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EXECUTIVE SUMMARY

An erosion study has been conducted of the Arroyo de las Calabacillas
(hereafter Calbacillas Arroyo) to develop criteria for future development
adjacent to the arroyo in the»lower reach. The project area was the mainstem
of Calabacillas Arroyo from Coors Road west to the confluence of the north and
west forks of the arroyo, thence along the north fork to the
Bernalillo-Sandoval County line. The specific result of the sﬁudy was a map

delineating boundaries, referred to as offset tangents, along both sides of

the arroyo beyond which development would not be prudent.

Definition of the term "srudent"” for purposes of this study is based on
the concepts of hydrologic uncertainty. The offset téngents are based on a
consideration of the erosion potential of both a single, large-~scale hydro-
logic event (short term) and the cumulative impact of a series of smaller
events over the long tefm.‘ In this context the operaticnal definition of the
term prudent is to avoid any risk associated with the single-event erosion and
flooding potential of a 100-year flood, or the cumulative erosion potential of
a series of smaller flows extending over a 25-year period, whichever is
greater.

For the short-term event it is important to realize that both erosion and
flooding potential are considered. Consequently the study results are in
accordance with FEMA guidelines. The 100-year flood plain boundaries for
Calabacillas Arroyo were established previously by another engineering firm,
and their results were adopted in this study. Additionally, available hydro-
logic information was accepted as-is; however, hydrologic data were adjusted
to reflect the influence of the proposed 7-Bar channel entering Black's
Diversion, which is a tributary to the Calabacillas Arroyo in the. lower por-
tion of the study reach. '

- The basic erosion analysis involves the first two levels of the Simons,
Li & Associates, Inc. (SLA) three-level approach. Level I is a gqualitative
geomorphic analysis and Level II is a basic engineering analysis. The more
complex water and sediment routing téchniques of Level III were not considered
necessary for this study. Level I analysis is based primarily on available
data, observations and information collected du:ing a three-day site recon-
naissance, historical aerial photographs, and SLA's extensive experience in

the analysis of ephemeral streams and arroyos. Level II analysis involves

vii



primarily an application of the sediment continuity principle based on
hydraulic data generated for the flood insurance study. . Results of Level I
analysis provide valuable information and insight for Level II analysis.

Calabacillas Arroyo is a steep, relatively straight channel with a large

i
width-to-depth ratio. Characteristics of the watershed and the large alluvial I
fans present at the mouths of tributaries indicate that a large sediment load 1
is delivered to the system. Typical of many streams and arroyos in the south-
west, Calabacillas Arroyo is a dynamic system with significant potential for l
lateral and'vertiéal instability.

01d meander scars in the middle third (see Figure 3.3) of the study reach l
document the long-term historical lateral instability that is possible. More
recent activities, as documented by aerial photographs spanning 45 years, have I
included straightening of the channel in the lower third (see Figure 3.4) and
significant disturbance due to man in the upper third (see Figure 3.2). .

Excavation of a large borrow pit at the confluence of the north and west forks

will impact the entire system for many years to come. The most significant

- impact will be degradation downstream of the borrow pit as the pit refills
with sediment. Lateral stability in the reach immediately below the borrow
pit (middle third) can be documented historically and suggests that the chan-

nel is strongly influenced by the steeply sloping mesa edge to the south.

Data available for the lower third are adequate for a longitudinal pro-
file analysis. Changes in the thalweg elevation over the last eight years in
this reach suggest significant vertical instability is possible over rela-~ E
tively short time periods. Degradation of four to five feet along the thalweg
was documented with both degradation and aggradation occurfing over a rela-
tively short reach of the channel. The observed headcut in the vicinity of
Black's Diversion channel was well documented by this analysis.

Level II analysis provides quantitative estimates. of aggradation/
degradation (changes in the vertical direction) and lateral migration (changes
in the horizontal direction). The analysis was based on available hydraulic
data, the sediment continuity principle and the slip circle principle for
evaluating soil and bank stability. Initial results indicated that it would
require over 40 years to refill the borrow pit excavation. . Consequently, the
borrow pit was assumed to remain throughout the 25-year period defined for
long-term analysis. In degradational subreaches such as the subreach below

the borrow pit, maximum lateral migration potential was estimated by assuming

viid




v

the required volume of erosion came entirely from the,channél banks.: Further-
more, in the absence of geoloqicalycontrols the entire erosion amount was
first assumed to come from one bank and then the other, since it is not
possible to precisely determine the direction the channel will meander.

Degradational reaches that have not shown significant lateral movement

- historically, for example the subreach upstream of Coors Road, were evaluated

by a slip circle analysis to estimate the maximum bank height possible before
failure from vertical incision and bankline undercutting. ‘

"Of fset tangents were then evaluated considering results of both Level I
and II analyses and the established flood plain boundary-. The governing phy-
sical processes were considered in establishing the mode of lateral migration
most applicable to a given subreach of the study area. For example, in the
subreach below Golf Course Road, historical evidence as established in Level I
analysis indicated significant lateral migration potential. Consequently, the
historical meander belt was used to define the offset tangents in this
subreach. In the subreach above Coors Road the slip circle analysis defined
the offset tangents, and in the subreach below the borrow pit the assumétion
that all erosion occurred from the bankline established offset tangents. In
all cases, the 100-year flood plain boundary was used as the minimum possible
offset tangent.

The resulting offset tangents defined the boundaries beyond which it was
not considered prudent to develop without channel improvements. The results
indicate that beyond the 100-year flood plain boundary approximately 100 acres
of land should not be developed without channel improvements. Based on pro-
posed platting, approximately 150 lots are contained within the offset
tangents; however, about thirty-five percent of these lots are also located
within established 100-year floodway boundaries defined on FEMA Flood Boundary
and}Floodway maps. Adoption of FEMA guidelines prohibits all develomment
within the floodway. An additional twelve percent of the total lots impacted
by offset tangents are situated within the 100-year flood plain and can only
be developed if a floodway is constructed. The recommended offset tangents
were established using the best information available and state~of-the-art
analysis techniques and represent limits for development that are neither

overly conservative, nor subject to excessive risk.
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I. INTRODUCTION
1.1 Problem Statement

The Arroyo de las Calabacillas (hereafter Calabacillas Arroyo) drains an
area of approximately 100 square miles in northwestern Bernalillo County and
south central Sandoval County, New Mexico. Presently, the drainage basin is
largely undeveloped; however, development pressures are increasing from Rio
Rancho to the north and Paradise Hills to the south. Although Calabacillas
Arroyo is predominantly a dry channel, flowing only in response to rainfall,
the size and characteristics of the drainage area creates the potential for
significant floods in the arroyo system. Coupled with this potential for
large flows is the erosion potential of bed and bank materials, which are
generally silty sands.

