: 51 : 69 : 93 : 99 :100 . . . • . . . 1787-1871 . . • • . • . . . . • . . . . • . . • . • . . . 

4-23-58: . 117.43 : 6,636 : 8.,350:149.,570: : . . . . . . . • . . . . . 
:ll:40 am:Station : 6.,510 : 8,390:147,500: 55: 27 : 38 : 69 : 91 :99 :100 : . . l.045-1375 • . . . . . . . . . . . . . . . . . . . • . . . 
:10:35 am:Station . 126 : 6,080: 2,070: 56: 35 : 48 : 86 : 99 :l.00 . . • . . 
• . l.375-1540 • . • . • • . . . . . . . . . • . • . • . • . . 

4-24-58: . 117.62 : 6.,714 : 8.,416:152.,560: : . . . . . • . • . . . . . 
: 9:40 am:E&W Flood plain: 234 : 2,780: 1,760: 53: 69 : 88 :100 . : . . . . . 
: 9: 30 am:Station 852-1.2,;2 6 .,480 : 8.,620:150.,800: 52: 27 : 36 : 63 : 88 : 99 : l.00 . . 

4-22-58: • 117.81 ; 5,800 : 8,437:132,134: : . . . • . . • . . . . . . 
:10:10 am:Station : 5,796 : 8.,440:132.,100: 55: 23 : 36 : 76 : 90 :100 . . . • . . 787-1207 • . . . . . . . . . . . . . . . . . . . . . . . 
:ll:35 am:station . 4 : 3,120: 34: 62 : 52 : 74 : 'R : 99 :100 • . • . . . • 1272-1282 . . • . . . . . . . . • • . . . . . . . • . . . 

4-30-58: . 116.47 : 6.,259 : 6.,026:101.,840: . . . . • . . . • . . . • . . 
: 9:45 am:Station . . . . . . . . . . . . • . . • . . . . • . . . 108-242 • 205 : 2,260: 1,250: 57: 42 : 57 : 87 : 95 : 99 :100 . • . • . 
:ll:05 am:Station : 5,953 : 6.,230:100.,100: 54: 16 : 23 : 44 : 79 : 99 :100 . • : : 242-878 • . . . . • • . . . . • . • . . . • . • . • 
:12:20 pm:station . 101 : 1., 790: 490: 6o: 51 : 67 : 91 : 99 :100 . . . . . 
• . 912-978 . . . • . . . . • . . • . . . . . • • . . • . . 

5- 1-58: . 116.67 : 6.,002 : 5,4'7{: 89.,081: : . . . • . . . . . • . . . 
: 8:55 am:Station 725 . 3 : 1,690: 14: 56: -- • -- : 98 : 99 :100 . . • . . . 
: 9:50 am:Station : 5,909 : 5,560: 88.,7()0: 56: 17 : 24 : 48 : 8o : 98 :100 • • • • 775-1327 • . . . . . . . . . . • . . . . . . . . . . . . 
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Sheet 9 of ll 
Table 1· 

. • • 4., • • . ---.-------• • • . . • . 
Dat~ • Time • Section :Discharge: Cone. : • . 

• • : .cfs : ~ : Tl1 • • 
• • • • • • . . . . . • • . . . . . . • . • :10:55 •:Station • • • • • • • • . • • • • • . • • . 
: . : 1415-1545 • 90. : 1.,~o: 367: 6o: -- -- : 95 99 : 99 : 100 . • • 4-30-58: • . 117.05 : 5,935 : 5, 9: 87,959: : • • . . • • • • : 3:45 pa:Station : 5.,&?3 : 5,550: 87,300: 58 : 20 28 52 73 : 96 : 100 • . 
• • 1~-J.665 • • • • • • • • • • • • • • . • : 5:25 pa:Station ll2 : 2.,l.8c>: 659: 59 : 42 • 59 95 98 :100 • • . • • . 1789-1871 • . ' • • • • . • • • • • • • • • . • 4-30-58: • 117.43 6.,102 : 4,773: 78.,61,.1: : • • • • • • • • • : 2:50 pa:Station 5,9'11 : 4.,810: Tl .,6oo: 57 : 21 : 31 54 85 : 99 : 100 . • • • 10114-1359 . • • • • • • • • • • • • • • • . .. • · : 3:45 pa:In Jacks • 26 : 3,350: 235: 58: 26 : 40 : 70 83 : 97 : 100. : • 
: 4:05 pa:Behind Jacks • lolf. : 2.,870: 806: 58 : 30 : 46 : 82 98 :100 . • • • • 5- 1-58: - : 117.62 : 5.,825 : 4,952: Tl .,88J.: : . • • . • • • • . • : 8:50 am:station 817-827: 5 : 1:,290: · 17: 56 : 50 : 71 : 97 .100 • . . • • • : 9: 35 •:Stat.ion 5,Tr6 : 4,990: Tr,800: 57 : J.8 : 27 :54 : 86 : 99 : 100 • • : • 890-1265 • . . • • • • . • • • . •· . • . • • • :10: 30 am:station 44 • 535: 6lt.:· 6o : -- : -- : 99 :100 • . • . . 
• • 14611.-1588 • • • . • • • . . • • • • • • • • • • . 

