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FEB25 1990 , 

Thomas Hartig recently completed sampling of channel bed 
material at 21 locations for the Rio Salado Project. 
Laboratory analysis of the portion of the material which is 
less than six inches in diameter was conducted. An 
estimate of the fraction of the oversized material was made 
prior to preparation of the laboratory work, Table 1 
summarizes the measured gradations and the estimated 
fraction of oversized material for each sampled location, 

The measured gradations were plotted for the purpose of 
identifying a design gradation (see Figures 1 to 4). Two 
groupings of gradation measurements were identified. The 
first group consisted of 12 samples taken at various 
locations in the Salt River channel (samples 25, 26, 27, 
28, 29, 33, 35, 38, 39, 40, 44 and 45). The second group 
consisted of six samples taken at locations in the Indian 
Bend Wash channel (samples 41 [surface and subsurface], 42 
and 43) and at two locations immediately downstream of the 
Indian Bend outlet in the confluence with the Salt River 
channel (samples 36 and 37). 

Based on this sampling, the mean diameter of the Salt River 
bed material ranges from lorn to 60m, while the mean 
diameter for the Indian Bend Wash gradations is 
substantially finer and ranges from O.lm and 1.Omm. Three 
remaining samples (samples 23, 24, and 34) occur in the 
Salt River channel and include finer sediment sizes 
relative to the more typical Salt River gradation. Samples 
23 and 24 are gap graded with sizes less than l.Omm and 
greater than 5Omm occurring. Sample 34 is generally finer 
relative to the typical Salt River gradation, with a mean 
diameter of about 3.0mm compared to 10.0mm, respectively. 

The design gradation was based on an envelope curve which 
was plotted at the upper limit of the group of 12 samples 
for the Salt River. The three gap-graded samples were 
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excluded from the analysis, since they do not represent any 
consistent gradation trend in the river but rather a local 
variation in the gradation due to the sedimentation 
process. 

The design gradation was compared to the Simons, Li & 
Associates design gradation which was developed for the 
ADOT channel design (see Figure 5). The two design 
gradations are essentially the same, which indicated that 
there is a fairly representative bed material gradation in 
the Salt River channel through Tempe. The confluence with 
Indian Bend Wash locally changes the gradation of the Salt 
River; however, most of this change is surficial and has 
not mixed with the characteristic Salt River gradation. 
Therefore, from the standpoint of channel response in the 
Salt River, the characteristic Salt River gradation will be 
most important for use in evaluating the potential scour. 



I Table 1. Sanpled Bed Material Gradations 
Sieve Size - Over 

Boring Location Range 200 100 50 30 16 8 4 3/4- lU 2" 3" Size 

23 400+00,. 430' 1t 0-6 5 31 71 
I 

24409+00,23O'Lt 0-16 12 24 33 

I 
25 421+00, 240' L t  0-11 1 2 5  
26428+00, 350' I t  8-17 2 3 5  1 27 434+00, 475' l t  0-8 1 2 5  
28 440+00, 258' I t  8-18 2 3 6  
29 448+00, 525 ' t t 0-8 1 2 4  
33 458+00, 450' L t  0-8 1 1 4  
U 464+00. 3251 L t  9-17 S 7 12 
35 474+00, 350' I t  0-8 1 3 7  
36 482+00, 525' I t  0-7 1 4 20 
37490+00, 600' I t  0-10 0 2 14 
38498+00,600aLt 8-17 , 2 3 7  
39 508+00, 700' L t  0-8 1 3 12 
40 516+00, 650' l t  8-17 1 2 6  
41 98+00, 325' rt 0-6 3 6 6 4 9 3  
41 98+00, 325' rt 6-10 7 15 52 
42 96+00, 325' r t  0-5 9 17 27 
43 308+00, 0' r t  0-8 68 79 84 
44 91+00, 325' rt 0-8 3 4 11 
45 207+00, 0' r t  0-8 4 8 15 

avg 26,27,28,29,33, 1.8 3.3 7.8 
35,39,40,44,45 

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

loo 
73 95 
87 100 
87 100 
94 100 

83 100 
71 100 
85 100 

91 100 
93 100 

100 
98 100 
90 100 
91 100 
90 100 
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George Cotton 6 g  
Indian Bend Wash Drop Structure , 

February 27, 1990 REHAMS 

This memo presents my assessment of baseline conditions for 
Indian Bend Wash at the outlet to the Salt River and at the 
proposed crossing of the East Papago Freeway. It also 
responds directly to comments by SLA and Gannett Fleming on 
the drop structure location and design. 

The SLA baseline, which was used by Gannett Fleming in the 
design of the bridge foundation, assumed six feet of 
general scour and 29 feet of local scour for each pier. We 
have found that base level lowering of the Salt River has 
depressed the profile of the Salt River about ten feet 
below the profile of Indian Bend Wash. This difference in 
the respective profiles should have been accounted for in 
the scour analysis for the bridge. The channelization 
project will result in an additional lowering of the Salt 
River on the order of three to four feet. The 19.5 foot 
height for the drop structure which was identified for the 
Rio Salado project is therefore the sum of the following: 

Base Level Difference 
General Scour 
Channelization 

10.0 feet 
6.0 feet 
3.5 feet 

Drop Height 19.5 feet 

The increased foundation depth required due to 
channelization will be offset by a reduction in pier scour 
depth due to the reduction in approach velocity. This 
reduction in flow velocity would occur naturally in the 
existing system after propagation of the headcut upstream 
through the bridge or as a result of the energy dissipation 
provided by the drop structure. 

Regarding the letters by Dennis Richards, SLA, and Terry 
Koons, Gannett Fleming, on structure type, design and 
construction issues, I have the following response: 
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1. The baffle-block spillway drop structure suggested 
by SLA is a reinforced concrete structure and is 
significantly more expensive compared to the 
planned CSA multi-drop structure. 

2 .  Relocating the drop structure downstream of the 
bridge significantly increases the length of bank 
protection required for the north bank and reduces 
the developable land area on the south bank. 
Again, this is a significant cost increase rather 
than a cost reduction as claimed by SLA. 

3. SLA points out the need for 200 feet of levee to 
act as a spur to deflect local scour away from 
their proposed location of the drop structure. 
This points out that by placing the drop structure 
downstream of the bridge, the structure is at 
increased risk of scour and that to mitigate this 
risk, additional structures (at additional cost) 
are, in fact, required. 

4 .  The junction levee was removed from Tempe's channel 
design after two-dimensional modeling of the 
confluence indicated it was unnecessary and that 
flows from either Indian Bend Wash or the Salt 
River would not adversely impinge on channel 
banks. This analysis was presented in the initial 
river mechanics report, a copy of which was 
provided to SLA for review. 

Regarding Gannett Fleming's comments: 

1. General and local scour will be unchanged and, in 
all likelihood, improved. 

2. The drop structure maintains the existing invert 
elevation at the crest of the upper drop 
structure. The high water elevation will be 
reduced as the flow accelerates over the drop 
structure. 

3. Water velocity will be decreased not increased due 
to energy dissipation provided by the drop 
structure. 

4 .  Unequal Frame Action at Piers - Sketch No. 1 
inaccurately depicts existing conditions at the 
crossing. Since it is ADOT's policy to disregard 
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the effect of the drop structure in bridge 
foundation design, the combined affect of local, 
general and headcutting scour would be considered 
in any case. 

5. Construction conflicts identified can be easily 
resolved by a logical construction sequence. Since 
the drop structure and bridge will be part of the 
same construction package, there seems to be no 
impediment to such a logical sequence. 

6 .  Higher bridge cost due to construction difficulties 
are extremely unlikely. For example, construction 
of the bridge substructure, followed by 
construction of the drop structure, with final 
construction of bridge super structure is one 
alternative for a simple logical sequence of 
construction that would add nothing to the cost of 
the bridge. 

7 .  New levee heights are below the roadway profile 
throughout Section 6 of the East Papago Freeway. 

8.  Tempe and CRSS are coordinating closely with both 
APS and SRP on the location of new and existing 
overhead power lines. We are well aware of the 
profile of the four-city sanitary trunkline at the 
location of the drop structure. 

9. The north levee will be realigned to avoid a 
conflict with Ramp B of the East Papago Freeway. 

In conclusion, we see no evidences that either design or 
construction costs will be increased for the Indian Bend 
Wash bridge of the East Papago Freeway due to construction 
of a drop structure. The drop structure is necessary in 
order to control an existing difference between the profile 
of Indian Bend Wash and the Salt River. ADOT policy 
requires that the bridge structure design account for such 
scour conditions. 



Memo 

TO Howard Hargis 

From George Cotton &@ 
Re Relocation of Grade Control No. 4 

Date February 19, 1990 

In the Salt River Working Group meeting conducted February 
14, 1990, Tom Monchak (ADOT East Papago Management 
Consultant) requested additional information on the 
relocation of Grade Control No. 4. Attached is a profile 
for the proposed new location of this grade control showing 
existing ground, the proposed channel section, an estimate 
of the rock profile, and the location of SPRR bridge 
piers. Also attached is a plan for new location of the 
grade control structure, 

ADOT would like to change order this relocation into the 
present construction contract. In order to do this, they 
will need to build not only the grade control structure but 
also the associated levee and bank stabilization downstream 
of the SPRR bridge which is planned for the Tempe Rio 
Salado Channelization, 
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Memo 

TO Howard Hargis 

From George Cotton &CL 
R e  Indian Bend Wash Drop Structure Alternatives 

Date February 19, 1990 

Copies 180.06.01 

At the request of the Flood Control District, an 
alternative to the multiple drop design which was submitted 
in the initial design plans for the Rio Salado 
channelization has been prepared. A single drop design was 
studied. Assuming that the cement stabilized stilling 
basin can perform acceptably at the high velocities which 
result from a single drop, the drop structure will require 
19 percent less cement stabilized alluvium (CSA) to 
construct. The velocity in the stilling basin is quite 
high for this design, 42 fps compared to 28 fps for the 
three drop design. For this velocity, a CSA stilling 
basing may erode severely during a flood event. 

To check this, I called Ken Hansen at PCA. He said that 
based on experience of soil cement installations in Tucson, 
soil cement is abrasion resistant up to maximum velocities 
in the range of 15 to 18 fps. The maximum velocity can be 
increased if the +4 fraction of the mix is increased, 
creating a roller-compacted-concrete (RCC) type mix. He 
felt that velocities of 30 fps could be achieved with this 
type of mix. He felt that the Salt River gradation (he was 
familiar with the CSA design for the East Papago Freeway) 
would be similar to a RCC mix. He recommended the use of 
18-inch high steps on the spillway faceto promote air 
entrainment which would decrease problems associated with 
abrasion and negative pressures. 
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George Cotton 

SPRR Bridge/Grade Control No. 4 Relocation 

February 6, 1990 

180.06.1 

Because of the proposed lower profile for the Salt River, 
it is recommended that Grade Control No. 4 be relocated to 
the downstream side of the Southern Pacific Railroad 
bridge. The dam axis should be located parallel to the 
bridge with the south abutment at Station 415+00 on the 
south levee control line (N 284, 809.26, E 291, 984.74). 
The dam crest should be at elevation 1131.50. 

The first three piers of the SPRR bridge which are north of 
the south abutment are founded on piles. Piers I and I1 
are located on the south overbank terrace, while Pier I11 
is in the main channel. The following tabulation gives a 
comparison of pier caisson elevation to ground, rock and 
minimum pile tip elevations. 

/'$ Minimum 
Locato Caisson Depth Pile Tip Rock 

Pier I 1133.39 1125.39 ? 1144.97 
Pier I1 1133.64 1127.39 ? 1144.97 
Pier 111 1127.72 1126.39 1116.5 1131.50 
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.* 

TOM W. THOMAS, P.E. HARRY E. HARTIG, P.E. 
Geotechnical, Materials Testing, and Environmental Consultants 

7031 West Oakland Street Chandler, Arizona 85226 

James R. Morrow 
John P. Boyd, P.E. 
Charles H. Atkinson, P.E. 
Glen K. Copeland, P.E. 

City of Tempe 
P.O. Box 5002 
Tempe, Arizona 85281 

Attention: Howard Hargis 

Project: Geotechnical Services 
Rio Salado Improvements 
Tempe, Arizona 

James M. Willson, P.E. 
Frank M. Guerra, P.E. 
Steven A. Haire, P.E. 