To develop criteria for controlling and permitting future development
adjacent to the banks of Calabacillas Arroyo, Simons, Li & Associates, Inc.
(SLA) was retained by the Albuquergue Metropolitan Arroyo Flood Control
Authority (AMAFCA) té conduct an erosion study of the Calabacillas Arroyo.
Specifically, this study was undertaken to develop a map delineating boun-
daries, referred to as offset tangents, along both sides of the arroyo beyond
which development would not be prudent. An operational definition of
"prudent" is provided in Section 1.2. . This report describes the methods of

analysis and rationale used to develop the offset tangents.

1.2 Operational Definition of the Term "Prudent"

An operational definition of the term "prudent" for purposes of this
project should be related to the concepts of hydrologic uncertainty. For
example, adopting a design flood for a given project requires a consideration
of flood characteristics and flood frequencies, as well as economic and other
practical considerations. 1In the design of flood control projects it would
obviously be desirable to provide protection against the maximum probable
flood, if this were feasible within acceptable limits of cost. However, it is
séldom practical to provide absolute protection, and, as a rule, some degree
of risk must be accepted. The problem, then, is one of relating the term
"prudent” to an acceptable degree of risk. That risk is commonly based on the
calculated return period (recurrence interval) of a hydrologic event.

The National Flood Insurance Program establishes as a precedent that when

considering hydrologic events it is generally not considered an exercise of

sound judgment to accept a degree of risk any greater than that associated
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with the 100-year event (base flood). With reference to the calculated risk
diagram (Figure 1.1), using the 100-year event as a basis for the definition
of prudent implies that there is a 90 percent certainty that the event will
not occur in a 10-year period and about 78 percent certainty that it will not
occur in 25 years. Conversely, this means acceptance of a calculated risk of
10 percent in a 10-year period and 22 percent in a 25-year period if offset
tangents are based on the erosion and flooding potential of a 100~-year flood.
Asking a property owner to accept a greater risk than this would not appear to
be prudent.

While damages due to flooding are generally associated with a single,
short-term event, the impacts of erosion can also be cumulative over the long
term. Conseguently, one should assess the erosion potential of not only a
single event such as a 100~-year flood, but also the cumulative impact of a
series of smaller flows. One approach to evaluating long-term erosion impacts
is to develop a "representative" annual storm and then to extrapolate iﬂ time
the effect of this stofm. This concept is similar to the practice in hydrol4
ogy of adopting the two-year flood as being representative of the annual
event; however, for purposes of long-term erosion the representative annual
event can be more accurately defined by a probability weighting of the erosion
resulting from several single storms (see Section 6.5). Using this methodol-
ogy SLA has found that the representative annual storm for erosion purposes
will generally be equivalent to the single event erosion associated with a
storm of a 5- to 10-year magnitude.

After establishing the representative annual storm for erosion purposes,
the duration in years defining the "long term" must be established. Based on
both the limitations of the probability weighting apprbach and the single-
event probability of_oécurrence of a 100-year flood in a 25-year period (22
percent), a reasonable definition of the "long term" for purposes of this
study is 25 years. Thus the offset tangents determined by this study repre-.
sent the envelope established by the reach-by-reach calculation of the erosion
potential of either the 100-year f£lood (short term) or the cumulative impact
of a series of smaller events over a 25-year period (long term).

In this context, the operational definition of the term "prudent" for
this study is to avoid any risk greater than that associated with the single-

event erosion and flooding potential of a 100~year flood or the cumulative

erosion potential of a series of smaller flows extending over a 25-year
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1.4

period, whichever is greater. The selection of this definition is supported
by the short- and long-term degree of risk associated with the 100=-year return
period event, the accuracy of the methodology used for estimating long-term
erosion impacts if extrapolatéd beyond a 25-year period, and the legal and
policy precedents of the National Flood Insurance Program. It could be argued
that the short- and long-term processes are not mutually exclusive and that
the erosion rates should be additive ih each subreach, but this seems far too
conservative for the purposes of this study. In addition, the computational
procedure for the long term includes the weighted probability of occcurrence of

a 100-year event in any given year, so.its impact has not been overlooked.

1.3 Scope of Work

The primary objective of the project was to establish offset tangenﬁs
along Calabacillas Arroyo beyond which development would not be prudent. The
offset tangents were détermined from consideration of short- and long-term
erosion potential and the 100-year flood plain boundary. To establish offset
tangents it was necessary to accomplish a field reconnaissance and data
gathering, a qualitative assessment of the watershed and channel system, and a
quantitative analysis based on HEC-2 hydraulic data and the sediment con-
tinuity concept. Available hydraulic data included the 100-year flow rates
established in the "Drainage Management Plan, Western Albuquerque Metropolitan
Area" (1975) as well as the preliminary results of a Flood Insurance Study
{Augqust 18, 1982).

To accomplish project objectives the following scope of work was adopted
for this study.

1. Collect, collate, review and evaluate available hydrologic, hydraulic,

cross-sectional, aerial photographic, structural, sediment transport and
soils data pertinent to the proposed study.

2, Conduct a field reconnaissance of the watershed and channel system and
accomplish the necessary field work to £ill gaps in the existing data
base with the bulk of the field work devoted to obtaining sediment
samples from the watershed area and bed, banks, and overbank areas of the
channel in the study reach. Conduct laboratory analysis of the sediment
samples and develop gradation curves.

3. Perform a qualitative geomorphic analysis using available data, histori-
cal information, aerial photographs, and geomorphic principles to iden-
tify key factors that govern the bank stability of the arroyo system.
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4. Using existing hydrologic data, determine hydrographs for the 2-, 10-,
25-, and 100~-year return period events and select flow ranges to fully
describe the 100-year flood. '

S. Review available HEC-2 data and modify as necessary. Establish hydraulic
conditions for the selected discharge levels used to characterize the
100~year flood.

6. Develop a sediment transport relationship for the arroyo system.

Te Based on the hydraulib and sediment transport data, analyze the sediment
balance in the arroyo by characteristic subreaches for selected flows and
determine aggradation/degradation trends by subreach.

