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This economic and fiscal impact analysis of the Cuyahoga County Airport has been 
prepared by Robert Simons & Associates, Inc. (RS&A).  RS&A is a subcontractor to RCJ 
Resources, Inc., which has in turn acted as a subcontractor to C&S Engineers, Inc., the 
prime consultant for this engagement.  The client is the Cuyahoga County Airport, which 
has engaged us to update the Cuyahoga County Airport master plan with respect to 
economic and fiscal impacts of airport activities and tenants. 
 
 
EXECUTIVE SUMMARY OF FINDINGS 
 
Scope of Our Analysis 
Our tasks included a survey of 63 businesses on or very near the Cuyahoga County 
Airport facility (the airport study area) to determine economic activity related to the 
Cuyahoga County Airport.  We also prepared a property tax base analysis for these same 
properties.  These constitute the direct economic and fiscal (on-budget) effect of the 
airport area on the economy (off-budget).  For those export-oriented firms or tenants 
among this group, we also prepared an economic impact analysis to determine the spin-
off employment and fiscal impacts.  The airport study area includes buildings within 
about ¼ mile of the airport facility, all property on Curtiss Wright Boulevard, all property 
on Avion Parkway, and commercial property on the 300 blocks of both Bishop Road and 
Richmond Road. See Figure 1, Airport Study Area, which highlights the area where 
surveyed properties are located. Note that the survey area extends beyond the limits of 
the Airport property to the south and east. 
 
Airport Tenant Survey Results 
In September 2004, we conducted a mail survey of businesses on and near the airport 
facility, to determine various economic activity levels. The four-page instrument was 
mailed to firms in the airport area of influence.  RCJ Resources staff followed up with a 
fax to non-respondents.  After 3 weeks, we had a response rate of 43% among the 63 
airport tenants and local businesses surveyed.  The following data were reported among 
the 22 respondents representing 27 firms: 

• 1,700 employees 
• 732,000 square feet of space 
• Payroll of $46 million (including benefits) 
• Average salary: $58,000 
• Direct annual expenditures (goods and services, rent, other, excluding fuel): $1.4 

million 
• Annual personal property taxes paid: $0.5 million 
• Over 1,000 hotel nights per year 
• Over 100 trucks, planes and other vehicles 

 
The above data are simply reported survey results, with no attempt made to determine the 
totals for the population of 63 businesses.  
 



Cuyahoga County Airport Economic and Fiscal Impacts Final Report 
 

F:\Project\A27 - Cuyahoga County\A27001001-MP\Reports\Economic and Fiscal Impact final report.doc 2 

Airport Property Tax Base Analysis 
We then identified County property tax records, and accumulated data on all real property 
build out, values and tax payment over the past several years.  The area includes over 1.5 
million square feet of space, with a market value for tax purposes of about $60 million.  
•   24 property owners in 34 different parcels 
• 63 tenants and entities 
• 1.5 million square feet of developed space 
• 890 acres total (including airport but excluding golf course) 
• 147 acres of developed property 
• Vacancy rate of 5% or less 
• Market value for tax purposes of $59 million 
• Market values up about 25% since 1996 
 
Direct Economic Activity in the Cuyahoga County Airport Study Area 
In order to provide estimates of direct economic impacts, we extrapolated survey results 
to the entire Airport study area. We used standard economic estimation procedures, 
including ratio analysis with the real estate data, which are comprehensive.  Thus, the 
direct effects of the Airport study area are conservatively estimated to be:  
• 3,000 employees 
• Annual payroll of $150 million (including benefits) 
• Average salary: $50,000 
•   24 property owners in 34 different parcels 
• 63 tenants and entities 
• 1.5 million square feet of developed space 
• Market value for tax purposes of $59 million 
• Direct annual expenditures (goods and services, rent, other, including fuel): over $2 

million 
 
Indirect Impacts from Basic/Non-Basic Multiplier Effect 
Export-oriented employment (basic employment) is recognized to generate service spin-
off employment (non-basic employment).  Utilizing standard economic base multiplier 
methodology, we estimated the service (non-basic) economic and employment spin-offs 
resulting from the export-related (basic) employment in the airport study area.  This 
involves taking the basic industry only, and determining the number of dollars and jobs 
flowing from this economic engine, within the Cuyahoga County Airport study area. We 
determined the indirect economic effects of the Airport study area basic employment to 
be:  
•  1,500 additional local retail and service jobs 
•  $35 million in total additional payroll in local retail and service firms 
•  $175 million in annual expenditures at local retail and service establishments 
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Taxes and Fiscal Impacts  
The total fiscal impacts of the Cuyahoga County Airport study area are substantial:  
•  Real property taxes paid in the Airport study area are $1.1 million per year, and real   
    estate taxes are up about 25% since 1996 
• Over $1 million in personal property taxes per year 
• Direct employee income tax @ 2% are $3 million per year 
• Indirect employee income tax @ 2% are $0.7 million per year 
• TOTAL annual taxes (real estate, personal, income tax) from Airport study area 

tenants and property are $5.8 million 
• Projected present value of fiscal benefits (20 years) is over $100 million 
 
 
AIRPORT AREA BUSINESS SURVEY  
 
As indicated in the executive summary, we conducted a mail survey of businesses near 
the airport facility in September 2004, to determine various economic activity levels. The 
four-page instrument was mailed to firms in the Airport study area. This part of the work 
was conducted with the assistance of RCJ Resources, Inc.  Some of the businesses were 
airport tenants; others lease or own property in the airport study area. This area includes 
buildings on the airport property, all property on Curtiss Wright Boulevard, all property 
on Avion Parkway, and commercial property on the 300 blocks of both Bishop Road and 
Richmond Road. See Figure 1, Airport Study Area. 
 
Identification of Businesses and Tenants to Survey  
Multiple methods were used to identify potential respondents for this survey, including 
tenant and business lists from the last Cuyahoga County Airport Master Plan, the 
Cuyahoga County Auditor’s office, the internet, and windshield surveys.     
 
We obtained a four year-old list of businesses in the communities in the Master Plan area 
(primarily Willoughby Hills and Richmond Heights). From these lists, we determined 
which ones currently existed by on-site verification.  Later, this was double checked by 
entering parcel numbers into the Cuyahoga and Lake County Auditors’ websites to make 
sure there were no mistakes made verifying the existence of these companies if they were 
property owners.    
 
Next, we identified new businesses that did not exist at the time the four-year-old 
aforementioned list was made.  A log was made to list these companies from a 
windshield survey, and these were also double checked on the Auditor websites and using 
the telephone book.  At this point the sample frame was set.   
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Preparation of the Survey Instrument and Survey Procedure 
The survey instrument was prepared by RS&A, with input from RCJ, C&S, and Steve 
Nagy of the Cuyahoga County Airport. The final instrument was pre-tested on one 
potential respondent, and then sent out with a cover letter on Cuyahoga County Airport 
letterhead1. 
 
The instrument was sent to all 63 business tenants by mail in September of 2004.  RCJ 
Resources followed up by fax over the next 3 weeks. Twenty-two respondents 
representing 27 businesses returned the survey, a response rate of 43%. This response 
rate is satisfactory for a survey of this type.  The firms represent about half of the 
occupied real estate in the study area.  
 
Key Findings from the Airport Business Tenant Survey 
Key findings from the survey responses of 27 firms that are in the airport study area are 
as follows:  

• 1,700 employees 
• 732,000 square feet of space 
• Payroll of $46 million (including benefits) 
• Average salary: $58,000 
• Direct annual expenditures (goods and services, rent, other, excluding fuel): $1.4 

million 
• Annual personal property taxes paid of $0.5 million 
• Over 1,000 hotel nights per year 
• Over 100 trucks, planes and other vehicles 

 
The above data are simply reported survey results, with no attempt made to determine the 
totals for the population of 63 businesses.  
 
 
AIRPORT PROPERTY TAX BASE ANALYSIS 
 
The purpose of this part of the study was to identify property tax records from the 
Cuyahoga County Auditor, and accumulate data on real property values, built space, and 
tax payment for a recent year (2003).  A very small number of the parcels were in Lake 
County, and these were excluded from the property base analysis. The purpose was to 
obtain data on all properties in the Cuyahoga County Airport area. 

                                                 
1 We also surveyed the 50 largest firms in the Cleveland area with a similar instrument that did not address 
local property use.  We did this at the request of the Cuyahoga County Airport. We obtained 8 responses, 
which we forwarded along to C&S Engineers, Inc., for their use.  These results are not included below. 
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Procedures for Real Estate Data Collection 
Parcel-based property reports were obtained from the Cuyahoga County Auditor’s office.  
Pertinent tax and property information was found on the Cuyahoga County website, 
including: property size, owner information, current taxes, zoning, and other related 
parcel information.  For the analysis of changes since 1996, we also obtained hard copies 
of data on property values, building size and property taxes paid, from the Cuyahoga 
County Auditor.  Property data were put on an excel spreadsheet, and internal 
inconsistencies were identified and reconciled.  We also made working maps of the study 
area to identify tenants and properties.   
 
Real Estate Profile of the Study Area  
Key findings are presented below. Unlike the survey results, the figures below are a 
comprehensive total of study area real estate activity:  
•   24 property owners in 34 different parcels 
• 63 tenants and entities 
• 1.5 million square feet of developed space 
• 890 acres total (including airport but excluding golf course) 
• 147 acres of developed property 
• Vacancy rate of 5% or less 
• Market value for tax purposes of $59 million 
• Market values up about 25% since 1996 
 
 
ESTIMATES OF DIRECT ECONOMIC ACTIVITY IN THE STUDY AREA 
 
Methodology 
In order to extrapolate survey results to the entire Cuyahoga County Airport study area, 
we used standard economic estimation procedures, including ratio analysis with the real 
estate data.  We had survey data for 27 (43%) of the firms in the airport study area, and 
property tax data for all firms and property.  Thus, we knew which properties were 
occupied by companies that did not respond to the survey.  We began with the survey 
results, and calculated ratios of employees per square feet, and other pertinent data. We 
then did an analysis of non-respondents, and applied these ratios to non-respondent firms, 
conservatively filling in missing data and being careful not to overestimate the results.   
 