Kenneth L. Ricker, P.E. 
Judith A. McBee 
Dale V. Bedenkop, P.E. 
John C. Patton 

15 May 1990 

Project No. 89-0919 
Supplement No. 2 

At your request, this firm has performed supplemental services for the subject project. 
The supplemental services consisted of performing sieve analysis of the plus 3 inch 
material at 6 previously sample locations. A large bulk sample (4,840 to 10,200 

pounds) was obtained from each location with a backhoe and plsced in a dump truck 
which was then weighed on a truck scale. The material was sieved over a 3 inch 

mesh standing screen. The plus 3 inch size material was then hand sorted into minus 

6 inch, 9 inch, 12 inch, and 18 inch material. The particles in each hand sorted size 
were weighed and the percent passing was calculated. 

The results of these sieve analysis are attached. 

This supplement shall be attached to the original report and shall become a part 
thereof. Please call if you have any questions or if we may be of further assistance. 

Respectfully submitted, 

Reviewed by: 

fit. - - ,I--. MI-- 1 ~ n 9 \  O C ; ~  -1  i f;Q Fav iC;n71941)-1)9.52 Phoenix Phone 1602) 437-5450 



REPORT ON SIEVE ANALYSIS 

SAMPLE: 
Source: As Noted Below 
Type: Large Bulk Samples 

Material: River Bed 

Sampled By: THMlhite 

TESTED: Sieve Analysis of plus 3 inch material 

TEST RESULTS 

Total Weight of 
Locatlon L u u E e a l  - 

26 2-5 5900 

29 2-5 4840 

33 2-5 5720 

39 2-5 7480 

40 2-5 6220 

45 2-5 1 0,200 

Date: 5- 1 5-90 

Percent Passing 
s " x 1 2 " 1 8 "  
81 91 98 100 - 

Project No. 89-091 9 

Thomas-Hartig & Associates, Inc. 



'able 4a. Sawled bed Hater1 a1 Gradat~ons 
?.€r 

Sieve Size  - Yar t~ca l  s ~ z e ,  PC 
Boring Locatlon 200 100 50 3U 1b 8 4 214' 1' ;" T p  a"  5" :: :L 
Nunber (So. Levee EL) 0.075 0.15 0.3 0.t  1 2.36 4.76 19 25 50 75 150 ?;5 3 5 ,  5 :  

-1.12 -0.02 -0.52 -0.21 0 0.372 0.677 1.278 1.397 1.698 1.875 2.176 2.352 2.4i7 2.c:: 
.................................................................................................................. 

26428t00, 3 5 0 ' 1 t  1.6 2.4 4.1 11.3 21.9 29.2 34.8 54.3 59.9 70.5 81.0 91.0 98.0 100.0 1Gil.V 

29448t00, 525' I t  0.7 1.4 2.8 8.3 16.6 21.4 25.5 36.6 40.7 49.0 69.0 84.0 97.0 100.0 100.0 
33458t00, 4 5 0 ' I t  0.7 0.7 2.9 7.9 18.0 24.5 30.2 45.4 49.7 61.1 72.0 8b.O 94.0 98.0 100.0 
39508t00, 7 0 0 ' 1 t  0.13 2.5 10.0 22.4 32.4 38.2 43.2 58.1 63.9 75.5 83.0 95.0 99.0 100.0 IUO.0 
40516t00, b 5 0 ' I t  0.7 1.4 4.2 10.5 18.9 25.2 30.1 44.1 49.0 63.0 70.0 85.0 94.0 100.0 100.0 
45207t00. o ' r t  2.9 5.8 11.0 i t .8  23.4 29.2 35.0 50.4 55.5 67.2 73.0 e8.o 95.0 99.0 10o.o 

avq 1.2 2.4 5.8 12.9 21.8 27.9 33.2 48.1 53.1 64.4 74.7 88.2 96.2 99.5100.0 
rin 0.7 0.7 2.8 7.9 lb.6 21.4 25.5 36.6 40.7 49.0 69.0 84.0 94.0 98.0100.C 
l a x  2.9 5.8 11.0 22.4 32.4 38.2 43.2 58.1 63.9 75.5 83.0 95.0 99.0 100.0100.~ 

sdev 0.8 1.7 3.3 5.2 5.2 5.3 5.5 7.1 7.7 8.3 5.4 5.8 2.0 0.8 C.C 
90% confidence l i r i t  2.3 4.5 10.1 19.5 28.5 34.8 40.2 57.2 62.9 75.1 81.5 93.0 98.7 100.0 10C.O 

.................................................................................................................. 
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7031 West Oakland Street Chandler, Arizona 85226 

James R. Morrow 
John P. Boyd, P.E. 
Charles H. Atkinson, P.E. 
Glen K. Copeland, P.E. 

City of Tempe 
P.O. Box 5002 
Tempe, Arizona 85281 

Attention: Howard Hargis 

Project: Geotechnical Services 
Rio Salado Improvements 
Tempe, Arizona 

James M. Willson, P.E 
Frank M. Guerra, P.E. 
Steven A. Haire, P.E. 

Kenneth L. Ricker, P.E. 
Judith A. McBee 
Dale V. Bedenkop, P.E. 
John C. Patton 

1 1 April 1 990 

Project No. 89-091 9 
Addendum No. 1 

At the request of George Cotton of CRS Sirrine, this letter presents our responses to 
the following review comments from Donald J. Rerick of the Flood Control District of 
Maricopa County in a letter dated March 26, 1990. 

1. Ground elevation at the field exploration locations. 

2. Sample size used in the mechanical analysis. 
3. Review of direct shear results on Samples 10 (9'-14') and 41 (0'-6'). 

Our response to these comments are: 

1. Ground elevations at the field exploration locations are as follows: 

Field Exploration 
Locatlon 

1 
2 
3 
4 
5 
6 
7 
8 
9 

9A 

Ground Surface 
Elevation (feeu 

Chandler: Phone (602) 961-1169, Fax (602) 940-0952 Phoenix Phone (602) 437-5450  



Field Exploration 
Locatlon 

10 
11 
12 
13 
14 

14A 
15 
18 
19 

19A 
20 
21 

21 A 
22 
23 
24 
25 
26 
27 
28 
29 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
U-1 

U-1 A 
U-2 

U-2A 
U-3 

U-3A 
1 (SUP.) 
2 (SUP.) 
3 (SUP.) 
4 (SUP.) 

Ground Surface 
Elevation (feeu 

1139 
1146 

- 1147 
1150 
1150 
1150 
1151 
1151 
1150 
1150 
1138 
1164 
1164 
1169 
1136 
1135 
1140 
1137 
1141 
1142 
1141 
1147 
1146 
1150 
1155 
1151 
1149 
1153 
1159 
1157 
1158 
1171 
1156 
1164 
1148 
1148 
1147 
1147 
1143 
1143 
1139 
1138 
1139 
1140 



2. The Bulk Samples obtained in the field for mechanical analysis were 

approximately 1.0 to 1.2 cubic feet in size and are representative of the 
material smaller than 3 inches in size encountered in the sample interval. 
Material greater than 3 inches in size-was for the most part removed from 
the sample prior to bagging the material. A visual estimate of the 
oversized material was recorded on each log. The samples were then 
processed and mechanical analysis performed in accordance with ASTM 
C136. 

3. The apparent cohesion reported on the Direct Shear Test for Sample 10 

(9' - 14') is probably the result of variations in the amount of coarse sand 
and fine gravel along the shear plane of each of the three samples tested. 
An increase in the percentage of this size particle along the shear plane 
could resutt in higher values from one or two of the points. The same holds 

true for Sample 41 (0' - 6') for the relatively clean sample. The apparent 
cohesion is ignored during the use of these values in engineering 
analysis. 

This supplement shall be attached to the original report and shall become a part 
thereof. Please call if you have any questions or if we may be of further 
assistance. 

Respectfully submitted, 

THOMAS-HARTlG & ASSOCIATES, INC. 
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Job Number RIOIN 
Date May 1, 1990 
Via Hand Del ivered I 

Dorcrlptlon 
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PART 1 
REPORT 



SCOPE 

The p roposed R i o  Sa lado  Improvements  w i  11 e x t e n d  f r o m  1300 f e e t  w e s t  o f  Farmer  

Avenue t o  the  McCl in tock D r i v e  b r i dge  a long t he  S a l t  R iver  and f rom G i l b e r t  Road 

s o u t h  t o  t h e  S a l t  R i v e r  a l o n g  I n d i a n  Bend Wash. The imp rovemen ts  w i l l  be 

a c c o m p l i s h e d  i n  phases. The i n i t i a l  phase o f  t h e  p r o j e c t  w i l l  c o n s i s t  o f  

channe l i z ing  t h e  S a l t  R iver  and I n d i a n  Bend Wash. Th is  phase w i l l  inc lude:  

1. The cons t ruc t i on  o f  approx imate ly  12,000 l i n e a r  f e e t  o f  levee on each s i d e  
o f  t he  r i v e r .  Slope p r o t e c t i o n  w i l l  be p rov ided  on t h e  channel s i d e  o f  t he  
1  evee. 

2. An overbank c o n t r o l  levee on t he  south bank on e i t h e r  s i d e  o f  M i l l  Avenue. 

3 .  A 225 f e e t  wide, 4 t o  6 f o o t  deep low f l o w  channel. 

4. A g rade  c o n t r o l  s t r u c t u r e  on I n d i a n  Bend Wash a t  G i l b e r t  Road. The g rade  
c o n t r o l  s t r u c t u r e  w i l l  extend across t h e  channel and w i l l  p rov ide  a  s t a i r  
s t epped  d r o p  a l o n g  t h e  channe l  f r o m  t h e  n o r t h  end t o  t h e  s o u t h  end o f  t h e  
s t r u c t u r e  o f  19.5 f e e t  i n  f o u r  s teps .  The d r o p  w i l l  o c c u r  o v e r  a  d i s t a n c e  
o f  approx imate ly  254 fee t .  

5. A  grade c o n t r o l  s t r u c t u r e  on t h e  S a l t  R iver  west o f  McCl in tock Drive. The 
grade c o n t r o l  s t r u c t u r e  w i l l  extend across t h e  channel and w i l l  p rov ide  a  
s t a i r  s t epped  d r o p  a l o n g  t h e  channe l  f r o m  e a s t  t o  w e s t  o f  5.4 f e e t  i n  t w o  
steps. The drop w i l l  occur over a  d i s tance  o f  approx imate ly  105 feet. 

6. R e l o c a t i o n  o f  a  36 i n c h  d i a m e t e r  s t o r m  d r a i n  p a r a l l e l  t o  and on t h e  w e s t  
s i de  o f  Rura l  Road. 

Fu tu re  phases o f  t he  Rio Salado Improvements w i l l  i nc lude :  

1. Numerous in terconnected and i n d i v i d u a l  lakes rang ing  i n  depth f rom 25 t o  40 
feet .  I n i t i a l l y  t h e  lakes would be unl ined. 

2. Approximately 1-1/2 m i l e s  o f  new roadway a long R io  Salado Parkway. 

3. The extens ion o f  M i l l e r  Road from Curry  Road t o  t he  S a l t  R iver .  

4. An i n f l a t a b l e  rubber  damlsp i l lway.  

5. Parks  and r e c r e a t i o n  a reas ,  ramadas, p l a y g r o u n d s  and o t h e r  r e l a t e d  
f a c i l i t i e s .  

Approximately 6.5 m i l l i o n  cubic  yards o f  excess m a t e r i a l s  may be generated by t he  

var ious  phases o f  t he  proposed improvement. The excess m a t e r i a l  may be so ld  t o  

p rov ide  revenue f o r  t he  improvements. 

PURPOSE 

The purpose of these geo techn ica l  se rv i ces  i s  t o  p rov ide  subsurface i n fo rma t i on ,  
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l a b o r a t o r y  t e s t  da ta  and geo techn ica l  eng ineer ing  i n f o r m a t i o n  w i t h  respec t  to :  

1. How s i t e  c o n d i t i o n s  such as t h e  l o c a t i o n  and ex ten t  o f  l a n d f i l l s ,  t he  depth 
t o  and l o c a t i o n  o f  bed rock  and t h e  d e p t h  o f  g r o u n d w a t e r  w i l l  e f f e c t  t h e  
proposed and f u t u r e  improvements. 

