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1. Design Approach-··Tracti ve Power 

The tractive power approach as found in Chapter 6, Technical Release No. 

25, was used as a basis for the design of the RWCD Floodway, Reach I. 

2. Flaxman Data--Tractive Power Based on Average Tractive Stress 

Based on field observations and data from 12 ephemeral and perennial 

channel reaches located in 6 western states (12 reaches from apparently 9 

) 
1,2,3,4 

natural channels , Flaxman presented in graphical form a correla-

tion between tractive power ( TV ) and the saturated total unconfined 

compressive strength (qu) of undisturbed channel boundary material. 

Figure 2J the Figure 2 of Reference 1, shows his line of demarcat ion 

between two separate zones, one for eroding and the other for non-eroding 

channel reaches. For the 12 reaches studied, 5 were eroding and 7 were 

stable. The line of demarcation, defined in TR-25 as the S-line, is 

obviously highly subjective. 

The average tractive stress was used to compute TV, 

T V 
ave 

(y RS ) V 
e 

(l) 

where R is the hydraulic radius of the representative channel section for 

that reach for flow at the high water mark; S is stated by Flaxman to be 

the channel slope (probably the energy slope Se); V is the average veloc

ity. 

Figure~ is a replot of Flaxman's Figure 2, the demarcation S-line having 

the same slope and ordinate-intercept. Based on changes listed in his 
3 

Closure , point 13 has been deleted and point 6 has been replotted using 

a velocity of 8.25 rather than 6.34 fps. Also, point 8 is not consistent 

between Flaxman's Table 1 and Figure~ in Reference 1; point 8 has been 

replotted using the T V of the table. Refer to Table 1. 
ave 

4 
Flaxman did list the base flow conditions for 5 of the 12 test reaches 

and these are indicated on Figure ~· Three were perennial and two were 

ephemeral. Reference 4 gives additional information on soil properties, 

including the plasticity index, for these same five reaches. 
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Flaxman's S-line is a straight line on semi-log graph paper indicating an 

exponential relationship between 'aveV and qu· 

3. Flaxman Data--Tractive Power Based on Reference Tractive Stress for 

Coarse-Grained Discrete 

Flaxman's Closure 3 lists recomputed values of TV using the reference 

tractive stress of TR-25 for coarse-grained discrete soils, 

T V 
00 

(ydS ) V 
t 

(2) 

where d is the flow depth and st is the part of the total se apportioned 

to the channel boundary material evaluated by, 

n 
(-t-)2 s 

n e 
(3) 

where nt is the particle (grain) resistance coefficient and n is the 

total channel resistance coefficient of Manning. 

The recomputed T V values are shown in Table 2 and plotted graphically in 
00 -

Figure~. the latter graph reproduced from an earlier edition of TR-25. 

. . qu 
Note that the absc~ssa ~s --

2
-. Of the 12 recomputed Flaxman data values, 

8 match exactly the hollow circled points of the earlier edition of 

TR-25; 2 others are a close match; only points 7 and 9 do not match. 

It would appear that the original Flaxman data was the basis for the 

demarcation S-line of Figure ~· Note that five additional points are 

shown in this earlier TR-25 edition. While the origin of these added 

points is unknown to the writer, they may be from channels also studied 

by Flaxman4 . Reference 4 lists other tested channels but the data is not 

in a form which permits computing T00 V. How many of these extra plotted 

points were ephemeral and how many perennial could not be ascertained. 

The S-line is a straight line on log-log graph paper indicating a power 

qu 
relationship between T

00
V and~· 
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Going back to the 12 Flaxman test reaches, it can be seen that the values 

of the hydraulic radius (R), Table~ differ from their related flow 

depths (d), Table 2. The test reaches apparently had limited b/d 

ratios. In addit i on, i t i s difficult to imagine a natural channel hav ing 

a set water depth (d). Possibly, the stated dis really the computed 

mean depth (dm), 

a 
T (4) 

where a is the wett e d area and T is the width of the water surface. 

4. Flaxman Data--Tract i ve Power Based on Reference Tractive Stress for Fi ne-

Grained Soils 

The current edition of TR-25 computes TV using the reference tractive 

stress for fine-gra i ned soils, 

(yR S ) V 
t e 

(5) 

where Rt is the hydraulic radius associated with particle (grain) rough

ness and Se is the energy slope. 

Table 2_, shows the recomputed T V values for the 12 tested channels of 
Rt 

Flaxman. Note that o75 was used to compute TR ; o65 is the correct g rain 
t 

size to use but these values were not available. 

Note that Figure ~ the current TR-25 edition, duplicates the graph of 

F i gure 1_ from the earlier TR-25 edition. It has the same slope, ord i na te 

i n tercept, and regression equation. Values of TV versus at the 

S-line are equivalent, indicat i ng that T 
00 

If true, this is most 

i ntere st i ng. 

Tables 2 and 3 show that for 8 computed points, the magnitudes of T are 
00 

tude. 

close to those for T 
Rt 

Points 7 through 10 differ appreciably in magn i -
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The 12 recomputed T V values plotted in Figure 4, Figure 6-15 of TR-25, 
R -

t 
show that point 7, marked erosive, sticks out like a sore thumb. Possi-

bly the data for points 7 through 10 have been massaged. Were any of the 

five additional data points mentioned in Figure l_ designated.§_ and did 

any of these plot in the stable zone? SCS does not reference much of the 

literature it uses. 

5. Theurer's Contention that the RWCD Floodway, Reach I, is Overstressed 

In a report dated 23 May 1985, Theurer to Arrington, page 2 states: 

A review of the design procedures shows that the Arizona design 
staff followed TR-25. The design used the tractive power approach; 
however, the tractive stress procedure is an integral part of the 
tractive power approach. Unfortunately, the tractive stress 
procedure recommended in TR-25 for fine-grained materials is in 
error. The tractive stress procedure for fine-grained materials 
assumes that the energy loss is divided between work done on the 
boundary and energy losses to other causes. This is not true for a 
fixed-boundary plain-bed analysis, which is the situation for the 
RWCD Floodway. There are essentially no other causes for energy 
loss except the fixed, plain bed. 

The allowable tractive power for the design of the RWCD Floodway is 
0.75 ft-#/sec/ft2 (unconfined compressive strength= 350 #/ft2). 
The floodway has already been stressed at approximately Q = 2500 cfs 
to a tractive power greater than 1.07 ft- #/sec/ft2. This is more 
than 43% greater than the allowable. The tractive power attacking 
the boundary, assuming the entire energy is working on the boundary, 
for the design discharge of Q = 8700 cfs would be 3.4 ft-
#/sec/ft2. This would be more than 4.5 times the allowable. 

Let us assume for a moment that Theurer's hypothesis, that the grains 

have no influence on the flow resistance, is correct. 

For Reach I, the des i gn Q = 8700 cfs, b 200ft, Z = 3:1, S
0 

= 0.0015 

Se' n = 0.027, d = 6 . 01 ft, b/d = 33.3, R 5.50 ft, V = 6.64 fps, 

Temperature 

T ave 

75° F. In terms of the water force, 

yRS = 62.4 x 5.50 x 0.0015 = 0.515 
e 

T V = 0.515 X 6.64 = 3.422. 
ave 

and 

Using the S-line of Figure 6-15 in TR-25, Figure~. at 

results in an allowable (boundary material resistance) TV 

= 350 

0.74. 

Theurer claims the channel is overstressed, the actual tV being more 

than 4.5 times the allowable TV --- 3 ; 422 4.62. 
0.74 
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In terms of the w~ter force, the Arizona design staff computed a 

TV 0.1047 x 6.64 = 0 . 695 based on the bed governing---

(whereas T 
s 

T 
s 

TR 
t 

1.0 X 0.1047 

0 . 8 T R 
t 

0.8x0.1047) . 

With the actual TbV = 0 . 695 less than the allowable TV 

channel would not be overstressed. 

