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Memorandum 

To: 

From: 

Chief' Engineer 

E. W. Lane 

Denver, Colorado 

July 15, 1948 

Subject: An estimate of the magnitude of the degradation which will 
result in the Middle Rio Grande Channel from the construction 
of the proposed sediment storage basins and contraction works. 

statement of the Problem 

1. For a considerable number of years the channel of the Middle Rio 
Grande has been aggrading, until it is now seriously menacing the welfare 
of the valley. For example, the river bottom ie nov higher than the 
streets of Albuquerque, the -principal city of the valley. Not only does 
this situation threaten the valley with floods, but the rising bed causes 
8Il. increase in the height of the groundwater table, which, if continued, 
will waterlog the agricultural land and thus destroy the crops of the 
valley. Remedial measures are absolutely necessary if this ?alley is to 
continue to be productive. 

2. The causes of this situation are two fold, (1) the use of much of 
the water for irrigation which formerly flowed down the Rio Grande River 
and carried down the sediment brought into the stream channel by the 
tributaries, and (2) the increased load of sediment brought into the 
channel by the tributaries, as a result of overgrazing of the watershed. 
In recent geological time the river formed a valley in which there was a 
rough balance between the slope of the river, the stream discharge and the 
runount of sediment brought into the stream channel. Under these conditions 
the river carried down nearly all of the sediment brought down to it, and 
the valley floor was raised only very slowly. The white man has taken 
aw93 f'rom thia section of the river a large part of the flow which it formerly 
had and has increased the amount of the sediment brought in, with the result 
that the reduced flow is insufficient to carry the increased load of sediment, 
and a large deposition is occurring, which is raising the river bed. 

3 . To protect the valley against this menace an engineering plan 
has been proposed by the Bureau of Reclamation Bnd the United states 
Engineer Department which consists, in the main, of the construction of 
three large reservoirs for the temporary storage of flood waters and for 
the storage of most of the sediment which now comes into the upper end or 
the Middle Rio Grande Valley. It is expected that the amount of sediment 



stored will be sufficient so that the balance will not on:cy be restored, 
but will be tipped in the opposite direction, and tha.t the present reduced 
river flow will then be more than enough to carry out the reduced load of 
sediment supplied to this stretch of the river. The river flow will there­
fore pick up from the bed some of the material former:cy deposited and cause 
a lowering of the bed levels, thus reducing the groundwater levels and in­
creasi:ng the flood-carrying capacity of the river. It was also proposed 
that this degrading action would be further increased by the confinement 
of the river below the dams to a narrow channel, which will increase the 
river' s capacity to ca:rry sediment and thus accelerate its rate of lowering. 

4. The purpose of the study deaoribed. in this report was to estimate 
the rate at which the lowering of the riverbed downstream from the sediment 
storage basins will talce place. Although the general principles involved 
in this action are well understood, the details of it have never been 
adequate:cy studied. In connection with the investigation for the improve­
ment of the Lower Colorado River, a simi ler study was made and ma.ny of the 
cha:nges which have occurred there were predicted. Due to the lack of time 
and a sufficient:cy adequate lmowledge of sediment transportation lava 
however, it was not then possible to make adequate quantative predictions. 
A great advance in knowledge of sediment science ha.a been ma.de since the 
Colorado River studies were made, and a much better technique of solution 
has been developed for this .study. SUfficient time and funds have not been 
available, however, to collect all of the data necessary for a highly accu­
rate solution, nor is the present state of lmowledge of sediment transporta­
tion and river scour yet sufficiently developed for this purpose. The results 
obtained are believed to be the best that was possible with the resources 
available. The study has served, not on:cy to give approximate estimates of 
degradation rate with the confining channel and to point out the further 
studies which are necessary to perfect these estimates, but also to point 
out several ways in which these rates may be increased, in order that the 
magnitude of the lowering rate may be satisfactory. 

Cooperation with other Agencies 

5. This study was instigated by the Sedimentation SUbcomm.ittee of 
the Federal Inter-Agency River Basin Committee, who sponsored a meeting 
at Albuquerque, New Mexico, on January 6 to 9, 1947, to "reviev methods 
applicable to determining the effects of proposed •.• reservoira on sedi­
mentation in the river channel and flood.ways through the Middle Rio Grande 
Valley." In addition to the representatives of the Bureau of Reclamation, 
this conference was attended. by men from the Corps of Engineers, Geological 
SUrvey, Forest Service and Soi 1 Conservation Service. At thi a meeting, 
methods of estimating the degradation which would result from the reservoirs 
were described by Dr • H. A. Einstein and by E. W. Lane . It was recommended 
by this group that these men be directed by the Corps of Engineers and 
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Bureau of Reclamation respectively, to make studies by their method.a of 
the degradation of the Middle Rio Grande Channel due to the sediment 
storage in the dams p:royosed for its improvement, which recommendations 
were appr0ved by the respective organizations. To supply data necessary 
for carrying out these studies a joint program was agreed upon which would 
consist of: 

a. The collecting together of all data on the mechanical analyses 
of the riverbed materials by the Soil Conservation Service and the Corps of 
Engineers. 

b. Three borings in the riverbed, and numerous probings at ranges 
about 10 miles apart, together vi th mechanical. ana.lyei e of the samples 
from the various depths in the borings. The field work was to be carried 
out by the Corpe of Engineers, and the laboratory work by the Geological. 
Survey. 

c • A longi tud.inal profile of the river in 1936 and 1941, and 
characteristic cross-sections of the floodways to be compiled from the 
records of the Soil Conservation Service, Corpe of Engineers, and Bureau 
of Reclamation by the respective organizations. 

d. Samples of suspended sediment and of bed material to be taken 
at a number of gagi:mg stations by the Geological Slrvey and Mechanical 
analyses made of them. 

e. Flow duration curves of the river at various key points for the 
years 1936 to 41, to be cempiled by the Bureau of Reclema.tion. These 
assignments were carried out by the respective agencies 8.lld the data thus 
collected formed the basis for this study. 

6. This report is a record of the degradation estimate prepared, as 
suggested by this meetj_ng, 

Methods of Computation 

7. The method o-r computation of the rate of degradation consisted 
of dividing the river into sections or reaches and oomputine; the volume of 
sediment carried out of each section by the flowing water. The difference 
between this volume and that brought into the section from the section 
upstream vould be the degradati0n in the sectiGn. Since there was some 
local sediment inflow and. ecae sediment was also removed in the irrigation 
water, corrections were made to account for these quantities. Knowing 
the net volume 0f material removed per yeer from each section, the average 
lowsring of the river channel was readi]J' computed. 

3 



8. The sediment removed from the bed by clear water consists of a 
largerproportion of small particle sizes than exists in the bed material, 
which causes the bed material to become gradually coarser as time goes on. 
This in turn causes the amount of material carried out to become smaller, 
since the stream can cerry less coarse than fine material. In the computa­
tions these effects were taken into account. Since, so far as known, no 
atteffll)t has previouel,y been made to make computations of this kind, it was 
necessary to develop the methods used . These methods proved to be quite 
detailed, but since it is desirable to record them so that they may be used 
in the solution of other degradation problems, they are given in detail in 
Appendix I. 

General Results and Conclusions of the study 

9. The results of this study are very valuable in pointine; out the 
need for further study of the problem and the nature of the studies required 
to determine the degradation which would take place, rather than in giving 
exact answers as to the magnitude of the degradation. It has shown that 
at the present time knowledge of sediment science is not auf'ficientl,y 
developed to enable exact predictions to be made. 

10. The most important conclusion from the study is that if a confined 
channel is constructed below the sediment storage dams in which the sedi­
ment picked up from the bed is carried through the length of the channel 
to the lower end, without deposit along this course, the rate of degradation 
will very probably be so low as to be unsatisfactory, and that at some 
reaches along the channel it may even aggrade instead of degrading. To 
accomplish degradation at a reasonable rate it will be necessary to store 
the sediment picked up from. the channel bottom at some point along the 
channel Blld release the clarified water back into the channel, where it will 
-pick up another load of sediment from the ch8llllel bottom, thus increasing 
the rate of degradation. The rate of lowering w111 depend upon the number 
of times the same water can be induced to pick up a load from the channel 
bottom and deposit j_t in a prepared place outside the channel. It was not 
poaai ble in these studies to determ:t ne this. 

11. Even with vgry favorable assumptions on the depth to which the 
flowing water turns over the bed material, the rate of degradation for a 
regulated channel 600 feet wide, with pee.k flood flows in the river reduced 
to 5,000 cfs wou+d reach only about 1.3 feet for the stretch between 
Cochi ti and .Angostura Dama in 50 years. In the reach between Angostura. 
Dam and Atriaco Heading it would reach a depth of about 3 feet in 50 years, 
but below this point it would either change very little or aggrade. The 
magnitude of these changes during the 50-year period is shown on Figure 1. 

12. The studies showed that the depth of degradation for the stretches 
covered by the computations would be larger for the contracted than for the 
natural channel, even if the depth of the bed materia.l turned over by the 
water in the narrow channel wa.a no greater thro1 in the wide channel. With 
no change of turnover depth, the increase of maximum flow from 5,000 to 
7,500 cfs would increase the degradation in the contracted channel onl,y 

4 

',/ 

.,; 

" 

, 



2.0 
I-w w 
LI.. 

I z 
0 
I- 1.0 
<t 
0 
<t 
a:: 
<.!) 
<.!) 
<t 

0 

1.0 
I-w w 
LI.. 
I 

z 
0 
i::: 2.0 
<t 
0 
<t 
a:: 
<.!) w 
0 

3.0 

, 

- --- -

� 
� 

J 

� 

-- �-

"---- � 
r-,.;.::: --

..... t---

-5 

r ..: 

MIDDLE RIO GRANDE DEGRADATION STUDIES 

1st Stretch - Cochit1 Diversion Dom toAng.osturo Diversion Dom 
2 nd Stretch - Angosturo Dom to Atrisco Heading 
3 rd Stretch - Atr isco Heading to lsleto Diversion Dom 
4.th Stretch - l sleto Dom to Son Juan Heading 
5th Stretch - Son Juan Heading to Rio Puerco. 

--�--- __ ,__ ---··-·---------�--,__ __ ·- ·- ··-�--
' 
! 

I 

_J ___ 
4th Stretch-

�L----_:....--

� �L----�1 --

L.,...,-----
............. --

�-----

l,.....---" 

: 

·- -

� 

-- ..... ....._ 
---........ 

-

. -10 15 

-

r--... 

L..---� 
L----

i 

r---r--... 

---- --·-

20 25 

YEARS 

� . j � -

,.__ 

--r--. r--.. t--.._ - -- ·-· >-·-t-------- ,-. 

30 35 

--

--.. 

. t . - . ···-···- -
' 
' 

, 3rd Stretch 

,__ � --=! - - � --' 5th Stretch 
! 

I I 

! 

I 

I 

I 
1st stretch 

·-----
I 

! 
I 

j I , 
- _ _j __ 

t--t--- 2nd Stretch r--� 

40 45 50 



slightly. The difference between the effects of a series o! high-flow years 
or low-flow years as compared with average years would not be great.. The 
results which would actually occur would be considerably influenced by the 
volume of sediment brought in by local inflows. These occur onlJ' at. unpredict­
able il"regular intervals, and their magnitudes are difficult to estimate. How­
ever, in many cases these inflow, would be capable of being handled 8eparately. 

13. The computations showed that the depth to which the bottom material 
was turned over by the flowing watsr had a large influence on the degradation 
depth. A small change of particle size would also cause considerable change 
in the degradation depth. The computations also showed that the O&pacity of 
the stream to carry sediment was a ver-y important factor in determini.ng the 
degradation rate. 

14� The foregoing results show the necessity of further studies 1! the 
degrading effect of the reservoirs is to be accurately predicted. To determine 
the extent to which the water can be induced to drop its load at ••lected pointi, 
outside the channel and pick up a new load from the bed, a series of hydraulic 
model tests should be carried out. The large effect Qf the depth to which 
the bed is turned over, on the degradation rate, showe the importance of an 
accurate determination of the depth to which this action takes place. The 
important effect of pa.rtiele size on degradation rate shows the necessity of 
an accurate knowledge of the size of material through which the channel would 
run, and therefore the need to supplement the r.ieager data on thie point by 
further sampling. The large influence of the transporting capacity o! ._#he 
stream emphasizes the necessity of determining this capacity accurately, and 
reconciling the c-0nflicting results obtained in estimating this value by 
different methods. 

1..1,uantitative Results of Degradation Estimates 

15. The quantitative results of the estimates of degradation are given 
on Figures 1 and 2. Figure 1 shows the estimated effect of the reaervoire 
operated to reduce flood peake to 5,000 cfs with the channel below the dams 
restricted to a 600-foot width, and no sediment storage along the· channel� 
The depth to which the bed material is assumed to be turned over 1s 2 teet in 
the first stretch, Cochiti to Angostura Dam and 7 feet below that point. The 
method of making these computations is given in detail in Append.ix 1. 

16. The results indicate a lowering of about l.J teet in tho firs� 15 
years in the stretch from Cochiti to Angostura, but little change tor the next 
35 years or to the end of the period studied. In the stretch !tea AngoRtura 
to Atrisco Heading, the lowering would continue !or mere than 50 rear•, reachinc 
1. 5 feet in 20 years and 3.0 feet in 50 years. In the stretch trom A.trisco 
Bea.dine; to lsleta Dam th• degradation reaches 0.8 reet in abeut S ;rears, after 
which it atgrades back practically to zero again at the end or SO ;rean. In 
the stretch from Isleta Darn to San Juan Heading it degrades about 0.6 feet in 
the first 5 years, but af't•r that aggrades to about 1.J feet higher than the 
elevation at the etart at the end or 50 years. In the reach from San Juan 
Heading to the Rio Puerco it would degrade 0.6 feet in the fir•t 10 yeare, after 
which it remaine practically constant for 10 years and then start.a to degrade 
again, reaching 0.8 feet at the end of 50 years. 
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17. The computations indicated that the action was quite sensitive 
to particle size composition, and the assumption of slightly different bed 
size compositions would have produced considerably different results. Since 
the paucity of size analysis data of the bed material did not establish the 
true average size very conclusively, the computed values of degradation could 
not be positively established. An.y chan8e in the particle size , however, 
would have chanGed the amounts of degradation in the various sections with 
respect to each other, tut would not change the total amount 5reatly. Although 
the results obtained are therefore not necessarily exact , the order ef 
magnitude of the degradation is believed to be correct. Since the magnitude 
of the degradations computed are generally quite small, it therefore can be 
concluded that the degradation which WQuld result with the confined channel 
downstream will be too small to be of much value. 

18. In computing the amount of degradation certain assumptions were 
made which were necessarily somewhat arbitrary. The effect of different 
asswnptions was there fore investigated. The flow each year was assumed to 
be equal to the average flow. The de6ra.dation which would occur if' the first 
five years were the san1e as that of the five dryest consecutive years , was 
deterrnined. This iB shown on Curve No. 2 of Figure 2. A comparison Df this 
curve with Curve No. 3 ,  which is the curve for average flows , shows that the 
degradation, although smaller, is only slightly less than for average flows. 
Similarly,  the five wettest years would produce only slightly more than the 
average degradation, as shown by C urve No . 5. 'rhe effect of a change in the 
particle size used is shown by Curve No. 7 .  This curve shows the computed 
degradation for a bed material finer than the size indicated by the borings 
as shown on Table 1. 

19 . The degradation computations, in general, were based on the average 
annual transporting capacity of the strewn for coarse load, which was estimated 
to be 2,350 ,000 tons per year. The average annual sediment load computed from 
a sediment rating curve for coarse load and an average flow duration curve 
was found to be about 9 ,000,000 tons. It is probable that the measurements 
on which this rating curve were based were taken at a narrow section during a 
time when the river was deepening this section and when it was therefore 
transporting more material than under average conditions. It is believed, how­
ever, that the 2,350, 000 tons is a much more reliable value. l0wever, the 
degradation which would result if the 9,000, 000 tons were correct was computed 
and shown by Curves No. 6. This shows that materially greater degradation 
would result if the transporting capacity of the river was greater. The effect 
of increasing the value of the peak discharee to 7, 500 cfs was also studied, 
as shown by Curve No. 4. In the first stretch this differed very little from 
the 5 ,000 cfs value as shown by Curve No. 3 .  Although the 7, 500 cfs flow will 
carry materially more sediment than the 5 ,000 cfs flow, these flowe occur only 
a sn�ll part of the total time, and the effect of varying them is therefore 
n0t great. Also, the effect of the greater peak flow is  largely offset. by the 
shorter length of time it flows . In these computations , however, the depth of 
t:.urnover of the bot torn material was assumed to be the ean1e. Since the depth 
for the higher peak flow would probably be greater, tile degre.dat.i,m r�te for 
the hi�her peak diseharge would be relatively greater than these studies 
indicated. 

