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ABSTRACT

Landscape Planning and Design for
Natural Disaster Mitigation and Response
from a design simulation of the Bluestone Dam faile

Ayaka H. Matthews

The frequency and the intensity of naturaasiiers, especially weather-related disasters such
as storms or floods, have been increasing rapitiie last 20 years. This trend is expected to
continue to increase in the future due to climai@nge. Among natural hazards, floods are the
most serious type, causing more cost and los$eafian any other natural hazard in the world.

In addition, there are 27,000 dams, which is etu8P% of all dams in the country, that have
the potential to be damaged or fail. This couldseacatastrophic damages in communities that
exist downstream from those dams.

In the United States, disaster managemenbdéas addressed by new policies in government
and new engineering techniques. However, theihatst have not been successful in regards to
flood management. They have not focused on coegistith river dynamics, but controlling it
to protect more properties for development alomgriver. The fundamental principle of
landscape architecture is to create balance — talaetween the needs of people and the needs
of the environment, between the manmade and theabaas well as between development and
conservation. From this perspective, landscap@tantural methods could provide different
and alternative choices for disaster managememgy ¢han that of the conventional methods.

This paper reviews one project conducted hieae flood management planning and design
from the landscape architectural perspective. gdee of this project is to propose landscape
planning and designs focusing on flood managentbased on a simulation of a Bluestone Dam
failure. Bluestone Dam is one of many dams in Wsjinia with a high hazard potential. The
project is composed of two projects, one is inmrwnity that lies upstream from the Bluestone
Dam, and the other is in a community that is log@ewnstream of the dam. The objective of
the upper stream project was to mitigate the ridkiture to the dam through stormwater
management planning. The objective of the dowastrproject was to propose planning and
design to respond to the potential of a failurehendam. The project concluded that stormwater
management with Low Impact Development strategieslavbe a feasible and practical plan to
mitigate the risk of dam failure. The project asoposed a successful plan of flexible
waterfront designs which can respond to flood emecips as well as be coexistent with local
river dynamics.
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l. Introduction
-Purpose of project

Natural hazards have been major threats thuhean world since the ancient time. Although
our technology has improved enough to build taleks to protect human capital from flooding,
or even build earthquake resistant buildings, tlaeegthousands of people dying from natural
disasters every year. Moreover, the risk from ratoazards has been increasing due to
environmental degradation, concentration of popatain urban areas, the complication of
infrastructure, and also climate change. Disastmmagement has been developed against these
issues, but it has been mostly addressed by pwladging and engineering techniques. Since
landscape architecture deals with natural systerdskements to achieve sustainable
development nowadays, it would be able to provideensolutions to the natural disaster issues
with some different point of view than that of miis and engineering. The purpose of this
project is to apply landscape architectural techesgin disaster management and propose
planning and designs with disaster managemenh&communities. It will especially focus on
mitigation and response to flood hazard to addiesgslimate change issue for future
generations. This project also will examine ndiydmow to achieve disaster management, but

also to enhance sustainability, economy and enwiemt for the communities.

-Background

The risk of natural hazards has been incrgasind disaster management is getting more and
more important nowadays. According to the anallggithe United Nations Office for Disaster
Risk Reduction (UNISDR), disasters around the whdde become more frequent in the last 20
years. 4.4 billion people were affected by sonmal laf disasters which is equal to 64% of the

world’s population, 2.0 trillion US dollar were lo®r the damages which is similar to 25 years
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of total Overseas Development Aid, and 1.3 millpmople were killed which is comparable to
3,125 jumbo jets(UNISDR, The impacts of disastérsesthe 1992 Earth Summit). Among all
the natural hazards, hydrological, meteorologicatlimatological events such as storms or
floods, which is called weather-related disastease been increasing the frequency and the
intensity rapidly. These type of natural hazaraseaqual to 76% of the total events, and caused
the 45% of the total deaths and 79% of the totainemic losses caused by natural hazards in
the last 20 years. To make matters worse, thigltod increase is expected to be continuous to
the future due to global warming. UNISDR and TREC Fourth Assessment Report (IPCC,
2007) has reported that climate change causeddiyalglivarming has increased extreme weather
events, and it is likely to increase the number soale of disasters. Especially, the frequency of
heavy precipitation events is expected to increasstly over the lands due to the increase of
water vapor in the atmosphere by global warming IRIDR, 2009).