0. 7 4, the 

Theurer errs in that by using T 
ave 

= 0.515 and T V = 3.422, he should 
ave 

have used the Flaxman curve, Figures 1 and 2 at a qu = 700, rather than 

at 
qu 

350. Using 700 results in allowable TV = 5.85. a = qu = an 2 
Thus, the actual TV = 3.422 is less than the allowable TV = 5.85 and the 

channel would not be overstressed . 

Even if Theurer's hypothesis were correct, the channel boundary would not 

be overstressed. His hypothesis has merit, however, and will be dis

cussed later in this Attachment, Section 8. 

6. Partitioning of the Total Tractive Stress--Different Methods to Compute 

the Reference Tractive Stress 

The computation of TV exerted by the water on the earth channel material 

depends on 

the magnitude of the reference tractive stress, and, 

the magnitude of the channel geometry correction factors used 

to evaluate the maximum water stress on the bed and on the banks. 

The total T exerted by the water on a channel section can be divided into 

two parts 

(6) 

where T' is the stress attributed to grain resistance (that portion of 

the total stress acting to dislodge the channel material), and T" is the 
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( remaining stress attributed to bed forms, debris, vegetation and other 

factors. 

One way to divide the total shear is 

T = yRS 
e 

yRS I + yRS" (7) 

where S 1 is the energy slope associated with grain roughness and S" is 

the remaining shear. To isolate the water force acting to move channel 

boundary material for coarse-grained discrete (6.35mm < o
75 

< 127mm), 

TR-25 uses the reference tractive stress T~ = ydSt• the T~ in an infi

nitely wide channel. This T is then multiplied by the channel geometry 
00 

factors to compute the maximum Tb on the bed and the maximum Ts on the 

banks. The method is based on Lane and the USBR5 • 

Another way to divide the total stress is 

T = yRS 
e 

yR 1 S + yR"S 
e e 

(8) 

where R 1 is the hydraulic radius associated with grain resistance and R" 

is the hydraulic radius to account for all other factors. For fine

grained soils (o75 < 6.35 mm), TR-25 uses the reference tractive 

stress TR = YRtSe. This TR is then multiplied by a different set of 
t t 

channel geometry correction factors to compute the maximum Tb and Ts 

exerted by the water. The method is based on the work of Vanoni and 
6 

Brooks • Figure 6-9 of TR-25 is from that reference and is based on 

their flume data. The maximum b/d ratio used was 15/l. The tested sand 

sizes ranged from a 065 of 0.094 to 0.191 mm. Figure 6-10 of TR-25 is an 

extension of the curves beyond the original range of the Vanoni and 
v 

Brooks data (for I gK S > 1000) and was intended to cover the fine-
s e 

grained channel material. The o65 channel material on the RWCO Floodway, 

Reach I, and the recomputed values of the Flaxman data, Table~ made use 

of Figure 6-10 only. The Arizona staff used a liner o65 = 0.03 mm and 

the Flaxman 075 ranged from 0.0415 through 0.1341 mm, point 8 being an 

exception with a o75 = 0.7327 mm. While the TR-25 computation procedure 
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for fine-grained soils is fairly simple, it is difficult to physically 

picture Rt • 

compute TV, 

The tractive power method uses the fine-grained T to 

the T being the larger of the T or T • 
b s 

7. Channel Geometry Correction Factors 

It appears that the S-line between erosive and non-erosive behavior in 

Figure 6-15 of the current TR- 25 edition (Figure ~ was based on the 

reference tractive stress TR • The graph and S-line, in turn, would 
t 

appear to be a dupl i cate of Figure ~ from the older TR-25 edition based 

qu 
--~2~- at the S-line are equiva-on the reference < • Values of TV versus 

co 

lent, indicating tha t T 
Rt 

"' T • 
00 

This raises the questions: 

If indeed T "' T , why do we have two methods to compute a reference R co 
t 

tractive stress? 

If indeed TR"' T
00

, why do we use two entirely different sets of 
t 

channel geometry factors--one set for coarse-grained and another set 

for fine-grained--each giving very different magnitudes? 

Is T "' T ? R co 
Should 

t 

The correction factors depend on b/d and z. Using b/d = 5 and Z = 2, for 

an example, Figures 6-3 and 6-4 of TR-25 give coarse-grained correction 

factors 

whereas 

IfT 
00 

Figures 

T 
b 0 . 98 and 

__ , 
T 

co 

6-13 and 6-12 

Tb 
--"' 1.35 and 
TR 

t 

T 
s 0.78 --"' T 

00 

of TR-25 for fine-grained give 

"' 1.05 

the actual T value for fine-grained would be 1.35 = 1.38 
b 0. 98 . 

greater than for coarse-grained and the actual T for fine-grained would 
s 

be 1 •05 = 1.35 greater than for coarse-grained . The actual T values for o:7S"" 
the fine-grained wou l d be more conservative, if T "' T 

oo R 
t 
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( It is necessary to study the origin of these correction factors for 

channel geometry. 

The coarse-grained curves of TR-25 cover a b/d from 0 to 10 and Z's = 1. 5 
5 7 

and 2 . 0; the curves are from Lane and Olsen and Florey • The fine-

grained curves of TR-25 cover a b/ d from 0 to 10 and Z's = 1. 5, 2, 3, 4 

and 6; these curves come from HRB-108
8

• HRB-108 extrapolated the USBR 

results to the flatter slopes Z = 3, 4 and 6 . This writer has compared 
T 

the _Q_ ratio at Z = 1.5 and 2.0 
T 

over a range of b/d from 1 through 10 . 
T T s 

For all practical purposes, the USBR _Q_ values equal the 
T 

s 

_b_ values 
T 

s 

from HRB-108. And indeed they should . The HRB- 108 curves show a 
Tb 

0 . 85 
b __ ,.. 

for -> T d 
s Tb 

based on - -= 1.0 
TR 

T 

10 at Z = 3. The Arizona staff used a _ b_ = 0.80 
T 

T b S 
and ~ = 0.8 for their -d- = 33.3 at Z = 3.0. 

TR 
t t 

There is, however, one last item. The HRB-108 curves use a reference 

T ref 

T ref T ave yRS 
e 

to define the correction factors 

(9) 

T 

T 
and ~ , duplicated in TR-25 as 

ave ave 
Figures 6-12 and 6-13. But TR-25 substitutes Rt for R to compute the 

reference TR for fine - grained and then rnult iplies TR by the correction 
t t 

Tb T s 
factors T and T 

Rt Rt 

If T t T for fine-grained soils, then the use of the two entirely 
Rt oo 

different correction factor curves would make sense. This writer corn-

pared the reference T values for a limited selection of channel geometry 

b/d and Z values and grain o75 values. As shown in the schematic of 

Figure 1J the D75 i ntersection was approximately 0.30 mrn, the TR < T~ for 

larger o75 and the T ) T for smaller sizes. The same trend bccurred 
Rt oo 

for the actual T, both for Tb and Ts. The o75 intersection was around 3 

to 5 mm. A more detailed sensitivity analysis over a much wider range of 

b/d, Z, and 075 (065) is needed. 

11-9 



( 
8. 

~
-· ,· 

: ·· 

~;..~ 

Wide Smooth Channels in Earth Material 

Theurer, in his report to Arrington--refer to Section 5--hypothesized 

that for a smooth channel boundary, the grains should have little or no 

influence on the flow resistance. This is correct, especially for wide 

channels where b/d > 10. The RWCD Floodway, Reach I, has a b/d = 33.3. 

For a very wide, smooth channel, T 

St = Se and the computed Rt = d. 

co 
and T should be equal, the computed 

Rt 

Using the older edition of TR-25, the computed St for the finer D7s grain 

sizes were often found to be unrealistically too low. For instance, 
s 

Table~ shows ~ ranging from a low of 0.05 to a high of only 0.22. To 
e 

boost the computed St to a greater value, to artificially raise St to Se, 

designers set a lower limit on nt. This writer has used an nt from 0.02 

to 0.03 to force the computed st closer to se. 

