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ABSTRACT 

In October 1983 six days of intense precipitation 

triggered a discharge of about 27,000 cfs in the Rillito 

Creek, Tucson, Arizona. Consequently, processes of lateral 

erosion and degradation caused noticeable changes in 

channel morphology. 

Comparison before and after the discharge by photo-

interpretation and field measurements shows that: 

(1) asymmetry indices higher than zero reveal a uneven 

vertical and horizontal shape, indicating that channel 

degradation is concentrated at the edges of the channel; 

(2) the sinuosity index experienced no change from 

pre-flood condition; however, armored bars and bank 

composition influenced bank erosion, and a maximum of 90 

meters of widening occurred; (3) through longitudinal 

profiles a maximum of 6.6 feet of streambed lowering took 

place at the Rillito-Santa Cruz River confluence; and (A) 

sediments have a selectivity for the coarsest sandy 

fraction and good sorting, indicating that the material is 

easily moved. 

xi 



CHAPTER 1 

INTRODUCTION 

Damaging floods of the Rillito Creek in the 

vicinity, of Tucson, Arizona have taken place as early as 

1800 (U.S. Army Corps of Engineers, 1973) despite its dry 

wash characteristics and the typical low annual average 

rainfall in the area. The Tucson basin lies in the desert 

section of Arizona, and the mean annual precipitation in 

the area is about 12 inches. However, at the beginning of 

October 1983, the Rillito River flowed at near-record 

levels, with a peak discharge from 15,000 to 25,000 cubic 

feet per second (cfs), matching the previous high of 24,000 

cfs set in 1929 (Arizona Daily Star, 1983), although it did 

not come close to approaching the 100-year flood marks of 

32,000 cfs, which is the figure calculated by the Federal 

Emergency Management Agency (1982). 

The main purpose of this study is to describe, 

quantify and evaluate the effects of the October 1983 

discharge on the channel configuration (bank and streambed) 

of the Rillito Creek. This will be done by comparing the 

channel morphology before and after the discharge. The 

planned goals will be accomplished in five phases: first, a 
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literature review which includes previous works carried out 

in the Rillito Creek corridor and other fluvial systems, 

especially under similar climatic conditions; second, 

description of the methdology for collecting data; third, 

the description of the physical setting of the study area; 

and fourth, the description of the October 1983 discharge; 

and fifth, the analysis and interpretation of the data 

collected in the field after the October 1983 event, and 

comparison with pre-flood conditions. 



CHAPTER 2 

BACKGROUND 

Some fluvial-geomorphological studies have been 

undertaken in the Rillito Creek system, and one of them 

deals with channel changes and floodplain management. 

Other reports are related to gravel pit operations and more 

recently a couple of reports have been prepared as a result 

of the Tucson flood of 1983. Pearthree (1982) undertook a 

study in the Rillito Creek in order to determine, through 

the analysis of channel change morphology, potential sites 

of .bank erosion and floodplain alternatives. Pearthree 

documents changes in morphology of the Rillito Creek based 

on aerial photographs taken from 1941 through 1979, on 

topographic maps, on channel bank and streambed composition 

determined by sediment sampling, and on changes of base 

level through analysis of longitudinal profiles. 

The Pima County Department of Transportation 

Floodplain Management initiated several studies dealing 

with the impact of mining of sand and gravel material from 

the streambed of the Rillito Creek. In one of these 

studies, Simons and Li (1982) concluded that mining 

operations have contributed to the degradation of the river 
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bed. However, it would be difficult to notice this 

phenomenon when large-magnitude discharge like that of 

October 1983 occurs, in which an enormous energy is 

developed during the discharge and any section of the 

streambed could be disrupted even in the absence of gravel 

pits. It is evident that any perturbation within the 

streambed might reflect notable changes during a peak flow. 

Baker (1984), in a post-disaster analysis of the 

October 1983 flood, refers to the great instability taking 

place immediately downstream of the banks preserved by 

revetments. He concludes that piecemeal bank protection, 

instead of alleviating the problem, generates channel 

instability. 

A report prepared by Saarinen et al. (1983) about 

the Tucson Arizona Flood of October 1983 focuses on damage 

associated with channel erosion. The Committee made an 

evaluation dealing with damage to buildings, bridges, power 

lines, sewer lines, and so forth, and addresses certain 

recommendations, especially in relation to bank protection. 

It argues that a full protection of the river bank might 

produce eventual streambed erosion and undermining on the 

revetment. The Committee leaves open the question of what 

might happen downstream once the river bank has been 

completely protected. 
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The shape and pattern of a river channel are 

determined by the simultaneous adjustment of discharge, 

load, width, depth, velocity, slope and roughness. 

According to Fahnestock (1968, p. 1057), channels can be 

characterized by measurements of width, depth, and velocity 

which vary with discharge, flow resistance and slope. He 

indicates that the most useful parameter for describing 

channel shape is probably the width-depth ratio, and that 

channel widths, depths, and velocities vary with discharge 

as simple power functions at a cross-section. For example, 

width, depth, velocity and suspended load all increase with 

increasing discharge. Fahnestock argues that width 

increases more rapidly than depth in a downstream 

direction. That means that as width increases, the higher 

the width-depth ratios will be. Furthermore, the changes 

in parameters between cross-sections along a stream reflect 

the increase in size of the channel due to larger flows. 

Schumm (1961), conducting a study in Sage Creek, 

South Dakota, established the relationship between width-

depth ratio, sediment size and gradient. He found that in 

some cross-sections, deposition was accompanied by a 

decrease in width-depth ratio and sediment size and a 

decrease in channel gradient. Likewise, at some point 

downstream, if aggradation had almost completely filled the 

channel, overbank flooding and deposition become important. 
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An increase in width-depth ratio results in more efficient 

transport of coarse material for a given stream power 

(Leopold and Bull, 1979). 

Schumm (cited by Chorley, 1971) has studied the 

influence of particle size in streambeds and banks of 

alluvial channels, finding that a high proportion in silt 

and clay grades produces a low width-depth ratio, whereas a 

low proportion of silt-clay is associated with great width 

in relation to depth. Goudie (1981) also notes the 

relationships that exist between river channel dimensions 

and the discharge and sediments they transmit, and the 

sediments of which the channel is composed. 

Chorley (1971) indicates that when discharge 

increases, depth and width will increase. Part of the 

increase in depth will be accounted for by scour if the bed 

material can be shifted. At least part of the increase in 

width will result simply from the rise of water-level, but 

at some sections will be due to the temporary removal of 

bank material. Chorley adds that downstream channel slope 

on most rivers tends to decrease from source to mouth, 

giving a concave-upward form to longitudinal profiles. The 

basic reason for a downstream decrease in slope is a 

downstream increase in channel efficiency. 

Asymmetric cross-sections are associated in many 

cases with streambank instability. It is important to 
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determine the streambed configuration, because the 

successive accumulation of sediments that leads to the 

formation of bars and islands influences the channel shape 

and consequently its asymmetry. Knighton (1982) explains 

that the possibility of both horizontal and vertical 

asymmetry should be taken into account. Horizontal 

asymmetry denotes the relative displacement of some 

quantity toward one side of the channel, creating 

inequality in the two parts of the channel separated by the 

centerline. The vertical asymmetry indicates the extent of 

vertical deviation from uniformity in the bed profiles. In 

other words, fluvial processes are linked in the majority 

of the cases with streambed configuration. 

Development of longitudinal profiles in response to 

base-level changes has been studied with the purpose of 

relating processes of degradation, aggradation, and grade. 

Bed elevation is a function of the amount of base-level 

lowering. Likewise, the lowering of base level is a cause 

of accelerated erosion in existing alluvial channels 

(Begin, Meyer and Schumm, 1981). In addition, longitudinal 

profile characteristic is highly associated with climate 

and material. Leopold and Bull (1979) conclude that 

concave profiles are typical of streams located in humid 

climates where the discharge increases with drainage area. 

In ephemeral streams, on the other hand, pronounced changes 
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in long-profiles are not the rule because in the presence 

of pervious beds processes of infiltration rather than the 

processes of degradation dominate. 

Mining on river systems is known to have adverse 

impacts on river morphology, especially on local gradient 

changes. In fact, sites in the middle of the streambed in 

which gravel is being mined behave like artificial knick 

points, where the longitudinal profile displays a marked 

break in slope. Measurements performed by the graduate 

geomorphology class at the University of Arizona, Tucson, 

at the Campbell Avenue Bridge led to observations of a 

noticeable process of degradation immediately downstream 

from a gravel pit (Bull and Scott, 1974). 

Kaehler (1980), while monitoring the King Canyon 

Drainage Basin in the Tucson Mountains, west of Tucson 

Arizona, linked base-level fall to man-made activities. 

Indeed, an easily-erodable material at a dam site produced 

a very steep slope, and consequently produces an increase 

in stream power and a decrease in critical power at the 

time of the first flow. 

Many studies have been conducted in order to 

establish the possible relation between sediment and 

channel shape. Schumm (1960) found that downstream changes 

in width and depth of a stream channel are greatly 

influenced by sediment type. Schumm (1960), through the 
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study of five semiarid valleys, emphasized the importance 

of sediment properties in determining stream-channel shape 

and differences in the mechanics of erosion and deposition 

between areas. Schumm (1963) has shown that some elements 

of the pattern and shape of both ephemeral and perennial 

stream channels are related to the type of sediment forming 

the perimeter of the channel rather than to the amount or 

character of discharge. 

Among other factors that influence channel 

processes, it is necessary to take into consideration the 

amount of discharge. Sykes (referred to by Allen, 1965), 

who related channel deepening to high discharge in streams 

with readily movable beds, observed that the Colorado River 

at Yuma, Arizona deepened its bed nearly 25 feet during a 

flood and that the excavation extended for many miles in 

the stream. 



CHAPTER 3 

METHODOLOGY 

The methods of data collecting and analysis in this 

study are: photointerpretation, surveying cross-channel 

sections and longitudinal profiles, sediment collection and 

analysis, precipitation analysis, bank erosion 

measurements, and synthesis mapping. Photointerpretation 

was used to reconstruct the pre-October channel configura

tion and to calculate the amount of bank area that was 

eroded during the flood. The photographic materials used 

in this project included: a photomosaic obtained from an 

assemblage of aerial photographs taken in 1936 at a scale 

of 1:40,000; a set of aerial photographs taken in May 1983 

at a scale of 1:40,000; and a set taken in October 1983 at 

a scale of 1:12,000. The calculation of eroded area was 

obtained by using a precision balance and weighing a 

standard paper with known area. 

Cross-channel sections record the shape of the 

channel at specific reaches and are useful in determining 

the width-depth ratios, and in calculations of vertical and 

horizontal symmetry indices. The measurements were made 

using a tape and a Brunton compass. 

10 
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Longitudinal profile records the gradient and the 

actual elevation of the streambed. A comparison of the 

obtained longitudinal profile with that obtained by the 

Federal Emergency Management Agency (1982) provides an 

excellent opportunity for determining the differences in 

streambed elevation and the associated behavior of the 

Rillito Creek system. 

Sediment analysis provides data on particle size 

through which are obtained accumulative curves of frequency 

and information about asymmetry or selection and sorting. 

The sediment analysis was performed at each cross-section 

in order to obtain a possible correlation with streambed 

configuration and gradient at those particular 

cross-channel profiles. 

Bank erosion measurements were taken at different 

locations where the bank displays the original material. 

It was done with the use of spikes (erosion pins) inserted 

at both sides of the bank, for the purpose of showing 

stability or instability levels throughout the channel. 

Synthesis mapping aids in gathering the information 

taken in the field and showing potential areas subject to 

failure during dry and wet seasons, or subject to 

overtopping during the rainy season. 
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Description of the Methods 

Cross-sections 

A total of 17 cross-sections was selected along the 

Rillito Creek to cover the highest possible number of 

locations which experienced noticeable changes in the bank 

and the streambed. The cross-sections were not taken 

equidistantly but by trying to include reaches in which 

important bank erosion took place after the October 1983 

discharge. Unfortunately, several cross- section were 

thoroughly modified because of subsequent bridge repair and 

bank protection, such as at cross-section A-A', Swan 

Bridge, Dodge Boulevard till Prince Road, Campbell Avenue, 

and First Avenue. Other places have been altered by gravel 

operations and all manner of vehicles. The width/depth 

ratios were also calculated by dividing the width by the 

maximum depth at each cross-sect ion before and after the 

event in order to calculate the area and volume of material 

that was eroded. 

Sediment Analysis 

Sediment samples were selected at each cross 

section in order to analyze the sedimentological 

characteristics that prevailed after the flow. Each sample 

was taken approximately 25 meters apart along a given 

cross-section, and sample sites were selected according to 

difference in microtopography along the cross-sections. 
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Sediment samples were taken farther apart when there was 

only a minimum or no difference in microtopography. 

Likewise, samples were taken in undisturbed sites in the 

streambed. 

At each site, sediment size was determined by 

sieving, one of the earliest techniques developed for the 

mechanical analysis of sand-sized particles (Sengupta and 

Veenstra, 1968). For this procedure, only the particles 

smaller than 1 mm were taken into consideration. 

Sediments are considered an independent variable 

with respect to the channel configuration; however, they 

are also important in the understanding of processes of 

sedimentation during peak flows. Three properties were 

considered: size,sorting, and skewness or asymmetry. The 

particle sizes are represented by cumulative curves in 

Chapter 7, and they are important because through them 

other properties are deduced, such as sorting and skewness. 

By using the weight of the phi sizes, the four moments of 

the frequency distribution, or quartiles, that lead to the 

sorting and skewness calculations, are furnished. 

Longitudinal Profile 

The longitudinal profile of the Rillito Creek was 

obtained through leveling. The starting point was located 

at the Craycroft Bridge, a few meters upstream along the 

Pantano Wash, and the ending point at the junction with the 
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Santa Cruz River. The method used is commonly called 

"direct leveling," and it consists of a single setting of 

the level and placing the rod upstream and downstream with 

respect to the instrument (Bouchard and Bouchard, 1981, 

p. 100.) The curve thus obtained is matched with the curve 

calculated by the Federal Emergency Management Agency in 

1982 in order to find the main process which could produce 

rising or dropping in base level; that is, processes of 

aggradation or degradation that might have been dominant 

during the flow. 

Photointerpretation 
and Measurements 

Because the main purpose of this thesis is to 

determine the effects of the October 1983 discharge on 

channel changes, only two sets of aerial photographs and a 

mosaic were analyzed. One set was taken in May 1983 at a 

scale of 1:40,000; another set was taken on October 3, 

1983, at a scale of 1:12,000; and the photomosaic is dated 

1936 at approximately 1:40,000. The photomosaic and the 

aerial photos dated May 1983 were projected onto a single 

scale 1:20,563 to establish differences between the current 

and former channel shape of the river. For this task, a 

Karlg reflecting projector was utilized that was lent by 

the Office of Arid Lands Studies at the University of 

Arizona. The aerial photos taken in October 1983 at the 



scale of 1:12,000 were useful in the sense that more detail 

was shown with respect to the bank areas which were washed 

away. For the purpose of more accurate area calculations, 

the bank sections that were eroded and sharply delineated 

in the 1983 photos (before and after the flood) were 

weighed and their surface was calculated. In other words, 

a piece of paper or plastic representing its known area was 

weighed and then Compared with the weight obtained from the 

sections delimited in the aerial photos of May 1983 and 

October 1983. This method is also comparable with that of 

the planimeter, and it depends on the precision of the 

scale and the standardization of the materials being 

weighed. In fact, whatever the material one is using, it 

must be stable in weight; otherwise the values would be 

inaccurate. The volume of eroded material was calculated, 

multiplying its area by the thickness of the bank i_n situ. 

