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Registration:

Professional Engineer,
PA, DE, MD and NJ

Education:

University of Texas
B.S. Civil Engineering — 1983

Professional/Technical
Affiliations:

+ American Society of Civil Engineers
+ National Soclety of Professlonal Engineers

Training:

+ Computational Metheds in Storm Water
Management, 1989

Previous Experience:

Associate Engineer

Lockwood, Andrews and Newman, Inc.
Austin, TX

10/84 — 1/89

Project Englneer

Huth Engineers/PCS Engineers & Consultants, Inc,

Lancaster, PA
1789 — 9/90

Project Manager

Herbert, Rowland & Grubic, Inc.
Lancaster, PA

/90 — 1/97

Years of Experience:;

Years with this firm: 21 yrs
Years with other firms: 12 yrs

lgroup, inc.
CHGINGERS « LANBSCARG ARCITEDIS

g

CHARLES R. HALEY, JR., PE.

President & Principal-in-Charge: Engineering

Responsibilities:

M. Haley joined ELA Group, Inc., in January 1997 as a Project Engineer, and is
now serving as President of ELA Group, Inc, Mr. Haley has more than 30-years
experience in project management/coordination, municipal engineering
services, drainage and slorm waler management facility design, ulllity
infrastruclure deslgn, roadway and transportetion deslgn, and construction
drawlngs. His experience relaled to athletic field planning znd design Includes
mofe than 15-years of design, His responsibiliies include preparation of
engineering documents for the: municipal permitiing and construction and/or
renovation of athletic fields, athletic complexes, running tracks and athletic
surfacing. ' )

Key Project Experience:

Storm Water Management for School District Facilities
Experience includes preparation of construction documents for the construction
anc/or renovation of academic facililies including design of storm water facillties
and Infrastructure fo support the construction of parking facllities, acoess
roadways, academic buildings, athletic facillties and public roadway
improvaments. Design Includes preparation of documents for approvals from
governmental -agencies, bidding and construction, as well as, construction
observation and construction administration.

v Harrisburg Area Community College (Lancaster Campus), East Lampetér
Townshlp, Lancaster County, PA — Drainage calculations and construction
drawings for a 50-acre campus.

o Lampeter-Strasburg  High School, West Lampeter Townshilp, Lancaster

County, PA — Drainage deslgn and construclion drawings for various site

improvements and building expansions on the 110-acre campus.

Manheim Township High School, Manheim Township, Lancaster County; PA

— Drainage caloulations and constructive drawings for a 140-acre Campus.

Mazle Gable Elementary Schapl, Red Lion ‘Borough, York County, PA —

Drainage design and construction drawings for new elementary schaol on 16-

acre site.

¢ Red Lion Area High School, Red Llon Borough, York County, PA — Drainage
design and construction drawings for expansion to existing high schaol
complex including parking areas, roadway improvements and alhletic field
construetlon.

Athletic Field and Facility Planning and Design ,
Experience includes engineering design for the construction of baseball/softball
fields, multi-purgose fields, stadium fields/facilities, running tracks, and related
facllities including storm water drainage systems, pedestrian facilities, parking
facilities, electrical services and grandstands, construction document
preparation, bid and construction phase services, and development of plans
and required submittal information for local larid developriient and state permits
and appravals.

» Bavard Rustin High School Stadium, West Chesler Area $chool District,
Ghester County, PA - Conslruction of @ new stadium facility lo include
synthetic turf field, synthetic running track, trackifield venues, home and
visifor grandstands, field housellocker rooms, pedestrian facilities/walkways,
ticket booth/stadium entry plaza, parking facifilies, and related improvements.

» Coalesville Main Campus, Goalgsville Area School District, Chester County,
PA— Renovation of one (1) stadium field and from naturel grass to synthetic
wrf and construction of new “secondary’ stadium facility with synthetic turf
surfacing. Improvements included bleachers, paving, fencing, storm drainage.
storm waler detention facilllles, water services, and related improvemenis.
Project also Included "D’ area improvements (high jump, long jump, and pole
vault) venues. Project completad using a combinalion of the co-operative
purchasing program and public bidding.
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_ _ CHARLES R. HALEY, JR., PE.
Key Project Experience: President & Principal-in-Charge: Engineering

“» Downingtown East High School, Downingtown Area School District, Chester County, PA — Renovation of two (2) stadium fields from
naturai grass to synthetic turf, including associated improvements such as paving, fencing, storm drainage, storm water detention
facilities, water services, and related improvements. Project completed using combination of co-operative purchasing program and public
bidding.

o East High School/Fugett Middle School Athletic Complex, West Chester Area School District, Chester County, PA — New 43-acre athletic
complex including three (3) baseball fields, softball field, and three (3) multi-purpose overlay fields, field house, dugouts, retaining walls,
parking areas, pedestrian walkways, and related improvements.

e Eastern York School District Athletic Field Improvement Study, Hellum and Lower Windsor Townships, York County, PA — Prepared an
athletic field improvement study to provide layout, planning and cost estimates for the campus wide athletic field improvements as
desired by the School District and their Athletic Staff. The improvements included renovation to existing baseball, softball and soccer
fields, as well as, repair of the existing track and replacement of the existing natural grass stadium field with a synthetic turf surface. The
study also included an implementation plan for construction of the improvements in a timely fashion.

» Eastern York School District Athletic Field Renovation and New Construction, Hellum and Lower Windsor Townships, York County, PA -
Preparation of construction documents and bidding of a comprehensive athletic facility improvements on the High School and Middle
School Campuses. The work included athletic facility improvements to baseball, softball, soccer, and field hockey fields, fencing
improvements, irrigation improvements, track repair and resurfacing, replacement of the natural grass stadium field with a synthetic turf
surface, and all accessory field improvements. Township and County Conservation District permitting and bid phase services were also
provided.

o Governor Mifflin High/Middle Schools, Governor Mifflin School District, Berks County, PA — Renovation of one (1) stadium field and from
natural grass to synthetic turf and construction of new “secondary” stadium facility with synthetic turf surfacing. Improvements included
bleachers, score boards, field lighting, public address system, paving, fencing, storm drainage, storm water detention facilities, water
services, and related improvements. Project also included renovation of the existing synthetic running track and track/field venues.
Project completed using co-operative purchasing program.

o Great Valley High School and Middle School Stadium and Multipurpose Construction, Great Valley School District, Chester County, PA —
Replacement of the existing natural grass football field within the stadium with the installation of synthetic turf field, construction of new
synthetic turf multipurpose field complex and repairs and resurfacing of the existing track within the stadium. Included construction
document preparation, storm water design, permitting, and construction administration services.

» Mt Pisgah Athletic Field Schematic Design Study (Eastern York School District], Hellum Township, York County, PA ~ Schematic
design study to determine the feasibility and cost for the construction of a multipurpose field complex at the School District land at the
intersection of Mt. Pisgah Road and Cool Creek Road. The study included the layout, planning and cost estimating for an athletic
complex that included a soccer and softball field as well as access, parking, bleachers, fieldhouse, fencing and accessory items.

o Pennsylvania State University, Harrisburg Athletic Field Feasibility Study, Dauphin County, PA — Worked with staff to develop a
Feasibility Study for new NCAA soccer venue and new running track.

e Saint Vincent College, West Moreland County, PA — Installation of a new synthetic turf field and renovations to an existing natural grass
field used by the Pittsburgh Steelers for their Summer Camp. Included construction document preparation, retaining wall design, storm
water design, permitting and construction observations.

o Shippensburg University, Seth Grove Stadium Synthetic Turf, Cumberland County, PA — Installation of a new synthetic turf field at the

University's stadium. Included storm water design, approvals and construction administration services.

Synthetic Turf Milti-Purpose Field at Ephrata Middle School, Ephrata Area School District, Lancaster County, PA — Replacement of the

existing natural grass field with the installation of new synthetic turf field, construction of retaining walls surrounding the field, installation

of new stadium lighting and construction of new areas for location of portable bleachers. Included construction document preparation
and construction administration services.

e The Haverford School Soccer/Baseball Multi-Purpose Field, Montgomery County, PA — Removal of existing synthetic turf field and
replacement with new synthetic turf field system. Improvements included construction of accessible ramps to the field, renovations to
provide better subgrade drainage for the synthetic turf surface, construction of new backstop with wall/netting system and renovations to
the accessory facilities located within the field complex. Included construction document preparation and construction administration
services.

e West Chester Athletic Sports Association, Delaware County, PA — Replacement of the existing natural grass football and soccer fields
with the installation of synthetic turf field and associated parking and seating areas. Included construction document preparation and
construction administration services.

¢ Zimmerman Stadium, East High School/Fugett Middle School, West Chester Area School District, Chester County, PA — Renovation of
existing stadium to include synthetic turf field, new synthetic running track, track/field venues, retaining wall construction, pedestrian
facilities/walkways, ticket booth/stadium entry plaza, fencing, parking facilities, and related improvements.

. Exploring Possibilities....
~gLroup, 1ic. ..Finding Solutions
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WESTTOWN TOWNSHIP

1089 Wilmington Pike Post Olfice Box 79
Waest Chester, PA 19382 Westtown, PA 19395
610-692-1980 FAX 610-692-9651
crnails peliminisiralon@@westioninon WS lown Lo

January 24, 2019

Mr. Jeffrey W, Sweater, P.E.
ELA Group, Int.

743 South Broad Street
Lititz, PA 17543

RE:  Westtown School, Lower Fields Improvements Project
Sewer Capacity Verification
ELA Piroject # 1.091-001

Dear Mr. Sweater:

Pursuant to your Novemiber 1, 2018 letter (enclosed), please be advised that no additional sewer
capacity in Westtown Township’ sewage collection and treatment system is needed for the
proposed fieldhouse at Westtown School's Lower Fields sports complex. This fieldhouse is part of a
larger complement of proposed improvements, including artificial surface athletic fields with lights
for niglit time use and an all-weather parking lot.

Your request for sewer capacity verification is associated with Westtown School’s application to
Westtown for approval of a Conditional Use to install and operate the field lights, as well as an
associated application to amend Westtown Ordinance 170-1514 to permit operation of the lights
for more than 20 nights annually.

Please call or email me at rpingar@westrown,org should you have any further questions or require
additional information.

Sincerely,

l%{/ a0 ZZ f »E'v;(;:

Robert R, Pingar, P.E. . )
Township Manager

Cc JoAnne Grube
Timothy Barnard, Esq.
EXHIBIT
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ENGINEERS/ LANDSCAPE ARCHITECTS

—

Stormwater Management Narrative for
The Westtown School — Oak Lane Project

Condition Use Application

Existing Conditions
The existing site consists largely of grass athletic fields with lesser agricultural areas, For the
purpose of analysis, the project site has been divided in to two drainage areas: A and B. Area A

genetally drains to the west and south to the Point of Interest which is located on the south side
of Westtown Road where an existing swale and culvert intersect, Area B generally drains east
and south through a riparian area to and Unnamed Tributary of East Branch Chester Creek.

