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EXECUTIVE SUMMARY 



Due KI the rcoccunence of tlooding in the downtown area of .Iohnson City, the 

City contracted with the team of Lamar Durn & Associates, Bnc. and Camp Dresser and 

McKee, to itudy the causes and potential solutions to the problem. The servlces were 

d~vided into two phases, 

The first phase of the study was to collect data relative to Brush Creek and King 

Creek. upstream of the study area which was the central business district. However, in 

order to analyze the resulting flows from various storm events the entire upstream 

drainage basin of each creek was reviewed. In addition to reviewing published 

information such as previous flood studies, topographical maps, land use maps and 

rainfall data, meetings were held with the stakeholders. 

Runoff from rainfall finds it way into drainage ways. The amount of runoff is a 

function of the parameters of the rainfall event. Such things as intensity and duration are 

important in the resultant flow. It is common to reference a given flood or storm event 

with a recurrence interval such as -- a 100 year event. Unfortunately, this designation is 

most times interpreted as an event which would occur once every 100 years. 'Therefore, 

if a 100 year flood occurred this year it would be another 100 years before it would 

reoccur. The more correct designation i s  that a 100 year storm has a 1% probability of 

occurring in any given year (a 10 year storm woulcl have a 109% probability), The 

analysis for h i s  study used rainfall occurring over a twenty-four (24) hour period of a 
- 
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given amormt of raidail. The analysis uses statistics in predicting the Rows and Flood 

elevations. 

A computer model was selected to predict the water surface elav;ttions resulting 

from various storm everits. During the time of Phase 1 activities, a. flood event. actwaily 

occurred. Not only was historical information available; but, members of the team C O L ~ ~  

witness first hand flooding conditions in the central business district. 

At the outset of Phase I, a public meeting was coriducted to inform the 

stakeholders of the scope of the study. Assistance was solicited from the stakeholders in 

furnishing anecdota! information. After the model was developed but prior to it being 

calibrated, a second public meeting was conducted to share information As a general 

statement, comments from the affected public c o n f i e d  the model's prediction of how 

the basin reacts during a major stonn event. 'The mode! has the capability to show on 

fifteen (15) minute increments areas of flooding. Following the second public meeting 

the second phase of the study was commenced. 

The second phase was to calibrate the model such that a more refined predication 

could be available for various storm events. The calibrated model was to identify 

existing problems resulting from a twenty-four (24)-hour 10-and LOO-year frequency 

storm, This model was then to be used to predict flood ways resulting from changes in 

the basins such as drainage struct.ures, roads, and channel. improvements, 

.- 
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Using Che model the tearrl examined various alternalives in reduce the affects aof 

fioodirrg in the central business district. The team was ckarged with investigating 

alternatives which would give 100% protection for the LOO year frequency storm event, 

as well as the 10  year event. One additional scenario was to be investigated which would 

be considered the most cost effective program. A preliminary matrix was developed for 

various alternatives using criteria such as public acceptance, long tenn economic impact 

and environmerital issues. That matrix was presented to the stakeholders in a public 

meeting, and amended to incorporate their comments. The Table - 1 is the amended 

matrix. 

The most favorable alternative resulting from the matrix evaluation is called a 

downtown retention and greenway. That alternative would protect the central business 

district during the 100 year storm event; however, its implementation schedule would 

probably require several years, The reason for the limited action alternative resulting in a 

less favorable ranking than the no action alternative is due to the cost and constructability 

(The no action is Less expensive and has no construction problems)., 

Using the Greenway as the preferred alternative, an eleven step execution plan is 

presented in Table - 2 on page 5.  
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iT- - TABLE - 1 
I 

I 
11 -- , -41 

NO LIMITED RWN CRITERIA 100-YEAR 1 RETENTION 
II 

ACTION ACTION 
GREEN W AY - 

Legend: 
Ranking Values Very Favorable = 5 

Favorable = 4 
Moderate = 3 
Unfavorable = 2 
Poor = l 
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TABLE - 2 -1- 

-- - 41 
ri 

I I - . .--A1 
I 1 Purchase Land wo p~.oceed and aflected properties to tie )/ 

-- 

4 King Sti-eel Detenlion 

King Creek Main Stem Detention 

k - ~ - T f w n t o w n  Detention Facility 
I I 

$3,700,000.00 1 Significant benefit for small and large slorms with excep!ion o i  

$ 500,000.00 

$2,500,000.00 

Brush Creek Detention (Main Stem) 
Upstream of State of Franklin Koad 

l 

street flooding.* -- lie Imymvements (Carver Park to Downtown 1 $1,3Ul,000LV1 I Significant benefit b r  small and l a i r  storms with exceitio$i i f  
ii Detention Pond) street flooding in Brush Creek in the vicinity of Watauya and 

city owned. 1 
Negligible benefits for small storms (5-year iiequency or less;:] 
No Benefit for larger storms. .. . 

!/ 
Limited benefit for small storms (2-year tiequencj or lessj. 1) 

$1,200.000.00 

$2,750,000.00 

Moderate benefit for small storms (2-year frequency or less). 
Negligible benefits for larger storms. 
Limited additional benefit in the downtown area but will 
improve water quantity level of service in the upper watershed 

$3.700,000.00 

llowntown to Tennessee Street recreational access to King and Brush Creek. 
Brush Creek Tributary Detention (Upstream of ETSU Limited additional benefit in the downtown area but will 
Bail Field) improve water quantity level of service in the upper watershed 

of King Creek.* Protects intersection. 
Moderate benefit for small storms (2-year frequency or less) 
Limited benefit for larger stornis. :F A more narrow flood plain. 

I 
. . 

i 1 1.- / of Brush Creek in the vicinity of ETSU.: . -. . 

- 
Kelly's ~ a r k e t . *  .- 
Significant benefit for small and large storms." 

Limited water auantitv benefit. Will orovide maintenance and 

I 2 

"Assumes previous improvement has been implemented. 

- 
Channel Improvements (Watauaga to Downtown 
Detention Pond) - 
Greenway Amenities 

-- 
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Ii is suggested that the irnplenrenrirrioa~ of the flood damage rcductior: effort he a 

part of a central business district redcveiopment activity. 'Tl~e alternative a'eq~rires Che 

purchase of downtown real estate which is currently in the liaist~~ric Jnha~sorr City 

should take advantage of thc opportunity to initiate an economic vc:vitaiiration of the 

downtown area using the flood issues as a catalyst. If nothing is done to control flood 

water, buildings will continue to receive intermittent damage which will result in a 

continued degradation of the area. Unfortunately, continued flooding of the area leaves 

little incentive for beneficial investment in the area. The proposed alternative opens the 

creeks which enhance the environmental and aesthetics of the area. 

Funding for the implementation of the Greenway alternative w ~ l l  most likely be 

from multiple-sources, 

Results from the pursuit of the Greenway alternative would provide a complete 

new look to the central business district. It could greatly enhance the economic viability 

of the area by attracting new private investment. It is recommended that the city embark 

on. the Greenway alternative in a phased approach. The initial efforts should be the 

development of a coordinated grantsmanship prograrn at the local, state and federal level 

for a multi-yeadmulti-phased construction program. Consideratiorz should be given to 

the development of master plan For h e  area around the project site. Such a master plan 

would give guidance as to how the axes should be redeveloped 'The feasibility and 

schedule for both the redevelopment and flood work should be integrated. 

----- 
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SECTION I 

INTRODUCTION 

Joknsor.i City dates hack to the mid 1800"s. The railroad was primarily 

instrutnental in the establishment of the city. The depot began the central business 

district near the confluence of Brush Creek and King Creek. The twentieth century saw 

significant growth in the City. During that time, culverts were built, to convey the waters 

to the two creeks underground. In time, buildings were constructed over these culverts. 

Then, culverts were not constructed large enough to handle flows during today's heavy 

storm events. 

There have been numerous floods in the Central Business Disuict over the history 

of the City. The King Creek and Brush Creek Watersheds include a significant amount 

of developed Land and encroachment on floodplains, such as buildings and fill, have 

reduced the flow capacity of both tributaries. Future development in these watersheds 

without storm water quantity controls and the prohibition of further encroachment on the 

floodplains, will. increase flood stages and velocities resulting in increased flood hazards. 

The following excerpts from the Federal Emergency Management Agency, Flood 

insurance Study (Washington County, Tennessee. October 16, 1.996) present significant. 

tlood events that have been documented in the Bmsh Creek and Kings Creek watersheds. 

-- -- - - 
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"All Flooding in the C i t y  of Jr>hrrsor~ City is  caused hy raira:,ior~rrs. -The 
largest ,- flood known to have occu~~ed  on Brush Creek since I875 was that 
of May 29, 1908. Flood marks are uunavaiiable from that flood htrwever, 
damage were incurred. Water covered the slandarcl oak veneer and Alien 
Panel Conlpanies, causing approximately $10,000 worth of damage. 
Several Cottages and warehouses were t opp led .  

The next three largest known floods on Brush Creek occurred on August 9. 
1938, August 17, 1962, and June 22, 1974. Excep for localized 
differences, the three water-surface elevation profiles are approximately the 
same. At Elm Street [river mile 5.6), the 3 crest elevations were 1,610.3. 
1.610.6. and 1,610.7 feet NGVD, respectively. The recurrence interval for 
each of the 3 floods is approximately 15 years. 

Damages due to 1938 and 1962 floods were approximately $25,000 and 
$60,000 respectively. Damages from the 1974 flood included the 
following: Gloria Mills was flooded to depth of 0.4 foot; water entered the 
buildings of Harris Manufacturir~g Company causing some damage; 
Volunteer Natural Gas Company had its office flooded to a depth of 1.3 
feet; Church Brothers. a coal and gravel company, suffered $7,500 worth of 
damage (reference5). 

Available water-surface elevation profiles for King Creek are limited to the 
floods of August 4, 1968, June 22, 1974, and August 17, 1977, The August 
1977 flood was relatively minor. The August 1968 and June 1974 flood 
water surface elevation profiles are approximately the same. At river mile 
0.42 downstream of Unaka Street, they reached an elevation of 1,626.5 feet 
NGVD, and have a recurrence interval. of approximately 30 years. Flood 
from both storms was confined to the business district. Damage estimates 
are unavailable (reference 5) .  

Another large flood occurred in the City of Johnson City on July 3, 1962. 
Although a flood water-surface elevation profile is unavailable, a flooded 
area map shows that King Creek was partly responsible for flooding the 
business district and causing the $60,000 worth of damage attributed to the 
flood (reference 5). 
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'The developlnen( of rhe City of Johnson City has created xriarly 
constrictions i c i  Brush Creek'.i flow. There are huiLdings i r ~  the flood ppiain 
and bridges over tire stream, and a, large portion of Brtlsh Creek ir; the 
downtown area is covered. These encroachlnents have reduced the flow 
capacity of the stream and i-ncreased stages for high flows. 

The drainage basin of King Creek within the City of Yohnsoa~. City i s  highly 
developed with a large percentage covered by paved street. arrd buiidings. 
During intense storms, the channel capacity is exceeded; water flows down 
West Market Street and West King Streets and floods the business district. 

The August 17, 1977, flood caused some damage in the downtown area 
including flooding some basements (reference 7). The flood reached an 
elevation of 1,763.2 feet NGVD with a recurrence interval of approximately 
25 years at river mile 14.46." 

From this information it is evident that the downtown flooding issues are not new, 

and continue to be compounded by development in the King Creek and Brush Creek 

watersheds. Economic losses continue to escalate 

In March of 2003, the City retained the team of Lamar Dunn & Associates, Inc. 

(LD&A) and Camp Dresser and McKee (CDM) to study the issues relative to flooding. 