Of all of the disasters floods have causedribst casualties and greatest damages to human
societies. According to Jha et al(2011), the fegmy of floods has radically increased from 10
in 1950 to around 200 -250 in 2010 worldwide, amelnumber of people affected and the
amount of economic and financial loss has increag®#dO (2004) reported that178 million
people were affected in 2010 and the estimatedani loss was US$ 40billion in the peak
years of 1998 and 2010 in the world. Floods aspaasible for more than half of the total
damage costs caused by natural hazards in the wmaieé last five decades. Because of the
likelihood of increasing heavy precipitation dudlte climate change, flood management is one

of the most important activities in disaster mamaget all over the world.



-Problem Statement

The conventional methods for flood managenrettie United States have been addressed by
politics and engineering, and the main ideology het in terms of coexistence with the river
dynamics but the control of it. The Flood Contiat of 1936 (FCA, 1936) was an act of the
United States Congress signed into law by Presiéeartklin Delano Roosevelt on 22 June 1936
after the gigantic flood on the Mississippi in 192rnold,1988). Arnold (1988) pointed out that
using the term “flood control” instead of “flood mage reduction” as the goal of the federal
government represents that there is a more optmiaman, institutional, and political response
to the issues including floods, engineering. tuged on protecting and creating more lands for
economic development along the river by usingcstmal measures. Under the Act, major civil
engineering projects such as dams, levees, dikdspther flood control measures were
authorized through the United States Army CorpErgdineers and other Federal agencies. 383
major lake and reservoir projects were operatetheyCorps so far, which resulted in building
over 8,500 miles of levees and dikes, developirauaB0 major shoreline protection projects
along 240 miles of the nation's 2,700 miles of shoe (U.S. ARMY, n.d.). In spite of these
efforts, an evaluation of this program after 2@rgeof experience concluded that flood damages
continued to increase nationally. Sheaffer €2@02) suggested that one of the reasons for the
increase is that these methods resulted in cansarg intensive development in the protected
area by flood control structures, but rare floodreg like more than 100 years flood events
could exceed or destroy the structures and cause catastrophic damages. Another reason for
the increase in flood damages was that developomminued in floodplain areas, which were
not protected by flood control structures. Thésed control methods also have resulted in

losing floodplains, which are one of the most vhlagecosystems throughout the nation



(NWF,2013). Moreover, not only the constructiostcdut also the maintenance cost of these
flood control structures will demand more taxe$utore generations. In this economic situation,
the aging infrastructure could fail and cause naisasters due to the lack of budget for
maintenance. There are 84,000 dams in the UniegeésSnow, and approximately 32% of them,
27,000 dams have a possibility of damage or faild4,000 of them are classified as high
hazard potential (FEMA, 2011).

On the other hand, the fundamental principlewdscape architecture is to create balance -
balance between the needs of people and the néddsenvironment, between the manmade
and the natural, between development and consenvakirom this perspective, landscape
architectural methods could provide different aldraative choices for flood management, and

even bring more benefits to the communities.

-Significance

The field of landscape architecture, which stafteth gardening for enhancement of quality
of life and beautification, has been expandingdsighing parks, streetscapes, and communities
with the demands from each period (ALSA, n.d.).wi\the role of landscape architecture is
getting more and more important as a job dealirth matural environment which is fundamental
for the safety and sustainability of human capitéih the knowledge of ecology and new
technology such as the environmental restoratiolnnigues and stormwater management(ASLA,
2009). In fact, landscape architects are plagimgmportant role in planning their national-
level development planning with the climate chasgenario to protect their land and human
capital in Europe. In the United State, politicsl &ngineering have been a great role in the field

(Mener, 2007), but there are not many case stadidsessing this issue from landscape



architecture. This project will be one of the caralies proposing flood management with land
planning and design from landscape architectunapsetives. It can propose a different
ideology in the disaster management field, and ialsdl bring landscape architecture to a new

frontier as a new profession.