2. Foundat ion recomnendations f o r  t he  levee  and grade c o n t r o l  s t r u c t u r e s .  

3. Subsurface c o n d i t i o n s  a long t h e  u t i  1  i t y  r e l o c a t i o n s  a t  Rura l  Road. 

4. S i t e  p r e p a r a t i o n  and f i l l  p l a c e m e n t  c r i t e r i a  f o r  l e v e e s ,  g r a d e  c o n t r o l  
s t r uc tu res ,  and t h e  lakes. 

5. Eva lua t i on  o f  leakage f rom un l i ned  lakes and t h e  e f f e c t s  o f  groundwater and 
bedrock c o n d i t i o n  on t h e  lakes. 

6. Recomnendation f o r  cement t r e a t e d  a l luv ium.  

7. A genera l  e v a l u a t i o n  o f  t he  q u a l i t y  o f  t h e  m a t e r i a l s  encountered f o r  use i n  
m ine ra l  aggregate p roduc t  ion. 

8. An e v a l u a t i o n  o f  excava t ion  cond i t i ons .  

9. Recommendations f o r  temporary and permanent c u t  and f i  11 slopes. 

SITE DESCRIPTION AND SITE HISTORY 

The p roposed  i m p r o v e m e n t s  a r e  w i t h i n  t h e  e x i s t i n g  c h a n n e l  and a d j o i n i n g  f l o o d  

p l a i n  o f  t h e  S a l t  R i v e r  and e x t e n d  f r o m  1300 w e s t  o f  Fa rmer  Avenue t o  t h e  

McCl in tock Road b r i d g e  i n  Tempe, Arizona. A t  t he  t i m e  o f  our  f i e l d  e x p l o r a t i o n s  

t he  l i m i t s  o f  t h e  h i g h  wate r  channel were f a i r l y  w e l l  de f i ned  b u t  these l i m i t s  a r e  

cons tan t l y  be ing  changed by f i l l i n g  a long t h e  banks. The h i g h  water  channel area 

c o n t a i n e d  g r a v e l  and sand ba rs ,  g r a v e l  r o a d s  and t r a i l s ,  and d e b r i s  and r u b b l e  

areas. The channel bot tom was very i r r e g u l a r  w i t h  numerous depressions and l o c a l  

r i s e s .  

A r e v i e w  o f  a e r i a l  p h o t o g r a p h s  on f i l e  a t  L a n d i s c o r  and a t  t h e  C i t y  o f  Tempe 

i n d i c a t e s  t h a t  i n  1955 t h e  s i t e  a r e a  was r e l a t i v e l y  undeve loped  w i t h  t h e  h i g h  

w a t e r  channe l  c o n s i d e r a b l y  w i d e r  e a s t  o f  M i l l  Avenue t h a n  t h e  p r e s e n t  channe l .  

Over t h e  years  t he  channel east  o f  M i l l  Avenue has been narrowed by development 

and f i l l i n g  o f  t h e  o l d  h i g h  water  channel t o  i t s  p resen t  con f i gu ra t i on .  Based on 

a  r ev i ew  o f  t h e  a v a i l a b l e  records  a  m a j o r i t y  o f  t h e  l a n d f i l l i n g  which has occurred 

o v e r  t h e  y e a r s  i n  t h e  a r e a s  o f  t h e  p roposed  imp rovemen ts  was a c c o m p l i s h e d  w i t h  

a l l u v i a l  m a t e r i a l s  from t h e  a d j o i n i n g  a c t i v e  channel and t o  a  l esse r  ex ten t  f rom 

w a s t e  m a t e r i a l  o f f  s i t e .  T h i s  w a s t e  m a t e r i a l  i s  p r i m a r i l y  s o i l .  I n  a d d i t i o n ,  

some d e b r i s  and r u b b l e  has been p laced a long  t h e  channel banks t o  1  i m i t  erosion. 

Only two  areas have been i d e n t i f i e d  a long  t h e  proposed levee areas where domest ic  
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l a n d f i l l i n g  has occu r red .  These a reas  a r e  l o c a t e d  on t h e  n o r t h  s i d e  o f  t h e  S a l t  

R i v e r  e a s t  o f  and w e s t  o f  I n d i a n  Bend Wash. These t w o  a reas  a r e  owned by SRP. 

Based on proposed levee p lans  and a v a i l a b l e  records f r om SRP, t he  l a n d f i l l  east of 

I nd ian  Bend Wash may be below the  proposed levee f r om approx imate ly  Sta 208+00 t o  

Sta 226+00. The deepest p a r t  o f  t h i s  l a n d f i l l  was r e p o r t e d l y  a t  t he  west end near 

S t a  208+00, where t h e  o r i g i n a l  p i t  may have been up t o  16 f e e t  deep. F i e l d  

exp lo ra t i ons  were no t  accompl ished i n  t h i s  area due t o  r e s t r i c t e d  access by fences 

and p r i v a t e  p r o p e r t y .  The o t h e r  a r e a  w e s t  o f  I n d i a n  Bend Wash i s  beyond t h e  

l i m i t s  o f  t he  proposed improvement i n  t he  area. 

The a e r i a l  photographs a l s o  i n d i c a t e d  t h a t  t h e  h i gh  wate r  channel has been mined 

f o r  aggregate over t he  years  a t  va r ious  loca t ions .  The m a j o r i t y  o f  t h i s  m in ing  

has been refilled over the years by high water f l o w s  in t h e  river. I n  the 1965 

a e r i a l  photograph, a  l a r g e  pond was observed i n  t h e  S a l t  R iver  channel j u s t  south 

o f  I n d i a n  Bend Wash. Th is  pond was m iss ing  i n  subsequent a e r i a l  photographs which 

show t h e  I nd ian  Bend Wash channel izat ion.  

INVESTIGATION 

T e s t  b o r i n g s  we re  d r i l l e d  w i t h  a  CME 55  d r i l l  r i g  u s i n g  h o l l o w  s tem auger  a t  25 

l o c a t i o n s  a long t h e  proposed levee and s to rm d r a i n  r e l o c a t i o n  and t e s t  p i t s  were 

excavated w i t h  a  Case 780 extend-a-hoe us ing  a  24 i n c h  w ide  bucket a t  28 l o c a t i o n s  

a long the  levee, t h e  s torm d r a i n  r e l o c a t i o n  and i n  t h e  channel area. The s t a t i o n s  

and o f f - s e t s  o f  t h e  f i e l d  e x p l o r a t i o n s  a r e  i n d i c a t e d  on t h e  b o r i n g  logs .  The 

general  l o c a t i o n  o f  t he  var ious  f i e l d  exp lo ra t i ons  a re  shown on t he  at tached s i t e  

p l an .  D u r i n g  t h e  f i e l d  e x p l o r a t i o n s  t h e  s o i l s  e n c o u n t e r e d  were  v i s u a l l y  

c l a s s i f i e d ,  t h e  amount o f  p l u s  3  i n c h  m a t e r i a l  e s t i m a t e d  and r e p r e s e n t a t i v e  

samples o f  t h e  minus 3 i nch  m a t e r i a l  obta ined a t  se lec ted  depths. The r e s u l t s  of 

t he  f i e l d  exp lo ra t i ons  are presented on Appendix A " F i e l d  Results". An es t ima te  

o f  t h e  amount o f  p l u s  3 i n c h  m a t e r i a l  p r e s e n t  i n  each f i e l d  e x p l o r a t i o n  i s  

p r e s e n t e d  i n  Append ix  A. E x p l o r a t i o n  L o c a t i o n s  16, 17, 30, 31, and 32 w e r e  

planned bu t  no t  accomplished due t o  var ious  access r e s t r i c t i o n s .  

Representat ive samples obta ined d u r i n g  t he  f i e l d  e x p l o r a t i o n  were subjected t o  t h e  

f o l l o w i n g  l abo ra to r y  analyses: 
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Sample (s )  Purpose 

Sieve Analyses & 
P l a s t i c i t y  Index 

D i r e c t  Shear 

Representat ive (43) C l a s s i f i c a t i o n  and 
aggregate eva lua t i on  

Recompacted 
Minus No. 4 
M a t e r i a l  (5 )  

Shear s t reng th ,  
foundat ion  bear ing  
capac i t y  and s lope 
c o n f i g u r a t i o n  

Standard Proc to r  Representat ive (4)  Compaction c h a r a c t e r i s t i c s  

The r e s u l t s  o f  t h e  l abo ra to r y  t e s t i n g  are presented i n  Appendix B. 

SOIL CONDITIONS 
The s o i l  p r o f i l e  e n c o u n t e r e d  a t  t h e  f i e l d  e x p l o r a t i o n  l o c a t i o n s  was r e l a t i v e l y  

uni form. D e t a i l e d  d e s c r i p t i o n s  o f  t h e  m a t e r i a l s  encountered a re  presented on t h e  

b o r i n g  l o g s  i n  Append ix  A. The s o i l s  i n  t h e  p roposed  l e v e e  a rea  a l o n g  t h e  

e x i s t i n g  h i g h  w a t e r  banks t o  t h e  d e p t h  e x p l o r e d  were  s i l t y  t o  c l a y e y  sands, 

g rave l s  and cobbles w i t h  var ious  amounts o f  boulders. I n  t h e  e x i s t i n g  h i gh  water  

channe l  of t h e  S a l t  R i v e r ,  t h e  m a t e r i a l s  f o r  t h e  f u l l  d e p t h  e x p l o r e d  were  

r e l a t i v e l y  c l e a n  sand, g r a v e l  and c o b b l e  d e p o s i t s  w i t h  v a r i o u s  amounts o f  

boulders. These depos i ts  conta ined occass ional  lenses o f  sand, sand and gravel ,  

and s i l t y  sand .and a  very occass ional  lense o f  sandy c l a y  and sandy s i l t .  I n  t h e  

I nd ian  Bend Wash area, t h e  s o i l s  i n  t he  channel bot tom and s lope east  of t he  low 

f l o w  channel were sandy c l ays  and sandy s i l t s  unde r l a i n  by sand, g rave l  and cobble 

d e p o s i t s .  I n  t h e  r e m a i n d e r  o f  t h e  I n d i a n  Bend Wash area,  t h e  s o i l s  e n c o u n t e r e d  

f o r  t h e  f u l l  depth o f  e x p l o r a t i o n  were t h e  sand, g rave l  and cobbles deposi ts.  It 

i s  a n t i c i p a t e d  t h a t  t h e  a1 l u v i a l  d e p o s i t s  e x t e n d  t o  a t  l e a s t  100 f e e t  be low  t h e  

e x i s t i n g  channe l  i n  t h e  a r e a  e a s t  o f  Tempe B u t t e .  I t  i s  a n t i c i p a t e d  t h a t  t h e  

a l l u v i a l  s o i l s  i n  t h e  r e m a i n d e r  o f  t h e  improvement  a r e a s  i s  u n d e r l a i n  by  

r e l a t i v e l y  sha l low bedrock. Along t he  e x i s t i n g  M i l l  Avenue br idge,  bedrock was 

encountered d u r i n g  b r i dge  c o n s t r u c t i o n  a t  depths rang ing  f r om 10 t o  38 f e e t  w i t h  a  

m a j o r i t y  of  t h e  a r e a  i n  t h e  15 t o  25 f o o t  deep range. The d e p t h  t o  bed rock  e a s t  

and west of t h i s  l o c a t i o n  w i l l  vary  somewhat f rom t h i s  depth range. 

Groundwater  i n  and a d j a c e n t  t o  t h e  r i v e r  channe l  w i l l  v a r y  c o n s i d e r a b l y  w i t h  

l oca t i on ,  re leases f rom upstream dams and discharges f rom l o c a l  r uno f f  f rom I n d i a n  

Bend Wash and d r a i n a g e  f a c i l i t i e s  a t  and u p s t r e a m  f r o m  t h e  improvements .  