The methods mentioned above are useful because they 

can be used in future measurements. 

Miscellaneous Supplements 
to the Methodology 

Elevations from the streambed to the floor of each 

one of the bridges across the Rillito were taken in order 

to obtain the actual streambed elevation and to compare 

with measurements determined by longitudinal profile survey 

or leveling. 
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Erosion pins were horizontally inserted at differ

ent locations of the bank at sites in which the original 

conditions of sedimentation still prevail. In other words, 

sites of artificial fillings were avoided because, per se, 

they are very unstable and made of friable materials. 

Generally the pins (spikes) were placed in groups of three, 

covering the upper, middle and lower part of the bank, 

usually with clear differences in bank composition. 

Two groups of 23 rocks were painted at two 

locations, with the goal of measuring sediment movement. 

The diameter of the rocks was taken at random, although the 

heaviest available were chosen (about 60 kilos) to avoid 

possible vandalism. 

Summary 

The methods of data collection and analysis applied 

in the Rillito Creek system consist of conventional 

techniques that include photointerpretation, cross-section, 

longitudinal profile, sediment analysis, bank erosion 

measurement, and mapping. The data thus obtained provide 

the necessary clues to better understand the effects that 

the October 1983 discharge had on the Rillito Creek. 

Additional techniques such as erosion pins and painted 

rocks were used, with the objective of obtaining a more 

complete set of information about this fluvial system. 



CHAPTER 4 

PHYSICAL SETTING OF THE RILLITO CREEK SYSTEM 

The Tucson Basin 

Recent authors working on geology and hydrology in 

the Tucson basin such as Pashley (1966), Davidson (1973), 

Wallick (1973), Gallaher (1979), and Keith (1981) can be 

mentioned. Davidson (1973, p. 4) writes that: 

The Tucson basin is a broad alluvial valley bounded 
on the east and north by the Santa Rita, Empire, 
Rincon, Tanque Verde, Santa Catalina and Tortolita 
Mountains from around 2,500 to over 8,000 feet in 
altitude, and on the west by the Sierrita, Black, 
and Tucson Mountains, a relief less pronounced with 
maximum altitude rising until 4,000 feet approxi
mately. The ranges to the north-northeast are the 
principal water collectors, which flow toward the 
Rillito Creek during seasonal rainstorms. The 
Santa Catalina Mountains bounding the Rillito is an 
important element for supplying water to its 
stream-channel; indeed, they are composed of 
metamorphic and intrusive rocks and are the largest 
mass of low-porosity and low-permeability material 
bounding the Tucson Basin. 

Location and Characteristics 

The Rillito Creek is located approximately between 

32°16'-32°18' north latitude and between 110°52'30"-111°3' 

west longitude. This 17-km-long stream flows westward, 

parallel to the southern base of the Santa Catalina 

Mountains and to the northern part of the city of Tucson 

17 
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from the confluence of two tributaries: the Tanque Verde 

Creek and Pantano Wash (Figure 1). The Tanque Verde Creek 

heads on the northwestern flank of the Tanque Verde 

Mountains and flows in a westward direction toward Tucson. 

Its main tributaries, Sabino Creek and Agua Caliente Wash, 

drain the Santa Catalina Mountains and join Tanque Verde 

Creek from the north. Pantano Wash is fed from the Canelo 

Hills, and the Santa Rita, Whetstone and Empire Mountains, 

southeast of Tucson. It begins as Cienega Creek while 

crossing the Sonoita Basin until it turns to the northwest 

and flows across the eastern margin of the Tucson Basin 

(Pearthree, 1982). The Rillito Creek is tributary to the 

Santa Cruz River, which drains the Tucson Basin. 

Geology-geomorphology 

The Rillito Creek flows on a series of alluvial and 

colluvial sediments. The alluvial or oldest material is, 

according to Lacy (1964, p. 41), the toe of a large 

alluvial fan complex 30 miles long and 13 miles across 

which extends from Mountain View to the confluence of the 

Santa Cruz River and Rillito Creek (Figure 2). This fan 

has been formed largely by the outwash of Pantano Wash, 

capping and reworking the alluvium derived from the 

Catalina and Rincon ranges. Locally, at the piedmont of 

the Catalina Mountains, the oldest alluvium is partially 

buried by colluvium. 
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The Santa Catalina Mountains show pronounced relief 

on the order of 7,000 feet. A clear change in topographic 

pattern is observed below 3,000 feet where the Catalina 

Fault marks a sharp contact. The geological map published 

by Davidson (1973) shows the lithological difference along 

the trace of the Catalina Fault. A sequence of intrusive 

and metamorphic rocks formed by granite, granitic gneiss 

and schist (Precambrian age) to the north of the fault 

makes contact with a sequence of sedimentary rocks (Miocene 

and Pliocene age) constituted of gravel and gypsiferous 

clayey silt and mudstone, including basaltic andesite flows 

and dacite tuff to the south. These last deposits are 

surrounded by a series of Pleistocene undifferentiated 

alluvial sediments and by Holocene material or colluvium 

which are friable and have developed very deep gorges by 

runoff. The bottoms of those gorges are commonly filled 

with Pleistocene deposits partially covered by recent 

Holocene sediments. 

The sediments north of the Rillito Creek indicate a 

marked sedimentological influence from the Catalinas range, 

whereas the sediments south of the Rillito consist of 

alluvial fan materials referred to by Lacy (1964) and of 

sediments spilled out by the Santa Cruz River. The former 

position of the Rillito Creek 1-1/4 miles south from its 

present path indicated by Pashley (1966) probably did not 
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influence significantly the formation of the most extensive 

surface on which the city of Tucson lies. Davidson (1973) 

recognizes three levels of terraces initially studied by 

Smith (1938) and named, from oldest to youngest: 

University, Cemetery, and Jaynes (Figure 3). The Jaynes 

terrace deposits bound the present-day floodplains. The 

Cemetery terrace, on which most of the city of Tucson is 

situated, has been differentiated only along the foothills 

of the Santa Catalina Mountains. In the rest of the area 

the Cemetery and University terrace deposits are 

undifferentiated. 

Tectonic activity has been inferred in the 

surficial deposits in the Tucson area through 

interpretation of abrupt lateral changes in sediment size. 

Davidson (1973) argues that faults mark the contact between 

sections which contain 75 percent sand and gravel, and the 

sections showing no more than 25 percent sand and gravel. 

Climate 

According to the Koppen-Trewartha climatic classifi

cation (Hecht and Reeves, 1981), three climatic types can 

be identified in the Tucson basin: a subtropical humid 

climate which predominates in localities of high elevations 

(more than 3,500 feet such as the Santa Catalina mount

ains); a subtropical semiarid climate typical of most of 

the middle to low altitudes (< 3,500 feet in the southeast 
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of Arizona, as in the piedmont of the Catalina mountains); 

and a subtropical arid climate at low elevations (< 2,000 

feet which extends throughout southwest Arizona). (Other 

classifications by Thornthwaite, Holdridge, and Terjung 

have also been applied to Arizona (Hecht and Reeves, 1981.) 

The precipitation varies according to altitude. At 

an altitude of about 2,500 feet, the average precipitation 

is only about 10 inches per year, whereas at higher eleva

tions (over 7,500 feet) the average is about 30 inches. 

Winter precipitation differs from summer precipita

tion in its variability and frequency. Winter precipita

tion is generally longer-lasting, much more widespread and 

of a lower intensity than summer precipitation. In the 

higher elevations it often occurs as snow (Keith, 1981). 



CHAPTER 5 

THE OCTOBER 1983 EVENT 

A combination of meteorological events produced 

heavy precipitation in the Tucson basin that began on 

September 28, 1983, on which date 0.16 inches was recorded 

at the N Lazy H Ranch station, 0.90 inches at Mount Lemmon 

and 0.31 at the Tucson University of Arizona station. 

Rainfall increased progressively until October 3 at the 

same stations in which was recorded a total of 5.68 inches, 

8.29 inches and 5.68 inches respectively (Table 1). Of the 

total precipitation recorded in October in the Tucson area, 

at least 90 percent occurred in the first three days of 

that month. The total precipitation of 8.0 inches was 

recorded between September 1 and October 31 in the Tucson 

area. For instance, 8.32 inches was recorded at the Tucson 

University of Arizona #1 station (the lowest total in the 

area), 13.35 inches at the Redington station, and 14.80 

inches at Mount Lemmon (the highest total in the area). 

More than 50 percent of the total of those months took 

place in only six days, which includes the last three days 

of September and the first three days of October (Table 1). 
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> Table 1. Precipitation, September 28 through October 4, 1983 (inches). 
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Mt. Lemmon 0.90 0.71 - 1.61 5.10 2.84 0.35 - 8.29 9.90 14.80 5.15 9.65 7,689 

N Lazy H 0.16 0.43 0.59 2.34 0.67 5.68 5.84 9.23 2.43 6.80 3,050 
Ranch 

Redington 0.61 0.65 1.97 3.23 5.45 0.50 - 5.95 7.21 13.35 6.54 6.81 2,868 

Tucson, _ 1.34 1.30 |1.64 1.94 2.16 0.24 _ 4.34 5.68 9.05 4.55 4.50 
17 N.W. 

Tucson, 
Campbell - 0.56 1.15 1.71 1.83 3.45 0.29 0.14 5.71 6.27 8.60 2.55 6.05 2,330 
Av Exp Farm 

Tucson, _ 0.34 1.46 1.80 2.30 2.57 0.65 0.27 5.79 6.13 10.13 3.92 6.21 2,526 
Mag. Obsv. 

Tucson, 0.38 0.91 0.56 1.85 4.16 1.31 0.21 _ 5.68 6.97 9.40 3.62 5.78 2,444 
U of A 

Tucson, 0.50 0.27 0.94 1.71 3.05 1.74 0.18 __ 4.97 5.74 8.32 3.28 5.04 
U of A #1 

Tucson, 0.31 1.02 0.48 1.81 2.96 1.21 0.73 4.90 6.23 9.26 4.28 4.98 2,584 
WSO AP 

Source: Compiled by the author from the National Oceanic and Atmospheric Administration, 
1983. 
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Table 2 indicates that the total annual precipita

tion in 1983 was over 19.0 inches, in which the lowest 

total was recorded at the Tucson University of Arizona 

station, with 19.74 inches, and the highest total at the 

Mount Lemmon station, with 30.87 inches. More than 60 

percent of the precipitation in that year was distributed 

between August, September and October. 

Table 3 shows the characteristics of precipitation 

for a period of 21 years, from 1963 to 1983, in the Tucson 

basin except for Mount Lemmon, which began recording only 

since 1982. These figures reveal the great difference 

between 1983 and the preceding years. 1983 reached the 

highest total annual precipitation in 21 years, and shows a 

sharp difference with respect to the mean annual 

precipitation. For instance, at the Redington station the 

total annual rainfall for 1983 was 27.33 inches, whereas 

the mean annual is 14.68; at the Tucson Magnetic 

Observatory the total annual for 1983 was 23.05 inches and 

its mean annual is 13.57. In the majority of the stations 

considered, the difference between the mean annual and the 

total annual exceeds 10 inches. 

Figures 4 and 5 represent the isohyet pattern in 

the Tucson area in the different periods. Figure 4 

displays the characteristics of isohyets for a period of 14 

years from 1970 to 1983. The net for drawing the isolines 



Table 2. Precipitation, 1983 (inches), 

Station Total 
(1983) J F M A M J J A S 0 N D (in.) 

Mt. Lemmon - 0.10 0.00 2.24 7.81 5.15 9.65 1.41 4.47 30.87 

N Lazy H 2.18 1.40 2.17 0.23 0.01 0.00 2.67 3.48 2.43 6.80 2.26 1.20 24.83 
Ranch 

Campbell 1.66 1.52 2.99 0.20 0.13 0.00 2.15 2.42 5.55 4.88 1.73 1.35 24.58 

Redington - 2.16 3.63 0.32 0.00 0.00 2.78 1.89 6.54 6.81 1.67 1.53 27.33 

Tucson, 
Campbell 1.58 2.09 1.41 0.10 0.00 0.00 0.94 3.16 2.55 6.05 1.36 1.11 20.35 
Ave. Exp. 
Farm 

Tucson, 2.35 1.91 2.95 0.13 0.14 0.00 2.34 0.00 3.92 6.21 1.70 1.40 23.05 
Mag. Obsv. 

Tucson, 1.48 1.96 2.17 0.12 0.00 0.00 0.84 2.58 3.62 5.78 0.63 0.56 19.74 
U of A 

Tucson, 1.87 1.78 1.76 0.12 0.00 0.00 1.69 5.08 3.28 5.04 1.22 1.49 23.33 
U of A #1 

Tucson, 1.70 0.94 1.28 0.14 0.00 0.00 1.98 4.24 4.28 4.98 1.71 0.61 21.86 
WS0 AP 

Source: Compiled by the author from the National Oceanic and Atmospheric Administration, 
1983. 



Table 3. Precipitation, 1963 through 1983 (inches). 

Station 1963 1964 1965 1966 1967 1968 1969 1970 1971 1971 1972 1973 1974 1976 1977 1978 1979 1980 1981 1982 1983 Mean 

Redington 11.59 13.99 16.12 13.72 19.87 14.38 11.00 11.10 12.41 13.79 10.97 17.20 8.87 14.65 15.69 22.10 10.90 12.93 12.72 16.95 27.33 14.68 

Campbell ------- 10.56 13.48 14.34 9.14 15.39 9.00 8.92 12.56 18.63 11.04 13.31 13.43 15.5 24.58 13.30 

Tucson 
Camp. Ave. 14.17 14.93 14.11 13.10 13.02 12.75 8.91 12.37 13.69 15.47 7.50 12.57 6.81 7.76 10.72 20.99 11.24 12.03 10.38 14.32 20.35 12.72 
Exp. Farm 

Tucson, 9.61 12.42 15.80 15.63 15.38 11.60 7.19 12.69 11.86 14.81 8.07 11.15 7.89 8.55 11.02 19.54 8.63 12.33 8.53 16.55 19.73 12.38 
U of A 

Tucson, 11.63 13.43 14.59 15.40 12.03 13.01 8.44 10.65 13.90 14.32 8.13 10.43 9.05 10.77 12.66 22.53 15.16 14.37 11.97 19.52 23.05 13.57 
Mag. Obs. 