-Goals and objectives

The goal of the project is to propose landsgapnning and designs with flood management
from a design simulation of the Bluestone Dam failuTo achieve this goal, the whole project
is composed of two parts, one is in an upper streammunity of the Bluestone Dam, and the
other one is in a downstream community of the Blugs Dam. The objective of the upper
stream project is to mitigate the risk of a Bluestalam failure by stormwater management
planning. The objective of the downstream projgetd propose planning and design to respond

to manage flooding associated with a potential 8ioiee Dam failure.

Mitigate the risks of the hazard

To mitigate the risks associated with a dam fajltlve part in the upper stream community
will focus on stormwater management planningrevent the Bluestone Dam from failing.
The main idea is to mitigate the risks of the daitufe by reducing the amount and the velocity
of stormwater runoff discharging into the Bluest@em. It will be achieved by utilizing the
techniques of Low Impact Development such as greefs, raingardens, bioswales,

bioretentions and so on.



Response to the hazard

To respond to the hazard of the dam failure fdart of the project in the downstream
community focuses on planning and design to resplomdlood hazard by the Bluestone Dam
failure. It is comprised of a city planning andite design of the high damage risk area to
reduce the risk of damages. The site design Vgl anhance the sustainability, economy and

environment for the community.

-Project Site and Methodology

Bluestone Dam

Bluestone Dam is a concrete gravity dam latatethe New River near Hinton, West
Virginia. The Bluestone lake project was authatize 1935 and completed in 1949 for the
purpose of flood control and power developmente Size of the reservoir is approximately
2,040 acres (8.3 kipat the normal level, but the lake can expand 8gemiles (58 km) long at
flood control pool, which extends into Giles Counyrginia. The drainage area is 4,565 sg-
miles, which is the largest drainage area amongfale dams in West Virginia (Stowasser,
2011).

According to Lovely(2011), when the dam waanpled in the late 1930s, it was designed to
be able to impound the amount of runoff from thegst storm on record in the region, which
was 13 inches of rain in 24 hours over the uppev Rever watershed by 1916 hurricane.
However, standards for dam safety was changedadile tcollapse and failure of other dams,
and also the potential rainfall was increased tn20@es, the U.S. Army Corps of Engineers
concluded that the Bluestone dam does not meeteiwesafety standards. While there is room

for some expansion for the water storage, a siantly higher elevation could threaten the
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structure’s stability. Also, there is a concerowafthe dam’s foundation. The Corps estimated
the effects of disaster measured by the formutapability of an event multiplied by
consequences — both in terms of potential life év&t economic impact, and concluded that a
failure of the Bluestone Dam would be catastrogbavely, 2011). To remedy the problem of
the dam safety, the Army Corps of Engineer has takien a Dam Safety Assurance program
for Bluestone Dam which is composed of five-phasgmam. The estimated cost for the work

is more than $250 million, and the work include:

» Raising the dam 8 feet by installing a precast ceteovall;

» Stabilizing the dam with anchors and mass conc¢hetsst blocks;

* Improving the spillway; and

* Modifying six penstocks to increase discharge ciéypaand installing scour protection

for the penstocks.

Dam repair is a major method to prevent tha ffam failing by the engineering perspective,
but some other techniques and methods for manatpmgwater could be applied from the
landscape architectural perspective such as gnéesiructure, zoning, planning and also
designing spaces. It addresses the causes afsthe with the environmental aspects instead of
the issue itself. Moreover, it can provide alteivethoices and the cost performances could be
better than that of the engineering method. Iritamhd landscape architecture enhances natural
environment, revitalizes communities, and provideauty and comfort to people’s live as side

benefits, which results in promoting sustainabiiityhe region.

Mitigate the risks of the hazard — Upper stream Comunity: Blacksburg, VA




To mitigate the risk of the Bluestone Damufeal, it is important to rethink how to manage
the stormwater before it reaches to the dam. Redule amount of stormwater discharging
into the dam will result in reducing the possilyildf the dam failure. It is known that the amount
of runoff from a storm is affected by land use (&fer, Mullan & Hinch, 2002). Communities,
in the upper stream of the Bluestone Dam that Ipavgpect of future growth, are expected to
increase the stormwater impact to the Bluestone Datme future because of increasing amount
of impervious surfaces. Blacksburg, an incorparatevn located in Montgomery County,
Virginia, located approximately 40 miles away frtime Bluestone Dam, is one of the fastest
growing town in Virginia, and it is selected as tase community for stormwater management
for this project. As of the 2010 Census, the papoih of Blacksburg is 42,620(2010, census).
Blacksburg is the largest town in Virginia by pogtitn, and it is in the 15largest municipality
overall. Blacksburg is dominated economically dechographically by the presence of Virginia
Polytechnic Institute and State University (bekieown as Virginia Tech), a Virginia land-grant

university. The process of the project is as foow
 PHASE1:General Inventory and Analysis