Stormwater management for each area/point of interest will be controlled independently.

Proposed Improvements

The proposed improvements include the construction of two synthetic turf fields, a
fieldhouse/storage building, a paved parking area, reconfigured grass athletic fields and
associated access improvements. A comprehensive stormwater management system will be

implemented to control stormwater peak runoff rate, mitigate the 2-year volume increase, and

provide pollutant removal to meet local and state water quality requirements

Stormwater BMPs

Stormwater from Area A will be controlled primarily by an above-ground bio-infiltration basin
(Basin A). Area B will contain four primary BMPs including: two subsurface infiltration beds (B-2
& B-3) beneath the synthetic turf fields, a bio-infiltration basin (Basin B-1), and a rain garden (B-
4) to conirol runoff from the relocated learning farm area. Additionally, the existing riparian area
will be preserved with a conservation easement to ensure future protection of the receiving
watercourse, Summary tables for peak runoff rate and volume control are attached to this

narrative.

Comporate Office Central PA Office Western PA Office
743 South Broad Street 2013 Sandy Drive, Suite 103 408 North Main Street, Suite 200
Lititz, PA 17543 State College, PA 16803 Butler, PA 16001

(717) 626-7271 {(814) 861-6328 {724) 256-9646



The Westtown School — Oak Lane Project

SUMMARY OF FLOWS - NRCS Rainfall-Runoff

Point of Interest A
408 4 ; 1091-00 -.f:ii"
DATE: o m
REVISED: |
WATERSHEDS
S 2y 5yr 10 yr 25 vr S0 yr 100 yv
PRE-DEVELGPMENT Flows [cfs)
POI A 4.22 8.09 1172 17,45 22.68 28,59
Yotal Pre-Deyvelopment
Pail "A' Onsite { Reduction Factor) 2,44 4,67 6.77 10.08 13.10 16,51
$0% Reduction 122 2.34 3.38 5.04 6,55 .26
Al bla Pokts( log Flow] 3.00 576 B.34 13 41 16.13 1034
[FDST-DEVELOPMENT
A- Undetained 1.09 2.04 2.92 431 §.55 6.94
Basin A 0.16 0.60 14 278 389 1241
| Total Post-Development(Combined Hydrographs)|  1.09 2.04 292 | am | 631 | 1341

SUMMARY OF FLOWS - NRCS Rainfall-Runoff

Point of interest B
PROJECT: This Mestos huii&uﬂbﬁﬁu‘kﬁﬁ - Joeu:fm i
LOCATION: } W'+JI [ o, ~ ( DATE:."‘_ b .
COUNTY: | Sk RCRARE I IS L1 _ REVISED: L
WATERSHEDS
— Lyr Svr 10 yr 25 vr 50 yr 100 yr
PRE-DEVELOPMENT Flows {cfs)
POI’'B’ 822 1677 | 2495 | 3790 | 4060 | 62.88
Total Pre-Devalopmeant
POI! '8' Onisite { Reduction Factor) 5.72 1207 | 1825 | 2811 | 37.04 | 4719
|50% Reduction 2.86 6.04 913 | 3406 | 1852 | 23.60
_ Allowabie Past-Developmant Flow| 5,36 1074 | 1583 | 23.85 | 3108 | 3929 |
POST-DEVELOPMENTY
|Bed -3 0.00 0.00 0.00 0.00 0.11 025
ged 8-2 011 035 0.63 0.63 091 0.92
Basin B-1 0.36 142 383 | 19.27 | 1777 | 2588
8- Undetained 2.88 5.32 758 | 1112 | 1428 | 1791
Totsl Post-Development{Combined Hydrographs]| 2.88 5.32 7.58 11.99 20.10 28.82
Corporate Office Central PA Office Western PA Office
743 South Broad Street 2013 Sandy Drive, Suite 103 408 North Main Street, Suite 200
Lititz, PA 17543 State College, PA 16803 Butfer, PA 16001

(717) 626-7271 (814) 861-6328 (724) 256-9646



The Westtown School — Oak Lane Project

VOLUME SUMMARY - POt A
'..I:..Tglll',. Lypdyioor
_.l YRy h-' Y -lq' jg:T"E' Fm LA ]'
e e T Tt
Py L 0" - REVISED: -
Req'd inflitration Volume (from WS 4)' 9,834 CF l
STRUCTURAL BMPS
S inflitration Area Impervious veralt 2 YR Runoff storage infilteation
isfh Ares(s) LR | Mea(sh WA | volume(ch | Vol.{ch@  Elev. Velume *
A 7,705 54,305 | 7.04 | 213,743 | 283 19,928 10,840 | 289.70 13,225
Yotal 7,705 54,305 | 7.0:1| 213743 | 28:1 19,928 10,840 11,225
*Sec Infiltration Volume Worksheets
VOLUME SUMMARY - POi B
prosect: [Thia Westiawn Schioal <Oik Lana Profest. T 108 #: 1091:00)°
(OCATION: Wasitown Towntllp Noruee | DATE: 10/24/201%
COUNTY: Chéster ) X REVISED;
Ret'd Infiltration Volume (from WS 4)1 51,815 CF [
STRUCTURAL BMBS
BMPID "‘m"”“f" Area | ImE Gl 2 VR Aunoff Storage Infiltration Velume
(st} Aresisf) LR | Area(sh R | volumel(ch | voltch@  Elev. .
8-1 18,641 38542 | 214 | 238415 | 2211 10,161 33,828 | 312.00 30,161
a2 69,875 84,280 | 121 | 84280 1.2 21,251 16,656 | 316.50 21,251
83 24,725 84,280 | 3.41 | 84260 341 21,251 40973 | 32150 21,251
Total 113,241 207,102 | 1.8:1| 616975 | 51 72,663 89,457 72,663
*See infiltration Volume Worksheels
Corporate Office Central PA Office Western PA Office
743 South Broad Street 2013 Sandy Drive, Suite 103 408 North Main Street, Suite 200
Lititz, PA 17543 State College, PA 16803 Butler, PA 16001

(717) 626-7271 (814) 861-6328 (724) 256-9646



| Worksheet 4. Change in Runoff Volume for 2-YR Storm Event (POI A}

POI A
PROJECT: The Westtown School - Oak Lane Project
Drainage Area
2-Year Rainfall: 3.26 in
Total Site Area: 3.04 acres
Protected Site Area: 0.00 acres
Managed Area: 3.04 acres
Existing Conditions:
Q Runoff
Soil Area Area la Runoff' | Volume®
Cover Type/Condition Type (sf) (ac) CN S (0.2*S) (in) (ft”)
Paved/Impervious Areas B 6,434 0.148 98 0.20 0.04 3.03 1,623
Meadow B 138,851 3.188 58 7.24 1.45 0.36 4,195
20% Impervious Area as Meadow B 1608 0.037 58 7.24 1.45 0.36 49
TOTAL: 146,893 3.372 3.75 5,867
Developed Conditions:
Q Runoff
Soil Area Area la Runoff® | Volume®
Cover Type/Condition Type (Sf) (ac) CN S (OZ*S) (ln) (ftj)
Paved/Impervious Areas B 49,360 1,133 98 0.20 0.04 3.03 12,452
Lawn (Good condition) B 83,172 1.909 61 6.39 1.28 0.47 3,249
TOTAL: 132,532 3.043 3.50 15,701
|2-Year Volume Increase (ft7): 9,834 I

2-Year Volume Increase = Developed Conditions Runoff Volume - Existing Conditions Runoff Volume

1. Runoff{in)=Q = (P-0.25)* / (P+0.85) where P = 2-Year Rainfall (in) S=(1000/CN)-10
2. Runoff Volume (CF) = Q x Area x 1/12 Q = Runoff (in} Area = Land use area (sq. ft)

Note: Runoff Volume must be calculated for EACH land use type/condition and HSGI.
The use of a weighted CN value for volume calculations is not acceptable.




Worksheet 4. Change In Runoff Volume for 2-YR Storm Event

POI B

PROJECT: The Westtown School - Oak Lane Project
Drainage Area
2-Year Rainfall: 3.26 in
Total Site Area: 15.61  acres
Protected Site Area: 0.00 acres
Managed Area: 15.61  acres
Existing Conditions:
Q Runoff
Soil Area Area la Runoff' | Volume®
Cover Type/Condition Type (sf) (ac) CN S (0.2*S) (in) (ft*)
Paved/Impervious Areas B 1,578 0.036 98 0.20 0.04 3.03 398
Meadow B 529,377 12.153 58 7.24 1.45 0.36 15,994
20% Impervious Area as Meadow B 394 0.009 58 7.24 1.45 0.36 12
Meadow D 135,966 78 2.82 0.56 1.32 14,928
TOTAL: 667,315 12.198 3.75 31,332
Developed Conditions:
Q Runoff
Soil Area Area la Runoff' | Volume®
Cover Type/Condition Type (sf) (ac) CN S (0.2%*S) {in) (ft*)
Paved/Impervious Areas B 213,489 4.901 98 0.20 0.04 3.03 53,857
Lawn {Good condition) B 336,701 7.730 61 6.39 1.28 0.47 13,152
Lawn (Good condition) D 114,897 2.638 80 2.50 0.50 1.45 13,866
Cultivated Land D 15,069 0.346 85 1.76 0.35 1.81 2,272
TOTAL: 680,156 15.614 6.75 83,147
[i-Year Volume Increase (ft°): 51,815 [

2-Year Volume Increase = Developed Conditions Runoff Volume - Existing Conditions Runoff Volume

1. Runoff (in) = Q = (P-0.25)* / (P+0.85) where
2. Runoff Volume (CF) = Q x Area x 1/12

$={1000/CN)-10
Area = Land use area (sqg. ft)

P = 2-Year Rainfall (in)
Q = Runoff (in)

Note: Runoff Valume must be calculated for EACH land use type/condition and HSGI.
The use of a weighted CN value for volume calculations is not acceptable.
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Erich Caxr Everbach

Department of Engineering 212 Dogwood Lane
Swarthmore College Wallingford, PA 19086

500 College Avenue (610) 566-5221

Swarthmore, PA 19081-1397

(610) 328-8079 (office) email: CEVERBA]@swarthmore.edu
(610) 328-8082 (FAX) web: http://fubini.swarthmore.cdu
Education

Yale University, Ph.D. in Mechanical Engineering, December 1989. Dissertation title! Tissue
Composition Determination via Measurement of the Acoustic Nenlinearity Parameter.
Honors: 1989-1990 F.V. Hunt Pestdoctoral Fellowship awarded by the Acoustical Scciety
of America. Advisoit Robert E. Apfel.