8. Determine the equilibrium slope for the selected subreaches of the arroyo
system for a range of discharges.

9. Using the results of the qualitative geomorphic assessment and the analy-
sis of aggradation/degradation trends and equilibrium slopes, evaluate
the lateral migration potential of the channel in the study area con-~
sidering both short-term (100-year flood) and long~-term response.

10. Determine offset distances and delineate boundaries along both sides of
the channel beyond which development would not be prudent.

11. Develop legal descriptions of the offset tangents and relate to existing
survey data (section corners, platting, and/or the New Mexico plane grid
system).

12, Make an oral presentation on the study results and rationale for the
recommended boundaries to the AMAFCA Board of Directors and submit a
final project report and maps showing boundary tangents and legal
descriptions of the tangents. These will be presented on mylar base
maps provided by AMAFCA.

1.4 General Solution Procedure

The solution procedure developed and used by SLA for all problem sﬁlving
efforté involves up to three levels of analysis. The multiple level solution
approach stresses that knowledge of governing physical processes plays the
most important part in deciding an appropriate level of mathematical analysis.
If the governing physical processes are emphasized in the énalysis, the degree
of complexity required to represent the physical system can be defined.

Level I analysis is gualitative, involving application of geomorphic con-
cepts (geomorphology is the study of surficial features of the earth and the
physical and chemical processes changing landforms, while fluvial geomor-

phology is the morphology {and mechanics) of rivers and river systems). Level
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II is quahtitative, involving more complex geomorphic concepts and basic engi-
neering relationships; ILevel III is guantitative based on detailed mathe-
matical modeling. Most problem solving efforts begin with Level I. The
general knowledge obtained from this level provides understanding and direc-
tion to Level II or III quantitative analysis. Additionally, governing physi-
cal processes are usually identified in the general solution of Levels I and
IT, allowing proper selection (or development) of a model for Level III that
is efficient to use and applicable to the problems being analyzed. The three-
level approach has been used extensively by SIA and has been found to provide
the most efficient analysis approach with the greatest accuracy for a given
problem. Additionally, all results and conclusions are cross-checked to the
other levels of analysis.

To complete the proposed scope of work for this study only Levels I and
II are necessary. The more complex approach of water and sediment routing
with computer modeling £echniques as applied in a Level III analysis is not
considered necessary. Level I analysis is based primarily on available data,
information collected during the field reconnaissance, and SLA's extensive
experience in the analysis of ephemeral streams and arroyos. Level II analy-
sis involves primarily application of the sediment continuity principal based
on HEC~-2 hydraulic data. The qualitative and quantitative evaluations of
lateral migration potential are based on the results of Level I and II

analyses.
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2.1

II. PHYSICAL DESCRIPTION OF THE STUDY AREA
2.1 General

Calabacillas Arroyo is located in northwestern Befnalillo County and
south central Sandoval County, New Mexico, and is tributary to the Rio Grande
at a location north of the city of Albuquerque, New Mexico. The arroyo is
located in the West Mesa region of Bernalillo cQunty.A\The study reach was
defined as the mainstem of the arroyo from State Highway 448 (Coors Road) west
to the confluence of the north and west forks of the érroyo, thence along the
north fork to the Bernalillo~-Sandoval County line. The downstream boundary of
the study (Coors Road) is approximately 2,000 feet upstream of the confluence
with the Rio Grande where six 180-inch culverts pass f£low under Coors Road.

Figure 2.1 illustrates the study boundaries.

2.2 Climate and Flood Potential

The climate in the'Albuquerque Region is classified as arid continental
with an average annual precipitation of seven to ten inches. Half of this
precipitation falls from July to October, typically as brief, heavy thunder-
storms. An average of 44 such storms occur each year, mostly during this
period (SCS, et al., 1977). Consequently, flash flooding is common when
runoff from these short but intehse thunderstorms is concentrated in local
arroyos. This runoff is commonly delivered to populated low-lying portions of
the region, where it spreads and inundates large areas, often causing
widespread damage although seldom leading to a risk of loss of human life
{Matotan, 1975). Flooding of this type can result from both the East and West
Mesas flanking the Rio Grande. Flooding of the Rio Grande flood plain is alsoc
possible from the Rio Grande itself due to rapid snow melt or widespread

thunderstorms.

2.3 Soils

The soil association in the study reach is the Bluepoint-Kokan asso-
ciation, the same as the Rio Grande and Rio Puerco river valleys. The
Bluepoint soil series consist of deep, somewhat excessively drained soils with
rapid permeability that formed in sandy alluvial and eolian sediments on allu-
vial fans and terraces. The Kokan soil series consist of deep, excessively
drained soils with rapid permeability that formed in old alluvial sand and

gravel of mixed sources. Throughout the study reéch, Calabacillas Arroyo lies
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Figure 2.1. Study area.




2.3

in a Bluepoint loamy fine sand (BCC) for which runoff is slow and the hazard
of soil blowing severe. In the lower portions of the study reach, areas of
Bluepoint fine sand (Bb) are found on gently rolling to rolling terrain. This
soil is commonly found in areas near basalt flows. In approximately the upper
half of the study reach, the arroyo is bound in several places by a hilly for-
mation of the Bluepoint-Kokan association (BKD) consisting of Bluepoint soil
on fans between gravelly ridges of the hilly to steep Kokan soii. The other
predominant soils in the watershed are Madurez loamy fine sana (MaB) and -
Madurez-Wink association (MWA) of the Madurez series consisting of deep, well
drained soils with moderate permeability that formed on piedmonts in old
unconsolidated alluvium modified by wind. Figure 2.2 shows the major soil
series in the study region. Several important traits for the specific soil

series mentioned above are summarized in Table 2.1.

2.4 Geology

Geologically, the study area lies in the Albuquerque Basin, the middle
part of the Rio Grande Valley which extends northward through the length of
New Mexicos The basin (or trough) is roughly 102 miles long, north to south,
and defined east to west by adjacent uplifts 25 to 50 miles apart. The total
thickness of sedimentary deposits in the Rio Grande trough exceeds 20,000
feet.  Of this total, the upper one~half were deposited during subsidence of
the trough and consist of flood plain deposits, terraces, dunes, alluvial fans
and cones, spring deposits, caliche blankets, landslides, and some pediments -
all directly expressing present landforms (XKelley, 1977). During Quaternary
dissection of the basin, numerous terraces were formed along-:the sides of the
Rio Grande. The mesa surfaces both north and south of Calabacillas Arroyo are
river terraces, the surfaces of which lie about 200 feet above the presént
elevation of the Rio Grande.