Understand the community by inventory & analysishaf historic, environmental, social,

and economic contexts
 PHASE2:Stormwater Analysis

Analyze the stormwater impacts in the future fréwa ¢urrent land use and the future land

use differences

» PHASE3:Planning



Propose planning to mitigate the risk of the daitufa by stormwater management with
green infrastructure. It will aim to “ No net gawr, Less” with the Low-Impact Development

strategy

Response to the hazard — Downstream Community: Chhaston

For the part of the project in the downstresmmmunity, Charleston, the state capital of
West Virginia as well as the county seat of Kana@banty, is selected, because it is one of the
most important cities of West Virginia as the eaomoand political center of the state.
Charleston is located 60 miles downstream of thee&bne Dam at the confluence of the Elk
and Kanawha Rivers in Kanawha County. As of thE020ensus, it had a population of 51,400,
while its metropolitan area had 304,214. Poputatiensity is 1,630.7/sq. mi (629.6/km2). The
area of the land is 31.52 sq. mi (81.64 km2), &wedarea of water is 1.14 sq. mi (2.95 km2).
The elevation range is from 597 to 957(varies dumountains) ft (182 m), but most area of the
city is on the elevation of 590ft to 700 ft. alothg rivers. The water level is 570ft, and theee ar
only 20 ft. from the water level to the ground Iewaere all the buildings and houses are
standing. Because of the location where Charlastestablished along the rivers, there are
threats for flooding. According to the Charlestbracuation Plan (Kanawha County, 2010)

“ Flood Insurance Rate Maps (FIRMs) created by FEM#-lying areas along the Kanawha,
Elk, Pocatalico, and Coal River are in floodplaiisstimates provided by the Hazus program
indicate that approximately 2,400 buildings wouéddt least moderately damaged by a 100-year
flood. Over 4,400 households could be displacedesstating an evacuation (albeit gradual) of
as many as 8,500 people”(p.83). In their histarfjpod struck Charleston and surrounding

Kanawha valley on July-19-20, 1961 and it was tleestvnatural disasters ever to hit this area.



Five adults and four children would die in what waesn called Magazine Hollow, and 22 people
overall died from the torrents of water. If thauBstone dam fails, the damage could be more
catastrophic. In this project, city planning via proposed to minimize the potential damage

and to respond efficiently when an emergency hagpé&ine outline of the project is as follows.

 PHASE1:General Inventory and Analysis

Understand the upstream case communities throwgimiaries & analyses of the environmental,
social, and economic contexts, and identify the maimty issues that could be improved

through the disaster management plan and design.

 PHASEZ2:Flood Analysis

Recognize the high risk areas in the downstreanmuoamity through analyses of floodplains,
Bluestone Dam failure simulation, and also fromdkeeral inventory and analysis of the

contexts

 PHASE3:Planning

Propose an upstream design guideline and downstleaign plan for responding to the hazard

of flood and Bluestone Dam failure

* PHASEA4:Site Design

Propose a downstream site design at the high resksdor responding to the hazard of flood and
Bluestone dam failure, as well as enhancing th@@mwent, economy, and sustainability of the

city.
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Il. Summary, Conclusions and Recommendations
1) Summary

-Mitigate the risks of the hazard — Upper stream Conmunity: Blacksburg, VA

Blacksburg is the largest town in Virginia ppgpulation(42,620, 2010 census), and the 15th
largest municipality overall. It is one of thetiest growing areas in Virginia, and the stormwater
impact will be increasing as a result of future@lepment, which will increase the risk of the

Bluestone Dam failure. This project was conduetét the following steps.

 PHASE1:General Inventory and Analysis

The historic context and the environmentalterts such as topography, hydrology, soil,

and impervious surface area were analyzed as iamagtements to this project.