Groundwater was encountered a t  F i e l d  E x p l o r a t i o n  Locat ions 10, 20, 23 and 24 a t  

d e p t h s  r a n g i n g  f r o m  12 t o  14 f e e t  b e l o w  e x i s t i n g  g r a d e  a t  t h e  t i m e  o f  o u r  f i e l d  

e x p l o r a t i o n .  These f i e l d  e x p l o r a t i o n s  a r e  l o c a t e d  a t  t h e  w e s t  end o f  t h e  
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improvement area. No groundwater was encountered i n  t he  remainder  of t he  f i e l d  

e x p l o r a t i o n s  accompl ished f o r  t h i s  p r o j e c t .  Groundwater was r e c e n t l y  encountered 

a t  a  d e p t h  o f  65 f e e t  i n  t h e  g r a d e  c o n t r o l  s t r u c t u r e  a r e a  a t  I n d i a n  Bend Wash 

d u r i n g  p r e l i m i n a r y  f i e l d  e x p l o r a t i o n s  f o r  t h e  East Papago Freeway. I n  t h e  area 

west o f  M i l l  Avenue t h e  sha l low bedrock i s  probably  a c t i n g  l i k e  a  subsur face dam 

t o  t h e  s h a l l o w  g r o u n d w a t e r  f l o w i n g  i n  t h e  a l l u v i a l  s o i l  b e l o w  t h e  S a l t  R i v e r  

channe l  w h i c h  i s  c a u s i n g  t h e  d e p t h  t o  g r o u n d w a t e r  i n  t h e  channe l  a r e a  t o  be  

r e l a t i v e l y  sha l low.  I t  i s  a n t i c i p a t e d  t h a t  groundwater i n  t h i s  area w i l l  n o t  be 

s u b s t a n t i a l l y  l owe r  even d u r i n g  very  long  d r y  per iods.  

DISCUSSION AND RECWENDATIONS 

Genera l :  G e o t e c h n i c a l  e n g i n e e r i n g  recommendations f o r  development of t h e  levee, 

storm d r a i n  r e l o c a t i o n ,  grade cont ro l  s t r u c t u r e  and f u t u r e  phases o f  t h e  proposed 

R i o  Sa lado  i m p r o v e m e n t s  a r e  p r e s e n t e d  i n  t h e  f o l l o w i n g  s e c t i o n s .  These 

recommenda t i ons  a r e  based upon t h e  r e s u l t s  o f  t h e  f i e l d  and l a b o r a t o r y  t e s t i n g  

which a re  presented i n  Appendix A and B o f  t h i s  r epo r t .  

Levee  Deve lopment :  I n  o r d e r  t o  p r o v i d e  permanent  c h a n n e l  i z a t i o n  and bank 

p r o t e c t i o n  o f  t h e  S a l t  R i ve r  and a  s h o r t  p o r t i o n  o f  I n d i a n  Bend Wash i n  t h e  R io  

Salado improvements p r o j e c t  area, appro ixmate ly  12,000 l i n e a r  f e e t  o f  levee w i l l  

be developed on each s i d e  o f  t h e  S a l t  River.  The levee s e c t i o n  h e i g h t s  w i l l  vary  

a1 ong d i f f e r e n t  reaches o f  t he  channel improvements. 

The l e v e e  on t h e  n o r t h  bank f r o m  S t a  4+80 t o  44+80 w i l l  c o n s i s t  o f  a  r e l a t i v e l y  

low (16 f o o t  h i gh )  f i l l  embankment levee w i t h  3  t o  1 ( h o r i z o n t a l  t o  v e r t i c a l )  (H 

t o  V) s i d e  s l o p e s ,  a  15 f o o t  w i d e  c r e s t  and r o c k  r i p - r a p  s l o p e  p r o t e c t i o n  on t h e  

channel side. A l e v e l  area w i l l  extend up t o  120 f e e t  h o r i z o n t a l l y  f rom t h e  s lope  

p r o t e c t i o n  t o  t h e  c r e s t  o f  t h e  new channe l .  The w i d t h  o f  t h e  h o r i z o n t a l  bench 

w i l l  t aper  t o  ze ro  a t  bo th  t he  eas t  and west end o f  t h e  reach. A t  t h e  c r e s t  t h e  

channe l  s l o p e  w i l l  e x t e n d  down t o  t h e  channe l  b o t t o m  a t  a  3  t o  1 (H t o  V) s l ope .  

Bank p r o t e c t i o n  w i l l  e x t e n d  down f r o m  t h e  channe l  c r e s t  a t  1.5 t o  1 (H t o  V) t o  

t h e  channel thalweg. The channel p r o t e c t i o n  which w i l l  be b u r i e d  by t h e  channel 

s lope w i l l  c o n s i s t  of an 8  foo t  w ide  cement s t a b i l i z e d  a l l uv i um.  

From Sta  44+80 t o  101+16 and S ta  301+00 t o  307+73 ( t h e  n o r t h  bank improvement on 

e i t h e r  s i d e  o f  t h e  I n d i a n  Bend Wash Channe l )  t h e  l e v e e  w i l l  c o n s i s t  of a  

r e l a t i v e l y  l o w  (20  f o o t  h i g h )  f i l l  embankment l e v e e  w i t h  3  t o  1 (H t o  V) s i d e  

s l opes ,  a  15 f o o t  w i d e  c r e s t  and r o c k  r i p - r a p  s l o p e  p r o t e c t i o n  on t h e  channe l  
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s ide .  The r o c k  r i p - r a p  w i l l  e x t e n d  down t o  t h e  e x i s t i n g  g round  where i t  w i l l  

t e rm ina te  on t he  t o p  o f  t he  cement s t a b i l i z e d  a l l u v i u m  bank p ro tec t i on .  The 3  t o  

1 (H t o  V) channe l  s l o p e  w i l l  e x t e n d  down f r o m  t h i s  p o i n t  t o  t h e  channe l  bo t t om.  

The cement s t a b i  1  i zed  a1 1  uvium bank p r o t e c t i o n  w i  11 be b u r i e d  below the  channel 

s lope and w i l l  extend down a t  1.5 t o  1  (H t o  V) t o  t h e  channel thalweg. 

From S t a  200+00 t o  220+11 ( t h e  n o r t h  bank imp rovemen t  f r o m  I n d i a n  Bend Wash t o  

M c C l i n t o c k )  t h e  l e v e e  w i l l  c o n s i s t  o f  a  r e l a t i v e l y  l o w  (20  f o o t  h i g h )  fill 

embankment l e v e e  w i t h  a  3  t o  1 (H t o  V) o u t s i d e  s l o p e ,  a  15 f o o t  w i d e  c r e s t  and 

1.5 t o  1 (H t o  V) channe l  s ide .  The channe l  s i d e  s l o p e  w i  11 e x t e n d  down t o  t h e  

e x i s t i n g  ground surface and w i l l  have cement s t a b i l i z e d  a l l u v i u m  bank p ro tec t i on .  

A t  t h i s  p o i n t  a  24 f o o t  w i d e  h o r i z o n t a l  bench ex tends  f r o m  t h e  uppe r  bank 

protection to the crest of the lower channel slope. Erosion protection on this 

bench i s  p r o v i d e d  by r o c k  r i p - r a p .  The channe l  s l o p e  e x t e n d s  down f r o m  t h e  

channel c r e s t  t o  t he  channel bot tom a t  3  t o  1 (H t o  V) slope. The bank p r o t e c t i o n  

f o r  t h e  channe l  i s  p r o v i d e d  by a  b u r i e d  cement  s t a b i l i z e d  a l l u v i u m  a t  a  1.5 t o  1 

(H t o  V) s lope which extends down t o  t he  channel thalweg. 

A long  t h e  s o u t h  bank o f  t h e  channe l  t h e  l e v e e  f r o m  S t a  400+00 t o  435+12 w i l l  

c o n s i s t  o f  3  t o  1 (H t o  V) channe l  s i d e  s l o p e s  f r o m  t h e  c r e s t  o f  t h e  embankment 

down t o  the  channel bottom, a  15 f o o t  wide c r e s t  and 3  t o  1 (H t o  V) s i d e  s lope  on 

t h e  o u t s i d e .  The uppe r  p o r t i o n  o f  t h e  l e v e e  w i l l  be f i l l .  Channel bank 

p r o t e c t i o n  w i l l  c o n s i s t  o f  b u r i e d  cement  s t a b i l i z e d  a l l u v i u m  ex tends  f r o m  t h e  

c r e s t  o f  t he  levee and channel down a t  1.5 t o  1 (H t o  V) t o  t h e  channel thalweg. 

From Sta 435+12 t o  469+30, t he  south bank levee w i l l  be o f  s i m i l i a r  des ign t o  t h e  

n o r t h  bank levee f rom Sta 200+00 t o  220+11 except t h e  h o r i z o n t a l  bench between t h e  

upper  and l o w e r  s l o p e  p r o t e c t i o n  w i l l  be a  maximum o f  80 f e e t  w i d e  and does n o t  

c o n t a i n  r ip - rap .  

From Sta 469+30 t o  522+30, t he  south bank levee w i l l  be o f  s i m i l a r  des ign t o  t he  

n o r t h  bank l e v e e  f r o m  S t a  44+80 t o  101+16 and S t a  301+00 t o  307+73. Excep t  t h e  

r i p - r a p  bank p r o t e c t i o n  w i l l  be a  15 f o o t  h i g h  f i l l  embankment i n s t e a d  o f  a  20 

foot  h i gh  f i l l  embankment. The overbank levee w i l l  c o n s i s t  o f  a  r e l a t i v e l y  low 

fill embankment w i t h  3  t o  1 (H t o  V) s i d e  s l o p e  and r i p - r a p  s l o p e  p r o t e c t i o n  on 

the  channel side. 

The c r e s t  o f  t h e  l e v e e  w i l l  be a t  a p p r o x i m a t e l y  E l e v a t i o n  1174 f e e t  a t  t h e  e a s t  
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end o f  the  p r o j e c t  and a t  approx imate ly  E leva t i on  1158 f e e t  a t  the  west end. The 

channel tha lweg w i l l  be a t  approx imate ly  E leva t i on  1142 f e e t  a t  the east  end and 

a t  approx imate ly  E l e v a t i o n  1132 f e e t  a t  t he  west end. 

The embankment f i l l s ,  and t he  channel s lopes w i l l  be cons t ruc ted  w i t h  m a t e r i a l s  

o b t a i n e d  f r o m  t h e  channe l  imp rovemen t  area. We recommend t h a t  t h e  l e v e e  

embankment f i l l s  be c o n s t r u c t e d  w i t h  t h e  sand, g r a v e l  and c o b b l e  s o i l s  w h i c h  

c o n t a i n  no t o  some s i l t y  and c l a y e y  f i n e s .  The channe l  s l o p e  m a t e r i a l s  w h i c h  

c o v e r  t h e  b u r i e d  bank p r o t e c t i o n  can be c o n s t r u c t e d  o f  any o f  t h e  m a t e r i a l s  

encountered w i t h i n  t he  p r o j e c t  area which a re  f r e e  o f  o rgan ic  m a t e r i a l ,  garbage, 

deb r i s  and rubble.  

Slope stability analysis of the proposed embankment configurations described above 

were performed. The f o l l o w i n g  parameters were used i n  t h e  evaluat ion.  

1. Embankment f i l l  and n a t i v e  a l l u v i u m  
8' = 41 degree 
C = 0  p s f  
I np lace  d e n s i t y  = 135 p c f  
Submerged = 72 p c f  

2. M a t e r i a l s  a t  submerged cond i t i ons  
3. Rapid Draw-down 

These embankment c o n f i g u r a t i o n s  (as descr ibed e a r l i e r )  have r e s u l t s  i n  c a l c u l a t e d  

f a c t o r s  o f  sa fe t y  f o r  t he  var ious  cond i t i ons  and c o n f i g u r a t i o n  i n  t he  range of 1.4 

t o  4.3. The analyses was conserva t i ve  i n  t h a t  the  s t r e n g t h  o f  bank p r o t e c t i o n  was 

ignored .  T h e r e f o r e ,  i t  i s  o u r  o p i n i o n  t h a t  embankments may be s a t i s f a c t o r i l y  

const ructed as planned. 