Yale University, M.S. in Mechanical Engineering, May 1986.
Harvard College, B,A. in the Division of Applied Sciences, Applied Mechanics/Acoustics
specialization, June 1982. Honors: Harvard Society of Engineers and Seientists Scholarship,
oger Ernst Scholarship.

Research and Teaching Experience

Professor of Engineering, Swarthmore College Engineering Dept., Swarthmore, PA, 2006 — present
Engineering Department Chair 2013 — 20138,

courses taught: Engineering Methodology
Mechanics | .
Electrical Circuit Analysis
Linear Physical Systems )
Experimentation for Engineering Design
Fluid Mechanics (senjor level)
Thermofluid Mechanics (junior level)
Dynamics of Mechanical Systems (junior/senior level)
Solar i:;.ner%y Systems
Exploring Acoustics
Acoustics (seniar level)
Introduction to Environmental Protection
Swarthmore and the Biosphere )
Capstone Seminar in Environmental Studies
Women and Teclmologr (see above web link) )
Human Nature, Technology, and the Environment (see above web tink)

Private acoustics consultant (references upon request): Everbach Acoustics Consulting
Associate Professor with tenure, Swarthmore College, Swarthmore, PA 1996-2006.

Assistant Professor in Engineering, Swarthmore College, Swarthmore, PA, 1989 —1996,
Visiting Professor of Mechanical Engineeriiig, Boston University, Boston, MA, Fall 1996.
Adjunct Professor of Electrical Engineering, University of Rochester, Rochester, NY, 1990 —
Visiting Professor, Mathematics Department, Oglala Lakota College, Kyle, SD, Fall 1993,

Visiting Assistant Professor of Electrical Engineering, University of Rochester, Rochester, NY,
1989 - 1990,

EXMIBIT




Research Associate, Departiment of Mechanical Engineering, Yale University, 1984 —1989,

Yale Prize Teaching Fellowship Nominee "for excellence in performance as a Teaching
Fellow,” Yale University, 1988.

Acoustical Engineer, Acoustic Technology Inc., Boston, MA, 9/82 to 5/84. Performed
acoustical measurements, vibration analysis, environmerilal noise surveys, and developed a
computer model for predicting sound propagation over large distances.

Professional Affiliations

Fellow of the Acoustical Society of America, elected June, 2001; chair of Biomedical
Ultrasound technical commiitee 1999-2002, co-chair of Homepage committee 1995-2005
(http:/fasa.aip.org); member of Physical Acoustics; c¢hair of Online Education committee 2002-
2005; Education in Acoustics committee; Public Relations committee; Medals & Awards
committee. Session chair at 119th (Syracuse, NY; Session EEE), 120th (San Diego, CA,
Session 8PA), 124th (New Orleans; Session 5aPAb), 127th (Cambridge, MA; Session 2aBA),
137th (Berlin, Germany, Session 4aBB) , and 141» (Chicago, IL), 161+ (Seattle, WA) meetings
of the Acoustical Society of America. Organizer and chair of special sessions at the 122nd
(Houston, TX; Session 7PA), 130th (St. Louis, MO; Session 4aPA), 137th (Berlin, Germany;
Session SpBB), 140th (Newport Beach, CA; Topical Meeting on the Physics of Echo-contrast
Agents), 145 (Nashville, TN; Session 1pBB), 149+ (Vancouver, Canada; Session 2aBB), 151+
(Providence, RI; Session 3aED), 155+ (Paris, France; Sessions 4pPAc, 4pPAi), 159+ (Baltimore,
MD; Session 4aBB) meetings of the ASA.

American Institute of Ultrasound in Medicine
American Physical Society
American Society for Engineering Education

Elected Board Member of the Council on Undergraduate Research (995, Chair of the
Engineering Division 1999-2002.

Institute of Electrical and Electronics Engineers, Inc. Branch Counselor for the Swarthmore
College Student Chapter of the IEEE,

Sigma Xi research honor society member and departmental representative
Reviewer: Journal of the Acoustical Society of America, ASME, JFM, Phys, Rev, Science.

Reviewer of grants for the National Institutes of Health, National Science Foundation, US Dept.
of Agriculture,

Qualified as expert witness in acoustics, Nov. 1998, Norristowsn, PA county court.
Member in good standing of the National Council of Acoustical Consultants.

Advisor to Delaware County Council and Congressman Joseph Sestak on noise issues arising
from a proposed FAA Airspace Redesign of the Philadelphia International Airport, 2006-2010.

Elected School Board member 2006-2009, Wallingford-Swarthmore School District, Delaware
County, PA

Everbach 2 11/2718



Research Grants

Principal [nvestigator on grant from Lower Merion Township, PA, to research current
noise ordinance applicability and to recommencd improvements. Involved students in
ambient noise surveys and analysis (2014),

Co-investigator with Feng Xie (PI) and Thomas R. Porter, MD (Univ. of Nebraska
Cardiology Dept.) on NIH NIBIB grant |ROIEB009050-01, Sonolysis in Acute Coronary
Svndromes (9/1/08-6/30/11). Provided some sunimer salary support and travel expenses.

Principal Investigator, NIH AREA grant, Acoustic Cavitation of Constrainec
Microbubbles | R15 EB004630-01 (3/1/05 = 12/31/06). Provided summer salary, [eave
support, and student researcl assistanis to investigate the dynamics of individual
microbubbles trapped in gels and blood clots subjected to ultrasound.

Co-investigator with Thomas R. Porter, MD (Univ. of Nebraska Cardiology Dept.) on
American Heart Associate grant, Determining the Optimal Ultrasound

Parameters for Microbubble-mediated Gene Uptake in Human Cotonary Arteries,

AHA reference no. 99511717 (7/1/99-6/30/01), Provided some salary support and travel
expenses.

Consultant on National Institutes of Health Lifetime Achievément Award R37CA39230-
27 (Morton W. Miller, Univ, of Rochester, principal investigator) to investigate the role
of acoustic cavitation in producing undesirable bioeffects when ultrasound is used with
commercial echo-contrast agents 7/2/98- 7/30/02.

Co-investigator with Thomas R. Porter, MD (Univ. of Nebraska Cardiology Dept.) on
American Heart Associate Grant-in-Aid, The Mechanism for Improved Ultrasound
Contrast with Intermittant Imaging (7/1/97-6/30/99). Provided summer salary support
angd travel expenses to allow research with Dr. Porter on transient response imaging, a
useful technique for imaging perfusion of blood into the heart muscle of heart attack
patients that may involve microbubble destruction.

1992 Presidential Faculty Fellow of the NSF, grant number RCD 92-53777, October |,
{992— Octobet [, 1997. One of only 15 fellowships each year for engineering faculty
awarded nationally by the NSF, the award provided $100,000 annually for five years o
support research and teaching efforts in nonlinear dynamics at Swarthmore College.

Co-investigator with Amy Vollmer on NSF grant BES-9528168, Interaction of Intense
Ultrasound with Genetically Engincered Bacteria, June 1996 - June 1997, An
investigation of the effect of acoustic cavitation on E. coli bacteria that have been altered
to produce visible light when stressed. Funds included summer salary and student
research assistant support.

Co-investigator on National Institutes of Health Grant No, 2RO1-DK39796-04, Role of
Cavitation in Lithotripsy, June 1, 1991~ June 1, 1994, The almost $2 million grant
provided $12,000 annually to allow me and a Swarthmore student to spend summers at
the University of Rochester working on lithotripsy research.

Grant-in-Aid to the American Hearl Association for research into the possible _
undesirable side-effects of ultrasound in echocardiclogy, July 1992-1994, This work was
a collaboration with the Department of Cardiclogy at the Strong Memorial Hospital,
University of Rochester.
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NSF Curriculum Development Grant USE-9150759, lnterdisciplinary Exploration of
Acoustics, July 1, 1991— Dec. 31, 1994, to develop a survey course at Swarthmore
(Exploring Acoustics) primarily for non-engineering majors that teaches principles of
science and engineering using analysis of sounds as a unifying theme.

NSF Instrumentation and Laboratory Improvement Grant, Graphics-based Data
Acquisition and Control System, July 15, 1992 —July 14, 1994, to integrate graphics-
based computers as data collection and analysis elements in existing ThermoFluids
laboratories at Swarthmore.

Educational Foundation of America (EFA) grant, November 1991— May 1995, to fund
development of “Swarthmore and the Biosphere,” an interdisciplinary seminar-style
project-oriented course to investigate the relationship of one aspect of Swarthmore’s
interaction with the environment.

Pateiits

Infant Health Monitoring System, Patent 5479,932. Co-inventors are Joseph Higgins
(Swarthmore ‘91) and Kevin J. Parket (Univ. of Rochester). The device grew out of Joe
Higgins® 1991 Senior Design Project at Swarthmore.,

Swarthmore College Service

Committees: Black and Minority Affairs (SALNAAH), Women’s Studies, Public Policy,
Environmental Studies (chair 1997-2000, acting chair 2001-02, member 2002-present),
AAUP Executive Commiittee, AAUP chapter president (2005-07), Council on
Educational Policy (1997-99), Linguistics, College Planning Committeg 1999, Facilities
Advisory Group, Land Use Planning Committee (co-chair 2002-04), Social
Responsibility, Green Team (chair) of Science Project Committee, Assessment Planning
Committee (2005-07), Interdisciplinary Representative to Curriculum Committee (2005-
07), Sustainability Planning Committee co-chair (2007-2008), Sustainability Committee
co-chair (2008-2012), Sustainability Committes member (2013- present), Inauguration
Committee 2010 for Rebecca Chopp.