8 

'I 

� 



" 

Table 1 --
"Comparison of Si ze of Bed Material with Asaumed Finer Bed Material" 

Ree.ch No . 2--Angostura Dam--Atrisco Heading 
Percent in each Fraction 

: 7:1.ner : Ver"f :r1ne : Fine :-Medium : Coarse . Very . Very : Fine : Medium • . 
: than : ean4 : san4 . aand . sand : ooaree : fine : gravel . gravel :Med.11bl . . . 

o .o62 : o .o62- : 0.125- :0.250- : 0 , 500- : 1.00- : 2 .00- : 4 .00 . 8 .00 : si ze . 
• 1111. : 0 .125 lllll : o .250 mm:0 .500 mm : 1.000 mm : 2 .oo mm: 4 .oo llDll : 8 .oo mm : 16 .00 mm : mm • 

»eel . : . 
material : C • • • • . C • • . • . 
from : : C : : 
bori�a : 1 .14 : � ., : 31.0 : 42 .8 : 13 . 1  3.2 : 1 .6 : 1 .4 : o .6 : 0 .290 

Aaaumed . . . . 
\0 finer • : • . . . • • 

i • • • . . . . . . 
material : 1 .5 . 15 .0 . 59.5 • 20.0 . 2 .8 . o .4 : 0.1  . o.4 : 0 .3 : 0 . 189 . . . . . . 



Poasibillties of Increasing the Degradation Rate 

20. As previ ously stated,  the degradation rate will be ama.11 if all 
the sediment is  carried to the lover end of the channel , and to attain a 
larger rate it will be necessary to atore the coarse sediment at predeter­
mined points along the stream . The amount o-r degradation will depend largely 
upon the number of times the same water can be induced to pick up a load 
of sediment from the bed and deposit it outside the channel. The :portions 
of the pre sent channel not uaed in the contracted secti on can be used for 
depositing the excavated sediment , and possibly wastelands can be utilized 
far this purpose . 

21 . The best :procedure for the sediment deposits to accomplish the 
a.ograd.ati on can beat be worked out by Hydraulic Laboratory studies ,  supple­
mented by a limited amount of experimentation on the river itself. So far 
a.a possible , the :procedure of overbank deposition should be combined with 
the c ontraction of the channel . A great many posaible schemes might be used, 
and an extensive laboratory i nvestigation will be necessary. Considerable 
-�ork of value along these lines has been done in India . Observations recently 
:made on rivers in thi s country indicate that considerable progress can be 
made along thi s line . Moat engineering :progress is made by finding out the 
lows of nature and then setting up the conditions in such a wey that nature 
yj_ 11 work to aocompli sh the desired end . The work on accelerated chamiel 
degradation would be conducted by vorkine out the conditions whi ch would 
boat facilitate the action of the river in moving the sediment from its 
channel into the deposition areas. 

22 . A substantial advantage of the method of producing degradation by 
depoeition along the channel is that nmch of the degraded materiaJ. will be 
kept out of the. Elephant Butte Reservoir, and the capacity of that reservoir 
will  be kept available for water storage to thi s extent. 

23 . Another possible method of increasing the degradation rate would 
be to locate the channel where the si%e of sediment was small. To do this 
it  would be necessary to determine by means of borings and size analysis ,  
the perts o-r the area between the levees where the size of bed material 
was sma.11 and run the contracted channel through these portions. Whether 
or not this method is practical could only be determined b;r further investi­
gation, which should be made. 

Effect of Water Temperature on Degradation Rate 

24 . Sediment measurement s  on the Lower Colorado lUver shov that -for 
the same discharge thi s stream C8lTies much more sediment in winter than in 
s·ummer . The cause of this ia not definitely established, but the most 
likely explanation seema to be that it ia a temperature effect . If it can 
be definitely established that this is the ease, the temperature of the 
wate1: 1JJ8J hs.v-e an im:portent effect on the rate of degradation. A search 
for t9mpera.ture data on the Rio Grande water failed to locate 8DJ" infor­
mati on except for that obtained with r•cent sediment mee.sur&ments. In 
0rd.er to determine what the cause of the variation in sediment carrying 
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capacity- of the Colorsdo River , the relation of this capacity to the 
temperature was studied in some detail. Appendix III gives the results 
of this study • 

Limit of Dc,grad.ation 

25. Some engineers who haTe studied the degradation possibilities i n  
the Middle Rio Grande have been concerned with the possibility that the 
degradati<m. might be so great as to bring very disadvantageous effects, such 
as the undermining of bridges and dams. The studies -previously discussed 
i ndicate that the principal difficulty will be i n  securing adequate lowering 
rather than f'rom excessive lowering . The presence of gravel strata, as 
shown by the borings, indicate the limit to which degradation could be 
expected to go, even under much more favorable conditions for degradation 
than actually exi st . These depths vary f'rom about 7 feet at San Felipi to 
10 feet at Albuquerque and to 15 feet at Lemi tar. These are the distances 
down from the present surface, and the depth below the bed of the river 
before the recent rapid aggradation is  therefore considerably less than these 
values. Should degradation become excessive, the lowering could be greatly 
reduced by allowing the river to return to its natural width by ceasins to 
maintain the contraction works or by passing down the river some of the 
sediment entering the sedimentation basins . 

Further Data and studies Required to Perfect Eetimates of Degradation Rates 

26. The estimates of :future rates of degradation reached by this study 
vere conaid8l"ab]J lessened in probable accuracy by lack of sufficient data 
on the mechanical analysis of the riverbed. materials, both on the surface 
and below it. A great deal of mechanical ans.lysis work has been done by 
the Soil Conservation Service , but this vaa done for the determination of 
the relative sediment oontributions of the various parts of the drainage 
ba.ain by the heavy mineral analysis method and in  the selection of samples 
only sands were taken, the coarser and finer materials being avoided as 
unsuitable for this purpose. To make an estimate of degradation rate of a 
satisfactory degree of accuracy it will be necessary to get a systematic 
set of bed samples covering the entire length of the middle river . The 
samples probably should be taken on a grid system with points sufficiently 
closely spaced to give accurately the average bed composition . 

27 . The borings made by the United states Engineer Department as part 
of the cooperative program are practically the only information shoving 
quantitatively the composition of the material an appreciable distance below 
the surface. This material was very valuable in this study but the borings 
were insufficient in number to insure an accurate average of the subsurface 
compositions . Mal\Y more similar borings with mechanical analysis of the 
material at different depths will be necessary to i nsure sufficient accuracy. 
These borings should also be made on a grid system. A limited number of bed 
surface samples and borings eh0uld also be made in  the tributaries just up­
stream f'rom their mouths, in  order to give as reliably as possible the 
composition of the load brought to the river by these streams. It is  believed 
that a borins rig, mounted in a truck could advantageously be used for the 
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borings required . It j a  understood that the arm:, has developed equipment 
for thia J)urpoae for constructing m:i.litary tele'Phone lines . 

28 . As di scussed in Appendix II ) more inf'ormation on the d.epth and 
width cif the bed mater:t al which i s  moved by the high stream flows is  
necessary . For this purpose an analysis should be ma.de of records of  bottom 
scour obtained. by current meter measurements in the Rio Grande and sim.i.lar 
rivers . A large number of borings should be made in the river channel and 
the holes should be refilled with colored. sand . These should be mede at 
both narrow and wide secti ons of the river . By later e:xa.rn:l.nati on of these 
holes the d.epth to which they had been washed awe.y would show the de:pth of 
bed movement . The borings I11Bde to determine the size composit i on of the bed 
could be used. for thi a l)Ul"I)Oae . 

29 . For the purpose of securing data on the depth of bed scour and 
for checking the accuracy of the methods of estimating degradation rate 
used in this study, data on bed composition of the surface and subsurface 
of the Lower Colorado River should be secured . The rate of degradation 
should then be estimated and compared with observed rates .  

30 . To secure more information of the degradation which has resulted 
on other streams where the sediment load he.a been cut off by dams, data 
should be secured :rrom a.a many cases as pqssi ble where this has taken pla.ce . 
A special study should be made in the Rio Grande below Elephant Butte Dam . 
By comparing these rates w:1. th bed material, slope and the flow causing them, 
a further check on the rates estimated would be secured . This information 
would also be of great value in the design of dams and other structures on 
many other of the streams under study by the Bureau of Reclamation .  

31. The selection of a 6OO -foot channel width for the estimates of 
degradation rate ln the regulated channel was a very arbitrary one and 
before a determination of a. width is made, extensive studies should be made . 
The selection of the beat form of bank-protection works for this channel 
could be materially aided by Hydraulic Laboratory studies .  

M�acellaneous Suggestions 

32 . The filling up of the storage dams with sediment will necessitate 
the enlargement of the storage capacity from time to time . A :postponement 
of the need of thi s additi onal capacity might be obtained by flushing out 
part of the sed:i.ment f:rom the basins to depoai ting areas just downstream 
from the drune . As the reservoirs become partially full, the head necessary 
to flush out the sediment onto 18lld.s at levels above the present riverbed 
will become ava.llable yj_thout the storage of water in the basins . The 
feasibi lity of such a procedure should be studied , and i f  desirable , the 
outlets :�n the dams should be d.esigned to  accomplish it . 

33 . Under ordinary conditions the apace which i s  filled wlth sediment 
will bec0me useless for eny other purpose . It would be poesi ble, however, 
to utili ze the part of this apace between the grains of sand for storage 
of water, if drains and c onduits vere eonetrueted before the deposit s were 
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made, to collect the water and di scharge it thr0ugh the dam. Since these 
basins are expected to store only the coarse material, the effective voids 
should be a considerable part of the sediment volume and the water could 
be drained out by gravity . To a limited extent thi s space would also provide 
flood c ontrol storage . Thi e sort of storage w0uld have the advantage that 
it w0uld be lees subject to eve.pera.ti on than ordinary storage , and thus might 
be particularly adapted to hold over storage . 

Acknowledgements 

34 . The studies involved in preparing this report were made in 
cooperati on with the staff of the Hydraulic Laboratory of the Division of 
Geology and Research . The work was largely carried on in tha Special studi es 
Group by D. J. Hebert , E .  J . Carlson, and O .  S.  Henson . · Acknowledgement i s  
also made of the assistance of Thomas Maddock Jr. ,  and W .  M .  Borland of the 
Hydrol0gy Section , Branch of Project Planning .  

13 



Appendix I 

D:rl'AILS OF MBTHOD OF ESI'IMATI:NG D.mRADM'ION RATES 

Experience with degradation on the Colorado River belov Lake Meed 
has shown that the clear water floving from the lake picks up material f'rom 
the bed end carries it downstreem, thereby lovering or degrading the river 
bed . The ability of the water to carry the fine perticlee of bed material 
i e very much greater than its ability to carry the coarse particles . The 
water therefore picks up trom the bed much more of the fine material than 
it does of c oarse material . Thia proportion of :fine to c oarse material 
picked up is greater than the proportion of fine to coarse material of which 
the bed is composed . The result is that the fine material in the bed is 
removed f'aster than the coarse material and the bed material remaining, 
gradually becomes coarser . As it becomes coarser the ability of the river 
t o  remove bed mat9l'ial · becomes lees . Therefore, the rate of the removal 
of the bed decreases and a cendition is approached where the amount of 
material becomes so small that the channel practically ceases to degrade . 
At thi a time etabili ty can be said to be reached . 

The experience on the Lower Colorado has been that this condition was 
reached in a comparatively ft!IV years . Although the conditions on the 
Middle Rio Grande River are not exactly the same as those on the Lower 
Colorado, the similarity is great enough to insure that an action of this 
kind will occur in the Rio Grande . � method devised for estimating the 
degradation which will result from the construction of the proposed reservoirs 
will, therefore, have to talce this action into account . So far as known, 
no such method has pr�vious].Jr been developed and therefore, it was necessary 
t o  devise one . The lack of a completely developed science of sediment trans­
portation end deposition, the paucit,- of quantitative data regarding the 
materials dealt with in the Rio Grande, together with an inadequate knowledge 
of the action of the river on the :materials composing its bed, has made it 
necessary to make several assumptions and approximations in developing the 
method . The results obtained. therefore, cannot be expected to be high]J 
accurate but they are the best that can be devised at the present time, and 
it is believed that they do indicate the correct order of :magnitude of the 
various effects and indicate the general character of the results which will 
be secured . They should be very helpf'u.l in pointing out the best method of 
carrying out the proposed plans and in showing what information is necessary 
to make more accurate quanti ti ve estimates . 

Since the degradation which will result from the proposed reservoirs 
will chenge with the passage of time end will vary in the different parts 
of the river, it was decided to make the computations of these effect s  by a 
step method, dividing the river up into sections and estimating the changes 
which would occur in each section during successive time periods of one to 
five years length, follorlng the completion of the reservoirs . 

Since the degradation in any section of the river depends upon the excess 
of the amount of sediment taken out of the section over that brought into 
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the section,  it is necessary to know both the sediment inflow and outflow­
quantities in eaoh section i n  eac-h of the successive time periods used . 
The amount coming into the section is made up of the amount broueht i n  
trom the section immediately upstream, and that which comes i n  from local 
inflow. The amount which goes out of the section is that which the river 
carries out plus that which is diverted into irrigation canals. The local 
inflow and diversions vere estimated f'rom the best sources of i nf'ormation 
available, as wi 11 be explained. later • The main river sediment inflow to 
the upper of the seoti one into which the river was divided, was based on 
the estimate prepared in drawing up the general plan for the improvement 
of the Middle Rio Grande Valley. The main river sediment inflow for the 
sections below the. upper one vas t�en as a computed sediment outflow ot 
the section next upstream.. It vas, therefore, necessary to compute first 
the degradation end sediment outfiov in the most upstream section fc,r the 
successive time periods and then successively compute the effects in  the 
section next downstream. 

Di vision into Sections 

The sections, or reaches, into which the Middle Rio Grande was divided, 
for the purposes of this study are shown in 'l'able A, together with other 
pertinent data. 

Table A 

DATA ON MIDDL! RIO GRAIDl!: SECTIONS 

: 
Section: J'rom 

No : Place 
Cochiti 

. .  . . . .  . . - . . . 'l'o 
Place 

: Angostura 

: s.ction: Avernge . . 
: length- : natural : 
: miles : width :f't : Aree sq :ft . . . . . . 

1 : Diver11i011 Dam: DiTersion Dem: 22 .19 : l.z050 :rt : 123,000 ,ooo 
: Angostura : Atriaco • . • . 

2 : Diversion Dem: Headi� : 25 . 76 : lz200 :f't : 163,000,000 
: Atriseo : ·  Isleta : 

3 . Heading . Diversion : 13 .90 : lz350 :ft : 99,000,000 . . 
Ieleta : San Juan . . . . . . 

4 . Diversion . Heading : 24 .46 : 1.2050 :rt : 136looo,ooo . . 
San Juan . . . . . . 

5 . Heeding : Rio Pu.ere o : 14 .94 : 950 :rt : 75,000,000 . 
Local Sediment Inflow and Diversions 

The sediment inflow which occurs locally in the various sections was 
taken f'rom the eatiDlB.te prepared. in the sediDWntation appendix of the 
plan for development ot the Middle Rio Grande .i!/ The amounts end compoai tions 
were taken :f'r<!ml the estimate made for the general design of the Middle Rio 

l/Numbere refer to references at end of this report. 
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Grande Project previously mentioned. The size composition of this sediment 
Wf.tB taken from sediment measurements made during summer flood :flows in the 
'Rio Grande, since most of the local inflow comes during such periods. The 
Bl!lount and composition of coarse sediment taken out of the river with the 
irriga.tion water was estimated from the amount of water diverted and the 
coarse sediment concentration and composition in the water at that point. 
It was assumed that the canal head.gate was manipulated to reduce the 
sediment to a mininnun and, therefore, that the sediment concentration of the 
water diverted was half that in the river. 