A geologic map of the Albuquerque Basin (Kelley, 1977) shows that the
dominant formation in the Calabacillas drainage basin, indeed the major body
of sedimentary deposits in the Rio Grande depression, is sands and gravels of
the Santa Fe formation. Other deposits indicated in the Calabacillas drainage
basin are thin layers of pediment gravels and sands of the Ortiz surface,

eolian sand deposits and alluvium.




SANDOVAL COUNTY

BERNALILLO COUNTY

v-Z

PARADISE
HILLS

L —P——

Symbol Name

Bb Bluevoint fine sand
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Figure 2.2 Major soil series in study region.




Table 2.1, Characteristics of Soils in the Study Area.

Degree and

Soil Series and Permeability Limitations for Hydrologic

Map Symbol USDA Texture Range Range (in/hr) Shallow Excavation Soil Group
Bluepoint (BCC) Loamy fine sand 6-20 Severe~cutbanks cave A
‘ (Bb) Fine sand
Bluepoint-Kokan loamy fine gravel to very 6-20 (Bluepoint) Severe-cutbanks cave, A ' ®
{ BKD) gravelly sand ~ 0.6~2.0 (Kokan) small stones wn
Madurez (MaB) Fine sandy loam, sandy clay 0.6-6.0 Slight B

(MWA) loam, loamy fine sand, sandy

loam
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Located to the south of Calabacillas Arroyo is the Albuquerque volcanic
field. Relley (1974) describes six flow sheet eruptions of the Al buquerque
volcanos. The second of the six lava flows reached as far northward as
Paradise Hills. This sheet eruption was thin (6 to 20 feet) and rather
smooth, indicating high fluidity (Kelley, 1974). The lava flow rests on and
is surrounded by sands and gravels of the Santa Fe formation. In the vicinity
of Paradise Hills, sands and gravels have been washed down onto the basalt
surface from sources higher in elevation to the west. According to Kelley
(1977), with the exception of some surficial and marginal erosion, the
Albuquerque volcano field has remained essentially the same since its

formation.




ITII. QUALITATIVE GEOMORPHIC ANALYSIS |

3.1 General Approach

Qualitative geomorphic analysis employed in Level I relies strongly on
individual expertise and practical experience with similar physical systems.
Qualitative geomorphic techniques are based primarily based on a well-founded
understanding of the physical processes governing watershed and river
response. Therefore, an important first step is to assemble and review pre-
vious work and data applicable to the study area, and for key project par-
ticipants to become familiar with the study area. A site visit by key person-
nel ensures identification of important characteristics of the study reach.

After completing the necessary site visits there are a number of
simplified concepts and procedures that contribute to a qualitative analysis.
These include analysis of aerial photography and bed and bank material com—
position, arroyo profile analysis and application of relatively simple rela-

tionships describing basic geomorphic concepts.

3.2 Site Visit Observation

During the week of November 8, 1982, a site-visit trip was made by SIA
personnel. The purpose of this trip was to gather available documents related
to the study, to collect soil samples from the bed and banks of the arroyo and
the surrounding watershed, and to gain better understanding of the physical
conditions existing in the study reach. Reconnaissance of the main arroyo
channel and the surrounding watershed was undertaken to assess present con-
ditions in the study reach, pinpoint potential problem areas, and identify
physical features significant for the analysis. General observations and
conclusions that resulted from the site reconnaissance are summarized below.

During the site visit, several features significant to an erosion/sedi-
mentation study of the Calabacillas system were noted. In particular, a large
excavated area (borrow pit) was found to exist in the main channel at the
confluence of the north and west forks of the Calabacilias. Plate 3.1, taken
from a commercial flight into Albuquerque, shows the location and areal extent
of the borrow pit. The view in this photograph is eastward towards the Rio
Grande. A portion of the Paradise Hills development is visible beneath the
wing of the aircraft. Plate 3.2 is another view of the excavated area looking
upstream to the northwest. The north fork of Calabacillas Arroyo enters the

borrow pit in the upper left corner of this picture. The wide, relatively



Plate 3.1.

Plate 3.2.

Aerial view of Calabacillas Arroyo study area
including location of borrow pit.

Borrow pit characterisitics at confluence of
north and west forks of Calabacillas Arroyc.
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level surface of the borrow area was thought to have potential significance as
a depositional zone for sediment, which could produce highly erosive, clear
water releases downstream of the pit. This possibility was reinforced by
observation of small headcuts in the channel below the outlet of the borrow
pit. Plate 3.3, looking upstream, shows one of these headcuts, which appears
to be working upstream towards the borrow area. (The borrow pit is out of
sight beyond the banks to the right of the photograph.) Small headcuts were
also observed in the main channel of Calabacillas Arroyo.

From the Sandoval-Bernalillo county line downstream to the Golf Course
Road crossing, channel banks are predominantly low (one to three feet) and
nearly vertical. Plate 3.4 illustrates channel banks characteristic of this
portion of the arroyo. In a short section of the channel directly above the
borrow pit, four- to six-foot vertical banks were observed along both sides of
the channel. Of particular interest in this area is the block mode of bank
failure observed. Large blocks of the bank have collapsed into the channel
bed, resulting in a nearly vertical bankline.

Over much of its length in the study area, Calabacillas Arroyo is bounded
to the south by the steeply sloping eroded edge of a mesa. The vertical ele-
vation difference between the mesa top and the arroyo bed is 80 feet or more
in places. Basaltic rock outcrops observed on the mesa slopes (Plate 3.4)
indicate a possible impediment to southward lateral migration of the channel
in this area.

Downstream of the Golf Course Road Crossing, channel characteristics
begin to change. 1In particular, the arroyo becomes more incised and in places
exhibits high, nearly vertical walls. In plan view the arroyo alternates be-
tween highly sinuous, meandering reaches and fairly straight reaches. Figure
3.1 is a definition sketch of the study reach which shows the approximate
location of the two most significant meander bends. These will be referred to
as the "S" bend, located below Golf Course Road, and the horseshoe bend,
situated downstream of the Black's Diversion confluence. Plate 3.5 shows the
steep walled, sinuous characteristics of the horsehoe bend.

The remainder of the study reach, from the horseshoe bend downstream to
the Coors Road Crossing, is a reasonably straight incised channel with fairly

steep banks on both sides.




Plate 3.3.

Plate 3.4.

Channel headcut below

borrow pit.