4-30-58: • 117.81 6.,156 :4,9'1-7: 82,232: : • . • • • • • • • • . 
:ll:15 am:Station 6.,150 :4.,950: 82.,200: 52: 20 : 29 : 54 : 85 99 : 100 • • .. ' • 792-1222 . . ' • • • . • • • . ' • • • • . • • • • • :12 noon :Station 5 :2.,240 : 30: 55 : 40 : ;a : 90 : 99 .100 • . • . 
• ' . 1372-1382 • • • • • • • : • . • • . • • . . . • • • :12:07 pa:Behind Jacks 1 • 139: 2: 66 : 88 : 97 : 99 :100 . . . • • . . • 5-19-58: • ll6.47 7.,651 :3,867 : 79,885: : • • • . • • • • • • ' . • .. 
:10:05 am:Station 98-238 401 : 767: 83(): 611-: -- : -- : 91. : 99 :100 • . • • :10:55 am:Station 258-858 7,.228 :4.,050: 79,000: 61,.: 15 : 21 : 39 ,: 19 : 99 : 100 • • :12 noon :V Flood plain . 22 : 925 : . 55: 68 : 56 : 69 : 88 : 98 :100 . • • . • 
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Sheet 10 of 11 
Table 5 -. . 

::Dis~ge: Cone : ~ 
. . . . . . 

Date . Time . Section •Temp• . . . ·• 
• . . cfs : ppm : TLD : °F :0.0039:0.012 2 2 • . . . . • . . . . . . . . . . • . . . . . . • . . . . • 5-20-58: . 116.67 . 7,753 : 3,o65: 64,170: : . . . . • • . . . . . . . . 
:ll:35 am:E&l Flood plain: 586 : 675: 1,070: 67: 65 : 80 : 95 : 99 :100 . • • • :ll:00 am:station . 7,167 : 3,26o: 63,100: 64: 16 : 22 : 40 : 81 : 99 :100 • . • . . 712-1312 . . . . . . . . . . . . . . . . . . . . . . • • 5-19-58: . 117.05 : . 8,o89 : 4,053: 88,510: : . . . . . . • • • . • . . • :3:15 Pll :Station . 53 . 770: 110: 74: . : 86 : 96 : 99 :100 • • . • . . • 852-1452 . . . . . . . . . . . . . . . . • . . . . . . . 
: 4:25 pm:station : 7,646 : 4,220: 87,100: 69: -- : 23 : 37 : 74 : 97 :100 : . . 1462-1652 . . • • . . . . . . • • . . . . • . . . . • . • : 5: 55 pm:station . 390 : 1,230: 1,300: 69: -- : -- : 83 : 91- : 99 :100 . . . . • 1662-1872 . . . . . . . . . . . . . . . . . . . . . . . . 