The scope of the study was divided into two phases. The first phase was the investigation 

phase. That phase included: a )  collecting the historical data, b) assisting with public 

meetings to obtain eyewitness accounts, c )  select a computer model for hydraulic 

calculations, d) collect field data, and e) demonstrate the capabilities of the selected 

computer model. The second phase of th.e study was to: a) calibrate the model in order 

to predict the actual field responses of each drainage basin in storm events, b) review the 

nlodel and its findings with the stakeholders, c) perform mode! runs for stom! events of 

different recurrence frequencies, d)  develop potential mitigation alternatives, e )  develop a 



Cil;yAJahnson C,'iQ ~ .- .~~ ~~ .~ ~ ~- 1~owntuwik .~ .- YPuudnuge .. .Yt~idy -. 

circision n~atr ix using the alternatives, C) review the findings wit11 the City and 

stakeholders, and g) present a finat report and computer model of the bastor,,, 

Even though the scope of stsdy was ljmited t the downtown area, a review of the 

entire drainage basin of Brush Creek and King Creek upstream of Roane Street was 

required. All of the alternatives to be developed were to limit/reduce flooding in the 

downtown area. Figure 1-1 shows the study area. As can be seen by maps in later 

sections of the report, there are areas where each of the Creeks gets outside their normal 

banks with no remedial action. 

The basic principles of hydrology were used to assess the flooding issues. 

Hydrology is the study of the movement of water on the earth, which includes two major 

components: precipitation and surface runoff. The science of hydrology is utilized to 

predict the quantity of storm water runoff that may be expected for a given rainfall event. 

Conditions that may affect the amount of storm water runoff include the size of the 

watershed, the amount of rainfall that occurs, the duration of the storm event, the 

intensity of the storm event, moisture conditions of the receiving ground: the quantity of 

paved or covered surfaces within the watershed boundaries, the ground slope within the 

watershed, and other related factors, For these reasons, hydrology i s  often referred to a3 

an art rather than a science. 

. .. - - 
JCT-401-CE 06TW 1 1 -  4 Introduction 



FIgure I-? 
City of Johnson City, 

Tennessee 

Brush Creek and King Creek 
Downtown Study Area 

Legend 

p Downtown study h 

ZBO 0 200 400 60Q Feet - 



? ~~- ~ ~~ ~ . .  Do wnto -~ wua UraibtageStudy 

P~ihWished rainfall data are typically nleilized in hydrologic: ailaiyses to deknnine 

the quantity of surface runoff generated by precipitation. This published saip'illl data was 

developed from statistical anaiyses of historic rainfail events. In addition [.a) total 

precipitation and event duration, the statistical analyses consider regional differences. 

The National Oceanic arid Atmospheric Administration have published precipitation data 

that is widely utilized by professionals. The information published provides regional 

precipitation data for various "'return period" storms. The return period refers to the 

chance a certain storm event may occur in any given year. In other words, a 2-year storm 

has a 50% chance of occurring in any given year, a 25-year storm has a 4% chance of 

occllning in any given year, and a 100-year storm event has a I %  chance of occurring in 

any given year. It is possible (although not statistically likely) for two 100-year storm 

events to occur in two conseci~tive years, or even the same year. 

Today, s tom water collection and conveyance systems, such as catch basins and 

pipe networks, are designed to accommodate more frequent (2-, 5-9 10-, or 25-year) s t o m  

events. However, current standards require major storm water management facilities, 

such. as retention and detention basins, large dams, and flood prone areas, to be designed 

to accommodate less frequent and larger storms (50-. LOO-, or 500.-year). 
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Vjlriotis methods have been developed to estimate ;:.he peak rate of surface runoff 

and ele total quantity of n~aoff generated during storrn events. Solne methods are more 

saphisticatehi than others, but when properly considered, each melhod provides 

meaninghi results. In general., all, methods require the size of t.he watershed area to be 

determined, and land use characteristics to be identified, since it would be expected that 

one inch of rainfall on a one acre paved parking lot would generate more storm water 

runoff than one inch of rainfall on a farmer's one acre pasture. In addition, it would be 

expected that one inch of rainfall on the side of a mountain would generate more storm 

water runoff than one inch of rainfall on a flat pasture, since the accunlulated 

precipitation would have more time to soak into the ground. Computer models have been 

developed to compute surface runoff quantities for selected storm events based on the 

range of hydrologic characteristics. 

Hydrology is utilized to develop the quantity of runoff or peak rate of runoff for a 

selected storm event. Once developed, this information may then be utilized to design or 

evaluate the hydraulic capacity of storm water facilities. These facilities include 

detention and retention basins, storm water conveyance systems including pipes and 

culverts, or open channels, such as roadside ditches. In addition, surface runoff quantities 

for various stom events may be utilized to rnodel floodplain characteristics including 

water s l~ r f~ce  elevations and floodplain limits. 
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SECTION I1 

COMPUTER MODEL 

This section provides a discussion of the methodology applied in collecting, 

evalilating and utilizing the varioris dara for the modeling effort, stomwater modelirlg; 

hydrologic and hydraulic parameters for ths watershed; and verification / calibration of 

the stormwater models. 

The primary aspect of this study is the proper evaluatio~l of water quantity 

(flooding) impacts to the downtown area of Johnson City, Telmesser. A good 

understanding of these impacts helps determine cffective ruetl~ods of controlling flooding 

and protecting public safety. 

The RUNOFF (hydrology) and EXTRAN (hydraulics) blocks of the EPA 

Stormwater Managenlent Model (SWMM), Version 4.4 were utilized to simulate water 

quantity, This section documents the methods used to perform the water quantity 

modeling evaluationb. including identification of the serious problems in the downtow11 

area to be addressed, the structure of the model software. and the assumptions and 

guidelines for using the model to represent the study areas within the City, 

The following model screenrng criteu~a was utilized to choose the recomme~lded 

water quantity rnodel package for this study: 

ICT-401-CE OiiSINli 11 1 Computer Model 



~ ~ ~ o I I ~ w o "  Ciiy = ~ ~ I i n r u v ~ r o : . ~ ~ r r  Droinnga Sturly- 

5- ICfodel credibiiiiy 

Tccknically -orrca:l with demonstrated performance 

Peer acceptance 

Realiskit 

m Public domain and access to the source codc 

a Suitable for microcomputer applications 

m Flexible and adaptable to the specific needs of  the City of .Fohnson City, 

Tennessee, including growing needs to model stonnwatet- quality 

a User-friendly within the limits of dataconstraints 

- Pre- and post-processors to aid in data entry and results 

interpretation 

- Quality of documentation 

m Maintenance of model by mudel developers 

. User groups 

- Periodic model updating and enhancements 

rn Applicable to the study area 

- Able t o  uti l i~e existing Cit j  database 
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Ability a:) utilize exiting alatahasei; from Cit) of Johrlso~l 'Zit). 

Geographic tl&).;,rrrnahion (cis). United States Army Corps of 

Engineers (USACOE). Federal Emergency Management Agency 

(EM.+\) and United States Geologica! Survey (IJSGS). 

Represents key elements of stormwater n~a~li~gelnent system 

(irregular andlor regular cross-sections, culverts, storage elements, 

boundary conditions, etc.) 

Calculates flows. velocities, and water surface elevations 

. Considers backwater and surcharged pipe llow conditions 

Simulates flow reversals and interconnections 

- Performs dynamic simulations of watershed-wide impacts 

Represents small basins (tens of acres) as well as large basins 

(hundreds of thousalids of acres) 

. Represents both urban and  n ~ a l  stomwater systems 

RUNOFF provides an analysis of' rainfall. runoff. inf'iltration, and simple 

hydrologic routing. The model is used to develop runoff hydrographs and to accounl fur- 

simple hydrologic routirlg of nun-looping storm sewer systems. Output can. aiso enter 

into EXTRAN at load points in the hydraulic network. RUNOFF was used to develop 

hydrographs for the 10-, and. i OO-year. 23-hour design storms. 
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The RUNOFF block of SkVbLM simuiaics jhr r:r.tci of ruilofi dcvelarped l'rom 

basins using d [ion-linear r e s e r v ~ ~ r  approximation (Mann~iig's equation). Hydrologic 

rouiing rechiques are then used ?<i route the. aver!an\cl flrtw through rhe pipe. culvert, and 

channel as requireti, Program results can he saved for input to thc EXTRAN hiock of 

S W M  to perforni dynamic hydraulic routing in downsrream reaches. 

RUNOFF was originally developed in 1970 as part of the original EPA SWMM. 

The program has been applied many times since its inception, and has gained worldwide 

acceptance. Ovcr the yeas,  the program has undergone many changes and 

modifications, although the main Forn~ulations and calculations remain mostly unchanged 

from the original codes, 

Program modifications have been performed over the years by CDM and others to 

streamline program functions. and expand channel routing capabilities for use in 

stormwater master plan studies. A more complete documentation of the model's 

background and theory can be found in thc SWMM 3.4 Usor's Manual. 

EXTRAN provides dynamic flood routing for the channels, lakes, and structures 

in the city's Primary Stormwater Management System (PSWhlS). Stages and flow? fr(~tn 

EXTRAN are the basis for the flood summary tables in the following sections. Stages 

estimated by EXTKAN could also be the basis for potential Federal Emergency 

Management Agency (FEMA) floodplain/elevation revisions. EXTRAM also repofis 

average conduit peak veloc~ties For tise in problem area ~dentific~~tion. EXTRAN was 
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useti i.0 r o t ~ ! ~  design storms thrirligliuut the PSWMS in the Brersfi-~ Creek and King Creek 

wakeusbeals. 

EXTRAP4 is a. hydrauiic flow routing model for open channel and/or closed 

conduit systems. la uses a link-node (conduit-junction) representation of the stomwater 

management system in an explicit. finite difference solution of the equations of gradually 

varied, unsteady flow. EXTRAN receives hydrograph input at specific junciior~s by file 

transfer from a hydrologic model such as RUNOFF. andlor by manual input. The model 

performs dynamic routing of stormwater flows through the PSWMS to the points of 

discharge or outfalls. Since it is dynamic, it simultaneously considers both the storage 

and conveyance aspects of stomlwater management facilities. The progam will simulate 

branched or looped networks, backwater due to tidal or non-tidal conditions, free surface 

flow, pressure flow or surcharge, flow reversals, flow transfer by weirs, orifices, and 

pumping facilities, and storage at online or offline facilities. Types of conduits that can 

be simulated include circular, rectangular, horseshoe arch, elliptical, and basket handle 

pipes, plus trapezoidal or irregular channel cross-sections. Simulation output takes the 

fonn of water surface elevations and inundated areas at each junction and flows and 

velocities at each conduit. 

EXTRAN was developed for the City of San Francisco i n  1973. At that time, it 

was called the San Francisco Model or the WRE 'Transpod Model. In 1974, EPA 

acquired this model and inrorporated it into the SWMM package, calling i t  the Extended 

-- -- - 
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Transpol.!: Modei.EXTRAh~ ia, distirtguish it lro~rr the 'TRANSPORI' lklodel deveioped by 

the University of Florida as par1 of ?he cirigiiaal SWMM g~ackage. Since that tinre, the 

mode1 has been refined. paflirtic~il;ir.ly in the way the flow r u g  i perl'onnea': under 

surcharge cortditions and in large oper, channel networks. 

Several enhancements to EXTRAN have been ilnplernented over the years since 

EXTRAN was originaliy released. 111 addition, minor changes were made to several 

algorithms for program efficiency and improved accuracy. 'The SWMN 4.4 User's 

Manual includes further details. 

Hydrologic model parameters used for the niodel simulations are described in this 

section, and provide the resultant RUNOFF model data by hydrologic unit including: 

hydrologic unit alphanumeric ide~itification, width, area, percent directly connectzd. 

impervious area (DCIA), slope, Manning's roughness values. initial abstractions, 

infiltration rates, and soil storage values. 

Topographic data was used to define hydrologic boundaries, overland flow slopes. 

channel slopes, critical flood elevations, and stage-area-storage relationships. 