It was this limitation when applied to fine-grained soils that prompted 

the change to the current TR-25 method using TR as a reference stress. 
t 

For a smooth channel material, the "SMOOTH" curve of Figures 6-9 and 

6-10, TR-25, comes into play. Indeed, all twelve recomputed Flaxman data 
v 

points, Table 1_, have their .I S , gK 
s e 

or near this "SMOOTH" curve which says 

v3 
and gv S 

e 
R + R. At 

t 

values intersecting at 

the design flow of 8 700 

cfs, the Arizona design staff calculations show this intersection to be 

on the "SMOOTH" curve. 

Maintenance was performed in Reach I around August 1984 including removal 

of vegetation and general--not spot--grading across the entire width of 

channel. This loose material was not removed. During the December 1984 

flow, this debris quite possibly bunched together creating bed forms. 

The actual water T could thus have been greater than that predicted for a 

smooth bed. 

ll-10 



J 

( 

c 

( 
~-

9. Saturated Undistu:bed Samples 

Flaxman used the total qu of "saturated undisturbed channel boundary 

material" as the sole indicator of the soil-sediment erosive potential. 

Flaxman1 does not give the percent saturation of the soil samples for the 

twelve data points of Figure l_. Geotechnical literature does state that 
q 

the magnitude of -I- for a given tested sample does decrease with percent 

saturation, a 95% or higher level normally considered ''saturated" by the 

profession. Refer to Schematic A of Figure~· In his Closure3 , Flaxman 

talks about nine of the samples, stating that 5 were at 100% saturation 

and 4 were at approximately 92% saturation. 

To better understand this effect of percent saturation on the soil 

strength, assume that a channel is being designed and soil sample 
q 

u 
2 

's were tested at 80% rather than 95% saturation or greater, the 

latter assumed to form the S-Line of Figure 6-15 in TR-25 (Figures l_ and 

1). As seen in Schematic b of Figure~ the allowable TV for 80% might 

permit a bed slope of S
0 

= 0.0015 but the true allowable TV is in reality 

lower. Thus, the S0 = 0.0015 would produce an actual water tractive 

stress greater than the allowable and the channel soil would be over-

stressed. 

Is the soil parameter, q or 
u 

qu 

2 , an adequate indicator to predict the 

ability of a channel material to resist erosion? 

Would an ephemeral stream be expected to follow a different S-line than 

that of a perennial stream? 
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indicated to be stable although the point plotted far above the line. In this in
stance, the estimated n-value was considerably in excess of the average, due 
to heavy vegetation in the vicinity of the sampled surface. Additional data are 
needed in order to establish the validity of tractive power as defined, or some 
similar indicator of the relative stress and the opposing shear strength as re
lated to stability. 

Fig. 3 shows Fig. 2 alined with data on permeability of the same samples . 
also plotted in relationship to tractive power. Three channels on which some 
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estimate o{ rates o! erosion have been obtained are shown by the. lines con
necting sample numbers 5, 6, and 7. The stream measurements for ·the plotted 
points on Figs. 2 and 3 are given in Table 1. Data as shown on Fig. 3.can be 
graphically useful in evaluating the degree of channel deterioration that will 
occur ii flows exceed the calculated stable limits. 
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/t1-1Jl~ I 

{<.E.. f!. I 
~ 

( V.st. fl.sSe' (<.. 
Sample and Channel j llydraullc 

Site No. Stream 
Slope, In Radius 

feet per Coot In feet 

(I) (2) (J) (~) 

1 
Suthe rlin Creek 0.00210 J.10 
IA>uglas Co. Oreg • 

2 . . 0,00459 2.92 

J 
. . 

0 .00 086 4. 50 

4 . . 
0,00 257 J .JJ 

5 
~lagma Wash, Pinal 
Co., Arl~. 0 .00 250 2.72 

6 !'dawn Creek, 
Uonalllla Co . , Oreg. 0. 01200 1.94 

7 Wilson Creek, 
1\illllas Co., Wash. 0. 00670 J.OO 

8 Piner Creek, 
Sono ma Co., Calif. O,OOJJO 1.62 

9 AU o be Creek, 
Lake Co. , Ca lif. 0.00116 5. 15 

10 . . 0 ,00260 5 ,08 

11 \VIII uw Brook, 
Sunu ooo a Co,, Ca II( , 0,00200 4.76 

12 Channel U, 
Alameda Cu. , Ca lif. 0,00300 2.35 

(~ 

- ~J-flX"-1/11\) 0ArA-- 'J;::Y v.sJ.v'" 'lfoN~ '!- J- f<t5~ 

"' 

" Average 
Yc locily 

In feel per 
s econd 

(5) 

J .05 

6.12 
; 

J.91 

4,80 

4.83 

8·15' 
,.&d.( ' 

10,00 

J .4l 

4.32 

6 .0:1 

7 , 9(; 
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United States 
Department of 
Agriculture 

Soil 
Conservation 
Service 

201 E. Indianola Ave. 
Suite 200 
Phoenix, Arizona 85012 

54.1bJect: ENG-Stability and Erosion Analysis of the RWCD 
Floodway Reaches 1 and 2 

O.te : May 23, 1985 

To : Ralph M. Arrington, State Conservation Engineer File Cod#llO 

Introduction 

At yours and Jack Stevenson's request, I have observed reaches 1 and 2 in 
the field, reviewed the design, analyzed the stabi 11 ty of reaches 1 and 2, 
and prepared this report. Attached are some notes from the field 
investigation made on 5/20/85. Also attached are copies of the 
calculations I used for the analysis. The points mentioned in the notes 
were considered in the analysis and the preparation of this report. 

Problem Definition 

Two separate and distinct problems were apparent from the field review and 
were subsequently confirmed by the analysis. The first problem is general 
,bed degradation leading to toe erosion of the levees. Local scour also 
was prevalent immediately below each rock-lined section. The second 
problem is the continuous rill erosion along the levees in reaches 1 and 2 
with ·some additional gullying and jugging in reach 2. These two problems 
raised three questions: (1) Was the bed degradation and erosion by flow 
in the floodway? (2) Was the rill, gully, and jugging in the levees 
caused by raindrop splash and subsequent surface erosion? (3) Is 
dispersive soil a facto r in questions 1 and 2? 

The floodway is 4 years old. There have been 3 flows through the floodway 
since construction. The last flow was in December 1984 and it approached 
a depth of 3 feet in the earth-lined sections. This last flow is 
estimated to be the maxi mum flow to date in the floodway. My analysis 
would indicate this to be approximately 2500 cfs (d•2.9'). The design 
discharge for the floodway is 8700 cfs. Therefore, the maximum historical 
stress was approximately 29% of the design discharge. 

Reach 2, above the concr ete chute, has a much flatter gradient 
(S0 •0.0003). The same historical ~lows (Q•2500 cfs) produced a maximu~ 
tractive power of 0.20 f t-1/sec/ft as opposed to the 0.75 ft-U/sec/ft 
allowable. There was no evidence of bed erosion, toe erosion along the 
levees, or sediment deposition in the rock-lined section immediately above 
the concrete chute. However, there was evidence of bed and levee toe 
erosion immediately below the concrete chute where the bed slope was steep 
(S 0 •0.0015)and subsequent deposition in the downstream rock-lined 
sections. 
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Existing survey cross-sections were requested beginning at station 1380+99 
downstream through station 1398+76 at all as-built cross-sections. The 
upstream cross-section is at the upstream edge of a rock-lined section. 
The downstream cross-section is approxiately 200+ feet downstream of the 
downstream edge of the same rock-lined section. The purpose of these 
cross-sections was for comparision to the as-built cross-sections to 
determine deposition within the rock-lined section and to estimate bed 
erosion immediately do~stream from the rock-lined section. 