Total Direct Economic Factors in the Cuyahoga County Airport Study Area 
The figures below reflect RS&A’s conservative estimate of overall direct economic 
factors in the Cuyahoga County Airport study area:  
• 3,000 employees 
• Annual Payroll of $150 million (including benefits) 
• Average salary: $50,000 
•   24 property owners in 34 different parcels 
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• 63 tenants and entities 
• 1.5 million square feet of developed space 
• Market value for tax purposes of $59 million 
• Direct annual expenditures (goods and services, rent, other, including fuel) of over $2 

million 
 
 
INDIRECT IMPACTS FROM BASIC/NON-BASIC MULTIPLIER EFFECT 
 
Basic employment is typified by export-related manufacturing jobs where the products 
leave the Cleveland region.  This type of employment “increases the size of the economic 
pie.” The spin-off of this employment includes non-basic employment, such as local 
service and retail jobs, that “service the needs of” the larger flow of dollars brought to the 
region by basic employment.  Utilizing standard economic base multiplier methodology, 
we estimated the non-basic economic and service employment impact spin-offs resulting 
from the export-related (basic) employment in the study area.  This involves taking the 
basic industry only, and determining the number of dollars and jobs flowing from this 
economic engine, within the Cuyahoga County area.  
 
Methodology for Estimation of Economic Spin-offs from Study Area Firms 
To determine the economic multiplier, the effect of the income takes three turns, 
corresponding with direct, indirect, and induced effects.  Direct effects are jobs created 
by the salaries of the employees as this money enters the local economy.  The second turn 
of money in the local economy is based on the need for the industry to purchase goods or 
services from other local industries based on where the employee works.  The third turn 
of money in the local economy is from personal household spending based on where the 
employee lives.  To determine the effect of the multiplier on local employment, the total 
effect is multiplied by approximately 40 percent because non-basic (retail and local 
service) jobs pay on average only 40 percent of basic job salaries. Based on the local 
salary for retail cashiers and store clerks, the total retail employment effect is divided by 
the average retail salary to determine the number of retail jobs created by the basic jobs2. 
Income flows from the job creation, after considering local spending behavior. 
 

                                                 
2 See, for example, Bendavid-Val, Avrom. 1991. Regional and Local Economic Analysis for Practitioners.  
Westport, CT: Praeger Publishers; Blair, John P. 1995. Local Economic Development: Analysis and 
Practice.  Thousand Oaks, CA: Sage Publications; and Blakely, Edward J. 1989. Planning Local Economic 
Development: Theory and Practice. Newbury Park, CA: Sage Publications. 
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Results of Economic Spin-off Analysis 
Based on the above methodology, we determined the indirect economic effects of the 
Cuyahoga County Airport basic employment to be the following:  
•  1,500 additional local retail and service jobs 
•  $35 million in total additional payroll in local retail and service firms 
•  $175 million in annual expenditures at local retail and service establishments 
 
 
TAXES AND FISCAL IMPACTS  
 
The final step of this study provides estimates of the overall fiscal impacts (on-budget) of 
Cuyahoga County Airport study area firms, including those taxes paid by induced 
employment. Direct impacts refer to firms located from within the study area, and 
indirect effects indicate local service firms generally located elsewhere. However, some 
could be located within the study area.  
 
The total fiscal impacts of the Cuyahoga County Airport study area are substantial:  
•  Real property taxes paid in the study area are $1.1 million per year 
•   Real estate taxes are up about 25% since 1996, when they totaled $807,000 
• Over $1 million in personal property taxes per year 
• Direct employee income tax @ 2% are $3 million per year, spread out over numerous 

jurisdictions 
• Indirect employee income tax @ 2% are $0.7 million per year, also over numerous 

jurisdictions 
• TOTAL annual taxes (real estate, personal, income tax) from business tenants and 

property are $5.8 million 
• Projected present value of fiscal benefits (20 years) is over $100 million. 
 
 
LIMITATIONS OF THIS REPORT 
 
The data collection for this report is based on reported survey results from business tenant 
forms and property records. While believed to be reliable, we made no additional attempt 
to verify the data, unless otherwise noted in this report.  Results of this study are 
considered valid for six months from the end of data collection (November 2004).  The 
research presented in this report is on a best-efforts basis, and is not intended for use for 
investment decisions.  
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Cuyahoga County Airport Wind Analysis
(using observations taken at Cleveland Hopkins)
Existing runway orientation is N 49°28'44" E (true)

runway % wind coverage % wind coverage % wind coverage % wind coverage % wind coverage % wind coverage
orientation @ 10.5 knots/12 MPH @ 13 knots/15 MPH @ 10.5 knots/12 MPH @ 13 knots/15 MPH @ 10.5 knots/12 MPH @ 13 knots/15 MPH

10/190 84.33 85.00 91.73 79.39 88.69

20/200 85.15 85.71 92.10 80.88 89.81

30/210 85.81 86.24 92.59 82.41 90.93

40/220 86.35 92.97 86.67 93.11 83.76 91.80

49/229 (existing) 86.93 93.29 87.13 93.40 85.06 92.26

50/230 86.99 93.32 87.19 93.43 85.20 92.31

60/240 87.57 93.55 87.66 93.63 86.47 92.78

69/249 (Alt 26) 87.98 93.75 88.01 93.78 87.22 93.23

70/250 88.00 93.77 88.04 93.80 87.29 93.28

71/251 (Alt 15) 88.03 93.79 88.06 93.82 87.35 93.32

74/254 88.10 93.87 87.52 93.45

75/255 88.10 93.86 88.11 93.88 87.58 93.48

76/256 88.11 93.89

77/257 88.11 88.11 93.91

78/258 88.12 93.90 88.11 93.92 87.73 93.57

79/259 88.12 88.10 93.92

80/260 88.11 93.92 88.09 93.93 87.81 93.62

83/263 93.93 93.93 87.89 93.69

84/264 93.93 93.93 87.91 93.71

85/265 93.93 88.00 93.93 87.92 93.72

86/266 93.92 93.92 87.92 93.74

87/267 87.90 93.75

88/268 87.88 93.76

89/269 93.76

90/270 (Alt 3) 87.85 93.88 87.79 93.86 87.82 93.77

91/271 93.78

92/272 93.78

93/273 93.78

94/274 93.78

95/275 93.78

96/276 93.78

97/277 93.78

98/279 93.77

100/280 87.18 93.63 87.13 93.58 87.16 93.74

110/290 86.39 93.21 86.38 93.17 86.17 93.40

120/300 85.77 92.67 85.87 92.67 84.95 92.59

130/310 85.27 85.51 92.21 83.43 91.35

140/320 84.56 84.97 91.77 81.51 90.06

150/330 83.85 84.42 91.30 79.70 88.72

160/340 83.39 84.06 91.06 78.52 87.61

170/350 83.36 84.09 91.08 78.11 87.26

180/360 83.69 84.42 91.36 78.38 87.74

All-Weather VFR IFR

F:\Project\A27 - Cuyahoga County\A27001001-MP\Data & Analysis\Wind Rose Data\orientation analysis.xls



Cuyahoga County Airport – Master Plan Update – Draft Final Report 

D-1 

 
 
 
 
 
 
 
 

APPENDIX D 
 

FACILITY REQUIREMENTS 
CORRESPONDENCE AND DOCUMENTATION 

 
 









Cuyahoga County Airport – Master Plan Update – Draft Final Report 

E-1 

 
 
 
 
 
 
 
 

APPENDIX E 
 

AIRPORT SURVEY RESULTS 
 
 



 

 
We are asking for your assistance with ideas to make Cuyahoga County Airport a better facility.  An important 
goal of the Airport Master Plan and Runway Safety Area Study is to assess the condition of the facility and the 
requirements of pilots that may use it so we can serve your needs effectively. Please complete the following 
survey and return it in the enclosed, postage paid envelope. 

 

Contact Information 
1. Name: 85 Sent, 31 Received (36% Response) 2. Phone:  

3. Address:  

  

4. City  

5. State:  6. Zip:  7. E-mail:  
 

Flight Activity 
8. Number of flight hours logged in the last 12 months: 5820 

9. License and Ratings (check all that apply). 

  Student 0  Private 18  Commercial 7 

  ATR 6  Multi-engine 13  Instrument 19 

  Flight Instructor 9  Rotorcraft 1  ATP 6 

  Other (describe): 2 

10. What is the primary purpose of your flight activity?  (If more than one, indicate percentage.) 

  Business 20  %  Personal 22  % 

  Student 1  %  Instructor 2  % 

  Air Taxi 0  %  Air Taxi (Cargo) 0  % 

  Other (describe): 1   % 
 

11.  There are two types of operations: itinerant and local.  Itinerant operations are those flights for which the flight begins 
or ends at an airport other than where your aircraft is based.  All other operations are considered local (e.g., touch-and-
go operations are local operations). With these definitions in mind, please indicate the estimated number of operations 
(a landing is one operation and a takeoff is one operation) that you performed during the last 12 months. 

