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I. Introduction 
 
A. General 

 
The Old Stone Dam is located in the upper reach of Cottonwood Creek about 1,000 feet 
north of Exchange Parkway in Allen, Texas.  Cottonwood Creek is a tributary of Rowlett 
Creek and drains 19 square miles of Plano, Allen, Parker and McKinney.  The dam, built 
in 1874 as a water supply reservoir for the steam engines of the Houston & Texas Central 
Railway, is one of the oldest structures in the Dallas/Fort Worth area.  In 1912, a larger 
concrete dam was constructed downstream.  For many years, the Old Stone Dam was 
submerged by the reservoir formed in 1912.  In the 1960s, the stone dam was again 
exposed after a large flood breached the 1912 dam (Moir, 1999).  These changes have 
caused the creek section between Exchange Parkway and the Old Stone Dam to 
experience severe erosion.  A deep scour pool has formed at the toe of the Old Stone 
Dam.  The maximum width of the scour pool has reached more than 90 feet, which is 
about twice the normal channel width in this section of the creek.  Also, the east abutment 
of the Old Stone Dam has been severely damaged.  Furthermore, the relatively 
undeveloped upper reach of Cottonwood Creek is experiencing urbanization pressure, 
which will likely translate into added erosion pressures from increased frequency and 
duration of flood flows.  Correction of these erosion problems to help preserve the Old 
Stone Dam is of high importance to the City of Allen. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



2 

B. Site Description 

Previous studies have classified this reach of Cottonwood Creek as having one of the 
highest ratings for environmental, aesthetic and recreational values in Allen (Halff, 1986).  
In the Spring of 2000, field surveys were conducted by a team from Halff Associates, Inc. 
which included a hydraulic engineer, hydrologist and geologist.  This section of stream can 
be classified as youthful based on its stage of adjustment. The geological formation in this 
region is the middle marl member of the Austin Chalk formation.  The sinuosity of this 
segment of the creek is 1.1, which is classified as fairly straight. The regional slope is from 
northwest (high point) to the southeast (low point) with the average slope of 1.9%. The 
highest point is 755 feet above mean sea level (MSL). The creek channel width ranges from 
40 feet to 120 feet with a 13 to 18 feet depth.  The dam is constructed of large stone blocks 
that were quarried offsite.  The blocks were transported to the site and then mortared in 
place.  The overflow weir is just under 50 feet long.  The abutments were cut into the 
existing bank some 12 to 15 feet.  The original dam is about 10 feet wide and about eight 
feet high. 

The significant damage at the stone dam includes:  
 
·  Loss of stone blocks at the left abutment of the dam 
·  The formation of the wide scour pool immediately downstream of the dam. 
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From the standpoint view of river geomorphology and hydraulics, the damage is caused 
by the combination of several factors. These factors include:  

 
1. Removal of the 1912 Dam downstream causing degradation of the natural creek 

channel. 
2. The deep and narrow channel cross section cannot convey even small floods. 
3. The large, deep scour pool caused by turbulent eddy currents formed by even 

small overflows of the dam. 
4. Possible visitor caused damage (mostly east side). 
5. The stream meander patterns that has formed a lateral loop current at the cut bank  

(both downstream and upstream). 
6. The dam is located at a low point as regards the local drainage. 

 
B. Hydrology and Hydraulics 

Analyses of the stream and flood plain hydraulic characteristics of the study area were 
performed using the USACE’s HEC-RAS, Version 2.2 program (USACE, 1997).  In 
order to analyze a complete range of floods, the flood discharges analyzed in this study 
include the 1-year, 2-year, 5-year, 10-year, 50-year, 100-year and 500-year return period.  
These discharges range from 4,100 cfs (1-year) to 15,300 cfs (500-year). 

C. Channel and Dam Erosion 

1. General.  Urbanization is one of mans’ most significant impacts on streams.  
With urbanization come increases in flood discharges.  The increase in discharge 
will lead to adjustments in the channel as cited by Lane (1955). The channel can 
either widen or downcut. Within localized areas, this could result in an increase in 
active channel width or a decrease in channel slope (Allen and Narramore, 1985). 
The channel will decrease its slope by meandering in alluvial sections and 
probably downcut in rock lined sections. The local choice by the stream will be 
determined by the strength of the bed and bank materials�  Other changes 
introduced by man include the construction of channel obstructions such as 
bridges or dams.  In the case of this reach of Cottonwood Creek, the removal of 
an old dam has causes changes which influence the stability of the stream. 