Tucson, 9.97 17.99 11.53 14.41 12.93 8.94 9.94 11.98 12.17 14.86 7.22 11.92 6.64 6.28 10.17 15.73 10.39 12.23 13.70 13.79 21.86 12.12 
US0 AP 

N Lazy H 14.93 12.34 14.50 14.61 16.09 12.44 12.20 9.89 15.38 11.84 12.81 11.15 8.79 9.93 13.33 19.67 12.05 10.85 14.62 16.77 24.83 13.76 
Ranch 

Mount Lemmon 

Source: National Oceanic and Atmospheric Administration, 1963-1983. 
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included five stations, in which Mount Lemmon was excluded 

because this station was not in operation until 1982. The 

isolines enclose values of 12.0 inches at the Tucson WSO-AP 

station (number 4 in Figure 4); and the increase of those 

values toward the north and northwest of Tucson is observ

able. The Redington station (number 2 in Figure 4) shows a 

mean precipitation higher than 14.4, according to this 

pattern. Figure 5 displays" the isohyets for the mean 

annual precipitation in 1982, including the Mount Lemmon 

station (Table 4). These isolines indicate an unusually 

large amount of precipitation in the northeast and 

southeast portion of Tucson in 1982 and a large amount of 

precipitation in the northeast and southeast part of the 

city relative to the Tucson WSO-AP station in the period 

1970-1983. In addition, there was a decrease of almost one 

inch of precipitation from Redington to N Lazy H Ranch 

(Table 3). On the other hand, Figures 5 and 6 display a 

totally different isohyet pattern. Figures 5 and 6 present 

nearly identical patterns because the October 1983 event 

determined the total annual amount for that year.. Figure 6 

represents the precipitation for October 1983 and Figure 7 

the total annual from January to October 1983. The 

isohyets show a center of great precipitation developed in 

the Mount Lemmon station (station 2 in Figure 5) with 9.38 

inches in October 1983, decreasing to the south-southeast 



Table 4. Precipitatiion, 1982 (inches). 

Station Total 
(1982) J F M A M J J A S 0 N D(in.) 

Mt. Lemmon 8.11 2.47 3. 65 0.01 0.92 0.08 4.51 9. 86 2.53 1.15 0. 61 - 14. 15 

N Lazy H 
Ranch 

1.76 0.45 1. 34 0.06 0.24 0.15 2.36 4. 03 3.63 0.00 0. 91 1. 84 16. 77 

Campbell 2.50 0.53 1. 08 0.01 1.10 0.00 0.77 3. 48 2.22 0.00 1. 18 2. 63 15. 50 

Redington 2.34 0.80 1. 36 0.09 1.09 0.00 2.69 3. 00 1.46 0.00 1. 11 3. 01 16. 95 

Tucson 
WSO AP 

2.86 0.38 1. 58 0.05 0.51 0.13 2.13 2. 51 2.69 0.00 1. 30 1. 59 13. 79 

Source: Compiled by the author from the National Oceanic and Atmospheric Administration, 
1982. 
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and southwest. In the city of Tucson the precipitation 

according to the isolines ranged between 6.38 and 5.38 

inches (Figure 6). 

The Discharge Characteristics 
of the Rillito Creek 

The average annual discharge of the Rillito Creek 

as measured at U.S. Highway 80 from 1909 to 1954 was 12,950 

acre-feet (Schwalen and Shaw, referred to by Streitz, 

1962). According to the Rillito Creek Hydrologic Research 

Committee (1959), the annual discharge of Rillito Creek 

from 1909 to 1958 was 6,216 cubic feet per second (cfs). 

Data provided by the U.S. Geological Survey for the period 

1914 to 1973 shows a mean annual discharge of 5,984 cubic 

feet per second (cfs) (Table 5). 

The atypical October precipitation reduced the 

highest discharge experienced by the Rillito Creek since 

1915 (58.992 cfs). The U.S. Geological Survey recorded 

approximately 27,000 cfs at First Avenue. This figure is 

unofficial because during the flood a great amount of 

debris disturbed the measurements. Figure 8 shows the 

magnitude of the discharge in relation to annual precipita

tion since 1914. Perhaps 1966 and 1972 were periods in 

which the great discharge of the Rillito was linked to 

intense precipitation, because the normal discharge of the 

river has occurred in the majority of the cases during 
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Table 5. -- Continued 

Water 
Year Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. Total 

1946 36.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 213.00 1246.00 35.00 1532. 090 
1947 68.30 33.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1899.00 74.00 2075. 30 
1948 0.00 7.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 123.20 215.40 138.00 483. 60 
1949 0.00 0.00 264.00 651.60 0.90 4.00 0.20 0.00 0.00 32.30 130.80 388.20 1472. 00 
1950 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 292.00 3197.40 170.90 0.00 3660. 30 
1951 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1138.00 947.60 0.00 2085. 60 
1952 133.00 595.00 266.00 1049.60 0.00 939.10 58.00 3.50 0.00 26.50 32.90 0.00 3103. 60 
1953 0.00 0.00 0.00 0.00 0.00 6.60 0.00 0.00 0.00 871.40 0.00 0.00 878. 00 
1954 0.00 0.00 0.00 0.00 0.00 3236.00 0.00 0.00 18.50 1850.40 886.20 579.20 6570. 30 
1955 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1950.10 4249.80 0.00 6199.90 
1956 9.00 0.00 0.00 13.00 0.00 0.00 0.00 0.00 0.00 129.40 7.30 0.00 158. 70 
1957 0.00 0.00 0.00 1392.10 93.60 27.30 0.00 6.00 0.00 22.60 514.00 69.00 2124. ,60 
1958 142.20 116.20 18.10 0.00 40.00 3316.00 140.20 0.00 0.00 664.50 1227.60 14.80 5679. ,60 
1959 60.10 2.60 0.00 0.00 0.00 0.00 0.00 0.00 0.00 653.80 1913.60 17.00 2647. .10 
1960 233.00 53.00 1331.50 4950.30 0.00 0.00 0.00 0.00 0.00 0.00 244.90 0.00 6802. ,70 
1961 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 471.40 836.30 60.80 1368. .50 
1962 0.00 0.00 854.00 694.80 115.60 89.80 3.00 0.00 0.00 16.00 0.00 423.00 2196. ,20 
1963 0.00 0.00 0.00 0.00 1557.00 0.00 0.00 0.00 0.00 0.00 1100.20 230.90 3888.10 
1964 0.00 0.00 0.00 0.00 0.00 0.00 1.70 0.00 0.00 324.60 488.70 3972.70 4787. .70 
1965 8.20 5.20 13.50 9.60 198.30 121.30 12.40 0.00 0.00 1.00 59.90 89.10 518, .50 
1966 0.00 0.00 17249.00 426.00 5678.00 1022.00 0.00 0.00 0.00 5.00 290.00 2185.00 26855. .00 
1967 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 784.20 104.00 67.00 955. .20 
1968 _ 0.00 563.84 150.70 3592.82 - - - - - - - 426, .41 
1969 0.00 74.00 0.00 147.10 0.00 0.00 0.00 0.00 0.00 0.00 135.10 0.00 356, .20 
1970 0.00 1.50 1.00 0.00 0.00 77.00 0.00 0.00 4.00 518.20 395.20 2721.00 3717. .90 
1971 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4890.60 729.50 5620, .10 
1972 447.00 0.00 247.00 0.00 0.00 0.00 0.00 0.00 10.00 89.00 305.00 121.00 1219, .00 
1973 3607.00 20.00 409.00 5.00 2064.00 5685.00 379.00 0.00 0.00 40.,00 0.00 0.00 14207, .00 
1974 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 26.00 210.41 190.00 426. .41 
1975 40.00 35.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 185.00 0.00 20.00 280, .00 
1983 27000.00 - - - - - - - - - - -

Source: U.S. Geological Survey, Water Resources Division 



36 

winter and summer. On the other hand, the discharge of 

27,000 cfs of October 1983 occurred in scarcely three days. 

This produced a tremendous increase in stream power and a 

high erosive capacity that resulted in a decrease in 

streambed elevation and in considerable bank erosion. 

Summary 

October 1983 has been the date of most significance 

since 1914 with regard to precipitation in the Tucson basin 

and to discharge of the Rillito Creek. An unusual meteoro

logical phenomenon was the trigger for a great amount of 

rainfall in which from September 28 through October 3 there 

occurred a precipitation greater than 5.0 inches. Of 14.80 

inches of precipitation occurring during the months of 

September and October at the Mount Lemmon station, 9.90 

inches fell in the last three days of September and the 

first three days of October. Consequently, the Rillito 

Creek experienced a discharge of about 27,000 cfs, its 

highest since 1915 and 1966. However, the discharges in 

1915 and 1966 occurred in winter (December) whereas the 

1983 discharge took place in October, a date on which such 

a phenomenon is not expected. 



CHAPTER 6 

CHANNEL CHANGE DYNAMICS IN THE RILLITO CREEK 

Any fluvial system is subject to changes in the 

time span regardless of its being perennial or ephemeral. 

The Rillito Creek is an ephemeral stream that has 

experienced many changes in its channel morphology which 

have been linked not only to natural but also to anthropic 

action. Both elements have been acting as a whole and play 

an important role in channel change configuration, which 

include widening, lowering and rising due to bank erosion, 

streambed scouring and sedimentation, respectively. The 

processes of channel widening and streambed lowering have 

been more remarkable than that of sedimentation and they 

have been accelerated in the last ninety years because of 

human activities. 

Problems in the Rillito Creek's Floodplain 

Channel morphology of the Rillito Creek has been 

locally modified due to factors inherent in human occupa

tion and bank material. Channel changes through extensive 

bank erosion have produced considerable damage to houses, 

apartments, mobile homes, and commercial buildings located 

37 



38 

along the banks. Beside the typical erosive characteris

tics of the bank, indiscriminant land use also has 

contributed to a steady weakening of the floodplain, in 

which development was limited in the early 1900s to only 

one house per four acres (Anderson-McKea, 1984). 

Currently, the Rillito River corridor is densely inhabited, 

and according to the Old Fort Lowell Neighborhood 

Association (1983), approximately one-fifth, or 647 acres 

(18.2%) is vacant and only 21.8% is of very low density. 

Residential use covers 376 acres, or 58.2% of the total. 

McPherson and Saarinen (1980) state that within the 

100-year floodplain the Rillito Creek there were, in March 

1975, 615 mobile homes and 1215 dwelling units (including 

single family homes, townhouses and apartments), and the 

population was estimated at about 5531. 

The use of bank stabilization techniques such as 

soil cement application and the building of rip-rap were 

intended to reduce flood hazards and to control bank 

erosion, but past events have shown that those methods only 

have provided partial protection, because the unprotected 

sites located immediately downstream and upstream of the 

unprotected bank usually are affected by intense erosion. 
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Bank Erosion and Description 

Noticeable changes have taken place in the Rillito 

Creek at least since the 1880s. Smith (1938, p. 50) 

documents that 

.at the .time of settlement of Arizona, from 
1850 to 1880, the bottom lands were aggrading flood 
plains with narrow stream channels or none at all. 
Due to overgrazing in times of drought, especially 
between 1890 and 1905, the severity of flood runoff 
increased and channels were cut or were widened. 
Subsequently with the undercutting of banks and 
lateral migration of the stream during floods, the 
channels have been so much widened that nearly all 
streams now carry the major floods without 
overflowing the flood plains. 

Taking this statement as a premise, it is evident that in 

general many drainages in Arizona had the characteristics 

of shallow channels and floodplains which were easily 

flooded by low discharges. In 1936 the Rillito Creek still 

maintained part of its braided system a few meters 

downstream of the junction of Tanque Verde Creek and 

Pantano Wash and in the reach between Flowing Wells Road 

and the Highway 10 Road. Between Campbell Avenue and First 

Avenue the braided pattern was not so clear; nevertheless, 

two narrow channels were observable that indicate overflows 

on the right and left side banks (Figure 9). In addition, 

other changes have occurred within the Rillito fluvial 

system such as the shift experienced by the Pantano wash 

near the Craycroft bridge. This change still is observable 

in recent aerial photos, and it is evident that the former 
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channel of the Pantano Wash made a bend to the south at 

about 400 meters to its present location. A former 

riparian vegetation appearing like a gallery forest mark 

the antique path of the Pantano wash at this point (Figures 

9 and 10) . 

According to Pearthree (1982), from 1941 to 1963 

the Rillito Creek system decreased significantly in width 

by evolving into a single channel pattern. However, it is 

necessary to clarify this point in the sense that the 

statement is controversial. If one looks at any set of 

aerial photos from 1936 to 1983, it is noticed that there 

is an increase in channel width in that time span. 

Figure 9 shows a clear difference between the channel in 

1936 and in 1983 before the discharge in which the Rillito 

Creek already had undergone significant widening. 

Moreover, after the October 1983 discharge, considerable 

bank sections were eroded away and this contributed to the 

irreversibility of channel recovering of this fluvial 

system. How can one understand the narrowing of a fluvial 

system in which past records reveal a constant process of 

channel widening? In order to answer this question, one 

has to remember the distinction between the minor 

streambed, major streambed and exceptional major streambed 

that is commonly called the geological floodplain. Tricart 
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Figure 10. Antique channel of the Pantano Wash in the confluence with 
Tanque Verde Creek. 
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(1961), in his hydrolagical classification, distinguishes 

four types of fluvial streambeds: 

1. The channel of drought, which is included within 

the minor streambed and that is utilized for the 

drain of the low waters. Usually it zigzags 

between the borders of the minor streambed. 

2. The minor streambed, that generally is clearly 

delimited by entrenchment between abrupt and high 

borders. 

3. The seasonal major streambed, that is regularly 

occupied by floods and includes the channel of 

drought and the minor streambed. 

4. The exceptional major streambed, which is the 

geological floodplain. Once the flow surpasses the 

seasonal major streambed, one can say that the 

river is running off along its geological 

floodplain. 

Within a braided system there exists a main 

channel, usually deeper, and secondary branches that, 

properly, do not conform to the stream channel but the 

floodplain through which the flow diverges or spreads 

during period of low rainfalls. Usually, the floodplain is 

a broad surface entrenched by a deep stream which is the 

reference frame to assert that a channel is widening or 

narrowing within a fluvial system. In the case of the 
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Rillito Creek, one is in the presence of a similar 

situation, its geological floodplain extending several 

miles to the north and to south of the city of Tucson; and 

it was formed by the same Rillito and other processes of 

sedimentation explained by Lacy (196A). The fact that the 

Rillito Creek has turned into a single channel does not 

mean that the channel is narrowing, because it is clear 

that at least since 1936 the main channel of the Rillito 

Creek has been widening despite its characteristics of a 

braided system such as is observable in Figure 9. 

Past flow records indicate that high discharge like 

that which occurred in December 1915 (53,820 cfs) and 

October 1983 (27,000 cfs) would not inundate urban areas 

located far away from the major streambed unless the bank 

there has been lowered more than 1-1/2 meters. 

Channel changes in the Rillito Creek system are due 

to four main factors: (1) channelization and artificial 

fillings; (2) composite bank structure; (3) lateral 

migration and self-adjustment of the stream; and (A) by 

pronounced bendings throughout the fluvial system. 

Figure 9 depicts the 1936 Rillito Creek overlapping the 

1983 channel before the October discharge. Many changes 

are noticeable, and few reaches remained with their 

original configuration, although in some cases they have 

been artificially filled. Those sections have turned into 
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a very unstable areas which collapse easily, not only 

during the rainy season but also during the dry season. 

One of the problems commonly observed in the Rillito Creek 

is the fact that sections of the original bank are removed 

and replaced by poorly consolidated materials. As a 

result, frequent slumpings take place during the rainy 

season, even during periods of prolonged drought. An 

example of this method of embankment is found at First 

Avenue, in which damage to an office building complex was 

caused by the undermining of poorly compacted artificial 

materials. As a result, the method of armoring channel 

sides with loose earth materials has shown that during high 

peak flows those sections will be unprotected and 

eventually affected by intense scouring. In the case of 

First Avenue, the channel was widened by 240 feet, and an 

3 
approximate volume of 10,800 m of dumped material was 

washed away (Figure 11, Point Ell). At Point E5 

(Figure 11), bank erosion took place because of the 

combination of two factors: (a) pronounced curvature of the 

channel, and the weakness of the filling material. 