Student Research Assistants Engineering Senior Design Projects
Brian Acosta '17 Gunter Schemmann 1991
Nii Addy "0l Joseph Higgins 199!
Yewande Adele ’12 Whitney Potter 1992
Paul Agyiri ‘08 Robert Boulware 1992
Kofi Anguah ‘09 John Arent 1993

Joseph Armah "98 Olivier Colliou 1993
Paul Azunre '07 Joseph Jankovski 1993
Fred “Nicky” Benton '02 Youngmoo Kim 1993
Kara Bledsoe ' 16 Vilma Huertas 1994
Alyssa Bonnoit ‘03 Alyssa Apsel 1995

Franz Chee ’21 James Hockenberry 1995
Briana Cox *17 Han Park 1996

Conor Clark 16 Cindy Wu 1996

Evan Dorn 97 Byron Holz 1998

Ornari Faakye '10 David Bosworth 1998
Alexander Flurie '05 Jon Makler 1998
Spencer Friske ' 16 Melissa Mortell 1999
James Golden '04 Sarah Bergstrom 2000
John “Jove™ Graham ‘96 Olga Rostapshova 2002
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Christopher Grasberger ’17
Ascanio Guarini ‘16

Ani Hsieh ‘99

Byron Holz ‘98

Zhazira Irgebayeva *17
Pete Jacobs ‘95

Suor Kim ‘02
Hyeongmin “Min” Kim ‘19
Emery Ku "05

Sylvia Kwakye ‘98
Frank Kyei-Manu "06
Christopher Lee '93
Christopher Lemoine ’95
Carl Mas ‘98

Naisha Miller ‘98
Dianne Moise ‘99
Melissa Morrell ‘99
Laura Morrison ‘94
Frank Mote *00

Atousa Nourmahnad 17
Jane Ng ‘01

Omodayo Origunwa *18
Carol Quellette *96
Sonal Pasarampuria "12
Daniel Pedersen ‘94
Sophia Peipher 20
Anjani Reddy *04

Maic Rieffel ‘94

Sergio Rosas "15

Jeffrey Santner "10
Tonet Santos '95

Ming Soon 93

Sterra Spencer 18

Tyler Strombom '06
Eric Studer 97

Andrew Taylor 16
Soraya Terrab BMC ' 14
Anteneh Tesfaye *03
Hannah Torres *20

Ali Usman 91

Cathy Vaughn '01

Roby Velez 09

Annie Willman "0l
Andrea Wolfe '99
Bilige “Billy” Yang ‘19
Chung Yuen *Brandon™ Yeung '8

Evcrbach

Johanna Yoon 2002
Katie Saltonovitz 2002
Stephen Divigneau 2003
Geoff Klein 2003
Emily Eddy 2003
Laura Zager 2003

Jesse Hartigan 2004
Milos Hak 2004
Kristina: Pao 2004
“Max™ Yu Li 2005
James Golden 2005
Frank Kyei-Manu 2006
Alexey Rostapshov 2006
Aloysius Obodoako 2006
David Luong 2006
Mark Piper 2006

Tyler Strombom 2006
Paul Azunre 2007
Jesse Goodall 2007
Omer Corluhan 2008
Paul Agyiri 2008
Jonathan Shoap 2008
Paul Agyiri 2008

Anna deRegt 2009
Jonathan Shoop 2008
Anna deRegt 2009
Omari Faakye 2010
Tane Remington 2010
Anson Stewart 2010
Perry Carlson 2010
Ariel Horowitz 2010
Ryan Charmichael 2011
Janet Zarate 2011
Jonathan Martin 2012
Maltthew Bowers 2012
Eric Rodrigues 2013
Katie Samuelson 2014
Remy Donahey 2014
Imoleayo Abel 2014
Cody Riiben 2014
David Lin 2015

Karl Sadueste 2015
Noah Weinthal 2015
Neal MacFarland 2015
Mercer Borris 2016
Constance Bowen 2016
Sara Brakeman 2016
Conor Clark 2016
Christine Emery 2016
Madison Heppe 2016
Jess Kdrol 2016

Daniel Palmer 2016
Henry Chen 2017
Michael Chen 2017
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Mighael “Cole” Fox 2017
Christopher Grasberger 2017
Gregory “Graham™ Legko 2017
Atousa Nourmahnad 2017
Cooper Woolston 2017
Robin Ye Linn Htun 2018
Alan Zheng Zhao 2018
Emma Giordano 2018
Omodayo Origunwa 2018
Isabella Brance-Lo 2018
Natasha Noguiera 2018
Ahmet Kayagil 2018

Justin Chandrasekhar 2018
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Reféreed Publications

Molecular mechanisms of the effect of ultrasound on the fibrinolysis of clors. 1.N.
Chernysh, E. C. Everbach, P.K. Purohit, and J.W. Weisel, Journal of Thrombosis and
Haemostasis, 13:1-9, January 2015. (DOL: 10.1111/jth.12857)

Improved sonothrombolysis from a modified diagnostic transducer delivering impulses
containing a longer pulse duration. 1. Wu, F.Xie, T. Kumar, J. Liu, J. Lof, W.Shi, E,
Carr Everbach, T R. Porter, Ultrasound in Med. & Biol, Vol. 40, Issue 7, 1545-1553.

Microbubble cavitation imaging. F. Vignon, W.Shi, J. Powers, E. Carr Everbach, J.
Liu, F. Xie, T.R. Porter, IEEE-UFFC 60(4), 661-670 (2013).

Effects of attenuation and thrombus age on the success of ultrasound and microbubble-
mediated thrombus dissolution. F. Xie, E. Carr Everbach, S. Gao, L.K. Drvol, W.T.
SHi, F, Vignon, J.E. Powers, J. Lof, T.R. Porter, Ultrasound in Med. & Biol. 37(2), 280-
288 (2011).

In-Vivo Microbubble Cavitation Imaging. Vignon, F.,, Shi, W., Liu, J., Xie, F., Gao, S.,
Drvol, L., Lof, 1., Everbach, C., Porter, T: and Powers, J. Proceedings of the Twelfth
International Symposium on Therapeutic Ultrasound, 2011, pp. 134-38.

Investigation of Image-guided Sonothrombolysis in a Porcine Acure Ischemic Stroke
Model. William T, Shi, Thomas R. Porter, Vignon, Francois, Jeffry E. Powers, Shunji
Gao, Jinjin Liu, Feng Xie, Lucas Drvol, John Lof, and E. Carr Everbach, [EEE
Ultrasonics 201 1, pp-332-337.

Real-Time Two-Dimensional Imaging of Microbubble Cavitation. Thomas R. Porter,
Vignon, Francois, Jeffry E, Powers, William T..Shi, Shunji Gao Jinjin Liu, Feng Xie,
Lucas Drvol, John Lof, E. Carr Everbach. Proceedings of the Eleventh International
Symposium on Therapeutic Ultrasound, 2011, pp. 2032-2036.

Threshold of Inertial Cavitation Induced by Diagnostic Ultrasound and Microbubbles.
Vignon, Francois, Thomas R, Porter, Jeffry E. Powers, William T. Shi, Shunji GaoJinjin
Liu, Feng Xie, Lucas Drvol, John Lof, E. Carr Everbach. Proceedings of the Eleventh
International Symposium on Therapeutic Ultrasound, 2011, pp. 2078-2083.

Transcranial Threshold of Inertial Cavitation Induced by Diagnostic Ultrasound and
Microbubbles, Liu,J., Gao, S., Porter, T., Everbach, C., Shi, W., Vignon, F., Powers, J.,
Lof, J., Turner, J., Xie, F. 1EEE Ultrasonics Letters, Vol. 2,2010 , pp. 434-439.

Utilization of Diagnostic Transtemporal Guided High Mechanical Index Ultrasound and a
Systemic Microbubble Infusion to Treat Ischemic Stroke without Fibrinolytic Agents. Poiter, T,
Vignon, F., Powers, J. Gao, S., Liu, J. Xie, F,, and Everbach EC. American College of
Cardiology, Letters Vol 19(3), 2010, pp. 2534-2539,

Investigation of effectiveness of microbubble stable cavilation in thrombolysis. William T. Shi,
Shunji Gao, Vignon, Francois, Jeff E. Powers, Lucas Drvol, Ki Won Jung, Feng Xie, John Lof,
E. Carr Everbach, Thomas R. Porter. [EEE 2010 Ultrasound Symposium, pp. 1743-1749.

Treatment of Acute Intravascular Throwmbi with Diagnostic Ullrasound and Intravenous

Microbubbles. . Xie, J. Lof, Carr Everbach, A. He, R.M. Bennett, T. Matsunaga, J.Johanning,
T.R. Porter. J. Am. Coll. Cardiol. Img 2, 5[1-518 (2009).
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Bioeffects considerations for diagnostic ultrasound contrast agents. D L. Miller, M.A. Averkiou,
A A, Brayman, E.C. Everbach, C.K Holland, J.H. Wible Jr.,J. Wu. Journal of Ultrasound.in
Medicine 27(4), 611-623 (2008).

American Institute of Ultrasound in Mecdicine consensus report on potential bioeffects of ,
diagnostic ultrasound: Executive summary. J.B. Fowlkes, J.S. Abramowicz, C.C, Church, ... E.C.
Everbach, ... D.G. Simpson, Journal of Ultrasound in Medicine 27(4), 503-515 (2008).

Diagnostic Ultrasound. E. Carr Everbach, invited tutorial paper, Physics Today, March 2007.
Characterization of individual submicron perflnorocarbon gas bubbles by wltrasonic backscatier.

E. Carr Everbach, D.B. Khismatullin, J.T, Flaherty and R.A. Roy, Acoustics Research Letters
Online, ARLO 6(3), 175-181(July, 2005). DOL: hitp://dx.doi.org/10.1121/1.1901743

Biclogical and environmental factors affecting ultrasound-induced hemolysis in vitro 2. Medium
dissolved gas (p02) content. M.W. Miller, E.C. Everbach, L.F, Battaglia, Ultrasound Med. Biol.
29, 93-102 (2003).

Biological and environmental factors affecting ultrasound-induced hemolysis in vitro 1. HIV
macrocytosis (cell size). M.W. Miller, E.C. Everbach, L.F. Battaglia, Ultrasound Med. Biol. 29,
77-91 (2003).

Enhanced Retention in the Passive-Avoidance Task by 5-HT1A Receptor Blockade is not
associated with increased activity of the Central Nucleus of the Amygdala. AM. Schneider, E.
Wilkins, A. Firestone, E. Carr Everbach, J.C. Naylor, and P. Simson, Learning & Memory
[0:394-400 (2003).

Differences in Definity and Optison miciobubble destruction rates at a similar mechanical index
with different real-tinie perfusion systems. C. Sonne, F. Xie, J, Lof, J, Oberdorfer, P. Phillips, E.
Carr Everbach, and T.R. Porter, J. Am. Soc. Echocardiology 16, 1178-1185 (2003).

Effectiveness of transcranial and thrasthoracic ultrasound and microbubbles in dissolving
intravascular thrombi, T R, Porter, D. Kricsfeld, J. Lof, E. Carr Everbach, F. Xie, J. Ultrasound
Med. 2001, 20:1313-1325.

A comparison of the hemolytic potential of Optison™ and Albunex® in whole human blood in
vitro: acoustic pressure, ulirasound frequency, donor and passive cavitation detection
considerations. M.W. Miller, E, Carr Everbach, C. Cox, R.R. Knapp, A.A. Brayman, and T.A.
Sherman, Ultrasound in Med., & Biol. 27(5), 709-721 (2001).

Myocardial cavitational activity during continwous infusion and bolus intravenous injections of
perfluorocarbon-containing microbubbles. T.R. Porter, Carr Everbach, D. Kricsfeld, and F. Xie,
Journal of the American Society of Echocardiography 14(6):618-625:2001.

Cavitational mechanisms in ultrasound-accelerated thrombolysis at 1 MHz. E. Carr Everbach
and Charles W. Francis, Ultrasound in Med. & Biol. 26(7), 1153-1 160 (2000).

Bacterial stress responses to 1 MHz pulsed wltrasound in the presence of microbubbles, V olimer,
A.C., Kwayke, S., Halpern, M. and Everbach, E. C., Appl. Environ. Microbiol 64(10), 3927-
3931 (1998).