Topographic data was made available from the City in the form of 2-ft contour data in a 

digital GIS format. Additionaliy, swvey data was collected throughout Brush Creek and 

King Creek to chuacterizr stream cross-sections, road profiles, and irdr'dstructure inverts. 

. . Tbr aurveyed data was verified against contaul. in for ma ti ox^ as a quality assurance 

measure. 
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Mydroiogic units are generally defined by rraturai pbysii:ai feature5 or consrrni:recl 

stormwater marlagenxxi systems drat con~ml and direct stormiratzr rinoR' a common 

outfail. The following general. criteria were used to dctcrrnir?~ Inytlrcjlog~i unr t  

boundaries: 

E Large-scalc physical icatures such as railroad grdcles and major roads were 

used to establish hydrologic divides, 

m Hydrologic unit boundaries were delineated where strnctures of 

topognaphic features could appreciably impou~ld water for the 100-year 

event. 

R Johnson City Urban Drainage Study. Brush Creek Watershed. 

m Flood Insurance Study, Washington County, Tennessee and 

Unincorporated Areas, October 15, 1996. 

R Tennessee Valley Authority, Excerpts. Precipitation in Tennessee River 

Basin, July 1962. 

The Bnlsh Creek Watershed was subdivided into 23 hydrologic units ranging from 

approximately 29 acres to 659 acres. The King Creek Watershed was subdivided into 5 

hydrologic rlnits rariginy from approximately 119 acres to 448 acres. Figure 11-1 presents 

the hydrologic units used in the model and Table 11-1 lists the sp;~riai properties. 

......................................................... ~ 
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Hydrolugic hasiibs were i.ligiti;ced as polygoi~i, a i  ArcVier Shapefiles; which were 

lher~ used to numerically calculate the arca for each of ihz l iydroli~gic uni! delineatic!r~s. 

~ ~ .. 
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aPaii&ll &laa;i was riseci to generate the flows for :iwrr-nwitier cvaluationz Data is 

generally chwacreriaed by arnount (inches). intensi~y (inches per tiour). frequency, return 

period (years), duration (hours), spatial distrihntion (location variance). and temporal 

distribution. (time variance). The design rainfall amoi~nts for the 10- ard 100-year 

frequency, 24-hour duration storms used for this study are: 

m 100-Year, 24-Hour - 6.4 inches of rainfall 

m 10-Year. 24-Hour - 4.8 inches of rainfall 

Rainfall intensities were then generated for each design storm using the U.S. 

Department of Agricul~ure (USDA) Soil Conservation Service (SCS) Type II rainfall 

distribution. 

Soils data were used to evaluate stormwater runoff, infiltration, and recharge 

potential for pervious areas. Information on the Hydrologic Soil Groups (A, B, C, or D; 

NRCS-TR-55) were obtained from the City of Johnson City. Hydrologic Soil Group A is 

comprised of soils with a very high infiltration potential and a low runoff potential. 

Hydrologic soil Group D is comprised of soils with very low infiltration potential and a 

high runoff potential. 'The other two categories fall between A and D soil groups. 

~ ~ 
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9," nhe perctmtage of' each \oiE groxp for. each harsin wits !:ompiled usls~g an overlay 

map of the catchments,, and digirized oierlay of the hydr.oii.)gic soil gro~:ps, From the 

overlay rrkap showing basin buundaries. the percent of each soil group nrlthili a basin ,was 

calculated for each hydrologic unit eval~lated as part, of this study. Rased on the data. 

provided, the soil in the study area is approximately 90% soil group B. Figure 11-2 

presents soil data, and Table. 11-2 presents a soil summary. 

The RUNOFF module of SWMM uses both soil storage and infiltration rates to 

determine the volume of surface water runoff. Soil capacity (or soil storage) is a measure 

of the amount of storage (in inches) available in the soil type for a given antecedent 

moisture condition. The antecedent moist~rre condition (AMC) identifies the moisture 

levels in the soil during the time of evaluation. AMC 1 simulates dry conditions, AMC 11 

for normal conditions and AMC 111 for wet conditions. The average antecedent moisture 

condition (AMC 11) was used for all design storm analyses. 

[n order to manage the volume of data required to generate the SWMM RUNOFF 

data sets, spreadsheets were developed using Microsoft ~xce l " ;  to semi-automate the 

process. Flow path data. land use data (including percent imperviousness), soil data, and 

tributary area measurements for each basin were input into a spreadsheet. The 

spreadsheet calculates area-weighted averages using the global Horto~l infiltration 

parameters and other global hydrologic parameters based on land rise to generate basin 

information that can be directly input to the SWMM RUNOFF data set. 
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Table 11-2 1 
__I_- 

M C S  Soil Groups 

1 NRCS Soil T y p  (acres) L- 

I 
268 

9 72 
- 

2 1 28 49 
43 4 47 
156 64 219 

60 659 
16 263 

14 92 
I 5  . 15 121 
16 22 122 
17 276 24 

I 18 424 24 -- 
19 119 I 
20 238 
2 1 245 28 
22 
23 

- 24 I 
25 

141 

Total (acres) 5,068 
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'['he RUNOFF i~~oclulc vf SWMM uses overiand i iow data in the t'om of width. 

slope, anal Manning'.i roug!lnes:. 1.0 create a physically b;~\ed o~;el-land flow runoff plane 

to mute nunoff to ctanduits and storage for further routlaip. The :~vcrlarid Plow h,ydr;rrriic 

length (L) is the weightetl-averagtt-a travel length ti] the point of i.at.erest. The need for a 

weighted a\erage is apparent for areas with odd geometry where a long, thin portion of 

the area may biab the L. For ponded areas, the point of interest chosen was the centrod 

of ponding. For areas where ponding does not occur. the point of interest is the outflow 

from the area. Overland flow length is used to better estimate hydrologic unit width for 

the RUNOFF overland flow routing by use of the equation: 

A = LW; 
where: 

A = basin area (sq. ft.), 
L = overland flou length (ft.), and 

W = overland flou width (ft.) 

The width was then checked on the base map to confirm that the length, does not 

appear to be biased. 

Overland flow slope is the average slope over the hydraulic length and is 

calculated by dividing the difference In elevation by the hydraui~c length Length and 

slope information were est~n~ated irorn topographic map data and field rnspection data 



Man!i;rlg7:, rr~rlghrless is lrsetl for the overlai~i f l ow  rouling usi:ng Manning's 

equarioil. Table 11-3 l is ts  typical values for shallow overil:ind flow Manning's n. Note 

that pervious !and use averages appear ""rongh'~ because the depth of c?verland flow ($1 

Few inches) is equal to or less than the roughness featurc. 

Table U - 3 ------I 
Estimate o 

Source 
Crawford and 

Engman 
11 9861b 

Asphalt of concrete paving 
Packed clay 
Light turf 
Dense turf 

Concrete or asphalt 0.01-0.013 
0.01 -0.16 

Graveled Surface 0.012-0.03 
Bare clay-loam (eroded) 
Range (natural) 0.033 
Bluegrass sod 0.0 1-0.32 
Shorl grass prairie 0.39-0.63 
Bermuda grass 0 10-0.20 

0.30-0.48 

Notes: 

a Obt~~itzrd by c~llihrntion qf Stanfbril Water.thed kfortei 
h Chrnpured by Engman 11 986) hy kinematic wave and .storage ana1ysi.s of measured 

rainfal!..n~n,qffdn~a. 

- 
~~ ~ -...---..----p-.---....p---. 
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L-and use data was used to estimate irnperviotli areas for inaii\:irlaal hydrologic 

units f r  use in rimoff ~alculations. Imperviousness and directly connected 

irnperviousrresi tvcrz estimated from the City of iohnsa~n C.'ity's Current Land SJse 

Criteria. and checked through 21 samp!irrg of  the major land uses. Existing land use data 

for the City wax obtained from the aerial photography, and the City's Zoning GIS data. 

Using thc existing land usc data, the percentagr of each land use category within 

each basin was determined. Thc pcrcent imperviousness of each hydrologic unit is one of 

the parameters used by the SWMM RUNOFF modcl to detemline the volume and rate of 

surface water runoff. Rased on this information, the area-weightcd average percent 

imperviousrless for each hydrologic unit was computed using the percent of each land use 

category within a hydrologic unit for existing conditions, Figure 11-3 illustrates the 

existing land use condition. !t is assumed that new development shall accommodate the 

increased runoff volumes and flow rates, therefore, future land use scenarios were not 

evaluated. 

The Brush Creek and King Creek primary storm water management system 

consists of streams, culverts, and regional detention ponds. The first step in the model 

development was the creation of a silnplified representation of the actual system for input 

into the storm water models. This was done by developing a model schen~atic, which 

was also used for checlung input data rind interpreting output dati~. ']:he model schematic 

is presented in. Figure 11-4. 

~ ~~ 
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ildentifica~iirrl nrilrnbers for v;irio~.rs system eierne~lr-, are ilnown orr the schenratic \ G  

prouitfr a quick referecce between the physical sysKenr alld rlnc rnmdel sysrenn, The 

folic>wing paragr;tphs describe the information used tir develop the SWMlbT EXTIPAN 

hydraulic model. 

One component of this study was the survey and inventor) of the storm water 

facilities in the Brush Creek and King Creek watersheds. 'The survey, conducted by a 

registered land surveyor, included major system components. Stream cross-sections and 

road profiles were surveyed from approximately SO-feet beyond top of each bank. The 

remainder of the stream cross-sections and road profiles were extracted from the city's 

GIS based 2-foot contour topographic data and "spliced" on to thc surveyed cross-sec~ion 

data using an ArcView routine developed by CDM. 

Lamas Dunn & Associates, Tnc. and CDM staff performed the inventory 

throughout the Brush and King Creek watersheds. The inventoried facilities included 

locations, lengths, pipelchannel dimensions, and pipelchannel construction material. The 

survey and inventory information formed the foundation for the rnodei representation of 

the modeled system. Lamar Dunn & Associates. Inc. and CDM staff performed 

additional field visits to further update and refine the data for the model and evaluations. 

Figure 11-5 iilustrates the survey data collected for this study arid the cross sections "cut" 

from twtr foot contour data 





City of ,Iohnso~n City U~iwn iown Drurnoqc Study 

Stage-area inforrnarion was developed by planin:etzrirrg i.oprigraphic contours for 

nlajor depression areas that couid not be unifom-th) inc:c!~porrtred intt) chanriei cross 

sect1on:i. T h i s  process cvac done to more accurately reflect fio61alplaia.l storage. The same 

procedure was applied to the cxisling detention ponds. Stagc-area relationships for 

existing facilities were ohrained from survey data. or estimated from topographic data 

provided by the City in the GIS topography data. The volume of storage was internally 

calculated by stormwater models using the trapezoidal melhod. 

In the EXTRAY model, equivalent conduits were created in order to account for 

local or transitional losses. This was accomplished through standard procedures based 

upon Manning's equation. Conduits were lengthened andor combined as necessary and 

Manning's roughness values were adjusted to maintain equal flow for an equal head loss., 

Local losses such as headwalls, manholes, etc. cause abrupt changes in the 

hydraulic grade lines that are not accounted for implicitly in the model Therefore, local 

losses must he incorporated into the .Manning's n of the cnriduit (or alternative local loss 

mcthods must be used) to compute these discrete losses of head. The guidelines in Table 

11-4 and Table 11-5 were used when assigning local loss coefficients. 