Local: 1906 Itinerant: 3175 
 

12. By what percentage do you expect your flying activity to change during the next five years? 

 34 % Increase 50 % Decrease  No change 8 
 

13. How do you have access to an aircraft? 

  Own 25  Share ownership 1  Fly corporate aircraft 5 

  Rent 0  Belong to flying club 2  Commercial airline pilot 1 

  Lease 0  Hold inactive pilot license 0  
 

14. How is the aircraft stored? 

  T-hangar 20  Corporate hangar 6  

  Tied-down 5  Shared large hangar 2  

Cuyahoga County Airport Master Plan 
Pilot Survey 



 

Cuyahoga County Airport  
15. Why do you use Cuyahoga County Airport? 

  Convenience 23  Location 21  Cost 1 

  Facilities 14  Services 8  

  Other (describe): 4  

16. Please rate the following facilities at the Cuyahoga County Airport. 

A. FBO Services  Excellent 5  Good 16  Fair 6  Poor 2 

B. Navaids  Excellent 11  Good 18  Fair 1  Poor 0 

C. Hangar Facilities  Excellent 6  Good 16  Fair 3  Poor 5 

D. Runway Pavement Conditions  Excellent 7  Good 18  Fair 3  Poor 3 

E. Taxiway Pavement Conditions  Excellent 6  Good 11  Fair 5  Poor 9 

F. Apron Pavement Conditions  Excellent 7  Good 13  Fair 5  Poor 6 

G. Snow Removal  Excellent 11  Good 11  Fair 6  Poor 3 

H. Geographic Location  Excellent 13  Good 17  Fair 0  Poor 0 

   I. Flight School Rates   High 2  Average 11  Low 0 

J. Maintenance Rates   High 9  Average 15  Low 0 

K. Fuel Costs   High 18  Average 13  Low 0 

L. Aircraft Storage / Parking Fees   High 9  Average 19  Low 0 

17. What type of aircraft do you normally use at Cuyahoga County Airport? 

  Single Engine (1-2 Seat) 5  Single Engine (4 Seat) 13  Single Engine (6 Seat) 3 

  Multi-engine (<12,500 lbs) 6  Turboprop (<12,500 lbs) 3  Rotorcraft 0 

  N/A 0  Other (describe): 5 
18. Do you plan to upgrade your aircraft?  Yes 8  No (skip to question 20) 21 

19. If so, what type of aircraft and how soon? Experimental, Single (4-seat), Jet, Multi-engine 
20. What one improvement would you suggest at Cuyahoga County Airport?  (See attached comments) 
  
 

Comments 
21. Please feel free to provide any comments about Cuyahoga County Airport. 

 (See attached comments) 

 

 

 

 

 

 

 

 
 

Please return this survey to Kathy Kane, C&S Engineers, Inc., 499 Col. Eileen Collins Blvd., Syracuse, NY 13212, or 
fax it to: (315)455-9667.  If you have any questions, please call Ms. Kane at (315)455-2000. 



Pilot Survey Results 
 

Questions no. 20 and 21 
 
 
20. What one Improvement would you suggest at Cuyahoga County Airport? 
 

• Condominium hangars for small, private aircraft. 
• Night tower operation. 
• Water/bathroom facilities at T-hangars. 
• Urgent, need to repair taxiways (potholes and rocks!). 
• Automated weather freq 24 hours! 
• Adding a VOT (VHF Omni-Range Test Facility). 
• Better quality FBO - friendly to private aircraft (not by corp.). 
• ILS Runway 6 - we need a 300' approach and at LEAST 500' extra feet of runway. 
• FBO or fuel provider. 
• Because of Flight Options who handles the FBO, they overcharge (GA) aircraft.  Airport 

needs a separate FBO. 
• AWOS. 
• A second FBO to remove the monopoly of Corporate Wings. 
• More reasonable T-hangars with heat and insulation. 
• Fix the taxiway. 
• Fix holes on all taxiways.  Install an AWOS at this busy airport. 
• ATIS, Runway extension and improve ramp surface. 
• Repair ramps and taxiway ASAP. 
• ILS 6 to replace back course. 

 
21. Please feel free to provide any comments about Cuyahoga County Airport. 
 

• Great tower personnel. 
• The T-hangars are in very poor condition.  There is no electricity or access to water. 
• I love the airport.  The only problem is ice build-up in the winter at the CC hangar. 
• A. Taxiway Bravo on NE side of runway is very uneven and bumpy. 

B. Nice airport and good staff (administration and tower personnel). 
C. Condo hangars on NE side would be great and encourage more general aviation (if 

that is a CGF objective). 
• CGF has a long and illustrious history; certainly relieves congestion at Hopkins. 
• Very well managed. 
• Nice, convenient, a place to be proud of. 
• It's a great airport.  Please don't forget about us in tie-down!! 
• A. Add a WAAS GPS approach for RW 6. 

B. Add an FBO for the little plane folks. 
C. Add more T-hangars (heated and air conditioned). 
D. Add self-serve gas to SE side of field. 

• A. Runway Expansion to 6,000ft+ would be great! 
B. 24 hour weather reporting. 
C. ILS for RW 6. 
D. Eliminate "volunteer" curfew and implement noise abatement procedures - we follow 

this anyways! 



• For several years I attempted to get involved in based pilots group and found the 
management resistant and the group was eliminated. I feel based aircraft pilots should be 
involved in a committee to help plan things of interest. There is presently no involvement 
of based pilots. 

• Overall nice place. 
• In general, I believe it is a very good airport with the one exception of the MAJOR repair 

work that is needed on the taxiways. 
• A. The taxiways and ramps - horrible, runway very bumpy. 

B. We need lower minimums on RW 6 - ILS preferred due to winter winds. 
C. 500-1,000 foot extra on runway would facilitate hot summer take offs and winter 

landings. 
D. Better fire and rescue equipment. 

• We need: 
A. Self service 100LL fuel. 
B. RW 6 GPS approach. 
C. Re-surface apron, taxiway and runway. 

• In recent years, the airport conditions have gone from excellent to fair. Not only are the 
ramps and taxiways in need of better repair, but weed control of these pavements is poor. 

• One time I needed air in my tire.  They said they didn't have or couldn't get any air.  They 
only want to provide service for jet traffic and over charge the little guy so they don't 
have to do the work. 

• I have been flying out of the airport since 1982.  The airport upkeep in the last 3 years 
has, in my opinion, gone down.  This includes airport infrastructure, snow removal to 
overall appearance.  Any questions, please call at (216) 797-1000. 

• A. The taxiways are in very bad condition.  The holes in the taxiways are dangerous to all 
aircraft using the airport.   

B. 70,000 flights at the airport require an AWOS system. 
• Hours for pilot working in this company are not represented in this report (Flight 

Options). 
• Contract tower operators are doing an excellent job. Corporate Wings line service is also 

excellent. 
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FUNDAMENTAL CONCEPTS OF COMMUNITY NOISE 

 

Background 

 

Three aspects of community noise are important in determining subjective response: 

 

• Level (i.e., magnitude or loudness) of the sound. 

• The frequency composition or spectrum of the sound. 

• The variation in sound level with time. 

 

Airborne sound is a rapid fluctuation of air pressure and local air velocity.  Sound levels are 

measured and expressed in decibels (dB) with 0 dB roughly equal to the threshold of hearing. 

 

The frequency of a sound is a measure of the pressure fluctuations per second measured in units 

of hertz (Hz).  Most sounds do not consist of a single frequency, but are comprised of a broad 

band of frequencies differing in level.  The characterization of sound level magnitude with 

respect to frequency is the sound spectrum.  A sound spectrum is often segmented into octave 

bands that divide the audible human frequency range (i.e., from 20 to 20,000 Hz) into ten 

segments. 

 

Frequency Weighting 

 

Many rating methods exist to analyze sound of different spectra.  The simplest method is 

generally used so that measurements may be made and noise impacts readily assessed using 

basic acoustical instrumentation.  This method evaluates audible frequencies by using a single 

weighting filter that progressively de-emphasizes frequency components below 1000 Hz and 

above 5000 Hz.  This frequency weighting reflects the relative decreased human sensitivity to 

low frequencies and to extreme high frequencies.  This weighting is called A-weighting and is 

applied by an electrical filter in all U.S. and international standard sound level meters.  Some 

typical A-weighted sound levels are presented in Figure A1. 
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Noise Exposure 

 

Noise exposure is a measure of noise over a period of time, whereas noise level is a single value 

at an instant in time.  Although a single sound level may adequately describe community noise at 

any instant in time, community noise levels vary continuously.  Most community noise is 

produced by many distant noise sources that produce a relatively steady background noise having 

no identifiable source.  These distant sources change gradually throughout the day and include 

traffic, wind through foliage, and distant industrial activities.  Superimposed on this slowly 

varying background is a succession of identifiable noise events of brief duration.  These include 

nearby activities such as single vehicle passbys or aircraft flyovers that cause the community 

noise level to vary from instant to instant. 

 

A single number called the equivalent sound level, typically referenced by its symbol Leq, is a 

U.S. and international standard used to describe noise varying over a period of time.  The Leq is 

the average noise exposure level over a period of time (i.e., the total sound energy divided by the 

duration).  It is the constant sound level that would contain the same acoustic energy as the 

varying sound level, during the same time period.  The Leq is useful in describing noise over a 

period of time with a single numerical value. 

 

Discrete short duration transient noise events, such as aircraft flyovers, may be described by their 

maximum A-weighted noise level or by their sound exposure level (SEL).  The SEL value is 

preferred over maximum noise levels in defining individual events because measured results 

may be more reliably repeated and because the duration of the transient event is incorporated 

into the measure (thereby better relating to subjective response).  Maximum levels of transient 

events vary with instantaneous propagation conditions while a total energy measure, like SEL, is 

more stable.  The SEL of a transient event is a measure of the acoustic energy normalized to a 

constant duration of one second.  The SEL differs from the Leq in that it is the constant sound 

level containing the same acoustic energy as a one-second event, whereas the Leq is the constant 

sound level containing the same acoustic energy over the entire measurement period.  The SEL 
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may be considered identical to the California standard Single Event Noise Exposure Level (i.e., 

SENEL). 