Bed erosion consists of two parts: (1) general scour, indicating bed 
degradation; and (2) local scour immediately below the rock-lined sect i on 
caused by the water as it accelerates coming off of the rock lining. 

Only 560 feet separated the downstream edge of this particular rock-lini ng 
and the upstream edge of the next rock-lining. There was not much 
opportunity for general bed erosion between these two rock-lined sections 
because of the increased stage due to the downstream rock-lined section. 
Additional existing cross-sections below other "hard points" are needed to 
confirm the general bed erosion problem. However, the deposition within 
the rock-lined section averages approximately 1 foot. The source of thi s 
sediment must have originated within the floodway below the concrete chute 
(sta 1160+22). If so, the additional surveys will show that significant 
bed erosion already has occurred. 

Fourteen samples of the soil were taken between stations 1242+00 and 
1435+00 for purposes associated with the recent contractor's claim. A 
chemical analysis was made of these 14 samples. Table 1 is a summary of 
the sodium and total salt content found in these samples. 40% sodium to 
total salt is supposed to be an indicator of a potential dispersion 
problem. 60% sodium to total salt content is supposed to indicate that 
there is a dispersion soil problem. All samples but one were greater than 
40%; 9 were greater than 60% as was the aggregate of all. My conclusion 
is that there is a dispersion problem. Testing of lime treatment for 
these specific soils should be done before this method is used. 

A review of the design procedures shows that the Arizona design staff 
followed TR-25. The design used the tractive power approach; however, the 

ress procedure is an integral part of the tractive power 
ap ro c Unfortunately, the tractive stress procedure recommended in TR-
25 for fine-grained materials is in error. The tractive stress procedure 
for fine-grained materials assumes that the energy loss is divided between 
work done on the boundary and energy losses to other causes. This is not 
true for a fixed-boundary plain-bed analysis, which is the situation for 
the RWCD Floodway. There are essentially no other causes for energy loss 
except the fixed, plain bed. 

The allowable tractive power for the design of the RWCD Floodway is 0.75 
ft-#/sec/ft2 (unconfined compressive strength•350 l/ft2). The floodway 
has already been stressed at approximately Q•2500 cfs to a tractive power 
greater than 1.07 ft-#/sec/ft2. This is more than 43% greater than the 
allowable. The tractive power attacking the boundary, assuming the entire 
energy is working on the boundary, for the design discharge of Q•8700 cfs 
would be 3.4 ft-#/sec/f t 2• This would be more than 4.5 times the 
allowable. 
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TABLE 1. CHEMICAL DISPERSION ANALYSIS 

Sample Na Na,Cl,Mg Na 
No. Sta Meg /L K2 Meg /L % 

1 1343+00 56.11 124.045 45.23 

2 1365+00 51.20 116.553 43.93 

3 1338+00 58.63 87.989 66.63 

4 1271+00 24.84 37.735 65.83 

5 1277+00 27.58 77.342 35.66 

6 66+00 21.01 22.079 95.16 

7 1242+00 30.36 37.020 82.,01 

8 1261+00 24.97 30.230 82.60 

9 1252+00 34.10 40.145 84.94 

10 1250+40 43.67 53.397 81.78 

11 1250+50 31.10 43.274 71.87 

12 137 5+00 36.45 63.920 57.02 

13 1401+00 43.54 85.959 50.65 

14 1435+00 27.23 28.414 95.83 
510.79 848.102 60.23 

It is reasonable to assume that general bed erosion has occurred. It will 
be checked by .determining the difference between existing and as-built 
sections. The existing section have been stressed nearly 50% greater than 
the maximum allowable. That fact that this has occurred for a discharge 
less than 30% of the design discharge, suggests that general bed 
degradation at design discharges would be massive, endangering the 
integrity of the levees. 

The distance between the downstream end of the concrete chute and (sta 
1160+22) and upstream end of the rock chute (sta 1464+00) is 30,378 feet 
with a drop of 44.9 fee t . The compacted earth-lining can safely withstand 
only 10.8 feet of that f all. There are 4291 feet of rock-lined sections 
that safely removed 6.4 feet of the drop. The remaining 27.7 feet of fall 
must be safely withstood or that much accumulative bed degradation can be 
eventually expected with subsequent downstream deposition that will 
encroach on the design capacity. 
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Other Reaches 

Reach 3 was checked fo r the tractive power design. The same fine-grained 
tractive stress procedure was used. However, the resulting design, 
although underestimating the actual design tractive stress, overdesigned 
the required tractive power. However, there are some clean sand stringers 
present in the floodway . These sand stringers will armor within Q.5' at 
the design discharge. 

Table 2 can be used to determine the maximum allowable bed slope for any 
given Q/b. It is based upon an allowable tractive power of 0.75 ft
#/sec/ft2 which is ass ociated with an unconfined compressive strength of 
350 #/ft 2• 

Table 2. 

Q/b 
(cfs/ft) 

43.5 
40.0 
30.0 
20.0 
10.0 

Possible solutions 

Maximum So vs Q/b 

So 
(ft/ft) 

0.000355 
0.000382 
0.000485 
0.000692 
0.001303 

The Arizona Engineering Staff provided the following cost estimates: 

(1) Armor material (D60 not less than 1.6 inches and a o50 not less than 
1.2 inches with no t more than 20% fines) be used in a 6 inch layer 
across the entire f loodway and up the inside of each levee to a 
height of 6.5 feet . The armor material is to be placed beginning at 
the downstream end of the concrete chute (station 1160+22) and ending 
at the rock chute a t the confluence with the Gila River (station 
1464+00) excluding any existing rock-lined section. An estimated cost 
for this .work is $1 ,000,000. 

2. Armor material be placed across the entire cross-section, from 
outside toe of left levee to outside toe of right levee, between the 
rock and concrete chutes. Also, across the levees on each side from 
the concrete chute (station 1160+22) to the upstream end of reach 
2. An estimated cost for this $1,400,000. 

3. Two alternate lime treatments for the dispersed soils: 

a. Levees only. The cost estimate is $470,000. 

b. Levees -and floodway. The cost estimate is $1,400.000. 
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Conclusions 

There are no bed erosion problems in reach 2 upstream from the concrete 
chute. There are serious bed and subsequent levee toe erosion problems in 
reaches 1 and 2 below concrete chute. The rilling along the levees in 
reaches 1 and 2 seemed serious to me; but, then I am not experienced with 
this environment. 

(1) The earth-lined se ction of reaches 1 and 2 of the RWCD floodway is 
greatly under-des i gned with respect to the tractive stress that would 
be placed upon it by the design discharge and will continue to erode 
at much smaller di scharges unless protective measures are taken. 

(2) Sediment from floodway erosion will be deposited in the rock-lined 
sections and will continue to encroach on the design capacity. The 
level of protection will eventually become seriously impaired. 

(3) Potentially dispersive soils are present within the boundary 
materials in reaches 1 and 2 of the RWCD Floodway. 

Recommendations 

(1) The RWCD Floodway be protected against the design flow from the 
concrete chute (sta 1160+22) down to the rock · chute confluence with 
the Gila River (sta 1464+00) 

(2) Protection be provided to the levees, if necessary. 

(3) Recognition be given to the presence of potential dispersive soils. 

Ralph, I enjoyed working with you and your staff. I am sorry it had to be 
under such alarming circumstances. I appreciated the opportunity to be 
able to speak with such candor to Verne Bathurst, State Conservationist. 
I greatly appreciated working directly with Aubrey Sanders, Bill Payne, 
John Sullivan, Susanne Leckband, and Neomi Nielsen. 

Dr. Fred Theurer 
Soil Conservationist 

cc: Wendell D. Moody, Assistant Director of Engineer 
Jack C. Stevenson, Head Technology Staff WNTC 

7D T: N/V 
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Field Investigation Not es 5/20/85: RWCD Floodway Reaches 1,2,& 3. 