Arroyo channel characteristics in the vicinity

of Paradise Hills.
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Plate 3.5. Horseshoe bend located downstream of Black's
diversion confluence.

Plate 3.6. Tributary fan deposit on north fork reach of
study area.
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The alluvial fan deposit of the tributary entering from the left bank
above the confluence of the north and west forks (Plate 3.6) provides evidence
of the large sediment ioads delivered to the main channel from tributary
sources. The tributary channel producing the fan deposit shown enters the
main channel approximately in the middle of the photograph. A meander bend in
the main channel is eroding the fan deposit, creating the vertical bankline
shown in the photograph. '

A reconnaissance of Black's Diversion, which discharges into Calabacillas
Arroyo above the horseshoe bend, also indicates the large sediment loads
delivered to the arroyo'main channel. From its entrance near Cibola High
School to its outlet in Calabacillas, the entire length of concrete-lined
channel contained sediment deposits 12 to 18 inches thick at the time of our
reconnaissance.

Erodibility of the sandy soil found throughout the Calabacillas system is
indicated by large eroded areas observed below drainage rundowns in the
Paradise Hills development. Drainageways consisting of asphalt pavement and
revet mattresses had been constructed to convey runoff from streets in
Paradise Hills to Calabacillas Arroyo. However, flows have completely under-
mined the mattress protection, and large headcuts were observed to be working
up the rundowns. Without periodic maintenance, further erosion will com=
pletely destroy the rundowns and begin to undermine the roadways. The inade-
guate performance of these rundown drainage devices illustrates the potential
problems that may be encountered as development begins to encroach on the

arroyo.

3.3 RAerial Photograph Analysis

3.3.1 General

Aerial photographs provide valuable information for qualitative analysis
of hydraulic parameters and channel geometry changes. Furthermore, availa-
bility of aerial photographs over a span of many years provides a time-
sequenced documentation of historical trends and changes. For Calabacillas
Arroyo, three sets of photographs covering a time period of 45 years are
available. A 1935 Soil Conservation photograph was obtained from the National
Archives. The scale of the original photograph was 1:35,000; however, for
purposes of this analysis, a four times enlargement (approximately) was
requested, resulting in a scale of about 1:7,920.. A 3 by 3 foot mosaic devel=-

oped from 1967 photography was available from NASA. The scale of the original
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photographs,wask1:26,000 and with a four times enlargement (exact), the scale
of the mosaic was 1:6)500; From Bohannan~Huston, Inc., a 1980 set of 9 by 9
inch photographs covering the majority of the study reach was available. The
scale of these photographs was 1:10,800.

The following sections discuss observations and qualitative assessment of
historical changes derived from a study of the aerial photography. To facili-
tate presentation of results obtained from study of the photographs, the study
reach was divided into thirds. System configuration, as depicted in the 1967
photography, was usedkas a basis for comparison with the 1935 and 1980
coverage. Thus, the following sections discuss system changes from 1935 to
1967 and from 1967 to 1980.

It should be noted that the scale of an aerial photograph is generally
based on the average elevation difference between ground surface and aircraft
flight path for all the photographs taken during the flight. Consequently,
when a large area is covered and the terrain is relatively flat, scaling
errors are possible which can limit the accuracy of any quantitative measure-
ments. Scaling errors were significant for the three sets of photographs
available for this study, and consequently any numbers given must be con~

sidered approximate.

3.3.2 Analysis of the Upper Third of the Study Reach

From 1235 to 1967, the most significant changes in the upper third of the
- study reach were: - (1) along the right bank immédiately upstream of the West
Fork, (2) straightening and enlargement of a side channel, and a change in the
location where it rejoins the main channel, (3) filling along the south bank
opposite the location where the side channel rejoins the main chaﬁnel, and (4)
straightening and enlargement of the West Fork. These changes are deéictéd in
Figure 3.2. The right bank above the West Fork has migrated approximately 200
feet laterally (northward), significantly reducing channel width in this
reach. Changes in the side channel, particularly the location where it
rejoins the main channel, and the £ill on the opposite bank may be related to
earthwork done for the Paradise Hills well. It is possible that borrow
material was taken from the left bank to enlarge the area of the ;ight bank

for the well building and related structures. The 1967 photogfaph shows con-

siderable disturbance of the left bank, and the outlet of the side channel is
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Figuré 3.2.  ARerial photograph results for the upper third.
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no longer well defined, although it certainly rejoins the main channel
upstream of where it did in 1935,

From 1967 to 1980, the most significant change is development of the
borrow pit. Although it is not known exactly when this pit was excavated,
initial excavation in the northwest leg of the borrow pit is readily visible
in SCS soil survey maps (SCS, 1977) developed from 1973 SCS aerial photo-
graphy.  Excavation of the remaining borrow area occurred at some later time.
It is also apparent that deposition has occurred downstream of the £ill

material in the vicinity of the Paradise Hills well.

3.3.3 BAnalysis of the Middle Third of the Study Reach

From 1935 to 1967, the middle third of the study reach did not change
significantly.: From 1967 to 1980, there was some lateral migration of the
channel, development of a small side channel, and enlargement of the main
channel in the vicinity of a bend. Figure 3.3 depicts the observed changes.
Of greater significance in this reach is the evidence of old meanders indi-
cating significant lateral migration at some previous point in time. The ero~
sional evolution of any channel in an arid to semi-arid environment is related
directly to hydrologic processes. Photographic evidence in this reach
suggests there may not have been any hydrologic events in the past 45 years of
sufficient size to. cause significant changes in this portion of the channel;
however, the meander scars visible in the 1967 photograph do indicate that at

some point in time the channel was active in this reach. It is known that a

large event occurred in the 1940s and it appears to have influenced the lower

third of the study reach (see section 3.3.4); however, it does not appear to
have significantly affected the middle third. '

Another interesting aspect of this reach relates to the basaltic sheet
flow eruptions of the Albuquerque volcanos. As discussed in Section 2.4, the
lava flows extend as far northward as Paradise Hills. 1In fact, the develop-

ment of Paradise Hills is gsituated on a mesa top capped by what Kelley (1974)

defines as the second of six lava sheet flows. The lava flow described by
Kelley is significant since Calabacillas Arroyo appears to abut a portion of

the mesa edge. The basalt outcrops observed during the field reconnaissance

. tend to bear this out. 'In viewing the aerial photographs, the upper portion

of the middle third has remained essentially unchanged during the past 45
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years’and meander scars indicate that historically movement of thé channel in
this reach has been relatively smail. Based on field observations, and study
of the geologic map and aerial photography, it appears that the basalt rock

escarpments of the lava flow described by Kelley (1974) inhibit the southward

lateral movement in-this portion of the middle third of Calabacillas Arroyo.