2. Stream Power/Tractive Force.  The power to erode the stream channel is the 
product of the channel discharge and slope where: 

 P =  pgQS/w 
 
Where: P = Power in Watts/m2 

p= 1000kg/cubic meter 
g= 9.81 m/sec2 

Q= cubic meters per second 
S = slope (dimensionless) 
W = active channel width 
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Unit stream power is simply stream power divided by channel width.  Stream 
power has been related to bed material entrainment by Bagnold (1966) and to 
erosion of rock by Annandale (1995).  

 
Another relationship commonly used to evaluate erosive potential of the channel 
is to solve for the tractive force or boundary shear stress acting on the particles 
lining the perimeter of the channel after work by Fortier and Scobey (1926) 
where: 

 
TF = gRS 

 
Where: TF = tractive force 

g = unit weight of water (62.4 psf) 
R = hydraulic radius of channel 
S = channel slope (dimensionless)  

 
In general, plots of either stream power or tractive force along the channel will 
indicate where potential problems of erosion and or deposition can occur. Also, 
stream power can be related to total amounts of scour or degradation through the 
use of erosion coefficients (Allen, et. al., 1999)  

3. Velocities:  The channel velocities can be used as a first order approach in 
assessing the appropriateness of various erosion protection measures. In general, 
maximum allowable channel velocities assuming earth banks with  toe protection 
from degradation range from 3 –5 ft/sec (Herbaceous and woody plantings) to 10-
11 ft/sec (Block erosion, Austin Chalk channel bottom). �

 
 

4. Cottonwood Creek.  Erosive stresses in the reach of Cottonwood Creek between 
Exchange Boulevard and the DART Rail line have changed significantly in recent 
years.  At one point in time, the downstream dam constructed in 1912 ponded 
water in the reach, creating a zone of deposition with probable low velocities.  
The breaching of the 1912 dam would have increased the erosive power in the 
reach somewhat.  When that dam was completely removed and Exchange Blvd 
constructed, stream erosion in the reach would have increased significantly.  A 
comparison of channel sections surveyed in 1976 with channel sections surveyed 
in 2000 indicates a downcutting on the order of 5 feet at one point in the reach 
(Table 1).  All of these factors contributed to the distress being experienced by the 
Old Stone Dam.  One result is the creation of the large scour pond downstream of 
the Old Stone Dam, which actually reduces velocities in this area. Actual 
velocities for flood flows over the Old Stone Dam are shown in Table 2.  
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 1977 2000 1997 2000 

2-Year Flood 1.5 10.9 5.8 17 

10-Year Flood 1.2 3.1 5.6 10 

100-Year Flood 1.3 3.7 5.9 10.3 
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Flood 
Frequency  

Discharge 
 Cfs 

Elevation * 

ft., msl 
Velocity 

Fps 

  2-Year   6,100 632.9 10.4 

  5-Year   7,900 634.1 9.7 

  10-Year   9,000 634.6 9.6 

  50-Year 11,700 635.8 9.4 

100-Year 12,800 636.9 8.3 

*
Dam Crest = 622.5 

 
 

 
III.  Alternative Plans 

 
 

Based on previous studies (Dr. Moir, 1999a) and discussion with City staff, three alternatives for 
mitigating erosion damage at the Old Stone Dam were formulated. 

A. Alternative 1 :  Upstream Detention Pond 

 The purpose of this alternative is to reduce the peak flood discharge at the Old Stone 
Dam, therefore reducing the stream power at that structure. Based on the existing 
available land, two detention ponds (7 acres South Pond and 3 acres North Pond) are 
proposed along with west bank of the creek between the South Pacific Rail Road and 
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Highway US-75 (see Figure 4). The proposed storage volume is 35-50 Ac-ft.  Based on 
the hydrologic routing, the proposed detention alternative can reduce the 100-year 
ultimate peak discharge from 12,800 cfs to about 11,600 cfs.  In other words, the reduced 
100 year ultimate flood discharge is still larger than the existing 100-year flood discharge 
(10,500 cfs). The detention alternative is estimated to cost $460,000 not including right-
of-way. 

 An alternative to the large detention pond described above is to require detention on a 
site-by-site basis as the upper basin develops.  From a political standpoint, this alternative 
will be limited because the City of Allen only controls about 50% of the drainage basin 
above the Old Stone Dam.  From an engineering standpoint, the limitation to this 
approach is the inability to reduce flood discharges below existing conditions.  Erosive 
stresses on the Old Stone Dam are still considerable at that level as evidenced by the level 
of damage that has already occurred to the structure. 

B. Alternative 2:  Diversion 

This option will divert upstream flood flows into the channel downstream of the Old 
Stone Dam by a proposed channel.  The proposed channel will be 800 feet long with 
0.8% longitudinal slope and 3:1 (H:V) side slopes.  Structures to divert flood flows and 
transition those flows back to the existing channel will be required.  Small flows will be 
passed through the existing channel to maintain the pond formed by the Old Stone Dam.  
The Channels with bottom widths varying from 50 to 450 feet were evaluated for the 
Diversion Alternative, to determine the most efficient form from a conveyance and 
economical standpoint. 