~ ~ 
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ll Table 11-4 I/ 
Entrance Loss Coefficients 

and Design of Entrance __-- 1 4 %(~TffZe% 
- -- 

Projecting from fill, socket end (groove-end) I-- -- d--- - 

1 Projecting from fill, sq. cu t  end 4- -- 
) I  Headwall or headwall and wingwalls 

G 

Socket end of pipe (groove-end) 

Rounded (radius - 1/12 D) 
Mitered to conform to fill slope 
End-Section conforming to fill slope 

1 

! Beveled edges, 33.7" or 45" bevels 
I L- 
I Stde- or slope-tapered inlet 

-- I Pipe, or pipe-~Ech, Corrugated Metal 
Projecting from fill (no headwall) 
Headwall or headwall and 

-- 

Mitered to conform to fill slope, 
I, End-Section confonnino to fill s l o ~ e  - 
i b v e l e d  I edges. 33.7' or 45O bevels 
1 Side- or slope-tapered inlet 

-1 
A____ 

I Wingwall at 10" to 25" to barrel square -- edge at - 1 Wingwalls parull;l (extension of -- sides) I 

0.7 
-- 

Square-edged at crown + -.o.z..- -i 1 Side- or slo~e-t&red inlet 
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I r Table 11 - 5 -I 
Exit and In-Pipe Loss CoeEdents L- 

l(Description 1 ;I I 

Inlet to manhole 
Manhole in straight section of closed conduit - 

\(11&oIe at a 10 bend - 
Manhole at a 90" bend 1 

-- 
Exit closed conduit to lake 
Exit closed conduit to open channel 

"Head loss at an abrupt enlargement is characterized by the equation 
(Vennard and Street, I 982): 

l ~ h c  exit coefficient k,,,,. is computed as: 

I 

I 

IFor lakes, v~ i s  approxiraately I), and the previous equation yields a value , of 1 .o for Lxit. ------ 

hl. 
- - head loss at enlargement in feet 

k~ - - approximately 1 .O (by experimentation) 
"1 - - velocity in upstream conduit, ft/sec 

- velocity in downstream conduit, ft/sec 
- - v 2  - acceleration of gravity = 32.174 ft/sec2 
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1 1  is rccommentl~d that systein storage alterations ifroin equivalen-it. pipes or- 

rep~,esenkaiions) be checked to ensure that the sysrein storage is pr.oper!y represented. 

Ui'hen using stage-area junctions to account klr flcodplain storage, i t  IS important to 

ecsure that the stage-area relationship does nor include the area composed of open 

channels (top width) sirice EXTRAN channels also account for storage as well as 

conveyance. 

Hydraulic boundary conditions are needed in order to simulate the tailwater effects 

on the system. Fur this study, the system outfall was modeled as a free outfall indicating 

there are no tailwater effects applied from downstream of the modeled system. 

Several assumptions were made during the development of the hydraulic model 

These include: 

m The charulel and conduit. system were "clean" (currently this is not the 

case), 

m Design stom1 rainfall information not specific to Brush and King Creek, 

and 

m Base flow was estimated based on the water depth observed durirlg field 

visits to the system. 

~ ~ -~ 
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Calihraeion itnd verification are desirable lo es~ahl lsh a "Yeailit) check" of predicted 

stages, flows, and velocilies. For caiibration or verification, datii must he avz~jiable in the 

fonn of rainfall, stage, flow. al~dlor high-water. marks for specific storm everits, iand use, 

and hydraulic conditions. 

Data was not available ro perform a comprehensive calibration of the system 

model; however, the model results were verified with the system's response during the 

August 1, 2003 storm event. The August 1, 2003 s tom event totaling 4.67 inches at the 

ETSU rain gauge was exacerbated by saturated soils from preceding storms on July 29, 

30, and 31, totaling 0.1 1 ,  0.73, and 0.81 inches respectively. Flooded areas were reported 

throughout the study area and across the city forcing closure of much of the downtown 

area. 

The National Clirnatic Data Center (NCDC) rain gauge data, located in the Brush 

Creek Watershed at East Tennessee State University (ETSU), was used to load the 

hydrologic and hydraulic models for King and Brush Creek. The ETSU rain gauge 

(Coop ID 404659) is a daily station Located at latitude 36: 17:00, and longitude 082:22:00. 

The gauge measure 4.67 inches of rain for the August 1, 2003 storm event. Data from the 

Tri-City Regional TNIVA Airport and the Brush Creek Wastewater Treatment Plant were 

also evaluated; however, the ETSU data was used due to the proximity to the study area. 

~ ~ - .. ~ 
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Peak flood sr:iges for. h i s  event u w e  sur\ieyetd at SIX le~catioais throughout the 

study area. Fi~iir of ihesc: 10cati'ons coincided with dre moilelect system. The draft model 

was loaded iny. disrmhuhing :he 4.67 inches of rainfal! using a type 11 distribution as we11 

as the distribution obyerved at !he l'n-City Airport, The rairifall intensity distributions 

are presented in Fiaure II-6 The o u e p ~ ~ r  data from each model mri were compared to the 

observed data. Based on the initial results, the modeled flow from the type I1 rainfall 

distribution more closely resembled the observed flows of the system. This model was 

further refined to match the observed flood stages. 

Figure I1 - 6 
Rainfall Intensity Duration 

0.0 5.0 10.0 I S  0 

'rime {Plours) 
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At locations where rbe difference in pea!* stages wtrre g-~eater than 0.5 feet, the 

system characteristics were verified and so\ighness cocKicients refrred to achieve m 

error of no more than plus or minil:; 0.5 feet. The a:trmparisc>n oi'ohser\~esl flood stages to 

the verified model predictions at thzse locations are presented ir: 'T'ahle 11-6 

I Table 11 - 6 I 
Model Verification --- 7 Observed Modeled 

Flood ! Flood 1 Interoolated i 1 
11 1 I Staee (ft- I Staee (ft- I ~ o o i  Staee I Difference I 

[ 10180 1 Lyle Street 1 1661.1 1-1661.1 ( 1661.6 1 0.1 I - 

I 

~ ~ - .- 
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duanctiona 
10020 1 
100W , 
- 10160 

- .  
Location I NGVD) NEV~) 

-- 1631.0 
1635.3 
1659 3 

Sevier Street 
Watauga Avenue - 

Leonard Street 0.0 

1630.7 
1635.1 -- 
1659.3 
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SECTION IIl 

BENCHMARKING INFORMATION 

A. DESIGN STORM RESLLTS 

The calibrated model was used to predict peak stages in the downtown area for the 

10- and 100-year., 24-hour design storms for the current land use condition. 'The results 

of these analyses are presented in this section. The model predictcd flooding of various 

roads and structures for each event, including areas outside of the downtown area along 

Brush and King Creek. Figure 111-1 presents the predictcd floodplairis for the 10- and 

100-year. 24-hour design storms throughout the study area. Figure 111-2 presents the 

floodplains for the 10- and 100-year, 24-hour design storms in the downtown area. 

Table 111-1 and Table 111-2 present the peak stages at each junction for the 10- and 100- 

year. 24-hour design storms respectively. 
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I[& TABLE III .- 1 11 
DESIGN STORM PEAR STAGES 

I 

1 60160 1694.5 ROAU 
-- 

1 1698.5 
60150 1692.75 - 1695.3 - , - 1697.2 2.0 

Road/Drivcwaa. 
Crest Elevation 

(ft-iVGVD) 

10-Year 

60140 

Flood 
§$age 

(ft- 
NGVD) 

( 

I 
10-Year 
Flooding 

(It) 

! 

60300 
60270 

1692.5 - 

. 1703.9 
60 170 -- 1701.0 1699.5 

DRIVEWhYiACCESS 

60100 

'- 60260 n l0 .5  -. - . 1712.1 
60250 1707.5 1710.2 
60240 -- - ~- 1709.1 
60230 1708.4 

1702.5 BEECHWOOD DRIVE 1706.0 1703.9 - 

1715 
1711 

1 50250 - - 1708.7 
50230 1702.3 
50220 -- . -1692.0 -- - 

1 50210 1 1684.5 1686.9 
50200 1 - I651 1684.9 -- -__- 
50185 1680.5 ~.~ 1683.9 
50180 1679 1681.1 

50170 - 

5 6 6 0  1671.3 
1676.0 

50 120 

- 

- -- - - --- 

60 130 
DRIVEWAY - 

1688.5 1655.5 1 . - 

.. .- -- - -- 1719.4 
- -- 

1713.9 

1697.2 

-~~ 

1691 . 

1 

1698.0 -- 

- 

ANTIOCH ROAD 1694.1 
1693.0 60120 1690.5 - -- 

60110 1690.0 - -- 1686 , DRIVEWAY -- 1690.0 



TABLE BPI i 

IO-YEAR, 24-HOUR DESIGN ST0K.W PEAK STAGES 
V r T  

I j F ~ O O ~  ;I I RoadlUriveway I Stage I 10-Piem I 
I Crest Elevation I (ft- ( Flloodirrg 
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I TAB1,E III - l 

C 19-YEAR, 24-HOUR DESIGN STORM PEAK STAGES 

I 
I 
I 

-- -~ 
40245 1683 - -. 

40230 1682 ---- . -- 
1681.5 SEMINOLE DRIVE 1685.5 

---- 

1674.5 ASHLEY ROAD - 

-- 1678. 1 
1670.5 --- RhLROr2D -- 1678.1 
1668.5 RALROAD - 1676.5 

1674.7 
I 
] 

BOUNDARY DRIVE 1674.0 1674.7 0.7 1 
- 1674.0 

I 1666.5 ETSU ATHLETIC. FIELDS - 1673.0 1674.0 1 .O 
1660 JTSU ATHLETIC FIELDS -. 1668.0 - 1669.7 1.7 1 

40130 1656.03 - 1661.4 
40125 1656.37 -JACK VEST DRIVE 1661.5 1661.4 I 

- 

GREENWOOD DRISTATE 1 
I 

.AMSOUTH BANK 

-I 
I 

/ 40100 1652.9 DRIVEWAY 1659.8 1658.7 
30100 1648 
30090 1653 

- .---~ 1669.5 
1 20310 1661.33 
I 203m -=-E - 

- 1663.7 

1 20300 
1 20290 1656.33 ~ 1659.3 
I--. 
I, ~ ~ O H N S O N  AVE AND 

- .. - - . 
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JOHN EXUM / WEST 
1632.93 1 MARKET - STREET 
1629.93 ' 10180 I- - 1629.2 JOHN EXUM PARKWAY 1637.i- 1637.3 0.2 

1 20170 1625.22 1636.2 I 

20165 1628 
I 
I BELMONT AND I 

20160 1 1626.04 ROBINSON 1629.7 1632.6 1 2.9 -. 
20150 , 1626.53 1631.0 1 1 
20148 1624.7 1630.4 / 
20 140 1622.47 UNAKA AVENUE 1628.6 1 -- 1 

1627.4 / 

- 

1.9 
20120 - 1625.0 / 

-- 1623.8 I - 
1621.7 1623.6 1 1.9 - 

1619.5 i 1620.8 1 
- 1.3 

-- .- -- 
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TABLE IPP - 1 

1685.6 

-----..a- ~ ..... ~ ~~ . - 

-.p--.--.-p-.-----.--.-..-. - ~ ~ 
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I 
LO-%-EAR, 24-HOUR DESIGN STORM PEAK STAGES 

-_=i 

junction i 1 
I I FUdsnaB , ! 