Effect of acoustic caviration on platelets in the presence of an echo-contrast agent. L. Carr

Everbach, [.R.S. Makin, C. Francis, and R. Meltzer, Ultrasound in Med. & Biol. 24(1), 129-136
(1998).
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Encyclopedia article: Ulirasound, Physical Effects of, E. Carr Everbach in Encyclopedia of
Applied Physics, G. Trigg, ed., Wiley-VCH publ., NY (1998), ISBN 3-527-29475-9.

Correlation of ultrasound-indiced hemolysis with cavitation detector output in vitro. E. Carr
Everbach, 1.R.S, Makin, M. Azadniv, and R. Meltzer, Ultrasound in Med. & Biol. 23(4); 619-624

(1997).
Book Chapter: Parameters of Nonlinearity of Acoustic Media, E. Carr Everbach in

Encyclopedia of Acoustics, Malcolm J. Crocker, ed., John Wiley & Sons, NY (1997), ISBN 0-
471-17767-9.

Measurement of pressure and assessment of cavitation for a 22.5 kHz intra-arterial angioplasty
device. 1.R.S. Makin and E. Carr Everbach, J. Acoust. Soc, Amt. 100(3); 1855-1864 (1996).

An interferometric technique for B/A measurement. E. Carr Everbach and R.E. Apfel,J.
Acoust. Soc. Am. 98(6); 3428-3438 (1995).

Effect of a stabilized microbubble echo contrast agent on hemolysis of human erythrocytes
exposed to high intensity pulsed ulirasound. Brayman, A.A, Azadniv, M., Makin, I.R.S., Miller,
M.W., Carstensen, E.L., Child, $.Z. Raeman, C.H,, Melizer, R.S., and Everbach, E.C.,
Echocardiography 12(1), 13-21 (1995).

Endoscopic measurement of lésion size: improved accuracy with image processing. N, Vakil, W.
Smith, K. Bourgeois, E. Cari- Everbach, K. Knyrim, Gastrointestinal Endescopy 40, Number 2,
Part 1; 178-183 (1994).

Transient acousric cavitarion causes galisione fragmentation: a study of gallstones fragmented in
vivo, N. Vakil, and E. Carr Everbach, Ultrasound in Med. & Biol, 19(4); 331-342 (1993).

Internal stress wave measurements in solids subjected to lithotripter pulses. S.M. Gracewski, G.
Dahake, Z. Ding, S.J. Burns, and E. Carr Everbach, J. Acoust. Soc. Am. 94(3), 652-61 (1993).

Gallstone movement during lithotripsy: mechanisms and effects on fragmeniation . N. Vakil, E.
Carr Everbach and S.M. Gracewski, J. Ultrasound in Med. 11:419-424, 1992.

Microhardness properties of human gallstones and synthetic stones. -S .M. Gracewski, Nimish
Vakil, E. Carr Everbach, Mark E. Davis, and S.J. Burns, J. Material Sci. Létt.1 1, 554-557
(1992),

Applications of mixture laws for predicting the compositions of tissue phantoms. P.Jiang, E.
Carr Everbach, and R.E. Apfel, Ultrasound in Med. and Biol. 17(8), 829-838 (1991),

Therapeutic cardiac ultrasound. R.S. Meltzer, K.Q. Schwarz, J .G. Mottley, and E.C, Evérbach,
Am. Journ. of Cardiol, 67, 422-424 (1591).

Guas in gallstones: quantitative determinations and possible effects on fragmentation by shock
waves. Nimish Vakil and E, Carr Everbach, Gastroenterology 101, 1628-1634 (1991).

Book chapter: The appreciation of colour in endoscopy. Nimish Vakil, Klaus Knyrim, and E.
Carr Everbach, Bailliére’s Clinicat Gastroenterology, Vol. 5, No. 1, London, March 1991,
ISBN 0-7020-1529-6.

Relationship of Model Stone Properties to Fragmentation Mechanisms during Lithotripsy.
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N.‘\gaki], S.M. Gracewski, and E. Carr Everbach, J, Lithotripsy & Stone Disease 3(4), 1-8,
(1991).

A Corrected Mixture Law for B/A. Erich Carr Everbach, Zhe-ming Zhu, Peng Jiang, Boa Teh
Chu, Robert E. Apfet, J. Acoust. Soc. Am., 89(1), 446-447 (1991).

Unrefereed Publications

Biomedical Ultrasound — Past, Present, and Futuie. E, Carr Everbach, cover article for Echoes.
the newsletter of the Acoustical Society of America, Winter, 2006.
http://asa.aip.ore/winter2006.pdf

Sono et Gravitas - The Legacy of Robert Edmund Apfel. Christy Holland and E. Carr Everbach,
Acoustics Research Letters Online, ARLQ 6(3), i-iii (July 2005). http://scitation.aip.org/ARLO/

Teaching computing to engineering freshmen through a “high-tech tools and toys
laboratory." S.W. McKnight, W.E. Cole, G. Tadmor, M.F, Ruane and E. Carr
Eveibach, Proc. of ASEE 2001. Paper presented at meeting of the ASEE in
Albuquerque, NM, June 2001..

Networking to advaice undergraduate research in engineering and achieve more
balanced EC2000 outcomes. EL. Orthleib, L.A. Molter, and E. Carr Everbach, Proc. of
ASEE 2001, Paper presented at meeting of the ASEE in Albuquerque, NM, June 2001.

Wide-bandwidth PVDF lithotripsy hydrophone, E. Carr Everbach. ASEE 1996 Ann.
Conf. Proc. paper 1659. Poster/paper presented at the ASEE annual conference in
Washington, D.C., June 1996.

Book chapter: linage Processing in Electronic Endoscopy. Nimish Vakil and E, Carr
Everbach, Clinical Gastroentetrology, Vol. 2, No. 1, Gordon and Breach, London 1996.

Light from Sound, E, Carr Everbach, cover article for Echoes. the newsletter of the Acoustical
Society of America, April 1993,

Letter to the Editor. Nimish Vakil, E. Carr Everbach, Klaus Knyrim, New England Journal of
Medicine, May 1993.

Report of the 22nd Huunt Fellow of the Acoustical Society of America. E.C, Everbach, J.
Acoust. Soc. Am., Juné 1991, Forum Seétion.

Using the Acoustic Nonlinearity Parameter for Tissue Composition Prediction. Robert E, Apfel
and E. Carr Everbach, Proc. Intrntl. Conf. on Acoust., Vol. 4, pp: 167-170. (August 22-31,
1989). Paper presented at the 13th [.C.A. in Belgrade, Yugoslavia.

Abstracts of Papers Presented

Ultrasonic method for monitoring muscle water content, CH Mcleish, SN Tsyuryupa,
AP Satvazyan, and EC Everbach, IEEE UFFC 4C-6, September 4, 2017, Washington,
DC, presented by the student,
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Sonothombolysis of porcine blood clots using 1 MHz pulsed wltrasound. Nourmahnad,
Atousa; Barbano, Luke; and Everbach, Erich C., J. Acoust, Soc. Am. 136(3): 1825.
Poster presented at the 169+ meeting of the Acoustlcal Society of America in
Jacksonville, FL, November 4, 2015, by the students.

Modeling of microbubbles pushed through clots via acoustic radiation force. Ascanio
Guarini and E.C. Everbach, J. Acoust. Soc, Am. 133(5):3356. Paper presented at the
165" meeting of the Acoustlcal Society of America and ICA in Montreal, Canada, June 5,
2013, by the student,

Tracking the motion of cavitation bubbles using pulsed Doppler. E.C, Everbach, J.
Acoust, Soc. Am., 132(3) 1907, Paper presented at the 164> meeting of the Acoustlcal
Society of America in Kansas City, MO, October 25,2012.

Cavitational activity in bacterial biofilms exposed to | MHz ultrasound. B, Carr
Everbach, Roby Velez, and Amy C. Vollmer, J. Acoust. Soc. Am. 123(5):3557. Paper
presented 4t the 155« meeting of the Acoustical Society of America in Paris, France, July
3, 2008

Effect of 810 kHz ew ultrasound on bacterial biofilms. Kofi Anguah, Roby Velez, Amy
C. Vollmer, and E, Carr Everbach, J. Acoust. Soc. Am, 122(5):3052. Papet presented
at the 154* meeting of the Acoustical Society of America in New Orleans, LA, November
30,2007, by the students.

A possible noncavitational mechanism of ultrasound-accelerated thrombolysis in fibrin
¢lots. E. Carr Everbach, J. Acoust. Soc. Am. 119(5):3406. Paper presented at the 151
mieeting of the Acousical Society of America in Providence, R1, June 8, 2006.

Use of ultrasound as educarional tool in medicine. E, Carr Everbach, J. Acoust. Soc,
Am, 119(5):3381. Paper presented at the 15~ meeting of the Acousical Society of
America in Providence, RI, June 7, 2006.

Wavelet analysis of active cavitation detector oitput. Kofi Anguah and E, Carr
Everbach, J. Acoust. Soc: Am, 119(5):3322. Paper pxesemcd at the 151> meeting of the
Acousical Society of America in Providence, RI, June 7, 2006 by the student.

Tutorial Lecture: Diagnostic Imaging in Biomedical Ultrasound. E. Carr Everbach, J.
Acoust, Soc. Am. 118(3):1877. Prestigious lecture presented at the 150~ meeting of the
Acousical Society of America in Minneapolis, MN, October 17, 2005.

Hot Topics in Acoustics: Biomedical Ultrasound, E. Carr Everbach, J. Acoust. Soc.
Am. 118(3):1972. Paper presented at the 150+ meeting of the Acousical Society of
America in Minneapolis, MN, October 17, 2005.

Confocal inicroscopy movies of fibrin clots during ultrasound-accelérated thrombolysis.
E. Carr Everbach, [.N. Chernysh, J.W, Weisel, J. Acoust. Soc. Am. 117(4):2413. Paper
presented at the (49 meeting of the Acousical Society of America in Vancouver, BC,
May 20035.

Acrive cavitation detection of asymmerrical inertial cavitation. E, Carr Everbach, J.

Acoust. Soc. Am. 115(5):2514. Paper presented at the [47- meeting of the Acousical
Society of America, 75+ Anniversary, New York, NY, May 2004,
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ASA Education in Acoustics website as a new portal. I Carr Everbach, J. Acoust. Soc.
Am, 114(4). 2309, Paper presented at the [46+ meeting of the Acoustical Society of
Amierica in Austin, TX, November 2003,

Acoustics Demonstiations. E Carr Everbach, J. Acoust, Soc. Am. 113(4): 2240. Demos
presented at the 145« meeting of the Acoustical Society of America in Nashville, TN,
April 2003,

ASA éducation outreach. Uwe Hansen and E Carr Everbach, J. Acoust. Soc. Am.
113(4): 2267. Paper presented at the 145+ meeting of the Acoustical Society of America
in Nashville, TN, April 2003.