Durati on  of Main River Flow 

The duration of flows of various :magnitudes which will exist after 
the construction of the flood control dams will differ can.siderably from 
that which has existed in the past. It is  expected. that the maximwn flow 
which wi 11 be permitted to :pass down the river at the upper end of the 
Middle Valley will be 5, 000 cfs. Occasional local inflows will bring the 
channel flows above this amount, but their duration will be very short, 
and the amount of water involved will be small. 

Since studies of the operatiGn of the reservoirs was not available, 
their effect on the duration was estimated by adjusting the shape of the 
curve to reduce the maximum flow to 5,000 cfs and increase the duration of 
flows just below 5, 000 era to :provide the same total quantity of flow as 
in the unregulated condition. It was assumed that most of the flow above 
5 , 000 cfs which was stored would be released soon after the natural flow 
had fallen below 5, 000 cfa . 

Main River Sediment Inflows and Outflows 

As previously stated, the amount of sediment carried by the river 
into the upper end of the Middle Rio Grande channel was based on the 
estimate of the amount of sediment carried by the river in its present 
form, as determined i.n the general plans for the Middle Rio Grande 
Project . 'J::/ This estimate was based on a complete study of the weights 
of sediment brought in by the ma.in river and by the tributaries and the 
measured disposition of it in the aggradation of the valley floor and the 
deposits in the Elephant Butte Reservoir. It was assumed that the amount 
of wash load (which would include all of the material of silt and a� 
size) would not be changed by the construction of the dams, but that it 
would all pass without deposit, through the contracted channel which it is  
proposed to  bui ld. It  was assumed that the flood-sediment control reservoirs 
would be so mani pulated that all of the material or 88.Ild si zes reaching 
them would be deposited therein .  The small quantity of sediment which 
would come down the Upper Rio Grande or be removed :f'rom the coarse deposits 
in the river channel between the mouth of the Chama River and Cochiti Dam 
was assumed to be negligible and the flow of coarse sediment at Cochiti 
was therefore neglected .  

The estimate of sediment carried by the Middle Rio Grande under present 
conditions, previously mentioned, showed that the various stretches of the 
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river between Cochi ti and the mouth of the Rio Puerco carried. an average 
of about 2 , 350 ,000 tons of coarse material per year . Coarse material 
being that part of the sediment composed of particles of sand and larger 
sizes or larger than 0 .0625 mm. This quantity is for the present river 
conditions of unregulated flows and natural river widths. 

The reduction of the :peak flows by the reservoirs will tend to reduce 
the ability of the river to Ca:r:TY coarse sediment but the confinement of 
the stream.bed 'below the dams will tend to increase it. The magnitude of 
the effect of these two opposing trends was estimated by CotnI>uting, by 
means of sediment transportation formulas, the average arum.al amount of 
sediment carried by the unregulated, natural width stream and also by the 
regulated, confined width stream. To get the capacity of the stream after 
the changes are made, the present capacity of the stream, 2 , 350 , 000 tons 
per year, was multiplied. by the ratio of the computed capacity of the 
regulated, confined width stream to the computed. capacity stream in its 
present condition . The results of these computations are shown below. 

COMPU'l'ED T<Jl'AL SIIDIMENT LOAD IN FIR3l' 
Sl'RETCH FOR DIFFERENT CONDIT! ONS 

Width = 1,050 :ft--Flow duration 
normal (21,600 cfa maximum.) 

Width = 600 :ft--Flov duratj_on 
normal (21,600 ere maximum) 

Width : 1,050 :ft--Flow duration 
reduced to 5,000 cfs maximum 

Width s 600 f't--Flov duration 
reduced tC'I 5 ,000 cfs maximum 

Total load 
T/,eer 

1, 392 , 389 

1, 714,037 

1,08o, 458 

1,606,829 

This shows that the effect of narrowing the river channel to 6oo feet was 
greater then the red.uction of peak diacharge to 5,000 cfs, and therefore 
that the ini tial effect of the improve11811t was to somewhat increasG the 
rate of transport of sediment by the stream. 

It  will no doubt be noticed. that it would be possible to use the 
computed. quantity carried under the nn aet of conditions instead of that 
obtained by the preTioue� described. JD8thod.. :Because of the lack ot 
aocurate knowledge of the si ze cca:poaitien of the bed :material and the 
te:m:perature of the vater and because our knowledge of the fundamitntal 
theory of sediment transportaticm is inexact, it is believed tlilat more 
accurate results voul4' ·be secured. by the JDethed adeptecl. This uaes the 
theory to compute � the relatiTe et'teot of the changes due to the 
:proposed plan and to depend. upm manred quantities to give the rate tor 
present conditions. Both the temperature aE4. the size of bed material 
have a large effect on the amount et aecl1ant transported, as computed by 

17 



the formulae used, and therefore the results obtained by these formulae 
with the approximate values which it was necessary to assume for these 
quanti tie a, was apt to be considerably in error . The estimate of material 
carried under present cend.itions however, although subject to some uncer­
tainty, waa believed to be much less subject to error. Therefore, it was 
believed that a method which would use this value for the basic quantity, 
and modify it by computation, where computation was necessary, would g1 ve 
a more accurate result than to use computation for the entire process. 

When these studies were started, it was expected to use, as the 
transporting capacity of the river for coarse sediment, the a.mount of 
this material for various discharges shown by the results of sediment 
sampling observations in the river channel . For this purpose sediment 
rating curves at variaus points where data were available were drawn up, 
but when these curves were applied to the duration curve of mean annual 
flow they gave mean annual sediment discharges several times the 2, 350,000 
tons estimated. :t"rom measured volumes of deposited material . Since it is 
believed that sny error in the 2, 35O,OOO-ton value is much less than this 
would indicate, it was concluded that the use of these rating curves was 
not desirable. 

The reason why the transportation of sediment in suspension as 
determined :t"rom sediment SmD.J)les appeared to be so much l.erger than that 
obtained from measured deposits is not al)parent, but it is probably re­
lated to the problems di seuased in Append.ix II . 

Composition of the Bed Material 

The estimate of degredation is baaed on an initial composition of 
the riverbed material, which was taken to be that existing in the bed 
at the present time, as nearly as could be determined :t"rom the few borings 
which were available. The composition of the bed in each section of the 
river was determined f'rcm the size analyses made :f'rom the samples taken 
from the berings made in that section, down to the depth which was assumed 
to be the l<West level a.t which the flowing water would turn over the bed 
material . Since the numbsr of borings in the river channel in one section 
were onlJ :f'rom 2 to 6, the CC9D!pOSi tion of the bed material was n<,t eatab-
11 shed very accurately . 

Depth or Turnover 

As discussed in Appendi:x II, the depth to which the bed material in 
a stream is warked over by the flwing water has an important effect on 
the rate at which it will degre4e, but little is knwn in e. quent:ltive 
way about this matter, end the available data are conflicting. In these 
studies sufficient data to obtain reliable values of this depth were not 
a-v:ailable and more c,r leas arbitrary values had to be as9UlD9d.. In the 
stretch between Cochiti and the Angoetura Dam, the bed is ce,mposed of 
coarse material and it is believed that the depth which would be worked 
over by the 5,000 cf s mannmm flews would be small. In this stretch the 
depth was therefore taken as 2 feet. Below Angestura Dam the riTer'bed is 
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comp0aed. of much finer material, and the depth of turnover is expected to 
be greater . The borings indicate that the bottom becomes appreciably 
coarser at a depth of about 7 feet and this depth 0f turnover vaa, there­
fore, assumed in this stretch for the river between Angostura Diversioo 
Dam and the mouth of the Rio Puerco . A study was also made of the effect 
in some sectims fcrr a depth of 3-1/2 feet . Although most of the high fl011s 
in the river will be eliminated by the reservoirs, ocoaaiena.l flows of con­
siderable magnitude will cc,me in from the tributaries which will assist in 
working over the bed material in this part of the river . The effect on the 
results obtained. of erro�s in estimating the depth of this turn0ver is 
discussed later in this append.ix. 

Details of Estimate of Degradation for the First Year 

In the estimate of the degradation for the first year a trial 
c0mputation was first made, in which the initial rate of degradation of 
the various sizes was assumed to hold during the entire year. Fr0m the 
amount of material, which this assumption gave as being carried away f'rom 
the zone of material which was worked over by the stream, or what JMY be 
called the "turnover zone, " the average change of composition of this zone 
during the year was computed. The average of the composition at the begin­
ning and end of the year was then ta.ken as the bed com.positi011 and a revised 
estimate was made of the weight of material carried by the stream during 
the yeu and the degradation which this w0uld :produce . Thie value of lover­
ing was taken as the degradation caused by the dame for the first year . 
The COln.J)OSiti0n of the turnover zone at the end of the year was also esti­
mated with this revised rate of movement out of the zone, and this compoei­
ti<!>n was taken as the initial rate fcrr the second year . 

The mrder of ' the ste:ps in the COilll)utation of degradation for the first 
year in any reach of the river was as follows : 

(1)  Determine the initial composition of the bed material in each 
reach f'r0m the borings in that reach . 

(2) CQJJlJ)Ute the mean annual discharge capacity of the stre8lll 
channel for sediment by means of formulae, for its natural width 
with unregulatet flow and for the contracted channel with r�gulated 
flov. 

( 3) .Adjuet the contracted. regulated flow diaoharge to agree with 
observed discharge with natural v!ith and unregulated. flow. 

(4) C'1.tllpute the amount 0f each size range of material carried 
out of the sectien.. Then cempute the change of bed composition 
during the first year due to the cembinatien of this sediment outflow, 
the sediment inflw f'r@m the section na:x:t upstream., the local sediment 
inflew, and the sediment carried out by the irrigation water. 

( 5) l>etermine the ay8rage bed CfflllP©Siti�n dtn'ing the yeax. 
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(6) With this average bed composition repeat step 4 to get the 
net amount of material remeved from the secticm, and thus the amGunt 
of degradation or aggrad.ation. 

(7)  Compute the depth remaining in the tlllrllover zone at the end. 
of the year and the degradation during the year, also the bed eemposition 
at the end of the yeer, vhich will be used to compute the degradation 
the next year. The degradation tor the next :period was cemputed. by re­
peating steps 4 to 7 inclusive . 

The following paragraphs give more details on how the computations in 
each of these steps were made • 

step 1.--The initial composition of the material in the turnover 
zone in each reach vaa determined from the average c omposi ti on as shown 
by the berings taken in the river chl!llllel, for the depth which would be 
turned over, as previ0uely stated. The results of the b0ringa outside 
the chermel were net included. The aize cemp0sition 1waa divided into 
parts, secerding to the American Ge0physical Union g,c1assificati0n, 
alld the percent of the total weight in each size range was determined.. 
Asmuning that each cl.ass of material accounted for a depth of material 
properti0nal to its weight, the depth in each size range in the tl:ll'"Il­
over zone was computed. 

step 2 . --The rate at which material in each AGU size range could 
be, transp0I'ted at the beginning of the first yeer was computed by formulae, 
f0r the :present condition of the river, vith ita natural width and un­
regulated flow and with the proposed narrcw wid.th and regulated flow. 
The transportation ra,te for - the suspended load was computed by the �r 
Kalinske relationi ]/and for the bed load the average of the Kalinske..:. 
and Schoklitach 5. formulae were ueed. The total load was taken as the 
sum of this suspended load and the average of the two estimates of bed 
load. The Einstein bed (material) load formula was not used, since the 
sizes involved were too small for accurate determination by this formula. 
The £traub formula was found to give quantities obviously considerably 
too large. The flow- conditiens in the natural channel were computed 
using the natval width and Manning ' e fermula with a. value of "n" of 
0 .025, which ie an average value based on measurements and computations 
of the U. S. Army Engineers . The slope of the stream was taken from 
the river :profile and the unimpreved. width waa taken from the best 
availa.ble maps. For the controlled channel a wiath of 600 :feet was 
used. The amount of material trensperted in suspension wae computed. 
by the Lane-Kalineke relations, assuming there was only one percent of 
that size in the bed and the bed load by the Schokli tsoh formula was 
computed fGYr each eize range, assutning that the entire bed was composed 
of that size of material. '!'he amount carried was taken as the average 
for the var1$US sizes weighted. acc©rding to the percents by wei,ght which 
each size fracti0n cempoaed <ilf the bed material determined from the 
borings. The amounts trens:ported. by the Kalinske formula were weighted 
according te the erea whic}i each size range c0Vered in the bed, as 
explained in the article !i./ desori btng that formula. 
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The amounts of bed and suspended load carried of each size fraction 
was computed for both present channel condi ti0na and the contracted 
channel for a number of discharges vithin the range of discharges, as 
shown by the flow-duration curves. Sediment rating curves for each 
size fraction were prepared showing theoretical relation of sediment 
discharge to water discharge under these two conditions. The mean 
annual theoretical sediment discharge for the present condition of the 
stream was then computed by appl,Ying the values indicated by the rating 
curves for this condition to the discharges under present conditions 
as indicated by the flow-duration curves. The total quantity was ta.ken 
aa the sum of the amounts for the various size fractions. The mean 
annual theoretical sediment discharge for the contracted channel and 
regulated flow was similarly computed by combining the values from the 
sediment load rating curves o'f the contracted channel vi th the values 
from the flow-duration curve of regulated flw. 

step 3. --The third step was to ad.Just the theoretical computed 
carrying capacity for the contracted channel to agree with the observed. 
carrying capacity of the natural channel. This was done by assuming 
that the theoretical computed values for both present and :t'uture con­
ditions were in error by the seme percents. The correction of the 
theoretical capacity for the contracted channel was made by' multiplying 
it by the ratio of the observed value for :present cend.itions (2, 350 ,000 
toos per year) to the computed theoretical value for present conditions. 
From the average annual amount carried, as thus computed., the equivalent 
depth over the atremn bed was computed for each aectian into which the 
river vasfi vided. A density of 100 pounds per cubic foot , as determined. 
by Happ 2 was used in this estimate . This was divided into depths of 
bed and suspended. load by' assuming that the average of the two computed. 
bed loads wa.& cerrect and the remainder was suspended load. Thie was 
dcme because it was believed. that the averaee of the bed-load termu.lae 
probably gave a mat"e accurate value than the suspended-load formula. 
The depths of bed and. suspended load were then divided to give the 
depths in each of the ei ze :f"racti one. For the bed load, thi a was done 
by assuming that size distributi�n was the BUl8 as in the average size 
distribution computed by the twe bed-load formulae for the regulated 
f'low and contractec!. width. The size distribution for the suspended 
load was assumed to be the same ae computed suspended load for the 
same condition. 

step 4 .--The depth in each size range carried out of the reach 
vas the ad.Justed depths cemputed in the previous step, if a sufficient 
depth of :material &f that size vas available i n  the turnever zene. It 
the depth vas insuf'ficient, the tc,tal amount available va.e carried out. 
i'he loo al inf law of sedi:msnt in each size range, in terms ot depth 
over the stretch was next cC:>Diputed, 8lld a similar computation vae made 
of the depth for each size for the sediment carried awrq by the irrigation 
water. The 0onc911tration of sediment carried away by the irrigation 
vater was ass1llll9d. to be hal.1' that of the computed suspend.eel lead in the 
contracted channel for the next str•tch upstream. This red.uetion of the 
conc•ntration of suspended load vaa made to take care of the effect of 
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sluicing at the headvorks of the irrigation canals. The change of bed 
composition during the year was then estimated by computing the depth 
of each size ranse remaining in the turnover zone at the end of the 
year, assuming that the .  initial rate of movement continued throughout 
the year. For eech size range this depth was the initial depth in 
the turnO'f'er zcm.e, plus the depth btiGught in by the outflow · from 
the reach next upstream, plus the depth brought in by local inflow, 
minus the depth carried out by the irrigation water, minus the depth 
cs:rried out at the lover end of the reach. 