Pinverb i 

(ft- 

---- 1668.7 

-- 
- 

1659.1 
STATE OF FRANKLIN 





~ - . -~ ,~ 
~ -- - ~ ~ --- ~ ~ 

TABLE 111 - 2 I I 



.- . -. -- -- 
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.- ~. ~ ~ ---.- ~.:-=A~~-=2~ .TAT-y ~7.~v-.e-==-+-- .=-. -~ ~- 
TABLE T I T  - 1 I 

I 

RD 1662.4 166 1.6 

AMSOUTH BANK 
1652.9 DKIVEWAY .-. 

i 648 
-- +--- 

~_ . - 
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il TABLE IIP - 2 
/I I 
- . -  100-YEAR, 24-HOUR DESIGN STORBI PEAK STAGES r--r 

RwaWriveway 
Crest Elevation 

Location (ft-NGVD) 
POLK AVENUE .- 1463.0 

JOHNSON AVE AND 
WEST MARKET ST 1657.0 i - 

- - 
JOHN EXUM i WEST 

Flood 

Flooding 
NGVD) 
1663.9 0.9 
1660.0 

~~~~ ~ - ... 
.ICT-401-CE OriSWi I 11i- 12 Benchmarking information 
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.ICT.4OI-CE O6SIYI I n.! - I.? Wenchrnarkinp B~~fnrmatinn 

Dowv8lo~e.n l>rainaga*gy-. &!i2~2:&4&~?-6!9: 

I -  I 1 
.Tunactinla 

I Invert 1 (ft- I 1 C ~ s f  Elevation (a- Flooding 
Jannnctiaan NGVD) , Location (ft-NGW) N G W )  bft) 
201031 

I r m 0 3  
20 102 
30101 

7 3  loo 
-- 

1609.5 1618.0 1620.2 2.2 1 
10610 1756 NUNLEY DRIVE 1759.0 1759.6 0.6 
10600 1755.75 - 1758.5 
10580 -- 1746.5 1747.4 

J 
1 1 3 5 6 0  1738.5 1740.3 

10540 1 1732.25 -- - - 1733.7 -. 

10520 i i T 4 . 5  i 1728.1 
10500 1718 1720.9 
10420 17 14 CLOVERDALE LANE , 1719.2 1.8 
10410 1712 1714.8 
10408 1708.75 - 
104Oh 1706.25 1709.1 

170 1.5 CARTERSELLS ROAD 1706.5 1708.8 
1706.9 

1704.3 1706.9 
1697.5 -- 

10388 1693 
10386 1688.5 - ~ 

10384 1686.25 
1684.5 TRAILER PARK ROAD 

. . 

1682.8 
1J0350 1677.4 

CSXRAILROAD - NO 

-- --- 
1612.1 [ 
161 1.R BOONE STREET -- 

1611.3 
1609.9 MCCLUFE STREET 

-- 1618.3 ~... -~ 
1617.5 -~ 

1617.0 
1618.0 

.- 1620.4 
1620.4 
1620.3 
1620.2 

2.2 
- 2.9 

3.3 
2.2 



1 Junction 
I Invert 
I (ft- I 

ion 1 MGVD) Location 1 N(ft-NGVld)VB) (ft) - / 
I BURLINGTON PLAUT 1 i 



I I1 Junction 1 I 100- 
Invert Woadi'Dsi~eway Sedge ! Year 

. 
10040 1627.41 
10038 1625.3 -- -- - ~ 

KELLYS FOOD 

Junction 
Invert 

lr 7 1 KELLYS FOOD I I 
- 

I 10032 1624.3 - PARKING ~ 163L.3 1635.0 3.7 
10031 1624.25 

10009 1631 

10005 1613.2 
10004 1609.7 
10003 -- 1608.6 

. - 
1 
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SECTION IV 

POTENTIAL. MITIGATIBOE CBh%PONBa,N'ITS 

There a+? many types of mon-structural and structural measures rhar car1 either 

solve or alleviate stormwater flooding problerrls. The IJS Federa) Emergency 

Management Agency (FEMA) has adopted four main floodplain management strategies 

(Frcnch and Associates Ltd., 1998). Table IV-1 summarizes the non-structural and 

structural mcasures that can be used to achieve these strategies, which include: 

m Modify human susceptibility to flood damage by reducing disruption 

through avoidance of hazardous, uneconomic or unwise use of floodplains, 

E Modify the impact of flooding by assisting individuals and communities 

prepare for, respond to and recover from flood damage, 

m Modify flooding itself by constructing improvements ha! control 

floodwater. 

m Preserve and restore natural resources by reestablishing and maintaining 

floodplain environments in their natural state. 

These solutiori types can be adapted and applied in a broader stormwater 

management context. The focus of this study is on  structural solutions as applied to the 

flooding issues in [he downtown area. A generai discussiorl of stn~ctural controls is 

presented in the following section. 

~. - 
JCT-WI-CE 06SWi I bV ., l Potential itfitigation C~>rnponerrh 
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--A- 

FEMA FEOODPLAIK MANAGEmNT STRATEGIES AND SOLUTIONS 
. ~ ~ .-.----.---.--p-. 

( Land lrsc plannlrig codes and ordinances 1 1  
1 Engineering design policiea and standards 1 

Floodplain preservation and restoration 
----- 

Flood forecasting/waming systems L- 
1) Modify Impact of Flooding / Public information and education programs 

Emergency response plans 

lnce~~tives 

( Post-flood recovery plan, 

Modify Floodi~lg Itself Facilities to store excess runoff 

Dikes, levees, and floodwails to keep excess runoff 
awa 

I 

Channel improvements to convey excess runoff 

-- and on-site detention -- 

i controls thar encourage infiltration 

- -1 
Preserve arid Restore Natural environmental sensitive areas 11 
-- --- -A 1 Land use planning codes and ordinances ;I 

Engineering design policies and standards 1 
-- 

open space., <and wetland preservation 
and restoration 

i 
i 

I! 1 Pltblic il~fornlation and education programs 
1 -. 

1 1 Financial incentives L - -  . - - = p - - = . - - -  - ----.-- -.----.. 

~ ~ ~~ 

.ICT-401-CE 06SWi 1 I h r -  2 Potenlid Mih'stion Components 
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Ru!loft' ,ource corklrols iimii tilt: disch:irge of runoff  iiito the sioiir~waler 

nlanaycrnt-nr .;ysterir. RariioK can he ca~nrsol!enl. at 1:s si,urcn" hy- 

a Reducing the amount oi' ~mperviijus area througfi aite.maiive s i k  

development design.; that redrrce the area of paverneni and concl-etc on 

roadways, parking lots, and sidewalks, or- through the use of  pervious 

paving tnaterials, 

m Constructing stormwater management l'acilities that promote infiltration of 

runoff into the soil. 

Investments in runoff source controls will minimize the cost of all 

the other types of structural improvements that merely redistribute 

stormwater runoff within the system, Apart from source controls, there are 

three ways to control excess runoff in stormwater management systems: 

m Convey excess runoff elsewhere. This involves moving flows to an 

appropriate location either by gavi ty or pumping. 

m Store excess runoff. This involves detention or retention to hold back flows 

at critical times. 

m Accommodate excess runoff. This involves either preventing oi- rnirrinizing 

darnage to flood prone structures. 

- ~ ~ ~ ~ ~ 

,JCT-4Ol-C.E 06,SWI 1 bV - 3 Pot~ntiaI blitignlion Components 



prohiems that are caused by a localized con.\tricbion withiri the drainage system. Fhesc 

ir~?pr.ovznhenis arc typically designed kr irrcrease thc existing conveysncc capacity, 

allowing the water to move more quickly or efficiently downstream away frern the 

flooded area. Whrlc generally irnpro\.lng floodmg condit~ons upstieam. an evaiuatlon of 

couveyance improvements must consider. the potential increase of flooding condition; 

do%nstream. Table IV - 2 shows various conveyance Improvement options 

I - - - -  TABLE IV - 2 1 

Construct a new pump station where gravity solutions are not 
New pump sratiors 
-. feasible -~ 

Modify existing pump station (upgrade capacity 

~ 

Modify existing pt~rrip statiorr 
r e c o s l f i ~ o f  operating controls) ~ 

Low-head restrictive devices (e.g., gatcs, weirs) co 
Add flow reductioin controls 

-- L stai /f low dow~lstreain ~~ .. 

I 

CONVEYANCE IiVfPROVEiMEN'rS 

1 Rcmove flow reduction 
Ibntrols 

1 Remove restrictive devices lo increase stage/flow downstream 1 
- - - __-I1 

TYPE 
Bridge replacement 
- 

Culven&acement -- 
Culvert addition -- 
Constrained ch'annel 

KT-401-CE il/isu// l I V - 4  Potential ~Miti,eation Components 

DESCRIPTION 
Replacement --- of existing bridge . 

Replacement of existing culvert 
Addition of culvert, parallel to existing cuivert 
Channel wideninglregrading to increase flow capacity, 

improvements - 1 constrained bpvailabl-ace --- 
U~iconstrained channel 1 Available space allows room to construct two-stage naturalized 
improvements -- J stream ---- -- 
Channel realignment New -- channel alignment within the same reach 
Diversion channel Diversion channel to a new reach, tributary, or watershed -- 
Storm sewer replacement Replacement of existing storm sewer pipe 

Storm sewer addition -- - Addition of storm szwa pipe, parallel to existing storm sewer 
~ 

Sto~ni aewer realignnlent New stonn sewcr alignment within the same reach 
- 

Diversion storm sewer Diversion storm sewer to a new reach. tributarv. or watershzd 



City orpldokasos Caty 
~-& Don.ur~dfi,fr Drnina-v S t u b  

Deteririon improincxl~enrs are i)fterr ihc: best hydra!rl!c ,;oli~iion to f lood i r l~  prr)hlcms 

thai result. hour cx~es : i i ve  I-urloff voh~c-nt~ clr- where conveyance improvement.: are 

i!~effecti\ie. U,Ifilile detention generally irr~prove.; Flooding corilitions docvnstream, an 

evaluation. of storage improvements must consider increnscs in flooding conditions 

upstream, par~icularly in areas of flat terrain. Detention facilities can also be extended to 

include design features that promote the settling of pollutants captured by the facility, and 

reduce erosive flow velocities downstream of the facility. 'Table IV - 3 shows various 

detention improvement optlons 

-- .- . - 
TABLE IV - 3 

DETENTION I&WROVEILaENT OPTHONS I 
-__-_II/ 

DESCRWTPON I 
----p-p-pp 

Provide additional storage and/or Modify existing detention facility 
-- - Jrec-uration - of control structures 

Construct a new detention facility, generally Open detention facility 
~- using open excavation 

Closed detention facility Detention facility with c!osed top, generally 

---- underground 
In-line dadcon&ol structure within open Ravine storage1Stream impoundment channel to impound water 

StreetRarking lot storage Regulate inlets to allow 
- right-of-way or parking lot 

Dredging of deposited sediment, etc. from 
- ~~ lakes, ponds, streams. 

Capacity restriction 
orifice plate to throttle flows) 

-- - - -- - 

Provide additional storage and/or isting detention facility 
-- reconfiguration of control structures -- - - 



Flooilp!ain aramagernenr improveinenis addrcsi Floodir~g probterns hy either 

preventing flooding, or by keeping ences:. r,unoH away fr-or11 buildings or roadways. 

Decisiorir to use Roodpiair management irnprovelnents are usually based on cost rather 

than hydraulic benefit, that IS ,  in cases where thz costs of co:lveyarice and detzntio~~ 

options are high compared to their effectiveness. Buy-out i s  included here as a structural 

solution, since heavy equipment is typically i~sed to demolish the structure and to re- 

grade the land after purchase. The raising of roads should be considered as a last resort 

optlon. Minor resurfacing projects might he beneficial, but extenslvr road raising w11l 

reduce available surface storage, and could result in new flooding problcrrla elsewhere. 

Table IV - 4 shows various floodplain management improvement options 

1 Buy-out Purchase and demolition of home, business, 
1 andor private property -- i 
11 Relocate 1 Relocation of residential building 
I Flood berm Dykes or benns - 1 using earthen materials 

1 dykes, or levees using concrete 
nr sheet nilinv 1 

of house - 
!I 
'1 

Road raising material layers?;;l/ 
- 11 



Dor,nlnw~.u Druiozaga Sludr ~"bof/.i.LnssC'lhr """ " .- 
, . Bhe rcconmexuftd .itructurai sa,l!~t!ons 1.0 draix~age problems wi l i  only achie\:e the 

desired level of flood coniroi. if apyr<)pa.iaiz tncasures are ir?lp!e!ncnied to nrnin?~ain the 

capaci~,y of rhc existing primasy N I . o ~ I V V ~ ~ L ~ ~ ~ .  manlagernens syctean. 'These rneasi.~res 

include: 

1 Ongoing maintenance program. This prograni could include routine 

and as-needed maintenance activities io remove vegetation, sill, 

sediment, and debris from the system in order to ~ h i e v r -  its originar 

dzsign capacity. Maintenance alone may solve current flooding 

problems. 

m Repair and replacement program. An annual investment in renewing 

aging stormwater infrastructure helps to preserve the structural 