Based on the topography, the channel can be built with a deep and narrow shape to reduce 
the earthwork. However, if the channel bottom width is set at 50 feet, the channel flow 
velocity will reach 10.6 fps. Here, a 100 feet bottom width with a flexible channel liner and 
pilot channel for erosion protection is proposed.  The proposed channel must cross the 
existing railroad requiring a new bridge to be built.  The cost of the Diversion Alternative 
including a new railroad bridge is $1,000,000. 

 
C. Alternative 3:  Local Protection at Existing Stone Dam 

 
1.  Options 

The alternative for local protection of the Old Stone Dam include: 

·  Constructing a velocity control structure downstream of the dam 
·  Armoring of the existing dam abutments and scour pool 

2. Hydraulics 

Hydraulic models are used to evaluate these options. Variations of the flow 
velocities and water surface elevations around structures can be obtained from the 
analysis. The following variables have been analyzed using HEC-RAS: 
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a. Effect of velocity control structure as a function of height (with and 
without structure in model, see Table 3). 

b. Location of velocity control structure. 
c. Configuration of armored section in scour pool  

Table 3 

Velocity Control Structure Height  

Velocity, fps  

Top of Old Stone Dam 

 

Location 

 
2-yr. 10-yr. 100-yr. 

Without Control Structure 10.4 9.6 8.3 

Low Control Structure 10.4 9.6 10.7 

High Control Structure 10.4 9.4 8.5 

 

D. Evaluation 

The Detention Alternative has limited effectiveness due to the limited reduction in flood 
flows.  An analysis of flow velocity at the Old Stone Dam shows that the lower 
discharges actually have higher velocities and therefore, significant erosive power.  As a 
result, the detention alternative could actually increase the erosive stresses on the Old 
Stone Dam. 

The Diversion Alternative will greatly reduce the erosive stresses on the Old Stone Dam.  
However, this alternative is extremely expensive compared to other similarly effective 
alternatives. 

The analysis of the Local Protection Options indicate the following results: 

1. Location of Velocity Control Structure will affect the water surface elevations and 
flow velocities on nearby upstream cross sections. However, there is no beneficial 
effect on flow velocities at the top of the stone dam (Table 3).  

2. When the scour pool is reduced to the normal channel width, its flow velocity will 
be slightly increased. However, this change did not increase upstream water 
surface elevation, which indicates that armoring with walls downstream, at and 
upstream of the dam, is feasible.  
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Two variations of Local Protection were evaluated.  Option 1 consisted of a terraced 
retaining wall.  The terraced retaining wall is composed of three to four steps of 3’ high 
walls along the existing scour pool bank. Between walls, there is a 4 feet wide space for 
landscaping.  Walls could be constructed of rock, gabions or other material.  A visual 
representation reflecting a gabion wall is shown on the accompanying photograph.  The 
estimated cost of this alternative is $190,000, if constructed as a standard gabion wall.  
The terraced wall would cost $235,000 if constructed from reinforced concrete. 

 
Option 2 consists of a Single Retaining Wall. The difference between the single wall 
option and the terraced wall option is that the landscape space between walls has been 
eliminated. Furthermore, the single wall option narrows scour pool width from 100 feet 
to 65 feet. The hydraulic modeling analysis indicates that this results in no increase in 
upstream flood elevations and flow velocities.  The estimated cost of the single wall 
gabion alternative is $130,000.  If constructed out of reinforced concrete, the single wall 
alternative would cost $150,000.  Landscape, irrigation and other amenities are not 
included in the cost estimates presented above. 

 
At the downstream limit of the pool, a grade stabilization structure should be constructed in 
the creek channel to prevent further channel bed erosion.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IV.  Recommendations 
 

A. Long Term Recommendations 
 

Local protection consisting of scour pool and dam retaining walls is the most effective 
and least expensive way to prevent further deterioration of the Old Stone Dam.  These 
improvements include: 

·  Retaining wall protection downstream and upstream of the dam 
·  Grade Stabilization Structure at the downstream limit of the scour pool 
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V. Implementation 
 

The City of Allen has proceeded with the design of a terraced gabion wall for protection of the 
abutments at the Stone Dam.  The gabions will be vegetated and faced with millsap stone.  A grade 
stabilization structure is included at the downstream end of the scour pool.  The project is estimated 
to cost $258,000 including landscaping and irrigation.  The design effort has included the services of 
a project archeologist and has been closely coordinated with the Texas Historical Commission.  
Basic elements of the project can be seen in the attached plan. 
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