PHASE2:Stormwater Analysis

The area of the land use change from the w©utesd use to the future in 2046 was
identified from GIS maps. Using the Q/i from moddirational method formula(Q = CiA) as
a parameter of stormwater amount, the amount okasing stormwater in the future was
calculated. The areas of low density residentss, unedium density residential use, high
density residential use, Commercial/Mixed Use/FPssiftnal Office use, Research/Light
Industrial use, heavy industrial use, are expettelde increasing in the future. The total
increase of the Q/I value from the current stornewamount in the whole city is 10% in the
future in 2046 by these land use changes. The gbdhe planning is to propose a
stormwater management guideline for new developsnenachieve a goal of “No net gain,

or Less” impact of stormwater with the LID(Low-ImgeDevelopment) strategy.

11



 PHASE3:Planning

Three stormwater management scenarios were thealigh the process of a LID practice
evaluation, a cost analysis, and a suitability ysial In the LID practice evaluation, each
major LID practice ( bioretentions, raingardengeyroofs, bioswales, permeable pavers,
infiltration trenches) were evaluated by the rdtetormwater reduction, installation cost,
maintenance cost, life span, aesthetics, and faitsavould enhance community engagement,
and wildlife habitats. In the cost analysis, thetgerformances were evaluated through the
comparison of the cost of construction and annwahtanance of the LID practices, and that
of the conventional stormwater management practiteshe suitability analysis, the
suitability of LID practices for each land use veasmmined, and three scenarios are made to

mitigate the stormwater increase in the future.

Q/i value and the total cost per acre of esmnario were calculated. Scenario 3 can
reduce the stormwater impact the most, 7% less ttharcurrent land use, which means a
total of 17% less than the prospective future lasel. However, this scenario cost more than
scenario 2. Scenario 2 will reduce the stormwatgraict 3% from the current land use, and
also save $1,213 per acre for the future developm8cenario 4 was created from scenario
2 & 3 to aim to be in the middle of these two scasawith better cost performance. The
reason that scenario 3 cost more than scenarie degause of bioretentions. Although
bioretentions are good in regards to aestheticanuanity engagement, and wildlife habitats,
the cost for the construction and maintenance ishmmore expensive than the other LID
practices. Scenario 4 has the same LID practiessenario 3 without bioretentions, and the
result showed that Scenario 4 is the most feassblenario among the four scenarios
regarding to the suitability to each land use aw&t performance.

12



Scenario 4 will reduce the stormwater imp&étfsfom the current land use, which means
15% from the prospective future land use. It widloasave $1,159 per acre for annual future
development, which means $2,490,701 in savingsyeyear for the whole city. These

savings could be spent on creating more bioretesitow the improvement of public services.

-Response to the hazard — Downstream Community: Chigston

 PHASEL1:General Inventory and Analysis

The historic context, the environmental cotgegocial contexts, economic contexts, and

cultural contexts were analyzed as important elésnenthis project.

» PHASE2:Flood Analysis

The 10-100 year floodplains and the possibled areas resulting from a Bluestone Dam
failure were identified by GIS analysis. The areagered with the100 years flood plain and
higher than the 10 feet flood area by Bluestone Exmlure were recognized as the serious
flood risk area. The possible damage from the #owds also estimated.

Using mapping the serious flood risk areaseveeferlaid with GIS maps of the total assets
by census blocks, total assets per sq.mi., land pgpulation density, poverty rate to
identify the high damage risk areas. The riskamfr®mic and cultural loss, loss of life, and
vulnerability of the land by the flood risk areasre taken into account for this process.

The high damage risk areas were identifiethftbe overlaid maps. Three areas were
identified with different visions and strategies fdanning and design. Visions for the
solutions were set for each area; One vision Isxaldie waterfront design, which will
attempt to create some flexible areas with tempditaoding to mitigate the damage from

the floods as well as restore floodplain ecosystefige second vision, the flood resistant
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design, will be assigned in the area that has imgi&dclose to the river. The third vision, the
planning for response, will focus on the safe amedside of flood areas. These areas can
provide safe shelters, temporary housings, andestsgrgency supplies such as energy, water,
and food.