Currently this bend of the river has been modified by a 

soil cement bank protection which does extend from point PI 

to point NP1 at Dodge Boulevard. Nevertheless, this bank 

protection has left unprotected point B9, located 
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immediately downstream, which also was scoured during the 

October 1983 flood. 

Bank protection can create a stable area, but can 

generate at the same time another unstable area. One 

example of this is observable at points BO and B1. At 

point BO a retention wall (inverse V-shaped) was built to 

prevent overflows. That wall did work, but at the same 

time it has caused bank erosion at point Bl. What happened 

is that once the stream shifted at point BO, it projected 

toward point Bl and produced intense erosion. During the 

October 1983 discharge this bank section was cut in about 

3 
240 feet, and approximately 192,300 m of filling material, 

and concrete was washed away (point El, Figure 11). 

Table 6 displays the approximate amount of bank 

erosion that took place during the October 1983 discharge. 

The figures reveal that a total area of about 307,000 

square meters (75.49 acres) and a total volume of 

3 
852,000 m was removed from the bank by either stream 

erosion or over saturation or by a combination of both 

processes. At point E14 (Figure 11), bank cutting was due 

to the combination of overbank and lateral erosion by the 

Santa Cruz River and lateral erosion by the Rillito Creek, 

and about 11 acres were eroded away; that is, a volume of 

material of about 168,000 m"^ (136 acre-feet) (see Table 6). 

Other bank sections were not calculated because they were 
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Table 6. Area and volume eroded by the Rillito Creek after 
the October 1983 discharge. 

Area Volume Maximum 
Eroded ^ 3 Widening 
Bank m Acres m Acre/ft (m) 

El 50,603. 46 12. 49 192,293. 00 155. 89 73. 15 

E2 31,302. 62 7. 73 93,907. 86 76. 13 91. 44 

E3 •14,149. 04 • 3. 48 42,447. 12 34. 41 36. 57 

E4 7,400. 00 1. 82 22,200. 00 17. 99 12 . 19 

E5 7,854. 23 1. 92 33,851. 73 27. 44 30. 48 

E6 7,478. 66 1. 82 33,653. 97 27. 28 24. 00 

E7 11,936. 47 2. 93 55,146. 49 44. 70 42 . 67 

E8 10,597. 49 2. 59 23,844. 35 19. 33 24. 38 

E9 4,972. 17 1. 21 23,369. 19 18. 94 24. 00 

E10 13,226. 46 3. 26 41,663. 34 33. 77 48. 76 

Ell 23,979. 08 5. 90 10,790. 05 8. 74 73. 15 

E12 33,760. 13 8. 32 101,331. 03 82. 14 54. 86 

El 3 45,957. 87 11. 33 9,191. 57 7. 45 97 . 53 

E14 43,353. 40 10. 69 167,807. 58 136. 04 158. 49 

Total 306,571. 08 75. 49 851,497. 28 690. 25 

Source: Calculations done by the author. 
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too small to be seen on aerial photos. The figures 

indicate that noticeable channel retreating took place 

during the October 1983 event, and that a great amount of 

sediments was carried away along the river. Knighton 

(1982, p. 118) argues that "the contrast in bed and bank 

material composition is a common feature of alluvial 

channels and allows the subsequent supply of finer material 

as the banks are eroded." This seems to be demonstrated in 

streams with low discharge in which the stream power is not 

sufficient to transport the material away from its source. 

In the case of the Rillito Creek's behavior during the 

October 1983 flood, the discharge was of such magnitude 

that few reaches show deposition of clayey sediments; 

instead, a great amount of sandy material was observed 

throughout the Rillito (additional sediment information 

will be given in the sediment analysis section). Bank 

composition seems to have played an important role in the 

collapse of many sections. Pearthree (1982) established a 

relationship between high silt-clay contents and bank 

stability; however, during the October 1983 event the banks 

throughout the Rillito Creek were eroded independently of 

their composition, although the banks that were modified by 

artificial fillings were the easiest eroded. 

Three kinds of material compose the banks of the 

Rillito Creek: a non-cohesive sandy gravel deposit formed 
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from relic channel bars; sandy silt/clays deposited by 

overbank flow in abandoned channels and on emergent bars; 

and artificial bank fill composed of unconsolidated 

material and other kind of debris, very unstable and 

susceptible to any mechanism of failure. Typical 

cross-bedding, probably formed by eolic action, also occurs 

in the system. The lower bank, which is mostly formed of 

non-cohesive material of high permeability, tends to form 

overhanging blocks of soil which break off and are then 

removed from the base of the bank by the flows. 

Manner and rate of bank erosion are partly 

determined by the nature of the bank material. The toes of 

the bank are composed of non-cohesive materials which are 

easily saturated both by direct action of the flow and by 

the water that percolates through the layers of the upper 

bank. Fluvial erosion of the lower part of a non-cohesive 

bank can cause oversteepening and slip failures higher up 

the bank (Thorne and Tovey, 1981). Fisk (referred to by 

Allen, 1965) distinguished two processes of bank erosion: 

sloughing and slumping. Sloughing occurs when banks 

consist of non-cohesive sediment, and is a continual and 

general movement of particles. Slumping predominates where 

the bank deposits are cohesive. In the Rillito Creek the 

banks are formed by cohesive and non-cohesive materials; 

therefore, a combination of both processes is feasible. 
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Other failure mechanisms along the Rillito Creek are: 

circular slipping, piping, and undermining of unprotected 

channels. All of these processes are important in 

producing changes in channel morphology of the Rillito 

Creek. 

Erosion pins or spikes were inserted horizontally 

into the bank at several locations (Figure 11) to measure 

bank retreat, and were expected to reveal important rates 

of erosion. However, such results were not obtained, due 

in part to the small amount of precipitation that occurred 

since the time when the pins were placed (January 1984), 

and because of the common act of vandalism. According to 

Hooke (1980), measurement of river bank erosion has the 

advantage that the process is relatively rapid compared to 

many other geomorphological processes, although recent 

field observations undertaken in July 1984, after the early 

precipitation of that month did not reveal noticeable bank 

erosion. Perhaps 3 mm retreated at the right bank, a few 

meters downstream of the Craycroft Bridge. But that figure 

cannot be attributed only to rainfall, because removal of 

particles by gravity or by pressure on the top of the bank 

can influence this process as well. 

In studies of fluvial systems, it is necessary to 

take into account not only bank composition and channel 

configuration, but also streambed characteristics. Stream-
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bed configuration has to do with the asymmetry that results 

from the deposition of sediments at any side of the 

channel. The redeposition on already-existing bars in a 

fluvial system accentuates channel asymmetry, and conse

quently bank erosion concentrates at the opposite of the 

bar's accumulation. Two examples of flow shifting due to 

channel side deposition was observed at Campbell and First 

Avenues. Bank cutting at the right side of the channel at 

Campbell Avenue (point E9) was linked to armored bars 

accumulated at the opposite site. At First Avenue (point 

Ell) bank erosion is associated with an armored gravel bar 

at the right side of the channel (Figure 11). Currently, 

because of works of bank protection of those sites, such 

bars have been eliminated. 

Taking into consideration the erodability of the 

bank in the Rillito Creek system, it is convenient to 

mention the case of the Lyn-Grecia canal (Figure 12). In 

1936, and also in the 1950s the Rillito Creek at this site 

was a braided system which later became a single channel 

due to the building of the canal in question. This canal 

gathers the water from an urban development located farther 

to the northeast, and directs the flows into the Rillito 

Creek upstream near La Canada Bridge. As a result of the 

weakness of the bank material, the canal behaves like a 

common gulch in which the process of headcutting and a 
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small mass wasting are occurring very rapidly. This 

example illustrates the typical arroyo that is induced by 

people-caused activities and parent material as well. 

Another place of great instability is in the bank 

section of the antique stream channel of the Pantano Wash, 

which according to Smith (1938) was captured by the Rillito 

during the Cemetery period. A continuous sinking of the 

terrain occurred in this section at the south and of the 

Craycroft Bridge (Figure 11). The material itself does 

have the tendency to allow the formation of sink holes such 

as is observed in the "old Pantano Wash channel." In 

general the material is plastic, with high clay and silt 

content. After the October 1983 event, the subsidence of 

the terrain was accelerated, especially in the south 

portion of the Craycroft bridge where the pavement shows 

considerable setting. 

Asymmetry 

One of the basic characteristics of any fluvial 

system is its degree of channel asymmetry. Knighton (1981) 

asserts that the main characteristics of channel 

cross-sections is their irregularity and that the degree of 

asymmetry is not only exclusive in meandering reaches but 

also in straight channels. The Rillito Creek shows the 

characteristics of a meandering system; however, in reaches 
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where the river straightens after having completed a bend, 

asymmetry is also observable. 

In order to determine the asymmetry for the 17 

cross-sections along the Rillito Creek, I applied the index 

of asymmetry suggested by Knighton (1981). The index of 

asymmetry, A*, which considers differences in area between 

the two parts of the channel, is defined as: 

A 

where Ar and A^ are the cross-sectional areas to the right 

and left of the channel centerline, respectively, and where 

A is the total area of the channel A + A, . The area on 
r 1 

both sides of the centerline of the channel is calculated 

by multiplying the mean depth by the width. According to 

the limits in which this index is expressed, a value of 0 

indicates absence of asymmetry, whereas the values of -0.65 

and 0.65 represent extreme left and extreme right 

asymmetry, respectively. 

Indices calculated for the 17 cross-sections 

indicate that channel asymmetry exists along much of the 

Rillito Creek (Table 7). Only the cross-sections B and G 

indicate a perfect symmetry whereas the cross-sections A, 

D, E2, H and 0, although they do not have a value of zero 

to be considered a channel perfectly symmetric, one would 

be able to assess that at those cross-sections the channel 
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Table 7. Asymmetry index (horizontal). 

Cross-
A* 

A -A, 
r 1 

' A 

A* 

2 1 
Section 

A1 
A 
r 

A 

A* 
A -A, 
r 1 

' A VAf VA1 1+Uj/Â  -1 

A 445.7 549.3 995.0 0.10 0.8 1.2 0.1 

B 473.8 487.4 961.2 0.0 0.97 1.0 0 

C 194.0 83.3 277.3 -0.39 2.32 0.42 -0.4 

D 221.5 183.5 405.0 -0.10 1.20 1.18 -0.1 

El 122.6 221.6 344.2 0.28 0.55 1.80 0.3 

E2 139.0 167.3 306.3 0.10 0.83 1.20 0.1 

F 307.3 147.6 454.9 -0.35 2.08 0.48 -0.4 

G 515.2 568.4 1083.6 0.0 0.90 1.10 0.1 

H 356.1 294.9 651.0 -0.10 1.20 0.82 -0.1 

11 357.7 259.5 617.2 -0.15 1.40 0.72 -0.2 

12 324.5 576.9 901.4 0.28 0.60 1.77 0.3 

K 107.8 215.7 323.5 0.33 0.50 2.0 0.3 

L 821.4 254.8 1076.2 -0.52 3.22 0.3 -0.5 

M 457.7 194.0 651.7 -0.40 2.35 0.4 -0.4 

N 116.1 184.4 300.5 0.22 0.60 1.6 0.3 

0 75.8 93.8 169.6 0.10 0.80 1.23 0.1 

P 569.7 305.8 875.5 -0.30 1.86 0.53 -0.3 

Source: Calculations done by the author. 
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behaves like a symmetric channel due to the closeness of 

their indices to zero. 

A* can also be expressed graphically by plotting 

the index against the ratio Ar/A-^, in which the resultant 

curve has the form of a logistic function (Figure 13). In 

this case the index is calculated through the formula: 

A* = r~+"T./Ar)TT 

and the limits of A* vary between -1 and +1, that is, the 

extreme left and right asymmetry, respectively. The shape 

of the curve indicates that the Rillito Creek does not have 

a well-developed meandering, otherwise the curve would 

display more concavity and convexity at each one of its 

extremes. Knighton (1981) indicates that natural channels 

in which one side has an area more than about 5 times that 

of the other are probably rare, except possibly in 

conditions of well-developed meandering. 

Another set of asymmetry indices is based on the 

relative displacement of depth, also called vertical 

asymmetry, or peakedness, in the cross-section profile 

(Knighton, 1981). These indices are useful in describing 

shifts in flow during peak discharges, explaining the 

deepening in the left or right side of the channel. 
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Figure 13. Relation between horizontal asymmetry against the ratio Ar/A^. 
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In order to better understand both horizontal and 

vertical asymmetry, the ratio is calculated through the 

next equality: 

A, = 2x d /A 
1 ma x 

where A^ is a modified form of the asymmetry index A*, x is 

the distance from the channel centerline (measured positive 

to the right and negative to the left) to the centroid of 

maximum depth, d is the maximum depth as measured from 
v max 

the lowest bank, and A is the cross-sectional area. This 

index only indicates symmetry in the horizontal direction, 

and a value of 0 means that the deepest part of the channel 

is located in the channel centerline. The limits for A^ 

are -2 and 2 since it is assumed that d /d will usually 
max J 

be ̂  2 and only exceptionally be > 3. In cross-sections A, 

B, D, E2, G, H and 0 the A-^ values match with the expected 

values close to -1 or 1; that is, that the channel at these 

points is symmetric or almost symmetric. As A^ values are 

closer to -1 or 1, the more symmetric that the channel will 

be. Any A^ value substantially higher than 1.0 and lower 

than -1.0 will indicate that the channel is horizontally 

asymmetric, for example, at the cross-sections C, El, F, 

II, 12, K, L, M, N and P (Table 8). 

Because the index A^ does not take into account the 

uniformity of depth either in the entire channel or between 
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Table 8. Asymmetry indices (vertical and horizontal). 

Cross A 
Section 2x d 

max 
d (w d) A* A1 A2 

A -258.2 3.15 4.08 995.0 0.1 -0.81 0. 24 

B -250.4 3. 55 3. 89 961.2 0 -0.92 0.1 

C -150.8 3. 30 1. 63 277. 3 -0.4 -1. 79 -0. 90 

D -71.6 5. 20 5.3 405.0 -0.1 -0.91 0 

El -87.8 5.10 3.35 344.2 0.3 -1. 30 -0.44 

E2 -43.0 5.2 4.44 306.3 0.1 -0. 73 -0.11 

F 9.8 4.0 3. 68 454.9 -0.4 0.10 0 

G -93. 2 5.9 4.8 1,083.6 0.0 -0. 50 -0.1 

H 38.0 5.5 4.9 651.0 -0.1 0.32 0 

11 184.4 3.8 3.1 617.2 -0.2 1.13 0.18 

12 -240.0 5.0 3. 75 901. 4 0.3 -1. 33 -0.33 

K -53.0 2.8 1.89 323.5 0.3 -0.46 -0.14 

L -310.0 2.7 3.13 1,076.2 -0.5 -0.77 0.12 

M 198.6 4.7 3. 27 651. 7 -0.4 1.43 0. 43 

N -179.8 3.2 1. 63 300.5 0.3 -1.91 -0.93 

0 -73. 2 2.4 2.05 169.6 0.1 -1.03 -0.15 

P -184.0 5.2 4.61 875. 5 -0.3 -1.09 -0.12 



59 

the two parts of the channel divided by the centerline, a 

third index is applied by using the following relation: 

A - 2x(draax ~ ̂  a« — 111 d A 

"A 

where A^ is a second modified form of A* and d is the mean 

depth. In this case the mean and maximum value of depth 

are compared. A value of 0 indicates either horizontal 

symmetry (A0 = 0), or vertical symmetry (d = d), or 
J. IH3X 

both, although d = d is a sufficient condition for A„ = 
in 3 x z 

0 since it occurs when the channel is perfectly 

rectangular. The limits for are -1 and 1. The A^ 

values for the cross-sections B, D, E2, G and H except for 

the cross-sections A, F and 0 in which A and 0 have A^ 

values that do not indicate symmetry. On the other hand, 

the A^ value for the cross-section F indicates the opposite 

because its value is 0 and the values for A* and A^ are 

-0.4 and 0.10, respectively, which are indicators of 

horizontal asymmetry. In this case, because of the little 

difference between d and d (0.32) and its A„ value equal 
ID 3 X A 

to zero, that leads us to conclude that the symmetry is 

vertical. The A*, A^ and A^ values for the cross-sections 

C, El, II, 12, K, L, M, N and P reveal asymmetry to be both 

vertical and horizontal (Table 8). 