 

SEL values may be summed on an energy basis to compute Leq values over any period of time.  

This is useful for modeling noise in areas exposed to numerous transient noise events, such as 

communities around airports.  Hourly Leq values are called Hourly Noise Levels (HNL values). 

 

In determining the daily measure of community noise, it is important to account for the 

difference in human response to daytime and nighttime noise.  During the nighttime 1) exterior 

background noise levels are generally lower than in the daytime, 2) background noise also 

decreases causing exterior noise intrusions become more noticeable, and 3) people are more 

often at home.  For these reasons, people are more sensitive to noise at night than during other 

periods of the day. 

 

To account for human sensitivity to nighttime noise, the day-night average sound level (DNL, 

symbol Ldn) descriptor is an international standard adopted by the Environmental Protection 

Agency in 1974 to describe community noise exposure from all sources.  The DNL represents 

the 24-hour, A-weighted equivalent sound level with a 10 dB penalty added for the nighttime 

noise, between 10:00 pm and 7:00 am.  The Federal Aviation Administration has officially 

employed DNL as its standard since 1981.   

 

In California, the Community Noise Equivalent Level (CNEL) has been the adopted standard 

since 1972.  DNL and CNEL are typically computed by energy summation of HNL values with 

the proper adjustment applied for the period of evening or night.  The CNEL is computed 

identically to the DNL but with the addition of a 5 dB penalty for evening (i.e., 7:00 pm to 

10:00 pm) noise.  The CNEL value is typically less than 1 dB above the DNL value.  Noise 

exposure measures such as Leq, SEL, HNL, DNL, and CNEL are all A-weighted with units 

expressed in decibels (i.e., dB). 
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Subjective Response to Noise 

 

The effects of noise on people can be classified into three general categories: 

 

• Subjective effects of annoyance, nuisance, dissatisfaction.   

• Interference with activities such as speech, sleep, and learning.   

• Physiological effects such as anxiety or hearing loss.   

 

The sound levels associated with community noise usually produce effects only in the first two 

categories.  No universal measure for the subjective effects of noise has been developed, nor 

does a measure exist for the corresponding human reactions from noise annoyance.  This is 

primarily due to the wide variation of individual attitude regarding the noise source(s). 

 

An important factor in assessing a person's subjective reaction is to compare the new noise 

environment to the existing noise environment.  In general, the more a new noise exceeds the 

existing, the less acceptable it is.  Therefore, a new noise source will be judged more annoying in 

a quiet area than it would be in a noisier location. 

 

Knowledge of the following relationships is helpful in understanding how changes in noise and 

noise exposure are perceived.   

 

• Except under special conditions, a change in sound level of 1 dB 

cannot be perceived. 

• Outside of the laboratory, a 3-dB change is considered a just-noticeable 

difference. 

• A change in level of at least 5 dB is required before any noticeable 

change in community response would be expected. 

• A 10-dB change is subjectively heard as an approximate doubling in 

loudness and almost always causes an adverse community response. 
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Combination of Sound Levels 

 

Because we perceive both the level and frequency of sound in a non-linear way, the decibel scale 

is used to describe sound levels.  The frequency scale is also measured in logarithmic 

increments.  Decibels, measuring sound energy, combine logarithmically.  A doubling of sound 

energy (for instance, from two identical automobiles passing simultaneously) creates a 3-dB 

increase; the resultant sound level is the sound level from a single passing automobile plus 3 dB.  

The rules for decibel addition used in community noise prediction are: 

 

• If two sound levels are within 1 dB of each other, their sum is the 

highest value plus 3 dB.   

• If two sound levels are within 2 to 4 dB of each other, their sum is the 

highest value plus 2 dB.   

• If two sound levels are within 5 to 9 dB of each other, their sum is the 

highest value plus 1 dB.   

• If two sound levels are greater than 9 dB apart, the contribution of the 

lower value is negligible and the sum is simply the higher value.   
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      Figure A1 
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B R I E F I N G  M E M O  
 
 
       
 
 
 TO   Kathy Kane, C&S Engineers 
 
 FROM  Susan J.H. Zellers, P.E. 
 
 DATE  June 1, 2005 
  
 RE Operations Fleet Mix at Cuyahoga County Airport 

 
 
Introduction 
To identify the future runway length needs at Cuyahoga County 
Airport, operating data were gathered for based business jets.  In 
addition to activity by these based business jets, there is also 
significant transient business jet activity at the airport.  An estimate of 
the operations for the most demanding business jets was prepared.   
 
Annual Operations by Type 
As a part of the inventory process, from September 7, 2003 to 
September 13, 2003 hourly traffic count information was obtained from 
the Cuyahoga County Tower.  This data showed that 72 percent of 
those operations were by single engine aircraft and 21 percent were by 
business jets.  The balance was comprised of multi-engine and turbo 
prop operations as shown in Exhibit 1.  These percentages were used 
to estimate the annual operations by each type of aircraft from the 
2003 total operations (includes operations not recorded by the tower 
based on historic airport records.) The 2003 total operations are the 
basis of the aviation forecasts accepted by the FAA on August 4, 2004.   
 

Exhibit 1 
2003 Operations at Cuyahoga County Airport 
Type of Aircraft Operations
     Single Engine 50,069
     Multi Engine 3,477
     Turbo Prop 1,391
     Jet 14,603
Total Operations 69,540
Source:  Percent by type from September 7-13, 2003 Tower Hourly Flight Records, 
Total Operations from Cuyahoga County Airport Aviation Forecasts, July 2004. 

 

51 S. New Jersey St., 2nd Floor 
Indianapolis, IN 46204 

317.955.8395  317.955.8479 FAX 



2 

Annual Business Jet Operations 
Business jet operations are typically conducted under instrument flight 
rules (IFR).  To divide the total business jet operations shown on 
Exhibit 1 into annual operations by the various types of business jets, 
the most recent 12 months of IFR flight plans filed to Cuyahoga County 
Airport were used.  The IFR flight plan data were analyzed to estimate 
the percentage of operations by each type of business jet. Business jet 
types conducting less than 100 annual operations were grouped 
together as “other business jets.” The percentage of business jet 
operations by each type were then applied to the 2003 business jet 
operations to estimate the operations by each common type of 
business jet operating at Cuyahoga County Airport.  Annual operations 
levels by the various types of business jets are shown in Exhibit 2. 
 

Exhibit 2 
2003 Business Jet Operations at  
Cuyahoga County Airport 
Aircraft Type Percent Operations 
Hawker 400 18.2 2,658 
Citation 560/56X 15.5 2,263 
HS125 13.0 1,898 
Learjet 45 10.0 1,460 
Falcon 50 7.1 1,037 
Citation 550/551 6.2 905 
Challenger 600 5.1 745 
Citation 650 3.3 482 
Citation 525/526 2.9 423 
Learjet 60 2.9 423 
Learjet 31 2.6 380 
Falcon 2000 2.2 321 
Citation 750 1.6 234 
Learjet 55 1.5 219 
Learjet 35 1.4 204 
Gulfstream IV 0.9 131 
Other business jets 5.6 820 
Total  14,603 
Other business jets include:  Citation 500/501, Challenger 300, 
Falcon 10, Falcon 20, Falcon 90, Falcon 900, Embraer 135, 
Global Express, Gulfstream II, Gulfstream V, Legacy, Learjet 
24, Learjet 25, Sabreliner, and Westwind 
Source:  May 2004 to April 2005 IFR Flight Plans to Cuyahoga 
County Airport, www.fboweb.com. 
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Day Night Total
GASEPF 39,254 801 40,055
GASEPV 9,814 200 10,014

Total 49,068 1,001 50,069
BEC58P 3,373 104 3,477
   Total 3,373 104 3,477
C12 801 33 835
DHC6 267 11 278
CNA441 267 11 278

Total 1,335 56 1,391
GIV 128 3 131
Falcon 2000 315 6 321
Falcon 50 1,016 21 1,037
HS 125 130 3 133
HS 125 - 800 1,730 35 1,765
Lear 35 200 4 204
CL600 730 15 745
CNA 525/526 415 8 423
CNA55B 887 18 905
Citation V (CE560) 2,218 45 2,263
CNA750 229 5 234
Citation III (650) 472 10 482
Beechjet (BE400) 2,605 53 2,658
Lear 45 1,431 29 1,460
Lear 60 415 8 423
Lear 31 372 8 380
Lear 55 215 4 219
Other bus. Jet 804 16 820

Total 14,311 292 14,603
B212 9 0 9
S70 9 0 9
B206L 426 16 442

Total 444 17 461

AC CAT Aircraft Category
SE Single Engine Piston Aircraft
ME Multi Engine Piston Aircraft
TP Turboprop Aircraft
JETS Jet Aircraft
HELO Helicopters

KEY

Attachment C
Fleet Mix:  2003 Annual Operations by Aircraft Type
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Runway TYPE SE ME TP JETS HELO

Flight tracks
ID USE

NB DEP 0.550 TRACK %HDG/RW UTIL
06D010 0.055 231 22 8 82 06D010 0.10 0.055
06D270 0.055 231 22 8 82 06D270 0.10 0.055
06D320 0.220 925 86 31 328 06D320 0.40 0.220
06D360 0.220 925 86 31 328 06D360 0.40 0.220
24D010 0.055 595 65 29 318 24D010 0.10 0.055
24D270 0.055 595 65 29 318 24D270 0.10 0.055
24D320 0.220 2,379 258 116 1,271 24D320 0.40 0.220
24D360 0.220 2,379 258 116 1,271 24D360 0.40 0.220