Levee Contruct ion:  The proposed levee development w i l l  i n c l u d e  t he  c o n s t r u c t i o n  of 

v a r i o u s  h e i g h t s  and w i d t h s  o f  embankment fill. F o u n d a t i o n  p r e p a r a t i o n  i n  t h e  

embankment f i l l  a r e a  s h o u l d  i n c l u d e ,  as a  minimum, t h e  c o m p l e t e  r e m o v a l  of  a l l  

sandy c l a y ,  sandy s i l t ,  sand and s i l t y  sand s o i l s  and d e b r i s  and r u b b l e  l a d e n  

m a t e r i a l s .  The l a n d f i l l  w h i c h  i s  known t o  e x i s t  i n  t h e  a r e a  o f  S t a  208+00 t o  

226+00 should be removed f rom below the  levee area. A f t e r  removal o f  t h e  var ious  

ma te r i a l s ,  the  foundat ion  area should be s c a r i f i e d  t o  a  minimum depth o f  8  inches 

and compacted and, t he  embankment f i l l  m a t e r i a l  p laced and compacted i n  h o r i z o n t a l  

1  i f t s .  S c a r i f i e d  s o i l  and embankment f i l l  m a t e r i a l s  s h o u l d  be compacted t o  a t  

l e a s t  98 p e r c e n t  of  t h e  maximum d r y  d e n s i t y  as d e t e r m i n e d  by ASTM 0698 a t  a  

mo is tu re  content  i n  the  range o f  3  percen t  below t o  3  percen t  above optimum. 
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Cement S t a b i l i z e d  Al luv ium:  Eros ion bank p r o t e c t i o n  a long t h e  proposed levee w i l l  

i n c l u d e  r i p - r a p  p l a c e d  on 3 t o  1 (H t o  V) s l o p e s  and cement  s t a b i l i z e d  a l l u v i u m  

p l a c e d  on a  1.5 t o  1 (H t o  V) s lope .  The cement  s t a b i l i z e d  a l l u v i u m  w i l l  be a t  

l e a s t  8 f e e t  w i d e  ( h o r i z o n t a l l y )  and e x t e n d  4 t o  28 f e e t  b e l o w  e x s i t i n g  g rade  

down t o  the channel thalweg. Depending on groundwater cond i t i ons  a t  t he  t i m e  of 

cons t ruc t ion ,  dewater ing o f  t h i s  bank p r o t e c t i o n  excavat ion area may be requi red.  

The design of t h e  dewater ing  system should be accomplished by t h e  con t rac to r  and 

approved by t h e  p r o j e c t  designer. Dur ing t h e  design o f  t he  dewater ing  system, t h e  

e f f e c t  o f  seepage on s lope s t a b i l i t y  should be considered. 

A p r e l i m i n a r y  m i x  d e s i g n  f o r  cement  s t a b i l i z e d  a l l u v i u m  i s  p r e s e n t l y  b e i n g  

accomplished and w i l l  be submi t ted  t o  you upon complet ion. I n  general ,  t h e  cement 

stabilized alluvium will consist o f  t h e  clean sand, gravel and cobble deposit 

which have been processed t o  the  f o l l o w i n g  requirements.  

Sieve S ize  Percent Passing 

The aggregate should be blended w i t h  cemen t l f l y  ash and wate r  i n  a  m i x i n g  p l a n t  

and t ranspor ted  t o  the  c o n s t r u c t i o n  area. The m a t e r i a l  should be u n i f o r m l y  spread 

so t h a t  compacted h o r i z o n t i a l  l i f t  t h i c k n e s s  do n o t  exceed 9  i nches .  The 

m a t e r i a l s  should be compacted t o  a t  l e a s t  98 percent  o f  t he  maximum d r y  dens i t y  as 

determined by ASTM D698. A1 1  exposed p o r t i o n s  o f  t h e  compacted m a t e r i a l  should be 

k e p t  m o i s t  f o r  a t  l e a s t  7  days. Compac t ion  o f  t h e  cement  s t a b i l i z e d  a l l u v i u m  

s h o u l d  be c o m p l e t e d  w i t h i n  one h o u r  a f t e r  t h e  w a t e r  i s  added t o  t h e  mix .  The 

s u r f a c e  o f  t h e  compacted m a t e r i a l s  w h i c h  has n o t  been worked  f o r  more t h a n  t w o  

h o u r s  s h o u l d  be  s c a r i f i e d  t o  a  d e p t h  o f  1 i n c h ,  and t h e  l o o s e  m a t e r i a l  removed 

p r i o r  t o  p l a c i n g  a d d i t i o n a l  ma te r i a l s .  

Grade Cont ro l  S t ruc tu re :  The two  grade c o n t r o l  s t r u c t u r e s  planned f o r  t he  p r o j e c t  

w i l l  be a  four s tep  s t r u c t u r e  a t  I nd ian  Bend Wash and a  two  s tep  s t r u c t u r e  on t h e  

S a l t  R iver  a t  McCl in tock Drive. Each o f  t he  steps o f  t he  s t r u c t u r e s  w i l l  drop t h e  

channel grade and w i l l  c o n s i s t  o f  a  s o i l  cement o r  cement s t a b i l i z e d  a l l u v i u m  d i k e  

sec t i on  w i t h  an 8  f o o t  wide c res t ;  1.5 t o  1 (H t o  V) downstream s lope and e i t h e r  

1.5 t o  1 (H t o  V) o r  0.75 t o  1 (H t o  V) u p s t r e a m  s l o p e  w h i c h  f r o m  t h e  r i s e r s  of  

t h e  s tep .  The s t e p  r u n n e r s  be tween t h e  d i k e  w i l l  be i n l a i d  w i t h  p r e c a s t  

r e i n f o r c e d  c o n c r e t e  p a n e l s  l a i d  on end a t  a  0.75 t o  1 (H t o  V) s l o p e  p o i n t i n g  
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downstream. The panels w i l l  be se t  on a 12 inch  t h i c k  sand layer .  

I n  order  t o  p rov ide  u n i f o r m  support  o f  t h e  grade c o n t r o l  s t r u c t u r e  e s p e c i a l l y  a t  

t h e  I n d i a n  Bend Wash s i t e ,  we recommend t h a t  f o u n d a t i o n  p r e p a r a t i o n  b e l o w  t h e  

e n t i r e  s t r u c t u r e  inc lude:  

1. The complete removal o f  sandy c l a y  and sandy s i l t  depos i ts .  

2. A l l  areas which have been over-excavated and which r e q u i r e  t he  placement 
o f  f i l l  should be s c a r i f i e d  t o  a  minimum depth o f  8  inches and compacted. 

3. A l l  f i l l  m a t e r i a l s  r equ i red  below t h e  d ikes  and sand bedding areas should 
be p laced i n  h o r i z o n t a l  l i f t s ,  m o i s t u r e  cond i t i oned  t o  a  u n i f o r m  mo is tu re  
c o n t e n t  i n  t h e  r a n g e  of 3 p e r c e n t  b e l o w  t o  3 p e r c e n t  above op t imum and 
compacted t o  a t  l e a s t  98 percen t  o f  t h e  maximum d r y  d e n s i t y  as determined 
i n  accordance w i t h  ASTM D698. 

4.  Granular s o i l s  obta ined d u r i n g  excavat ion o f  t he  grade c o n t r o l  s t r u c t u r e  
o r  f r o m  o t h e r  p a r t s  o f  t h e  c h a n n e l i z a t i o n  p r o j e c t  may be used as f i l l  
m a t e r i a l s  prov ided these m a t e r i a l s  a re  f r e e  o f  o rgan ic  mat te r ,  debr is ,  
r ubb le  and garbage. 

Storm Dra in  Re loca t ion  A 36 i nch  d iameter  s torm d r a i n  w i l l  be re l oca ted  p a r a l l e l  

t o  and on t h e  w e s t  s i d e  o f  R u r a l  Road. The s t o r m  d r a i n  w i  11 be founded 22 t o  28 

fee t  below e x i s t i n g  grade. Three t e s t  bor ings  (U-1, U-2 and U-3) supplemented by 

t h ree  t e s t  p i t s  (U-lA, U-2A and U-3A) were accomplished a long t h i s  al ignment.  I n  

add i t i on ,  the t e s t  bor ings  f o r  t h e  Rural  Road b r i dge  accomplished by o the rs  were 

reviewed. The r e s u l t s  o f  these f i e l d  exp lo ra t i ons  i n d i c a t e  t h a t  the  m a t e r i a l s  

f o r  t h e  f u l l  d e p t h  o f  u t i l i t y  l i n e  e x c a v a t i o n  w i l l  c o n s i s t  o f  sand, g r a v e l  and 

c o b b l e s  c o n t a i n i n g  no t o  some s i l t y  and c l a y e y  f i n e s .  Groundwater  was n o t  

encountered a t  t he  t i m e  o f  our f i e l d  exp lo ra t ion .  However, f l u c t u a t i o n s  i n  the  

groundwater t a b l e  w i  11 occur and e i t h e r  dewater ing  o r  work ing  below groundwater 

l e v e l s  may be requ i red  a t  t he  t i m e  o f  cons t ruc t ion .  

E x c a v a t i o n  C o n d i t i o n s :  The f i e l d  e x p l o r a t i o n  and s a m p l i n g  a t  t h e  s i t e  was 

pe r fo rmed  f o r  d e s i g n  purposes.  I t  i s  n o t  p o s s i b l e  t o  a c c u r a t e l y  c o r r e l a t e  

r e s u l t s  o f  t h e  var ious  methods o f  f i e l d  exp lo ra t i ons  w i t h  t h e  ease o r  d i f f i c u l t y  

o f  d i g g i n g  f o r  v a r i o u s  t y p e s  and s i z e s  o f  e x c a v a t i o n  equ ipment .  We p r e s e n t  t h e  

f o l l o w i n g  general  comments regard ing  e x c a v a t a b i l i t y  f o r  t he  des igner 's  i n f o r m a t i o n  

w i t h  t h e  u n d e r s t a n d i n g  t h a t  t h e y  a r e  a p p r o x i m a t i o n s  based o n l y  on f i e l d  

e x p l o r a t i o n  data. More accurate i n f o r m a t i o n  r e g a r d i n g  e x c a v a t a b i l i t y  s h o u l d  be 

evaluated by con t rac to r s  o r  o the r  i n t e r e s t e d  p a r t i e s  f rom t e s t  excavat ions us ing  

t he  intended equipment. 
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Excavat ions i n t o  t he  s i t e  s o i l s  should be poss ib l e  w i t h  convent ional  excava t ing  

equipment. Due t o  t he  g ranu la r  na tu re  o f  these s o i l s ,  t he  presence o f  r e l a t i v e l y  

c l e a n  sand l a y e r s ,  p o s s i b l e  s h a l l o w  g r o u n d w a t e r  and t h e  p resence  o f  c o b b l e  and 

b o u l d e r  s i z e d  m a t e r i a l  e x c a v a t i o n s  may be s l o w  and d i f f i c u l t  t o  a c c o m p l i s h .  

Excavat ions i n t o  t he  under ly ing ,  hard t o  very hard, bedrock west o f  t he  east  end 

of  Tempe B u t t e  may be d i f f i c u l t  and r e q u i r e  t h e  a s s i s t a n c e  o f  s p e c i a l i z e d  

equipment and/or b l as t i ng .  

Temporary Cons t ruc t i on  Slopes: Temporary s lopes r e q u i r e d  f o r  t h e  c o n s t r u c t i o n  of 

. v a r i o u s  a s p e c t s  o f  t h e  p r o j e c t  w i  11 be dependent  on t h e  m a t e r i a l s  encoun te red ,  

g r o u n d w a t e r  c o n d i t i o n s ,  seepage c o n d i t i o n s  and t h e  l o c a t i o n ,  t ype ,  e x t e n t  and 

weight  o f  surcharge loads. I n  general ,  t h e  f o l l o w i n g  temporary s lopes may be used 

i n  d e s i g n  b u t  f l a t t e r  o r  s t e e p e r  s l o p e s  may be a c c o m p l i s h e d  o r  r e q u i r e d  i n  t h e  

f i e l d  as d i c t a t e d  by s p e c i f i c  cond i t ions .  

M a t e r i a l  

Sand, g r a v e l  & cobbles 
Sand, s i l t y  sand, sandy s i l t  
Sandy Clay 

*Temporary Slope 
Con f i gu ra t i on  (Ho r i zon ta l  t o  V e r t i c a l )  

*These slopes a re  f o r  s o i l s  a t  r e l a t i v e l y  low water  contents  no t  subjected 
t o  seepage f o r c e s  o r  submerged. F l a t t e r  s l o p e s  w i l l  be r e q u i r e d  f o r  
these c o n d i t i o n s .  