In some cases the cross-sections differ with 

respect to the A*, A^ and A^ values, because the channel 
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configuration differs in its location with respect to 

centerline, or because the left and right banks are substan

tially different in height and the maximum depth has to be 

taken according to the lowest bank. For this reason, some 

values for mean depth are higher than the maximum depth; 

for example, in cross-sections A, B, D and L (Table 8). 

The 17 cross-sections do not reveal a clear 

connection between asymmetry and bank erosion, although 

such a relationship may exist. In Table 8 the 2x values 

indicate the distance as measured from the centerline to 

the centroid of maximum depth. The distances to the right 

of the centerline are regarded as positive and those to the 

left as negative. That means that the inclination of the 

channel in the Rillito Creek is mostly to the left side, in 

which only at cross-sections F, H, II and M is there an 

inclination to the right side of the channel, as seen in 

the 2x and values. 

It is observable that minus and plus signs of the 

2x and A^ values match each other, but not with the A* 

values. In this case the cross-sections that exhibit plus 

signs in the 2x and A-^ values appear with minus in the A* 

values. That is explained because the A^ values have been 

calculated by taking into account the sign of the 2x 

values. On the other hand, the A* values have been 



61 

obtained by considering the area at both sides of the 

channel regardless of its sign. When the relation 

is applied, a negative value would be obtained if Ar is 

lower than ; on the other hand, when the relation 

A# = - _ i 
1  +  [ A 1 / A r ]  1  

is applied and A^ is-substantially higher than then the 

values would be negative and vice versa. 

Sinuosity 

The bank erosion that occurred in the Rillito Creek 

after the October 1983 event and also in previous 

discharges, produced noticeable channel widening. However, 

channel sinuosity seems not to be an important 

characteristic of this fluvial system. The Rillito Creek 

shows an incipient meandering stage and does not have many 

pronounced bends and a total absence of "gooseneck" 

meanders. The only accentuated curvature is found at 

Prince-Country Club, where the outer bend has been 

protected. Langbein and Leopold (1966) indicate that 

meanders are common features of rivers, whereas straight 

reaches of any length are rare, and that straightness is a 

temporary state. 
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The simplest overall reach statistic is the 

sinuosity index, P, the ratio of channel length to straight 

line distance (Goudie, 1981); that is: 

P = L/d 

where 

P = sinuosity index 

L = channel length 

d = straight line distance (valley length) 

A value of 1 indicates an almost straight reach in which 

both L and d have the same value. The sinuosity index 

calculated for the Rillito Creek before and after the 

October 1983 discharge revealed an identical low index of 

1.11; that is, an index typical of straight reaches. 

According to these results, the bank erosion that took 

place along the Rillito Creek during the October 1983 

discharge, did not produce noticeable change in its general 

morphology but local bank retreating which only influenced 

the width throughout the river. 

The problem with calculating the sinuosity index is 

that channel length is measured in the middie of the 

channel, and any variation in the system due to bank 

erosion is not shown by this relation. In order to obtain 

a better result, the channel length was measured along the 

right and left edge of the bank; however, it did not make 
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any difference because the sinuosity index was also 1,11. 

Based on these results, it is argueable that a high 

sinuosity index in the Rillito Creek could be obtained 

unless the discharge characteristics, such as occurred in 

October 1983, remain the same for the forthcoming years. 

It is clear that the meandering tendency of the Rillito 

Creek is mainly constrained by its characteristic of 

ephemeral stream because other factors such as vertical 

asymmetry (streambed configuration), bank composition and 

streambed material definitely contribute to the formation 

of meanders. 

Francis and Chacinski (1952) argue that any 

straight channel with movable bed material will meander 

after a short time. The Rillito Creek is one of those 

cases in which its bed is formed mainly of very loose sandy 

material. Schumm (1967) concludes that the meander 

wavelength of rivers that transport coarse sediments will 

be greater than the meander wavelength of channels of 

similar discharge which transport mainly fine sediment 

loads. This assertion leaves another open question, since 

the Rillito Creek is characterized by a sandy streambed; 

however, it has not developed pronounced meander loops. 

Sand Bars and Armoring Process 

Another factor that can be attributed to the 

channel changes in the Rillito Creek is that related to 
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sand bar accumulations and their armoring process. Certain 

reaches where extensive sandy bars have developed, there 

has been bank-caving at the opposite side of the channel. 

For example, at Campbell Avenue in the north side of the 

bridge, damage due to shifting of the flow as a result of a 

bar built at the south side of the channel. At First 

Avenue the south side of the channel was deeply eroded, 

whereas the north side of the channel has an extensive 

sand-gravel bar. At Dodge Bridge the north side was 

seriously damaged and there was a sandy-gravel bar at its 

south side, and at Swan Bridge the north side also was 

heavily damaged and coincidentally, there was another sandy 

gravel bar at its south side. Consequently, bar 

accumulations are not the only elements that contribute to 

the bank erosion in the fluvial system, but are one of 

them. Matthes (1941) emphasizes the effects that bars have 

on the shifting of the water channel, causing swinging from 

bank to bank. He talks about the controversy as to whether 

bank-recession is the initial cause which permits the bar 

opposite to build out, or whether the growth of the bar 

causes the other bank to cave. He explains that when a 

caving bank is prevented from receding by means of a 

revetment, this does not prevent bed-load materials from 

accumulating on the bar opposite. Some of the bars built 

at Dodge Boulevard, Campbell Avenue and First Avenue have 
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been removed because of bank protection works. Matthes 

(1941) argues that whenever a convex bar fails to enlarge 

for lack of deposits, bank-caving not at the opposite 

shore. The concave bank in such cases merely recedes 

through attritional erosion by the current, a process which 

is so slow, compared with bank-caving, as to have small 

significance in the morphology of a truly meandering 

stream. 

However, bar formation per se is not the sole cause 

in the streambed processes. One must take into considera

tion how the specific bar is conformed. In other words, a 

recently formed bar could be easily washed away during a 

high discharge, or it could be coated during low discharge 

and turned into an armored bar, which Gessler (1970) called 

a self-stabilizing tendency. The armoring process has been 

discussed by many authors such as Garde et al. (1977), 

Lag^sse et al. (1980), Little and Mayer (1976), and Gessler 

(1970) as the process which controls degradation. Little 

and Mayer (1976, p. 1647) explain how the armoring process 

takes place by saying 

. . . when sediment containing both fine and coarse 
material is subjected to a relatively low flow 
velocity, small grains will likely be moved while 
the coarse material will remain in place. This 
segregation of material, if permitted to continue, 
will eventually result in the accumulation of 
mostly coarser particles on the bed surface. This 
accumulation is called armoring or armor coat. 
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The Rillito Creek has the peculiarity of being supplied by 

very fine and very coarse material. According to Pearthree 

(1982), the Pantano Wash is most likely to supply great 

quantities of silt and clay, whereas the Tanque Verde Creek 

generates coarser materials such as gravel and sand. 

During low discharges, but yet strong enough for 

transporting moderate quantities of sediment load, the 

Rillito Creek behaves like an aggradational system in which 

bars are rapidly formed." Currently a great amount of sand 

and gravel carried by the Tanque Verde Creek has been 

accumulated at its outlet, almost a frontal deposit that 

makes the current deviate promptly toward the left side of 

the channel. If during forthcoming discharges the stream 

power remains at its lowest competence, this accumulation 

will begin to coat the bars, and influence the erosional 

processes at its opposite side. Lagasse et al. (1980) 

asserts that an armor layer sufficient to protect the bed 

against moderate discharges can be disrupted during high 

flow, but may be restored as flow diminishes. 

A streambed's armor coat has two different effects: 

(a) a stabilizing effect in which the armor prevents 

further degradation in the streambed, and (b) a 

destabilizing effect, in which streambed sections formed by 

movable sediments located at its opposite side can be 

easily degraded. 
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Figure 12 displays an enlarged area (enclosed 

section in Figure 11) where a large amount of sediment 

accumulated producing a diversion of the current to the 

opposite bank. Those accumulations have the form of a 

small delta that has been fed by sediments coming from the 

Lyn-Grecia canal and the Rillito Creek. This small delta 

is in the process of armoring; however, it might lead to 

overbank flow during peak discharges, or undermining at the 

lower part of the bank protection. 

Summary 

The parameters already discussed, important factors 

in the channel changes in the Rillito Creek during the 

October 1983 flood, reveal that they did not work 

separately, but in close interrelationship. The processes 

of erosion, originated and accelerated extensive channel 

changes not only at the banks but also in the streambed 

(analysis of the streambed will be discussed later). The 

configuration of the streambed showing marked asymmetry 

along all the Rillito Creek path influenced the action of 

the streamflow against the walls of the banks. 

Consequently, the effects were observable throughout the 

Rillito system in which about 76.0 acres of bank were 

washed away; that is, an approximate volume of 852,000 

3 
cubic meters (m ). This rapid erosive process came up also 

as a result of a very unstable bank which tends to saturate 
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easily at its lower portion and finally to fail in blocks. 

In addition, the modification of the bank in many reaches 

by replacing the parental material with poorly compacted 

earthen material are the trigger for eventual bank retreat. 

It is not accidental that the majority of property damages 

happened in the reaches where the banks were artificially 

filled. Bank protection used to prevent damage of bridges 

during floods also has failed, because of bank recession 

associated with meander migration during the floods. 



CHAPTER 7 

STREAMBED PROCESSES 

Lowering 

The survey undertaken by the author throughout the 

Rillito Creek after the October 1983 discharge revealed 

that a lowering of the streambed took place along the whole 

reach, with a maximum lowering of 6.6 feet near the 

confluence with the Santa Cruz River. Matching the curve 

thus obtained with that determined by the Federal Emergency 

Management Agency in 1982 (Figure 14), it is observed that 

streambed lowering increased as one moves downstream. At 

the confluence with the Tanque Verde Creek and the Pantano 

Wash, this lowering effect began with scarcely one inch and 

at Swan Road it had reached almost five inches. Probably 

this pattern did not prevail throughout the Rillito path 

since in the middle the streambed elevation appears close 

to the former elevation of 1982, although this may be due 

in part to the works of channelization undertaken so far in 

the creek. Indeed, during the leveling routine, works of 

bank protection at Swan Road, Dodge Boulevard, Country 

Club, Campbell, and First Avenues made it difficult to do 

the survey properly, because large amounts of earthen 
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materials were piled throughout the cross-section. 

Consequently, the streambed appears to be affected very 

little by the processes of degradation. Occasionally there 

were measurements taken on the top of the bar, and for that 

reason the curve thus obtained was close to the curve 

previously calculated by the Federal Emergency Management 

Agency in 1982 (Figure 14). 

The processes that produce lowering and raising of 

the streambed are scouring and filling, respectively. 

Scouring is the removal of sediment from the channel by the 

action of fluid flow. Conversely, filling is the 

deposition of material on bed or banks (Colby, 1960; Emmett 

and Leopold, 1963). Scour and filling are determined from 

pre-flood and post-flood surveys. The common method used 

to record scour and filling in a streambed is that of scour 

chains, which provide information about the difference of 

elevation of the streambed after the discharge, either by 

scour or by sedimentation. 

In the Rillito Creek it was difficult to determine 

the actual amount of streambed removal, because after the 

initial lowering of the bed there was a period of channel 

filling which compensated for the total amount of streambed 

scouring. However, knowing the actual streambed elevation, 

it would be possible to estimate the amount of streambed 
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that was degraded before the process of sedimentation left 

the channel as is. 

Chaining was applied in the Rillito Creek between 

1972-1973, in which, during the winter streamflow event 

with a discharge of 3,160 cfs, a maximum scour of 2.5 feet 

(0.8 m) was recorded at the Campbell Avenue Bridge (Bull 

and Scott, 1974). One would expect a greater process of 

degradation with a discharge of 27,000 cfs which occurred 

October 1983 (unless the stream power exceeds the critical 

power). Three factors could have been involved in the 

fluctuations of the streambed elevation, with only a 

maximum of 6.6 feet after the discharge: (1) that the 

discharge did not cause too much degradation; (2) that 

there was a great amount of both degradation and 

sedimentation during the event; and (3) that there was 

moderate streambed erosion and moderate sedimentation. The 

second factor is the most feasible, because the streambed 

consists of very loose sandy material that is easily moved 

during a moderate discharge, for example, 3,000 cfs, and 

because the greatest concentration of precipitation 

occurred in the highest parts of the Tucson basin. As a 

result, a great quantity of detritus was carried from 

upstream and was delivered to the lowest part of the basin. 

The width-depth ratio is an index that is very 

useful for studying the channel configuration of a fluvial 
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system. Gregory and Park (197A) say that the width/depth 

ratio is an index of channel form rather than size. 

According to Lane (1972, p. 124), the ratio between the 

velocity acting on the sides and that on the bottom depends 

upon the ratio of the bed width of the canal to the depth. 

The greater the width/depth ratio, the greater the ratio of 

the velocity acting on the bottom to that acting on the 

sides (Figure 15). Colby (1960) asserts that scour 

increases the cross-sectional area and reduces mean 

velocity, thus encouraging redeposition. If the condition 

initially indicated by Lane (1972) is enough for 

characterizing the velocity acting in any part of a 

cross-section, then should not one pay attention only to 

the width-depth ratio no matter how much the streambed was 

lowered or the bank eroded? The same author conducted some 

experiments in which he related the velocity to the 

relation of width and depth in a cross-section. He 

demonstrated that in narrow and deep cross-sections, the 

velocities close to the sides are as high as, or higher 

than, those close to the bottom. On the other hand, 

cross-sections with the same area, but one of them showing 

a wider channel, will experience higher velocities closer 

to the bottom rather than to the sides (Figure 16). 