1.100 8,261 861 367 3,996

SB DEP 0.450 TRACK %HDG/RW UTIL
06D090 0.023 95 9 3 34 06D090 0.05 0.023
06D140 0.068 284 26 9 101 06D140 0.15 0.068
06D180 0.180 757 70 25 268 06D180 0.40 0.180
06D200 0.180 757 70 25 268 06D200 0.40 0.180
24D090 0.023 243 26 12 130 24D090 0.05 0.023
24D140 0.068 730 79 36 390 24D140 0.15 0.068
24D180 0.180 1,947 211 95 1,040 24D180 0.40 0.180
24D200 0.180 1,947 211 95 1,040 24D200 0.40 0.180

0.900 6,759 704 300 3,269

T&G
06T1 5,608 87 12 15
24T1 14,420 261 44 58

20,028 348 56 73

NB ARR 0.550 TRACK %HDG/RW UTIL
06A27NB 0.055 231 22 8 82 06A270 0.20 0.110
06A23NB 0.248 1,041 97 35 369 06A237 0.90 0.495
06A36NB 0.248 1,041 97 35 369 06A360 0.90 0.495
24A27NB 0.055 595 65 29 318 24A270 0.20 0.110
24A23NB 0.248 2,677 290 131 1,429 24A237 0.90 0.495
24A36NB 0.248 2,677 290 131 1,429 24A360 0.90 0.495

1.100 8,261 861 367 3,996

SB ARR 0.450 TRACK %HDG/RW UTIL
06A27SB 0.045 189 18 6 67 06A270 0.20 0.090
06A23SB 0.203 852 79 28 302 06A237 0.90 0.405
06A36SB 0.203 852 79 28 302 06A360 0.90 0.405
24A27SB 0.045 487 53 24 260 24A270 0.20 0.090
24A23SB 0.203 2,190 238 107 1,170 24A237 0.90 0.405
24A36SB 0.203 2,190 238 107 1,170 24A360 0.90 0.405

0.900 6,759 704 300 3,269

DESCRIPTION

Attachment E
2003 Aircraft Volume by Flight Track and Aircraft Type
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Attachment F 
 

Matrix for Comparing Airfield Development Alternatives 
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Attachment H 
 

DNL Noise Contours between 55 dB and 74.5 dB 
and Flight Tracks Modeled (Alternative 30) 
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Attachment I 
 

DNL Noise Contour Graphic Overlaid over Terrain 
(Alternative 36) 
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1 

SECTION 1 – Introduction 
 
1.01 General 
 
Cuyahoga County Airport is a publicly owned, public-use, general aviation reliever facility. It 
serves the aviation needs of eastern Cuyahoga County and western Lake County in the 
northeastern Ohio Region. Cuyahoga County owns the Airport. The operation and maintenance 
is the responsibility of the Department of Development under the auspices of the Board of 
County Commissioners.  
 
The Airport is located in two counties, Cuyahoga and Lake, and three cities, Richmond Heights, 
Highland Heights, and Willoughby Hills, approximately eleven miles east of downtown 
Cleveland, Ohio. Cuyahoga County contains a population of 1,393,978 based on the 2000 
Decennial Census. Lake County contains a population of 227,511 based on the 2000 Census. 
Richmond Heights has a population of 10,944; Highland Heights has a population is 8,082; and 
Willoughby Hills has a population of 8,668.  
 
The land area of the Airport consists of approximately 640 acres. The Cuyahoga County Airport 
is principally located in Richmond Heights to the east of Richmond Road, north of Highland 
Road, and south of White Road. On the east side of the Airport is Bishop Road (with an Airport 
parcel extending east of the road that incorporates a golf course). The Airport is located 
approximately 10 minutes from Interstate 90, a major east-west highway, and Interstate 271, a 
major north-south highway. Figure 1-1 shows the Airport and vicinity. 
 
1.02 Purpose and Scope of Study 
 
The main purpose of this study is to document and identify currently existing deficiencies of the 
Runway Safety Area (RSA) at Cuyahoga County Airport based on the existing runway length 
and use. The Federal Aviation Administration (FAA) has “targeted” all RSA at Part 139 
certificated airports for improvements by 2007. The Cuyahoga County Department of 
Development, as the Airport Sponsor, desires to complete this Runway Safety Area Study in 
order to comply with FAA standards of the FAA Order 5200.8, Runway Safety Area Program, 
FAA Advisory Circular (AC) 150/5300-13, Airport Design, and other applicable airport design 
Advisory Circulars.  
 
This report will address and make recommendations in some of the following areas as they relate 
to Cuyahoga County Airport: 
 

� Critical Aircraft 
� Runway Safety Area Requirements 
� Existing Conditions 
� Runway Length Analysis  
� Runway Safety Area Deficiencies 
� Improvement Alternatives from the Airport Master Plan 
� Probable Project Costs 



                        CUYAHOGA COUNTY AIRPORT 
 

����������	
�
�

Figure 1-1 
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1.03 Study Area 
 
The existing physical and natural conditions were inventoried and studied for their applicability 
to the development of alternatives of the runway safety area. The study area for determination of 
the runway safety area conditions or deficiencies consists of the area within the limits of the 
runway safety area, and adjacent areas that may be affected by any recommended improvements, 
such as grading.  
 
1.04 Climate 
 
Summers are moderately warm and humid and winters are cool to cold and cloudy with an 
average of five days with sub-zero temperatures. The average temperature for the year is 49.7 °F. 
 
The daily range in temperature is usually greatest in the late summer and least in winter. The 
coldest month on record is January 1977. The warmest month on record is July 1995. On the 
average, freezing temperatures in fall are recorded in October while the last freezing temperature 
in spring normally occurs in May. 
 
Showers and thunderstorms account for most of the rainfall during the growing season. Snowfall 
may fluctuate widely from the annual mean of 50 inches. Mean annual snowfall increases from 
west to east in Cuyahoga County ranging from about 45 inches in the west to more than 90 
inches in the extreme east.  
 
1.05 Airport Master Plan 
 
The Airport is updating its Airport Master Plan concurrently with this study. When this study 
was started, the Airport Master Plan was in its preliminary stages. The Airport Master Plan has 
progressed including alternatives analysis, evaluation and environmental overview. Thus, this 
document references the alternatives and is consistent with the Airport Master Plan. Alternatives 
developed in the Airport Master Plan, as included in this study, improve the runway safety areas 
to meet design standards. 
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 SECTION 2 – RSA Requirements and Deficiencies 
  
2.01 Critical Aircraft – Airport Reference Code 
 
The following information was prepared by Aerofinity, Inc., for use in this study as well as the 
associated Airport Master Plan: 
 

Existing Users  
The 2003 based aircraft were examined to determine the existing users at the airport, as 
shown in Table 2-1. There were 301 based aircraft at Cuyahoga County Airport; of these 
195 are jet aircraft ranging from Cessna Citations to Gulfstream IVs. Since 1997, the 
number of based aircraft registered at Cuyahoga County Airport has more than doubled. 
This growth can be primarily attributed to the success of Flight Options in the area of 
fractional ownership activities, a relatively new concept that has flourished as an option for 
general aviation users.  
 
 
 
 
 
 
 
 
 
 
 
 
 
The operation records have also been reviewed for the past five years, the total operations 
have ranged from 56,000 to 76,000 annual operations. As a part of the inventory process, 
hourly operations data for the week of September 7 to 13, 2003 was provided. This data 
identified that approximately 70% of the operations are itinerant and 30% are local. Also, 
of the 1,775 operations conducted that week 1,278 (72%) were conducted by single engine 
aircraft, 376 (21%) were conducted by jet aircraft and the balance were conducted by 
turboprop and multiengine aircraft. The numbers of operations per based aircraft (OPBA) 
at the airport are most likely undergoing a change, given the growth in based aircraft and 
unique characteristics of fractionally owned aircraft. This will be analyzed further in later 
stages of the forecasting and facilities analysis.  
 
Airport Reference Code  
In order to plan airfield facilities to accommodate the current and projected users, an 
Airport Reference Code (ARC) must be determined for the airport. According to FAA 
Advisory Circular 150/5300-13, Airport Design, the ARC is a system used to relate airport 
planning and design criteria to the operational and physical characteristics of the aircraft 
intended to use the airport.  

Table 2-1 
2003 Based Aircraft Fleet Mix 

Cuyahoga County Airport 

  Single Engine 63 
  Multi-Engine 16 
  Turbo Prop 25 
  Jet 195 
  Helicopter 2 
   301 



 
 
Cuyahoga County Airport – Runway Safety Area Study 

 

5 

A combination of two codes is used to develop the ARC. The first code, Aircraft Approach 
Category, relates to the approach speed of an aircraft. The second code, Airplane Design 
Group, pertains to the design group determined by the wingspan of an aircraft. The ARC is 
based upon the aircraft or combination of aircraft with the highest approach speed code and 
the greatest wingspan that use or are expected to make substantial use of the airport. Per 
FAA Order 5090.3C, Field Formulation of the National Plan of Integrated Airport Systems 
(NPIAS), substantial use means 500 or more annual itinerant operations or scheduled 
commercial service. An operation is a takeoff or landing by aircraft.  
 
Table 2-2 summarizes the aircraft approach category and airplane design group.  