5-19-58: • 117.43 . 7,650 : 3,445: 71,16o: . . . . . . • . . . . . • • • • . -- :E Flood pl.ain • 310 : 738: 620: 67 : -- . : .;._ : 97 : .98 : 99 :100 • • . • : 4:25 pm:station . 6,960 : 3,68o: 69,200: ·67: 18 : 25 : 42 : 76 : 97 :100 . . . . . 1olf.5-1350 . . . . . . • . • . . • • • . . . . . . . . . . 
: 5 :10 pm:W Flood plain . 380 : 1,310: 1,340: 67 : -- : -- : 87 : 95 :100 . . • . • 5-20-58: . 117.62 . 7,610 : 3,099: 63,685: : . • . • . • . • . . . • • • :12:45 pm:E&l Flood plain: 240 . 652: 420: 71 : 65 : 88 : 96 : 99 :100 . • . . . 
: -- :station . 7,295 : 3,210: 63,200: 68: 16 : 23 : 41 : 79 : 99 :100 . . . 
• .. 9].0-1290 . . • • . . • . . . . . • • . • . . • . . . . • • -- :Behind jacks . 75 . 323: 65: 75: -- : -- : 98 : 98 :100 . . . . . • • 5-19-58: . 117.SI . 7,557 : 3,348: 68,310: . . . . . • • . . . . . • . • . :12:10 pm:E&il Flood plain: 222 . 733: 440: 68 : 70 : 86 : 97 : 99 :100 . . . . • . -- :Behind jacks : 485 . 585: 770: -- : -- : ..-- : 97 : 99 :100 • • . . . • : :station T70-1aQ 6,850 : 3,630: 67,100: 67: 17 : 24 : 44 : 82 : 99 :100 • . 

5-27-58: . 116.47 • 8,898 : 2,726: 65,48o: : . . . • . . . . . . . . . • : -- :Station 85-260 : 484 : 575: 750: 72: -- : -- : 95 : 99 :100 . • . . 
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. . • • • LL- • • . ....- .. , . 
Table 5 

. . . . 

Sheet ll of' ll 

Date : Time : Section :Discharge: Coric :Temp: Percent finer than sieve size in mm . . . . : cf's : : °F :0.0039:0.015 :0. 5:0.125 :0~250 :0.500 :l.000 
• • • . . . 
: 1:45 pm:Station 290-908: 
: 4:35 pm:Station : 
: : 908-1672 : 

5-28-58: : 116.67 : 
: 5:00 pm:Station : 
: : 760-1334 : 
: -- :EBil Flood plain: 

5-28-58: : 117.05 : 
:10:00 am:Station 10-1447: 
:ll:15 am:station : 
: : 1441-J.657 : 
: 1:15 pm:station : 
: : 1657.J.873 : 

5-28-58: : 117 .43 : 
:10:00 am:station : 
: : 106-1035 : 
:12:10 pm:station : 
: : 1035-1355 : 
:12:50 pn:Station : 
: : 1355-1550 : 

5-28-58: : 117.62 : 
:· 6:10 pm:station : 
: : 898-1278 : 
: 5:35 pm:EBil Flood plain: 
: -- : Jackfiel.d : 

5-27-58: : ll 7 .81 : 
: -- :station : 
: : 760-1215 : 
:12 noon :EBil Flood plain: 
: :Jack field : 

• • • • . . . . 
7,891.: 2,990: 63,700: 70: 13 

523 . :' 726: J.,030: 74 : --. . . . . ' '. . . . 
8,813 · : 2;~: 62,380: : 
8,070 . : 2,820: 61,400: 72 : 12 

t/1 • • • 
', . . . . 

743 : 489: 98<>: 75 : 68 
8,740. : 3,509: 82,805: . : . 

472 ··.: · 538: 685: 68 : --
7,547 -: 3)890: 79,300: 68: ll 

, :.,, ·: : : 
721 . : 1:450: 2~820 : 72 : . 29 . . . . . . . . 

8,9()11. : 3,4J.1:82,010 : ... : 
267 : 525: 38o ': 70 : --. . . . 

8,271 ; 3,(@0;8o,800 ; 68 ; ll . ·. ·• . . • • • • 
366 . : : 836: 830 : 70 : --. ·• . .. . ·-. . . . . 

8,259 :' 2;745:61.,215 : : 
7,210 : 3,o6o:'59,600 : 72 : ll . . . . .. . . . 

891 .. =· 614: 1,480 : 72 : --
158 .. ::' 315: 135 : 72 : --

7,690 : 3,291-:68,390 : : 
7,140 : 3,510:67/TOO : 70 : 10 . . . . 

239 : 645: 
3ll : 326: 

• . 
: 20 . .• -­. • 
• . 
: 20 
• • 
-: 88 
• , . . . --
: 15 . • 
: 34 . . . 
• . . -­. . 
: 16 . . 
: --• . . . 
: 18 
• • . . -­. . -­. • 
: 14 

. . -­. . 