In the Rillito, the original material of the banks 

and the streambed materials were moved, resulting in bank 
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erosion and channel degradation. However, the width-depth 

ratio was compensated in a certain way by those channel 

changes, because in fact, there was an increase and a 

decrease in width-depth ratio in several reaches along the 

river after the 1983 event. For example, the width ratios 

calculated before the 1983 discharge at the cross-sections 

A, B, C, D, El, F, K, L, M, 0 and P showed a decrease after 

the October 1983 event. Conversely, the ratio calculated 

for the cross-sections E2, G, H, II, 12 and N displayed an 

increase after the October 1983 event (Table 9). This is 

explicable because when the width or the depth vary at 

different ratios, the width-depth ratio can increase or 

decrease. For instance, in the cross-sections A, B, El, M 

and P showed a decrease in the width-depth ratio after the 

October 1983 event because the width and depth also 

increased; however, in the cross-sections E2, G, H, 12 and 

N experienced an increase in the width/depth ratio after 

the October 1983 discharge despite an increase in width and 

depth. Moreover, the cross-section C, D, F, K, L and 0 in 

which the width remained constant after the flood, 

experienced a decrease in width/depth ratio because the 

depth increased after the discharge. Through these values, 

one can conclude that as the depth increases at a ratio 

higher than the width, then the width/depth ratio will be 

lower. If one links the width and the depth in order to 



76 

• •ato 

dsilî s 
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Table 9. Width/depth ratio before and after the October 
1983 discharge. 

Before the Discharge After the Discharge 
Cross-

Sections Width 
(m) 

Depth 
(m) 

Ratio Wi dth 
(m) 

Depth 
(m) 

Ratio 

A 230.0 2.14 107.4 248. 2 3.2 77.5 

B 233. 6 2. 51 93.1 246.8 3.5 70. 5 

C 164. 7 2.48 67.5 164.7 3.3 49.9 

D 76. 4 4. 84 15.7 76.4 5.2 14.6 

El 93.8 4.31 21.7 101.8 5.1 19.9 

E2 51. 0 4.26 11.9 69.0 5.2 13.2 

F 121.0 2. 91 41.5 121.0 4.0 30.3 

G 76.2 5.45 13.9 117.0 5.9 19.8 

H 106.2 4. 99 21.2 129.0 5.5 23.4 

11 137 . 5 3. 45 39.8 191. 5 3.9 49.1 

12 179.0 4.46 40.1 239.0 5.0 47.8 

K 171.0 2.5 68.4 171. 0 2.8 61.1 

L 333.0 2.1 158.5 333.0 2.7 123. 3 

M 165.4 3.64 45.4 199.0 4.7 42.3 

N 96.0 2. 53 37.9 180.0 3.2 56. 2 

0 82.3 1. 05 78. 3 82.3 2.9 28.3 

P 126. 9 3.19 39. 7 180.9 5.2 34. 7 

Source: Calculations done by the author. 
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evaluate the morphodynamics of the fluvial system in 

question, it would be possible to conclude that when the 

variable width is clearly modified, at the same time the 

variable depth will be modified, and vice versa. That 

means that in the middle reach from cross-section E2 to K, 

the streambed would be more affected than the banks. 

Likewise, in the other cross-sections the banks would be 

much more affected during a flow. Nevertheless, given the 

prevailing conditions of bank instability and streambed 

characteristics, it is clear that the channel morphology is 

subject to progressive changes both horizontally and 

vertically. 

Despite the amount of sediment that must have been 

transported during the flow, it can be seen that the 

Rillito is more in a stage of degradation rather than in a 

stage of equilibrium. Tanner (1968, p. 315) defines the 

term equilibrium in the sense that material, process and 

geometry form a self-correcting balance. Mackin (1948) 

says that the graded stream is a system in equilibrium. He 

adds that the geometry (slope) is controlled by materials 

(load supplied and discharge) and by process 

(transportation), so that any increase in sediment load and 

discharge will control the process of transportation and 

consequently the slope. Mackin (1948) argues that the 

deposition of part of the excess load in the channel can 
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cause steepening immediately below this point, though other 

factors related to change in gradient have to be considered 

such as gravel pit operation, vehicles in transit,and in 

extreme cases, tectonic perturbation. According to Leopold 

and Bull (1979), although base level processes may change 

streambed elevations along a stream system, "base level 

change" generally occurs within short reaches upstream and 

downstream of the change. 

One of the probable causes of local changes in 

stream gradient is the presence of gravel pits. The 

extraction of sand and gravel from streambeds creates 

instability in the fluvial system, especially when the size 

of the pit is large. The greater the depth and the width 

of the pit, the greater the upstream and downstream 

influence. The greater the resistance ability of the river 

bed, the smaller the influence of the pit upstream and 

downstream (Kostourkov, 1972). In recent decades sand and 

gravel operations have existed in the Rillito, and these 

undoubtedly have influenced the general gradient within the 

system. At the present the only active gravel pit within 

the channel is near the Flowing Wells or La Canada bridge, 

and it is downstream from this point that the greatest 

decrease in streambed elevation was found. To attribute 

the streambed lowering only to the gravel pit operation 
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would be risky but it may play an important role in the 

long run. 

The fact that the maximum streambed lowering 

occurred downstream of La Cholla can also be related to an 

increase of total stream power as a result of steepening of 

slope due to downcutting of the Santa Cruz River. Taking 

into consideration that total stream power is a function of 

both channel dimensions and discharge (Graf, 1983), and 

that the Rillito Creek becomes wider from La Cholla to its 

junction with the Santa Cruz River, suggests that the 

discharge downstream was more than 27,000 cfs as was 

recorded at the First Avenue gage station. Graf (1983) 

mentions that problems arise when an analysis of downstream 

changes in total power do not involve sediment supply from 

hillslopes. Once again, it is necessary to indicate the 

need for continuous recording of sediment load in the 

system in order to quantify the disruption that is 

occurring in the Rillito Creek. 

In the survey along the river, the measurements 

were done through the lowest portion of the channel so as 

to locate the elevation points within the minor channel of 

inundation. Occasionally it was necessary to place the 

level upon the bank, and the resultant point appeared to be 

close to that calculated by the Federal Emergency 

Management Agency in 1982. This point is emphasized 
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because during floods the scour does not occur throughout 

the whole cross-section, but is mainly concentrated in the 

lowest part of the channel, whereas sedimentation takes 

place mostly on the existing sandy bars. The places where 

the instrument was placed are indicated in Figure 11, with 

the finality of comparison left for future surveys. 

During seasonal flows, the minor channel of 

inundation, or minor streambed, is the section of the 

channel that is first occupied by the runoff and it is 

therefore that part of the streambed which is subjected to 

early stream action. That is, discharge momentarily 

increases, and sediment that was previously stationary on 

the channel floor may be set in motion. The resulting 

scour will influence channel depth, gradient and shape 

(Schumm, 1972). The potential for more scour decreases 

when there is a predominance of sedimentation, but it is 

restored when the critical power threshold is exceeded. 

For example, the Rillito Creek system has been 

characterized by lowering of the streambed and occasionally 

by rising, such as occurred in 1979 when there was a 

process of aggradation and an increase of streambed 

elevation between 1 and 2.5 meters (Figure 14). However, 

the condition of equilibrium would be difficult to reach 

due to the perturbation of the fluvial system by 
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people-related activities and the geomorphic conditions of 

the basin itself. 

Equilibrium as defined by Mackin (1948) is a 

balanced or adjusted condition in streams, also called 

graded streams. In other words, the perfect balance 

between opposing tendencies is that in which there is the 

power necessary to transport the load supplied from the 

drainage basin without aggradation or degradation of the 

channels. Reaches of streams in equilibrium attain stable 

longitudinal profiles (Bull, 1982), but in the Rillito 

Creek such stability is disrupted because of the constant 

modifications introduced within the channel. Sand and 

gravel pit operations tend to create artificial knick 

points that cause local changes in slope downstream. 

Likewise, dumping of earthen material in the channel during 

bank protection work also may likely influence the behavior 

of the stream by sudden breaks in slope. This problem can 

be seen repeatedly throughout the study area. Figure 15 

displays the characteristics of the longitudinal profile of 

the Rillito Creek in 1982 and 1983 post-discharge, and it 

can be observed that a certain parallelism is maintained 

along the whole reach, though this parallelism is locally 

modified because of the impact of the perturbation already 

mentioned. As long as the modification of the fluvial 

system remains, the negative effects within the system will 
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be more critical and a stage of equilibrium will never be 

attained. In addition, in arid and semiarid areas such an 

equilibrium condition is more difficult to achieve due to 

the marked variability in climatic conditions. For 

instance, in the Tucson basin there exists the tendency 

toward uneven periods of rainfall differentiated by intense 

precipitation, even out of season, and prolonged period of 

drought. This apparent period of quiescence in which 

little or no precipitation is recorded does not provide any 

retardation in the conditions of disequilibrium at all; on 

the contrary, it provides the appropriate condition for 

successive breaking up of the system. Bull (1975, p. 1489) 

argues that "the effects of climatic change are more 

pronounced in arid than in humid regions because small 

changes in annual precipitation may cause substantial 

changes in weathering rates and vegetation, and thereby 

markedly change runoff and sediment yield." 

Smith (1983) mentions that at the time of 

settlement in Arizona from 1850 to 1880 that the bottom 

lands were true aggrading flood plains, with narrow stream 

channels or none at all. According to the changes that 

have taken place in the Rillito thereafter, this fluvial 

system has turned into a degrading one, with an eventual 

period of sedimentation that has not and will not reverse 

the severity of the problem. 
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An estimation of the volume of streambed material 

that was picked up by the flow during the October 1983 

discharge was calculated by considering the thickness of 

sand layer as the difference between the streambed 

elevation in 1982 minus the streambed elevation in 1983 

after the flood and averaging it, considering the width at 

each one of the cross-sections and averaging them, and 

multiplying both figures for the total length of the reach. 

The estimated volume thus calculated revealed a figure of 

approximately 400,000 cubic meters (m ) of streambed 

material that was washed away by the flow. Considering 

that in some reaches such as the section between La Choila 

and the confluence with the Santa Cruz river, in which 

there was an average of about 1.8 meters of streambed lower

ing, the total volume may reach the 4 million cubic meters 

of sediment that was eroded from the Rillito. If one adds 

to this quantity the total that is being subtracted by 

mining, it would be easy to estimate how much the Rillito 

system is affected by the combination of human activities 

and fluvial geomorphological processes themselves. 

In addition, bank protection also can cause 

disruption in the overall dynamics of any fluvial system. 

In a series of observations undertaken by Handler-Ruiz 

( 1983) in a reach of the Santa Cruz River between the 

Silver Lake Road bridge and the Grand Road bridge, she 
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noticed extensive problems of erosion linked to 

channelization. Handler (1983) asserts that even though 

the installation of protection increases the bank 

resistance to erosion, unprotected reaches downstream are 

often subjected to aggregated conditions. These are 

frequently due to increased water velocity, a direct result 

of decreased boundary friction along the protected reach. 

If so, not only the bank sections could be affected but the 

streambed, upon which major floodflows can exert great 

force and cause lowering. 

Despite the general change in streambed elevation 

throughout the Rillito Creek, the slope of the stream 

channel remained almost the same if one compares the 

longitudinal profiles for 1982 and 1983 (Figures 17 through 

21) after the flood. This phenomenon probably indicates 

that there exists a quasi self-adjustment within the system 

in which the streambed is lowered through keeping certain 

parallelism and maintaining almost the same slope. That 

means that under extreme conditions of perturbation, the 

Rillito Creek would be able to change not only its channel 

and streambed configuration but also its stream-channel 

slope. 

The problem of mining in the study area has already 

been mentioned, and it is one of the causes of local 

steepening immediately downstream and upstream of the pits. 
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In spite of the fact that the companies skim the streambed, 

the process of scour occurs in the short term, although the 

channel slope has been affected to a minor degree. Scott 

(1973) reports that not only change in channel slope but 

also change in base level such as occurred in Tujunga Wash 

due to a large gravel pit after a flood flow. According to 

Scott (1973), the scour extended upstream from the edge of 

the gravel pit as much as 3,000 feet. The City of Tucson, 

Department of Planning (1976), in an evaluation of gravel 

pits, reports that during the 1960s and until the late 

1970s a mining site located about 1000 feet upstream of La 

Cholla Boulevard has influenced the shifting of the channel 

southward for a distance of about 800 feet. The report 

also states that the most notable remnant of the mining 

operation is a substantial widening of the channel through 

this reach. It argues that the gradual change of the 

Rillito Creek in its plan-form characteristics during the 

past four decades is the result of the encroachment upon 

its bank and by the development of its resources by man. 

That is, that man's influence has definitely contributed to 

the tendency of the Rillito for degradation, and that in 

the long run these activities may cause local change in the 

base level. 
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Sedimentological Dynamics 

Sediment analysis gains importance in the sense 

that a series of streambed processes can be deduced through 

particle sizes sorting and asymmetry, although more 

accurately through sediment load. Schumm (1967) asserts 

that channel dimensions have been related to quantity and 

size of sediment load; however, the lack of continuity in 

sediment analysis and the nonavailability of sediment load 

data would make it very difficult to determine that 

relationship. As has been mentioned before, the Rillito 

Creek has experienced noticeable channel widening in the 

last 50 years, but it would be too theoretical to establish 

a close relationship between sediment size and channel 

dimension. On the other hand, sediment load can be a 

suitable parameter to interpret channel changes, but the 

total lack of these data makes it almost impossible to do 

such an analysis. Perhaps mathematical models might be 

useful in the search for this information. 

Sediment analysis in the Rillito Creek is difficult 

due to the continuous transit of different kinds along the 

streambed, which makes it inconvenient to match the results 

of mechanical analysis with that obtained in other years. 

Sediment analyses are not frequently conducted in the 

Rillito Creek, so that in the majority of cases the 

analysis must be interpreted individually. That is, the 
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results have to be used to describe a particular event. 

For example, the sediment analysis performed by Pearthree 

(1982) might not be used to compare or differentiate two 

different periods of sedimentation. After the October 1983 

flood no other important precipitation occurred, and the 

process of sedimentation has been restricted to near the 

confluence of the Tanque Verde Creek and Pantano Wash. 

The problem of lack of sediment load data can be 

compensated for, and Schumm (1967) suggested a method in 

which the percentage of a specific particle size is related 

to the proportion of sediment load that is transported in 

suspension. To support his observations, he collected data 

on the total sediment load from five channels on the Great 

Plains. Channels with more than 20 percent silt and clay 

exposed in their perimeters were designated suspended-load 

channels, and channels containing more than 11 percent sand 

and gravel were designated bed-load channels. 

One of these parameters analyzed corresponds to 

asymmetry or skewness, and is calculated by the relation: 

QrQ3 SK = ——y 
(Md) 

where is the percentage accumulated at 75% (third 

quartile); is the percentage accumulated at 25% (first 

quartile) and Md is the percentage accumulated at 50% 

(median size). In this case the skewness indicates which 
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particle size represents the greater percentage within the 

sample (Picard, 1974). 

According to the results I obtained, the Rillito 

Creek could be designated a bed-load channel because more 

than 50 percent of the sediment is formed by coarse and 

fine sand and less than 10 percent is formed by clay and 

silt. The percentages vary at each cross-section in 

accordance with the gradient and the configuration of the 

channel, so that one can find coarse or fine sediments in 

any order along a given cross-section. What is noticeable 

is that in 86 samples collected through 15 cross-sections, 

48 showed higher selection in the coarse grains, 36 showed 

higher selection in the fine grains, and 2 percent had 

perfect selection, that is, 50 percent fine grains and 50 

percent coarse grains (Table 10). The mean size of the 

sediments gives a clue to the strength required to move the 

sediments to the point of deposition (Stephenson, 1970). 