Ralph, Aubrey and Susanne took me to the field to see Reaches 1, 2, & 3 of 

the RWCD Floodway. We started at the extreme downstream end of the 

floodway at its confluence with the Gila River. We worked our way 

upstream through Reach 2 into the new construction area of Reach 3. The 

following general observations were noted. 

Observations 

1. Severe rill erosion was evident on both levees. Deposition from this 

rill erosion was evident at the toes of the slope wherever erosion of 

the toes was not evident. Question: Is dispersion a problem? 

2. Erosion at the toes of the levee were noted starting immediately and 

for some distance downstream from the rock lined sections and 

coincedent with low flow channels adjacent to the levees. However, 

toe erosion was not always evident wherever low flow channels are 

adjacent to the levees such as when immediately upstream from the 

rock lined sections. 

3. Severe local scour was always evident downstream of rock lined 

sections. ~f the top of the rock lined sections were placed at 

grade, then severe sheet erosion also had to occur because the rock 

liners appeared to be better than a foot above current grade. Also 
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deposition was evident in the rock lined sections throughout the 

upstream portions. The downstream rock line section (first 50') did 

have deposition. 

4. The downstream section of the reach immediately below the concrete 

chute appear to have evidence of as much as 18 inches of erosion. 

It would appear to be important to investigate the chemistry of the earth 

lined sections used in Reach 1. Clay is present in the earth lined 

section. These clays r ange from kaolinite through montmorillonite (which 

are the platelike structures) and polygorahite clays ( tubular 

structure). The clay r anges from no shrink-swell behavior into 

significant shrink-swel l relationships. Furthermore if sodium is present 

in a form that could cause dispersion, the silt-clay earth lined sections 

would then be highly e r odable. The reaches above Reach 1, (Reaches 2 and 

3), appear to have a more sandy composition. If so the tractive stress 

approach would certainl y be applicable. 

It is important that we check the thinking of the Design Engineer 

regarding the tractive power approach. Secondly, it is important that we 

investigate the resistance analysis regarding the soils used for the earth 

lining in Reach 1. 

Pictures were taken of Reach 1 and 2, picture number 13 was taken upstream 

of the bridge at station 1367+66. It was taken to show the deposition in 

the beginning of that rock lined section. Picture number 14 was taken at 

station 1335+00 to show the severe toe erosion that occurred upstream of 
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the second rock lined section. Pictures 15 through 22 were taken 

subsequently as we moved upstream. 

In order to determine the amount of erosion that has occurred since the 

Reaches 1 and 2 were constructed, I would suggest that surveyed sections 

be t aken at the same l ocation as the as-built sections beginning at 

station 1399+00 through station 1434+60. These sections would begin 200 

foot upstream of the se cond rock lined section proceed through the 

deposition in the second rock lined area to the 200 foot downstream of the 

first rock lined area. This should give us a typical erosion-rate and 

deposition picture of the rock lined areas. The surveyed sections should 

be taken coinciding with the as-built sections. 

It may be necessary to determine the remaining thickness of the earth 

lined areas by coring t he earth-lined material. Furthermore, disturbed 

samples may be taken of the earth-lined areas in order to determine (1) 

the chemistry of the ear th-lined materials and (2) the resistance 

properties of the earth-lined materials. 

Query: What was the quantitative value of using the earth lined materials 

in lieu of the existing materials found in grade? 

Observation: At the design discharge of 8700 cfs (1% chance), a stability 

analysis (n • 0.027) shows that the depth of flow would be 6.01 ft. and 

flow velocity would be 6 . 64 fps. For a bottom width of 200 foot this 

would be better than 43 cfs per foot of width. Also the tractive stress 

would be in the neighborhood of 0.52 pounds per square foot and tractive 
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power greater than 3. 4 ft-l/sec/ft2. Both the unit discharge and the 

actual tractive power would appear to be very high for ML, CL, and SC 

materials; the design allowed only 0.74 ft-#/sec/ft 2• 

Question: Would such materials withstand such high stress for any length 

of t ime? Subsequent question. If not what could be done about the 

existing design? 

All rock lined sections below the concrete chute had no bedding beneath 

the 1 foot thick rock l ining. The rock lining in some areas had the 

appearance of settling , as if the fines beneath the rock lined were being 

removed. This phenomena was not observed immediately above the rock 

concrete chute. It had bedding beneath the rock lining. If the rock 

lining is to serve as hard points in the channel (that is to serve as 

hinge points within the channel), then the rock lining would have to be 

prevented from settling. Otherwise the rock lining would continue to bury 

itself into the fine-grained material beneath it. 

Stress the importance of determining the chemistry of the material used in 

the channel. Especially the material used as the earth lining. Second, 

stress the tractive stress analysis. Third, determine the concepts behind 

the use of the tractive power analysis. Determine who in SCS is a 

proponent of the use of the tractive power. Talk with Lee Saeles and 

Cliff Deal at the WNTC. Talk with Jim Talbot regarding dispersive soils. 

Talk with Dave Ralston r egarding the use of the tractive stress, tractive 

power, and dispersive s oils. Talk with Jack Stevenson regarding the 

potential seriousness of the erosion problem in Reaches 1 and 2. Talk 
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with someone on the Arizona State Staff that is familiar with the soils 

(_ properties that were used in Reaches 1 and 2. By this I mean speak with a 

Soi l Scientist who may know of the chemistry of the soils that were used. 

Talk with Aubrey regarding a tractive stress analysis in the materials 

found in Reach 3. These materials appear to be sandy as opposed to silt 

or clays. The plus 15% gravels may serve as a armor layer if necessary. 

However, the materials used in the levees of the upstream portion of Reach 

2, that is above the rock chute, appear to be silts and blew out at the 

rock chute inlets coming into the channel. 

Observation: The rock liner above the concrete chute has no evidence of 

any deposition or scour that would cause settling of the rock. There is a 

bedding beneath this rock liner. The concrete chute below the rock liner 

( shows absolutely no evidence of any deposition. Query: If there is no 

deposition in the vicini ty of the concrete chute and above, what is the 

source of deposition in the downstream reaches? 

Question: How do you treat dispersive soils? Is lime used? Solid or 

liquid forms, or both? 

Quest i on: How expensive would it be to use a rock liner throughout the 

entire length of Reach 1? Include a bedding. 

If a potential severe erosion problem exists, would not the levee (that 

portion above ground) be the most hazarduous? 

(~ . : · 
: ' 
~~ 
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Tractive stress in t r ansport capacities need to be determined for Reaches 

1, 2 and 3. The pc·tential for armor in Reach 3 should also be analyzed. 

Two n values should be checked (1) for the bare earth channel and (1) for 

the rock lined portions. Sediment transport should be calculated using 

suspended load formulas such as the Einstein Bedload Function. 

Historical hydrologic stress should be ascertained. Check with County 

officials also. Estimates of duration of flow also need to be made. This 

information should be coupled with sediment transport calculations to 

determine the volume of sediment entering the Gila River. Compare these 

est i mates with the difference between existing cross sections and as

bui l ts to calibrate the sediment transport model. Determine the amount of 

sediment that would move at the design discharge. 

Observation: The high water mark in the concrete chute appears to be at 

the mid-point of the weep holes. 

Question: If the rock grouted waterway inlets blew out in the upper end 

of Reach 2, would the same potential exist at the design discharge within 

the l evees outwarded int o the fields (considering the rilling that has 

already occurred)? 

Question: Is there any reason to believe that the soils used in Reaches 1 

& 2 do not behave as discreet particles? And if so, then the transport 

rate would also be a function of how rapidly the lining material could be 

peeled away. 
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Thought, talk to State Hydrologist to determine frequency-discharge 

information. 

Remember to emphasize that the new cross sections should be plotted with 

respect to the as-built cross sections to determine the amount of 

erosion. 