Source: FAA Advisory Circular 150/5300-13, Airport Design 3  
 
Critical Design Aircraft  
Examining the existing users and airport reference code information, the jet aircraft are the 
largest aircraft making substantial use of the airport. The 376 jet operations in a week, 
equates to approximately 20,000 annual operations, well exceeding the FAA definition of 
substantial use (500 annual operations).  
 
The based jet aircraft range from Cessna Citations (ARC B-I/II) to Gulfstream IVs (D-II). 
Table 2-3 shows the most common jet aircraft based at Cuyahoga County. Many of these 
aircraft have design group II wingspans. The fastest approach category is D, with the 
Gulfstream IVs being the largest and fastest aircraft. Therefore, it is recommended that an 
ARC of D-II be used for planning improvements to serve existing and future users of the 
airport. The published instrument approach procedures include minimums for up to 
approach category D aircraft.  
 
 
 
 
 
 

Table 2-2 
ARC Characteristics 

Aircraft Approach 
Category Speed (knots) Airplane Design 

Group Wingspan (feet) 

A Less than 91 I Less than 49 
B 91 to less than 121 II 49 up to but not including 79 
C 121 to less than 141 III 79 up to but not including 118 
D 141 to less than 166 IV 118 up to but not including 171 
E 166 or more V 171 up to but not including 214 

  VI 214 up to but not including 262 
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Table 2-3 
2003 Based Aircraft – Critical Aircraft 

Cuyahoga County Airport 
Lear 55  C-I  
Challenger  C-II  
Hawker 800XP  C-II  
Beechjet 400A  B-I  
Gulfstream IV  D-II  
Falcon 50  B-II  
Lear 45  C-I  
Citation Jet  B-I  
Citation II  B-II  
Citation III  B-II  
Citation V  B-II  
Recommendation:  D-II  

 
This analysis of existing users at the Airport, determination of the appropriate Airport Reference 
Code, and identification of the critical design aircraft provide the basis for runway safety area 
dimensional criteria as discussed in the following section. This background, along with the July 
28, 2004 Cuyahoga County Airport Aviation Forecasts final report prepared by Aerofinity, Inc., 
is also essential to the development of facility requirements as part of the Airport Master Plan. In 
an August 12, 2004, letter to the Airport, the FAA noted their concurrence with the forecasts 
presented in the July 28, 2004, document for the completion of the Master Plan and the Runway 
Safety Area Study. This letter is included in the report as Appendix C. 
 
2.02 Runway Safety Area Requirements 
 
In accordance with Advisory Circular 150/5300-13, Airport Design, a Runway Safety Area 
(RSA) is a defined surface surrounding the runway, which is prepared or suitable for reducing 
the risk of damage to airplanes in the event of an undershoot, overshoot, or excursion from the 
runway.  
 
Furthermore, the FAA design standards indicate that RSAs shall be: 
 

� Cleared and graded and have no potential hazardous ruts, humps, depressions or other 
surface variations. 

� Drained by grading or storm sewers to prevent water accumulation. 
� Capable, under dry conditions, of supporting snow removal equipment, aircraft rescue 

and firefighting equipment and the occasional passage of aircraft without causing 
structural damage to the aircraft. 

� Free of objects, except for objects that need to be located in the runway safety area 
because of their function. Objects higher than 3 inches above grade should be 
constructed, to the extent practicable, on low impact resistant supports (frangible 
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mounted structures) of the lowest practical height with the frangible point no higher 
than 3 inches above grade. Other objects, such as manholes, should be constructed at 
grade. In no case should their height exceed 3 inches above grade. 

 
RSAs that are non-standard can no longer receive modification of standards from the FAA. The 
FAA dimensional standards remain in effect regardless of the presence of natural or man-made 
objects or surface conditions that might create a hazard to aircraft. Facilities including NAVAIDs 
that would not normally be permitted in an RSA should not be installed inside the standard RSA 
dimensions even when the RSA does not meet standards in other respects. An evaluation of 
practicable alternatives for improving non-standard RSA is required until it meets FAA standards 
for grade, compaction and object frangibility.  
 
Navigational aids might impact the effectiveness of the RSA. The FAA wants to greatly improve 
the margin of safety for landing or departing aircraft, and therefore has established guidelines for 
NAVAID locations, including the following: 
 

� RSA grades sometimes require approach lights to be mounted on towers that could 
create a hazard for aircraft. Therefore, consider any practicable RSA construction to a 
less demanding grade than the standard grade to avoid the need for structures. 

� Instrument landing system (ILS) facilities (glide slope and localizers) are not required to 
be located inside the RSA. However, they do require a graded area around the antenna. 
(See Chapter 6 in Advisory Circular 150/5300-13, Airport Design for more 
information.) RSA construction that ends abruptly in a precipitous drop-off can result in 
design proposals where the facility is located inside the RSA. Therefore, consider any 
practicable RSA construction beyond the standard dimensions that could accommodate 
ILS facilities if and when they are installed. 

 
The RSA limits for an airport with an Airport Reference Code of D-II are 500 feet wide by 1000 
feet beyond the runway end or stopway end. Additional design standards that apply to Cuyahoga 
County Airport are in Table 2-4.  
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TABLE 2-4 
Airport Design Standards for Runway 6-24 

Item 
Design Standard 

ARC (D-II) 
Existing 

Condition 
Meet 

Requirements? 
Runway Width 100’ 100’* Yes 
Runway Safety Area    
   -Width  500’ 310’* No 
   -Length Beyond (Overruns)    
       -Length (Beyond Runway End - 24) 1,000’ 57’* No 
       -Length (Beyond Stopway - 6) 1,000’ 43’* No 

      -Length Prior to Landing Threshold 
         (Undershoots)    
       -Length (Beyond Runway End - 24) 600’ 57’* No 
       -Length (Beyond Stopway - 6) 600’ 43’* No 
Runway Object Free Area    
   -Width 800’ 735’* No 
   -Length (Beyond Runway End - 24) 1,000’ 0’* No 
   -Length (Beyond Stopway - 6) 1,000’ 285’* No 

    * Refer to Existing Conditions and Deficiencies sections                                Source:  Advisory Circular 150/5300-13 and C&S Engineers, Inc. 
 

A general plan depicting the airport property line and runway safety area is shown in Figure 2-1.   
 
The transverse grade limitations for aircraft approach categories C and D provided in Advisory 
Circular 150/5300-13, Airport Design, are shown below. 
 
 
 
 
 
 
 
 
 
 
 

� Transverse grades  
� On runway – 1% to 1.5% 
� On shoulder – 3% to 5% 
� In RSA but outside of shoulder – 1.5% to 3% 

 
The FAA also states that a 1.5 inch drop from paved to unpaved surfaces is recommended and 
drainage ditches may not be located within the safety area. 

RSA – 500’ 

Runway Width  
 

100’ 

Unpaved 
Shoulder 

 
10’ 

Unpaved 
Shoulder 

 
10’ 





 
 
Cuyahoga County Airport – Runway Safety Area Study 

 

10 

2.03 Runway Safety Area Existing Conditions 
 
This section inventories and describes the types of objects located within the runway safety area. 
Section 2.05 provides an evaluation of the existing conditions and notes deficiencies associated 
with each object. 
 
Along Runway 6-24 (between runway ends) - Existing Conditions (See Figures 2-2, 2-3 and 2-4) 
 
There are two types of navigational aids (NAVAIDs) that are within the RSA along Runway 6-
24, visual approach slope indicators (VASI-4s) and precision approach path indicators (PAPIs). 
Both NAVAIDs are located on frangible couplings. A supplemental wind cone is located within 
the safety area, but is on frangible couplings. Drainage swales, grades that do not meet criteria, 
and drainage structures are common within the runway safety area. Drainage structures, which 
include catch basins and manholes, are located within the RSA but are not obstacles if the grade 
change is less than 3% or the structure is less than 3” above or below surrounding grade.  
 
On the east side of Runway 6-24 the structures are located approximately 125 feet from the 
runway centerline, and the west side of Runway 6-24 the structures are located approximately 
185 feet from the runway centerline. The structures themselves are not obstacles, but the grades 
in the vicinity are steeper than the criteria. Drainage swales or ditches should not be located 
within the runway safety area. In other areas not associated with structures, there are grades that 
are steeper than design criteria.  
  
Runway 6 Approach End – Existing Conditions (See Figure 2-2) 
 
The following objects are located within the runway safety area on the Runway 6 Approach End 
and need to be addressed: 

� Runway End Identifier Lights (REILs) 
� Located on frangible couplings 

� Localizer  
� Located on non-frangible couplings 

� Localizer building 
� Shrubs and treeline  

� Shrubs along the fence and treeline on the west side of Richmond Road 
� Richmond Road  

� Located below the grade of the runway, but still in the RSA 
� Perimeter fence 
� Fire hydrants and utility poles  

� Located along Richmond Road 
� Drainage swales 

� Grades that do not meet criteria and drainage structures are common within the 
runway safety area. 
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Runway 24 Approach End – Existing Conditions (See Figure 2-4) 
 
The following objects are located within the runway safety area on the Runway 24 Approach 
End and need to be addressed: 

� MALSR towers 
� Located on non-frangible couplings 

� Bishop Road  
� Located below the grade of the runway, but still in the RSA 

� Perimeter fence 
� Fire hydrants 

� Located along Bishop Road 
� Drainage swales 

� Grades that do not meet criteria and drainage structures are common within the 
runway safety area. Drainage swales located on airside property may contain 
wetlands.  

� Golf course 
� Grades greater than criteria 

 
2.04 Preliminary Runway Length Analysis 
 
The following information was prepared by Aerofinity, Inc., for use in this study: 
 

Facility Requirements  
The primary facility requirements consideration for the runway safety analysis is runway 
length. Runway length requirements are based on five primary factors.  
 