. . 
: :39 
: 95 . • 
• . 
: 38 . . 
:911-. . 
: 95 
: 30 
• • 
: 56 . . . . 
: 98 
: 
: 29 . 
; 84 . . . . 
: 34 
• • 
: 92 
: 98 
: 
: 27 . . 
:91, . • 

• . 
: 77 
: 98 . • . . 
: 78 

: 99 .. • 
:. 98' 
: 66 
• . 
: 7J. . . . . 
:100 
: 
: 63 
• • 
: 'R . . 
• • 
: 72 . 
• 
:. 98 
:100 . . 
: 67 
• . 
: 98 
:100 

. . 
: 97 
:100 . • . 
• 
: 98; . . 
:100 

. •· • 
:100 
: 96 . . 
: 87 . • . . .. .. 

: 
:100 . . . . . . 
:100 . • 

. . . . 
:100 
: 
:100 . . . . 
. . . 

: 9it: ;100 . . 
:100 . . . 
• • 
:.98 . . . 
:100 
• • . . 
• CY"/ 
• .71 . . . 
: 99 . . 

. . . . . . . • 
:100 . • 
: 

. • 
:100 
: 
:100 . . 

. • 
• • . . . . 
: . . 
: 

• • . . 
. . . . . . . . 
: 
: 

. . 

. • . • . . . . 
• . 
• . 
: . . 
: . . . . 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



Table 6 

COMPUTATIOI TABLE RlR AVERAGE RATE OF RELATIVE 
JEi'l'X FIELD DEPOSITION FOR JIYDROGBAPH YEAR 

: Average : Average : Percent of : Weighted 
Diacharge: relative :deposition: time from : aver~ 

cts :deposition: tor time :flow duration:i~~:110gn 
Q : tt'yr ~ interval ~ curve : @ X @ 

0 

5,000 

. . 

. . 
7,500 : . . 

0 

*O 

26.8 

10.,aoo : 1f37.2 . 
15,000 ; +43.7 . 
17,000 ; ~45.7 

• • 

. • 

. . 
0 

: 32.0 . . . • 

. • 

. • 

. . 

. . 

. . . . 

96.00 

3.30 

0.53 

0.15 

0.02 

Average rate ot deposition= o.68 tt/yr 

. . 

o.o 

44.2 

: 17.0 

6.1 . • 

. . 
:~== 68.2 

* Assumed~ero since now width equals design channel width 
yr See example computation in Table 8 
; 'lhese valu~s were extrapolated. Since the percent of time 

is small, the errors ot the weighted rates are small. 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



Table 7 
<X>MPU'l'ATIOI TABLE FOR OD DEIGI 

CllABIEL UBIT DISCRABGE II FIGURE 37 
Design : 
clw>nel : Jetty field 

G): . ® . ®. : 3 : . . . 
Unit : Unit : Yt : Vt :Friction: : : : 

discbarge:discbarge:depth:velocity: factor : Yf/X :j(f't): ttb : f'y/x 
cf's/tt : cf's/tt : tt : tt/sec: f't : r : : : . . 

10 . 6.44 . 
10 . 6.44 . 
10 . 6.44 . 
10 . 6.44 . 

. • 
:1.00 . . 
:1.50 : 
:2.00 . . 
:2.50: 

6.44 
4.29 
3.22 
2.58 

. . . . . . . . 
: 0.0052 :0.004: 29 :0.017:0.0219 
: 0.0174 :0.006: 53 :o.017:o.026o 
: o.o4u :0.008: 91 :0.011:0.0325 
: 0.0802 :0.010: 121 :0.011:0.0376 

Tieback· spacing (X) • 250 feet 
CbaDDel width= 500 feet 
Levee-to-levee width= 1,400 feet 
Total river discharge• 10,aoo cf's 

0 
® 
@ 
® 
® 
® 
G) 
@ 

® 

Qc assumed= 10 eta/ft 

Q;f' is then= 6.44 cf's/tt 

Yt = assumed jetty field depth. 

Vt= Q;f'/Yt 

ft • 8e;S '2' ; where slope • 0.000829 

Yt/X • Yt/250 

j(f'r) = percent increase in friction caused by ttebacks--f'rom Figure 35 

ftb = friction with respect to bed alone at qf' • 6.44 cts/ft--from 
Figure 36 

f'tb (1 + "4t./100) • friction f'or bed and tiebacks combined 

Depth 1D Jetty field tor Cle • 10 is 1.86 teet determ1De4 by interpolating 
· or by cross pl.ottiDg (1) &D4 · ® with respect to ® . 
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Table 8 

CCMPUTATION TABLE FOR AVERAGE RATE OF RELATIVE JETTY FIELD 
DEPOSITION FOR TCYrAL RIVER DISCHARGE OF 10,800 CFS 

CD:® :0 ·0. 0 :@ : 0: ©:G) :@:@:@:@: @ :@):@ 
. @ :@=@= @: :@ . 4 . . . . . . . . . . . . 