Question: Could the deposition that is immediately downstream of the rock 

chute in to the Gila River have originated from the floodway instead of 

the Gila River? 
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~.r.-::;;;:_\, United States 
lfUJ)J Department of 
: -~ Agriculture 

Soil 
Conservation 
Service 

SubJect: ENG - Stability and Erosion Analysis of 
RWCD Floodway, Reach 1 and Reach 2, 
Williams-chandler WPP, Arizona 

West National Technical Center 
511 N. W. Broadway, Room 547 
Portland, Oregon 97209-3489 

.e_wco ! ~ 

Date: June 21, 1985 

To: Ralph Arrington, State Conservation Engineer, 
SCS, Phoenix, Arizona 

File Code: 

We have reviewed the findings prepared by Fred Theurer following his visit to 
the project and his discussions with your staff. Fred is to be commended on 
his forthright appraisal of the situation. 

Significant questions have been raised by this report which need resolution. 

I. The main problems identified are toe erosion of the channel banks, local 
scour downstream and deposition in rock lined sections, and rilling of the 
channel banks. It was concluded that general bed degradation is the cause of 
the toe erosion observed. The channel cross-sections taken to date document 
local scour and deposition downstream of the rock lined sections. Additional 
cross sections are necessary to verify that general bed degradation is 
occurring. 

2. The assertion that the reference tractive stress procedure as used in 
TR-25 is in error or is inappropriate for the situation here is open to ques
tion. Reference tractive stress is a measure of the portion of the total re
sistance to flow, or energy loss due to turbulence, attributed to the bed 
grain roughness. The remainder of the losses are attributed to the larger 
scale turbulence resulting from bed forms, vegetation, debris, or other fac
tors. Mannings Equation is universally used in practice for determination of 
energy loss in open channel design. The Mannings Equation "n" value selected 
is the index for total energy losses due to all factors. The reference trac
tive stress procedure uses the friction formula presented in USDA Technical 
Bulletin No. 1026 to determine losses due to grain roughness. This formula is 
based on the Von karman velocity distribution theory _,_ with correction con
stants developed by Keul igan and covers the spectrum from smooth to turbulent 
flow . 

With this approach, the hydraulic radius is the index of relative losses used 
and is divided into por t ions R' and R" representing losses due to particle and 
form roughness respectively. The total hydraulic radius for a given channel 
geometry, flow, and ener gy slope is dependent on the "n" value selected. The 

- ~ 
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Ralph Arrington 
June 21, 1985 

design "n" values for as built and seasoned condition are selected by proce
dures outlined in NEH 5 or from other standard references. 

3. The tractive stresses used for development of the tractive power design 
chart and procedure con t ained in the TR-25 are the tractive stresses with 
respect to the bed grain roughness. Use of this chart with tractive power 
based on total tractive stress is erroneous. The conclusion that computed 
total tractive power fo r Reach 1 is 4.5 times the allowable is therefore 
wrong. 

4. In light of the above, the tractive power approach does not predict 
severe general bed degradation for this channel. 

2 

5. Dispersive soil behavior needs to be verified by both laboratory testing 
and field observation. Percent sodium vs. TDS in pore-water extract, cited in 
the report, is not a relia~le basis alone for predicting dispersive soil be
havior. Pinhole and "double hydrometer" testing should be considered as well. 

Additional work is needed to determine the nature of the problem, whether ex
cessive general bed erosion is occurring. the extent of influence of soil 
chemistry. and to recommend appropriate engineering solutions •. 

Other comments include: 

1. At the time the floodway was designed and reviewed, the procedures for 
hydraulic design were extensively discussed. The tractive power procedure in 
its application here was recognized as a pioneering approach and that the 
resulting channel may have a relatively high maintenance requirement. 

2. The photographs seem to indicate that the local scour downstream of the 
rock lined sections are in part due to concentration of flow between debris 
piles deposited in the r ock riprap. 

3. Erosion at the toe of the channel banks is a typical first mode of fail
ure in a constructed earth channel. In many instances the channel can be 
stabilized by protecting the lower banks by installing riprap or other slope 
protection. 

4. Low flows in a wide channel such as this can be expected to develop mean
dering low flow channels with resulting areas of attack and deposition. 

5. ~illing of exposed earth banks is typical for all construction in this 
climatic area. The cost of preventing it needs to be weighed against the pro
blems it presents. 

We believe an engineering investigation committee needs to be formed to study 
the appropriateness of current SCS channel design procedures as applied to 
this job. A field review by the committee needs to be conducted as soon as 
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Ralph Arrington 
June 21, 1985 

possible and the sponsors encouraged to perform 0 and M following the field 
review as needed to prevent additional damage from other flood events. 

"?J~ ~. WalL fo.ln~i 
JACK C. STEVENSON 
Head , Engineering Staff 

cc: 
Don Basinger, Director of Engineering 

SCS, Washington, D.C. 
Verne Bathurst, State Conservationist, 

SCS, Phoenix, Arizona 
Fred Theurer, Civil Engi neer, 

ARS, Fort Collins, Co l orado 

3 



United States 
Department of 
Agriculture 

Soil 
Conservation 
Service 

201 E. Indianola Ave. 
Suite 200 
Phoenix, Arizona 85012 _ Cl 

fLOOD CIM OL 0 STRI 
RECElVED 

subJect: ENG-Stability and Erosion Analysis of the RWCD 
Floodway Reaches 1 and 2 

Date : l
j \ \lS L :; '85 

May 23 , :t8 

To: Ralph M. Arrington, State Conservation Engineer File Codtf210 

Introduction 

At yours and Jack Stevenson's request, I have observed reaches 1 and 2 in 
the field, reviewed the design, analyzed the stability of reaches 1 and 2, 
and prepared this report. Attached are some notes from the field 
investigation made on 5/20/85. Also attached are copies of the 
calculations I used for the analysis. The points mentioned in the notes 
were considered in the analysis and the preparation of this report. 

Problem Definition 

Two separate and distinct problems were apparent from the field review and 
w~re subsequently confirmed by the analysis. The first problem is general 
bed degradation leading to toe erosion of the levees. Local scour also 
was prevalent immediately below each rock-lined section. The second 
problem is the continuous rill erosion along the levees in reaches 1 and 2 
with ·some additional gullying and jugging in reach 2. These two problems 
raised three questions: (1) Was the bed degradation and erosion by flow 
in the floodway? (2) Was the rill, gully, and jugging in the levees 
caused by raindrop splash and subsequent surface erosion? (3) Is 
dispersive soil a factor in questions 1 and 2? 

The floodway is 4 years old. There have been 3 flows through the floodway 
since construction. The last flow was in December 1984 and it approached 
a depth of 3 feet in the earth-lined sections. This last flow is 
estimated to be the maximum flow to date in the floodway. My analysis 
would indicate this to be approximately 2500 cfs (d=2.9'). The design 
discharge for the floodway is 8700 cfs. Therefore, the maximum historical 
stress was approximately 29% of the design discharge. 

Reach 2, above the concrete chute, has a much flatter gradient 
(S0 =0.0003). The same historical flows (Q=2500 cfs) produced a maximuw 
tractive power of 0.20 ft-#/sec/ft2 as opposed to the 0.75 ft-#/sec/ftl 
allowable. There was no evidence of bed erosion, toe erosion along the 
levees, or sedim~nt deposition in the rock-lined section immediately above 
the concrete chute. However, there was evidence of bed and levee toe 
erosion immediately below the concrete chute where the bed slope was steep 
(S 0 c0.0015)and subsequent deposition in the downstream rock-lined 
sections. 
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Existing survey cross-sections were requested beginning at station 1380+99 
downstream through station 1398+76 at all as-built cross-sections. The 
upstream cross-section is at the upstream edge of a rock-lined section. 
The downstream cross-section is approxiately 200+ feet downstream of the 
downstream edge of the same rock-lined section. The purpose of these 
cross-sections was for comparision to the as-built cross-sections to 
determine deposition within the rock-lined section and to estimate bed 
erosion immediately downstream from the rock-lined section. 

Bed erosion consists of two parts: (1) general scour, indicating bed 
degradation; and (2) local scour immediately below the rock-lined section 
caused by the water as it accelerates coming off of the rock lining. 

