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TirePavement Noise Measurement

Using Transfer Functions

5. SI, UTSKY, P. J. ('II},'AI,¥, ..d V¢. II. MeSIIANE

AnSTflACT

An LnvQ_t|gat|c_n of the one of tranll_er _unctlon_ Ln the mealluremeng of tire-

payment noise Ill re_rted. A large varle_y r)f ti_a types sad lleveral pavement
types were studied. _t watt found that all transfer fllnctlons _ot automoblle

_Lroll that have belllldeterm|n0d no far cluster |_to a b_nd apprexl_tely I dBA

w_de. ThL_ result r_aklls Lt pollll|hl0 to pred|ct vayllldo tire nolall leveIB from

on-board measurQmentll_ thereby reduoLn_ the collt an_ eeJplexlty and increasing

the _ange of tlre-pav_ment eomblnatLonn that can be InvestlcJated Ill a modestly

budgeted program, It Waa also found that taler tLrell mullt be cured before tell-

able on-bOa_d (ueaf-f_eld} mllaBurementn can he expected.

Su_rized in this paper ill a phase of th0 work that basic _=alleterll governing tire nolaet nurh an the

wall carried out (and florae of which l_l lltlll Ln proq- dependenoe on speed w _|re tread pa_terne and pave-
teBII) In conne0tLon wl_h the measurement of tL_e- _llt t_* _Laco then, Lneteall_d attention has bc_n
pavl_laant eels0 attributable to autor_)bl|lls_ light 9ivan to predict Jan o_ _he sound power output

truokal anti hea_ truckll, Of the relluitm obtainacl antic|pared _or a g_ven tLire-pavem_nt ¢oalbinat|on.
dulrLng thill phase r the followln_ a_e inoludetl I_ was foulld that *rank ortelrlng of pasllenger t_e

noise can only be i_atlll vhen referenced to a spec_lo

• Charaotet_aicion Of the tire-pav_ant co_- Ltl_nt_flllble llurface" _).
ponut_t Of _otal vl_hLcla iioLee el_Las_en Thull_ the r_llult Of tec_nt yearll of e_o_t (in

* /ulllellllk_nt Of thQ af_eotl_ o_ tilfferent t_e- Eutop_ and Cana_a_ as _ell all in the United Statical

pavmlaellt ¢otablllat_onll ha_ beell to tncatJnLze that the tLre-pavelllerit ln_l_-
• Davelopl_ant of a _aBu_aalant i_ethodel_¥ gha_ action _chasL_m Ill eotaplex; _hat l_e tiominant cc_.-

may he more convllnient _hari tholle _ur_ently available ponentll ohan_e ll|gnlfLcalltly with tL_e type r paveMnt

typo_ and opeta_lntl rendition! and that laany param-

_n th_ following _eotions_ stoma e_ the pant prao- eterll play an il_portallt role, Studiell by _Ll_on (_)
ticell arid their perceived Bhort_omlrigB ll_e dLlleussed r and SandUurg (_) are llllpee_tlily r_llvant in thLll

foll_eti by an outline of the en-boa¢_ mathe_ology regard,
useti• Then_ the tranllfl_r function Idea, which l_ & further d_ficult_ eneounteg_t in the _ffo_t to

tequLteti to e)ttlrap_late _re_ on-board _o the _ayllide characterize tire noise is the la_k off unLcl_anees_ Of
impact lo_atioe_ ill tiIS_UsBed• PLnally_ som_ of the the u_uai outd_r nol_ teat mnaeur_nt procedures

teBu_ts of the lltut_ ate l_reaellt_do of tiros arid dLff_oult_ell In the indoor pr_edur_a
as wllll. _he_e difficultLe_ _re briefly =avLewecl in
the [ell_n_ llubllect|en_.

BACXG_DUND

The llapottance of tire nol_e all a llource e_ nutol_o-

tire vehLol_ noise llmllll_lori has belle recotJaLzzed for Waynide Meallu_o_llnte
SO/all d0 yeatll e_ ale[e° Doth 9ovarnlr_nt and llldustty
have be_n concernlld with it as One Of the currently /_ost moaBure_mnt_ have r until reeentl_ bean made

_.lm_tin_ _lell_ll_ll _n the control and retiu0tion of outdo_ all c_ll_cb_ iil_a_urenl_ntll (erigine oil) on
nol_e Oll anti in the vicinity of out riationBm h|ghwa_ etandarti concrete by ullln_ the Society of Automat_ve

Bytltem. Thull_ |t ill apparent that atltol_bLle nolll_ EnO|neeta re--rider _raotice on _ollnd bevel Of
eel.ilion leveln above approxll_at_ly 40 mph eanne_ be IIlghway Truck Titall {SAriS?a)o

s|gnLfL_antly _aproveti by imptov_ment_ in the vehLc- I_llla_ arid _raaher (7) note that _any uncer-
ular engine IlyBtll_ _including CllllLng_ lntakt_ ex- taintLell ate prllllent Is the ct_alltby t_.chn|que, The_

haullt_ fan I and other aultl_la_y components) _thout find (a) the uao of fa_t _ellponae l_crea_e_ error;
a_ the Bame tl=e (or _lrs_) addr_llllLng the tl:e as s (h) a chan_e of 2 to 3 tiBA with dLrectLon oE travel;
noiae e_Lllaten 0ompon_nt• (o} su¢cellllLwl pallIIby yarLattona on hot_ cloudle_

On the other hand, It has alre_tiy been no,iced da_ off up to i dBh in I mLn_ {d) the occurrence of

that the range of tire nol_a {keeping pavelaent Elltad) a_et p_akl that is, lartJa p_ellllu_e fiuctuation_l

earl Dm as much all 10 dBA _olr dl_fetml_ tLreB• Con- ex_t_encetl b_ th_ m_ctophone 4 to 5 see after vehi-
vettlel_ nolBe _ade lay the Balae tigel; on dif_o_ent c_e pallllb¥,
p_lvea_nta hall alllo been found to dLE_e_ b_ all raueh _at_a ii_t_-t_a-i_lte varLationll of 5 to 7 tiIIA weEe

as 10 dnA (_-3_), rt mullt be atitieti that these were found for a qiven vehicle (_. Variationll were ap-
outer llt.lts anti that m_llt yariatloriB found _ere pro_|mately _ to d dDA at a given lilts* _t _Isll found

a_aile:, that r.llul_ _h_d a la0k o_ reproduaibility o_ an

ga_Xy pro_raltn of tire nellie telltLri_ carried out ahnolute tire sound level amng tallt Ilites_ and that

by th_ Altet_(:al_ TruCking ASB_i&tiO_lll arid by General there exlllted too _any varthbles o_ llur_ac_ and
Motor_ estllbl_ahed the i_portance ot Bome of the onv$.tonm_nt, It wall further conolutied that th_
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them for use as wayside noise lndicatots--a role- It was hypothesized that the variation between
tionshlp between the wayside measurement and the TPS fo_ various ti_e-pavemsnt combinations would

on-board measurement (_0e PJgute 4). prove to be small competed with the variation in
A Correction factor or a _lmple functional opec_= sound emission strength between the combinattonn. Tt

tion_ which would yield a prediction of the standard was hypothesized tha_ at worst only a small number
50-_t wayside sound pressure levelr i_ needed that of _p classes _ight be requl_sd, pechaps 1 or 2 fo_
could be pecfo_msd on a noise _easucement made on a auto,chile tl_es and a _lmilar number for light

r0oving vehicle. The correction the authors were led truck tires and for heavy truck tire_.
to in the a_lthme_ic difference between the on-boa_d To investigate thl_ hypOthesis and place it on

measurement and that at _ 50-ft wayside receptor ! fir_ foundation, simultaneous on-hosed and wayside
L(50). Th_ ¢o_cection la labeled _t_ansf0r runt- measurements had to be made, TFs had _o he doduced_
tlon _ [¢P) and it l_ defined operationally a_ and _hel_ vaciability had to be studied, This in-

vestigation involved 9 tics types for _utomobiles_ 9

_P • _n-bo=cd " [_(5_)] [1) tics types foc light truck_ oc vans, and ? tire types
for heavp tr_cks, as well a_ 4 di_fecent pavement

It l_ necessary to caution that thi_ is not th0 str_ps. Fucther_o_e_ because it wa_ necessary to
u_ual definition _com linear system theoc_ [such as avoid the e_orn an_ _ncertainties due to pre-
used in Relier and Ebe[hardt _)] inasmuch aB nO viously noted _icrometeorolc_lcal instabilities, the
phase data is p_e_e[ved, Rathec_ the form Of _ua- m0asu_ement_ were caroled out under conditions of
tion 1 corresponds to the level differences described 10w windspeed and nighttime hours between sunset and

by _eite_ and Eberhardt (I_Q). sunci_.