� Airport elevation  
� Mean daily maximum temperature of the hottest month  
� Maximum change in the runway centerline  
� Wet or dry pavement  
� Stage length of the longest non-stop trip (considered for aircraft more than 60,000 

pounds only)  
 

These factors are critical because aircraft performance declines as elevation, temperature 
and runway gradient factors increase. The FAA Advisory Circular 150/5325-4A, Runway 
Length Requirements for Airport Design has been used as a starting point for reviewing the 
appropriate runway length. Table 2-5 is a partial printout of the Airports Design Program, 
version 4.3B to identify runway length requirements at Cuyahoga County Airport. Because 
of the number of operations by business jet aircraft, the range of runway length findings for 
large business aircraft have been shown. Special emphasis has been given to the runway 
length requirements for 100% of the large business aircraft fleet, when operating at 60% 
useful load. This is considered to be representative of the critical aircraft user requirements 
at Cuyahoga County Airport.  
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Table 2-5 

Runway Length Requirements 
Cuyahoga County Airport 

Airport and Runway Data  
Airport elevation  879 feet MSL 
Mean daily maximum temperature of the hottest month (July)  81.4 °F 
Maximum difference in runway centerline elevation  6 feet 
Length of haul for airplanes of more than 60,000 pounds  500 miles 
Runway Length Recommended for Airport Design   

 Dry Runway Wet Runway 
Large airplanes of 60,000 pounds or less 
75 % of these large airplanes at 60% useful load  4,780’ 5,420’ 
75% of these large airplanes at 90% useful load  6,280’ 7,000’ 
100 % of these large airplanes at 60% useful load  5,410’ 5,500’ 
100 % of these large airplanes at 90% useful load  8,010’ 8,010’ 
Airplanes of more than 60,000 pounds  Approx. 5,320’ Approx. 5,320’ 

 
The runway length requirements in Table 2-5 demonstrate the variability of airfield 
demands based upon the aircraft type and load. For large aircraft weighing less than 60,000 
pounds, useful load is the measure that is sensitive to stage length. The farther an aircraft is 
flying nonstop, the more fuel it needs onboard at takeoff, thus increasing its percent of total 
useful load at takeoff. Per the FAA’s design program, approximately 5,500 feet is needed 
to accommodate large business aircraft operations, depending upon load requirements. 
Since the FAA program uses a combination of aircraft rather than detailed operating 
specification, it provides general planning guidance rather than specific runway length 
requirements. The FAA uses this program as a guideline to determine what they will fund 
for the development of runway length at general aviation airports. The FAA will consider 
approval of runway lengths beyond those identified in the Airport Design Program if 
specific need can be documented based upon user data.  
 
Based on this analysis, with an existing runway length of 5,100 feet, when considering 
runway safety area improvements, preservation of at least as much runway length as 
presently exists is of utmost importance to supporting the high level of jet operations at 
Cuyahoga County Airport.  

 
The existing runway length is 5,102 feet with 500 feet of Stopway. The Stopway is not used as 
runway. However, it can be used by pilots as a planning tool as part of accelerate-stop distance 
available (ASDA) according to the FAA Advisory Circular 150/5300-13, Airport Design, 
Appendix 14, Declared Distances. The Stopway does not have any impact on pilot calculations 
of takeoff run available (TORA), takeoff distance available (TODA), and landing distance 
available (LDA). The Stopway is not runway safety area and may not be used in lieu of RSA. 
The RSA begins at the end of the Stopway, and RSA may not be shortened to accommodate a 
Stopway. 
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 2.05 Runway Safety Area Deficiencies 
 
The existing Runway 6-24 Safety Area does not fully comply with current FAA standards. At 
this time the width along the runway, the length beyond the Runway 24 end and length beyond 
the stopway at Runway 6 end do not meet criteria. The existing RSA for Runway 6 approach end 
is 310 feet wide and 43 feet beyond the stopway end. The existing RSA for Runway 24 approach 
end is 310 feet wide and 57 feet beyond the runway end.  
 
Refer to Figures 2-2, 2-3, and 2-4 for plans showing objects in the RSAs. Plans were developed 
using aerial photogrammetry performed for the Runway Safety Area Study and Airport Master 
Plan. 
 
Runway 6-24 Deficiencies (See Figure 2-2, 2-3 and 2-4) 
 
The features located within the RSA along Runway 6-24 are as follows: 
� In general, the grades along Runway 6-24 do not meet criteria. By visual review, RSAs 

along the runway length appear to meet criteria; however, detailed elevations from aerial 
photogrammetry indicate many areas have grades that are too steep. 

� Drainage Structures – west side of runway 
� Catch basin at Sta. P 8+02 and an offset of 195’ L 
� Catch basin at Sta. P 12+19 and an offset of 184’ L 
� Catch basin at Sta. P 14+40 and an offset of 242’ L 
� Drainage manhole at Sta. P 15+50 and an offset of 242’ L 
� Catch basin at Sta. P 20+03 and an offset of 187’ L 
� Catch basin at Sta. P 20+03 and an offset of 182’ L 
� Catch basin at Sta. P 25+71 and an offset of 225’ L 
� Catch basin at Sta. P 30+84 and an offset of 223’ L 

� Drainage Structures – east side of runway 
� Catch basin at Sta. P 13+34 and an offset of 125’ R 
� Drainage manhole at Sta. P 13+58 and an offset of 180’ R 
� Catch basin at Sta. P 20+01 and an offset of 125’ R 
� Catch basin at Sta. P 32+79 and an offset of 132’ R 
� Catch basin at Sta. P 20+03 and an offset of 187’ R 
� Catch basin at Sta. P 35+88 and an offset of 134’ R 
� Catch basin at Sta. P 38+94 and an offset of 131’ R 
� Catch basin at Sta. P 42+33 and an offset of 226’ R 
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Runway 6 Approach End Deficiencies (See Figure 2-2) 
 
The features located within the RSA at the Runway 6 approach end are as follows: 
(The lengths shown below are from the stopway end, which is the beginning of the 1,000-foot 
RSA.) 
 
� Grades not meeting criteria 

� The top of bank is located 45’ from the end of the stopway along the extended 
runway centerline. 

� Localizer 
� The localizer is at Sta. A6 10+00 (500’) along the extended centerline. 

� Localizer building 
� The localizer building is at Sta. A6 10+51 (551’) and an offset of 192’ L. 

� Juniper shrubs  
� The shrubs are located a distance of 759’ to 420’ out with an offset of 250’ L to 

250’ R. 
� Treeline  

� The treeline is located a distance of 1,000’ to 720’ out with an offset of 250’ L to 
250’ R. 

� Perimeter fence  
� The perimeter fence is located a distance of 890’ to 435’ out with an offset of 

250’ L to 250’ R. 
� Swale 

� The swale is located a distance of 945’ to 530’ out with an offset of 250’ L to 
250’ R. 

� Richmond Road 
� Richmond Road is located a distance of 1,000’ to 550’ out with an offset of 250’ 

L to 250’ R. 
� Drainage manhole 

� Drainage manhole at Sta. A6 9+37 (437’) and an offset of 200’ R. 
� Utility poles 

� Utility pole at Sta. A6 14+98 (998’) and an offset of 217’ L. 
� Utility pole at Sta. A6 14+18 (918’) and an offset of 127’ L. 
� Utility pole at Sta. A6 13+34 (834’) and an offset of 30’ L. 
� Utility pole at Sta. A6 12+49 (749’) and an offset of 67’ R. 
� Utility pole at Sta. A6 11+71 (671’) and an offset of 155’ R. 
� Utility pole at Sta. A6 10+88 (588’) and an offset of 250’ R. 

� Fire hydrants  
� Fire hydrant at Sta. A6 14+58 (958’) and an offset of 240’ L. 
� Fire hydrant at Sta. A6 12+52 (752’) and an offset of 3’ L. 
� Fire hydrant at Sta. A6 11+21 (621’) and an offset of 141’ R. 
� Fire hydrant at Sta. A6 10+38 (538’) and an offset of 242’ R. 
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Runway 24 Approach End Deficiencies (See Figure 2-4) 
 
The features located within the RSA at the Runway 24 approach end are as follows: 
(Lengths shown are from runway end.) 
 
� Grades not meeting criteria  

� The top of bank is located a distance of 143’ to 56’ out with an offset of 250’ L 
to 250’ R. 

� MALSR 
� MASLR tower at Sta. A24 2+45 along the extended centerline. 
� MASLR tower at Sta. A24 4+65 along the extended centerline. 
� MASLR tower at Sta. A24 6+45 along the extended centerline. 
� MASLR tower at Sta. A24 8+25 along the extended centerline. 

� Ditches/swales 
� The ditch inside the perimeter fence starts at Sta. A24 2+90 and an offset of 45’ 

R and flows to Sta. A24 3+96 and an offset of 250’ L. 
� The swale starts at Sta. A24 4+05 and an offset of 42’ L and flows to Sta. A24 

5+83 and an offset of 250’ L. 
� The swale starts at Sta. A24 3+60 and an offset of 84’ R and flows to Sta. A24 

6+40 and an offset of 250’ L. 
� Perimeter fence  

� The perimeter fence is located a distance of 130’ to 556’ out with an offset of 
250’ L to 250’ R. 

� Golf course fence  
� The golf course is located a distance of 235’ to 663’ out with an offset of 250’ L 

to 250’ R. 
� Bishop Road 

� The centerline of Bishop Road is located a distance of 166’ to 583’ out with an 
offset of 250’ L to 250’ R. 

� Fire hydrants  
� Fire hydrant at Sta. A24 4+81 and an offset of 61’ L. 