Excess M a t e r i a l  Usage: D u r i n g  t h e  v a r i o u s  deve lopmen t  phases of  t h e  p roposed  

improvements, i t  i s  a n t i c i p a t e d  t h a t  6.5 m i l l i o n  cubic  yards o f  excess m a t e r i a l  

may be generated. Based on the f i e l d  e x p l o r a t i o n  performed t o  date, a m a j o r i t y  of 

t h e  m a t e r i a l s  w i l l  be g r a n u l a r  a l l u v i a l  s o i l s .  These same m a t e r i a l s  have been 

mined i n  t h i s  area over the  l a s t  30 t o  40 years. These m a t e r i a l s  may be processed 

t o  make m i n e r a l  a g g r e g a t e  f o r  use i n  p o r t l a n d  cement c o n c r e t e  and a s p h a l t  

conc re te .  The m a t e r i a l  may a l s o  be used as f i l l  b e l o w  b u i l d i n g s ,  p a r k i n g  a r e a s  

and o ther  developments. 

Founda t i ons  f o r  F u t u r e  Deve lopment :  F u t u r e  phases o f  t h e  imp rovemen t  w i l l  

probably i nc l ude  permanent s t r u c t u r e s  w i t h i n  the  channel area. These s t r u c t u r e s  

w i l l  be designed t o  w i t hs tand  c e r t a i n  stream f l o w  loadings and should be supported 

on f o u n d a t i o n  e l e m e n t s  w h i c h  e x t e n d  b e l o w  p o t e n t i a l  s c o u r  dep ths .  Spread and 

c o n t i n u o u s  f o o t i n g s  founded b e l o w  t h e s e  scou r  d e p t h s  on t h e  compacted f i l l  o r  

undis turbed channel m a t e r i a l s  a t  sha l low depths should be app rop r i a te  f o r  suppor t  

o f  1  i g h t l y  l o a d e d  b u i l d i n g  (a1 l o w a b l e  b e a r i n g  p r e s s u r e s  on t h e  o r d e r  o f  1500 t o  
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2500 psf). The se t t l emen t  p o t e n t i a l  o f  these f o o t i n g s  w i l l  be moderate under t h e  

e x i s t i n g  l o w  m o i s t u r e  c o n d i t i o n s .  Some a d d i t i o n a l  s e t t l e m e n t  may occur i f  t h e  

b e a r i n g  s o i l s  e x p e r i e n c e  an i n c r e a s e  i n  m o i s t u r e  c o n t e n t .  Deeper sp read  and 

c o n t i n u o u s  f o o t i n g s  o r  d r i l l e d  p i e r s  founded  on t h e  dense  n a t u r a l  s a n d , g r a v e l ,  

and cobble depos i t  a t  moderate depths should be app rop r i a t e  f o r  suppor t  o f  heav ie r  

s t r u c t u r e s  ( a l l o w a b l e  bea r i ng  pressures on t h e  o rder  o f  12,000 t o  20,000 psf ) .  

Lakes: P r e l i m i n a r y  conceptual  p l ans  of t h e  R io  Salado areas i nc l udes  severa l  i n t e r -  

connec ted  and i n d i v i d u a l  l a k e s .  These l a k e s  may be up t o  40 f e e t  deep. A 

m a j o r i t y  o f  t h e  f u t u r e  l a k e  excavat ions w i l l  encounter t h e  r e l a t i v e l y  c l ean  sand, 

g r a v e l  and c o b b l e  d e p o s i t s  w h i c h  have  r e l a t i v e l y  h i g h  seepage c h a r a c t e r i s t i c s .  

These seepage c h a r a c t e r i s t i c s  w i l l  be r educed  o v e r  t i m e  b y  s i l t a t i o n  b u t  i n  

genera l  w i l l  no t  be reduced t o  a  magnitude o f  losses which i s  g e n e r a l l y  cons idered 

a c c e p t a b l e .  I n  a d d i t i o n ,  a  s h a l l o w  g r o u n d w a t e r  t a b l e  e x i s t s  a t  t h e  w e s t  end of  

t h e  p r o j e c t  w h i c h  w i l l  make l a k e  c o n s t r u c t i o n  more  d i f f i c u l t .  Water  l e v e l s  i n  

t h e s e  l a k e s  w o u l d  r e f l e c t  t h e  l e v e l  and f l u c u a t i o n s  o f  t h e  g r o u n d w a t e r  t a b l e .  

S h a l l o w  bed rock  a l s o  e x i s t s  i n  t h e  channe l  a r e a  w e s t  o f  t h e  e a s t  end o f  Tempe 

B u t t e .  The s h a l l o w  bed rock ,  i f  encoun te red ,  w i l l  r e d u c e  t h e  seepage l o s s e s  

t h r o u g h  t h e  b o t t o m ;  however ,  i t  may be v e r y  d i f f i c u l t  t o  e x c a v a t e  t h e  l a k e s  i n  

t h i s  area. 

Since l i m i t i n g  t h e  amount o f  wa te r  l o s t  by seepage i s  a  main c r i t e r i o n  f o r  most 

l ake  cons t ruc t ion ,  t h e  proposed f u t u r e  lakes may r e q u i r e  t h e  i n s t a l l a t i o n  o f  some 

t y p e  o f  1  i n e r .  The mos t  common t y p e s  o f  1  i n e r s  used  i n  t h e  Phoen i x  a r e a  a r e  

compacted c l a y  s o i l ,  compacted s o i l  w i t h  a  p e r m e a b i l i t y  c o n t r o l  emuls ion added, 

cement s t a b i  1  i z e d  a1 1  uvium, so i  1  cement, and p o l y v i n y l  c h l o r i d e  (PVC) membrane. 

The type  o f  l i n e r  se l ec ted  would be dependent upon t h e  i n i t i a l  cost ,  maintenance 

cos t  and adaptabi  1  i t y  t o  t h e  v a r i a b l e  groundwater c o n d i t i o n s  and g ranu la r  a1 1  u v i a l  

s o i l s  p resen t .  F o r  example,  a  c l a y  l i n e r  w o u l d  r e q u i r e  i m p o r t a t i o n  o f  c l a y ;  a  

p e r m e a b i l i t y  c o n t r o l  emuls ion does n o t  work i n  g ranu la r  s o i l s ;  and t h e  o t h e r  l i n e r  
types have h i g h  i n i t i a l  costs.  
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APPENDIX A 
FIELD RESULTS 



F i e l d  E x p l o r a t i o n  L o c a t i o n  



LEGEND 

SOIL CLASSIFICATION 

COARSE-GRAINED SOlL 
~ m a n ~ l a r p a t h m ~ s m e m e  

FINE-GRAINED SOlL 
More than 5040 smallm than 200 sleve sue 

SILTS AND CLAYS 

SILTS AND CLAYS 

LEGEND FOR GRAPHICAL BORING LOGS: 

Log denotes visual approximation unless accompanied by mechanical analysis and Atterberg limits. 

In situ density/ i02od 96.2' - Surface Elevation . -- 7 - -  
In situ moisture content - 

9 \ Continuous Penetration Resistance. 
Penetration Resistance, 12 2.0" O.D. Bullnose. 
2.42" I.D. ring sampler 42 

Standard Penetration Resistance (ASTM 53 Total depth of auger penetration 
2.0" O.D. split spoon sampler RFS-/ 

Soil classification symbol '4,17186- Date boring drilled 

PENETRATION RESISTANCE: Blows per foot using 140 Ib. hammer with 3 0  free-fall unless otherwise noted. 

GRAIN SIZES 
U.S. STANDARD SERIES SIEVE CLEAR SQUARE SIEVE OPENINGS 

200 40 10 4 3/4" 3" 12" 

Project No. 89-0919 
THOMAS-HARTIG & ASSOCIATES. INC. 

CONSISTENCY CORRELATION 
CLAYS 8 SILTS BLOWS/FOOT9 

VERY SOFT 0-2 
SOFT 2-4 
FIRM 4-8 
STIFF 816 

VERY STIFF 1632 
HARD OVER 32 

RELATIVE DENSITY CORRELATION 
SANDS 8 GRAVELS BLOWS/FOOT' 

VERY LOOSE 0-4 
LOOSE 4-1 0 

MEDIUM DENSE 1&30 
DENSE 3G50 

VERY DENSE OVER 50 

MOISTURE CONDITION (INCREASING MOISTURE -1 
DRY SLIGHTLY DAMP DAMP MOIST VERY MOIST WET (SATURATED) 

(Plastic Limit) (Liquid Limit) 

COBBLES 

GRAVEL 

FINE I COARSE 

SILTS 8 CLAYS 
DISTINGUISHED ON 

OF PLASTICITY 

'Number of blows of 140 Ib. hammer falling 30" to drive a 2" O.D. (1-3/8" I.D.) split-spoon sampler (ASTM 01586). 

BOULDERS 
SAND 

FINE I MEDIUM 1 COARSE 



SAND, GRAVEL AND COBBLES (SM-GM); brovn; dense to 
ve ry  dense; s l igh t ly  damp; non- plastic; contains trace to 
some s i l t ;  25 to 35 percent cobbles; some boulders 

SAND, GRAVEL AND COBBLES (SP-GP); brovn; dense to very  
dense; sl ight1 y damp; contains occasions1 layers o r  lenses 
o f  sand; 25 to 35 percent cobbles; some boulders. 

SILTY SAND (SM); brown; dense; s l igh t ly  damp; non- plastic; 
trace to some gravel and cobbles 

CLAYEY SAND WlTH GRAVEL (SC); brovn; dense; s l igh t ly  
damp; lw to medium plaaticitg; trace to some cobbles 

SAM0 AND GRAVEL (GP-SP); brovn; medium dense; s l igh t ly  
damp; nan- plastic; trace s i l t  

........... SILTY SAND WITH GRAVEL {SM); brovn; dense; s l i gh t l y  - - - - - -  . . . . . .  ......... - -  . - -  . . ' . '. damp; non-plastic . . -. .-. .?;: .I: .:: . . . . . . . . . . . . . .  - - - - - -  . . . . . .  . . .  . . . . . . . .  - - - - - -  . . . .  

SAND AND GRAVEL {GC); brovn; dense; s l igh t ly  damp; some 
clay; medium plast ic i ty;  25 to 35 percent cobbles; some 
boulders 

SANDY SILT { ML); brovn; s t i f f ;  slight1 y damp; non- plastic 

SANDY CLAY {EL); brovn; s t i f f ;  s l igh t ly  damp; l o v  to 
medium plast ic i ty  

........... ........... - .- .- .- .- .- ........... SAND {SP); brmvn; medium &me; s l igh t ly  damp; trace to ........... - ........... - .- .- .- .- .- ........... ........... ........... some gravel - .- .- .- .- .- ........... ........... ........... - .- .- .- .- .- ........... ........... ........... - .- .- .- .- .- ........... ........... ........... 

SAMD WlTH SILT (SP-SM); brovn; medium dense; s l igh t ly  
damp; nor- plastic 
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Depth 
- 
- 
- 
- ,  

5 
- 
- 
- 

10 - 
- 
- 
- 

15 - 
- 
- 
- 
- 

20 
- 
- 
- 

25 - 

12-1 1-89 
Auger Refusal 

Sta. 20+00  

12-1 1-89 

A v q t r  Refusal 

No free groundvater vas encountered i n  any of the 
field exploration at the time of our field v o r k  unless 
noted otherwise om tba b r i n g  logs. 

A l l  f ield explorations dri l led v i t h  a Ct lE  55 d r i l l  
r i g  usinq 8 7- diameter hollov stem auger unless 
othervise noted. . 
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Sta. 30+00 
4 

NOTE : The data presented on the boring logs represents subsurface conditions only at the specific locations and at the time 
designated. This data may not represent conditions at other locations and/or tirnes. Contacts between soil strata are 
approximate and changes between soil t g p s  may be gradual rather than abrupt. This k i n g  data was compiled primarily 
for design purposes and should not be construed as part o f  the plans governing construction or defininq construction 
techniques. Bidders are f u l h~  responsible for interpretations or conclusions they draw from the boring log. 



Depth 

Sta. 4 5 + 0 0  Sta-55+ 10 

5 6 

12-1 1-89 

Auger Refusal 
12-1 1-89 

Auger Refusal 

12-1 1-89 

Auger Refusal 

No free graundvater vas encountered i n  any of the 
f ield exploration at  tbe time of eur f ield vork  unless 
noted othervise on the boring logs. 