Differences in Definity and Optison Microbubble Destruction Rates at the Same
Mechanical Index with Different Real Time Perfusion Systems, T R Porter, F Xie, J
Oberdorfer, E Carr Everbach, P Rafter, L Venneri, C Sonne, ASE 2003 Annual
Meeting. Paper tpresented at the 2003 ASE meeting in Toronto, Canada.

30 MHz backscatter and Doppler signals from individual microbubbles undergoing
inertial cavitation. Johanna Yoon '02 and E. Carr Everbach, J. Acoust. Soc. Am.
111(5): 2002. Paper presented at the 143th meeting of the Acoustical Society of America
in Pittsburgh, PA, June 2002,

Quantification of sub-micron DDFP gas bubbles using 30 MHz ultrasound backscattered
tonebursts. E. Carr Everbach, R.A, Roy, and J. Flaherty, J. Acoust. Soc. Am. 110(5):
2001. Paper presented at the 141th meeling of the Acoustical Society of America in Ft,
Lauderdale, FL, December 2001.

Srotonin receptor blockade by NAN-190 enhances memory modulation. A M. Schneider,
E. Wilkins, A. Firestone, M. Choy, D. Levin, C. Everbach, P.E. Simson, J.C. Naylor,
K.R. Short; Neurosciences, Nov. 2001.

In vitro study of mechanisms of fransient response imaging. Suor Kim ‘02 and E, Carr
Everbach, J. Acoust. Soc. Am. 107(6) 2198, 2000. Paper presented at the 139th meeting
of the Acoustical Society of America in Atlanta, GA, by the student, May 30, 2000.

Parameter dependence of 20-MHz passive inertial cavitation detector outpul, Alyssa
Bonnoit ‘03 and E. Carr Everbach,J. Acoust, Soc. Am, 107(6):2198, 2000. Paper
presented at the 139th meeting of the Acoustical Society of America in Atlanta, GA, by
the student, May 30, 2000.

Interdisciplinary Undergraduate Research at Small Colleges E. Carr Everbach,
Keynote speaker at first undergraduate research symposium, Albright College, April 15,
2000.

Bacterial siress response dice to acoustic cavitation. Annie Willman ‘01, E. Carr
Everbach, and Amy C. Vollmer, J. Acoust. Soc. Am. 106(4):2198, 1999, Paper
presented at the 138th riteeting of the Acoustical Society of America in Columbus, OH,
by the student, Nov. 3, 1999,

Teaching sciencelengineering students about gender issues in science and technology. E.
Carr Everbach and members of the Tri-College Gender-in-Science discussion group,
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Greater Philadelphia Worhen’s Studies Consortium meeting, West Chester University
(West Chester, PA), May 7, 1999

Enhancement of fibrinolysis by low-intensity ¢.w. ultrasound. Charles W. Francis,
Valentina Suchkova, and E. Carr Everbach, J. Acoust. Soc. Am.105(2):1369, 1999,
Paper presented at the 137th meeting of the Acoustical Society of America, joint meeting
with the European Acoustics Association and German Acoustics DEGA, in Berlin,
Germany, March 15-19, 1999,

An Investigation of the Effects of Ultrasound Exposure on Escherichia coli Using a
Bioluminescent Reporter System. Halpern, M., Kwakye, S., Everbach, E. C., and
Vollmer, A.C., in Abstracts of the 98th Genelal Meeting of '[h{.. Ameriean Society for
Microbielogy, A-98, p.55. American Society for Mlmoblo!ooy, Washington, D.C., May.
1998.

Acoustic detection of microbubble destriction in gaseous contrast agents, William T.
Shi, Flemming Forsberg, and B, Carr Everbach; J. Acoust. Soc. Am.103(5):3002, 1998,
Paper presented at the 135th meeting of the Acoustical Society of America, joint meeting
with the 16th International Congress on Acoustics, in Seattle, WA, June 25, 1998.

Overpressure reduces acceleration of thrombolysis due to ultrasound, E, Carr
Everbach, Janice White, and Charles W. Francis, J. Acoust. Soc. Am. 102(5): 3154
(1997). Paper presented at the |34th meeting of the Acoustical Society of America, in
San Diego, CA, December 4, 1997,

Bubble collapse emissions suggest mechanism for transient response imaging. E, Carr
Everbach, Shouping Li, and Thomas R. Porter, J. Acoust. Sac. Am.. 102(5): 3154 (1997).
Paper presented at the 134th meeting of the Acoustical Society of America, in San Diego,
CA, December 4, 1997,

Effect of acoustic cavitation on genetically engineered bacteria. Sylvia Kwakye
(Swarthmore ‘98), Amy C. Vollmer and E..Carr Everbach, J. Acoust. Soc. Am.
101(5):3096 (1997). Poster presented at the 133rd meeting of the Acoustical Society of
America in State College, PA, by the student, June 18, 1997.

Musical acoustics in teaching engineering. E. Carr Everbach, J. Acoust. Soc. Am.
101(5) (1997). Paper preserited at the 133rd meeting of the Acoustical Society of
America, in State College, PA, June 18, 1997.

Experimental results for iransmission of a finite-amplitude, focused sound beam at a
curved interface between two media. 1.R:S. Makin, E, Carr Everbach, and M.F.
Hamilton, J. Acoust, Soc. Am. 100(4), 2589 (1996). Paper presented at the 132nd
meeting of the Acoustical Society of America, Honolulu, HI, December 2, [996.

E Calr Dvcrbach IRS Makm,T Porler F ch,anc[RS MBH.LO] Cuculauon 94 1-
319 (1996). Paper presented at the 69th meeting of the American Heart Assoc.,
November, 1996.
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Lecture demaonstrations in acoustics. F. Bell-Berti, E. Carr Everbach, M.C, Hastings,
P.K. Kuhl, ].M. Weisenberger, J. Acoust. Soc. Am. 99(4), 2537 (1996). Paper presented
at the 1315t meeting of the Acoustical Society of America, Indianapolis, IN, May 16,
1996. '

Comparison of cavitational activity of fluorocarbon echo-contrast agent with air-filled
agents. E.Carr Everbach, LR.S. Makin, T. Porter, F. Xie, and R.S. Meltzer. Paper to
be presented at the 38th meeting of the American Assoc. of Physicists in Medicine,
Philadelphia, PA, July 21-25, 1996.

Induction of the heat shock response and the SOS response in Escherichia
coli by the effects of acoustic cavitation fram ultrasound. A.C.Vollmer, LR.S. Makin,
and E.C. Everbach, Amer Soc Microbiology [996.

A durable, wide-bandwidth lithotripsy hydrophone. Byron Holz (Swarthmore ‘98) and L.
Carr Everbach, . Aeoust. Soc. Am. 98(5) (1995). Paper presented at the 130th meeting
of the Acoustical Society of America in St. Louis, MO, by the student.

Acoustical characterization of straw bales as structural elements. Carl J, Mas
(Swarthmore ‘98) and E. Carr Everbacl, J. Acoust. Soc. Am. 98(5) (1995}. Paper
presented at the 130th meeting of the Acoustical Society of America in St. Louis, MO, by
the student.

Correlation of cavitation-induced danmage to blood elements with passive ucoustic
detector output. E, Carr Everbach, Inder Raj S. Makin, and Charles W. Francis, J.
Acoust. Soc. Am. 98(5) (1995). Paper presented at the 130th meeting of the Acoustical
Society of America in St. Louis, MO.

Effects of acoustic cavitation on luminescent bacteria. E. Carr Everbach, Inder R.S.
Makin, and Amy Cheng Vollmer, J, Acoust. Soc. Am. 97(5), 3406 (1995), presented at
the 129th meeting of the Acoustical Society of America in Washington, DC.

Pressure and cavitation measurements of an intra-arterial angioplasty device. Inder Raj
S. Makin and E. Carr Everbach, J. Acoust, Soc. Am. 97(5) 3326 (1995), presented at
the 129th meeting of the Acoustical Society of Americd in Washington, DC.

Comparison. of cavitational activity of echocontrast agents filled with different gases.
Makin, [.R.S., Everbach, E, Carr, Porter, T., Xie, F., and Meltzer, R.S., Am. Heart
Assoc., presented November 14, 1995, at the AMA Anaheim meeting.

Platelet Damage due to Intense Pulsed Ultrasound in the Presence of an Albumin
Echoconirast Agent. E. Carr Everbach, LR.S. Makin, R.S. Meltzer, and C. Francis,
Am. Soc. of Echocardiol., poster presented June 14, 1993, at the Toronto meeting.

Hemolysis due to cavitation by intense pulsed ultrasound in the presence of an albumin
echocontrast agenr. i, Carr Everbach, I.R.S. Makin, Mitra Azadniv, and R.S.Meltzer,
Am. Soc. of Echocardiol., poster presented June 14, 1995, at the Toronto meeting.

Flexible Data Acquisition and Control System for Thermofuid Mechanics. E.C.

Everbach, E. Cheever, and A .E. McGarity, Am. Soc, for Engin, Educ., poster presented
Jung 26; [995, at the ASEE Anaheim meeting.
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Correlation of cavitation-induced hemolysis with output from an acoustic cavitation
monitoring system. Everbach,E C., Makin, 1.R.S, Azadniv, M., Meltzer, R.S.,
Americail Inst. of Ultrasound in Med., presented at March 1995 A]UM rnee:tmU in San
Francisco, CA.

Ultrasound & microbubbles: contrast, bioeffects, and therapeutic applications. Richard
S. Meltzer, David Harpaz, Ran Kornowski, Carr Everbach, Zvi Vered, Am. J. Cardiac

Imaging 8:270, 1994,

Active cavitation detection of microbubble echiocantrast agents in blood. Vilma E.
Huertas (Swarthmore *94), Inder Raj S. Makin, and E. Carr Everbach, J. Acoust, Soc,
Am. 95(5), Part 2; 2856 (1994). Paper presented at the 127th meeting of the Acoustical
Society of America in Cambridge, MA, by the student.

Ray-tracing ana!ys:s of auditorium acoustics for the Macintosh. Marc Rieffel
(Swarthmore ‘94), Geoffrey Noer (Swarthmore ‘95), Jeremy Dilatush (Swarthmore ‘96),
Andrew Brown (Swarthmore ‘97), and E. Carr Everbach, J, Acoust. Soc. Am. 95(5),
Part 2; 2887 (1994). Poster presented at the 127th meeting of the Acoustical Society of
Am‘erica in Cambridge; MA, by the students.

Field measurements for an intra-arterial angioplasty device. Inder Raj S, Makin and E.
Carr Everbach, J, Acoust. Soc. Am. 95(5), Part 2; 2855 (1994). Paper presented at the
127th meeting oi' the Acoustical Society of America in Cambridge, MA.