� Road signs  
� There are numerous signs located within the RSA along Bishop Road.  
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SECTION 3 – Alternatives for RSA Improvement 
  
3.01 Alternatives from the Airport Master Plan 
 
The Airport Master Plan has developed thirty-six alternatives that will allow the airport to 
accommodate the demands imposed upon the airport. Alternatives to be considered include 
options for maintaining existing runway length (which is currently 5,102 feet). Several additional 
options consider providing additional runway lengths of 5,500 feet and 6,000 feet. 
 
See Appendix A, Alternative Descriptions and Figures from Airport Master Plan for a more 
detailed explanation of alternatives. For the latest updates of the descriptions and figures, see the 
latest update of the Airport Master Plan. 
 
The alternatives created for the master plan were evaluated and a cost was derived for each. The 
total project cost includes probable construction, land acquisition, noise mitigation, engineering 
and administration.   
 
The total land acquisition probable project costs were determined by plotting a large scale plan 
that encompasses the airport and surrounding land that may need to be acquired. The runway 
object free area, runway safety area, runway protection zone and any road relocations were then 
transferred to the plan in order to determine which parcels were affected. If only a small portion 
of a parcel was affected, it was assumed that the entire parcel would be acquired.  
 
The costs associated with noise mitigation assume a per unit cost of $47,000 (including design, 
construction, and inspection) for residencies within the 65 DNL. Noise contours were not 
developed for all alternatives but data and cost were extrapolated from noise contours that were 
completed for the remaining alternatives. 
 
As requested by the FAA, the project cost allocation for the RSA improvement costs for each 
alternative was also determined. Alternatives 15 through 36 required a hypothetical alternative in 
order to determine the project cost allocation for the RSA improvements. 
 
As stated in the FAA Order 5200.9, the land acquisition costs for the RSA improvements are 
only for the runway safety area, runway object free area and any land needed for road 
relocations. This does not include land in the runway projection zone. Noise mitigation was not 
allocated to any RSA improvement hypothetical alternatives because the length of runway would 
not change from what is currently being utilized. 
 
The capacity portion for each of the projects would be the Total Probable Project Cost minus the 
RSA allocation.  
 
The cost summaries for each alternative can be viewed in a more detailed table in Appendix B, 
Probable Project Cost Matrix 
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SECTION 4 – Alternatives Evaluation 
 
4.01 Evaluation Criteria from the Airport Master Plan 
 
In the Airport Master Plan, the alternatives have undergone a comparative evaluation process 
using qualitative and quantitative factors.  Ideally, the evaluation process would express all 
factors involved in terms of a common quantitative measure, such as dollar value or number of 
homes impacted by sound.  Because of the difficulties inherent in expressing certain factors in 
quantifiable terms, the evaluation process must rely on the use of both quantitative and 
qualitative measures. 
 
The alternatives evaluation process considered the following five categories as a basis for 
individual evaluation as well as for comparison purposes: 
 

� Airport Design Standards 
� Environmental Impacts 
� Development Costs 
� Facility Requirements 
� Implementation Feasibility. 

 
The Airport Master Plan shall select an alternative that can achieve the best overall solution to 
the airport’s needs. 
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SECTION 5 – Financial Feasibility of RSA Improvements 
  
5.01 FAA Order 5200.9 
 
FAA Order 5200.9, Financial Feasibility and Equivalency of Runway Safety Area Improvements 
and Engineered Material Arresting Systems, was published on March 15, 2004. The order’s 
purpose as described in the publication is the following: 
 

“This is guidance for (a) comparing various runway safety area (RSA) improvement 
alternatives with improvements that use Engineered Material Arresting Systems (EMAS); 
and (b) determining the maximum financially feasible cost for RSA improvements, 
whether they involve EMAS or not. This guidance will help airport sponsors develop a 
sound proposed action for environmental review purposes. Regional Airports Division 
Managers should also use it when preparing an RSA practicability determination as 
required by FAA Order 5200.8, Runway Safety Area Program. 
 
This guidance uses a standard EMAS installation as a benchmark for comparing and 
determining the best financially feasible alternative for RSA improvements. It should be 
used for new runway projects when comparing the costs of providing a standard RSA to 
the costs of installing EMAS. It may also be used to justify decreasing the dimensions of 
existing RSAs in connection with runway extension projects (see Paragraph 8).” 

 
This order provides a methodology for determining the maximum financially feasible cost for 
RSA improvements. 
 
5.02 Determination of Maximum Feasible Cost 
 
FAA Order 5200.9 outlines the required steps to establish the maximum feasible cost for 
improving the RSA. The major steps are as follows: 
 

1. Determine design aircraft 
2. Determine EMAS bed length 
3. Determine maximum feasible cost 

 
Design Aircraft 
 
The design aircraft for this analysis is the aircraft that regularly uses the runway and places 
greatest demand on the EMAS. This is usually the heaviest or largest aircraft that regularly uses 
the runway. Normally “regularly use” for federal funding is at least 500 operations on the 
runway. However, Order 5200.9 recommends considering future trends in runway use before 
making a final determination of design aircraft, as it relates to this analysis. 
 
As discussed in Section 2, the ongoing Airport Master Plan at Cuyahoga County Airport 
recommended an airport reference code (ARC) of D-II and identified the critical design aircraft 
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as a Gulfstream IV. However, a regular tenant of the airport operates a Global Express jet, which 
is heavier than the Gulfstream IV, and would be more demanding on an EMAS. Although the 
Global Express jet does not currently make 500 operations on an annual basis, it does regularly 
use the runway. The Global Express jet weighs 95,000 pounds maximum at takeoff, and has an 
ARC of C-III, which does not change the design standards for the runway safety area. 
 
EMAS Bed Length 
 
A general correlation developed by the FAA relates maximum takeoff weight and estimated 
EMAS bed length. FAA Order 5200.9 uses this relationship to develop an estimated EMAS bed 
length, which is used for planning and evaluation purposes only. An interpretation by C&S 
Engineers of Figure 3 from FAA Order 5200.9 is shown below. 
 

EMAS Bed Length Chart
FAA Order 5200.9 Figure 3
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The maximum takeoff weight of 95,000 lbs. corresponds to an EMAS bed length of 303 feet. 
 
Maximum Feasible Cost 
 
Another correlation developed by the FAA compares the EMAS bed length to the maximum 
feasible cost for improving the runway safety area. The maximum feasible expenditure is applied 
to the improvement of the entire RSA, including both runway ends and the full width of the 
RSA. An interpretation by C&S Engineers of Figure 4 of FAA Order 5200.9 is shown below. 
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Maximum Feasible RSA Improvement Cost
(100 foot runway width)

FAA Order 5200.9 Figure 4
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The EMAS bed length of 303 feet corresponds to a maximum feasible RSA improvement cost of 
$8,900,000. 
 
The selection of preferred alternatives for runway safety area improvements will be selected in 
the Airport Master Plan.  
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APPENDIX A 
 
 

ALTERNATIVE DESCRIPTIONS AND FIGURES FROM MASTER PLAN 
 
 
 
 
 
 
 



 
 
Cuyahoga County Airport – Runway Safety Area Study 

 

26 

APPENDIX B 
 
 

PROBABLE PROJECT COST MATRIX 
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-./. -./. -./. -./. -./. -./.

-0/. -1/. -2/. -./. -1/. -2/.

-223/4 -56/. -36/4 �7� -2.6/3 -26/3

-25/. -28/2 -8/2 -./4 -28/4 -8/6

-21/4 -28/. -6/5 -./2 -28/. -6/4

-64/3 -61/0 -6/5 -./2 -61/0 -6/4

-24/. -21/0 -6/. -./8 -20/8 -2/0

-0/. -8/6 -6/. -./4 -8/6 -6/4

-26/8 -9/6 -6/8 -./4 -9/6 -8/2

-26/4 -2./0 -6/2 -./2 -2./0 -6/6

-29/2 -20/8 -6/1 -./8 -20/8 -6/4

-25/5 -21/3 -6/. -./8 -21/3 -6/3
-21/9 -28/5 -6/2 -./2 -28/5 -6/8
-0/5 -3/6 -6/3 -./6 -3/6 -6/0

-58/4 -39/2 -63/4 �7� -08/0 -2./8

-29/. -28/. -3/9 -2/2 -28/2 -1/9

-29/6 -28/3 -1/5 -./2 -28/. -0/6

-86/. -65/2 -3/4 -./2 -61/0 -0/3

-29/2 -21/0 -8/6 -./8 -28/9 -1/6

-4/2 -3/6 -8/4 -./6 -8/6 -3/9
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-6./4 -20/1 -8/9 -./8 -20/8 -3/1

-62/. -20/4 -8/9 -./8 -20/3 -3/5
-22/1 -1/5 -1/2 -./5 -3/5 -0/5

-225/3 -5./5 -30/5 �7� -96/6 -61/6

-89/3 -69/6 -4/5 -2/1 -63/6 -21/6

-83/. -62/3 -26/3 -./6 -28/. -62/.

-38/1 -86/. -22/8 -./6 -61/0 -25/9

-60/2 -6./2 -1/1 -./1 -23/8 -22/9

-89/4 -69/8 -2./8 -./6 -68/8 -20/0
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-65/8 -25/2 -4/5 -2/1 -28/4 -28/1

NOTE: Land Acquisition Costs include cost to acquire land, standard relocation package costs and services cost based on most recently updated assessments in Lake County and Cuyahoga County.
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APPENDIX C 
 
 

FAA CONCURRENCE WITH THE FORECASTS LETTER 
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APPENDIX H 
 

GLOSSARY AND ABBREVIATIONS 
 
 








