All field exploratians dri l led v i t b  a CHE 55 d r i l l  
r i g  using a 7' diameter hollov stem auger unless 
ot hervise noted, 

Project No- 89-09 19 
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NOTE : The data presented on the boring 109s represents subsurface conditions only at the specific locations and at  the time 
designated. This data rnay not represent conditions at other locations and/or times. Contacts between soil strata are 
approximate and changes between soil types may be gradual rather than abrupt. This boring data was compiled primarily 
for design purposes and should not be construed as part  o f  the plans governinq construction o r  defining construction 
techniques. Bidders are fully respomble for interpretations or conclusions they draw f rom the boring log. 



Depth 

12-1 1-89 
Auger Refusal 

*Field exploration excavated 
wi th a Case 780 extend-a-hoe 
backhoe using a 24 inch wide bucket. 

No free groundwater v a t  encountered i n  any of the 
field exploretien at the time ef  eur field v e r k  unless 
noted othervise on the boring 

All field expleratiens dri l led v i t h  a C H E  55 d r i l l  
r i g  using a 7' diameter hollow stem auger unless 
othervise noted- 
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1 2- 1 2-89 
A q e r  Refusal 

NOTE: The data presented on the boring logs represents subsurface conditions only at  the specific locations and at the time 
designated. This data rnay not represent conditions at other locations and /or tirnes. Contacts between soil strata are 
approximate and changes b t t w t m  soil types may be gradual rather than abrupt. This boring data was compiled primarily 
for  design purposes and should not be construed as part o f  the plans governing construction or defining construction 
?echniqws. Bidders w e  fully responstble for interpretations or conclusions they draw f rom the boring bq. 



Depth 

Sta. 440+ 00 Sta. 445+ 00 

1 2- 1 2-89 

Auger Refusal 

1 2- 1 2-89 

Auger Refusal 

*Field exploration excavated 
with a Case 780 extend-a-hoe 
backhoe l~sing a 24 inch wide bucket. 

No free groundvater vas encountered i n  any o f  the 
field exploration at the time of our field vork  unless 
noted ethervise en the Boring logs- 

All field explorations dri l led v i t h  r CME 55 d r i l l  
r i g  using a 7' diameter hollov stem auger unless 
ot hervise noted- 
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NOTE: The data presented on the borinq logs represents subsurface conditions only at the specific locations and at the time 
designated. This data may not represent conditions at other locations and/or times. Contacts between soil strata are 
approximate and changes between soil types may be gradwl rather than abrupt. This k i n g  data was compiled primarily 
for design purposes and shoukl not be construed as part o f  the p b  govming construction w defining construction 
techniqws. Bidders are fully responsible for interpretations or cl#lckrsions they draw from the boring log. 



Depth 
- 
- 
- 
- 

5 
- 
- 
- 
- 

10 
- 
- 
- 

15 - 
- 
- 
- 
- 

20 
- 
- 
- 

25 - 

Sta. 475+00 

15 

1 2- 1 2-89 

Auger Refl~sal 

1 2- 1 2-19 

A q e r  Refusal 

*Field exploration excavated 
with a Case 780 extend-a-hoe 
backhoe using a 24 irtch wide bucket. 

Wste: Field exploration 16 and 17 not accomplished 
due to restr icted s i te access- 

No f ree groundvater vas encmsntered i n  any o f  the 
f ie ld  explsrat ier  a t  the tim e f  e r r  f ie ld  v e r k  unless 
noted othervise on the boring logs. 

A l l  f ie ld  expleratiens d r i l l ed  v i t h  a CHE 55 d r i l l  
r i g  using a 7' diameter ho l lsv  stem auger unless 
othervise noted- 
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1 2- 1 2-89 

Auger Refusal 

NOTE : The data presented on the boring logs represents subsurface conditions only at the specific locations and at  the time 
designated. This data may not represent conditions at other locations and/or times. Contacts between soil strata w e  
approximate and changes between soil types may be gradual rather than abrupt. This borinq data was cofnpikd primarily 
for design purposes and should not be construed as part o f  the plans governing construction or  defining construction 
techniques. Eidders are fullq responsible for  interpretations o r  conclusions they draw f rom the boring log. 



Depth 
- 
- 
- 
- 

5 
- 
- 
- 

10 - 
- 
- 
- 

1s - 
- 
- 
- 
- 

20 
- 
- 
- 

25 - 

Sta.400+ 00 Sta.90+ 00 Sta. 9 0 + 0 0  

20 2 1 21 A *  

Groundwater 
a t  14'. 

1 2- I 3-84 

Auqer Refusal 

*Field exploration excavated 
.with a Case 780 extend-a-hoe 
tlackhoc  sing a 24 inch wide bucket. 

No free groundvater vas encountered i n  any o f  the 
field exploratisn at the time o f  our field vork  unless 
noted sthervise on the boring logs. 

All field exglorrtiens dri l led v i t h  a CME 55 d r i l l  
r i g  using a 7' diameter hallov stem auger unless 
othervise noted- 
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NOTE : The data presented on the boring loqr represents subswfaoc o o n d i t k  only at the speoifio h a t i o m  d at the time 
designated. This data may not represent conditions at other locations and/or times. Contacts between soil strata are 
.approximate and changes between soil types may be gradual rather than abrupt. This k i n g  data was compiled primarihj 
for  design purposes and should not be construed as part o f  the plans governing construction or defining construction 
techniques. Bidders a re  fully responsible for interpretations or conclusions theq draw f rom the boring log. 



Sta. 400+00;  Sta. 4 0 9 + 0 0 ;  Sta. 42+00;  
LT 430' LT 2 3 0 '  LT 240 '  

23 24 * 25 * 

1-1 6-90 
Groundwater 
at 12'. 

*Field exploration excavated 
with a Case 780 extend-a-hoe 
backhoe using a 24 inch wide M e t .  

No free groundvater vas encountered i n  any of the 
f ield explaration at the time of our f ield v a r k  unless 
noted othervise on the boring lags- 

A l l  f ield exploratians dri l led v i t h  a CME 55 d r i l l  
r i g  using a 7' diameter hollov stem auger unless 
ot  hervise noted- 
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NOTE : The data presented on the boring logs represents subsurface conditions only at the specific ba t i ons  and at the ?ime 
designated. This data rnay not represent conditions at other locations and/or tirnes. Contacts between soil strata are 
approximate and changes bctveen soil types may be gradual rather than abrupt. This boring data was compiled primarily 
for &sign purposes and should not be construed as part o f  the plans governing construction or defining construction 
techniques. Bidders are fully responsibk for interpretations or conckrsiom they draw from the boring w. 



Depth 

Sta- 440+00; Sta 448+00; 
LT 500' LT 525' 

28 29 

1-1  6-90 1-1 7-90 

Noduks of Clay 
at 6'.  

No free groundvater was encountered i n  any o f  the 
f ield exploration at the time of our field vork  unless 
noted otbervisa en the boring 1 ~ .  

All field expl@ratiors excavated with a Case 780 
extend-a- hoe using a 24 inch vide bucket unless 
noted ot bervise. 

Project  No, 89-09 19 
Thomas - Hartig & Associates 

NOTE : The data presented on the bmrq  logs represents subsurface conditions only at the specific locations and at the time 
designated. This data may not represent conditions at other locations and/or times. Contacts between soil strata are 
approximate and changes betveen soil types may be gradwl rather thwr abrupt. This k i n g  data was compiled primarily 
for design purposes wrd should not be construed as p w t  of the plans 9ovwning construction or defining comtruction 
techniques. Bidders are klly respomibk for interpretatkm or  conclusions they draw from the boring b q .  



Depth 
- 
- 
- 
- 

5 
- 
- 
- 

10 - 
- 
- 
- 

15 - 
- 
- 
- 

2 0  
- 
- 
- 

25 - 

Sta 458+00; Sta- 464+00; 
LT 450' LT 325' 

33 34 

Mote: Field explorations 30, 31 and 32 not accomplished 
due to restr icted access. 

No free groundvater vas encountered i n  any o f  the 
f ie ld  expleration at  the tinre o f  our f ie ld  work unless 
noted othervise on the boring logs- 

A11 field explorrt ions exuvmted v i t h  + Case 780 
extend-a-hee using a 24 inch v ide bucket unless 
noted ot herviae- 

Project  No. 89-09 19 

Thomas - Hartig & Associates 

Sta 482+00; 
LT 525' 

36 

NOTE : The data presented on the boring logs represents subsurface conditions only at the specific locations and at  the time 
desiqnated. This data may not represent conditions at other locations andt'or times. Contacts between soil strata arc 
approximate and changes between soil types may be gradual rather than abrupt. This boring data was compiled primarily 
for design purposes and s h M  not be construed as part  o f  the p l w  governing construction o r  defining construction 
tcchniqws. Bidders arc fully responsible for interpretations or c m b i o n s  thq draw f rom the borinq log. 



Sta. 498+00;  Sta- S08+00;  Sta. 5 16+ 00; 
LT 6 0 0 '  LT 700' LT 6 5 0 '  

38 39 40 

No free groundvater was encountered i n  any of the 
f ield exploration at the time of our field vork  unless 
noted otherwise on the boring logs- 

A11 field explarations excavated v i t h  a Case 780 
exted-a-  hoe using a 24 inch vide bucket unless 
noted ot hervise. 

P ro jec t  No- 89-09 19 

Thomas - Hart ig  & Associates 

NOTE : The data pr~sented on the boring logs represents subsurface conditions only at the specific locations and at the time 
desiqna!ed. This data may not represent conditions at other locations and/or times. Contacts between soil strata are 
approximate and changes between soil types may be gradual rather than abrupt. This boring data was compiled primarily 
for design purposes and should not be construed as part o f  the plans governing construction or  defining construction 
techniques. Bidders are fully responsible fo r  interpretations or  conclusions t h y  draw f rom the boring log. 



Depth 
- 
- 
- 
- 

5 
- 
- 
- 

10 - 
- 
- 
- 

15 - 
- 
-. 
- 
- 

20 
- 
- 
- 

25 - 

Sta. 9 8 + 0 0 ;  Sta.96+ 00; 
Rt 325' RT 325 

4 1 42 

Sta. 91 +00; 
RT 325' 

44 

No free groondvater vas encountered i n  any of the 
field exploration at the ti me of our field vork  unless 
noted othervise on the boring logs. 

1111 field explorations excavated vi th a Case 780 
extend-a-hoe using a 24 inch vide bucket unless 
noted othervise. 

P ro jec t  No- 89-09 19 
Thomas - Hartig & Associates 

Sta. 270+00 

45 

NOTE : The data presented on the boring logs represents subsurface conditions only at the specific locations and at t h  time 
designated. This data may not rep r~sen t  conditions at other locations and /or times. Contacts between soil strata are 
approximate and changes between soil types may be gradual rather than abrupt. This boring data was compiled pr imwi ly  
for design purposes and should not be construed as part  o f  the plans governhag comtruc tkn  o r  de f i n in~  comtruction 
techniques. Bidders are fullq respomibh for  interpretations or  canelusions they draw f rom the boring log. 



Depth 

1 2- 1 2-59 

Auger Refusal 

1 2- 1 2-89 

Auger Refusal 

*Field exploration excavated 
with a Case 780 extend-a-hoe 
backhoe using a 24 inch wide bucket. 

No free groundvater vas encountered i n  any of the 
field exploration at the time of oar field vork  unless 
mted othervise on the boring I-. 

1111 field explorations dri l led v i t h  a CHE 55 d r i l l  
r i g  using a 7' diameter hollov stem auger unless 
othervise noted- 

Project No. 89-09 19 

Thomas - Hartig & Associates 

NOTE : The data presented on the boring logs represents subsurface conditions only at the specific locations and at the time 
designated. This data may not represent conditions at other locations and/or times. Contacts between soil strata are 
approximate and champ between sail types may be gradual rather than abrupt. This bring data was compiled pr imarib 
for design purposes and should not be construed as part of  the plans governing construction or defining construction 
techniques. Bidders are fully responsible for interpretations or ~wrckKiorrs they draw from the k i n g  log. 



Depth 

1 
1 2- 1 2-19 

Auger Refusal 

*Field exploration excavated 
wi th a Case 780 extend-shoe 
backhoe using a 24 inch wide bucket. 