Of flaming tubes and spinning cups. E. Carr Everbach, J. Acoust, Soc. Am. 95(5), Part
2; 2934 (1994). Demonstration presented at the 127th meeting of the Acoustical Society
of America in Cambridge, MA.,

Ultrasound & Microbubbles: contrast, bioeffects and therapeutic applications. D.
Harpaz, R. Karmowski, Carr Everbach, Zvi Vered. 4th International Conference on
Non-Invasive Medicine, Limassol, Cyprus, October 10-15, 1993,

Sonochemistry and acoustic cavitation. E. Carr Everbach. Invited paper presented July
7, 1993 at “Future Problems in Mechanics and Materials,” a Young Investigators Meeting
sponsored by the Institute for Mechanics and Materials and the NSF.

Acoustic cavitation, or how sound can break stones. E. Carr Everbach. Invited seminar
paper presented February 15, 1993 for students and faculty at the University of
Pennsylvania, Dept. of Chemical Engineering.

Lithotripter shock wave propagation through layered media. Joseph Jankovsky
(Swarthmore ‘93), P. Ted Christopher, and E. Carr Everbach, J. Acoust. Soc. Am.,
93(S1),1993. Paper presented at the 125th meeting of the Acoustical Society of America
in Ottawa, Canada, by the stugdent.

Intra-arterial ultrasonic angioplasty: a feasibility study. Olivier K, Colliou
(Swarthmore ‘93) and E. Carr Evérbach, J. Acoust. Soc. Am, 93(81) 1993. Paper
presented at the [25th meeting of the Acou_st_lcal Society of A_mcuca in Ottawa, Canada,
by the student.

Developing a MIDI pitch detector. Youngmoo Kim (Swarthmore ‘93) and E. Carr

Everbach, J. Acoust. Soc. Am., 93(81) 1993, Paper presented at the 125th meeting of
the Acoustical Society of America in Ottawa, Canada, by the student.
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Viscosity of uuman bile and its role in gallstone lithotripsy. E. Carr Everbach, Nimish Vakil,
and S.M. Gracewski, J. Acoust. Soc. Am., 92(4), 2377, 1992, Paper presented at the 124th
meeting of the Acoustical Society of America in New Orleans, LA.

Strain measurements inside solids subjected to lithotripter pulses. S.M. Gracewski, G. Dahake,
Z.Ding, S.J. Burns, and E. Carr Everbach, J. Acoust. Soc, Am., 92(4), 2370, 1992. Paper
presented at the 124th meeting of the Acoustical Society of America in New Orleans, LA.

Materials characterization via acoustic levitation in air. Bob Boulware (Swarthmore
‘92) and E. Carr Everbach, J. Acoust. Soc. Am,, 91(S1), 1992. Paper presented at the
123nd meeting of the Accustical Society of America in Salt Lake City, UT, by the
student,

Acoustic scale modelling of auditoria. Whitney N. Potter (Swarthmore *92) and E, Carr
Everbach, J. Acoust. Soc. Am., 91(S1), 1992. Paper presented at the 123nd meeting of
the Acoustical Society of America in Salt Lake City, UT, by the student.

Auditorium acoustics simulation for the Macintosh. Marc Rieffel (Swarthmore *94) and
E. Carr Everbach, J, Acoust. Soc. Am., 91(S1), 1992. Paper presented at the 123nd
meeting of the Acoustical Society of America in Salt Lake City, UT, by the student.

Biological effects of lithotripter fields, E.L. Carstensen, S.Z, Child, C. Hartman, and E. Carr
Everbach, J. Acoust, Soc, Am,, 90(S1), 1991, Invited paper presented at the 122nd meeting of
the Acoustical Society of America in Houston, TX.

The role of gallstone and bile properties in stone breakup in lithotripsy. Nimish Vakil, E. Carr
Everbach, and S.M. Gracewski, ], Acoust. Soc. Am., 90(S1), 1991. Paper presented at the 122nd
meeting of the Acoustical Society of America in Houston, TX,

Therapeutic cardiac ultrasound. R.S. Meltzer, Karl Q. Schwarz, Jack G. Mottley, and E, Carr
Everbach;, 9th Symp. on Echocardiology, Rotterdam, the Netherlands, June 26-28, 1991.

Acoustic levitation positioning of objects in water. Gunter S. Schemmann (Swarthmore '9]) and
E. Carr Everbach, J, Acoust. Soc. Am., 89(S1), 1991. Paper presented at the 121st meeting of
the Acaustical Saciety of America in Baltimore, MD, by the student.

Prototype and feasibility study of a PVDF infant health monitor. Joe Higgins (Swarthmore ‘91)
and E. Carr Everbach, J. Acoust. Soc, Am., 89(S1), 1991. Paper presented at the [21st meeting
of the Acoustical Society of America in Baltimore, MD, by the student.

Scale-model acoustical analysis of the Performing Arts Center at Swarthmore College. Ming Hin
Soon (Swarthimore “93) and E. Carr Everbach, I. Acoust. Soc. Am., 89(S1), 1991, Paper
presented at the 121st meeting of the Acoustical Society of America in Baltimore, MD, by the
student.

Wave propagation in solids: computation vs. experiment, Ali Usman (Swarthmore ‘91) and E.
Carr Everbach, J. Acoust. Soc. Am., 89(S1), 1991. Paper presented at the 121st meeting of the
Acoustical Society of America in Baltimore, MD; by the student.

Dynamic failure mechanisms in gallstones using lithotripsy. S.J. Burns, 8. M. Gracewski, E.C.

Everbach, Nimish Vakil, and A.R. Basu, [ntl. Smnr. on Dynam. Failure of Materials. Paper
presented at the ISDFM meeting in Vienna, Austria, January [991.

Everbach 16 11/2/18



The potential of therapeutic cardiac ultrasound. R.S, Meltzer, K.Q. Schwarz, 1.G. Mottley, and
E., Carr Everbach, Am. Coll. Cardiol. Paper presented at March 1990 meeting in Atlanta, GA.

FPressure sengitivity of sonicated albumin and saccharide contrast agents. R.S, Meltzer, Shmuel
Gottlieb, Jack Mottley, Alexander Ernst, Erich C, Everbach, Reinhard Schlief, Karl Q. Schwarz,
Janine R. Shapiro, Feinstein Meeting on Echocontrast, Chicago, IL, Oct. 4-5, 1990.

Decay. of ultrasound integrated backscatter from a saccharide contrast agent is-accelerated by
increased pressure. J. Mottley, E.C. Everbach, K.Q, Schwarz, R. Schlief, and R.S. Meltzer,
American Heart Association. Paper presented at AHA meeting in Dallas, TX, November 1990,

Microhardness properties of gallstones and synthetic stones. S.M. Gracewski, Nimish Vakil, E.
Carr Everbach, and S.J. Burns, Intl. Conf. IEEE Engineering in Med. & Biol. Society. Paper
presented at 12th annual meeting of the IEEE in Philadelphia , PA, November 1990,

An inexpensive wide-bandwidth hydrophone for lithoiripsy research. E.Carr Everbach, J.
Acoust. Soc. Am. S1 (87), $128 (Spring 1990). Paper presented at 119th meeting of the
Acoustical Society of America in University Park, PA.

Praperties of gallstones and their relationship to destruction mechanisms in acoustic
lithotripsy. E.Carr Everbach, $. M. Gracewski, and N. Vakil, J. Acoust. Soc. Am. S1 (87),
S141 (Spring 1990). Paper presented at 119th meeting of the Acoustical Society of America in
WUniversity Park, PA.

Mixture laws for ultrasonic tissue characterization. Peng Jiang, Robert E. Apfel, and E, Carr
Everbach, J, Acoust. Soc. Am. S1 (87), S115 (Spring 1990). Paper presented at | 19th meeting of
the Acoustical Society of America in University Park, PA,

Mechanisms of Stone Destruction by Shock Waves. E, Carr Everbach, $.M. Gracewski, and
Nimish Vakil, Gastroenterology, Vol. 98, No. 5, Part 2, A574 (1990). Paper presented at May
1990 meeting, San Antonio, TX.

Static Mechanical Properties af Gallstones and their Relationship to Lithotripsy. SM.
Gracewski, $.J. Burns, E, Carr Everbach, and Nimish Vakil, Gastroenterology, Vol. 98, No.
3, Part 2, A590 (1990). Poster presented at May 1990 meeting, San Antonio, TX.

Cuantitative Dererminarions gf Gas in Human Gallstones. Nimish Vakil and . Carr
Everbach, Gastroenterology, Vol. 98, No. 5, Part 2, A641 (1990). Poster presented at May
1990 meeting, San Antonio, TX.

Mixture Composition Determination from Measurements of the Acoustic Nonlinearity
Parameter. E.C.Everbach and R.E. Apfel,J. Acousl. Soc. Am. S1 (85), SIS (Spting 1989).
Paper presented at 117th meeting of the Acoustical Society of America in Syracuse, NY,

Application of the Acoustic Nonlinearity Parameter to Tissue Composition Prediction. Robert
E. Apfel and E.C. Everbach, J. Acoust. Soc. Am. S1 (84), S138 (Fall 1988). Paper presented
at 1 16th meeting of the Acoustical Society of América in Honolulu, HI,

Enhanced Nonlinegrity in a Bubbly Liquid considered as a Mixture, E.C. Everbach and R.E.
Apfel, J. Acoust. Soc. Am. S1 (83), S109 (Spring 1988). Paper presented at | 1Sth meeting of
the Acoustical Society of America in Seattle, WA. http://doi.org/10.1121/1 2025126
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Comparison of Tissue Composition Models via the Measurement of the Nonlinearity Parameter
of Mixtures. E.C. Everbach and R.E. Apfel, J. Acoust. Soc, Am. S1 (82), S12 (Fall 1987).
Paper presented at 114th meeting of the Acoustical Society of America in Miami, FL.

Measurement of the Nonlinear Parameter of Mixtures to test Apfel's Tissue Composition Model,
E.C. Everbach and R E. Apfel, J. Acoust. Soc. Am. §L (80), S4 (Pall 1986). Paper presented at
1 12th meeting of the Acoustical Society of America in Anaheim, CA.

The Nonpropagating Hydrodynamic Seliton in Annular Géometries. E.C. Everbach and R.E.