Strategies for each area were set; For théflewaterfront design areas, the riverbank
will be expanded with different levels by usingitar terraces, and it will allow people to
be close to the water, as well as create attraspeees for different uses along the river. For
the flood resistant design, floodwalls or somecttrre will be installed to protect the
community from the flooding, and the structured W designed not only as protective
structures from flooding, but also as design elémencreate attractive spaces to improve
the city.
For the planning for response area, importantitesisuch as hospitals, possible shelters
and temporary housing area will be identified ia Hafe area outside of flooding areas, in

case if the floodwalls also failed.

 PHASE3:Planning

Taking the three strategies for each visia@a atcount , the possible flood area, important
elements for response such as shelters, hos@talgyarks for temporary housings, and also

circulations, were overlaid, and a schematic mgdtar was made.

* PHASEA4:Site Design

The downtown area of Charleston wastifled as the highest damage risk area through
the flood analysis. In this area, the site desigs conducted to achieve the flood resistant

and flexible design with the river dynamics as vesllenhancement of sustainability of the
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city. Through the inventory and analysis on the,sreas for designing were identified
along the river, where the city needs to improvelegign to protect the city from the
catastrophic flood by a Bluestone dam failure. d@asign concept was set as follows.

“ Charleston, which has a high damage riskiftbe possible Bluestone Dam failure, will be
redesigned in harmony with the river dynamics(Chaws Fractal) to be flexible and
resistant against the flood risks. The city wdkbme a bridge to the better future as well as
a gateway to introduce a green economy and subtaidavelopment into the region, which
has relied on natural resources industries.” Toea® the design concept, the following

plans and designs were proposed.

1. Temporary floodwall structure as a gate park toktbeawha river

To protect the city from the possible1l5’-2@dd by Bluestone Dam failure, 20 tall
floodwall structures was proposed on the site. fldwdwall structures would be opened
and flexible as much as possible with the arch ettagndows, which would be closed
temporarily during the flood emergency, and thesectires create visual and physical

connection to the river from the downtown area.

2. Flexible areas accepting natural flood eventsltwydplain ecosystem restoration

Through the flood analysis, high potential tlcareas were identified for floodplain
ecosystem restoration. These areas were desigredacceptable areas for natural flood
events such as 10 years to50 years flood eventgould restore the gradual ecotone
along the river with floodplain plants communiteasd create habitats for wildlife.

15



3. Kanawha Boulevard Road diet to create a betterexiion between the downtown area

to the city

While the traffic is not so heavy on KanavBwulevard, it has 4 to 5 lanes now, and it is
one of the big elements creating disconnection éetvthe downtown area and the river.
Reducing Kanawha Boulevard into two lanes will gate this disconnection as well as

create more space for the open space along the rive

4. Multiple attractions for the community and mixeckukevelopment along the river

As the center of the city, the park was desiyas the most active and attractive areas to
bring people from the city as well as the outsifithe city to the riverside. It will not only
protect the city at the flooding emergency, bub @shance the city culturally and

economically.

2) Conclusions and Recommendations

-Mitigate the risks of the hazard — Upper stream Conmunity: Blacksburg, VA

The part of the project in Blacksburg, thettgen of the Bluestone Dam, could propose a
practical stormwater management plan to mitigagerigk of the Dam failure. The guideline for
stormwater management in Blacksburg will be ableetiuce the impact of the future
development to the environment and the risk oBhestone dam failure. This guideline also

enable city to save the cost for the developmentewof infrastructure, as well as enhance
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aesthetics, community engagement, and wildlife tagdiwhich will improve the sustainability
of the city. This project also proved that LIDadt&rgy is a practical tool for flood management in
for the downstream community, and it is recommertddak applied to city planning more in the

future.

- Response to the hazard — Downstream CommuyitCharleston

The part of the project in Charleston, the dstream of the Bluestone Dam, could propose an
planning and design to be able to respond to asBine dam failure. It suggested that the flood
resistant riverfront design from landscape archited view will bring various benefits to the
community. It would not only protect the commurfitym flooding, but also enhance the
environment, culture, economic, and quality of &fea river friendly city. However the cost for
the development, especially for the floodwall stawe, will be one of the issues in this project,
the cost would be less expensive than the totalfoms the possible dam failure, and the
benefits brought by the development will enhaneestinstainability of the city. This project
suggested the potential of landscape architedtatecbuld play a great role to enhance the
planning and designs in the field of disaster mansnt, and it is recommended landscape

architects to take part in the process of the thsasanagement more in the future.
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