No free grourrdvater vas encountered i n  any o f  the 
field exploration at the time ef our field vork  unless 
noted athervise on the baring 

A11 field explorations dri l led v i t h  a CHE 55 d r i l l  
r i g  using a 7' diameter hollov stem auger unless 
otherwise noted. 

Project  No- 89-09 19 
Thomas - Hartig & Associates 

Large 
boulders 
below 14'. 

NOTE : The data presented on the boring logs represents subsurface conditions only at the specific locations and at the time 
designated. This data rnay not represent conditions at other locations and/or times. Contacts between soil strata arc 
approximate and changes between soil types may be gradual rather than abrupt. This boring data was compiled primarily 
far  design purposes and should not be construed as part o f  the plans governing construction or  defining construction 
techniques. Bidders are fully responsible for interpretations o r  conclusions !hey draw from the boring log. 



APPENDIX B 
LABORATORY RESULTS 



REPORT ON FIELD TESTS 

DESCRIPTION: Date: 2/13/90 

Location As Noted Below 

Material S0i  1  

Performed B~ TH/Perry & Thompson 

TESTED: V isua l  e s t i m a t e s  o f  m a t e r i a l  g r e a t e r  than  3 inches  i n  s i z e  

RESULTS: 

L o c a t i o n  Depth ( f e e t )  

Project No. 89-U919 

Est imated  Percen t  o f  
M a t e r i a l  G r e a t e r  than  3 Inches  



REPORT ON FIELD TESTS 

DESCRIPTION: Date: 2/13/90 

Location As Noted Below 

Material Soi  1 

Performed By TH/Perry & Thompson 

TESTED: V i s u a l  e s t i m a t e s  o f  m a t e r i a l  g r e a t e r  t h a n  3 i n c h e s  i n  s i z e  

RESULTS: 

L o c a t i o n  Depth ( f e e t )  
E s t i m a t e d  P e r c e n t  o f  

M a t e r i a l  G r e a t e r  than  3 Inches  

Pro j ec t No . ;jy-uglg 

THOMAS-HARTIG & ASSOCIATES. INC 



REPORT ON FIELD TESTS 

DESCRIPTION: Date: 2/13/90 

Location A s  Noted Below 

Material S0i  1  

TESTED: V i s u a l  e s t i m a t e s  o f  m a t e r i a l  g r e a t e r  than  3 inches  i n  s i z e  

RESULTS: 
Es t ima ted  Percen t  o f  

M a t e r i a l  Grea te r  than 3 Inches Depth ( f e e t )  Loca t i  on 

3 7 

38 

39 

39 

40 

40 

4 1 

4 1 

4 Z 

42 

4 2 

43 

43 

4 4 

4 4 

4 5 

4 5 

U- 1 

U- 1A 

U-1A 

U-2 

U-ZA 

U-2A 

U-3 

U-3A 
U-3A 

0-2 

0-13 
13-16 

P r o j e c t  No 



REPORT ON LABORATORY TESTS 

SAMPLE: Date 2/7/90 

Source As  Noted Below 

TY pe B u l  k Samples 

Material R i v e r  Bed 

Sampled By THIThom~son 

TESTED: Sieve Anal v s i s  & P 1 a s t i c i t . y  Index  - minus 3 i n c h  m a t e r a l  

RESULTS. NOTE: Samples f rom t e s t  e x p l o r a t i o n s  1 t o  22  may n o t  be 
r e p r e s e n t a t i v e  o f  t h e  amount of g r a v e l  & c o b b l e  s i z e  m a t e r i a l  p r e s e n t  due t o  
s o r t i n g  by t h e  auger. 

NP = N o n - P l a s t i c  Unified Soil Classification 

Project NO. 89-0919 

THOMMHARTK~ L ASSOCIATES. INC. 



REPORT ON LABORATORY TESTS 

SAMPLE: Date 
2/7/90 

Source As Noted Below 

Type Bul  k Samples 

Materlai R i v e r  Bed 

Sampled 

TESTED: Sieve  A n a l y s i s  & P l a s t i c i t y  I ndex  - minus 3 i n c h  m a t e r i a l  

RESULTS: NOTE: Samples f r o m  t e s t  e x p l o r a t i o n s  1 t o  22 may n o t  be 
r e p r e s e n t a t i v e  of  t h e  amount o f  g r a v e l  & c o b b l e  s i z e  m a t e r i a l  p r e s e n t  due t o  
s o r t i n g  b y  t h e  auger.  

NP = N o n - P l a s t i c  

Project No. 89-U9i9 

THOMAS-HARTIG L ASSOCIATES. INC. 

Unified Soil Class~fication 
**lUU p a s s i n g  3%" s i e v e  



REPORT ON LABORATORY TESTS 

SAMPLE: Date 2/7/90 

Source As Noted Below 

Type Bu l  k Samples 

Mater~al R i  v e r  Bed 

Sampled By TH/Thompson 

TESTED: S i ~ v e  Anal  v s i s  & P l a s t i c i t y  Index -minus 3 i n c h  m a t e r i a l  

RESULTS: NOTE : 

NP = Non P l a s t i c  

Project No. 89-U919 

T H O M M ~ R ~ G  L ASSOCIATES. INC. 

* Unified Soil Class~fication 
**I00 p a s s i n g  34" s i e v e  



REPORT ON LABORATORY TESTS 

SAMPLE. Date 2/7/90 

Source As Noted Below 

TY pe B u l k  Sdrnples 

Mater~al R i v e r  Bed 

Sampled By TH/Thornpson 

TESTED: S ieve  A n a l y s i s  & P l a s t i c i t y  I n d e x -  minus 3 i n c h  m a t e r i a l  

RESULTS: 

Project NO. 89-0919 

THOMASHARTIG L ASSOCIATES. hc.  



REPORT ON LABORATORY TESTS 

SAMPLE: Date 
12/28/89 

Source 
Tes t  Bo r i ng  10;9 - 14 '  

D r i v e n  r i n g  sample; 116 p c f  d r y  dens i t y ;  4% f i e l d  mo i s tu re  
TY pe 

Material 
Sand & Gravel 

Sampled By TH/Thompson 

TESTED: D i r e c t  Shear - samples submerged d u r i n g  t e s t i n g .  Samples compacted 

t o  approx imate ly  95% o f  ASTM D698 Dry Dens i t y .  

RESULTS: 

Friction Angle (0) = 41' Cohesion (c)  = 180 psf 

1 .O 2.0 3.0 

Normal Pressure - ksf 

Project No. 89-0919 



REPORT ON LABORATORY TESTS 

SAMPLE: Date 12/29/89 

Source 
Tes t  Bor ing  22; 4 - 9 '  

D r i ven  r i n g  sample; 101 p c f  d r y  dens i t y ;  18% f i e l d  mo i s tu re  
TY pe 

Material 
Sandy Clay 

Sampled By TH/Thompson 

TESTED: 
D i r e c t  Shear - samples submerged d u r i n g  t e s t i n g .  Samples compacted 

t o  approx imate ly  95% o f  ASTM D698 Dry Dens i t y .  

RESULTS: 

Friction Angle (0) = 32 Cohesion (c) = 370 psf  

Normal Pressure - ksf 

Project No. 89-0919 



SAMPLE: Date 1/25/90 

Test  Boring 26; 8 - 1 7 '  
Source 

D r i v e n  r i n g  sample; 113  p c f  d r y  d e n s i t y ;  
TY pe 

Material 
Sand & Gravel 

Sampled By 
TH/Thompson 

TESTED: D i r e c t  Shear - samples submerged dur ing  t e s t i n g .  Samples compacted 

t o  approximate ly  95% o f  ASTM D698 Dry Dens i ty .  

RESULTS: 

Friction Angle (8) = 44' Cohesion (c)  = 0 

2.0 3.0 

Normal Pressure - ksf 

Project No. 89-0919 

THOMAS-HARTIG & ASSOCIATES, INC. 



REPORT ON LABORATORY TESTS 

2/5/90 
SAMPLE: Date 

Source 
T e s t  Boring 41; 0 - 6 '  

TY pe 
D r i v e n  r i n g  sample; 105 pc f  d r y  dens i ty ;  15% f i e l d  moisture  

Material S i l t y  Sand 

Sampled By TH/Thompson 

TESTED: D i r e c t  Shear - samples submerged dur ing  t e s t i n g .  Sampl.es compacted - 

t o  approximate ly  95% o f  ASTM D698 Dry  D e n s i t y .  

RESULTS: 

Friction Angle (0) = 27' Cohesion (c) = 550 psf 

1 .O 2.0 3.0 4.0 

Normal Pressure - ksf 

Project No. 89-0919 



REPORT ON LABORATORY TESTS 

2/5/90 
Date SAMPLE: 

Source 
Tes t  B o r i n g  41; 6  - 1 0 '  

D r i v e n  r i n g  sample; 103 p c f  d r y  d e n s i t y ;  15% f i e l d  m o i s t u r e  
TY pe 

Material Sand w i t h  S i  1 t 

Sampled By TH/Thompson 

TESTED: D i r e c t  Shear - samples submerqed d u r i n q  t e s t i n g .  Simples compacted 

t o  approx imate ly  95% o f  ASTM D698 Dry  D e n s i t y .  

RESULTS: 

Friction Angle (0) = 35' Cohesion (c) = 190 psf  

1 .O 2.0 3.0 4.0 

Normal Pressure - ksf 

Project No. 89-0919 



REPORT ON LABORATORY TESTS 

SAMPLE: Date 1/25/90 

Source 

TY pe Grab w l e  

Material Soi 1 

Sampled By TH/ThlI@son 

TESTED: Mni  s t u r ~  - k n c i  t_v Re1 a t 1  ~ I I  D Curve. ASTM 0698. Method A 

- - 

RESULTS: 

Max. Dry Density (pcf )  118.3 Optimum Moisture Content (%)  13.6 

i f  I l l ! ! ! ! ! ! ! ! ! ! ! !  l ! ! C ! ! ! ! t ! ! l ! ! ! ! ! ! !  !!!&I 
10.0 12.5 15 .O 17.5 20.0 

MOISTURE CONTENT ( 7 ; )  

Zero A i r  
(Gs = 2. 

Voids 
68 

Project No. 89-0919 

THOMAS-HARTIG & ASSOCIATES. INC. 



SAMPLE: 

REPORT ON LABORATORY TESTS 

Date 
1/29/90 

Source T e s t  Bor inq  33; U - 8 '  

Type Grab Sample 

Material Soi 1 

Sampled By T H / T h a w o n  

TESTED: Moistur-i t v  relations hi^ Curve. ASTM D698. Method A 

RESULTS: 

M a x . D r y O e n s i t y ( p c f )  117.6 Optimum Moisture Content (%) 14.8 

Zero A i r  Voids 
(G, = 2.68) 

MOISTURE CONTENT (?:) 

Project No. 89-0919 
THOMAS-HARTIG & ASSOCIATES. INC. 



REPORT ON LABORATORY TESTS 

SAMPLE: Date 1/31/9U 

Source T e s t  B o r i n g  41; U - 6' 

T v ~ e  Grab Sample 

Material Soi 1 

TESTED: M o i s t u r e - D e n s i t y  R e l a t i o n s h i p  Curve, ASTM D698, Method A 

RESULTS: 

Max. Dry Density ( p c f )  110.4 Optimum Moisture Content ( % )  14.2 

Zero A i r  Voids 
(GS = 2.68) 

15.0 17.5 20 .O 22.5 

MOISTURE CONTENT ( 7 ; )  

Project No. 89-0919 



REPORT ON LABORATORY TESTS 

SAMPLE: Date 1/3U/YU 

Source Tes t  Bo r i ng  41; 6 - l u '  

TY pe Grab Sdmple 

Material Soi 1 

Sampled By TH/ThOmpsOn 

TESTED: Mois tu re -Dens i t y  R e l a t i o n s h i p  Curve, ASTM 0693, Method A 

- - 

RESULTS: 

Max. Dry Dens i t y  ( pc f )  108.2 Optimum Mo i s tu re  Content ( % )  15.1 

Zero A i r  Voids 
(Gs = 2.68) 

MOISTURE CONTENT (7;) 

Project NO. 89-0919 

THOMAS-HARTIG & ASSOCIATES. INC. 