integ-it4 of the system, and may extend its useful life, prevent 

failures, and assure reliable service. 

m Floodplain preservation. Preserving existing floodplains helps tu 

retain natural flood storage volumes, ailows natural stream 

rnorphologic processes to occur, and protects stream and riparian 

habitat. This can be achieved through ordinance modifications that. 

prohibit floodway encroachmerrl. or floodplain till, easement 

acquisitnora, or estahiishing setbacks. Preservatior~ u t  floodplain 

storage can alsc be tied rc) various rand use planning initiatives, 

~ 
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ahich CHTI significantlq rcrBucc t;>z iapital coz! of recun~n;elldeid 

strrrct(ir;\i improvements. 

detentiodreientior~ and ru~lori volume control? are recommended to 

limit f~iture flooding, erosion, and water quality problems in 

developing areas. These can be achieved through ordinance 

modifications and regulatory conipliance with costs typically borne 

by the property developer. 

~ ~ .. ~ .~ - .- 
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SECTION V 

ALTERNATIVE ANALYSIS 

As requited by the agreemet?[; alternatives were investigated to reduce flc~oding irr 

the downtown area, The 24-hour. 10- and I 00-year frequency srvrms within King Creek 

and Brush Creek Primary Slormwater Management Systenl utilizing mitigation measures 

for 100% protection. Also. another alternative was to be investigated which would be 

considered the most cost effective program. Figure V - I graphically displays the 10- 

and 100-year alternative scenarios. 

Table V - 1 presents thc flood protection for the 10-year, ?$-hour design storm 

along the two creeks. The protcctioil atea was shown ~n Figure 1-1; but, generally is from 

Kelly's Market to the cvntlucnce wiLh King Creek and on King Creek from Carver Park 



Figure V-I 
City of Johnson City, 

Tennessee 

Brush Creek and King Creek 
Alternative Scenarios 

I 0-Year and 100-Year Events 

Legend 

500 0 500 1000 Feet - 
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~ ~~ . -  _; =._-- ~p ~~ 
- n 

TABLE v - B ! 
PO-YEAR, 24-HOUR DESIGN - STORM I[W.WRB_DWmNTS - 

~ ~ R O V E I L I E N T  D ~ ~ ~ m ~ I ~ ~  i 
11 I I 

1 ! 401 80 I Storage; Approximately 140 Acre-Fret (( 
2 1 10200 

I 
Storage; Appri)ximately 60 Acre-Feet 

~- 

10050 
-4 

Storage; Approximately 35 Acre-Feel I 
p-.-pp.-p-p 1 

4 20220 Storage; Approximately 55 A c r e - ~ e q  

20131 I Approximately 14 Acre-Feet 1 

11 6 
I 

1 10038 to I0030 1 Remove Conduit Under Kelly's Market 11 
ii 7 1 10006 to 10005 1 Vertical Realignment 11 
I 
I- -- 

ii 10 20130 to 201 10 4 x 12 x 85 Relief Box Culvert 

I 1  i I 1  (20105 -~~~~~ to 90010 j6 x 2,475 Relief Box Culvert -- A 
The improvements presented in this scenaric~ rakes advantage of the available area 

to address not only flooding issues in the downtown area, hut to improve the flooding 

level of service that occurs in the upper watersheds 

The project team also performed an ebaluation of the improvenlents in K ~ n p  Creek 

alone (Improvements 4, 5 ,  10, and 1 1 )  These Lmprovements addressed the downtown 

iloodirig problems at the confluerrce of Brush Creek and King Creek. Peak stages in the 

vicin~ty of Kelly's Market along Brush Creek however were not significanriy reduced. 



Additionally, the project team cvaluaied numerous impr-ovemenis to address the 

100-yeas, 24-hour de:sign storm flooding problen~s 'These improvements are similar to 

those presented for the LO-year design storm however incc~rporates additional c!~nveyz~nce 

capacity, The improven~ents presented in Table V - 2 provide flood protectiol~ For the 

100-year., 71-hour design storm along Rmsh Creek and Klng Creek from Kelly's Market 

and Carver Park to the downtown area, 

IT--- TABLE V - 2 

I1 
I 1 1 40180 1 Storage; Approximately 140 Acre-Feet 1 1  

DESIGN STORM 

Storage; Approximately 60 Acre-Feet 

10050 Storage; Approximately 35 Acre-Feet 

JUNCTION 

1 1  4 1 20220 / Storage; Approximately 55 Acre-Feet 11 

IMPROVEMENT DESCRIPTION 

Storage; Approximately 14 Acre-Feet 

-- 

7 

8 1 10030 to 10020 5 x 1 1 x 110 Relief Box Culvert (1 
Vertical Realignment 

-- 4 x 12 x 85 Relief Box Culvert 
1 5 x 20 x 7 5 5  Relief Box Culvert 
5 x 24 x 170 Rellef Box Culvert I i 20105 9(X)'0 5 x 32 x 110 Relief Box Culved I ii________ 

.~ .& ==-.----.=. 
1 5 x 32 x 1,440 Relief Box Culvert 1 1  -. 
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, . 1 he improvements presented aga:n lake advantage OR' the available area r,o address 

no1 only flooding issues in the dowrrtowa~ area, 'out to improve the flooding level of 

service that occurs in the upper watersheds, as did the I O--year scenario. 

The evaluation of the improvements in King Creek alone (Improvements 4, 5 ,  I Oj 

and 11) indicated that the improvements were not able to address the downtown flooding 

problems for the 100-year event. 

The project team evaluated the effects of a more natural (open channel) 

conveyance system and storage facility located in the downtown area. The improvement 

includes opening approximately 4,000 linear feet of the downtown piped system and 

creating complex trapezoidal channels to accommodate base flow, small storm events and 

large storm events up to the 100-year, 24-hour design storm. The volume of the 

downtown storage facility is estimated to be approximately 65 acre-feet with a maximum 

wet pool depth of approximately seven feet. 

In addition to the functional capacity of the alternative, the concept presents an 

opportunity to develop a down tow^^ greenway system and stimulate an economic rebirth 

to the downtown area. Figure V - 2 presents a conceptual illustration of the alternative: 

ICT-401-CE 06SINI / "/. 4 A Ilernative Analy d.! 



Figure V-2 
City of Johnson City, 

Tennessee 

Brush Creek and King Creek 
Design Alternative 

1 00-Year, 24-Hour Design Storm 

Legend 

Downtown Detention Facility (Appmx) 
sed Conveyance 

ExisUng System 

100 0 100 200 Feet 
----' 
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. i n  alternative \.)( no aa:tion wa. re\:ievi3ri Bas~caily, ( h i  aiternative vr;a>uld h a s  

no project cost associated with it; bur, property valires in h e  affected area will continue ro 

be less than desirable. 'This will resalt in less prapertj tau and potentia!ly sales lax. I f  the 

area continues to flood on some frequency, there would be no incentive by the property 

oy&ners to invest in improvements. 

A limited action alternative was investigated for the purpose of limiting 

constn~ction expenditures. It was determined that this alternative provided essentially no 

more protection thar the "no action" alternative; but, had a cost componenl associated 

with it. 

A decision matrix was developed comparing the following alternatives: a) no 

action, R) limited action, c) 10-year and 100-year. and e )  greenway. Table V - 3 is the 

matrix with the scores. 

~ ~ 
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// TABLE V-3 
I/ 
li l i  . . _ _  DECISION - MATRIX 

--- 

NO 10-YEAR I IOO-YEAR RETENTION ACTION ACTION 
.- 

I 

Legend: 
Ranking Values: Very Favorable = 5 

Favorable = 4 
Moderate = 3 
Unfavorable = 2 
Poor = 1 





The City has a keen irlteresi in good con~inunicarioo with the stakeholders. At the 

outset,, arr initial public meeting was conducted basically to alert bht: pilblic that a study 

was being prepared. discussing the scope, and soliciting input. 

Near the end of Phase I, another public meeting was conducted. At that meeting, 

preliminary results of the modeling effort were discussed. The stakeholders generally 

co~lfirmed that the model's predicted response of the stream was consistent with their 

historical knowledge. 

After the alternative analysis had been performed and the decision matrix of 

Section V developed, another public meeting was conducted. In that session, the team 

reviewed the work to date including the con~ceptuai alternatives. The matrix was 

presented without values being assigned to public opinion. Flood proofing of structures 

was discussed including both wet and dry approaches. Pictures were shown of greenway 

areas in other cities and the construction of culverts. 

During the public presentation of candidate solutions. it was made clear that a final 

decision had not been. made. There were numerous questions frorn those in atteridance~ 

One issue raised concerned a tentatively located detention basin in the hlarv Street area. 

A stakeholder raised a question concerning shifting the kmsirr from privately owned 

property to  property already owned by the City just upstream. 'That comment was heeded 
. . ~  

.ICT-401-CE 06SWI I V I -  I Public bn~olvemenl 
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i r ~  rhe final draft of the report. j(.Pther. dlscussiorri centered around the Augi~sl  LOO3 flriotl 

which was s!ill fresh on the s~akrl~i)iilerc rnirlds Pokntial funding sources were 

diiicussed; both grants and Loans. hfrer consicierable discussion9 tile moderatvl. asked for. 

an unofficial vote concerning the most Favorable alternative. 1'he greenway alre~native 

received a near unani:nous vote. 

Other activities which involved the stakeholders occurred inmediately after the 

second public meeting where site visits were conducted by the team to view flood 

elevations (water marks). During these visits, the stakeholders were given an opportunity 

to express whatever concerns they had relative to the program. Overflowing sanitary 

sewers during flood conditions was mentioned. It was also pointed out during the 

stakeholder rneeting(s) that a historic distr~ct L\. as in place 

-~ -~ 
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SELECTED ALTERNATIVE 

After the public rnccting disc.ussiiig the various al~ernativss, values were assigned 

to the public azceptance category on thc matrix. *Sherefi)re., ir was clear that t!~e public 

supported the option referred to as the Greenway !\ltcmative. The next step was to 

further refine that alternative and develop a phasing approach for it. 

The selected alternative has six (6) distinct segments. They are: a) approach the 

downtown tloodilig issue as an opportunity to redevelop the affected area: the first step 

would be to purchasc the required land, b) make minor improvements to streets and 

drainage structures, c) constmct King Creek storage (two projects). d) construct Bmsh 

Creek storage (upstream of State of Franklin Road), e) construct downtown storage with 

water amenity including opening up the creeks for a more environmental friendly 

situation (two projects), and f) constructing the walkinghike trails and other greenway 

featurcs to enhance the environmental and aesthetics factors of the area, and constructing 

storage upstream of ETSU baseball fields. 

Discussions with the staff indicate that allention should be giver] priority to the 

King Creek, and develop a phasing schedule to maximize early benefit from initial 

expenditure. The public expressed an interest for the team to be rnindfui of the hisroric 

tlistrxt, and to propose the use of land. already owned by the City. where possible. 
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Dowlaiovn Drainage eYtr8dy ., 

'The !an.<[ aaccjuisition for the t.rlrir-e pl-c?qarn L~ is  estirnateti ti) he approxirn;ttely $7.5 

million. There are various grant prozrims available which coulr! miairnix the City's otit- 

of-pocket expmdirure. 