Step 5.--The average bed composition during the first year was 
next computed by assuming that it was the average of the initial com­
position and the final compositi<m as c0DI:puted above. 

Step 6 .- -A revised computaticm of the depth of material transported 
in the contracted channel was next made by repeating the latter part 
of step 4, using this average bed composition. To facilitate this and 
subsequent com.putati<!lD.s, a diagram, as ehmm in the sample o�utaticim.s, 
was drawn up, shwing the depth tranap0rted (if available) in each size 
range for each percent of that size in the turn0ver zone . This was 
d0ne by pletting en Cartesian or ordinary coordinates f0r each size, 
the depth transported in the contracted channel, as determined in step 2, 
88ainst the initial percentage in the turnover zene. straight lines 
vere then drawn through the origin of coordinates and thr0ugh these 
point a. These lines indicate the depths transp0l"ted for all other 
bed eompositions, assuming that the amount transported �s prop0rtional 
to the percentage of the size in the bed. 

step 7 .--The 8.DlOunt of degradation was n9xt computed. by subtracting 
:tr0m the total of the depths of the various size fractions in the turn-
0Ver zone at the beginning 0f the period, the total of the depths of 
these siH fractions at the end 0f the period. 1'.rom the depths of the 
vari0ua sizes at the end of the period, the initial composition for 
the next time period was cemputed.. The depth of the turnover zone :was 
assumed. to decrease by the t!llDl!>unt <i,f material remc,ved by the degradatioo, 
no nsv material being taken in at the bettom of' the zone as the 
degradation continued.. 

Effect of Various Assumptions 

In working out the methed. u•ed far estimating the degradation rate, 
it was necessary to make a nlUliber of aasumptions. Some of the assumptions 
were made because of lack of inf'ermation on the true action, and some 
were made in order to get the cGmpUtatien simple enough to be :practicable 
to cQDJ;pute. Some of these aswmptions prabably depart BGJDeYhat :f'ram the 
true situation, In the follfli:ng, the prctbable re suit 0f these depart11res 
is considered . 

The assumption that the inflw ot sediment at Cochiti is negli;iltle, 
is too fave.rable to high degrad.atien rates, but the amount is very small, 
and therefore the errar invelved is also small. 
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'l'he assumpt1Gn of a turnc,yer clepth o'f 7 :feet in moat ot the section.a 
lD81' be greater than the true amount tor mx:1.IIWI. flws of 5 ,ooo o:ra. So 
little data on this point a:re aTailable that it was n0t possible to make 
accurate estimates . If the depths ot turneTer were lesa than 7 feet , the 
estimates ot degradation would tend to be too large, as shown by the 
results for a 3-1/2-foot tU'lleTO. 

The ae8Ulllption that the material <m the surface of the � was 
composed of material of the aver .. e cempoaitiDl'l of the turnover zone 
probab]J gives too high a composition of fine si zes in the bed and thus 
tends to give too great Tallies of :material carried. out of the bed . 

The aesum:ptien that the r•moval ot material lover• the bed in prG:p<,rtion 
to the weight rem<?rrecl prebably results in too large degradation values ,  

· since the remeval of the tines ir0bab]J iacreases the void.a and thus 4.ecrease s 
the denmity of the material, and. hence deea n� 6eereaae tlle VG)llDle u fast 
as tlle weight is clecreased. 

The aa8Ullptier,. that all of the silt ad cl.a;r aizea are renn-84 the 
first 7ear i s  :prsbab� acnnwhat too taverable, but this mat«rial pr0bably 
is removed in a cc,mparat1vely fw 7e.-s. 

The seepage of vat.er :f'rGm the channel and its return at pc,ints :rorther 
downetrema as 4ra1nage water tends to sllght]J re4uce the 4egrad.at1m. :f'r0ID. 
the values ceaputed . 

The aewmption that all c,f the material degraded. :f'rem the bed i s  
oa:rr1ed t o  the dCNl18tream end et the most downstream seot1Q>n vi th@ut 
deposit tlffld.e toward tao low an -estimate ef degradation, since � an;y 
practicable meth©d. c,f centroll1Jl8 the stream wid.th some se4iment Y0Uld. 
eacape f'rem the channel and be deposited, and the clarified wat.r YGuld 
return to the channel again . 

All ef theae aseumpti<1>ns exoept the last tend tEJVard ::pra>ducing 
greater degradati<m rates than the time rate, and the reaulting rate is,  
therefat"e , probab]J too large in  the u:pstream secti ens . Hovever, the 
estimation 0f teo high a rat, in the u:pstream sectiens resul.te in too 
lov an estimate fcrr the sections farther downstream, and the tot.a:1. low.riog 
is probablJ' not far different f'rom the true values. 
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Appendi:, II 
DEPTH OF RIVERBm SCOUR DURING FLOODS 

One of the uncertainties 1n estimating the rate ot degradation vhich 
will take place below the sediment storage dame proposed in the Mi4dle Rio 
Grande Valley ie the depth or the riverbed material which is moved by the 
river during high tlovs • .ls discussed elsewhere in this report, it ie 
expected that the clear water released trom the reservoirs will pick up 
roaterial from the bed or the stream downstream from the dame and carry it 
on down the river, causing the riverbed to be lowered because of the 
removal or this transported material from it. Observation• below Hoover 
Dam indicate that the flow will carry away a larger propc,rtion of the finer 
particles in the bed than it will carry of the coareer particles, with the 
result that the particle size composition of the bed material will gradu­
ally become coarser. For example, Figure 1 shows the increase in size of 
the bed material at Section 8, a short distance below Hoover Dam. Since 
a given river flow can carry a lesser volume of coarse material than it 
can carry of fine material, this coarsening of the bed will cause the river 
to carry away a continually smaller amount of material as time goes on and 
the coarsening proceeds and thus rapidly reduce the rate of degradation. · 
After a certain period of time the lowering of the bed will b e  negligiblee 
The rate at which the fine sand is removed and the length of time before 
the degradation rate becomes negligible depends upon the depth to which 
the riverbed is scoured during · high flows, since the amount of fine material. 
which can be removed by the river depends upon the depth of the material 
which comes in contact with the flowing water and thus can be carried away. 
If the depth of scour is small, only a little .fine material can be carried 
away before the bed becomes covered with coarse material, but if the depth 
is great, a large amount will be carried awa7 before the oottom becomes 
too ooaree. The removal of the small amount in the case of the ame.11 depth 
of scour will lower the bed much less than the removal of the large amount 
if tne depth of scour is great. 

Conditions gn the Rio Grande 

The :Middle Rio Grande is a. steep stream and ca.rriea a. hoavy sediment 
load. It is wide, sha.llow, and relatively straight. The channel is fre­
quently divided by islands, or takes what is lmo"NO as a braided patten}, 
although it ie very wide and shallow in some s tretches and narrow and 
deeper in other stretehes. In many respects it resembles numerous other 
rivers found in the Western United States. 

Over the past forty yeare, the discharges of the Rio Grande and other 
similar rivers in the western states have been determined thousands Gt 
times in high and low water conditions. In ea.ch of these measurements the 
cro ss-section was determined by frequent soundings across the stream bed. 
It has generally been observed at these measurement sections that as the 
flow of water in the stream increases, the depth of the flowing water 
increases more than the w ater •urface level rises. This indicates that 

24 



U . S .  STA N DARD S I EVE S IZES I N C H E S 
I 

250 120 60 35 1 1  10 5 3z .4 .6 .8 1.0 1.5 IOO I I I I f I I - - f-__:'._ I I I T I I ' I I l Ir I O 

tOr----t----+----+-1----LL-- r-r---r--+------j�l.../.:___...!-J ,o 

801 I I �I T I I I / t I I 20 

ro , � 

a: IO 1 40 
..I 

2 
C) 
a: 
Cl en 

110 50 
..I ... ... 

z z "' w 
u u 
a: Q:: 

� 40 60 Q. 

301 I I I I I I I ,.� I I I I I 1 10 

20 80 

10 1 ff I 

0 o., .08 . 10 

V E RY Fl N E  

: 2  .4 .6 .8 1.0 2 4- 6 8 10 

F I N E  

P A R T I C L E  S IZ E I N  M I L L I  M ETE R S  

SAN O G R AV E L  
MEDIUM COARSE VERY COA VERY F l  NE F I N E  MEDI U M  

F I GU R E  

C OARSEN ING OF CO LORADO R IVER  B E D  
B E LOW LAKE M E A D  

-----+--f 910 

J IOO 
20 40 

I COAflSE 



the bottom of the stream has been scoured out . It is not uncommon for the 
bottom to lower twice as much as the water surface rises. When the flood 
crest is passed and the flow decreases, the bottom begins to fill in, and 
when the flood has paaaed, the bottom has risen substantially back to the 
level which exi•ted. betor• the flood. This is shown by Figure 2 whieh 
giv ee the ehange·e which tock place in the riverbed at the San Marcial 
gaging station on the Rio Grande River during the year 1929. Similar 
ehangea have so frequantly been observed in the Rio Grande and other rivers 
that it is  the �eneral im.presaion ot man7 experienced. stream gaging men in 
the westem states that this ia a general action of the channel for streams 
et thia type. 'l'he7 believe that when a flood eo:mee the bed of the stream, 
at least. !or the 1reater part ot its length and widt-h, scours down mate­
rially, and re.t'i-. a• the fi•od recedes .  Thia is an opinion widely held 
by men gaging the lie Grande River, and it is reinf'ereed by obs ervations 
that piles 40 feet leng driven with aoat or their length belw the atream 
bott• are ecca•j,onaUy ••en to rise suddenly 1n the wate?' and tloat away, 
and hrid.ges resting on 60-toot piles have been washed eut during tl�od•. 

ConW.st1ng IJJ,c1w1 
The evidence of the experienced stream gagers and other lo�al 

obeervers set1111s quite conclusive, but when one start-• to uamine the aitu­
ation quantitatively he runs into some surprising evidence which raises 
••rioua quetrt.iGn as to the aacura.oy of this general impreesion. It the 
Rio Grande acc,urs down s.everal teet over aubstantiall1 ite entire widt,h 
and length, it must meve a very large quantity ot material down the river. 
Practically all �r the material transported by th1• Btr•am ia deposited 
in the Elephant Butte Reeerveir. Frequent measurements have been made of the 
vol\De ot sediment being deposited in this basin and t�• amount is lmCM'l 
with r•aaonable aceura.cy. Wh811 we compare this amount 'With that which 
would have to be moved intc the reservoir with an average depth o! •eour 
over the riverbed of a conaiderable depth, •&7 1.5 feet, we find that the 
amount actuall.7 deposited is very mueh leas than would oceur with thia 
seeur. We thus have the eonflicting evidence of' the scour observed b;r the 
etream gager• and the lack Gf a corresponding amount of material deposited 
in the rese�ir. 

In quantitative terms this conflict may be shown as follon : The 
•••tion G! the Rie Grande River from Cochit1 to San Marcial has a length 
ot 160 mil.ea and an ave�g• width ot 1,170 feet, giving it a surface area 
et 22, 700  acres. Fer •a•h foot ot average depth or scour, assuming that 
the material scoured out moved as taet as the water, a volume ot 22,700 
acre-feet WGJuld, there!Gre, be carried into the lake. The average amount 
of material carried into the lake per 7ear ia 18,276 acre-teet, Gf which 
only about 1,828 acre�teet are composed ot sand and larger sizes , such a1 would 
be sceured out ot the atN&m bottom. Sinoe floods sufficient to scour the 
riverbeci 0eeur practically •very year, it ia evident that. the a-verage 
depth of ee<1ur ciuring !lsocls, even it all t.ne depoeited. e�ree material 
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i s  assumed to be moved out of the bed, is only about 0.08 feet. It the much 
smaller annual loads carried into the lake above Elephant Butte Dam in recent 
years is  used, instead of the long term average, the depth would be much 
sma.ller than 0.08 feet. It ma.y be agreed that the solid material does not 
move as fast as the water, and this is no doubt t:ni• to a sm&l.l extent. How­
ever; with the high concentrations which would be neceesary for the traneporta­
ti�n of the amount of material involved in the movement of considerable depths 
of scoured material, the resistance to the flow of the water as it passed 
between the slower moving partieles of this material, would, if the solid 
material moved appreciably slower than the water, be so great that the slepe 
of the . river would not supply enough energy to accomplish it. Moreover, the 
particles could net long continue to move at much slower velocity than the 
water, except as they come in contact with the bed, since there is only their 
inertia to keep them f?'Qm acquiring the same velocity ef the water. Therefore, 
all the material except the small part of coarser particles which come in 
frequent contact with the bed, must move with substantially the same velocity 
as the water. 

An0ther reason for questioning the existence of large depths of scour 
over subet&ntially the whole of the stream-bed area is that the measurements 
of sediment cencentration made in the river do not show sufficiently high 
values to account for so great a transportation of material. Below the mouth 
of the Rio Puerco the concentrations are high, due to the tremendous sediment 
load of this stream which is probably the carrier of the highest sediment 
conceatration in the United States. To have a bed lowering of 15 feet in 
depth, over half of the channel area would require conc entrations of the order 
of 50 percent by weight of solids for a discharge of 7, 500 cfs. For a discharge 
of 20, 000 cfs, the bed would lower 4. 0 feet to produce the same c0neentration. 
Even belew the mouth of the Puerco such concentrations have not been observed, 
and above the Puerco nothing approaching it has been observed. 

Study of Evidence from other Sources 

Since the data available from the Rio Grande River. were so conflicting 
that no satisfactory quantitative values could be obtained, it was decided 
to make a general study of the available literature bearing on this subjec�,  
with a view to obtaining more light on this point. The following is a 
swam&ry or the principal information brought out by this investigati0n. , 

This study disclosed that very few measurements for the i.:;rimary 
purpose of determining general bed scour have been made . Nost of the data 
available have been secured from measurements made primarily for other pur­
poses, such as from stream discharge or surveys to ·determine depths 
available for navigation. Observations of local sceur, such as those at 
bridge piers or ab�tm�nts, are of no value in determining the general bed 
scour with which this study is concerned. The available data seem to deal 
with two general classes of rivers, large rivers, of small or moderate 
slop•, like the Miesissippi and the Missouri, and smaller rivers of steep 
i,l(j)pe, such as orie frequently finds in the Western United States. The 
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situati&n in these two type• ot 1treams differ somewhat. The larger 
rivers, if they flow 1n alluvial beds, consist or a serie s of bends, 
bntween which are etretehes ot more or less straight river. In the 
otraight eeetima the main channel or the river usual]Jr crosses from one 
side ot the river to the other, and the place where it does is called a 
CNIS&ing . At ordinar;y stages the bend.a are usually deep and relatively 
nar?'(7W and the croesings are wider and shallower., 

In Figure j are ahown dia�ruaticall.y- (A) a typical cross-section of 
a large river at a bend and (BJ a typical cross-eeetion at a crossing. 
The water level at medium stages i• represented by the line a b and b ' ,  and 
at high and low discharges by a and a' and c and c 1 , respectively. At 
n,edi'Ulll stages the eron-seotional area of flow ie abeut the aame in both 
cases and the velocity of flow is consequently also about the same� In 
fleods the water level rises to a and a 1 , a rise of approxin1ately the same 
hoight abeve b and b 1 • Because the width in the crossing is considerabl� 
greater than in the bend, the rise of water level increases the cross­
eeetion in the crossing more than in the bend, and, therefore, makes the 
total cross-sectional area at the crossing greater than at the bend. This 
eausee a l0wer velocity at the crossing than at the bend, and therefore 
tends te preduce leH ecour in the crossing than in the bend. In low 
water the opposite action takes place. The areas in the bends become 
larger than in th e  crossinge and more scour takes place on the crossings . 
In high water, then, the pools usually scour out a.nd at the crossings 
deposit takes place, while during low water the crossings scour out and 
the bends fill up. This is a well-established phenemena in large alluvial 
riverso Since the conditions in the Rio Grande differ considerably from 
those in the large rivers mentioned, it was not known to what extent thie 
acti&n also takes place in that stream. 