3.3.4 Analysis of ‘the Lower Third of the Study Reach

From 1935 to 1967, the lower third of the study reach shows significant
changes that may be attributable in part to the large event that occurred
during the 1940s. Between the S~bend and the horseshoe bend, the channel
straightened significantly; however, in the vicinity of the S-bend itself, the
channel became more sinuous (see Figure 3.4). The amplitude of the S-bend
increased and a small bar had formed in the upper portion of the bend by 1967.
The horseshoe bend also increased in amplitude. Below the horseshoe bend,
there is little evidence of change. Additionally, from 1967 to 1980 this

reach shows negligible change.

3.4 Bed and Bank Material

Qualitative assessment of bed and bank material is important in evalu-
ating aggradation/degradation trends, as well as the potential for bank ero~
sion and lateral migration. Bed material is the sediment mixture of which the
streambed is composed and can vary widely between river systems and even
within a given river system. Erodibility or stablity of a channel depends
largely on the size of particles in the bed. It is not sufficient to know

only the median bed-material size (D_ ) in determining the potential for

degradation. Knowlege of the bed maigrial size distribution is also impor—
tant. For example, in certain river systems the armoring process can be a
significant factor in evaluating degradation. As water flows over alluvium
consisting of a wide range of particle sizes, the smaller, more easily
transported particles are carried away, while the larger particles remain,
,afmoring the bed. Development of the armor layer through this process of
hydraulic sorting prevents further degradation until a flow large enough to
disrupt the armor layer occurs.

Observations during the site-visit trip and later laboratory analysis of

ysamples (Chapter VI) indicate that Calabacillas Arroyo consists of primarily

fine to medium sands. Lack of significant coarser material suggests that
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armoring is not a significant factor in Calabacillas Arroyo {a more quan-
titative evaluation of armoring potential is given Chapter VI). Consequently,
large amounts of degradation and aggradation would be expected in the arroyo,
unless othervcontrols are present to prevent larée-scale erosion of the highly

transportable sand particles. Other possible controls include geologic

controls (i.e., rock outcrops) or‘manrmade structures. These controls will be
discussed later. ' '

The characteristics of the material forming the banks of channels are
highly variable, although bank material particle sizes are typically equal to

or smaller than the bed particles. Bahk material deposited in a channel can

be broadly classifed as cohesive, noncohesive, and stratified. Cohesive
material is more resistant to surface erosion and has low permeability that
reduces the effects of seepage, piping, frost heaving, and subsurface flow on
the stabilitykof the banks.  However, such banks when undetcut and/or
saturated are more likely to fail due to mass wasting processes such as
sliding or block failure.

Noncohesive bank material tends to be removed grain by grain from £he
bank line. The rate of particle removal, and hence the rate of bank erosion,
is affected by factors such as the direction and magnitude of the wvelocity
adjacent to the bank, turbulent fluctuations, magnitude and fluctuations in
the shear stress exerted on the banks, seepage forces, and piping and wave
forces, many of which may act concurrently.

Stratified banks are very common in alluvial channels and generally are

the product of past trahsport and deposition of sediment. More specifically,
these types of banks consist of layers of materials of various sizes, per-
meability, and cohesion. Layers of noncohesive material are subject to sur-
face-erosion, but may be partly protécted by adjacent layers of cohesive
material. This type of bank is also vulnerable to erosion and sliding as a
consequence of subsurface flows and piping.

_ ﬁanks in the Calabacillas Arroyo are of varying heights consisting of
both stratified and relatively noncohesive soils. 1In generél, the banks are

higher and the channel better defined in the lower half of the study reach as

compared to the upper half. In the upper half, the channel exists in more of
a swale with low flow channel banks of about 12 to 18 inches in height. These
low banks are typically vertical, consisting of fine to medium sand. Where

taller vertical banks exist, the soil is typically stratified. This is par-
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ticularly true in the S~ and horseshoe shaped bends. Otherwise, the taller
banks, particularly in the lower half of the study area, exist at, or slightly

less than, the angle of repose.

3.5 Arroyo Profile Analysis

Topographic maps developed from time-sequenced aerial photography pro-
vided the information necessary for analysis of recent profile changes in the
study reach of Calabacillas Arroyo. Detailed topographic maps, showing two-
foot contour intervals, were available for the years 1972 and 1980. The 1972
map was developed from USGS coverage of the area. In 1980, the 1972 topog-
raphy was revised based on aerial photography taken by Bohannan-Huston, Inc.
The 1980 map was the base map for a floodway study of the Calabacillas Arroyb
performed for the Albuguerque area by FEMA. As furnished for use on this
projecé, the 1980 topographic map also showed floodway boundaries-and the
HEC-2 cross section locétions used during the flood insurance study (see
Chapter V).

In comparing the 1972 and 1980 maps, topographic contour descriptions of
the arroyo upstream of Golf Course Road appeared to be identical on each map.
Furthermore, the borrow pit previously discussed was readily wvisible in the
1980 photography yet its existence was not reflected in the 1980 topographic
map. It was later verified (personal communication with Dan Sabo of AMAFCA)
that only the lower portion of the arroyo topography had been updated during
the 1980 flood study. As a result, profile changes could be evaluated only
for approximately the lower third of the study reach.

To evaluate changes in channel profile between the years 1972 and 1980,
cross sections used for the HEC-2 analysis were superimposed on the 1972
topographic map. Channel thalweg elevation at each cross section was ﬁhen
plotted versus horizontal stationing of the cross section, producing an
average representation of the channel profile. By plotting channel profiles
for both 1972 and 1980, aggradational/degradational characteristics of the
arroyo during this time interval coﬁld be assessed. Figures 3.5 and 3.6
illustrate the thalweg channel slopes between each cross section location (the
letter designations used to describe cross section locations are defined in
Chapter V). As Figure 3.6 illustrates, the channel has tended to aggrade over
approximately 3,000 feet of its length between cross sections.R and N. The
remaining length of the arroyo which could be evaluated, shows degradation of

the channel. ©Potential for significant vertical instability within
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Calabacillas Arroyo is indicated by the two to five feet of erosion shown to
have occurred between section N and E during an eight~year periocd.