EXPE_IHEhTAL C0_F_GURA_ION

It Li iI = _2 =l Znste_d of following the usual coder of presents-

' _" """_I ties, that la_ startiog with the theocetlcal basis

Osboard Hi_ _ and followi_g wlth the p¢ocedure, that o_der will be

Source lJ,_ rove[sod io this papert the e_perlmental _othodolc_y
will be revlewed an_ then the theocetical ideas_

alternativea_ and questions will be discussed.
Th_ Inatcumentat_on con_iguratlon was _eported

_Wayside Mic. previogsly (13_) and i_ shown again for convenience

N0¢e: Riittheradlaldiitancetolhoway_Jderec_ivor. l_ Figures 5 and 6. Figure 5 shows the transit of a
test vehicle past a _apslde mic_ophone at a per-

FIGUItE4 _mrce-mceiwr geoniet_, pendicuZar distance of 50 _t* Two tapeswitches placed
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on the rC_d pavement are spaced 200 Et apart and _re equally with those at the beginning and end of the
aentered over the perDendlculsr from the _Lcrophone_ tent _un. P_Oblem_ with each of OD¢ioss i to 4 led
thorehy _utnlnhlng s rep[c_uolble roadway tsar strip, to the dsvslol_ent of Option gs
(Two additional thpeswi_ches placed 30 ft apart

furnish an additional smaller cubsectthn useful for 5. Find the difference of the Leg measured at
vorifylng vehicle speed and position). The tape- tile ways/de receiver (Figure 2} during s ps_sby and
switches sotlvste s trigger circuit in the _lotocom- the Leg tha_ would exist if the sources were omnl-
purer incorporated wlthln the Instrument psckagej dlrsot_onsl and with constant strenqth. This san b0
which scan_ _he third c_tave and A-wolqhted output expressed as
levels oE an IVIE I£-30A _ound level meter and third

octave snalyzsF. Ths slqnsls (up to 30 dls_rets I/3 10 IOBi/10 x i t
octave bands) are digitized and recorded in the TF' = 10 log I/H _ (Oo/R I) + K
mlctoco_putor =emery. - I0 Io_ I/N I i0 Lwl/I_ (2}

At the BaBe time, the on-_ard microphone signal
i_ _onltoted_ ampllfled, and telemetered to the where
wayslde_ where it is processed by s second IVIE
l_-30A sound level meter to yleld correapendlng IOBi - on-board _0u_d pressure level at tthe
third-octave and A-wslghLed data. The computer does t • tlw
not csoo_d the two data sets slmultaneOusly I instead_ DO • o_set dlstance Ero_ wsyelds microphone
It alternately make_ one sweep of IV_E d (wayslde) to centerllne of lane,
in about 11.5 =s r walls _or the tlmlng clock of IVIE Ri • rsdlal dlstsnce from observer to noise
2 {on-board signal) to reach its atsrtlnq poslt/on_ source,
and then makes s sweep Of theR IVIE 2 data channels. N • constant, and
Because the two IVIES are Independent end unsyn- L_i i noise level observed for way_Ide
ch¢Onlzed, the walling time is between 0 and 11.5 receiver.
am. Thls sampling wsltlnq tlms between the two
signals and the IVIE outpu_ being rms-OC-logsrlthmlo The constant K can he late[prated s_ depending on
pt£cussed signals ra_ke it impossible to use coarse- the squa[sd ratio of the on-board mlcrophone to
tlonsl ocean-spectral data p_oce_nlng techniques sou[ca dls_ance and the offset dletance _. (Here
s_ch as those described in Railer a_d Ebethardt th£or;_atlon about X i_ provided in the dlso_sslon of

I(_). On the other hand_ the logarlthmth data s_e dlreotlonallty that follO_s.) _ecsuse the actual
processed at relatlvely great speed and low cost. f_nctlosal _o_m of K cannot he set down in s slmple

When the test vehlole passes the second o_ the fotm_ It ls me_ged in the overall transfer functlonl

principal (200-ft} tapeswltohes, the date c011ectLon _, with the _esul_
stops_ the col_puter 0ore _e_ory is transferred to

dLshette_ and the system beCOmeS ready for the next 101OBI/1 opassb¥0 About 20 passbya can be sCOred on one T'F • lO log Z/N Z x (D_/R_)
_inqla-sided, nlngth-denslty floppy disk. Each peas-
by at 55 mph conslstp st about 75 complete cycles of - 10 10g l/N _ 10Lwi/z0 }3)
on-board and wayside data, with each cycle contain-
lag 67 data points. The diskettes accumulated over lie,over+ _OBl is extremely stable over a pseshy
one collection session are then generally processed run. and the second term is recognized as the pa_thy
aut(:_atlcally overnight. Leq _ SO that_

ALTEIU_ATIVZTF _R/IULATIONS _ " LOJ] " Leq - _

_our TF formulation options have been ldentif/edl _hete

_. Find the _xl_ua waygLde A-weighted level and LOB = on-bo_rd sound pressure level,
corresponding third octave levels_ and subtract thsl_ _ • difference In vehicle pesltlos from ['O_
from ths on-boa_d values for the same cycle _eep to and
obtain TP. -10 log I/H _ (D_R_) .. _ - 10 1o@ |ILl/Do I

2. Find the A-weighted and third octave levels + IL2/Dol/Sro tan ILl/Dol
for each of the (approxl_toly 75) _i=e cycles, + arc tan ILl/Doll (4}
cor¢_t them to equivalent gO-_t values, subtract
each OE these from the on-boa_d val,es for the aa_ The rlght-hand side of Equation 4 Is obtained by
eycle_ and average the corresponding differences to allOWing the sum on the left-hand side _o approach an
obtain average TY* integral In the limit of large H. For the trap dl-

3° l_thd _ (oguivalen_ sound level) for the mansions used, LI - L2 • log ft_ Do _ 50 ft, and A •
passby for the A-weighted and third octavo wayside 2.6 dB. It can be seen that Option 5 differs _rs_
data and subtract fro_ the _orrespendinq on-board Option I only by the factor _, which ls the name

Leq4to obtain Leq TFS. fo_ all runs wlth similar pavement length to offset• Find the average of the 50-ft corrected way- ratio.
side data and the on-board data, and subtract to It should be noted that the TFS as defined above
obCath an average Tt_. ace for one axle. The effect of addinq a second

identical axle Is that 3 d_ in added to the wayside
Fault wa_ fmmd with Option 1 becauss there was passby Le and nothing ls added to I_)B. (The on-bo_rdg

mUCh data In each pasthy, which _oqethe_ should be mioropho_s only sees the testiest axle because of
m_e reliable than the single data point* option 2 shielding proximity to the source.} Accordingly, the
was found usef_l for a_aly¢in_ directionality pat- resulting two-axis TY is less by 3 d_. (The actual
terns, but is more cu_4eteome than options I and 4, results a_e for a rue-axle TF.) The contributions of
Optl_ 3 hme the conceptual defect that i_ ap- two unequal axles must be found by decibel subtrac-
patently doe_ not give predictions for other wayside tics o_ the results from the homogeneous and mixed
dlmt41nces. Option 4 appears to be quite reasonable, cases. The energy contribution of aultiple axles IS
pet _t weights scarce _oLnts close to the _eaelver _lmllarly obtained by superposition.
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AVENGE TF FOR REPEATED PASSBYS ate oquel to within 0.i to 0.2 dB even for large

valu0s of sigma (2 or 3),

For each _unf the data analysis procedure used in-

volv0s generating a third octave ar_sy of wayside

Leqt of on-board _B (arlthmstlo) ave_aget and INSTASTANEOUS TFS
of the corresponding (two-axle) TF (as defined by

Zquation 3]. These runs are repeated between g and A metric of conslderablo Int0[est is the radiation

I0 times for each combination Of three coNditlons: dlrectlonallty e which reflects the influence of tlro

tlre-pave_Qnt_ speed, and olther powered engine or carcass Gonstructlon and footptln_ sllp-stlck
Idle engine (35 run_ per flee-pavement eomblnatlon), mechanls_, The pstt¢_n of the Instantaneous (tlm0-

Qu_hlon arises about which i_ the rno_t sppro- evolving) TF is therefore of Inte_0st for _he llght

prlate p_ocsdure for averaging TFS. The procedure that it might shed on this construction and this

that was flrTt choleee for slmpllclt_ and ease of mechanlsm.

error detection, wa_ to calculate the mean value Of The geometry of Figure I (n_gleotlng ground eb-

all the TFn (in a given spectral band) as well a_ sorptlen for the 50-ft wayside position) results in

the standard deviation, Any large standard devlatlon the relation between wayslde intensity Iw due to
would call attention to a suspicious run and cause s the 4 tires and on-boa_d Intensity _OB:

search for the on-board or wapslde coot of the

trouble. Obvious errors (as distinct from p_ssible Iw - I0 B x (_/R:) x K(0) (9)

random effects) could thereby be eliminated.
A_su_inq flow that the da_a contain only vails- where K(_) includes a directionality index and a

t£ons that cannot be attributed _o error o_ other- constant factor depending on the on-boa_d microphone

wlT_ discountedf considered should be overall average position (angle and distance from the on-bo_rd so_co
TF_ for ru_s _ _ 1 _o HRI defined by any one of the tire) a_ well as os the w_yeide contribotlon_ of the
following three alte_natlve formsl other tiros. For auto_0biles and va_s, it is assu_ed

that directionality will not be affected much by the

presence of 4 tires instead of 1_ for 4 identical
NR t_res if the wheelbase is small _ompa_ed with the

'_ = 1/NR _ TF¢ (5) offset distance Do - 50 ft, (Characteristics of
t mixed tires would h_ve to be determined by energy

_sbtractle_,)

NR -TFr/10 The lnstantaneo.s TF (for 4 tires) would be !