Only 560 feet separated the downstream edge of this particular rock-lining 
and the upstream edge of the next rock-lining. There was not much 
opportunity for general bed erosion between these two rock-lined sections 
because of the increased stage due to the downstream rock-lined section. 
Additional existing cross-sections below other ''hard points" are needed to 
confirm the general bed erosion problem. However, the deposition within 
the rock-lined section averages approximately 1 foot. The source of this 
sediment must have originated within the floodway below the concrete chute 
(sta 1160+22). If so, the additional surveys will show that significant 
bed erosion already has occurred. 

Fourteen samples of the soil were taken between stations 1242+00 and 
1435+00 for purposes associated with the recent contractor's claim. A 
chemical analysis was made of these 14 samples. Table 1 is a summary of 
the sodium and total salt content found in these samples. 40% sodium to 
total salt is supposed to be an indicator of a potential dispersion 
problem. 60% sodium to total salt content is supposed to indicate that 
there is a dispersion soil problem. All samples but one were greater than 
40%; 9 were greater than 60% as was the aggregate of all. My conclusion 
is that there is a dispersion problem. Testing of lime treatment for 
these specific soils should be done before this method is used. 

A review of the design procedures shows that the Arizona design staff 
followed TR-25. The design used the tractive power approach; however, the 
tractive stress procedure is an integral part of the tractive power 
approach. Unfortunately, t he tractive stress procedure recommended in TR-
25 for fine - grained materials is n error. The tractive stress procedure 
for fine-grained materials assumes that the energy loss is divided between 
work done on the boundary and energy losses to other causes. This is not 
true for a fixed-boundary plain-bed analysis, which is the situation for 
the RWCD Floodway. There are essentially no other causes for energy loss 
except the fixed, plain bed. 

The allowable tractive power for the design of the RWCD Floodway is 0.75 
ft-#/sec/ft2 (unconfined compressive strength=350 #/ft2). The floodway 
has already been stressed at approximately Q=2500 cfs to a tractive power 
greater than 1.07 ft-#/sec/ft2. This is more than 43% greater than the 
allowable. The tractive power attacking the boundary, assuming the entire 
energy is working on the boundary, for the design discharge of Q=8700 cfs 
would be 3.4 ft-#/sec/ft 2• This would be more than 4.5 times the 
allowable. 
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TABLE 1. CHEMICAL DISPERSION ANALYSIS 

Sample Na Na,Cl,Mg Na 
~N~o~.--~S~t~a~----~M~e~q~/~L~------------~K~,~M~e~q~/~L~------~% 

1 1343+00 

2 1365+00 

3 1338+00 

4 1271+00 

5 1277+00 

6 66+00 

7 1242+00 

8 1261+00 

9 1252+00 

10 1250+40 

11 1250+50 

12 1375+00 

13 1401+00 

14 1435+00 

56.11 

51.20 

58.63 

24.84 

27.58 

21.01 

30.36 

24.97 

34.10 

43.67 

31.10 

36.45 

43.54 

27.23 
510.79 

124.045 

116.553 

87.989 

37.735 

77.342 

22.079 

37.020 

30.230 

40.145 

53.397 

43.274 

63.920 

85.959 

28.414 
848.102 

45.23 

43.93 

66.63 

65.83 

35.66 

95.16 

82.01 

82.60 

84.94 

81.78 

71.87 

57.02 

50.65 

95.83 
60.23 

It is reasonable to assume that general bed erosion has occurred. It will 
be checked by determining the difference between existing and as-built 
sections. The existing section have been stressed nearly 50% greater than 
the maximum allowable. That fact that this has occurred for a discharge 
less than 30% of the design discharge, suggests that general bed 
degradation at design discharges would be massive, endanger~ng the 
integrity of the levees. 

The distance between the downstream end of the concrete chute and (sta 
1160+22) and upstream end of the rock chute (sta 1464+00) is 30,378 feet 
with a drop of 44.9 feet. The compacted earth-lining can safely withstand 
only 10.8 feet of that fall. There are 4291 feet of rock-lined sections 
that safely removed 6.4 feet of the drop. The remaining 27.7 feet of fall 
must be safely withstood or that much accumulative bed degradation can be 
eventually expected with subsequent downstream deposition that will 
encroach on the design capacity. 
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Other Reaches 

Reach 3 was checked for the tractive power design. The same fine-grained 
tractive stress procedure was used. However, the resulting design, 
although underestimating the actual design tractive stress, overdesigned 
the required tractive power. However, there are some clean sand stringers 
present in the floodway . These sand stringers will armor within 0.5' at 
the design discharge. 

Table 2 can be used to determine the maximum allowable bed slope for any 
given Q/b. It is based upon an allowable tractive power of 0.75 ft
#/sec/ft2 which is associated with an unconfined compressive strength of 
350 #/ft 2• . 

Table 2. Maximum So vs Q/b 

Q/b So 
(cfs/ft) (ft/ft) 

43.5 0.000355 
40.0 0.000382 
30.0 0.000485 
20.0 0.000692 
10.0 0.001303 

Possible solutions 

The Arizona Engineering Staff provided the following cost estimates: 

(1) Armor material (n60 not less than 1.6 inches and a n50 not less than 
1.2 inches with not more than 20% fines) be used in a 6 inch layer 
across the entire floodway and up the inside of each levee to a 
height of 6.5 fee t . The armor material is to be placed beginning at 
the downstream end of the concrete chute (station 1160+22) and ending 
at the rock chute at the confluence with the Gila River (station 
1464+00) excluding any existing rock-lined section. An estimated cost 
for this work is $1,000,000. 

2. Armor material be placed across the entire cross-section, from 
outside toe of lef t levee to outside toe of right levee, between the 
rock and concrete chutes. Also, across the levees on each side from 
the concrete chut e (station 1160+22) to the upstream end of reach 
2. An estimated cost for this $1,400,000. 

3. Two alternate lime treatments for the dispersed soils: 

a. Levees only. The cost estimate is $470,000. 

b. Levees and f l oodway. The cost estimate is $1,400.000. 
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Conclusions 

There are no bed erosion problems in reach 2 upstream from the concrete 
chute. There are serious bed and subsequent levee toe erosion problems in 
reaches 1 and 2 below concrete chute. The rilling along the levees in 
reaches 1 and 2 seemed serious to me; but, then I am not experienced with 
this environment. 

(1) The earth-lined section of reaches 1 and 2 of the RWCD floodway is 
greatly under-designed with respect to the tractive stress that would 
be placed upon it by the design discharge and will continue to erode 
at much smaller discharges unless protective measures are taken. 

(2) Sediment from floodway erosion will be deposited in the rock-lined 
sections and will continue to encroach on the design capacity. The 
level of protection will eventually become seriously impaired. 

(3) Potentially dispersive soils are present within the boundary 
materials in reaches 1 and 2 of the RWCD Floodway. 

Recommendations 

(1) The RWCD Floodway be protected against the design flow from the 
concrete chute (sta 1160+22) down to the rock chute confluence with 
the Gila River (sta 1464+00) 

(2) Protection be provided to the levees, if necessary. 

(3) Recognition be given to the presence of potential dispersive soils. 

Ralph, I enjoyed working with you and your staff. I am sorry it had to be 
under such alarming circumstances. I appreciated the opportunity to be 
able to speak with such candor to Verne Bathurst, State Conservationist. 
I greatly appreciated working directly with Aubrey Sanders, Bill Payne, 
John Sullivan, Susanne Leckband, and Neomi Nielsen. 

Dr. Fred Theurer 
Soil Conservationist 

cc: Wendell D. Moody, Assistant Director of Engineer 
Jack C. Stevenson, Head Technology Staff WNTC 
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Field Investigation Notes 5/20/85: RWCD Floodway Reaches 1,2,& 3. 