It should be noted that Figures 3.5 and 3.6 depict an average profile of
the system, based on the assumption of a constant slopebbetween Cross sec-
tions. As a result, changes in thalWeg elevation shown in theseifigures
represent only average changes in the system, and do not reflectblocalized
changes -(or the lack of change) that may actually occur between cross sec-
tions. In addition, the trends in thalweg elevation change are generally con-
sistent with the trends in change'of the average bed elevation, but the abso-
lute amount of elevation change is generally greater for the thalweg than it

is for the average bed elevation.

3.6 Other Qualitative Geomorphic Analyses

The slope discharge relation is a methodology suggested by Lane (1957) to
define the planform classification of watercourses. Figure 3.8 summarizes
Lane's results. The slope of Calabacillas Arroyo is typically 1.0 to 1.5 per-
cent. Consequently for any discharge the Calabacillas would be.classified as
a braided channel according to Figure 3.7. A braided channel is defined as a

'relatively wide channel characterized by a steep shallow watercourse.
Typically, a braided channel has unstable banks and multiple channel diver-
sions around alluvial islands. Lane {1957) concluded that two primary causes
for the braided condition are: (1) the channel is supplied with more sediment
than it can carry, resulting in deposition, and (2) steep slopes produce a
wide, shallow channel where bars and islands often form. All of these charac-
teristics of braided channels can be observed in Calabacillas Arroyo, although
development of bars and islands is not as common in this system as observed in
other braided systems. | ‘ |

A basic physical process that.occurs in a stream or river is its ten-
dency, in the long run, to achieve a balance between the product of water flow
and channel slope and the product of sed iment discharge and sediment size.

Thé most widely known geomorphic relation embodying this equilibrium concept
is known as Lane's principle. |

Lane (1955) studied the changes in river morphology caused by modifica-
tions of water and sediment discharges. Similar but more comprehensive treat-
ments of channel response to changing conditions in rivers have been presented

by Leopold and Maddock (1953), and others. The relation is:
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Qs = 9.Dg, | | (3.1)

where' Q 1is the water discharge, S 1is the channel slope, Qs is the sedi-

ment discharge and D is the median diameter of the bed material. Applying

this proportionality ig a-qualitative manner yields valuable insight to chan-
nel response.

Application of the Lane relation to the borrow pit on-Calabacillas Arroyo
provides an indication of the impact that this change has on downstream chan-
nel response. The borrow pit is equivalent to a sudden expansion in the chan-
nel which according to continuity will result in §reatly reduced velocities.-
Since sediment transport is proportiocnal to the third to fifth power of velo-
city, sediment transport capacity will be significantly reduced, causing
aggradation in the pit. Depositon or aggradation results in relatively clear
water being released downstream of the pit, that is, sediment supply Qs will
be reduced to Qs- downstream. Assuming water discharge and sediment par-
ticle size remain constant, slope must decrease downstream of the pit to main-

tain the proportionality of the Lane relation:

Qs « Qs D50 v (352)
Reduction in slope occurs through gradual degradation of the channel below the
pit. wWith time, the pit will £ill and sediment will again be available to the
downstream reach. . Then, except for local scour, the channel gradient will
steepen in orxder to transport the increased sediment. 1In the long term some

equilibrium value will be achieved.

3.7 Results and Conclusions of the Qualitative Geomorphic Analysis

Calabacillas Arroyo is a steep, relatively stréight channel with a large
width-to-depth ratio. The characteristics of the watershed and the large
alluvial fans present at the mouths of tributaries indicate that a large sedi-
ment load is - delivered to the system. Typical of many streams and arroyos in
the Southwest, Calabagillas Arroyo is. a dynamic system with significant poten-
tial for lateral and vertical instability.

01d meander scars in the middle third of the study reach document the
ionghterm historical lateral instability that is possible. More recent

activities, as documented by aerial photographs spannihg 45 years, have

included straightening of the channel in the lower third and significant

i
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disturbance due to man in the upper third. Excavation of a large borrow pit
at the confluence of the north and west forks will impact the entire system
for many years to come. The most significant impact will be degradation
downstream of the borrow pit as the pit refills with sediment. Lateral stabi-
lity in the reach immediately below the borrow pit (middle third) can be docu-
mented historically and suggests that the channel is strongly influenced by
the steeply sloping mesa edge to the south.

Data available for the lower third are adequate for a longitudinal pro-
file analysis. Changes in the thalweg elevation over the last eight years in
this reach suggest significant vertical instability is possible over rela-
tively short time periods. Degradation along the thalweg of four to five feet
was documented, with both degradation and aggradation occurring over a rela-
tively short reach of the channel. The observed headcut in the vicinity of

Black's Diversion channel was well documented by this analysis.



IV. HYDROLOGY
4.1 Data Base

Hydrologic data for Calabacillas Arroyo were available from the Drainage
Management Plan, Western Albuquerque Metropolitan Area (Matotan, 1975) and the
Flood Ihsurance Study for the City of Albuquergque, Bernalillo County. A
comprehensive hydrologic study OEVCalabacillas Arroyo was conducted for the
Drainage Management Plan, including development of hydrographs by subbasins;
howeﬁer, the only infOrmation recoverable was peak discharge values-and runoff
volumes for the 25- and 100~year events at various locations in the arroyo.
Estimates of peak discharge values for the 10- and 50=-year events at the same
locations were made by a frequency analysis for the Flood Insurance Study.
For purposes of this project, the 2-year peak discharges were also evaluated
from a frequency analysis (log Pearson Type III). Consequently, all hydrolo-
gic data for this study were derived from the original Drainage Management
Plan. Table 4.1 summarizes peak discharge values for different flood events
at various locations in the study reach. All underlying assumptions used in
developing the peak discharge values in the Drainage Management Plan, includ-
ing runoff characteristics, time to peak, etc. are accepted as accurate,
although there is evidence that the hydrology is conservative (letter dated
March 31, 1982, signed by R. Leonard, AMAFCA). Additionally, the hydrology

estimates may not accurately reflect runoff conditions after development.

4.2 7-Bar Channel

The existing hydrologic data base accountéd for Black's Diversion;
however, it did not include the recently proposed 7~Bar Channel which will
route additional runoff to Calabacillas Arroyo via Black's Diversion.
Although the additional water enters in the lower end of the study reach, it
was determined an important contribution due to: (1) existence of a headcut
working upstream in the vicinity of Black's Diversion Channel outlet, and (2)
iocation of the horseshoe bend downstream of the Black's channel outlet.