T'_ - -10 log l/NR _ lg (6)
r TP . 10 log (1/Mi) (10)

_-101o_1/_a _ 10 _0_r/lg x , , ]
r _ lo_ - 10 log (Oo/R 1) (i2)

where _i is the constant energy term that is a
NR function of time.

- I0 log 1/HR _ 10 (ELgo]/10 (7) _igure 7 shows a cep_esentatlon of the lnsLan-
t tsneoue TF plotted Versus axial distance instead of

angle.
where

NR • total nu_0er of ce_t funs t

TPr • ttansfe_ function for test run ¢, with r 40
va¢_lng from i to nr_ and

ELSO Is Leq co_rected so that the receiver appears 30. _] ............. _--_--_
to be at a constant distance of 5Q ft during the _ ..... _-- _ ....... [

patchy, _ • • o _/,_
The meaning of _quation 5 ie obvious: it is the _ ...... o ........... ,-

-7-arithmetic average already discusced previously*

Equntlon ? represents the differenc_ of the energy _ 20.
areolae8 of all of the oB-hoaCd a_er_¢s a_d th_ '_ 10B3d_la-B,8dBA

wayside _L50 values. Thus, _iven an on-board read-

ing, a most probable wayside prediction can be made.
Equation 6 _ep_ese_¢s a_ average of the enstgy ratios

of IOB and lw¢: 10.

1O • (_wt x 1G_/iO)/zO B x (I/_R) _ 10
r

I I l I I

• 10-_/10 • (Zwt/IQB) 10_/10 T1 T2 T4 TG TTB T9
TJ_e Typ_

where Z_ is the lntenel_ at the wayside reGelve_ Nole: Tire deflniliOOl-T] • bial rib, T2 _ biel _ud and inow, T4 • _1]
and InS l_ the on-board i_tenelty, The _e_n T_ weatherfadi_l, TB.red_alrih, TT_.fad;llm_dandtnow, Tg"radialdb.
follow_ h_ taking lobar lthms, Symbol def[n_lloll_-_ - ;_83 data, _ " t084 data,

Although l_:_uatlon_ 5, 6_ and 7 appear to be _ulte
different_ the numeric.1 values of the _o_ultin9 TP I:IGUIIE7 hl.lanlsnee.,trsnfferf.n,din, ve_._nxlaldlslance.
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PINDZNG_ T_. TS"C. TE, - P_

D=O
Zalt|al Heasutemenb Reault6

3_ ,¸ , • _;

C0mputation_ of the A-weighted TF fQr auto_bilet _,_ -_,.
l_ght-truek_ and he_vy-trgek tirea were carr_0d o_t _ _1
_or many t_re p_vement aete during spring, sun_e_,

_nd fall 1983_ The autbor_ were surprised and d_s_ _ I_ _
pelnted to find large _preada o_ abeu_ _ _o _ _ _n _ _1_
_he _ _a_ la_e _e_d_ _e_ _nd |_ _he

_n_bea_d a_d _a_s_de _ead_ I _l_ littl_ _re_ _
re_e_ _r tbe d|_e_n_e _ _beard _eve_ e_

t|r_ (_b_h _e_ e_pe_te_ to be _1 and _l_h _ _ I _ I_ _ _ _'_" I _ _'_
e_ldy _ee_eeted _e_e_a_ e_ _b_ _|_ _an_|_e_
_n_ bypo_he_es _e_ _p_ere_ I _ _he e_e_t _ _ _
_t_o_ d_e_a_|ty _t_ern_ t_ L_e _pee_al _0u_b_

_e_ Ihar_ne_ e_ _o_ _ t_e _bher _p_t|_n_° _ _° _ _ _

_at_r _e_e_ea_ he_ _ _ _ _

_n_ _t_te_ l_ a_d ea_ _p_l_ _d_ _he

t_e_ _er_ al_ _t_e_ _ a tr_b _er_ they e_e_l_ _ _

e_ee_ _a_y _n|_t _b_ l_ _per_t_e a_d _ _ _ • _ _b_ty_ I_h_ _a_ _ _0n_ra_ _ _dn_ l_ _hen

e_es_ t_e_ _ed _be l_to_y te tbe p_|_ o_ • _ _ • _ _ _ •
_a_ib_tt_ _e _o_ me _be _r_ ra_n_ e_ed I
tbe _es_l_at_ _oce_ed _ tbe e_e_t _ t_e _
n_ _t_l_ by _epe_tl_ Lb_ a_t_eb_l_

b_re _n_b_a_d_a_s_de te_t p_oeed_re _ub _th tbe _ •|_ _ _,_ _ _,_ _ _|__opbo_ _n _bree _e_e_t po_tt_ne_ _e_e_ _ _ _ _ _ _
e_ve_¥ beh_d b_ t|_ la_ be_l_ a_ _ de_e_ _ _
Ib_y _t_ tbe _h_ a_ a_d _b_ pre_ue

t_ po_t|_l_ a_ a_ _ _d_re_ _oelt_ on _l_ _ _ - _
tb__h_ a_ _

_ _a_ _e_bat _ln_ to _nd _bat tb_ o_ _ _ _ _ _
bo_d _pbe_e _ea_s cbas_ _b a_a_ pos_ • • _
t_n _ at _t _ _ leee _ _e_ _o_ l_ _a_ _ _ • _

_ltn_ to _ tb_ _be _P_ _ each _ _b_ _¢_ ÷ _ _ _
pb_ne pes_t_e_ now _ed a _ht I_ _1 _l_te_ _ _ _ _
• t a _alue _d_t_a_ h_ _hat e_ _be tl_e tba_ _ad i_ _ •
p_y be_ _n_|d_ed _e b_ _o_t _n_b_e_ _ • •
_po_ t_at_on_ _t _a_ _eu_d b_ t_e tlre _e_ _ _ _ _ _ _
|_ _a_n bad bee_ t_e _nly _e _u_ha_ed d_y_
lte _app_ _ _ld _d _ded_ _d _s appar_n_ _

with tboae mE the other tLreB that had motived hot _ 31 50 _0 1600 _4_o 6309

from the manufacturers' baking ovens, (The Btceng FRE_. ,H_>

o_oc of tubber bad been evident to anyone passing I"iGI]IH_IJ On.lmard/wn)'Jhlens._tlrennenl_lsken _illl

near the laboratmry.) en.l_)ar(hll[nrold,meah,,r).in_a,gleJ.
Conversatlo_B with polymo: che_lstB and pel_er

eng|neer_ aC the Polyte0hnlc Institute _f New York
_nd then with people at tire companle_ verl£ied _he
hypothes_s that aqinq _o: I year would produce large
ohange_ In the physical propmrt_ea o_ rubber ticem_ 'I'AIILI_ I SnmnlaryefOh,e_'ed Wa)'_hleand (b_.lh),nl Im_el_
ande |ndeed. that so_o operators Of heavy equipment for |903 Me_mn_ne!nt_vermt_ 1_114 Meamrelnenl| at 55 nlph
_0gut_rdy _ged thei: of_-the-ro_d tires to ¢0ughen (_lll)'
the_ _or the hard UBag_ that Was a_tl_p_t_d,

Examination of the data for bach _0r|0ds :evoalod 1_3 Ig_4
that the change In the TPs was due to a cha_e In

the On-bO_rd A'w_ghted level with relatively small ")ireTyp¢ Wayside I).l)oar_ W.ysi_)¢ [Inllo.r_l
(le_ th_n 2 dBA} changes _n the wayside A-weighted IH_sdh 70._; '}7.1 72,1 I02,8
level) a_ can be _een in Table 1. (Note that al_ O_ I;bim.daIId_.ow 73.3 96+5 74.h 104,J

the runs show_ _ Table 1 were tested o_ tb_ pave- ,_ll_eatherladid 6';.6 93.7 71.3 100,_)
_mdiulrib 7_,4 96, ] 6_,tl q_,6

_ent typ_ 92e den_e _ad_d _eph_lt overlay*) Further = l(adJalmedandmuw 1_1.4 _,0 70,4 I00,6
_ote_ m _ene#al :tockwise rotatlo_ of the _peotral Radialnh 70,1 ]()O.I 70.1 IOO.I
_urve abo_t the _|ddle of the :a_ge {l_0OO HZ) was
observ@d bavin_ the effe_t o_ l_c_ea_lng the 10_
_coq0enoles_ de:re_81n_ the high frequen:les_ and

leavln9 the A-wolqhted _um telat_veZy unaffected,

Flgute 9 _how_ a typgoal example of thls bohavloc.
The no_ A-weigbbed wa_eide and TF val_e5 for the Table 2. Note that for each vehicle odas_ the_e is a

auton_blle and van tires tested at0 given in Table 2. well-defined ran_e o_ TFa that var_ only slightly
f:o_ p_ve_ont tO pAve_eBt,

flOWeVere there i_ a slg_|flcant variation of the

Transfer _unoClons TF _rom one vehicle :la_s to another, The largest

A pa:t|al seminary o_ the results to dale of TFS for values are _ound for a_tomohllesl v_dues for vane
v_riooa t_re typeB and revere1 pove_ent_ !_ given in ra_k next a_d tho0e fo: truok_ are lowest. Thole
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55C. Tg. P2 _-N. Note that the full range of available aub_raobile

tires wore tested on one of the test pavements to be

95o2I __ _ absolutslY[eeslteocertain of the validity of the bounded TF

90 TO further validate the conclusions of tightly

B_'; bounded variation, a subset of pavsmentlt and tires
was chosen to represent the available tangs of pave-

t_ _ month and ttre_. _hl= nsed fo_ Limiting the author

• I I,Ilfllftnl7_ . of t|te-pavement OaSSl was a con_squancQ of the
inability of using the initial, e/ten'lye _easute-

7(_' meats from the uncured tires* The overaU reliability

6_ ............. of these TFa Is confirmed by the inner consistency
_(_(_ 31_ _0{_ 8Ga _60G _ of the data.