Bed Scpur 1Q the Rig Grande 

That the bed of the Rio Grande is lowered in time of floods , at least 
at certain points, is shown by the cross-sections shmm on Figure 2 .  
The se represent the bed of the river under the Santa Fe Railroad Bridge at 
San N.areial in 1929 . Some of the sections were ta.ken during th e  large 
flood of that year. The stream is contracted to eo�e extent here at high 
flows and the presence or bridge piers no doubt increases the scour, the 
tendency of the bed to be deeper near the piers being evident on the 
sections . These piers are set at an angle with the direction of flow, 
which no doubt increases somewhat their scouring effect. 

During the release of water from the El Va.do Reservoir, in November 
and December ef 1,4&, frequent measurements were made of discharge and 
flw area. at Bernalillo, Albuquerque, Belen, and Bernardo, on the main 
stem of the Ri0 Grande River, by the United States Geelegical Survey and 
U. S .  Engineer Depart1nent . The discharge reached abeiut 2 , 500 second­
feet and considerable bed l0wering was ebserved at each station. The 
maxim.um increase in area at these stations above the area when the 
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release started was about 230, 340, 3 50, and 550 square feet, respectively. 
This increase in area did not follow consistentlr the increase or decrease 
in discharge. At the Bernalillo and Albuquerque stations it varied 
rapidly up and down with a nearly constant discharge, the range of these 
rapid fluctuations reaching as much as 150 square feet . The Albuquerque, 
Belen, and BemardG measurements were made from bridges where the piers 
no doubt somewhat increased the s cour and those at Bernalillo from a 
cableway. At this point the river is narrow and curves somewhat with a 
scour resisting bank on the outside of the curve. 

Considerable data on the scour at stream-gaging s tations on the Rio 
Grande could na doubt be obtained from a study of the soundings taken at 
discharge measurements on the river during floods .  Time for this purpose 
was not available 1n making this study, but it is believed that such a 
study would be ait1ply justified and would furnish much information ot 
value. 

Bed Sc9ur on the Colorado River 

Discharge measurements have been made on the Colorado River at Yuma, 
Arizona, since 1878. The large lowering of the bed which occurs at thie 
station during fioods has been widely known and has been partly respon­
sible !or the impression that the river bottom o! such streams in floods 
scour deeply. Some ot the flow oross-sections for the year111 1912, 1916, 
and 1929 are show on Figure 4. In general, the max1mwn increase in 
depth at the section is about twice the rise in the water surface .  Th••• 
measurements were made 'by a cableway at a very narrow sectieu ot the 
river, where ene or both banks are or scour resist� material. The bed 
is of var.:, tine aand. 

In striking contrast with the large bed lowering at the Yuaa station 
was the situation at the site of the Imperial Dam. A cable station was 
operated here tor a ahort period before the dam was constructed . During 
this period the now reached a maximum of about 65,000 second-feet. 
Although the botta shifted considerably, being higher first en one aide 
and than on the other, there was no appreciable ehange ot the mean 
bottGlll level. This station was locatN about6 milet above the Laguna 
Dam where a fixed masonry crest extended entirely acroas the river, and 
mignt exercise some influence 1>n the croes-eection at the me1u1urin,: 
cable. 

Ot.ru,r Epmnl.es gt Bed Scosr 

On Figure 5 are ahown eNas-aectioa• tt two stations on the Yellaw 
River in China deeeribed by J.  R. FreUt&n \ 7) , which llhow the lowering 
of the bed of this stream during a fiood. These were taken at gaging 
station• where the river was probably narrw. it one of them, rock was 
exposed nearli»:, on one bank. Cross-aect1cme o! the Verd• Ri••r near 
Port Mcl>owell, lrisona, are giTen by- ,. N .  Holmquiet (8) which show a 
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considerable deepening of  this stream. at high flove. This "gaging station 
is  located where the river runs between rock banks and is confined to a. 
comparatively limited width. "  During the excavation for Hoover Dam a sawed 
and planed 2- by 6-inch plank was found in the riverbed material 50 feet 
below low-water surfaee and 40 feet below the bottom of the river channel. 
This showed that at some comparatively recent time the river in this canyon 
had scoured out the bed to the depth of this plank. 

Analysis of Available Data 

An examination Gf the foregoing data shows that , at most of the gaging 
stations mentioned, �he bottom unquestionably goes down conaiderablf at high 
flows. All of the cases where the bottom went down were either, (lJ  at 
bridges where the presence of piers wo uld induce scour, (2)  stations where 
the river was narrow, or (3 ) where it wa.� probably narrow beeauee measuring 
stations are usually where the river is narrow. The only place where a 
stream was measured from a cableway and where it was definitely known to be 
at a section which was het contracted, was on the Lower Colorado River at 
the site of the Imperial Dam. At this point no lowering of the bed was 
observed, but there is a slight chance that the conditions at this station 
might be influenced by the dam 6 miles do'Wl'lstream. We alse have the evi­
denee from the volume of material carried into �he Elephant Butte Reservoir 
that no great average depth of material is scoured from the Rio Grande bed 
in floeds and carried into the reservoir. Evidence pointing to a similar 
conclusion is the tact that the concentration of sedim.�nt carried in most 
streams in fioGds is insufficient to carry the amounts excavated it the 
lowerings indicated by measurements at most gaging stations a.re typieal of 
the vhele length and width of the river. 

An explanation which is consistent with all the observed data except 
that taken at the site of the Imperial Dam is that the river behaves as 
described by F.  N .  Holmquist in the article previously quoted. He believed 
that rivers of the type under discussion in floods excavate a deep ehannel 
over only a. pGrtion of their width, depositing the material excavated in 
the shallower porti0ns of the channel a short distance downstream. This 
deep channel he believed tends to approach the outside of th e bende and 
thue, in fiowing downstream, it may creais from one side of the river 
channel to the othe.r. It constantly shifts in position usually • •id 
erosion, but occasionally by awlaion (a  complete and sudden abandonment 
of a portion ot its .former course and adoption of a new channel) .  

Observations dµring the Rit Grandt nood ot My 194§ 

After the toregcd.ng studies were completed, an opportunity was had 
to obeeM'e both trom the ground apd the air the conditions during the 
floed at the end of May 1948, at which time the now at Albuquerque 
reached ab�ut 13 ,000 secend-!eet. A flight over the r1nr from Gochiti 
to the Elephant Butte Reaerveir was particularly illuminating. 



A special effort was made during these observations to determine the 
existence of a narrow deep channel, such as that described by Holmquist, 
but no evidence was found of such a phenomenon.  The fact that the location 
of bridges and gaging stations is nearly always at narrow sections of the 
river, however, was definit,ely established. That these narrow sections scour 
out during floods seer.ied very reasonable, but it appeared to be deposited 
at the next wide section downstream, and not carried on down the river . 
This explanation would fit in with all of the observed d.a.ta, which tends 
to confirm the accuracy of this tentative conclusion. 

Necessity for Quantitative Data on Rio Grande Bed Scour 

The attempts made to estimate the rate of degradation which will occur 
after the corapletior. of the sediment storae;e reservoirs as described else­
where in this report , have shown that in order to make quantitative estimates, 
it is necessary to know the depth and width of the niaterial worked over by 
the stream, since it is by the removal of the fine particles from this 
portion of the stream bed which causes degradation. These att empts have 
not disclosed any method of determining the lowering with a satisfactory 
degree of exactness without this knowledge . It is, therefore, imperative 
that further studies be made to quantitatively detennine the magnitude of 
this movement. 

·rhe studies neceesary to get the required information should be along 
three lines of approach as follows: 

(1 )  A detailed analysis of the bottom scour at stream gaging 
stations on the Rio Grande and si.Jnilar streams, particularly where 
measurements were made from eableways . 

( 2 )  The installation at numerous points in the bed of the Rio 
Gra.Qde of vertical cores of colored sand, the position of which was 
tied in to fixed points on the bank. These should be located both 
in the narrow and wide sec tions. After high floods the position of 
these eores woUld be relocated and excavations made to determine the 
depth to which they had been washed away, and therefore the depth of 
the bed which had been worked over , These will show whether the 
riverbed scours down at the Wide as well as at the narrow sections. 

(3 ) A detailed study of the bed material and depth or degradation 
which has occurred in the Colorado River below Lake Mead, to show the 
depth of material worked over in the degradation which has taken place 
in that stream. 
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Valye of These Studies in the Solut ion of Other Problems 

The data which would be secured from the studies outlined above would 
be of great value in the selution of many other problems which arise in the 
work of the Bureau of Reclamation. For example, a knowledge of the nature 
and extent of the lowe:rins which takes place in the Rio Grande in high 
flows would bo of the greatest assistance in working out the best method 
of confining the river below the sediment storage dams, in order to induce 
a more rapid rate of degradation. 

A method of determining, with reasonable certainty, the degradation 
which will occur bel@w any dam provided on a movable bed river is one of 
the greatest needs ir1 the Bureau ' s  design department. To provide a safe 
deeigp for a considerable lowering of the tailwater level at these dams 
often greatly increases their cost,  and should not be done unless neeessary. 
However, if lowering is not provided for and it occurs ,  expensive repairs 
or the failure of the structure, often result- The data from the studies 
outlined wo1:1.ld be of great help in working out such a method of estimating 
degradation. 



Appendix III 

EFmT OF TEMPERATURE 00 SEDIMENT TRANSPORTATION 

Sediment Fluctuations in the Lower Celorado River 

The record of sediment discharge above the Imperial Dam reservoir on 
the Lower Colorado River shows a surprisingly much larger load ot sediment 
in winter than in summer for approximately the same water dieeharge . 'l'hie 
was first peinted out by R. E. Goss. Since the only obvious difference in 
the conditions at these two times or ;rear is the difference ot the t•pera­
ture of the water, these results raise a serious question regard.in& the 
effect of temperature on the transportatic:m af sediment in fioving strea.118 . 

The results of these sediment observations are shown on Figure 1, vhieh 
gives the water discharge, water temperature, sediment c�ncentration and 
sediment load at Taylors Ferry frem 1943 to 1947, inclusive . It will be 
n0ted that for a given discharge, the sediment load. may be as much as 2.1/2 
times as great in winter as in summer. The conditi�ns in this atreteh of 
the Lawer Celerado River are exceptionally favorable te inileating azrr effect 
temperature may have , as the number of variables which :might err.et the 
sediment load is mucn less than in most rivers. This station is located 
downstream from the Hoover and Parker Reservoirs, in whieh the sediment 
coming down the Colorado is depGsited1 and clear water is discharged tl'Oll 
theip.. Because ef the regulating effect of these twe reservairs, the now 
of the river is unusually uniform.. There is very little looal inflow between 
the Parker Dam and Taylors Ferry and the sediment carried by the river is 
almost entirely picked up from the stream bed. Approximately 70 percent or 
thi� load is C€llllp0sed of fine and very tine sand. This stream is therefore 
much freer than most streams f'Nlll great nuctuations or water discharge and 
of load of sediment brought intc it. by tributaries . Because or the relatively 
co"-tant conditions, the effect of temperature would be much mere apparent 
than in an ordinary stream. 

It will be noticed that although the sediment concentration nuctuates, 
being generally larger in winter than in summer, there is distinct tendency 
of the sediment concentration and discharge to become smaller with the passage 
ot time. This is due to the gradual coarsening or the riverbed from which the 
load is picked up. Size analysis or 'the bed and suspended sediments showed 
that the7 gradually become coarser, as shown on Figures 2 and J, respectively. 
As the bed became coarser, the water was not able to pick up as large a load 
a8 be:f'ore, but the particle size a,f the material that it did pick up was 
coarser. The principal. changes in sediment load were therefore due to the 
changes of water discharge, the coarsening of the bed, the changes or tempera­
ture of the water and some other unknown cause which nuctuates with the 
seascma and m&1' be whol.4 or partly the effect or temperature. Although 
temperature appears to be the most llkel.7 cause, so far as known no experiaents 
have been made on the transporting pGWer Gt water, in which only the tempera­
ture was varied. Until such aperimente are made it cannot be positively 
stated that temperature is the cause, and \heretore the cause DJ11st be regarded 
as unknown. 
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The Magnitude of the Fluetuations Due to the Ullknown Cause '' Shown by Using 1943 to 1947 Data 

An attempt was therefore made to compute the magnitude of this effect 
by eliminating the effect of the variation of water flow and stream bed 

' 

c oarsening. The .first step was to eliminate the effect of water discharge . 
From many observations it has been found that the sediment load in natural 
streams varies roughly a� the square of the discharge . Thie was expressed 
by an equation Q8 "" K  � ,  where 'ls is the sediment load in tons per dq, 
Ka is a censtant and � is the water discharge in second-feet . The values 
of Ka were found for all the sediment observations and plotted against ealendar 
time a.a indicated on Figure 4.  This ehows approximately what the relative 
magnitude of the sediment load would have been had the discharge been uniform.. 
An average line A-B was then drawn thrc,ugh the values of K , eloping gradually 
downward to indicate the approximate variation which the v:iue ot K

a 
wwld have 

had if this unknown cause had net been present . The slope of the line and the 
lower values of Ka represented by it., as time went on, a.re due t0 the coarsening 
of the bed. The ratio or the values of la as computed from the observed data 
to the value ef Ko obtained. from this average line should give a caparison 
of the :magnitude of the fluctuations due to the effect of this unknGWn cause. 
AHuming that this fluctuation was entirely due to temperature, the magnitude 
Gf the rati0 of the nuetuating Ka value to th.e gradually changing K0 value of 
the average line was plotted against the water temperature at the time of 
observation, with the result given on Figure 4. 'l'his shows that the ratie 
decreased with increasing temperature at a rate sufficient te make the average 
load at the time 0f lowest temperature about 2-1/2 times the average load at 
the time of highest temperature . It will thus be seen that whether or Mt 
this nuctuation is due to temperature, it is or so large a magnitude that 
its cause must be determined if accurate analyses &re to be ma4e ot Dl&IJ1' 
sediment actions in the Lower Colorado River, and probabl.7 in the Middle 
Rio Grande aa well. The sediment load shown on Figure l is th• total load 
carried by the stream. An attempt was ude to determine whether the etfeet of 
this cau.ee vu t.he s&me on particles or different aizea . 'to do this the total 
load was broken int.a tour part.s, each part composed ot particles of a amal.l size 
range, the four parts c oYering the entire range of sizes carried., which was trail 
0.044 mm to o. �s, m. The load in each size range was analyzed in the same way 
as previously deecribed. tor the total load. For sizes tram 0.044 mm to 0.295 � 
the temperature effect seemed to be very close to that shown on Figure 4. F"t,r the 
size 0.295 mm to 0.589 JIii the change with temperat.ure was negligible. 

The MagQit;wle or the Fluqtytiena Shffl ix 1935 to lW Data 
The :results shown by the 1943 te 1'947 data were cenfil"I.IH b7 the da\a 

collected at Red Cloud Cable, Tay-lore 1•rrt and Imperial laaite fer �he 7ears 
193S to 1942, inclusive. During these 7.ars the aecilaent lead ancl vat.er discharge 
were det.el"llined bf measurement.,, -.it. t.h• water teaperature was Mt recerdN. In 
working up this data a cUJ"Te et th• rlutuatien or temperature th?'GUghout \he 
year was drawn up by averaging the t•perature as d.et.erained for the y.ars 
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1943 to 1947 . Using the temperature indicated by this curve for the date 
on which each measurement was taken, Figure 5 was plotted, in the same manner 
as used in securing Figure 4 .  This shows practically the same fluctuation 
of sediment load with temperature as obtained for the years 1943 to 1947 . 

Experiments on the Effect of Temperature 

The only experiments dealing with the effect of temperature on the movement 
of sediment were those of H0 JI, who experimented with the movement of coarse 
material in a glass-walled flume in Germany. He used water with temperatures 
ranging from 2° to 45° C, and found very much greater movement of material 
at higher temperatures than at lower temperatures. This effect is just the 
opposite of that found in the Lower Colorado River, where the movement was 
greater at lower temperatures . In his analysis of his results Ho does not 
allow for the resistance of the sides of his flume. H0 1 s experiments have 
been analyzed by Einstein*, who found that when this resistance was taken 
into account , allowing for the effect of temperature on its magnitude, the 
movement of sediment was practically the san� at all temperatures for the same 
shear on the stream bed. 