To evaluate the 7-Bar contribution to the Calabacillas hydrograph for any
given event, the 7-Bar hydrograph was assumed to be similar to the existing
Black's Diversion hydrograph in terms of its shape, duration and time to peak
{this is a conservative assumption; see Bohannan-Huston, Inc., "Design
Memorandum for 7-Bar Channel", for more accurate routing). Consequently, the

100~year peak discharge in Black's Diversion after completion of the 7-Bar




Table 4.1. Peak Discharge Data (Qp - cfs) at Various

Locations in the Arroyo.

Recurrence Interval - years

Location 21 102 253 502 1004 1004
(Main Channel) * (Side Channel)
Upstream 365 2,300 4,613 7,200 10,976 -—
Boundary

@ AB 365 2,300 4,613 7,200 7,230 3,746
@ AA 390 2,460 5,038 7.800 8,128 3,746
e 2 390 2,460 5,038 7,800 11,874 -
QM 410 2,700 5,407 8,500 12,667 -

;Frequency analysis by SLA

3Bohannan—Huston, Inc,.

4Matotan, Ince.

As modified for sediment analysis by SLA




Channel is the sum of the peak discharges, or 3,332 cfs. The pre-7-Bar
100~year peak discharge in Black's Diversion is 2,375 cfs; however, due to
differences in peaking times between Black's and Calabacillas the increase in
the Calabacillas 100-year peak at their confluence is 793 cfs. Applying this
same ratio to the post-7-Bar peak discharge in Black's results in an increase

in the 100-year peak discharge in Calabacillas of:

' 793 ~
0Qcalabacillas = 2,375 X 3/332= 1,113 cfs

The contributions for all other flood events were then estimated by
scaling according to the ratio of the 100-year result before and after comple-
tion of 7-Bar. Table 4.2 summarizes the peak discharges in Calabacillas
Arroyo at the confluence of Black's Diversion and Calabacillas with and
without the 7-Bar Channel. The estimated increase in peak discharge resulting

from the 7-Bar Channel ranges from two to three percent.

4.3 Hydrograph Development

For lateral migration analysis (Chapter VII), the general shape of the
hydrograph for each flood event is required to estimate the dufation of poten-
tially erosive flow. Unfortunately, the original hydrographs developed‘for
the Drainage Management Plan were unavailable for this study. For purposes of
this study, it was determined adequate to scale the hydrographs from an adja-
cent drainage. The 100~year hydrograph for Montoyas Arroyo, the drainage
basin immediately north of Calabacillas, was available from the Soil
Conservation Service (SCS). For drainage basins with similar runoff charac-

- teristics, runoff volume should be correlated with drainage basin area. To
justify scaling the Calabacillas 100-year hydrograph from the available
Montoyas ‘100-year hydrograph, the ratio 6f the runoff volumes (pre-7-Bar
condition), were compared to the ratio of the drainage areas. Computed values
were 1,72 and 1.88, respectively, indicating that the two drainages are simi-
‘lar in runoff characteristics. Consequently, it is justified to scale the
Calabacillas hydrograph from. the Montoyas hydrograph.

The ratio of peak discharges was 1.69, which is similar to the ratios of
drainage areas and runoff volumes, making the selection of a scaling factor
rather arbitrary. However, since the available peak discharges were assumed

correct (see section 4.1), the discharge ratio was selected so that the peak

‘ll
|
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4.4

Table 4.2. Peak Discharge Data (Qp - cfs) at the Confluence of
Black's Diversion Channel and Calabacillas Arroyo.

Recurrence Interval - years

2 10 25 50 100 500
Pre-7-Bar 410 2,700 5,407 8,500 12,667 28,000
Post-7-Bar 418 2,797 5,556 8,782 12,987 28,726




4.5

discharge of the generated hydrograph agreed with the given peak discharge.
Furthermore, the peak discharge with the 7-Bar contribution was used in
scaling so that the hydrograph accurately represented future conditions in
Calabacillas below Black's Diversion.

To derive the remaining hydrographs, the 100-year hydrograph was used to
develop a unit hydrograph (Figure 4.1). The known peak discharges were then
used to generate the hydrograph for each flood event. The adequacy of this
procedure was verified by comparing the estimated runoff volume for the
25-year event with the given value in the Drainage Management Plan. The final
hydrographs for each flood event at the downstream boundary of the study area

are given in Figure 4.2.
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Figure 4.1. Unit hydrograph for Calabacillas Arroyo.



14000 T { T T T T T T T T T =T T T T T T T T T T

12,000 - a
10,000 |- -

o

(VS

(8]

w 8000} ._

o

@

<

T

:;; [1-N

O 6000} _1 3

4000 |- : _ -

~_

0 //__\l\‘f———_—_-hz—— L I I | 1 1 i 1 . ! ! J"-'\J

! T
T 12 13 14 5 6 17 18 9 20 21 22 23 24 25 26 27 28
TIME ( hours)

10~-year

2000} /\
2-year
i
9

1
5 6 7 8
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V. HYDRAULICS
5.1 'Data Base

The HEC-2 data base used for the flood insurance study of Calabacillas
Arroyo was available for this project from Bohannan-Huston, Inc. Data were
provided on a magnetic tape and consisted of both input data and output for
the 100-year event. Upon receipt, contents of the magnetic tape were trans-
ferred to the VAX 11/780 computer used by SLA and a test run was performed to
verify the accuracy of the tape. Results of this run were compared with the
100~year results (available on the tape) and indicated that the tape was good
and being read properly.

Cross section data on the HEC-2 tape was based on 1980 photography and
topographic maps based on 1972 photography. A total of 33 cross sections
labeled alphabetically (A-Z, AA~AG) upstream from the confluence with the Rio
Grande were used. The cross sections from A to R were based on the 1980 -
aerial photography and from Section R upstream on the 1972 topographic map.

Figure 5.1 depicts relative locations of the cross sections.

5.2 Borrow Pit Cross Sections

During field reconnaissance, a large borrow area was observed at the
confluence of the North and West Forks of Calabacillas Arroyo. The excavated
material had apparently been used as £ill during construction of Paradise
Hills subdivision. After the field trip, it was determined that the HEC-2
cross section data, as used in the flood insurance study, did not account for
the borrow area. Although presence of the borrow area might not siginifi-
cantly affect the flood insurance study results, it would have a significant
impact on the sediment transport analysis. Sediment transport is generally

V3'5).' Conse-

proportional to velocity to the third to fifth powe