FREQ" (H_) Pufther reason got confidence it1 the data Is the
(riONDOAnD reproducibility of tile individual on-b_rd and way-

_lds data f_om which the CPa are deduced. _pical

._0 EL_£1 f_rC. TE,,p2 _:_-M, dl_a OUtl:_Jt_ are _lvert in Table_ 3e gl and g for

65 ros_ctively. These tables ate for a _eriss of pas_-
bye a_d coaatbys of a mingle tire-pavement combina-

_(_ tlo_ at two speed_. Data are output in third octave

_55' bands as Well a_ A-weiqhted _evel_. Note that the

4_'. one of the lmpertant applications of the _oregoing
(_ results is the revokable facility with which It is

FREO. (HN) possible to make reliable Wayside prediotions for

/blWAY_IDE le_e_d va_louJ; tire-pavement comblnatl0n_ by using the
on-board ove_-ths-roAd _ssstlt_nt sylstem° I_ roa-

m ]gB4 sorties with the research effort e It was _osslble to
-- Igg3 colleot an elt_lll_IVe _Ire-psve_1_snt _o_a dat_ base°

FIGUItF, 9 Cotnp_r_onof lg_3a.d lgglme_t_ement_of Table 6 shows a typical sampling from that data base
itllomobilelJrt_li0ll01ewl_, for a _ubset of _he tirs_ and pavemenh_ measured. It

can be seen in the table that there l_ a range of
AbOUt 6 to 8 dBA from the quietest to the loudest

combinations enc0unte_ed. Such a data base WOuld be

of ValUe for predicting the tira-paver_enh _otss
TAIILE2 Sunlm_of'l'yplcal component to be anticipated by the particular mix in

Tfan|fer Flmctlmtt a cJiven region and for assesalnq reasonable p_vement
ch_lce_,

T[II[II[_
Tinl Tyl_ FuJl¢l _o_

Automobile CONCLUSIONS

DiHtlb 30.8 Th_ following conclusions can be dta_fi f¢c_ the
]hi| _lgd la_ |Sow 29.7
All weaII;ef _ldJl[ 29.4 gO_egoing dl_cU_sl°nl
Radial hb !9.11
Na_i_lulud_qd_toW 3D.2 [* _syglde COmp_te_lg_d daUa ACqUisitiOn all_s
Radldmudlndlsow 29.3 _re_t flexibility in application of and in chOOSing

R_dbldb 30.0 varletle_ of data interpretation°

2, On-boa_d methods allow acquisition of tl_e-VaS
pavement noise data bases at mlnlml cost,

Bia|mudand|now 2L3 3* TFS we[e found to be aniqus for each vehicle
_l_lfib 2iS type and are therefore appropriate fO_ mea_luremenc

B_a_db 24.6 pl:ogtsm_, _ellabillty is equivalent Lo that of
Rzdla[ rib 24._ eXishlng standard wa_l_lde lell3urelm_nt methods A_

ordiaar ily e[_loyed,

dlffsrsnces appear tesBoflable for the following ACKNON_DG_N_
reaa_al

The re,earth repotted on herein Is being conducted

• The fts_tional oont_lb_tion of the on-board under FII_A_ U.N• Oepa[t_nt of _£ana_ottshlon ooR-
measured ti_e to the total level measured at the tract _Tire-Pavsment Noise A_aessme_t PzCCedure _

wayside decrel_es for the van and truck because of with 1"fed Pomano a_ technical _nito_, and has _ne-
the increased visibility ot the tl_e_ on the'opposite fited f_om comments _eceived from the various tire
a_de of the vehicle. _anufactul:srse including Firestone, Genefsl_ Good-

* in addition to the affect of increased vlsi- [lohe and Goodyear, The autho_ with to acknowledge

blllt¥# the tr_ck al_o has _oce tires, the input of many others associated with the de_lqn

• "1"0 _l_t_l_ ¢esBOnab|e and ea_e geoletrlc and implementation of tile ¢essarch £eportsd oft |lste_

conflgorstlo n of _he _lclophon_ an d tire e th _ dis. including personnel of domestic tire amnufsct_rer_°
tance f_om the _lcrophone to the tl¢e patch trailing _peCial thanks arl expressed to Loyal C_G_ Pah£ick
sdge ln_¢eases f[oI auto_obiie to VAn tO truck, llArl_eyt _smst] GOOrl e and Co_rad NOBBJ_ for thel_ so-
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TAIII_E 3 Summm%s of M.Itiple Data Hun* fe/t On-llo_ud Levela

T©st Run No. {dB)
I/30ctaw Avll of
BJn_ CC2 CC3 CC4 CC5 Tuft Runs SilmA

200 IIZ ;]6.7 BT,_ H7,3 87,4 87,3 ,43
250 IIZ 8$,4 K_.6 85,6 85.9 85.6 .18
3]5 FIZ 85,7 _6 86,9 86.4 _6,3 ,45
400 IlZ BS,2 _6.2 8S.2 84.9 85,4 ,49
500 IIZ ;_8,4 _8,$ 88.1 8_,7 8H.4 .22
630 II Z 94, [ 94,B 94.2 93.9 94,3 ,34
800 IIZ 9._ 91.7 91,7 9L2 91,7 .29
I K 92`2 92,$ 91,9 92,4 q2,3 .23
1.25 K 9J 97,7 98.2 98,2 98 .2
1.6 K 97,7 97.5 97.9 97.3 97,6 .22
2 K 95,4 94.B 95.6 P4.7 q$,l .38
2,5 K 90.4 9O.S 90.8 90.4 90.5 ._6
3.15 K 86,5 _6,4 86,$ 86,4 _6,5 ,05
4 K 8 L8 81,6 _1.7 B1.6 8L7 .0_
$ K 76,5 76,3 76.5 76,3 76.4 ,1
6,3 K 72`9 72.8 72,9 72,9 72.9 .04
A-W* 104,3 104,1 104,4 104,1 104.2 .13

Nail: T,iI run* _;_rl mi,JaO,1May q 19B4,mini wlhl¢lll with Ibl I_p_ [ {bll,i rib) _ 2 {hill
m_d *n_*mQw_*V'thk al w0r# it *v*lllP_li l| m_h.

i
TAHI,E 4 80m_ o[ Mulll_de Dill It un_ for Way*ide I_ve h

Tetl Run No.(dO)
1/3 Octave AVllaf
Bind CC2 CC3 CC4 CC_ Trit Rum $_lml

200 HZ 63,2 6_$ 63,6 62.6 63 ,45
_i 250 IfZ 62,6 62.2 62.7 61.9 62.4 ,32

115 IJZ 60.6 6J,I 6_.6 bO 60.6 .39
400 IIZ 57,_ $7.6 $7,1 57 t 57.$ .2S
$oo IIZ 59.2 5E.4 19,6 59.3 59.1 .44
630 IlZ 64,2 61,7 64,7 63.9 N,I .31

i BOOIIZ 6_,2 65.3 65.2 64.9 65,2 *15
I X 65.4 65,7 61.2 6S,2 6S.4 .2
1,25K 6B 67,7 67.8 67.6 67.8 ,1_

' 1,6 K 67,3 66J 67 66.7 67 .23
2K 63.3 63,2 63.6 63,3 63.4 .15
2.5 K 60.'/ 60,ll 60,E bo,4 60,7 .16
3.15 K :$8.2 57,8 $1S.I $7,8 58 ,HI
4 K 55.9 $4,4 _5,4 $5.3 55.3 ,$4
SK 53.9 52,4 _3,4 $3,1 53.2 ,54
6,3K 51,6 50.2 51.1 50.7 $0.9 ,$1
A.W* 74.7 74,S 74.6 74.4 74,6 ,I I

NeI|I T*lt tur;s ws/i mtd_ u_ M|¥ _* Ill4, t_| _¢;lldll _4ih tim [_F_I _ {hilt aib) end| (_M
¢r_dIm_lM [*W)*V_lZl¢lll_,_m,_,|aMim|l_ s$ mpb,

TAflL£ 5 &'_m_ ot MulUId# Dnl# Rm_s f_ Tm_dcr Function Lo_H_

T¢_ Run No. (diD)
I/30ctl_m A_ of
_u,d . _2 CC3 CC4 _ _*1R_ms $JZ_n

_00 IIZ 23.$ 25.4 23.7 24.8 24.4 .7a
_011Z 22.B 23.4 2Z9 _4 23.3 .48

' _15 llZ 25.] 24.9 26.3 26.4 25.7 .68
400 IIZ 27.4 2&6 2B.I 27.4 27.9 .$1
_00 IIZ 29.2 30.1 2&5 29.4 29.3 .$7
6301[Z 29.9 31.1 29._ Jo 30.1 .S9
_00 IIZ 26._ 26.4 26.$ _6.3 26.5 .19
I K 26._ 26.8 2_7 27.2 26.9 .;9
1.25 K 30 30 30.4 3_.6 3_2 .26
1.6K 30*4 30.7 30.9 30.6 30.7 .IB
2K 32.1 31.6 32 31.4 31.B .29
2._ K 29.7 29.7 30 30 29.g .15
3.15K 2_.3 28.6 28.4 28.6 2B.5 .13
4 K 25.9 27.2 26.3 26.3 26.4 .48

K 22.6 23.9 23.1 23.2 23.2 .46
¢3K 21.3 22.6 21.8 2Z2 22 .4B
A-W* 2_.6 29.6 29.8 29.7 29.7 .08

N_II: TI_ ._m mrs mld_ c._ M*y_. 1_. _m| _ldq wtttut_ ffm I _blmrJb) Md _d_i_
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TAIH.I_ 6 Typics] Oun.lh)ard Nol_e I_relg (d[$A) (or Varin,s national Tire Noise ConEerence. Stookholm.