The sediment size and its percentages are plotted in the 

cumulative curves (Figures 22 through 36) and they display 

the quality of sorting ranging from well sorted, normally 

sorted, and poorly sorted. If well sorted, the sediment 

may consist of one type of material, but if poorly sorted 

the sediment may be composed of several types, such as 

gravel, sand and silt. The sediment analysis reveals that 

in the Rillito Creek there was good sorting, with only two 
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Table 10. Sediment analysis in the Rillito Creek, 
post-discharge 1983. 

Sample 

Median 
Size 
Md 

Sorting 

Q3/Q1 SO-ZQ^/Q] 
Asymmetry 

SK 

A1 0. 57 1. 00 0.31 3. 23 1. 79* 0.95# 
A2 0. 22 0. 50 0.14 3. 57 1. 89* 1.45# 
A3 0. 54 0.96 0. 30 3. 20 1. 79* 0.99# 
A4 0. 80 1. 30 0. 51 2. 55 1. 60* 1.04## 
A5 + 
A6 + 
A7 0. 65 1.00 0.44 2. 27 1.51* 1.04## 
A8 0. 53 0. 96 0. 34 2. 82 1.68* 1.16## 
A9 0.58 0. 95 0. 38 2. 50 1. 58* 1.07## 
A10 + 
All 0. 35 0. 52 0. 25 2.08 1.44* 1.06## 

B1 0. 30 0. 60 0.17 3. 53 1.88* 1.13## 
B2 0.58 1.00 0. 38 2. 63 1. 62* 1.13## 
B3 0. 25 0. 39 0.16 2. 44 1.56* 1.00### 
B4 0.53 0. 91 0. 30 3.03 1. 74* 0.97# 
B5 + 
B6 0.48 0. 76 0. 31 2. 45 1. 57* 1.02## 
B7 0. 31 0. 92 0.14 6. 57 2.56** 1.34## 

CI 0. 39 0. 65 0. 23 2. 83 1. 68* 0.98# 
C2 0. 34 0. 56 0. 26 2.15 1.47* 1.26## 
C3 0.49 0.92 0.31 2. 97 1.72* 1.19## 
C4 + 
C5 0.15 0.30 0.07 4. 28 '2.07* 0.93# 
C6 0. 42 0. 70 0. 21 3. 33 1.83* 0. 83# 
C7 0.08 0.13 0.06 2. 17 1.47* 1.22## 

D1 0.31 0.71 0.15 4. 73 2.18* 1.11## 
D2 + 
D3 0. 50 0.86 0.31 2.77 1.67* 1.07## 
D4 + 

El 0. 22 0.31 0.14 2.21 1.49* 0.90# 
E2 + 
E3 0. 34 0. 54 0. 22 2.45 1.57* 1.03## 
E4 0. 35 0.54 0. 23 2. 35 1.53* 1.01## 
E5 0. 54 0. 94 0. 35 2. 69 1.64* 1.11## 
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Table 10. -- Continued 

Median Sorting 
Size Asymmetry 

Sample Md Q3 Qx Q3/Q]. S0=/Q3/Q1 SK 

F1 0.39 0.58 0.28 2.07 1.44* 1.07## 
F2 + 
F3 + 
F4 + 
F5 0.28 0.43 0.18 2.39 1.55* 0.99# 
F6 0.17 0.24 0.12 2.00 1.41* 1.00### 

0. 28 0.43 0.18 2. 39 1. 55* 
0.17 0. 24 0.12 2.00 1.41* 

0.32 0.50 0.19 2.63 1. 62* 
0. 38 0. 93 0.15 6. 20 2.48* 
0.71 1. 00 0.36 2. 78 1. 67* 

G1 0.32 0.50 0.19 2.63 1.62* 0.93# 
G2 0.38 0.93 0.15 6.20 2.48* 0.97# 
G3 0.71 1.00 0.36 2.78 1.67* 0.71# 
G4 + 
G5 + 
G6 0.78 0.98 0.58 1.69 1.30* 0.93# 

HI + 
H2 0.58 0.86 0.37 0.67 0.82* 0.95# 
H3 + 
H4 0.23 0.72 0.14 5.14 2.27* 1.91## 
H5 + 
H6 + 

11 0.40 0.92 0.19 4.84 2. 20* 1.09## 
12 0.31 0. 58 0.19 3.05 1. 75* 1.15## 
13 0. 35 0.64 0.19 3. 37 1. 84* 0.99# 
14 0. 69 0. 98 0. 36 2. 72 1. 65* 0. 74# 
15 0.39 0. 74 0. 22 3. 36 1. 83* 1.07## 
16 0. 58 0.92 0. 32 2. 88 1. 70* 0.88# 
17 0.31 0.62 0.19 3. 26 1.81* 1.23## 
18 0.68 0.93 0.44 2.11 1. 45* 0.88# 

K1 0.25 0.76 0.14 5.43 2.33* 1.70## 
K2 0. 28 0. 50 0.17 2.94 1.71* 1.08## 
K3 0. 36 0.92 0.16 5. 75 2.40* 1.14## 
K4 0. 42 1. 00 0.21 4. 76 2 .18* 1.19## 
K5 0.49 0.86 0.31 2.77 1. 67* 1.11## 
K6 0. 53 1.00 0. 28 3. 57 1.89* 0.99# 
K7 + 
K8 0.14 0. 56 0.076 7. 37 2.71** 2.17## 
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Table 10. — Continued 

Median Sorting 
Size Asymmetry 

Sample Md Q3 Q1 Q3/Qi S0=/Q3/Q1 SK 

LI 0.44 0. 72 0. 28 2. 57 1. 60* 1.04## 
L2 0. 38 0. 64 0. 25 2. 56 1. 60* 1.11## 
L3 0. 62 1. 00 0.37 2. 70 1.64* 0.96# 
L4 + 
L5 0.69 1.10 0.43 2. 56 1. 60* 0.99# 
L6 0.49 0. 75 0. 35 2.14 1.46* 0.54# 
L7 0.62 0. 96 0.37 2. 59 1. 61* 0.92# 
L8 0. 64 0. 96 0. 40 2. 40 1. 55* 0. 94# 
L9 0.18 0.28 0.11 2. 55 1. 60* 0.95# 
L10 0. 27 0.46 0.15 3. 07 1. 75* 0.95# 

Ml 0.43 0. 78 0. 28 2. 79 1. 67* 1.18## 
M2 0. 86 1.20 0. 59 2.03 1.43* 0. 98# 
M3 0.41 0.84 0.21 4.00 2. 00* 1.05## 

N1 0. 39 0. 66 0. 20 3. 30 1.82* 0.87# 
N 2 0. 32 0.52 0.21 2.48 1. 57* 1.07## 

01 
CO KJ

-

o
 0.82 0. 24 3. 42 1.85* 1.06## 

PI 0.67 1. 00 0.43 2. 33 1. 52* 0.96# 
P2 0.66 1.10 0. 24 4. 58 2 .14* 0.61# 

Asymmetry = SK 
(SK = 1) = perfect selection (###) 
(SK > 1) = higher selection in the fine grains (##) 
(SK < 1) = higher selection in the coarse grains (#) 
Well-sorted < 2.50 (*) 
Normal 2.50 - 4.50 (**) 
Poorly sorted > 4.50 (+) 
+ = Qg was not obtained because if was over 25% 

Source: Calculations done by the author. 
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cases in which there was a normal selection. According to 

Krumbein and Sloss (1963), the sorting value can be 

considered as an index of the transportation conditions. 

The sorting index Sq is calculated applying the following 

relation: 

S o  -  Q j / Q J  

where and are the first and the third quartiles, 

respectively. 

Taking into consideration that the size and sorting 

of a sediment is a clue to its means of transport, it is 

clear that under the prevailing conditions of the October 

1983 flood the discharge of the Rillito Creek was 

sufficient to move any kind of material, including 

boulders. Simons et al. (1972) evaluate the effects of 

sorting of the bed material on bed form and resistance to 

flow. They conclude that with a plane bed without sand 

motion, the resistance to flow was slightly larger for the 

uniform sand, whereas for the plane bed with motion, 

resistance to flow was greater for the poorly sorted sand. 

Those experiments are important because one would be able 

to extrapolate those results with those obtained in the 

study area in which the material is well sorted and the 

streambed, as a matter of fact, was slightly resistant to 

the flow. 
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Figure 22. Accumulative curve of frequency at cross-section A-A1. 
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Figure 23. Accumulative curve of frequency at cross-sect ion B-B'. 
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Figure 24. Accumulative curve of frequency at cross-section C-C'. 
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Figure 25. Accumulative curve of frequency at cross-sect ion D-D'. 
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Figure 26. Accumulative curve of frequency at cross - sect ion El-El'. 
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Figure 27. Accumulative curve of frequency at cross-section F-F'. 
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Figure 28. Accumulative curve of frequency at cross-section G-G'. 
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Figure 29. Accumulative curve of frequency at cross-section H-H1. 
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Figure 30. Accumulative curve of frequency at cross - section 11-11'. 
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Figure 31. Accumulative curve of frequency at cross-section K-K1. 
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Figure 32. Accumulative curve of frequency at cross-section L-L'. 
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Figure 33. Accumulative curve of frequency at cross-section M-M'. 



100 

90 

80-

70-

60-

SO 

40-

30 

20-

0J2S 

SIZE 

0.5 0.25 .0 530 
Sourcosdone bytht outhor 

Figure 34. Accumulative curve of frequency at cross-section N-N'. 
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Figure 35. Accumulative curve of frequency at cross-section 0-0'. 
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Figure 36. Accumulative curve of frequency at cross-section P-P'. 
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Hjulstrom (referred to by Schumm, 1960) concludes 

that the critical velocity of water required to initiate 

movement of sediment grains of uniform material shows that 

the critical velocity increases as grain size decreases 

below 0.1 mm and increases also with grain size above 0.5 

mm. Perhaps the top layers of sediments ranking in those 

sizes did necessitate the velocity mentioned by Hjulstrom 

to be transported, but data of sediment load is not 

available; therefore, one has to come up with hypothetical 

conclusion. The fact that the Rillito Creek can be 

considered as a bed load channel indicates that greater 

importance should be given to recording sediment load, 

because the higher the sediment transported the greater the 

streambed erosion that can occur. In fact, the streambed 

dropped about 6.6 feet downstream near the confluence with 

the Santa Cruz River. Schumm (1960) indicates that sand 

streams are generally unstable in that they may scour or 

deepen their channel during floods in any event, changes in 

channel elevation of 1. foot are common after a flood. 

After the October 1983 flood, the Rillito Creek experienced 

a streambed lowering of 6.6 feet. 

Considering that currently gravel mining operations 

are being undertaken in the Rillito, and that a 

considerable tonnage of bed material is being extracted 

from it, the information of how much is being lost and how 
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much is being gained could be obtained if one has the total 

sediment load. In this way, appropriate policies could be 

formulated against mining operations in the Rillito Creek, 

or at least regulations could be formulated to control it. 

Schumm (1963) emphasizes the importance of sediment 

load because of its influence on channel stability, shape 

and sinuosity. Likewise, the same author argues that the 

morphology of alluvial river channels depends upon two 

independent variables: discharge and sediment load. It 

seems that when a major division of alluvial channel is 

made on the basis of stream stability or lack of it, the 

differences must be based on the sedimentological 

characteristics of the basin and the characteristics of the 

streambed. That is, using these elements one could 

identify between three kinds of channel stability, as 

Schumm (1963) suggests: a depositing channel; in which an 

excess of total load causes deposition, an eroding channel 

in which a deficiency causes erosion and a stable channel 

in which the channel lies between both extremes. The case 

of the Rillito Creek is interesting because despite the 

fact that during high discharge, there is a tendency toward 

degradation and during moderate discharge a tendency toward 

aggradation, it would be difficult to place the Rillito 

Creek between both categories. The term moderate discharge 

is used when the flow is capable of carrying sufficient 
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material to produce sedimentation but not to produce 

scouring in the streambed. Bull (1982) says that the 

filling of a stream channel during an increase in discharge 

is a situation of change, not equilibrium. 

Summary 

It can be seen that under the existing conditions, 

the Rillito Creek changed its streambed elevation though 

not its stream-channel slope. This characteristics makes 

one assume that if the rate of disturbance in the channel 

becomes worse, it may change the only parameter that has 

stayed almost constant in the system, normally the slope. 

Changes in gradient has been observed situ due to gravel 

operation and channel amendments, although not sufficient 

for changing the general slope of the whole stream-channel. 

Nevertheless, this fluvial system is so fragile and 

perturbated that the possibility for a deeper slope is a 

potential problem. Simons and Richardson (1966) say that 

bed forms and the resulting resistance to flow vary with 

the slope of the energy grade line, depth of flow, fall 

velocity, physical size and gradation of the bed material. 

In this case a thorough increase in slope may encourage 

greater velocity in flow, especially downstream. For 

instance, the most notorious lowering in streambed occurred 

coinci den tally downstream between La Choi la arid the 

confluence with the Santa Cruz River (Figure 21). 
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The necessity for a monitoring of sediment load in 

the Rillito is evident because of the important role that 

this variable plays in the geomorphological processes of 

fluvial system. Type of sediment has much to do with the 

channel configuration of any river. Its quantity is also 

another variable that has to be taken into consideration. 

Schumm and Khan (1972) performed a series of experiments in 

a large flume and found that there is a relationship 

between sediment load and channel configuration. The 

greater the sediment load, the greater the channel 

sinuosity. They conclude that at very low sediment load, 

the channels remain straight. Those observations in part 

are applicable to the Rillito Creek system because, 

coincidentally, some reaches with well-developed bars did 

have noticeable bank erosion at their opposite side. 

In spite of the fact that sediment load can be 

considered an independent variable that influences the 

sedimentological dynamics in the Rillito Creek, the lack of 

data makes difficult to achieve more conclusive results. 

Therefore, sediment analysis has been considered in this 

study as no less important. The Rillito Creek is 

classified as a bed-load channel, according to the results 

of mechanical analysis, and it is indicative of a very 

movable streambed material with very low content of clayey 

material, which usually is found forming thin surficial 
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layers after a discharge, especially in the shoals or the 

bottom of gravel pits. In addition, if the processes of 

sedimentation vary laterally in a given cross-section, the 

final product is a set of cumulative curves that does not 

deviate substantially from the normal. Figures 22 through 

36 represent the grain size distribution and reveal a 

typical fluvial system in which the sand fraction 

predominates with an occasional clayey and silty fraction. 

It is important to indicate that a gravel fraction does 

exist; however, it has not been analyzed because it mostly 

forms part of the bar formation that was analyzed 

qualitatively. Somogyi (1967) concludes that an analysis 

of river bed material provides enough information needed to 

distinguish between course types of alluviation, 

equilibrium or degradation. 



CHAPTER 8 

SUMMARY 

The Rillito Creek system has experienced remarkable 

changes since the early 1800s. In that time the stream 

channels constituted a system in which the floodplains were 

easily inundated during the season of normal precipitation 

and low discharge. It seems that the land use, especially 

overgrazing, in times of drought between 1890 and 1905 

might have caused more runoff and channels started to 

entrench and widen, so that the stream was able to carry 

more water than before without overflowing the floodplain. 

Wherever the bank has a height of 2 meters or more, the 

overtopping is difficult. 

During the twentieth century torrential precipita

tions have triggered great discharges such as in 1915 

(59,000 cfs), 1916 (26,000 cfs), 1966 (26,000 cfs) and 

October 1983 (27,000 cfs); the latter is considered one of 

the most catastrophic events of the last eighty years 

because it occurred in a period of six days. The 1915 

event is not comparable to 1983, because the former 

happened over a longer period. 