'The Tennessee Department of Environ~venr and C o ~ ~ s e ~ - v ; ~ ~ l o n  administers Weal 

Estate W'ransfer fund dedicated to use bv loca! government for the purchase of lands for 

natural area. yeenways, and othcr approved recreational use. The grants can also be 

used for recreational projects, trial development and approved cxppitol expenditures. Thc 

overall Stonnwater design will take advantage of state funds to purchase additional. park 

and greenway acres, and develop infrastnicture on some existing City park lands. 

Fishing ponds, walking trails, ball fields. and green buffers are just a few of' the projects 

which can be paid for with a mix of local and state fuilds. 

The proposed minor improvements would include redirecting flow from ex~sting 

catch basins for more efficient use of existing drainage structures. and some. street grade 

realignment. Also, minor flood proofing should he considered. This effort would have a 

greater response to minor storms than major flood events. The model indicates the 

improvements would be effective for possibly tip to a 5-year storm. These projects can 

be funded by monies resulting from the Stormwater utility. The initial phase of thic 

activity shoultl be budgeted at $0.5 million. 

'Fhe most meaningful n).easu.res would include the cunstructiorr of detention 

facilities within the drainage basins, and opening up culverts for better passage of water. 
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In ortier for ali. these ~rnprovcmcnii rc! k i t :  ucali~etg, r n  i s  proposed that they he done nn 

phases. 'This m-angernent allows the use of grani programs. private developnrenli 

involvenaeni to stipplernent the use of City Funds. Tile fir,[, phase or project would he to 

regrade Carver Park for  multi-uses, There is preseniiy a new City recreation buildi.ng 

being constructed on the site away froxrl King Creek. Thc remainder of that iot can he 

graded for ballfields; hut, in a fashion ~ h i c h  would allow it to act as a detention basin 

during flood events. There would be no recreational activities occurring during a flood 

cvent; thercf'ore* the land could have a dual use. It is anticipated that it \vould cost 

approximately $2.5 million for this project. It is understood that the City might, consider 

using some of its own constmuction crews to perform the work. It is recommended that 

the City consider $,05 million recreational grant application to be prepared for the 

project. Table VII-L shows the breakdown of esti~rlated cost assuming it is done by an 

independent construction contractor. The estimate is based on 2004 pricing. 



PROJECT COST ESTItaMTE 
CARVER PARK DETENTION BASIN 

. . -. 
.JCT-$01-CE 06.5 W l  i V I b - 4  Selected ~~lternafiue 

4. Permitting 
5. Geotechnical 

$ 10,000.00 
$ 10,000.00 

6. Inspection $ 50,000.00 
7. Bidding Services 

PROTECT CONTINGENCY 
TOTAL ESTIMATED PROJECT COST $ 2,500,000.00 
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The computer model predic:ated a weal for a total storage vulurne in t.he diswntotvn 

area. The Carver Park area is close errough lo downtocvn for its volurne to be considered 

i t  part of the total downiown requirements. The team in concerf. with the staff identified 

another area along King Creek between Caver  Park and the confluence of the creeks 

which couid he effectively used as a part of the downtown volume. That project is 

recommended to the second project after the minor improvements. Tahle VII-2 shows 

the breakdown of its estilnated project cost. Again, if the city were to construct this 

project by force account, the actual cost would be somewhat less than the estimated $1.2 

million. The estimate does not include land cost (which has been previously identified). 

At this level of study, actual construction activities may shift from one property to 

another as d e s i p  is refined. 



TABLE VBQ -. 2 

PRQ.BECT COST ESTIMATE 
\VEST KING STREET DETENTTON 

- 1 ITE 

OTHER PROJECT COSTS: +---I 

CONTINGENCY 
- 

ESTIMATED TOTAL 
- 

(1 Design - - t $ ~ 0 . 0 0 1  

$ 145,000.00 

$ 850,000.00 

Engineering Services During Construction 20,000.00 
-- 

4. Permitting 10,000.00 

5. Geotechnical 

6.  Inspection 

$ 15,000.00 
- 

$ 50,000.00 - 
7. Bidding Services 
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'l'he next  project onr King (:reek itlould he to regrade Riwa~ris Park to pl-oviale 

detention in thc upper arca. 'I'hi psojecr. will provide rninirnitl affects in the downtown 

area; however-, ii will provide proi2~hion io an area near the iniersection of John Exu:n 

and Market. Tahle VII-3 show:; a breakdown of the estimated projzct cost foi this 

pro.ject. This project is another one which the city may wish to construct by force 

account. Since. this project would impact a transportation conlponent, consideration 

should be given to making application for T-21 funds. 

The Brush Creek detention upstream of the State of Franklin Road could be 

constructed on City owned property. A sin~illlr project was reviewed in the Mary Street 

area, and revised to the City owned property, This change was in response to input at a 

puhlic meeting. The project can be constructed at either site with similar results. If the 

City had an interest in redeveloping the Mary Street area, the detention basin could be 

incorporated into that project. If the project is constructed on the City owned property, 

the estirr~ated cost is shown in Table VII-4. If redevelopment grants were se~ured to 

redevelop the Mary Street area, the detention basin could be partially Cunded by that 

method. 

The Keystone project i s  the downtown detention facility. This multi-purpose 

project i s  required before the hli effect of thc flood damage protection can be realized. 

The project should he a part of a downtown redevelopment program which has an 

associated water arnenity. Thc pro!ecr. if properly planned, can be a catalyst tor an 
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C C O ~ I O ~ ~ ~ C  resiul.gence LO Lhc diiwi-rii~wn, h h l e  \ili--S show.; a hr-e;nkdovin of the estimaizd 

cost for this phase. 'This project i i  in the historic district which coitld present somc 

TABLE VII-3 

PROJECT COST ESTIMATE 
KPWANLS PARK DETENTION BASIN 

KING CREEK I\.IAIN STEM DE'IXNTHON 

OTHER PROJECT COSTS: -7 

C O N T I N G ~ ~ C Y  $ 395,000 00 

t ESTIMATED TOTAL 
- 

I -- 
4, Permitting 1 $ 20,000.00 

$ 2,250,000 00 

pp 

I .  Design 
P-~ -- 
2. Surveying 
- 
3. Engineering services During Construction 

Geotechnical 

10.000.00 
-- 

$ 90,000.00 

$ 20.000.00 

$ 40,000.00 

~ ~ ~ ~ 

JCT-IOI-CE O6S1N1 i v11- 8 Selected ihlterntrh'pe 



TABLE VII -. 4 

PROJECT COST ESTIMATE 
BRUSH CREEK hIA%N STEhU DETENTION 

UPSTREAM OF ST4TE OF FRANKLPR- ROAD 

I= PROJECT COSTS: +---+ 
I I .  Design 1 $ 110.000.00 1 

- -- 

3. Engineering Services During Construction 

5. Geotechnical 1 $ 25,000.00 ( 

7. Ridding Services 
. 

PROJECT 
- I 

TOTAL ESTIMATED PROJECT COST I $: 3,700,090.00 

~ ~ .... - 

.JCT-401-CE OOSWI I V l r  - 9 .TeLc.ted Alternative 



PROJECT COST ESTIMATE 
DOWNTOWN DETENTION FACHI,IITY 

- SUBTOTAL $ 

CONTINGENCY $ 

ESTIMATED TO1 AL 1 $ 3.200.000.04 
I 

OTHER PROJECT COSTS: 

1. Desian - -- 
2 .  Surveying - - 

3 .  Engineering Services During Construction 

4. Permitting 

5. Geoteclrlical - 

6. Inspection 

7. Bidding Services 

-- PROJECT CONTINGENCY - 

TOTAL. ESTIMATED PROJECT COSl - 

$ 120.000.00 

$ 20,000.00 

$ 60.000.00 

$ 20,000.00 

$ 20,000.00 

$ 50,000.00 

$ 10.000 .OO 

S -- 200,000.00 

S 3.700.000.00J -- 
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The Ci t y  has estahlisl;a:d ;I hiuinr-iu:ciaitservation o\:etiay dirtrici irl ordel- that. 

appropr:ati measures be taker] co ensure presei-;;i~tiorl of siruciuses of hnsroric balue to 

Johnson City. Figure VliP- 1 si~ows the historic district. Nn siruc-ture within the iiistrict i s  

t o  be derlloiished or altered excepi as provided in the code. However. iss1.1es for 

consideration are outlined in the gi1ideline.s of the District which include property values 

and local economy Without flood damage reduction ~neasures, some nf the ctructurcs in 

the District will continue to decay. Therefore, the City should work with the Historic 

Zoning Cornmission to allow tlic much needed flood abatement prqject to proceed in 

order to provide protection for stnlctures which otherwise are in jeopardy. The proposed 

flood damage reduction project will enhance the property values and the general 

economy of the City. The aesthetics of thc area will be improved with the project as well 

as the enviro~unental issues. .A very minor poltion of the historic dibtrict would require 

demolition. 

With the construction of the downtown detention in place, the next project  should^ 

be channel improvement on King Street which would complete the entire proposal in that 

basin. Table VLI-6 shows the estimated cost for this project. 



TABLE C'III - 6 

PROJECT COST ESTIbfATE 
G H W L  IhBPROVEmNTS (CAWWR PARK TO DOWNTOWN 

DETENTION FACILITY) 

SIIBTOTAE $ 2,082,000 00 

CONTINGkNCY $ 418.000.00 

-- ESTIMATED TOTAL $ 2,500,000.00 

-- 
OTHER PROJECT COSTS: -- 

1. Design 

2. Surveying - 

3 .  Engineering Services During Construction 

4. Permitting , 

5. Geotechnical - .- 

6. hxect ion -- -- 
7. Bidding Services 

PROJECT CONTINGENCY 

'I'WTAL ESSIMATED .- PROJECT COST 

--- 
-i 

$ - 160,000.00 

$ - 40,000.00 

S 80,000.00 

S 40.000.00 
7 

$ 50,000.00 ' 

$ 110.000.00 

$ 20.000.00 

$ 300,000.00 - 

3,300,000.00 



Figure VII-1 
City of Johnson City, 

Tennessee 

Brush Creek and King Creek 
Downtown Historic District 

a Historic Dldrict 
.&, p' Street Centerlines 

Legend 
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,. , Ihe next propc~szd pragecl. i s  the clnar1a6-l i~r:provernents in the Brush C:reck basin, 

?. This ~ o r k  wq~)~r?.d genrrally be f r o r r ~  Wat~auga to the downcowil hasin. [ h i \  projzci will 

keep the flood flow olat of the State of Frar~klciirt Woad. Tilhlc VXd-7 s11ow.l t i le estimated 

co:;t fbr. this proposal. 

TABLE VII - is 

CHANNEL IMPROVEMENTS (WATAUGA TO DOVVNTOWN DETENTION 
FACILITY) 

SUBTOTAL 
. - CONTINGENCY 

$ 3.005.000.00 1 
$ 495.000.00 

OTHER PROJECT COSTS: - 
1. Dcskn - 
2. Surveying 
g- 

ESTIMATED TOTAL $ 3,500,000.00 1 

40,000.00 
3. Engineering Services During Construction 
4. Permitting 
5. Geotechnical 
6. Inspection 
7. Bidding Services 

- PROJECT CONTINGENCY 
TOTAL ESTIMATED PROJECT COST 

$ 80,000.00 
$ 40,000.00 
$ 40,000.00 
$ I lO,000.00 
$ 20,000.00 J 

$ ~oo,ooo.oo 
$ 4.200,000.00 



Cify qfJohrrson CiO " d>owntowil Da.ii1- 

Even ihongh the propose,~! gl-eenwilq arxienities do not cnni~-ihiai:: d:rect!y t i ~  f!ond 

darnage protection, they asslsr. enorrno~.rly w ~ t h  the aesthetics of thr. ai-ea 'Tahie V l l  - 8 

~ h i ) ! h ~  the estimated cc~sl for rrn area from Tem~essec Streer to the down~ounin detention 

ha~irr. It  is reco-mmended that consiileratiorr be given to extilnding h i s  sreatrncii!. all 

along Brush Creek and the State of Franklin Road. f i r  fact, i t  would be desirable to have 

a similar pl.ojzcl up King Creek: from the downtown detention to Kiwanis Park and 

 eventual!^ connecting to the one on Brush Creek. It is recommended that T-2 1 furlds be 

sought for these projects. Bikelwalking trails are fundahle projects. 

Table V11 - 9 has the estimated project cost. for an upstream detention of the East 