Temperature Effects in Sediment Transportation Fonnulae 

A study was also made of the effect of temperature on the transportation 
of sediment as indicated by the various fonnulae which have been proposed for 
computing the amount of sediment which would be transported by a stream of 
flowing water. The fornrulas of Schoklitsch J_/ and Straub � do not cnnsider 
any temperature effects .  The bed (material ) load fonnula of Einstein g/ 
shows a small effect, the load decreasing with dec reasing temperature. The 
magnitude of this effect decreases as the particle size of the material carried 
increases . The Lane-Kalinski ..1/ relations for suspended load consider no 
effect of the temperature on the pickup of material from the bed, but show 
decreasing transport of the material in suspension, with increasing temperature. 
This difference is proportional to the change of settling rate of the sediment 
particles with temperature, due to the change of the viscocity of the water. 
·rhe Kalinski _};/ bed-load formula shows a very slight effect of temperature, 
due to the change of density of the water with temperature. 

Since the load of the Lower CC!>lorado River was carried in suspension, 
the results should be analyzed as a problem in susp,ended load movement. The 
fluid mec hanics of this phenomenon is now fairly well understood as regards 
the transportation of the sediment particles after they have been raised from 
the bed into suspensiC!>n by the e ffect of the turbulence of the water, but a 
satisfactory analysis of the raising of the particles from the bed has not 
yet been worked out. The effect of temperature on the transpo��ation of 

9 Numbers refer to references at end of report 
* Unpublished 
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sediment already in suspension is due to its effect on particle settling rate,  
as mentioned above , but the magnitude or these effects are much less than 
those indicated by the Lower Colorado River observations. For example, in 
a stream of 15 feet depth and velocity 5 . 72 feet per second with a concentra­
tion 0 . 2  percent at 1 foot above the bottom, the amount carried at 300 C ,  
would vary from about 80 percent to 90 percent of what it would carry at 
10° C ,  for sizes of unifGrm sediment , ranging from 1/4 to 1/6 mm, respectively. 

It these Colorado River effects are due to temperature , since the 
temperature effects on transportation of sediment already in suspension are 
of mueh lesser magnitude, it follows that most of the effect or temperature 
observed in the Colorado River results is due to the temperature effect in 
the picking up of the material from the stream bed. 

Cenclusien 

From the foregoing discuesien it seems very probable that temperature 
has a m&teria.l effeet on the transportation of sediment by a flowing stream, 
at least under the conditions which existed in the Lower Colorado River, 
since no other explanation of the fluctuation of the sediment load with the 
seasons there is readily apparent . HoweYer, witil experiments are performed 
ahowing this effect under controlled. conditions where the effect of changing 
only the temperature was observed, it would net be scientifically sound to 
conclude positively that temperature was the cause. In any event , until this 
matter is settled, a large measure of uncertainty must remain in any computa­
tions o! sediment movement in the Middle Rio Grande Valley. 
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SAMPLE COHPUTA'l'IONS SHOWING Hb�HOD OF COMPUTING 
DEGRADATION OR AGGI-i.ADATION ON THE r{IDDLE RIO GRANDE RIV'""cll 

The following tables and figures show the method of computation as 
described in Appendix I .  

Figure 1 shows the method of adjusting the normal flow duration curve 
to a curve of 5,000 cfs maximum now. This adjustment was made by keeping 
the areas under the two curves equal. Table A shows the division of the 
flow into suitable increments and the percentage of time each increment 
can be expected to occur. 

Table B shows the method of computing theoretical suspended load 
according to the Lane and Kalinske relations. Figure 2 is a graph of the 
relationship between tc and N0P/Nb that is used in these computations. 
From these results Figure .3 ,  Sediment Discharge Curve , is plotted. From 
curves in Figure 3 and the flow duration, the computations shown in 
Tables C and D are made to find the amount of each size and total load 
carried for the 600-foot width and 5 ,000 c fs maximum discharge and the 
1 ,200-foot width and normal discharge. 

These same steps for the Kalinske bed load fonnula are shown in 
Tables E, F, and G, and Figures 4 and 5. The Schoklitsch formula computa­
tions are covered in Tables H, I, and J, and Figure 6. 

The load adjustments desc ribed in Step 3 ,  Page 2 1  , Appendix I are 
covered in Table K and Figure 7 .  The balance of the degradation computa­
tions are shown in Table L for three periods. 
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Basic data 

:0 1/6 :n 1/2 

Table B 

MIDDLE RIO GRANDE DIDRADATION STUDIF.S 
SUSPENDED LOAD 

LANE AND KALINSKE FORMULA 

Slope = 0 . 00096 
Mannings "n" = 0 . 025 
Temperature = 50° F 

: : 0 .375 Dllll : 0 .1875 IIE 

� : n I7li : -{i,f5s : tc : NoP : qs : tc : NoP : qs 
• • D • • • Nb • • • Nb • . . . . . , , . .-----:. 

tc 
0,09375 mm 
:NoP : qs 

. . . . . . . . . . . . . . . . . . . . . . . . 
0 . 50 :  0 .891 : 0.707 : 0 . 580 : 0 .0281 : 0 .1245 : 1 . 26 : : 0. 50 : 0. 248 : 0. 032 : 0 .154 : 10. 8 :  1 . 415 

! 
1 .00: 1.000 :  1.000 : 1.84 : 0.0250 : 0 .175s : o .a9 :  0 .013 : 0 .0054 : o .J; : 1 .04 :  0 .431 : 0 . 109 :  23 . 5 : 9 • .73 

: . . . . . . . . . . 
2 .00:  1 . 122 :  1 .414 : 5 . 84 0 .0222 : 0 . 2486 : 0.63 : 0 .102 : 0 .1340 : 0.-25 : .3 .10 4 . 07.3 : 0 .077 ; 45 : 59 . 1  

5 .00 :  l .JOS : 2 .236 : 26 . 96  : 0 .0191 : 0 .3248 : 0.48 :  0 .370 : 2 . 244 : 0 . 19 :  7 .00 :42 .46 : 0 .059 : 73 :443 

D = depth in feet 
q_, .. water discharge in cfs per rt width = ( 1 .486/n) s1/2 p5/3 
tc = c� where c = settling velocity in feet per second from graph in (Report No . 7--A Study of 
New Methods for Size Analysis of Suspended Sediment Samples ) 

B,ol Read from graph. Figure 2 

q9 "" sediment discharge pounct per hour per ft width for 1 percent of material of given size in the bed 
4s • (H0P/Nb) (Clw') (62 . 5 ) (3600)/l,OOO, OOO pound:!! per hour per feet 
No =  concentration or suspended material. of a given size at the bottom 
Nb "' percent of material of a given size found in the bed 
P = ratio ot mean concentration in vertical to concentration of suspended material of a given size 
at the bottom 
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Table C 

RIO GRANDE DfilRADATION STUDIES 
SUSPENDED LOAD 

LM7E AND KALINSKE FORMULA 

Basic data Width 1, 200 feet 
Slope 0.00096 
"n" 0 .025 
Temperature 50° F 
Size gradation from average of two borings No . 37 and No.  51 
Nonnal fJ.ow duration at San Feli£le 

:Flow : 
� : du� � 

Cfs :tion : C fs/ : 
: % : rt 
:tjae :  

240 : 0 . 1 :  0 .200: 
245.: Q .l :  0 .204 : 
.325 : 2 .a :  0 .211 :  
452 : 7 . 0 :  0.377 :  
558 :10 .0 :  0. 465 : 
665 :10 .0 :  0. 554 : 
1so:10 .o :  0.650 : 
920 :10 .0 :  0 . 766 : 

� 
�.� mm 

qs : Qs . . 

. . . . 
.1§12 mm 

qs Qs 

: : 
0 .22 :  0 .005 :  0 .0022 : 
0 . 23 :  0 .005 : 0 .0024: 
O .J8 :  0. 224: 0�0050 : 0 .019 : 
o.68 : 1 . 022 : 0 .0122 : 0 .116 : 
0 .98 :  2 . 105 : 0 .0187 : 0 . 254 :  
l . JJ :  2.856 : 0 .0285 : O . J87 : 
1 . 75 :  3 - 758:  0 .042 : 0 . 571 :  

�JZ� mm 

qs : Q 
: s . 
: 

2 .J2 :  4. 983 : 0 .062 : 0 . 842 :  : : 
J . 15 : 6 . 765 : 0 . 093 : 1 .264 : : : 
4. 5 : 9 .665 : 0 .153 : 2 .079 : : : 

: 7 .6  :16 . J2J : 0 .305 : 4 .J.44:0.003J :0.062 :  

1100:10 .0 :  0 .917 : 
1.365 :10.0:  1 .14 
1890:10 .0 :  1 . 57 
3275 :10.0 :  2 . ?J 
.5850: 5 .0 :  4. 88 
8700: 2 . O :  7 . 25 

12550 : 2 . 0 :10 . 5  
16450 : 0 . 5 :1.3 . 7  
19500 : 0 .4 :16 .2 
21600: 0 .1 :18 .0  

18 .J :39 .JOJ : 0 .97 :lJ . 180 :0 .017 :0 .319: 
44. 5  :47 . 786 : 2 . 95 :20 . 041 10.085 :0. 797 : 
80 :J4.J63 : 5 .8 :15 . 761 :0 . 218 :0.204 : 

:135 : 57 -988 :10 .8  :29 .349 :0 .46 :l . 726 : 
: 190 : 20 .403 :16 . 0  :10 .870:0 .73 :0.685 : 
: 225 :19.329 : 20 . 5  :11 . 142 :1 . 00  :0 .750 t 
: 275 : 5 . 906 :24.0 : J . 261 :1 .12 :0 .221 : 

: 

11.3 .280 : 
135, 936 

: z 
4-7'4: 

5,717 : 46,.,ooo T/rr 
I 

ParcentL o.t _ t,�j;,\J. lo!:4 69. 79 : 28Jl .. ; � : 

� "" average water discharge in ets for pere•nt ot time shown under now 
duratien taken from flow duration curve 

4w m water discharge in c fs/ft width • �/width 
48 • ••diment discharge in lb/hr/tt width read !roa sediment dieeharg• graph 
Qs • sediment discharge in T/yr/rt width , 

(g,) (24 ) (365 .25 ) (� ot size in lMd)(tlt,w dllr&tjs; 
· 2,000 100 . 

6 



Table D 

RIO GRANDE DEGRADATION STUDIES 
SUSPENDED LOAD 

Basic data : 

LANE At'\ID KALINSKE FORl'IULA 

Width 600 feet 
Slope 0.00096 
"n" 0.025 
Temperature 50° F 
Size gradation from average of two borings 
N:> 37 and No 51 

Flow duration at San Felipe adjusted to 
5000 cfs max 

: Flew : 
: dura--: 

Q._, :tion : 4w 
,09375 lf: .1875 nm 

: : : 
240 : 0 .1  :0 .400 :  o.7f:IJ : 0.016 :0.0130 : 
245 : 0 .1  :0 .4()8: 0.765 : 0 .016 :0.0132 : 

0.002 : 
0.002 :  
0.088 : 
0 . 571 : 
1.)18 :  

,375 mm : 

3?.5 :  2 .8  :0 .504:  1.12 
�5i : 7.0 :0 .754 : 2 .25 
5 50 : lO�O :0.930 :  3.22 
665 :10.0 : 1 . 108 : 4 • .35 
780 :10.0 : 1.300 : 6.30 
920 : 10.0 : 1. 533 : 7.30 

1100 : 10.0 : 1.8.33 : 9 .7  
1400: 5 .0 :2 .333 :14.3 
1910: 5 .0 : J .18) :23 
3005 : 5 .0  : 5 .008 :61 
39'5 :  2 .0  :6.658 : 71 
4415 : 3.0 : 7.358 181 
47&5 : J .O : 74942 : 91 
4950 : .3 .0 :8 .250 :96 
5000 :14�0 :8 .JJ) : 97 

0. 674 :0.023 
3 • .383 :0.060 
6 0 916 :0 .orn 
9.342 :0.145 

1.3 . 5.31 :0 .202 
15.G78 :0.2<J 
20.s.3.3 :0.425  
15.350 :0 .60 
24,699 : 1.29 
65 .505 :4.23 
30.497 : 5.00 
52 .189 : 5 .9 
58 .632 : 6 .8 

1.970 : : 
2 . 745 :0.0018:0 .0.34 : 
3 .940 :0.0031 :0.058 : 
5� 775 :0.0053 :0.099 : 
4.076 :0.0105 :0.098 : 
s.1,4 :0.026 :0.244:  

: 61.854 :7 .2 
:291.658 : 7  • .3 

28.737 :0.091 :0 .854 : 
13. 587 :0 .180 : 0.675 : 

: 24.050 :0.222 :.1.249 : 
: 27.n8 :0 o204 :1.486 : 
: 29 .349 :0.28.3 : 1� 593 1 
: lJS.862 :0.29<l : 7 . 616 : . . . : 

T0t�i T/,.;./rt width 670.799 : 291.554 :  
?otal T/yr 402,467 174,932 

: . . 
Pereent af total load 68.70 : 29,86 : 

• • TarAL LOAD 
u.006; 

8,404 585,803 T/yr 

1,44 : 

Q., • average va.ter discharge cts for percent of time shown under flow 
duration ; taken fr0m flow duration curve 

C!w • water discharge efs/ft width • �/width 
q8 • sediment discharge in lb/hr/tt width read from sediment discharge graph 
Q8 = sediment dischar

t
e in T/)(/ft width • 
q1) (24 365,25)(percent o! eize in bed)(tlow duration) 

2,000 100 

7 
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Table E 

MIDDLE RIO GRANDE DEGRADATION STUDIES 

:BED LOAD 

KA.LINS.KE FORMULA. 

Basi c Data: Slope S = . 00096 
Mannings 11n 11 . 025 
Temperature 50° F 

: Dia Dia • • 't"� • - - • 
: : v• . : 't c . .  ;tt; ; uc/u ; q1 

a.25 : o. 1s2 : o. 0150: o. os76 : o . 09375 : o . 000307 : o. 003091 : 0. 246: 0. 505 : 91 . 197 
: o . 1s75 : o . 0006152 : o . 0073s2 : o. 492 : o. 3os : 111 . 393 

: : 0. 375 : 0. 00123 : 0 . 01476 : 0. 984: 0 . 103 : 74. 472 
: 0 . 75 : 0 . 00246 : 0 . 02952 : 1 . 968 : 0 . 0058:  8. 362 
: 1. 50 : o . ooh92 : 0 . 05904 : 3 . 93 6 :  

t ' : : : : : 
o. 50 : o. 5so : o. 300 : O.l.242: o. 09375: 0.000307 6 : o. 003691 : o. 123 : o . 640 : 163. 933 

s : o . 1s75 : o . 0006152 : o . 0073s2: o. 246: o. 505 : 25s. 759 
: 0. 375 : 0. 00123 : 0 . 01476 : o. 4,2s o . 3ag : 315 . 560 
: 0 .75 : 0. 00246 : 0. 02952 : 0. 984: 0 . 103 : 211 . 110 
: 1 . 50 : 0. 00492 : 0 . 05904 : l . 968 : 0 . 0058 : 23 . 825 

: : : : : : : : : 
1 . 00 : 1 . 84 : o. 0599 : o. 1756: o. 09375 : o. 0003076: 0. 003691 : o . 062 : o . 750 : 271. 697 

: : : : o. 1g75  : o . 0006152 : o . 0073s2: o. 123: o . 64o : 463 . 715 
: 0.375 : 0. 00123 : 0. 01476 , 0. 246 : 0. 505 ; 731. 626 
: 0. 75 : 0. 00246 : 0. 02952 : o. 492: 0. 308 : s92 . �-04 

: : 1. 50 : 0 . 00492 : 0. 05904 : 0. 984 : 0. 103 : 596 . 882 
: 3 . 00 : o . 009g4 : o . 11sos : 1 . 96s : o . 005s : 67 . 214 

: : : : : : z : : 
2 . 00 : 5 . 84 : o . 119s : o . 24s : o . 09375 : o. 0003076: o . 003691 : o . 031 : o . s30 : 424. 5s6 