11re-J'_Yemell! CX)lldllrzsLtJolll Sweden, 198(],

7, R,P* Miller and D.B. Thrasher* Passby Tire/
PaV¢lS¢fll Mypes Pavemon_ Interaction Noise Measurement Prob-

lems, SAE illghwsy Tire Noise Sy_poslUm Proceed-

PI I'._ ]'3 P4 logs. SAE Report p-70. san Pranolsoof 1976, pp.Tire Typ_ [I'CC) (IX;A) (D(;AO) (O(;A)
81-87.

Bia_r_h I02, I) _o,9 9%3 'JK+4 B, D,G. Andersone T, Benoheaw and P+E. Ma_yJa,
lUa_nlsdandi..w toz,4 101,4 I00.6 lO].9 P,ound Robin Testing with SAE JS7a. SAE }t|ghway

AI]wealhcrr_dbl ]O0,0 9H,_ 'JN,i_ gS.e Tire Noise Symposi%tm Proceedings. SAE Report
KmllaI IJb I01.4 gB,q g9.7 q 7,4
Ra(ii_lnludandsnow ]OO.7 iO0.4 iUO.g qg.4 P-?D. San Franoleoo_ 1976 e pp. 69-100.
I{_dlalrlh ]004 g_,7 ')9.4 07,g h, K, Plotkifl, Investigation o( the Truck Tire
}]ialml*dand ii$ow 97.I I]5,6 96,4 91] Vibration Bound Mechanism. Wyle Lobsw J_ly 1979.
Binsrth gN.D 95.8 96.2 94.6 i0. W.P. Relier and A.C. Eberhardt. The Selatlon-

_lalr{h g5'4 95'5 g4'4 940 ship Between Truck Ti_e Vibration Zlnd Near and
Radialrth 99,2 9_,4 g6.4 94.4 Far Field Sound Levels. BAr Highway Tire NOiSe
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An Application of Artificial Intelligence in

Highway Noise Analysis

IIO_WI'_I,L A. IIAIIIIIS, LOUIS F. COLIN, ..ql WILLIAM II()WI,IIY

ABST_CT

The hlghw_y nO_ss abatemsnc pro_rsm in tho United Sta_eB IB still _n the dsvel-

oplnental stags , which 18 demonstrnted by only 29 s_ates havln_ Constructed one

OE more Rolse ba[rler_ to dnte, Explored in Lh_ paper is a method o_ maklng

the expertise i_ highway n01Be snaiy_Is and ccnt_o_ _ily accesslbl_ to hlgh-

way n01se analysts° Thi_ celatively new sotIvity in _tifi¢lal in_elllgsnce is

known as an sxps_t _y_tem* A gensrnl di_cusslon of _xpe_t _ystem_ is pre_snted_

_ollOwsd by a _iscussion of _ sps01fi_ p[ototypo _y_om currently unds_ _0v_1-

op_en_ at VanCe[hilt Unlve_Ity,

Efforts to mltiqate highway Oolse impacts are still of artlflclal intelligence (AI), The mechanism by

in the developmental stag0 In thl_ country (_). which this concept is be0o_in_ a reality in known a_

Afte_ mot@ than a _ecade of federal involvement and _he exper_ system (_), A _ens_al dlsouBslon o_ ex-
Ch_ _on_t[uctlon o_ more th_ 200 linear miles of ps_t sys_e_ will be presented in LhiB papers fol-

noi_e barri_rs_ only 29 _tatse have ¢ona_ucte_ rno[e l_wed b_ a di_oussion of a p_ototyp_ expert _ystem_

_h_n one _o|Be ba_le[ (_). Moreovere it wa_ _oLsd C}IINA-I [Computerized llIgbway No|so An_lyst)_ cu_-

i_ a 1980 _epo[t by the National Ccop_ratlve Highway _ently Under development hy the Tr_nsport_tlon Re-

Re_earch Prog_a_ that 85 percent of the almost 190 sea[oh Group at Vandsrbil_ Unlve[Ni_y° Pinally¢ the
llnea_ miles Of har[le_ had be_n co_str_0ted in utility of th_ p_ototyps s_stem wi_ be demonstrated

only 9 s_ate_, with 49 ps[oent in only 1 _tats, by u_Ing _n s_ample p_ohlem.

California (3_), H0wover_ a_ _he concept of ;altlgat-

in_ highway noise impacts becomes mo_0 fully Into- EXPE_TSYSTBM5

g[_te_ In_O th_ proJec_ developmen_ p_o_ess I it can

be expected that m_ny more _ta_es will develop bar- An sxp_t _y_tem nay be defined _B _n _ntelllgsnt

rle_ construction p_ogra_s, computs_ prog¢_m that uso_ knowledge a_d inference

Aft_ _ highway _oi_e Impa_t has been Identifle_ p_sd.reB _o _olvQ complex problems that are _If-

in accordance w_th F_A_ U,S_ Department of _[ans- ficult enough to require significant hum_0 expe_tlse,

por_atlon _egulatlsn_ {_)_ the soles analyst mu_t _oth the kn0wled_s _d Inference p_ooed_re_ may b0

_e_iously ¢o_81de_ mlti_tlon measure_, InfO_ti0n Viewed as a_0_el Of _ha e_pe_tiss of bo_n exp_t_
_howl_ b_ gathered from ma_y dlff_snt source_ and i_ thsi_ field (5},
then _te_atsd _h_0_gh a serle_ of ms_hsmati¢_l a_d The sxps_t system i_ typically m_s up Of three

ph_sloal s_ep_ to form a basle from whioh to recom- £rlma_y oomponent_ lees _Igure i (_)]:
men_ aba_e_en_ alte_atlves to admlniBt_ato_e in the

highway a_eno_, _uoh o_ thi_ In_ormatLon i_ _t_a_ght- ° A k_owle_e ba_ conLalslsg the do_aln-_p0-

forward _nd available from convenient sou¢o_; fo_ _Iflc f_ot_ and heur_tlc_ associated with _ par-

example# horizontal and ve_tlcnl al|gn_ent o_ the _Icular field

roa_w_ _y al_sady have been _e_mlne_ an_ be A _ula Intsrp_ete_ o_ Inference _nglnew _hst

av_i_able f_om the appropriate design office, flow- _an _tlllzs the knowlsdqs ba_s in the _o1_tlon o_ a

eve_ othe_ infor_p_tlon is Iss_ evident and nmy problem
_equi_@ _p_clal knowledge or Ln_Ight; _o_ example e * A glob_l data base I o_ work spaoew that main-

the co_rldo_ _der daveloplnent m_y he in the vicinity taln_ _he s_atus an_ i_put dat_ fo_ _he current

of an upoomlng zoning _o_Ifi0_tlon that may signifi- p_oblsm.
oan_ly alte_ exi_t|ng lan_ us_, Unless _he ana2yst

I_ _hle CO ¢onsi_ su0h _n sventualiCy_ a sele0t_d Each of the_s _omponent_ w_ll be di_cusss_ f._ther,
noi_@ abatement m_asurem_y b_come in_pprop_iate_ The know2sdqQ basQ of a_ expert system i_ _de up

After the noi_u _n_ly_i_ ha_ bean oomplets_ t of two ty_es of knowledqe: facts and heu_istlos.

the_s is _ik_ly _o be an _ay of abatement options Fa0ts conslst Of general knowledge that In01udes the

f_o_ whloh to ohoos_, TO _o_vi_0e th_ decision _ksr published def_nitions and theorlss found in the
that a_ abatement melsu_e i_ co, t-effective and textbooks and _efs_snoes w_thin the _omsln of _tudy.

nece_sar_ _t is essential Chat the annlys_ be _ble I[oweverl expertise in a specialty usua_ly involv0_

to assign a prloriLy _o_ all of the options in a knOWledge that is no_ |n the pobllshed literature.