• . . . . . . . . • •Q C ·QtC • •QrC • • -~-~ • · • ~ • . . . . . . . . • • C C • t • -~· • • • • . • 
: AY : A2y : ~ . Qr : Ct :6 :6 : @+@ :106 :Remarks:1.2( @-@ ):io :10 : Vas : . 

tt : cts :' cts mw • w .lO .lO • • • • ·Ft.2 •Ft,3 •Ft,J see· seconds . . . . . . . . . . . . . . . . . . . . . . . : . . . . . . . . . . . . . . . . . . . . . . . . 
9.5: . :0.00: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

9.75: 6.58: . O.lli 4,875:5,925: 4.'17: J.40: 7,700:4,J50: 37-5:25.8: 6J.J : 74 :Deposit: 12.8 :9.5 :l.04: 8.87: 0.12 . 
*10.C : . :0.11: . . . . . . . . . . . . . . . : . . . . . . . . . . . . . . . . 

:11.0 : 5.88: : 0.45: 5,500:5,JOO: 5.16: J.29: 8,200:4,150: 45.1:22.0: 67.l : 74 :Deposit: 8.28 :9.5 :4.28: 5.74: 0.75 
12.0: . :0.56: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

:lJ.O : 4.77: . 0.46: 6,500:4,JOO: 5.50: 3.CYl: 9,150:3,850: 59.5:16.6: 76.l : 74 :Scour . -2.52 :5.28:2.38: 1.74: l.J7 . . 
1.4.0: . :l.02; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

:15.0 : J.66: • 0.48: 7,500:J,JOO: 5.80: 2.75 :10,050:J,400: 75.4:11.2: 86.6 : 74 :Scour . -15.l :5.28:2.5J: 10.5 . 0.24 • . . 
16.0: . :1.50: . . . . . . . . . : . . . . . . . . . . . . . • . . . . . . . . 

:17.0 : 2.55 : . 0.46: 8,500:2,JOO: 6.05: 2.J5 :10,900:2,950: 92.6: 6.78: 99.4 : 74 :Scour . -J0.5 :5.28:2.4J: 21.1 . 0.12 . . • 
18.0: . :1.96: . . . . . . . . . : . . . . . . . . . . . . . . . . . . . . . . 

:19.0 : 1.44 : . 0.50: 9,500:1,JOO: 6.25: 1.70 :11,650:2,JOO:lll.O: 2.99: 114.0 : 74 :Scour . -48.0 :5.28:2.64: 33.3 . 0.08 . . . 
20.0 : . :2.46: . . . . . . . . . : . . . : . . . . . . . . . . . . . . . • . 

:20.8 : 0.44 : . 0.81:10,400: 400: 6.46: 0.65 :12,400:1,000:129.0: 0.40: 129.0 : 74 :Scour . -66.0 :5.28:4.28: 45.7 . 0.09 . . • . . . . . . . . . . . . . . . . 
21.6: :J.27: : . . . . . . . . . . . . . . • 

; ~ = 2. 77 X 'J.Q.6 . . . : ~ = J.27: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
----

* See example computation Table 7 
c ) (design channel 
t )Subscripts denoting (Jetty tield 
r ) __(un~~zed river 
q = Unit discharge,(_!) ~ 0 
Y = l)epth, Figure J7 
AY = Ye - Yr, A 2Y is second ditt. (3) ® 
Q = Discharge, @ 0) 
Qi- = Qc +Qr= 10,800 cts 
River width= 1,400 teet 
Channel width= 500 teet 
Channelization length= 2 miles 

Tieback sp&CKng = 250 teet 
V = Velocity @ ® Figure J7 
C = Concentration @ @ , Figure JJ 
QxC terms are proportional to suspended sediment carrying capacities 

@@@@ 
@ proportional to sediment that will be scoured or deposited 
1.2 is factor that converts suspended load to total load 
@ is the area that is aggralied or degraded 
@ = Volume scoured or deposited 
V88 = Volume ot sediment 

settling per second in terms ot its final bed occupying volume 
AT = Time used in obtaining @ 

.:;po 847e1a 
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