Apfel, ). Acoust. Soc. Am. S1 (79), S32 (Spring 1986). Paper presented at |1 [th meeting of the
Acoustical Society of America in Cleveland, OH,
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Eve rb a Ch ACO u Stl CS E. Carr Everbach, ASA Fellow

Tel 610-328-8079

Con Su it ng FAX 610-328-8082

e-mall ceverbal @swarthmare.edu

212 Dogwood Lane,
Wallingford, Pennsylvania
19086

February 8, 2019
John J. Mezzanotte, Jr., Esquire
BARNARD, MEZZANQOTTE, PINNIE & SEELAUS, LLP
218 West Front Street
Media, PA 12063
610-565-4055 - telephone
610-565-3309 - fax

Re: Conditional Use Application, Oak Lane Projects at Westtown School

Dear John:

This letter constitutes my report of acoustical measurements | made on the property of
Westtown Schoo! on Tuesday, February 6, 2019, at your request. The purpose of the
measurements was to assess the likelihood that noise from athletic practices on the
proposed Qak Lane fields would exceed the noise ordinances for nearest property-
holders to the fields. in my experience of measuring and modeling outdoor noise
propagation over 30 years, | have rarely examined a situation less likely to exceed
noiseé ordinances than this one, because of the large distances involved.

I would like to highlight a few scientific facts regarding outdoor sound propagation.

First, with distances of sound source and receiver (or measurer) fixed, and atmospheric
conditions unchanged, the sound level measured in decibels (dB) is a strict function of
source level in dB. Put another way, if the source is 10 dB louder, then the receiver will
be 10 dB louder, too, Second, the reduction of sound level with distance is due fo the
spherical spreading out of the sound from the source: the same acoustic energy that
was emitted is spread out.on a larger and larger sphere until it reaches the receiver.
The rule for free-field (i.e. no reflections or focusing from buildings) sound propagation
Is a 6 dB reduction per doubling of distance between source and receiver. This number
will become Important because the distances between the sound source (athletic
practice on a turf field) and nearest properties represent many doublings of distance
and many 6 dB reductions from the source level.

Published data on the noise of unamplified athletic practice fields shows maximum
source levels in the range 80 - 85 dB(A), where the A-weighting s a sound level meter
setting that mimics the frequency response of the human ear. To compare these
average data with measurement, | stood 10 feet away from Paul Lehmann on the site of
the proposed field as he blew his coach’s whistle, measuring the sound pressure using
my calibrated Bruel & Kjaer 2270 Sound Level meter. Average values over several




loud blasts were 80.3 dB(A) with the largest being 84.2 dB(A). Since sound source
levels add logarithmically, if there had been two whistles blowing simultaneously, the
combined source pressure would be 3 dB larger, or an average of 83.3 dB(A). This
would also be true if children were yelling on the field with a combined sound level of 80
dB(A). Thus we can assume that the source pressure levels are likely to be in the
range 80 — 85 dB(A), consistent with published data.

To measure the propagation of sound to distant points, | used a calibrated noise
source: a battery-powered “boom box” producing white noise (hiss) in 10-second bursts
with 5-second silences in between. This noise source was placed first on a location
near home plate (position “A”) at the proposed site and measurement points were
selected at various distances in the direction of the homes on Station Way. The noise
source level was 85 dB(A) at 10 feet. Figure 1 shows the locations of the measurement
points (recorded via GPS) and Figure 2 shows a wider view with distances to the
Station Way circle marked.

Similarly, | set the noise source on the corner of the playing field (position “B”) closest to
Shady Grove Way and Thrush Lane. | then measured the sound at location points
shown in Figures 3 and 4. Since the noise source was producing white noise in 10-
second pulses, it was possible to measure both the sound level and the background
noise at each point. Ambient noise included traffic on Street Road, Shady Grove Way,
and Westtown Road, airplane overflights, and natural noise sources such as Canada
geese honking.

Table 1 below shows the results of the measurements. It is clear that for distances
beyond about 350 feet for source location A, and 220 feet for source location B, that the
background noise exceeded the noise signal, rendering it inaudible and unmeasurable.
Nevertheless, the distances to both Station Way circle (2397 feet from Source A) and
Shady Grove Way (1398 feet from Source B), are much farther than the inaudible
measurement locations, indeed more than three distance doublings. With spherical
spreading of sound, these distant locations would result in sound levels 18 decibels
lower (6 dB for each doubling).

The only numerical noise regulations in the Westtown Township code | could find are
described in this paragraph. The first relates to traffic noise along Route 202: § 149-
929 Noise Protection, in which section B.2.a reads in part. “...A noise nuisance shall be
defined as a sound level at any proposed residential building footprint of greater than
62 dB(A) Ldn in sound level. The sound level shall be measured at times between 3:30
p.m. and 6:00 p.m.” In a section related to transmission pipelines, the Westtown
Township codes includes this numerical noise standard in § 170-1612 subsection A.3.c:
“sound produced by the surface land use affiliated with transmission pipelines shall not
result in noise or vibration clearly exceeding the average intensity of noise or vibration
occurring from other causes at the property line; in no case shall the sound pressure
level exceed 60 dB(A) [according to the American National Standards Institute (ANSI)
"a" weighted scale] at the property line closest to the land use.” Finally, Article XV, §
170-1515, section D.1 reads “... there shall be no ... commercial or industrial
operations or any truck loading or unloading activities that create a noise level
exceeding 55 A-weighted decibels at the exterior walls of any dwelling.” 1t is clear from



these codes that 55-62 dB(A) is the sound pressure level range of concern, and yet the
levels that would be produced by athletic practice at the proposed site would be tens of
decibels lower.

Position Longitude Latitude signal background dist(ft)
G7 39.94418879578905 -75.53742637565308 SourceA 0

G8 39.94417978629636, -75.53742630515998 78.7 414 10
G9 39.94383845625965 -75.63720123087193 52.0 415 136
G10__ | 39.94333891746662 -75.53806352139142 43.6 42.0 350
G11__| 39.94263975958271 -75.53728549822036 <41 42.3 570
G12__ [ 39.94212019035976 -75.53663765038357 <41 419 664
G13__| 39.945320889718154 -75.53615931165307 82.0 415 10
G14__ | 39.94547556634625 -75.53583275853723 52.8 432 100
G15 | 39.945702101728614 -75.53555358730915 <44 44,1 220
G16__| 39.94621349101601 -75.5340709306482 <42 424 650
G17 | 39.94599510531278 -75.53453746541416 <41 41.9 518
G18__ | 39.93776441321611 -75.539447799544 <50 50.4 2397
G19_ | 39.9471303726783 -75.5319612783473 51.7 1398

Table 1: Summary of measured noise levels at locations marked in Figures 1 through

4.

To illustrate the point that spherical spreading of sound from the proposed site would

render noise levels far below ambient at the nearest residential lot lines, Table 2 shows
the 6-dB reduction per doubling of distance rule, with a source level of 85 dB(A) and a
background noise level of 41 dB(A). From Table 2 one can see that the noise level at
properties farther than about 160 feet would be below 61 dB(A), and those farther than
1000 feet from the source would be at or below background. Since the nearest
residence lot lines are farther than 1000 feet, it follows that athletic practice sounds
should be inaudible there.



Distance from Source (ft)  Sound Pressure Level dB(A) dB above background

10 85 44
20 79 38
40 73 32
80 67 26
160 61 20
320 55 14
640 49 8
1280 43 2
2560 37 -4

Table 2: Estimated Sound Pressure Levels at various distances from the Source due to
Spherical Spreading of Sound Waves

In summary, | have conducted outdoor measurements of noise propagation on the
proposed Oak Lane Projects at Westtown School, and have determined that there is
negligible chance that noise from athletic practice sessions will produce sound levels
above background noise levels at the nearest property lot lines.

Do not hesitate to contact me if you have questions.

Sincerely,

Z

E. Carr Everbach
Consultant in Acoustics since 1986




Appendix A: Applicable American National Standards Institute standards adhered to in
the conduct of this work.

ANSI S1.4-1983 (R2006) Specification for Sound Level Meters

ANSI S1.40-2006 Specifications and Verification Procedures for Sound Calibrators

ANSI $1.43-1997 (R2007) Specifications for Integrating-Averaging Sound Level Meters

ANSI S1.11-1966 Specification for Octave, Half-Octave, and Third-Octave Band Filter
Sets

ANSI S1.11-2004 Specification for Octave-Band and Fractional-Octave-Band Analog
and Digital Filters

ANSI| S12.9-2005 Quantities and Procedures for Description and Measurement of
Environmental Sound )

ANSI S12.9-2005/Part 4: Quantities and Procedures for Description and Measurment
of Environmental Sound — Part 4: Noise Assessment and Prediction of Long-term
Community Response

ANSI S12.9-2007/Part 5: Sound Level Descriptors for Determination of Compatible
Land Use

ANSI S1.17-2004/Part 1 Microphone Windscreens — Part 1: Measurements and
Specification of Insertion Loss in Still or Slightly Moving Air
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Figure 2: Acoustic Monitoring Locations for Noise Source A showing distance to center
of Station Way circle.



Figure 3: Acoustic monitoring locations for Noise Source B.
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Figure 4: Acoustic monitoring locations for Noise Source B showing distance to nearest
property boundaries on Shady Grove Way.



Robert G. Zoeller, MS
Technical Consultant, Musco Lighting, LLC

Education: M.S. Physics, Fairleigh Dickinson University, Teaneck, NJ
B.S. Physics, Fairleigh Dickinson University, Teaneck, NJ

Publications: Five published papers in the Journal of the Optical Society of America.

Professional Memberships: Iliumination Engineering Society (IESNA), the organization that
establishes standards for all facets of the lighting industry
including sports lighting,

International Dark-Sky Association (IDA)

With over 25 years experience in the lighting industry, Bob has been directly involved in well
over 3,000 sports lighting projects ranging from neighborhood Little League: fields to Minor
League Baseball Stadiums, He regularly provides lighting designs and is a technical support to
over 100 Professional Engineering Firms in the Northeast Region of the United States including
Maryland, Delaware, Pennsylvania, New Jersey, New York, Connecticut, Rhode Island,
Massachusetts, New Hampshire, Vermont, and Maine. Bob has provided expert testimony as
well as information and work sessions before Zoning, Planning, School, and Supervisory Boards
in a number of states regarding sports lighting projects. He has been an invited speaker providing
technical instruction at seminars and workshops for engineering firns and organizations
including local IESNA Chapters,

Places Where Expert Testimony Was Presented:®
Portland, Maine — Planning/Zoning Board

Wentham, Massachusetts — Planning/Zoning Board
Williamstown, Massachusetts — Planning/Zoning Board
Winchester, Massachusetts - Planning/Zoning Board

Anne Arundel County, Maryland — Planning Board
Montgomery County, Maryland — Planning Board
Queen Anne County, Maryland — Planning/Zoning Board

Hanover, New Hampshire — Planning Board (multiple projects)
Salem, New Hampshire — Salem Superior Court

Allendale, New Jersey — Planning Board

Basking Ridge, New Jersey — Township Council

Berkley Heights, New Jersey - Planning Board (multiple projects)
Blairstown, New Jersey — Planning Board

Bernardsville, New Jersey ~ Zoning Board

Elmwood Park, New Jersey — Planning Board

Flemington, New Jersey — P