oor_so_ and consistent manner, Without this abilltye This prlv_te knowledge oon_i_t_ of _ulo_ o_ thumb

it is possible that an agency will oltber _ake the t_at oha_actsrlze expe_-l_qs_ decision maklng _nd

wron_ declares Or no ds0_lon at a_l. had become koow0 _s heurletice (5), Fo_ exampls_ the

TO _leviate this problem w the analyst must b8 e_pe_t in highway noise known- that line-of-sight

ahl_ to u_s the expertise of oth_r professional_ in break with t_uok exhau_t_ will Imp_oqe _he psrcep-

the fi_Id, flow c_n this be ncc0mpli_hed most e_fl- t_on Of bs_ler pe_fo_mancel _s_a_di_s of p_edio-

oisntly? M_ki_ expe_tlse _rom a dom_in-speclflc tio_ results, Th_, he l_y_ as a isle Of thumb, make

aces Wi_ely _v_il_ble a_d ths_ easily acce_sln_ that certain that such llneB of si_h_ _re blokes whets

expsctise i_ a _l_tlvsly new _ctIvity in t_ field necessary,
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The _ule iate£pfetere Or inference engine, may be not very familiar with conventional pr_ramIng tech-
deBc_ibed as a type of reasoning sethsnieun that is niques. In a conventional program, the data relative
capable of applying the heuristics or rules in the to a given problem and the lethods of utilizing that
hnovledge bass to the facts about a speoIfic problem data ate intertwined so that it Ls often difficult
15e7). The perfmtmmce of an expert, system Is ptl- to change the prcgram. On the other hand, as expe[t

msrlly a f_nctlon of the size and quality of its syntem is usually characterised by a clear sap*re-
knowledge bsssw not of its particulaz inference tlon of general knowledge_ Information about a spa-
engine. Several inference engines are available as cilia problem, and the method of applying the general
akelethl structures that may he medifled to fit the knovledse to the pzoblem. The pzo_zae| Itself th only
specific needs of s new system (_S,_8,_9) . AB an option, an interpreter and the nyatem can be easily modified
th8 engine could be constzu¢_ed from scratch by by adding o_ subtracting _ulss to the knowledge
UsinS O_le of the _tandsrd Af pzo_ra_lng languages, b6se. Thus, the expert spat*It is not static; rathe[e

The final u_ot component of an expe_h system la It can be said thst _t learns,
the global data base, at work space, This is a york- The task of gathering kn_ledge and ansemblim] it
ins merry that contains infotution that caller- In program form Is referred to as knowledge acquisi-
tively descttbeB the specific problem and maintains tion (5_). Because the perforlance of the expert
a current assessment of that ptbole_, system Is dependent on the cOmPleteness of the

The com_Jtet langua9a LISP (LISt pro©easing) is knowledge base, this task 1_ key to the development
chosen for _os_ work i_ AI because of _ts ability _o of an acceptable aye_em. Sources of kn_le_e in-
easily manl_lats elfish©Is (5). A p[og_sm writtefl in elude human expeftse text_ooka_ Journal attiolee_
_IgP US@SS__l_OlID e_res alOns to beork with dsha and dst_ haaes_ and personal experience, llecauee knmel-
procedures, Just aa humans work with pencil_ paper, edge acquisition in an It*retire p[o_ess, c_It_enh
and words (1_o A symbol m_nlpulatlon proqtam ls from an axtioulate expe_t Is impa_tant. Ih Is oleo
able _o zeccqnize se_Lnin sFebolic expressions, tear imlx)ttnnt that the espe[h system builder he skilled
old ones apart_ and assemble new ones, Fo_ exe_ple_ in the inte_zogatlon of the expert to effectivel_
it c_n £nte_prot a convezsational _ngllsh queshlmn assemble the kn_ledge base. Feedback fro_ the ex-
froA s U_a_ by haatll_g the sentence ape[_ Gad _ec_q- pa¢_ _bo_t the pefforsmn_e of the IlysteB cacti tl_ a
nlz_ng pied*fined technical terma_ pronouns, or rule in mod_fied_ add*de or subtracted Is s_ential.
e_non_rma. AS more and more heuei_tic_ arm added to the kno_l-

Zn L_P# the funotlon to be performed Is always edSe base e the aysto_ will approach (s_d possibly
given fixate follo_ed by the data with which the exceed) the competence of a hue_n expe_t _).
function Is to _ork* These data ere knOWn as the Because of the size and complexity of this k_l-
arguments of the function. In the example belch, the edge base, the development of a prototyp_ is an
functlan g_l_ assigns to the expression V_D_ILT impatient first s_ep in ccnsizucting an elpett, sya-
the value of the list (^ gOLeflrfd_lqUNIVg_SIq_f). _em. Thin ptototFpe ls deslo_ed to sdd_enl_ a sttb-

problem within the overall problem aces, Th[_gh
(d_L_VAND_LIIL_ *(A dOUT_BIOIUNIV_IL_ITY)) experimentation and tevIaiona e the proU_ty_m will

bec_e the mo_el from which the _£n_l el?erh system
In _esponse to the user typing the expression will be oonetructhdo The reminder of this paper
_V_D]_ILT_, a co_piled LI_P envl_onmen¢ will csply will focus on the prototype aysteB e CUI_A-I_ _u[-
with the liar "A 50UTID_N UNXVI_'_X'I_** Likewise, in ren_ly under develop*ant at Vends[hilt Usive_aity.
a LfSP pr_tame any tim the expression _VMrD_P_ILT_
is enfant*red# the ll_t *A _OUTgF_I UNZVKRSITY_
will be returned, ^ list is defined as an expression CIIIHA-I

enclosed by p_rentheso_, The Indlvldu_l pieces of
that ltht sre known aa slelnts* _n the example _ush CI[I_-I le w_itten in oof LIdP 1(_.) and Is ln_ballod
givens *A _ U_IVU_ITY _ Is e list end each on the Vande[bllt University _e_y_te_ lOSS I_in-
word 1_ an element o_ thsh limb* ffe_e co_puter. Access to C_lt_-I tB tht0_oh a _ac_o

The exparh system differs from conventionsl cam- fnthrpteted Command (NIC) file (1_.
purer programs I11 save:el wayn (8_. _c_use both CfllHA-I Is desisned to first _la_slfy hlg_oy
funrtlon_ and det_ w_ltten in LISP have the _ame noise-related Impacts based on saluting end _utu_e
form, the nyJtem gin be rote easily modified by _aecs heine levelf, suPplied by the user* ThL_ heuristim la
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based on pa_t exper|enco o£ the authoc_ and others Tt is sna_med tha_ the user h_e an idea about

(l_]t_ and is tneant to illustrate the ua_ o_ _hat the existing a_d future no_e _eve_ ere at the
hQg_lstics in this context. Then. reading a _[ls recep_o_ of Interest. CEIINA-1 use_ this lnEormation
produced by a _dlZled version o_ (_PTI_t CIII_A-I in de_e_mlning the degree of impact _or a _lvon
l_entl_los those bar_ier _sg_nts ov_ which the receive_. _ftor _n_tia_y decid_n_ not to _loct the

r_ximu_n o_ rninl_u_ 5oun_ energy is p_sinqw an_ bar[le_ design fuatt_r_l _h_ U_er _n_uts th_ d_t= to
rn_k_s _econ_nond_tions on how the ba_ler t_ay ha the work Bp_CO through ro_pon_e to _e next _wo
t_o_l_led to best _ach th_ design goals specified by guestl_a= asked by _ho p_ogra_. Any _l_e the uae_
the user. 1[o_ s use_ m_ght utilize CflI_A-] o_ a wants _o e_d the see_lonw he only h_s _o type _¥_1

h_othetlc_l problem is described in det_£1 in the C]IIN&-I then requests ¢_e u_o[ _o _lans£fy the
followln_ paragraphs, lan_ use at _h_ 81to _hat Is unde¢ _tud_. As mon-

A £undamsNtsl question in _ny h_ghway nol_a _nsZ = tiered earlJe_ abatement strategy can be influenced
ys_s l_ _hetho_ _n lmpac_ a_tually exists. Th_ a_swet by l_n_-usa t_per bu_ for the purpose _f the prot£)-
to thin question often dJctate_ the t_pe o_ abate- type mo_ol only slngZo-_amll_ residences w_l he

,tent considered, o¢ _ws_ as lmport_n_. _ any con- considered. The user is allowed to sol0c_ between
_deration _11_ he 9ivan _o _ed_c_n_ h_ghwa_ _ol_0 res_ent_al _n_ publ|¢ _and use only to der_on_tr_te
levels. CHI_A-I wa_ p_ogra_ed _o psr_rm _h_s t_sk the _easibllt_y oZ ap_lons _t th|s point. _ the
ba_ed on critetl_ established by the use_ and lllus- lsnd-u_e type _s ml_spe]_ed t CIIIN_I asks _he user
t_tos how the knowled9e ba_e can be easily _x_d_- to che_k the _ell_g_

£Le_. Only exterio_ _ctivit_ fo_ slngle-_In_y _en_- The design c_lte_on u_ed _n cla_£yin9 the
dances will be con_ldere_ in thl_ p_ototype _stem. noiso-_elated _act l_ displayed next I and _he g_er
Ho_eve_ this _en_u_e will _de_uately _e_ons_ate J_ give_ the option oE changing l_. I_ t_e cr_teti_n
_he _eas_blli_y of exp_ndin9 the ha,it ¢oncep_ o_ is _han90df the ne_ level _s dispZa_ed _o verlf_
bwll_l_g _h a m_d_l, that the change wa_ as the use_ _anted. Th_n_