: o . 1g75 : o . 0006152: o . 0073s2 : o. 062 : o. 750 : 767.442 
: 0. 375 : 0. 00123 : 0. 01476 : 0.123 : 0. 640 i3<>,9- 416 
: 0. 75 : 0 . 00246 : 0 . 02952 : 0. 246 : 0. 505 eo6i.287 
: 1. 50 : o.ooll-92 : 0. 05904 : o.493 : o. 3og 2520. 536 
: 3 .  oo : o .�09s4 : o. 11ros : o. 9s6 : 0. 103 :1.6s5- 72z 
: 6. 00 : o .  01,68 : o. 23616 s l. 971 : o. 0057 : 186. 654 

: : : : t : : : : 
4, ooa.s. 5g : 0. 2396 1 0. 351 : o. 09375: o. 0003076 : 0. 003691 : o . 015 : o. 900 : 651 .  789 

: : o. 1s75 : o . 0006152: o . 0073s2 : o . 03J.,: o.s30 :120L 96s 
: : O. 375 : 0. 00123 : 0. 01476 : 0.062: O. 750 f!l7L,684 

: O. 75 : 0. 00246 : 0. 02952 : 0. 123 : 0. 64o ;3706.. 252 
: l. 50 : o. 00492 : o. 05904 : o. 246: o. 505 5849, 062 
: 3. 00 : o. 009glt. : o. 11gos : o. 493 : o.3os :713� 654 
: 6. 00 : O .  01968 : o. 23 616 : o. 916: 0 . 103 #771.. 898 

: :U. 00  : 0 . 03936  : 0 . 47232 : 1. 971 : 0 . 0057: 52& 090 



D = Depth 1n feet (NOTE: In original Kal inske paper symcol used for 
depth ia  11 d11 ) 

q,,.. = Water discharge in c£1/tt width = ( 1 .486/n )s112n5/3 

't0 = vDS ;  where w is weight of water = 62.4 l/tt3 
2 

v• ==1--C /p i where � ii fluid maaa den11ty 1. 9>1lbe 1•e 0 ft 
'Te • 12 x DiUleter in feet 

Ug/U Read !ram Graph 

q • Sediment di aoharge in lb  •fsec /ti tot 100 percent of given aize 
!n. bed 

q8 a: ( 2. 57 ) ('01/lt) (v• ) {Dia in ttH J'. ) :  waere � 1B l}!)ecific weic)1t 
of material l2. 65 ) (62. 4 )  • 165.4 C g 

(NOTE: In original Kalinake paper aymbol D used for "1-•ter 
of particle in feet ) 

10 
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Basic data Width 1, 200 feet 
Slope 0 . 00096 
"n" 0 .025 
Temperature 50° F 

Table F 

RIO GRANDE D:EnRADATION STUDIES 
BED LOAD 

KALINSKE FOOMULA 

Size gradation from average of two borings No . 37 and No . 51 
Normal flow duration at San Felipe 

:A' .&.OW: : . 09375 lllll : . 1875 1IDil : .J75 mm : • 75 mm : 1 .  5 mm 
.dllra-. . . . . . . • . 

� ; tion; . Ch,_ ;<is__;_ Q6_; 4s ; Qs ; 4s ; Qs ; 
240 : 0 . 1 : 0 . 200:  96 : 0 . 014 : 119 : 0 .056 : 89 : 0 .029 : 11 :0 .001 :  
245 : 0 . 1 :  0.204: 97 :0 .014 : 1.22 : 0 . 057 : 92 : 0 .030 : i2 :0 .001 :  
325 :  2 . S :  0 .271 :112 :0 .464 : 152 : 1 . 996 : 143 : 1 .297 : 33 :0 .046 : 
452 : 7 . 0 :  0.377 :133 :1 .378 1  194 : 6 . 369 :  211 : 4. 785 : 83 :0 .291 : 

qs Q 

558 :10 .0 :  0 .1.65 :148 : 2 . 190 : 223 :10 .459 : 260 :  8 .424 : 135 :0 .675 :  : : 
665 :10 . 0 :  0 . 554 :161 :2 .J83 : 25() :11 . 725 : 305 : 9 . 882 : 195 : 0 . 975 : 20 :0 .012 : 
780:10 .0 :  0.650 :173 : 2 . 560 : 275 :12 . 898 : 350 :11 .340 : 260 :1 .JOO : 34 :0 .020 : 
920 :10 .0 :  0 . 766 :187 : 2 . 768 : J00 :14 . 070 : 395 :12 . 798 : 340 :1 . 700:  59 : 0 .0J5 : 

1100: 10 .0 :  0 .917 :201 : 2 . 975 : JJl :15 . 524 : 455 :14. 742 : 435 :2 . 175 : 108 :0 .065 : 

.l�O nun 

1.365:10 .0 :  1 .14 : 223 : J . JOO:  370 : 17 .353 :  530 : 17 .172 : 560 :2 . 800 :  200 :0 . 120 : : 
1890:10 .0 :  1 . 57 : 255 : J . 774: 430:20 .167 : 665 :21 . 546 :  770 : J . 850: 430 : 0 . 258 : : : 
3275 :10 .0 :  2 . 73 : 320 :4 . 736 : 560 : 26 . 264: 910 :29 .484 : 1220 :6 . 100:1110 :0 .666 : 250 : 0 . 050 : 

6 . 0  mm : 

Qe 

5850: 5 . 0 :  4 .88 :400 : 2 . 960 : 720 :16 .884 : 1210 : 19 .602 :1810 :4 . 525 : 2130 :0 . 639 : 1130 :0 .llJ : : : 
8700:  2 .0 :  7 .25 :,460 :1 .362 :  S40: 7 .879 :1440: 9 .JJ1 : 2J00 :2. JOO:JOOO:O . J60 :2420 :0 . 097 : 385 :0 .008 : 

12550:  2 .0 : 10 . 5  : 530 :1 . 569 : 970: 9 . 099 : 1700:ll.061 : 2820 :2 . 820:J950 :0 . 474 :4100 : 0 . 164 :1J00 :0 .026 : 
16450: 0 . 5 : lJ . 7  : 580 :0 .429 : 1080 : 2 . 533 :1900 : J . 078 : J220 :0 . 805 :4750 :0 . 143 : 5400 : 0 . 054 : 2500 : 0 .01J : 
19500:  0 .4 : 16 . 2 :615 :0 .364 : 1140 : 2 . 139 : 2050 : 2 .657 :J500:0 . 700 : 5J50 : 0 . 128 :6400:0 . 051 :3650 :0 .015 : 
21600: 0 . 1 : 18 .0  :640 :0.095 : 1190: 0 . 558 :2160 : 0 . 700 :J650 :0 . 18J : 5700 : 0 . 034 : 7000 :0.014 :4500 :0 . 005 : . . . . . . . 
Total

0

Load
.
T/yr/ft width 33. :335 : i16 . 0JO; 177 .913 : 31 . 247 : 2 . 954 : 0 . 5�3 ! 

Total Load T/yr· 40,002: 211,236 : 21J,496 :37,496 : 3, 545 : 652 

Pe:rce.nt of total load 7.90 . 4,1.70 : 
42,15 : 7.40 : 0.70 0 . 1,l 

0 . 067 
80 
0 . 02 

TOTAL LOAD 

506, 507 T /yr 

� = average water discharge in cfs for percent of time shown under flow duration; taken from flow duration curve 
4w = water discharge in cfs/rt width = �/width 
q9 = sediment discharge in T/yr/rt width; read from sediment discharge curve 
Q8 = sediment discharge in T/yr/rt width = (q5 ) (percent in bed/lOO) ( !low duration/100) Note : Percent in bed 

is  percent of area covered by given size . 



� 

Basic data 

:Flow: 

Table G 

RIO GRM'IDE DEGRADATION STUDIES-BED LOAD 

Width 6oo feet 
Slape 0.00096 
"n" 0.025 
Temperature 50° F 

KALINSKE FOEMULA 

Size gradation from average of two borings No 37  and No 51 
Flow dur�tion at San Felipe ad.justed to 50Q()��r� J!lS.X 

:d.mr: : ,09375 mm :  ,1875 mm : .375 mm : ,?S mr.1 : 1;5 mm : 3.,0 m.111 : 6,o mm 
Ctw: tion : Clw : qs : Qs :qs : Qs : qs : Qs : qs :  Qe : qs : Qs : qs : qs : qs : Qs 

240 : 0 . 1 :0.,400 : 138 : 0 .02 0 : 202 : 0 .095 : 225 : 0 .073 : 97 : 0.005 : 
24; : 0 . 1 :0 .408 : 139 : 0.021 : 203 : 0.095 : 230 : 0.075 : 98 : 0 .005 : 
325 : 2 .a : 09 504 : 152 : 0.630 :235 : J . 196 : 280 : 2 . 540 : 162 :  0.221 : · : , 
452 : 7.0 :0. 754 : 185 : 1.917:300:  9 .849 : 395 :  80959 : 330 : 19155 : 56 :0 1024 :  
558 : 10.0 :0 .930 : 202 : 2 .990 :33, : 15.712 : 460 : 14. 904 :  445 : 2. 225 : 113 :0,0eS : 
665 : 10.0 : 1.108 :220 : 3. 256 :3'5 :17.119 : 525 :17.010 : 550 :  2 . 750: 190 :0.114:  
780 : 10.0 : l.J00:236 : 3 ., 493 :395 : 18 . 526 : 585 : 18 9954 : 650 :  J .250 : 280 :0 .. i68 : 
920 zlO.O : l. 53J :252 : 3 . 730 :425 :19.933 : 650 :21.060 : 760 : J. 000 : 410 :0.246 : : : 

1100 , 10.0 : lv833 :272 :  4.026 : 465 :21.so, : 7'.3() :230 652 : 890 :  4.450 : .......... 580 :0 .348 : 68 : 0.014 : 
1400 : 5.0 :2 ,. 333 : J()O : 2 ., 220 : 520 : 12.194 : tJ() : 13 .446 : 1080 : 2 p 700 : 880 :0.,264 : 150 :0 .015 : 
1910 : 5 ,0 : J . 183 : J35 : 2 �479 :  6oo: 14.070 : 990 : 16,.038 : 1360 :  3 .400 : 1360 :0.408 :  400 :0.040 : : : 
3005 :  5 .0 : 5 .008 : 4()0 : 2 .960 : 725 : 17.001 : 12J() : 19 .926 : 1830 : 4. 575 :2200 :0.660 : 1230 :0.123 : : : 
3995 : 2 .0 : 6 .658 : 450 : 1.332 : 820 : 70 692 : 1400 : 9 .012 :2200 : 2 . 200 : 2000 :o,J36 : 2100 :o.oa4 :290 :o.006 : 
4415 : J.0 : 7.358 : 460:  2 .042 : 850 :ll.960 : 1450 : 14.094:2J20 : J .480 :J0JO :0 a545 :2470 :0 .l48 : 400:0 a012 : 
4765 : J .0 : 7.942 : 475 : 2 0109 :880 : 12.382 : 1500 : 14.500:2420: 3 . 630 : 3220 :0.580 : 2780 :0 .167 : 520 :0 ,016 : 
4950 :  J,. 0 :8 o250 : 4S2 : 2 ,140 : S90 : 12 . 522 : 1520 : 14. 774:2480 :  3 . 720 : 3320 :0 . 598 : 2950 : 0 . 177 :600 :0 .018 : 
5000 : 14,0 :81333 :485:10,049 : 895: 58,766 : 1530 : 67,401 :2500: 17.500 : 3350 : 2.814:3000:0,840: 615:0,086 : TOTAL LOAD 
Total load : : : : : : : 
T/yr/ft width 45 .411: · 252 .921 : 278 . 558 : 59.072 : 7.173 : 1 . 608 : 0 . 138 : 

Total load T/yr 27,248 :151,753 : 167,135 : 3 5 ,443 : 4 ,304 : 965 : 83 : 386,931 T/yr 

% 0f total load 7,84 : 39122 : 43,20 : 9, 16 : loll : 0,25 : 01102 : 
Qw • Average water discharge in cfs for percent of  time shown under flow duration ; taken from flow duration curve 
q.w • Water discharge in cfe/ft width = Qw/widU-. 
q8 • Sediment discharge in T/yr/ft width ; read from sediment discharge curve 
Q5 = Sediment discharge in T/yr/ft width = (q8 ) (% in bed /lOO) ( flow duration/100) Note : Percent in bed is 

percent of area covered by given size 
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Basic data Slope 
?'i.annings 11n11 

Temperature 

0 .4 :  

. 00096 

.025 
50° F 

0 . 5 :  : : 0 .0852 : 9 . 2 : 
0 . 8 :  0. 5926 : 90. 9 :  0 .3852 : 41 . 7 :  

Table H 

RIO GRANDE DffiRIJ)ATION STUDIF..5 
BED LOAD 

SCHOKLITSCH FOP.MULA 

1,SQ mm 

0 . 9 :  : : : : 0 .0705 : 5 . 4 :  
2 . 0 :  1 . 7926 : 274 .6 :  1 . 5852 : 171 . 8 :  1 . 1705 : 89 . 8 :  0.341 : 18 .4 :  
J . 6 :  : : : : : : : : 0 . 282 : 10 . 7 :  

3.Q mm 

4.0 :  3 . 7926 : 581 . 6 :  3 . 5s52 : J88 . 5 :  3 �1705 : 243 . 1 :  2 .341 :  126 .4 :  0 .682 : 26 .0 :  : : 
8 .0 :  7 . 7926 :1195 . 1 :  7 . 5852 : 821 . 9 :  7.1705 : 549 . 8 :  6 . 341 : 342 . 4 :  4 .682 : 178 . 7 :  1 . 368 : 37. 0 :  

10.0 :  9 . 7926 : 1501 . 8 :  9 . 5852 :1038 . 7 :  9 . 1705 : 703 . 2 :  8 .341 : 450 .4 :  6 . 682 : 255 : 3 . 368 : 91 . 1 :  : : 

: qs. 

20.0 :19 . 7926 :JOJ5 .4 :19. 5852 :2122 .J :19 . 1705 :1470 : 18 . 341 : 990.4 :16 .682 :  637 : lJ .368 :361 : 6 . 737 : 124 : : 
30 .0 : 29 . 7926 : 4569 .0 : 29 . 5852 :J205 . 9 : 29 . 1705 :22J7 : 28 . 341 : 1530 .4 :26 . 682 :1018 :23 . 368 :632 : 16 . 737 : 321 :3 .474 : 47 
40,0 :39 .7926 :6102 . 6 :39 .5852 :4289.5:39. 1705 :3004 :38 .341 : 2070 .4:36 . 682 :1400 :33 .368 :902 : 26 . 737:5021 :3.474 :182,4 
qw z water discharge cfs/ft width 
4o = critical discharge = 0.00532D/(S 4/3 ) ;  where D is grain diameter in inches 
q8 = sediment discharge lb/hr/ft width where 4s = (86 . 7/ ,v'l;) (S l . 5 ) (�-'1o) (J600) ; D is again diameter in inches ; 

for 100 percent of material of given size in bed 
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Baaic Datas Width 1200 ft 
Slope a . 00096 
•n" 0. 025 
Tamperature 50° F 

Table I 

RIO GRANDE WGBADATION STUDIES 
.BED LOAD 

SCHOl'.LITSCH J'ORMULA 

Size gradation from average of two borings 137 and # 51 
_ _  Ne�yl flow duration at San Felipe 

a llow : : . 09375 a :  . 187� 1111 
: 4ur- : : : : : 

"v H,Uoa: Cly L_ 4- : Q,• : G.1 : Q.• 
21W : 0. 1 : 0. 200: 
245 : 0. 1 : 0. 2o4 : 
325 : 2. S : 0. 271 1  
452 I 7.0 I O. J77 1 
558 1 10. 0 : 0. 4651 
665 : 10.0 : 0. 554: 
780 2 10 . 0 : 0. 650: 
920 : 10. 0 : 0. 766: 

1100 : 10. 0 : 0. 917 : 
1365 , 10 . 0 : l. 14 : 
1890 : 10. 0 : 1. 57 r 
3275 : 10. 0 : 2 . 73 :  
5850 : 5 .0 : 4. 88 : 
6700 I 2. 0 : 7. 25 

12550 I 2. 0 : 10. 5() 
16450 : 0. 5 : 13 . 70 
19500 I 0.4 : 16. 20 : 
216oo 1 0. 1 : lS .00 : 

l 

8 :  0. 01 : 
26 : o .4o: 
39 : 0. 80: 
53 : 1. 14: 
67h 1. 45 : 
87 : 1, 87 !  