Tennessee State University baseball fields. This project does very little from the 

downtown flooding situation. Howecer, i t  may be considered to reduce flooding along 

Bnlsh Creek upstream of downtown. This projzct i s  shown as the last of ali phases due to 

the h c t  it does rlo~ address the primary purpose of [.he study, 

Table VII - 10 is a summary of: the proposed projects in a preferred order of 

execution. 



PROJECT COST ESTIMATE 
GREENWAY AMENITIES {TENNESSEE STREET TO DBWNTOkkN [PETENTION 

FACILITY) 

I=-- SUBTOTAL 

CONTINGENCY 

ESTIMATED TOTAL 

$ 195,000.00 

$ 10,000.00 

$ 215,000.00 

PROJECT CONTWGENCY 

TOTAL ESTIMATED PROJECT COST 

$ 15,000.00 

$ 5,000.00 

$ 5.000 .00 

$ 5.000.00 - 

$ 5.000.00 

$ 15:000.00 

$ 275,000.00 



PRO.$'@CT COST ES'FUk6.kTE 
BRIISKK CREEK t'PSTMAM DDETEYTQtBN 

WSTW,AM OF lETSIlr 

I 1 CONTINGENCY / $ 495,000.00 1 I 
1 1  ESTIMATED TOTAL / $ 5,500,000.00 1 I 

1 
1. Design 1 $ 210,000.00 

1 

OTHER PROJECT COSTS: 1 
1 - 

2. Surveying 

4. Permitting $ 40,000.00 

$ 25,000.00 

-- 
5. Ceotechnical 

6 Inspection 

7 Bidding Services 

PROJECT CONTINGENCY - 
TOTAL ESTIMATED PROTECT COST 

-- 

3. Engineering Services During Construction $ 100,000.00 

$ 40,000.00 

% 75,000.00 

$ 10,000.00 

$ 250,000.00 

$ 6,250,000.00 



TABLE VII - 10 

SUMMARY OF PROJECTS 

Benefit to Downtown Area 
~p 

57,500,000.00 ' This allows the projects to proceed and 
I city owned. ~ . ~- 

$ i00;000.00 Negligible benefits for small srolrns (5-year ftequeiic~ or leis; i 
t I ~ o ~ ~ e n c f i t  for larger sturtlls. .- ~~ ~ - 7 

$2,500,000.00 Lin~ired benefit (br small storms Q-yent Srequency or ieis). 
I 

j---~+West King Surrt  Detention p-0.00 

Creek Detention (blain Stem) 7 I 3 , 1~ .W0 .00  
Upstream of State o f  Franklin Road i 

King Creek Main Stem Detention 

~ ~ d 

Moderate benefit for small storms (2-4ear frequency GI lessl, i 
Negligible benefits for larger htorrns. 

4 

L i~ r~ i t cd  additional benetlt in  the downtow~t are:: bat w i l l  j 
imoruve water auantirv level o f  ssrvi~.e in  [he uooel walersked ' 

$2,750,00000 

. , 
of King Creek* Protects intersection. - I 

i  oder rate benefit for small storms (2-year frequency or i e ~ s )  i 
Limited benetit fur larger srrrl.~ns. A inue  narrow fliiud plaii? 

I 
1 r-iJr------ Dowtltown Detzntiotl Facility T-$3,700,00(1*nificant benefit for small and larpr srnrrns with exception or i 

I 
(Carver Park to Downtown I Y3.300,00~1.00 

- - 
! 

sti-eet f ' o ~ ~  ~ . .. -- 
Sienificant benefit for small and large storms with enceorion i;i? 

! 1)etentiun Pond) 

Channel lmprovrments (Watauaga to Downtown i Detenlion Pond) --- 
GI-eenway Amenities 

$4,200,000.00 

$ 275,000.00 

street tlooding in  Brush Creek in the vicinity #of \+'?I~;III~ :,nA ! 
Kelly's Market.* .- i 

Significant benefil for small and large rroims.' 1 

. 
Limited water quantity benefil. Wi l l  provide maintrnan~.e and i 

Downtown to Tennessee Srreel 

VT 1 Biusir C m k  Tributary !letention 
I I Field! 
1- i ~ ~- _L 

rec~eational access to King and H~.lrsh 'rc-eek , 

4 
Lin~ited additio~iai benefit in ihe downtown area but wil l  ! 

improve water quantity level of service ~n the upper wate!-s1iz.l i 
! uSBrush Creek in  the v~cintrv - ot ETSU." .., * Assumes previous imprcvelnent lias been implemenied. 

~ ~ 

JCT-401-CE 0 6 ~ \ \ 5  V11- 17 Selected Allrrrratii,e 
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SECTION VIII 

CONCLUSIONS AKD RECOMhfFi,WDATIBNS 

Jobison Ciry's Historic Dastrict. and downtown area dates to the mid 1800's. Over 

the past century arid half, there have been numerous documented floods in the area. This 

area is at the confl~~ence of Brush Creelc and King Creek. Even before the uppel. reaches 

of the drainage areas experienced flooding, the ciowntown. area experienced flooding 

because of development. As development continues, with more roof and paved areas. 

s tom water runoff resulting from heavy raidall events will hate a Inore severe impact. 

The IJnited States Environmental Protection Agency (EPA) has mandated that 

communities with populations greater than 10.000 develop a s tom water mana, crement 

prognm. Johnson City has embarked on that mandated effort. As a part of that program 

a Stomwater utility (rate structure) is being considered. by the City, If adopted, monies 

from that program can be used to maintain drainage structures and. other useful activities 

relating to storm water management. Independent of the EPA mandated program the 

City initiated a study of flooding in the dowillown area. The study reviewed the affects 

of rainfall. events of varying frequencies on the tlowntown area. A computer ~lloclel was 

developed to analyze these events. After the model was developed i t was calibrated to 

match actual obqer\red conditions 
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In  ordei- k, eiin~rriate o r  ininirniet: f1oudiri.g in rhe tiowniourr ;area, vasif.,us 

altennaiives were reviewed 'The study team assisted the City tn cnnducrirlg varii)us 

,public meetings to engage the staiteholdcrs. i\fi.er the al:enkatives had i7etx-i tieveioped, 

they were presented to the public vn Septzrnher I ,  2004. k t  was the coul!;eil.sos of the 

stakeholders. presenl. thar t h e  most attractive altematc to pursue was the greenway 

alternative. 

A few years ago a downtown Historic District was designated, Many of the 

structures affected by flooding in the downtown area are within the historic district. 

However, the affected area is only a small poltion of the district. Implementing 

meaningful alternatives could be a challenge due to the historic designation. 

As the options are explored, the City should consider the opportunity to solve the 

flooding situation as a way to revitalize downtown from both a social and economic 

perspective. 

Recently, communities have rediscovered their town centers and have redeveloped 

these historic areas to attract new rnixed use projects that bring businesses, residents, and 

consumers back downtown. Often times these redeveloped town ccntcrs include public 

spaces and prvvisions for altenlative transportation connections to nearby population 

centers. These amenities attract consumers by providinz a village center atmosphere 

where they can shop, eat, or seek entertainment opporrunities. In addition, these village 

centers have attracted new residents seeking opportunities to live., work, and play while 

~ 
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rrririjirnizirrg veh~cular ~,E.x;)s !l.,on~ cine la,carloia to arloiber. ' b e  i~brasi~rr 6':irq dnwr~tiiwn 

has tCic 'ir'ipton Street i,r.rljeci a?; an exan~ple where !he tax hesr: i::m get a boost from 

redeve!opn~cmr. With the new iibrary all-eady nzal-hq. a properly plajmtd and executed 

program for tlowntown Job-nson Tiry could bring private funds iu augment a much 

needed public project (flood reduction). 

Conlrnunities that have implemented these efforts successfully have developed 

master plans for redevelopment of ilieir town centers in order to provide a "road map" to 

their future village center. These "road maps" inay then be utilized to attract new 

privately funded redevelopment projects to the town center. Development of successful 

couununity improvements pians includes stakeholder and public involvement throughout. 

the process. In addition, master planning efforts include identification of these general 

components: 

1. Existing features in the town center to be preserved and enhanced. 

7 -. Existing features in the town center that could he targeted for 

rcdevelopr~~eni opportunities. 

3. Yearby population centers (ETSU, VA and othera)~ 

4. Alternative transportation modes to connect thesc population cerlters to the 

\own center !st~.ch as the university, the veterans facilities, 3n.d rncdicai 

cornpiexi. 

- ~ - .~ 
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5 Ent~anccrncx!rs io the iown center r c a  creak puhlic spraze:; thak prr~vitie a n  

inviiirig irr-lni c.ornft>rtahltz arrnco~pherc. tor pedestrian greenways with 

hilie/v:allting p a h ,  picnic t~th!eb;, etc., enirancr h e  enviri~nnicr:tal 

aesthetics. 

6 .  Necessary anodifications to local development regularions to encourage 

consistency with khc master plan as the town center is redeveloped 

(possibly adjusted to the current historic district ordinance). 

7. Project priorities and funding opportunities lo implement the public 

elements of the master plan. 

It is strongly recommended that the City dcvelop a grantsmanship taskforce to 

assist with funding for this much needed project. There are numerous federal and state 

agcncies that have grant and loan funds which could be applied to the execution of this 

project. Not all of the various programs wouid have funds for a flood project: however. 

funds can be secwed for other activities which would result in being a corriponent of the 

over-all project. An example would be the Tennessee Department of Environment and 

Conservation (TDEC) has monies for recreatiorial use. Those monies could possibly be 

used to do earthwork to prepare ballfieids at Carver Park (the result would be a part of the 

King Creek Storage). Other ways to use TDEC funds w o ~ ~ l d  be for bike/wa!king paths 

along the greenway. Department of 'Transportation has available funds which might he 

- ~ -- . 
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iulca31qmrnted into the pccsprrr .Also, rhere i a  the pclsi;;hilic.y of gee:ir\g a direct federai 

appropriation. 

If, is recommenda:d that the following acrivilies be initiated re!ativi: to reducine 

flood damage in the downtown area and e~lhancing its environtnenk+l and economic 

condition: 

1 .  Purchase the affected properties. 

2. Using funds from the Stormwater utility to pedorm certain minor 

improvements such as opening up the pipe network downtown for better 

and more efficient usc of that birastructure; and minor grade changes and 

some flood proofing. 

3. Develop a storage facility on City owned property at Carver Park along 

King Creek. 

4. Corlstruci additional storage along King Creek downstream of Carver Park. 

5. Regrade Miwanis Park such that it can act as a storage hcility along King 

Creek. 

6.  Develop storage on Brush Creek upstream of State of Franklin Road 

(,property owned by City). 

7. Colrstr~et the downtown de~enrion facility with the water amenity with a 

park-like atmosphere. 

- - -~ 
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8. i:orrstr~ncl charinlei rrnprout.rr~ema ;.~i<ang King (.'reek t i t  'i>nrrei:i in t h t  

do14intow11 storage. 

9~ Constnrc! channel irnprr~vemei~ts ;310ri& BI-\11;1) Creek t i )  C O W ~ ~ C I  io thc 

dam:ntow!r storage. 

10. Dcvclop greenway aralenities with recseatlon facil.it.ies along Brush and 

King Creeks., 

11. Construct storage upstream of the university baseball fields to aid with 

flood along Brush Creek upstream of the downtown area. 

'The eleven above mentioned projects a r d  their execution should be over time with 

funding from various sources. Even though the earlier mentioned EPA mandated storm 

water program i s  separate, it and this program should bc approached as complimentary to 

each other. 

The city should authorize a redevelopment study for the downtown area. This 

effort woujd be a road map for the ecor~omic revitalization of the downiown area to buird 

on things already happening. 

.- . .- ~. 
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