Zn ma_n9 _h_ impac_ d_te_minat_on_ federal CIIZNA-1 rep_t_ the land-use type b_ln_ cons£doredl
tegulat_on_ tequir_ that an approach tha_ consldet_ again to verify _t l_ s_ th_ use_ intended _ _o be.
_h_olut_ no_se leveler _s wel_ as the increase ove_ CBIN_-Z _ow h_ enough ln_orrnation t_ rank the
exist_n_ noise level_ be ut_ll=ed I_° _ numhe_ o_ noise-[elated _mpa¢_. For the purpose o_ demons_t-
p_ccedu_es a_e available that _eco_u_end w_ye to _ng _he p_ototype _odel I a m_n_ is provided at this

ad_re_s this requirement (13r_. A method has _een llo_nt_ l_stin_ the options available. The user may
_ev_ed _o_ CllI_-I _hat w11_ cl,_sify noise-related select the option he desires by asking CIIIN_-I the
ltnp_s as nonew _r_de¢_te_ or _avs_ew on the b_ls question In concise _onve_sation_l English. zf
of t_o rules. Coas_d_ed in the first _le Is the CEINA-_ does not recognl=e the _oque_t a_ statedf l_
d_e_nce between the p_edicted noise level and a will ask the u_er to rephras_ the question. C}]II_A-1

_¢lte_on level built into _he _o_elt th_ tr_te_o_ is dest_ned to _ecogn_e a us_r_s question in several
_evel _s dis_l_yed early in the pt_ces_ _nd the gs_ dl_fo_e_ ways. Per _xample_ to find out the deg_e_
is given the opportunity _o chan_e l_ Can_lde_ed in o_ lt_pa_t _t a particular roceptorr the u_er t_ay
th_ Second rule _s the a_ount o_ increase between _itnply type "CLASSIFY ZMPACT"w o_ he may u_e "RANK_
ex_ting _nd predicted _ol_e l_vels. Figure 2 _hOW8 _t "RATE" _ synonyms _or classify. CIIINA_I look_
the r_sult_n_ matrix oZ impact zones, fo_ ¢artal_ k_y word_ _uch a_ "B_RRI_ DESIGN_

To _llustta_e the use o_ this _to_ot_pe s_stem which may be contained In any order within _he

and the _n_ept of usin_ expe_t systems in I;his _e_.tQ questiclii.
a_ea_ _n late[action _lth C_IIN_-_ is des_[lbod in _ecause the noise bar_le_ l_ _he most common

the tollow_ng paragraphs° In conjunction with the _ethod a_ nel_ abatement in this country (3)t i_
na_a_lve_ the reader's _ttentio_ l_ also directed _as decided _hat a p_tmary Zunction of an exp_r_
to Figure 3f which l_esonts th_ actual session with _s_em in this _om_ln _heuld be the acoustic design
CHINA°I_ OZ these et_uc_r_° The _ser may access this fea-

ture in two wa_sl b_ _oin9 d_ectly to the barrier
design feature at the be_lnning o_ the p_o_am I hy-
_a_sin_ the lmp_¢_ claBsifica_lont or b_ p_oceedin_

through _he impact cla_slZlca_lon_
I_ At _his point. C]II_-I notifies _he user that he

must have already _un the FOETRAN p_o_ram6 STM_IRA
2.0/OI_I_ (1_ _TAHZ_A Is the basic t_oi _or cal-

_i! _! !!! culatin_ no_e levels at a given location baaed on

u_q_e _oadway 9eomot_lo_ and ttaZ_l_ characteris-

e10 tlc_. OPTIMA th0n a_lo_s _he _ser to select certain¢_r_btna_ions oZ ba_ler ¢onfiguratio_s fo_ chc_sin_
(z the one combins_lon tha_ p_evides _he mos_ nol_s

I 1! |I !!! ebatemen_ 1_ the _ost cost-ef_Jcient _ann0_.
The human expert _aZlow_ a certain thought p_o-

_J _s _n this optiml=atios task. CtlI_l_-I l_ de_lgne_
to emulate that thought p_oces_o _fZorts to integrate

_JIINA-1 with OTPINA a_ this point in _e bar,let
design p_oceas a_e stl_Z under development. _n the

_- ! _ _!! lnterim_ _ FORT_N subr_utine has bee_ developed _o_
use In O_TI_ that c_Qates • file c_ntainin_ ell

per_ln_n_ data. CfIINA-1 read_ the d_ta _r_m that

0-5 0 5 10 file. [_¢on_e_da ways _o chan_0 the barrier ¢OnEIgU-
PREDICTED - CRITERION _ation to reach the optimum deslgnf and prints out a

suc_aty of all data relative to a particular bsr¢ier
ZONE ! - HO ZHPRET design arid _mpact status.
ZONE ]! - RODERRTZ !NR_T The initial h_rrJe_ con_9,ration is usually an

ZONE _i! - SEYERE IRPRCT educated _uess b_ =he use¢ bnsed on past experience.
lie uses the information prov_deCl by OPTZfC& to change

FICUI(F,2 It.pactcIaHilleatlul_ll(le. barrier helehta or locattonr o_ both, in an attempt
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PO CH|NA
,(CHINA)
_11 ALL NOISE LEVELS ARE A-WEIOHTED LEO VALUES SSa
t

_F YOU WISH TO OO DIRECTLY TO THE BARRIER DEB[ON FEATURE
OF THIS PROGRAHI TYPE 'DARE|ERe <CR>'_
OTHERWISE e Type 'CONTINUEr ,:CRy%
I
_CON
WHAT I_ THE [X|STINO NOISE LEVEL AT THIS RECEPTOR ?$61

WHAT I5 THE PREDICTED NOISE LEVEL AT T_IIS RECEPTOR _s64
$
HOM WOULD YOU CLASSIFY T}IE LAND USE GF THIS SITE
(RESIDENTIAL OR PUBLXC) ?IRESZDENTIAL
$

THE DESIGN CR|TERION CURRENTLY IN USE IS 60 D_A, _F
YOU WISH TO CHANOE [Te SIHPLY TYPE IN THE HEM LEVELt
_F NOT TYPE 'NO (CR>*I55
YOU HAVE CHAHOED THE [_ESIQH CRITERION TO 5S DDA,

!
YOU HAVE ELA_OIFZED THE LAN_ USE AT THE5 SITE AS RESIDENTIAL.

_H|NA-I WILL NOWACCEPT YOUR QUESTIDN_ REGAR_INO THE _HpACT
AT THIS RECC_UER AND THE JARRZER OPTIMIZATION pROCESS*
PLEASE _T_TE YOUR QUESTION CONCISELY AND ZN NATURAL ENGLISH.
$
Type _C (CR>_ _HEH yOU ARE READY TO CONTINUE,HE

_OR THE pURPOSE OF DEHON_TRATZNG THI9 pROQRAMI
A LIST OF AUAILA_LE OPTION5 FOLLO_I

!1. TYPE '_Y_ TO END SESSION
2, TYPE rRE_TART' TD bE_lN A NEW CASE
3, IMPACT CLASSIFICATION
4* _XPLAIN THE REA_ONINQ IN THAT CLASSIFICATION
5. CONVENTIONAL BARRIER _ESION

l
PLEASE TyPE YOUR REOUE_T I'LIST' WILL PROVIDE yOU WITH
THE AVA|LA_L[ OP_ION_)_
_CLAS_|Fy TH_ IMPACT AT TH_S RECgPTOR

PRED|ETED NOIS_ LEV£L_ AT THIS LOCATION INDIEAIE THAT EXTERIOR
ACTIUITIES WILL BE SEVERELy I_PACTE_,

P_EASE TYPE YOUR REOUEST ('LIST' _ILL pROVIDE YOU W_TH
THE AVAILADLE OptIONS1,
I[XPLA|N THAT RESPONSE

AN INCREASE OF 3 DDA ZN H_OHWAY TRAFFIC NOISE _ILL
NgSULT FROM THE IHPLEffENTATIOH OF TH_S PROJECT, IN ADDITI_Ne THg
PREDICTED NOlSE LEVEL OF 64 D_A l_ 9 DBR ABOVE THE
_RITERIOH L_EL YOU _PECIEIED, THE_£ HOIS£ LEVEL_ ARE CDNSIDERg_
_UbSTANTIAL _HANOE5 AN_ _IL_ DEFINITELY AFFECT OUTDOOR ACTIVITIES,

PLEASE TYPE YOUR REOUE_T ('LIST* MILL pROVIDE yOU M|TH
THE AUAILABL_ Op/IONS),
_DESIGN A BA_ZER
1

_EFORE PROCE_DIHO YOU MU_T HAVE RUN _TAMZHA_ AND OpTI_A_ THE
OPTIMA RUN OENERATE5 ArABLE THAT _ILL _E USED _Y EHI_A-I TO _UOOE_T
HOW THE _ARRIER _EGKENTS _AY BE A_JUSTED TO ARRIVE AT THE OPT|MUM
_ARRIER D[SI_N, NOT_ THAT CHINA-| LOOK_ FOR THE F_LE OPT*L_P,

THE INSERTtDN LOSS pROVIDED _Y THI_ BARRIER |S _,B
D_A DELOW TH_ _IHIMU_ yDU SPECIFIED,
k
_ITH CONSTRiCT|ON OF THE _ARRIER yOU pROposEe THE NOISE
I_PACT AT THIS _ITE I5 NOW SEVERE_

THE _AXINM CONTRIBUTION IS _7.3 D_A FROR 5ECTIO_ _, IF
YOU WISH TO INCREASE THE INSERTION LOSS AT THIS RECEIVERe TRY RAISIN_

THAT _ECTION AND RE-RUH OPTIMA FOR REVISE_ NOISE LEVELS,

_UMHARY

_ATERIAL 1 CONCRETE
_OST I 9_737,0 DOLLAR5
IHSE_T_ON LO_S I _,I _A
NOISE LEVELIWITH DARRIER)I 61.9 D_A
_ARRIER SECTION HEIGHTS (IN FEET) I 110.0 _0,0 10,0 10,01
IHPAET CLASSIF|CTIQN I SEVERE

• _|ITHE OURR_HT SESSION _ ENDED_•_I

FIGU_ 3 Inl IIiI le.ion willl Ctll NA-I.