119 
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The idea that damages in a fluvial system occur 

when it approaches the 100-year flood is doubtful if one 

observes that the Rillito Creek did not reach this mark of 

32,000 cfs established by the Federal Emergency Management 

Agency (1982). Indeed, extensive bank erosion and stream-

bed lowering took place at lower discharges because of the 

combined effects of natural and induced processes. 

Through the analysis of 17 cross-sections, it was 

demonstrable that four principal factors linked to the 

discharge influenced the overall channel changes of the 

river: (1) composite bank structure; (2) lateral migration 

and self-adjustment of the stream owing to local differ

ences in gradient (cross-sectional form); (3) pronounced 

bending; and (4) human activities. 

.Quantitative analysis reveals that noticeable 

increase in channel width occurred along the Rillito Creek, 

in which a maximum of 97.53 meters and an average of 26.2 

meters of widening was measured. Consequently, as much as 

75.49 acres (306,571.08 m^) of bank was cut and 851,497.28 

3 
cubic meters (m ) of bank material was eroded away during 

the discharge. 

The asymmetry indices A*, A^ and A2 were calculated 

at each one of the 17 cross-sections, and they were useful 

in describing the horizontal and vertical shape of the 

channel. The A* and A^ indices indicate the horizontal 
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asymmetry and the index indicates the horizontal and 

vertical asymmetry. The values obtained for the A* index 

reveal that the cross-sections C, El, F, II, 12, K, L, M, N 

and P are asymmetric, that the cross-sections B and G are 

symmetric and that the cross-sections A, D, E, 2, H and 0 

are almost symmetric. The curve obtained by plotting A* 

against the A ̂  / A ̂  ratio indicates that the Rillito Creek is 

in an incipient stage of meandering. T.he A^ index is a 

modification of the A* index and the results also correlate 

with the A* values; therefore, the cross-sections C, El, F, 

II, 12, K, L, M, N and P also can be grouped as asymmetric. 

The index is more restricted than A* and A^, but is more 

accurate. The A^ values show that at the cross-sections D, 

F and H the channel is perfectly rectangular. Other values 

close to zero, as in cross-sections B, E2, G, L and P, are 

indicators of vertical symmetry. 

Measurements of sinuosity index along the Rillito 

Creek reveal that despite the great amount of bank erosion, 

the general configuration of the channel remained almost 

the same. The sinuosity index measured before and after 

the October 1983 discharge was 1.11. These identical low 

indices indicate that bank erosion did not change the 

sinuosity of the river, and it retained the index of 

straight channels. A straight channel displays a sinuosity 

index of 1.0. 
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Sandy bars and their armoring appear to be linked 

to processes of bank erosion. Damages to bridges and 

buildings built near the channel were caused by diversion 

of the flow due to the location of coated sandy bars at 

their opposite side, such as occurred at the north and 

south side of the First Avenue Bridge and at the north side 

of the Campbell Avenue Bridge. 

Comparison of pre-flood and post October 1983 flood 

longitudinal profiles of the Rillito Creek revealed changes 

in streambed elevation. By matching the curve obtained by 

the author and the curve calculated by the Federal 

Emergency Management Agency in 1982, streambed lowering has 

occurred. Generally greater differences were found 

downstream of La Cholla Boulevard, and a maximum of 6.6 

feet (2.01 m) was measured at the confluence with the Santa 

Cruz River. In general, the streambed lowered downstream; 

however, from Dodge Boulevard through North Oracle Road 

this pattern was difficult to observe, because of the works 

of bank protection undertaken along this reach. Based on 

the differences in streambed elevations, an approximate 

volume of 3.4+ million cubic meters of bed sediment was 

removed during the streamflow. The amount of material that 

was transported from the streambed should have been larger, 

but part of it was recovered by sedimentation. This 

difference of streambed elevation leads us to conclude that 
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processes of degradation were dominant in the Rillito Creek 

during the October 1983 discharge. 

The width-depth ratio calculated before and after 

the October 1983 event at the 17 cross-sections reveals 

that the ratios decreased steadily to the confluence with 

the Santa Cruz River. The ratios indicate that there 

probably will be more erosion on the bank than on the 

bottom of the channel, on the presumption that the velocity 

of the flow in rectangular channels increases toward the 

sides of a river as the width/ratio decreases. In the 

middle part of the Rillito, especially at cross-sections 

E2, G, H, II and 12, the width/ratio increased but this 

must be related to the works of bank protection at this 

part of the reach, in which a great amount of earthen 

material has been added. At the cross-section N there was 

an increase in the ratio, but this part of the river also 

has been modified. 

Sediment analysis of streambed materials showed 

that the distribution of the material is balanced almost 

60/40 percent between the sandy coarse and fine fractions. 

Of 86 samples that were chosen along the Rillito Creek, 48 

of them depicted a skewness or asymmetry inferior to 1, 

that is, higher selection in the coarse grains; 36 of them 

showed a skewness superior to one, that is, higher 

selection in the fine grains; and two samples showed a 
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skewness equal to one, that is, a perfect selection. 

Perhaps the results do not indicate anything conclusive 

about the sedimentological dynamics in this fluvial system, 

because the distribution of the particles across the river 

occurs according to differences in channel shape, width, 

gradient and the particle sizes themselves. For example, 

the bars tend to trap particles of any size, but especially 

the gravel fractions. The lowest portion of the channel 

usually accepts the finer sediments. Considering that the 

dominant material in the system is coarse and fine sand, 

the Rillito Creek can be designated a bed-load channel in 

which, during a discharge, the material is easily removed 

and transported from the streambed. 

Conclusions 

On the basis of field reconnaissance, photointer-

pretation and quantitative analysis, it can be concluded 

that extrinsic and intrinsic morphodynamic factors have 

affected the Rillito Creek system and have created an unbal

anced, or disequilibrium situation. The response of this 

fluvial system before a condition of great discharge such 

as occurred in the October 1983 event, was linked to bank 

composition, streambed material, streambed configuration, 

and human activities. Based on all the characteristics 

mentioned above, it is possible to enumerate the following 

conclusions: 
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Bank composition (including parent material and 

artificial filling) offers little resistance to the 

process of erosion. Therefore, the banks have 

undergone a continuous retreat that has placed the 

system in an incipient stage of meander formation. 

Bank erosion is linked to streambed configuration. 

The greater the horizontal and vertical asymmetry, 

the greater the bank cutting toward the deepest 

side of the channel. 

Greater instability is predicted in the lower 

portion than in the higher portion of the Rillito 

Creek system, because the process of degradation is 

more intense in that part of the reach. 

The sorted streambed material will keep creating 

opportunities for degradation or stream channel 

lowering. 

Processes of degradation, together with gravel pit 

operations, will contribute to changes in channel 

slope and to changes in local base level. 

Chanel widening and streambed lowering are two 

processes that can occur, or not occur, simultane

ously, depending on the discharge. For instance, 

during low discharges the bank will continue to 

collapse, whereas the streambed will adjust to 

either sedimentation or scouring. 
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7. Bank protection can prevent channel widening, but 

at the same time it can create appropriate 

conditions of high flow velocities on the stream 

bed, and consequently, predominant process of 

degradation or stream bed lowering. 

8. The decrease in width/depth ratio may increase the 

risks of bank erosion during periodic flood flows. 

Recommendations 

Based on the experience gained through the 

application of conventional methods and the results 

obtained from field work in the Rillito Creek, the 

following recommendations are made: 

1. To establish a system for regularly collecting data 

on sediment load in order to improve future 

interpretations of channel change morphology; 

2. To perform periodic dredging of bar formation in 

order to control the vertical asymmetry of the 

channel and bank erosion; 

3. To establish control points for periodically 

measuring bank collapse; 

A. To create artificial armoring situations with 

unsorted material in reaches which are susceptible 

to degradation due to the mobility of existing 

sediment; 
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5. To construct longitudinal profiles at the same 

control points indicated in Figure 11, and after 

any heavy rain in order to determine changes in 

stream bed elevations. 



APPENDIX 

LONGITUDINAL PROFILE CALCULATIONS 

Back-sight HI Elevation 
Station (BS) (Inst. Height) Foresight (feet) Location 

1H 3' 11" 2A2A' 11" 8' 5.5" 
2421' 
2416' 

00" 
5.5" 

Craycroft 

2H 3' 2.5" 2A19' 8" 6' 8.0" 2413' 0.0" 
3H 3* 1.5" 2A16' 1.5" 6' 6.0" 2409' 7.5" 
AH 2' 6.0" 2A12' 1.5" 6' 6.5" 2405' 7.0" 
5H 3* 00" 2A08' 7.0" 6» 4.0" 2402' 3.0" 
6H 3' 00" 2A05' 3.0" 6' 11.0" 2398' 4.0" 

Swan 
7H 3' 7.5" 2401' 11.5" 6' 7.0" 2395' 4.5" 

Swan 

8H 3' 1.0" 2398' 5.5" 6' 5.5" 2392' 0.0" 
9H 2' 11.5" 239A' 11.5" 6' 1.5" 2388' 10.0" 
10H 2' 11.0" 2391' 9.0" 7' 8.5" 2384' 0.5" 
11H 0' 2.0" 238A1 2.5" 0' 2.5" 2384' 0.0" 
12H 5' 0.0" 2389' 0.0" 8' 00" 2381' 0.0" 
13H 3' 5.0". 2384' 5.0" 4' 9.0" 2379' 8.0" 
1AH 1» 8.0" 2381' 4.0" 5' 10.5" 2376' 5.5" 
15H 2' A.O" 2378' 9.5" 5' 8.0" 2373' 1.5" 
16H 2' 6.0" 2375' 7.5" 5' 1.0" 2370' 6.5" 

Dodge 
17H 6' 7.0" 2377' 1.5" 4' 3.0" 2372' 10.5" 

Dodge 

18H 2' 2.0" 2375' 0.5" 6' 10.5" 2368' 2.0" 
19H 2' 8.0" 2370' 10.0" 6' 4.0" 2364' 6.0" 
20H 3' 8.0" 2368' 2.0" 6' 9.6" 2361' 2.4" 

Top of the 
right bank 

21H 7' 8.0" 2368' 10.4" 10 ' 8.0" 2358' 2.4" 
Top of the 
right bank 

22H 2' 8.0" 2360' 10.4" 5' 7.0" 2355' 3.4" 

Top of the 
right bank 

23H 0' A. 5" 2355' 7.9" 7' 2.0" 2348' 5.9" 
2AH 3' 11.0" 2352' 4.9" 6' 5.0" 2345' 11.9" 
25H 3' 5.0" 2349' 4.9" 6' 3.5" 2343' 1.4" 
26H 3'. 8.5" 2346' 9.9" 5' 7.5" 2341' 2. A" 
27H 3' 6.5" 2344' 8.9" 6' 5.0" 2338' 3.9" 
28H 3' 6.0" 2341' 9.9" 6' 6.0" 2335' 3.9" 
29H 3' 2.75" 2338' 6.75" 6' 8.5" 2331' 10.25" 
30H 5' A. 75" 2337' 3.0" 7' 5.0" 2329' 10.0" 
31H 4' 11.5" 2334' 9.5" 7' 2.5" 2327' 7.0" 

Campbell 
32H 3' 3.0" 2330' 10.0" 6' 9.0" 2324' A.O" 

Campbell 

33H 4' 0.0" 2328' 4.0" 6' 8.0" 2321' A.O" 
3AH 3' 7.0" 2324' 11.0" 6' 6.0" 2318' 5.0" 
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APPENDIX -- Continued 

Back-sight HI Elevation 
Station (BS) (Inst. Height) Foresight (feet) Location 

35H 4' 9.25" 2323' 2.25" 6' 3.0" 2316' 11.25" 
36H 4' 6.25" 2321* 5.5" 7' 7.5" 2313' 10.00" 
37H 0' 2.5" 2314' 0.5" 5' 3.5" 2308' 9.0" 
38H 3' 5.25" 2312' 2.25" 7' 0.0" 2305' 2.25" 
39H 2' 7.25" 2307' 10.5" 6' 10" 2301' 0.5" 
40H 3' 4.0" 2304' 4.5" 6» 10.5" 2297' 2.0" 
41H 3' 4.5" 2300' 6.5" 6' 6.0" 2294' 0.5" 
42H 3' 3.0" 2297' 3.5" 5' 7.0" 2291' 8.5" 
43H 3' 3.0" 2294' 11.5" 7' 2.5" 2287' 9.0" U 

44H 3' 7.0" 2291' 4.0" 5' 9.0" 2285' 7.0" 
45H 3' 1.5" 2288' 8.5" 6' 3.0" 2282' 5.5" 
46H 3' 8.25" 2286' 1.75" 6' 0.0" 2280' 1.75" 
47H 2' 1.0" 2282' 2.75" 7' 4.0" 2274' 10.75" 
48H 3' 9.0" 2278' 7.75" 6' 10.0" 2271' 9.75" 
49H 3' 2.0" 2274' 11.75" 6' 8.0" 2268' 3.75" 
50H 3' 2.25" 2271' 6.0" 5' 11.25" 2264' 7.25" 
51H 3' 5.25" 2268' 0.5" 6' 1.12" 2261' 11.38" 
52H 4' 6.75" 2266' 6.13" 6' 2.50" 2260' 3.63" 
53H 0' 9.75" 2261' 0.38" 6' 8.75" 2254' 3.63" 
54H 3' 7.0" 2257' 10.63" 6' 10.12" 2251' 0.51" 
55H 3' 0.0" 2254' 0.51" 7' 2.25" 2246' 10.26" 
56H 4' 4.35" 2251' 2.61" 7' 6.5" 2243' 8.11" 
57H 4' 5.0" 2248' 1.11" 6' 10.25" 2241' 2.86" 
58H 8' 11.25" 2245' 2.11" 7' 1.5" 2238' 0.61" 
59H 3' 4.50" 2241' 5.11" 6' 7.75" 2234' 9.36" 
60H 3' 0.0" 2237* 9.36" 6' 11.12" 2230' 10.24" 
61H 2' 7.25" 2233' 5.49" 5' 8.0" 2227' 9.49" 
62H 4' 7.25" 2232' 4.74" 7' 3.25" 2225' 1.49" 
63H 2' 7.75" 2227' 9.24" 5' 10.25" 2221' 10.99" 
64H 2' 5.0" 2224' 3.99" 8' 2.75" 2216' 1.24" 
65H 4' 4.5" 2220' 5.74" 6' 0,0" 2214' 5.74" 
66H 3' 4.0" 2217' 9.74" 6» 5.25" 2211' 4.49" 
67H 3' 7.25" 2214' 11.74" 8' 1.25" 2206' 10.49" 
68H 3' 9.0" 2210' 7.49" 6' 1.0" 2204' 6.49" 
69H 3' 6.87" 2209' 1.36" 7' 10.0" 2201' 3.36" 
70H 5' 0.12" 2206' 3.48" 6' 11.25" 2199' 4.23" 
71H 3' 8.0" 2203' 0.23" 8' 3.0" 2194' 9.23" 
72H 3' 2.75" 2197' 11.98" 7' 10.0" 2190' 1.98" 

Oracle 

La Canada 

La Choila 

Pac. R.R. 

Int.-10 

Santa Cruz 
River 
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•W rV(â l; !ilMW-?r.'/• 

,<? •? w ! ! s r »t 
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