Ralph, Aubrey and Susanne took me to the field to see Reaches 1, 2, & 3 of 

the RWCD Floodway. We started at the extreme downstream end of the 

floodway at i ts confluence with the Gila River. We worked our way 

upst r eam through Reach 2 into the new construction area of Reach 3. The 

following general observations were noted. 

Observations 

1. Severe rill erosion was evident on both levees. Deposition from this 

rill erosion was evident at the toes of the slope wherever erosion of 

the toes was not evident. Question: Is dispersion a problem? 

2. Erosion at the toes of the levee were noted starting immediately and 

for some distance downstream from the rock lined sections and 

coincedent with low flow channels adjacent to the levees. However, 

toe erosion was not always evident wherever low flow channels are 

adjacent to the levees such as when immediately upstream from the 

rock lined sections. 

3. Severe local scour was always evident downstream of rock lined 

sections. If the top of the rock lined sections were placed at 

grade, then severe sheet erosion also had to occur because the rock 

liners appeared to be better than a foot above current graae. Also 



- 2 -

deposition was evi dent in the rock lined sections throughout the 

upstream portions . The downstream rock line section (first 50') did 

have deposition. 

4. The downstream se ct ion of the reach immediately below the concrete 

chute appear to have evidence of as much as 18 inches of erosion. 

It would appear to be i mportant to investigate the chemistry of the earth 

lined sect i ons used in Reach 1. Clay is present in the earth lined 

section. These clays r ange from kaolinite through montmorillonite (which 

are the platelike structures) and polygorahite clays ( tubular 

structure). The clay r anges from no shrink-swell behavior into 

significant shrink-swel l relationships. Furthermore if sodium is present 

in a form that could cause dispersion, the silt-clay earth lined sections 

would then be highly e r odable. The reaches above Reach 1, (Reaches 2 and 

3), appear to have a more sandy composition. 

approach would certainl y be applicable. 

If so the tractive stress 

It is important that we check the thinking of the Design Engineer 

regarding the tractive power approach. Secondly, it is important that we 

investigate the resist ance analysis regarding the soils used for the earth 

lining in Reach 1. 

Pictures were taken of Reach 1 and 2, picture number 13 was taken upstream 

of the bridge at station 1367+66. It was taken to show the deposition in 

the beginning of that r ock lined section. Picture number 14 was taken at 

station 1335+00 to show the severe toe erosion that occurred upstream of 
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the second rock lined section. Pictures 15 through 22 were taken 

subsequently as we moved upstream. 

In order to determine t he amount of erosion that has occurred since the 

Reaches 1 and 2 were constructed, I would suggest that surveyed sections 

be taken at the same location as the as-built sections beginning at 

station 1399+00 through station 1434+60. These sections would begin 200 

foot upstream of the second rock lined section proceed through the 

deposition in the second rock lined area to the 200 foot downstream of the 

first rock lined area. This should give us a typical erosion-rate and 

deposition picture of t he rock lined areas. The surveyed sections should 

be taken coinciding wi t h the as-built sections. 

It may be necessary to determine the remaining thickness of the earth 

lined areas by coring t he earth-lined material. Furthermore, disturbed 

samples may be taken of the earth-lined areas in order to determine (1) 

the chemistry of the earth-lined materials and (2) the resistance 

properties of the earth-lined materials. 

Query: What was the quantitative value of using the earth lined materials 

in lieu of the existing materials found in grade? 

Observation: At the design discharge of 8700 cfs (1% chance), a stability 

analysis (n ~ 0.027) shows that the depth of flow would be 6.01 ft. and 

flow velocity would be 6.64 fps. For a bottom width of 200 foot this 

would be better than 43 cfs per foot of width. Also the tractive stress 

would be in the neighborhood of 0.52 pounds per square foot and tractive 



- 4 -

power greater than 3.4 ft-#/sec/ft2. Botb the unit discharge and the 

actual tractive power would appear to be very high for ML, CL, and SC 

materials; the design allowed only 0.74 ft-#/sec/ft 2 • 

Question: Would such materials withstand such high stress for any length 

of time? Subsequent question. If not what could be done about the 

existing design? 

All rock lined sections below the concrete chute had no bedding beneath 

the 1 foot thick rock lining. The rock lining in some areas had the 

appearance of settling, as if the fines beneath the rock lined were being 

removed. This phenomena was not observed immediately above the rock 

concrete chute. It had bedding beneath the rock lining. If the rock 

lining is to serve as hard points in the channel (that is to serve as 

hinge points within the channel), then the rock lining would have to be 

prevented from settling. Otherwise the rock lining would continue to bury 

itself into the fine-grained material beneath it. 

Stress the importance of determining the chemistry of the material used in 

the channel. Especially the material used as the earth lining. Second, 

stress the tractive stress analysis. Third, determine the concepts behind 

the use of the tractive power analysis. Determine who in SCS is a 

proponent of the use of the tractive power. Talk with Lee Saeles and 

Cliff Deal at the WNTC. Talk with Jim Talbot regarding dispersive soils. 

Talk with Dave Ralston r egarding the use of the tractive stress, tractive 

power, and dispersive soils. Talk with Jack Stevenson regarding the 

potential seriousness of the erosion problem in Reaches 1 and 2. Talk 
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with someone on the Arizona State Staff that is familiar with the soils 

properties that were used in Reaches 1 and 2. By this I mean speak with a 

Soi l Scientist who may know of the chemistry of the soils that were used. 

Talk with Aubrey regarding a tractive stress analysis in the materials 

found in Reach 3. Thes e materials appear to be sandy as opposed to silt 

or clays. The plus 15% gravels may serve as a armor layer if necessary. 

However, the materials used in the levees of the upstream portion of Reach 

2, that is above the r ock chute, appear to be silts and blew out at the 

rock chute inlets coming into the channel. 

Observation: The rock liner above the concrete chute has no evidence of 

any deposition or scour that would cause settling of the rock. There is a 

bedding beneath this rock liner. The concrete chute below the rock liner 

shows absolutely no evi dence of any deposition. Query: If there is no 

deposition in the vicinity of the concrete chute and above, what is the 

source of deposition i n the downstream reaches? 

Question: How do you t reat dispersive soils? Is lime used? Solid or 

liquid forms, or both? 

Question: How expensi ve would it be to use a rock liner throughout the 

entire length of Reach 1? Include a bedding. 

If a potential severe erosion problem exists, would not the levee (that 

portion above ground) be the most hazarduous? 
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Tractive stress in transport capacities need to be determined for Reaches 

1, 2 and 3. The potent ial for armor in Reach 3 should also be analyzed. 

Two n values should be checked (1) for the bare earth channel and (1) for 

the rock lined portions . Sediment transport should be calculated using 

suspended load formulas such as the Einstein Bedload Function. 

Historical hydrologic s tress should be ascertained. Check with County 

officials also. Estima tes of duration of flow also need to be made. This 

information should be coupled with sediment transport calculations to 

determine the volume of sediment entering the Gila River. Compare these 

estimates with the difference between existing cross sections and as

buil t s to calibrate the sediment transport model. Determine the amount of 

sediment that would move at the design discharge. 

Obse r vation: The high water mark in the concrete chute appears to be at 

the mid-point of the weep holes. 

Ques t ion: If the rock grouted waterway inlets blew out in the upper end 

of Reach 2, would the same potential exist at the design discharge within 

the l evees outwarded into the fields (considering the rilling that has 

already occurred)? 

Ques t ion: Is there any reason to believe that the soils used in Reaches 1 

& 2 do not behave as discreet particles? And if so, then the transport 

rate would also be a function of how rapidly the lining material could be 

peeled away. 
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Thought, talk to State Hydrologist to determine frequency-discharge 

information. 

Remember to emphasize t hat the new cross sections should be plotted with 

respect to the as-buil t cross sections to determine the amount of 

erosion. 

Question: Could the deposition that is immediately downstream of the rock 

chute in to the Gila River have originated from the floodway instead of 

the Gila River? 
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