112 : 2. 41 :  
143 : 3 .07 , 
208 : 4. 47 :  
389 : 8.36, 
725 : 7 . 79: 

1100 : 4. 73 :  
16oo : 6. 87 I 
2100 : 2 . 26 :  
2500 : 2. 15 : 
2750 : 0. 59: 

15 . 7 :  
26 
3s. 2 :  
53 
78 

126 
255 
49() 
750 

1110 
148o 
1730 
1930 

2.13 : 
3 . 53 :  
5. 19 : 
7 . 20:  

10. 6o: 
17 . 12 : 
34. 65: 
33 .30: 
20. 3, :  
30. 17 :  
10. 06:  
9.40: 
2. 62 :  

Jli.• ,z; • 
� 

. . 
6. 6 :  

21. 5 :  

1a; 
312 
495 
750 
990 

1190 
1330 

:'-, 

. 
1 .24: 
4. 03 : 

10.32: 

q, Q.8 

27 . 58: 58: 3 . 33 :  
29. 27 :  173 :  4. 97 :  
1s. 57 : 305 : 3 . 50 :  
2g . 14 :  480: 5 . 51 :  
9 . 29: 655 :  1. 88 :  
8 . 93 :  790 : 1 . 81 :  
2. 50: ss5 : 0. 51 :  

1.5: m . 
4a : Q,J 

. . 
57 : o .40:  

150:  o .42 :  
275 : 0 . 77 :  
4oO: 0 . 28 :  
500: 0. 28: 
565 :  0 .08: 

Total load �iyrfft �idth 4s. 37 18� z 139. 87 21. 51 : 2 . 23 :  
Total lo84 T/yr 5! , 044 223 . 632 : 167 , 844 : 25 , 812 z 2 , 676 . . 

3 . 0  -. 
qi__; __ �. 

105 : 0 . 15 :  
188 : 0. 07 :  
257 : 0 . 07 :  
305 : 0 . 02 :  

: TOTAL LOAD 
0.31 : 47s, 3go T/yr 

372 

f of total load 12.13 : 46.75 35. 09 : 5. 4o : (). 56: o. oz 
time 1hmm under flow duration; taken ftom flow durat ion elrVe q., = Average water discharge in c·fa for perc ent ot 

'Iv •  Water discharge in eta/ft wilih • Qy/width 
� e Secllllent discharge in lbe/'bz/ft width; taken from sediment discharge curve 
q,. • Sediment di scharge in T/,-r/ft width=(g..X$i�6�. 25H� ot 1ize in bed.) (flow duration ) - 100 100 
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Basic data 

:Flow : 
:dura-: 

Width 
Slope 
"n" 

. . . , 1'-'l,l f J .maJ 

: 
i . . 

W k,um WW Y.1 � 'ffi 
240 : 0.1 :0 .400 : JO : O .� : 
245 : 0 .1  :0 .408 : 30 : 0.001 : 

. 

'fable J 

RIO GRANDI!: DEGRADATION STUDIES 
BED LOAD 

SCHOKLITSCH FORMULA 

. . : . . 
iii �Iii a ;;a . . : . . . . . : . . . . . 

Q5 : 4s : Qs . . . . . . . . . . . 
325 : 2 .8  :0. 504 : 46 :  0.277 : 10. 5 : 0 • .399 : . : : . : . . 
452 : 7 .0  :0 .754 : 84 : 1 . 236 : 37 
558 :10.0 :0 .930 : 112 : 2.406 : 55 
665 : 10.0 :1 .108 : 114 :  2.44, 1 74 
780 : 10.0 : 1 .,300 : 170 : J .652 : 94 
920 :10.0 : 1 . 533 : 205 : 4.403 :120 

1100 :10.0 :1 .833 : 250 : 5 .370 :153 
1400 : 5 .0  :2.33.3 : 325 : J .491 : 205 
1910 : 5.0 :J.183 : 450 : 4.833 :JOO 
JOOS : 5 .• 0 : 5 .008 : 735 : 7.894 :495 
3995 : 2.0 :6 .658 : 990 : 4.253 :670 
4415 : 3.0 :7 .358 :1100 : 7 .088 :740 

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

.3. 519 :  . : : . . . . . 
7-473 : 7 .6 : 1 .426 : . . . . . . 

10 .054 : 22.0 : 4. 127 : . . . . . 
12 . 772 : .37 . 5  : 7 .035 : . . 
16 .304 : 56 : 10. 505 
20. 788 : 78 : 14.632 : . . : . . 
lJ .927 :113 : 10. 540 : 33 : 0 . 947 : 
20.,381 :180 : 16 .883 : 79 : 2 .268 
JJ .628 :,322 : J0.202 :182 : 5 . 225 : 63 :0 .442 
18.207 :450 : 16 . 883 :270 : J .101 ;123 :0 .345 
30. 163 : 500 : 28.139 :310 : 5 .340 :150 :0 .6,31 

. " . . 
: q5 : Q 

. . . . 
4765 : J.O :7 .942 :1190 : 7.66& :810 : JJ .016 : 550 
4950 : 3 .0  :8 .250 :1230 : 7 . 926 :840 . 34.239 : 570 . 
5000 :14.0 :8 .)33 :1250 :18 .795 :850 : 161.685 : 575 

: 30. 952 :345 : 5 . 943 : 175 :0 .737 
: ,32 . 078 :J60 : 6 .201 : 188 : 0 . 791 
:151 .010 :J6J :29 .181 : 190 :J . 732 

:36 : 0 .076 : 
:44 :0.093 
:46 :0 .451 . . . . . . . . 

Total load T..,-;;:-/rt, width 81 . 781 
Total load T/yr 49,069 . . 416 . 555 

249,933 

. . . . 
354-412 

: 212,647 
58 .206 : 

34, 924 : 
6.678 : 0.620 

4,0C)7 : 372 

PeNent of tet.a,l load 8,91 : 45.35 : 38.60 : 6,34 : 0,73 : 0,07 

:TOTAL LOAD . . 
: 550,952 T/yr 

Qw = average water discharge in cfs for percent @f time shown under now duration; taken from flow duration curve 
qw a: water discharge in efs/rt width = Qw/width 
q5 = sediment discharge in lb/hr/rt width; taken from sediment discharge curves 
Qs = sediment discharge in T/y-r/ft width = (q1)(24)(J65.25)(percent of size in bed)(flow duration) 

2,000 100 100 
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Table K 

RIO GRANDE D:EGRADATION STUDIF.S 
LOAD CALCULATIONS 

:Suspended: Bed load : Total 
: load :Kalinske :Schoklltsch: Aver load 

Nol"Dl&l width & !'low : 9,000 : 5 , 507: 478,380 :492,444: 9 1,444 
Reduced width & flow: 5851803 : 386,931 : 550,952 :468,941:1,054.744 

Existing load in river f'rom tabular estimate 2,350,000 tons/year 

Corrected total load f'or new flow conditions (2,3501000)(1,054,74.4) : 2, 578,047 
961,444 

Bed load froDl theoretical average for new flow conditions 
Suspended load for new flow conditions 

468.9� 
2,109,1 

To convert lead from tons/year to equivalent depth over stretch 

�2,1w,106)(2tooo) = 0 517 rt/yr 100 81,607, 80) 
Suspended load = Total sua ld tons x lbs ton 

lba cu tt x area of ri Yer 
bed in stretch 
( sq tt.)  

0 .115 tt/yr Bed load 

To divide load into sizes according to theoretical percentages 

s Suapended : Bed lofrd : 
: load :iailnske:Schoklitsch:Average: Total 
: j ;Depth: % : % : % :Dept.h:dept.h 
: . . . • • : • • • • • 

Silt tiner than • 0625mm: All or this size considered moved 
VFS .062,5:mm to .125mm:68.70:0 .J55: 7.04 : 8 .91 . 7.98 :0 .009:0.,364 . 
FS .125mm to • 25mm :29.86:0.154: 39 .22 . �5 • .35 42.28 :0 .049 :0 .20.3 . 
� .25mm to . 50nm : 1 .44:0.008:  43.20 : )8.60 . 40.90 : 0.047: 0.055 . 
cs . 50ma to 1 .0nm . . : 9 .16 . 6 • .34 : 7 .75 :0 .009: 0.009 . . . 
vcs 1.0ml. tG 2.0nm . . : 1 .u . 0.73 . 0.92 : 0.001:0.001 . . . . 
VF'G 2.0nm to 4.0nm : : • 0.25 . 0 .07 . 0.16 . - : . . • . 
FG 4.0nm to 8.Qzua I = 0 .02 . I 0 .01 . . . . 
Ml 8 .0ma to 16.0mn • . & . : . : . . • • 
Coarser than 16.0nm . . z : : • 

: z t I 
• : • . 

Total . :0.517: t t : O .ll5 :0 .6J2 . 
: I . . . • . . 

Rq diagram plotted using total depth ahown in table above plotted against 
exiating bed gradati�n. 
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lat year 

Tabl.e L* 

RIO GRANDE DffiR.ADATIOI� STULlIES 
DIDRAl.lATION GALCULATION 

• Ila. : !2 en 
c.., • 

r/l 
c.., 
> .  

1 .  Percent in bed :1.4 :4.9 :31.0 :42.8 :13 .1 : 3 .2 : l.0 :1.4 :0.6 : 
2 .  Depth in bed** :0.098 :0 .343 : 2.170: 2 .996 : 0.917 : 0.22.t: 0 .112 :0 .098 :0.042 : 7.000 
3 .  Depth entering from:0 .052 :0.397: 0.207: 0.068 : 0.015 : 0.003 : 0 .002: :0.744 

upstream : 
4.  Depth entering from: :0.018 : 0 .028 : 0 .008 : 0 .004: :0.058 

trib 
5 .  Depth diverted 
6. Total available 
7. Depth removed 
8 .  Depth remaining 
9. Percent remaining 

10 . Average percent 
11 . Depth removed 

(average) 
12. Depth remaining 
13 . Degradation 

2nd year 
1 .  Percent in bed 
2. Depth in bed 
3. Depth entering from 

upstream 

:0.160 : 0 .097 : 0.006 : : : :0 .263 
:0.150 :0.598 : 2 .308 : 3.066 : 0.936 : 0.227 : 0.114 :0 .098 :0.042 :7 .539 
:0 .150 :0 .364 : 0.203 : 0.055 :  0.009 : 0.001 : :0.782 

:0.234: 2 .105 : 3 .011 : 0.927 : 0 .226 : 0 .114 :0 .098 :0.042:6 .757 
:3 .5  :Jl .l :44.6 :lJ .7 : 3 .5 1.7 :1.5 :0.6 

:0.7 :4.2 :Jl .O :4J.7  :13 .4 : 3 .3 1 .6 :1.5 :0.6 : 
:0 .150 :0.315 : 0.203 : 0.056 : 0.009 : 0.001: :0.734 

:0.283 : 2.105 : 3.010 : 0 .927 : 0 .220 : O .ll4 :0.098 :0 .042 :6.805 
:0.098:0.060 : 0.065 :-0.014 :-0 .010 :-0.002 :-0.002: :0.195 

:4.2 : J0 .9 :44.2 :13 .6 3 .3 1.7 :1.5 :0 .6 : 
:0.283 : 2.105 : 3 .010 : 0.927 : 0 .226 : 0.114 :0.098 :0.042:6.805 
:0.046 : 0.149 : 0.074 : 0.020 : 0.004: 0 .002 : :0 .295 . . . . . . : 

4. Depth entering from trib :0.018 : 0.028 : 0.008: 0.004 : :0.058 
5 .  Depth diverted 
6 .  Total available 
7. Depth removed 
8 .  Depth remaining 
9 .  Percent remaining 

10 . Average percent 
11. Depth removed (average) 
12. Depth remaining 
13 . Degradation 

3rd year 
1.  Percent in bed 
2. Depth in bed 
.3 .  Depth entering from 

upstream 
4.  Depth entering from trib 
5.  Depth diverted 
0 .  TGtal available 
7 .  Depth removed 
8 .  Depth remaining 
9 .  Percent remaining 

10 . Average percent 
ll .  Depth reJDOved (average) 
12. Depth remaining 
13 . Degradation 

: 0 .008 :  0.001: : : c0.009 
:0.347 : 2.274 : 3 .091 : 0.951: 0 .230 : 0 .116 :0.098 :0.042 :7.149 
:0 .315 : 0 .209 : 0.057 : 0.010 : 0.001: :0 .592 
:0 .032 : 2 .065 : 3 .034 : 0.941 : 0 .229 : O .ll0 :0.098 :0 .042 :6.557 
:0 .5 :31.5 :46 .2 :14.4 3 . 5  : 1.8 :1.5 :0.6 
:2.4 :31.2 :45 .2 :14.0 : 3 .4 : 1 .7 :l.5 :0 .0 
:0.170 : 0 .206 : 0 .058 : 0 .010 : 0.001 : :0.445 
:0.177 : 2 .068 : 3 .033 : 0.941 : 0.229 : 0 .116 :0.098 :0 .042 :6.704 
:0 .106 : o.037:-0.023 : -0.014 :-0.003 :-0.002: :0.101 

:2.7 :30 .9 :45 .2 :14.0 : 3 .4 : 1.7 :1.5 :0.6 : 
:0.177: 2 .068 : 3.033 : 0.941 : 0.229 : 0.116 :0.098:0 .042 :6 .704 
:0.046: O.ll9 : 0 .071 : 0 .022 : 0.004 : 0.002 : :0.264 

:0.018 : 0.028 : 0.008 : 0.004: :0.058 
: 0 .007 : 0 .001 : : : : :0 .008 

:0 .241: 2 .208: 3 .lll : 0.967 : 0 .233 : 0.118:0.098 :0.042 : 7.018 
:0 .200: 0.202 : 0.058 : 0.010 : 0.001 : :0.471 
:0.041: 2 .006 : 3 .053 : 0.957 :  0.232 : 0 .118 :0 .098 :0.042 :6.547 
:o.o :30 .0 :40.0 :14.0 : 3 .6 1 .s :1.5 :0 .7 : 
:1.7 :30.7  :45 .9 :14.3 : 3 .5 : 1.8 :1.5 :0.6 : 
:0 .125 : 0 .201 : 0 .059 : 0 .010 : 0 .001 : : :0 .390 
:0 .llb : 2 .007: J .052 : 0.957 : 0.232 : 0.118 :0.098 :0.042 :6.622 
:0 .001:  o .001:-0 .019 :-0 .010 :-o.003 :-o .002 : : :o .os2 

*See explanation of table on Page 22. 
�All depths in feet 

2l 



Line 1. 

Line 2. 

Line J .  

Line 4.  

RIO GR.ANUE DIDRADATION STUDIES 
EXPLANAYlON OF DIDRADATION CALCULATIONS 

Bed gradation in percent by weight. 

Depth or each size in turnover zone assuming gradation by weight 
to be the same as the gradation by volume . 

Depth sholllll on Line 11 of preceding stretch times ( area or 
stretch)/tarea of preceding stretch). 

Depth of material f'rom tributaries compute<1 by dividing total 
inflow from watersheo. in proportion to area of watershe<1 
drained by this stretch. 

Line 5. One-half the concentration of suspende<1 load in preceding 
stretch assumed as concentration of sediment in diverted water. 

Ll.ne o.  Lines 2 plus 3 plus 4 minua Ll.ne 5 .  

Line 7. Read from ray diagram using percentage in Line 1. 

Line 8 .  Line 6 mi.nus Ll.ne 7. 

Line 9. Size gradation of remaining material shown in Line 8 .  

Line 10. Average of Line 1 and Line 9 .  

Line 11. Read from ray diagram using percentages in Line 10. 

Line 12. Line 6 mi.nus Line ll. 

Line 13 . Line 2 minus Line 12. 

Next period same as above starting with depths shown in Line 12 
fer Lin• 2;  Line 1 will be size gradation as aho'Wil by Line 2 .  
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