Ilarris e_ al, 15

to obtain the maxlmom solse red,orlon for the least fo_ using expert 6ystems to pzovlde a tutorial for

amoun_ o_ money. In thi_ examplol the U_Q_ began the oduca_Ing uRers in the uso o_ complex models.

analysia wltb a barrlor o_ a cons_an_ 10-ft height.

CHINA-I not0d that tho Impao_ wa_ still seve_o and

went On to Quggost _alslng b_r_iet seo_ioN 2 to RE_R_NCES
_urthQr _duco noi_e I_VoIB bo_aus_ tho maximum

noi_ con_Ibutlon wn_ _om_ng _om that s_ction_ In i. Wa_ On Was_ol Pr_Id_nt'_ Pr_va_o Sector SU_V_

_hls p_oto_p_ sy_em_ the m_del only consldo_s tha_ on Co_ Control. J. Peter Gt_ cha_rmn_.

ba_rle_ _Q_men_ contributing _h_ maximum or m_nlmum Macm111an Pub1_hIN_ Co._ Naw ¥orkw _984r 608

no1_e _evel a_ a given _ec_ve_ Suba_quent walk h_B pp.

1_d to _he dev_lopme_t o_ a heurlatlo tha_ consid_ 2. B._. Billora. A Survey of Noise Barrle_ Prac-
not only th_ maximum and mln_mum con_r_bu_ionB I but tico_. ProsPered a_ Ma_ti_g of commi_0e o_

aIBo othe_ si_ni_can_ o_ i_s_gn_can_ ¢ontr_bu- Transpo_at_on-Rola_d No_s_ and V_bra_ion_

t_on_ a_ a11 a_f0c_ed tecoIve_a. This houris_ic_ in TRB I Na_on_1 R_ea_oh Councll I LOB An_oles_

_t_ _inal _o_m_ W111 a11ow _h_ _y_tem to emu1_ Cali_.. June 26_ 19_4.

mor_ clo_e1_ _he human Qxpe_'_ _hough_ p_ocass. 3. L.F. Cohn. Highway Noi_e 5arrlets. NCF[_P 8yN-

In thi_ ex_mp1_, the _e_ mad_ _h_ _ug_e_ed th_Bi_ o_ lli_hwa¥ P_ac_ice 87. _RB. Na_on_1
¢hanga81 _e-ra_ O_T_MA_ and th_N oxeou_ed CHINA-I Research Counc_ir W_sh_,gtonr D.C.. 1981. 81 pp.

a_a_n. Th_ tim0_ h_ cho_e _o go di_c_y to thQ 4. Pr_ced_r_ _a_ _bat_me_ Of H|ghwa_ Traffic

battle_ de_i_n option. C[IINA-I then _eques_ _he Noine and _onstructlo_ Noi_e. _n Fed_[a1-Ai_

ex_ing noi_e lovel a_ tho r_ceIve_ and performs l]lqhwa_ P_o_ram Manualr FI_A_ U.S. Departmen_

the same anal_si_ as previously do_o_b_d_ and again of T_a_sp_ation_ 1982_ Vol. 7_ Chap_ot 71
makes th_ appropriate suggentlon. Soft,on 3.

The8 examp1_ on_ pres_nt_ on_ _ra_ion o_ _h_ 5. F. Ha_e_-Roth_ D.A. Wa_e_m_n_ and D.B. L_nat.

p_oce_. A_ it n_w _xIBts w th_ i_ a Bomowha_ tom- Buildin_ Exp_r_ SyBtomso Addlson-wesle_ Pub-

p_x p_oc_du_w bu_ it doeB d@m_n_ra_ _he _eaa_- _i_hlng _o._ _nc.r Re_di_gw Ma_ol 1983.

b111_ o_ _m_lating tho tho_h_ _reco_s o_ a human _o K. Kaw_mu_a and B. Tanne_. A _ate-of-th_-A_t

expe_t wi_h machine r_a_on_n9 a_ th_ u_er attemp_B 8tud_ o_ _x_e_t SyB_em_. Vanderbilt Unlve_|ty_

to op_Imlz_ a _o_se b_tior d_i_n. In addi_ioN_ Na_hville I Tenn._ VOl. I_. 198].

this p_o_o_ype By_tem adequately d_r_n_r_e_ _h_ 7. K. Kaw_mura and J. C_o_e. RO_51 An _xper_

ut111t_ o_ a computer pr_m that contains exp_ System _or Robot _rouble_hoo_In_. Vande_b_1_

_dvloe on a complex _ask* U_iver_i_yw Naahvi_le_ Tenn._ 1984.
8. W.B. Go_vart_. _xp_t Sy_msl L_ml_ed BU_

Powe_f_1. 1E_E Spec_tumf Vol. 20_ NO. 8_ 1983 I

_ONCL_SZO_ pp. 39-45.

9. Jo _o_neo G_NI_ _h_ G_ne_al Zn_rence Engine_

A pr_a_y purpo_@ o_ _he p_o_o_e _yst0m a_ Vander- User's Manu_l. V_nderbi_t University. Nash-

b_1_ Unlv_t_Icy _s _o d_men_t_a_e _he feaslblli_y o_ ville. Term.. i_83.

_ons_tuctl,g an _xpand_d oxp_r_ _s_em _h_ would I0. P.II. Wind,on and B._P. HORN. LISP. Addison-

_ntheslz_ tho know1_dgo and _xperie_c_ o£ leading Wo_ley Publlshlng Co._ Inc.. Readlng_ Mas_o.
_xpe_t_ in _he _leld o_ h_ghw_ nolae anal_ and _9aI.

_batement. Thi_ con_ep_ _an p_ov_de ths en_ineo_. 11. J.R. Meehano Th_ N_w UCIP L_SP Manual. _aw_nc_

who has the _unda_ental t_a_n|n_ _equlred _or h_ghway _ibaum Aasocl_ea P_b1_her_ [[_11_da1_f N._.f

nolu_ analy_Is_ with aa_ ac_sB to the expo_e_c_ 1979.

o_ recognized oxper_s _n _hQ _01d. Th_s _a_abi1_ty _. Ma_o Zn_erpteted Commands Re_a_ence M_ual.

has tho p_e_ia_ _o onable _he mos_ |n_xporience_ IIa_i_id _olytech_c Comp_e_ C_n_re. _une.

highway noi_o analys_ to do_n _oc_Ive. _os_-_f- 1980. _di_ion 7_1.

_Iclen_ noi_-aba_em_n_ plan_. 13. J.A. _a_an. Traffic No_B_ Impac_/Mi_1_a_ion

P_a,ned _Nhan_omon_ o_ _h_ concep_ which a_e C_i_orla. _ose_ted a_ MeoWing o_ Cormlt_0e on

c_r_en_iy u_u_ d_wo_opmen_i call _o_ _hu In_gca- Tran_po_tatloN-R_lat_d _oi_ and V_rat_.

_ion o_ _ho FORTRAN p_ogtam O_TIMA into • LISP en- TRB. Natlonal Re_ar_h Coun_i Wa_hln_on_

v1_onmen_. ?h_ n_X_ generation o_ CJ_INA will b_ ab1_ D.C._ Jan. 1981.

_o execute O_I_ a_ _he option o_ the uBorf _nalyze 14. C.G. Ga_don_ W.Jo Gallc_ay t B.A. Ku_10rt and

the te_ult_ o_ an i,_ial d_gn chosen b_ _he use_ P.L. Ne_on. IIi_hw_ Nolse--_ _esi_, Guido Eor

and _hen _e_omm_nd wayB _o improve _h_ debug, ba_d Highwa _ _ngln_e_s. N_HRP Ropo_t 117. TRB I Na-

on d_slgn _oa1_ _peci_d by the u_r. Wi_h the _onal Rosearch Caunc|1_ W_shlng_onw D.Co_

oxp_r_ kn_w1_dgo o_od_d _, _he exp_ _e_w the 1971_ 79 pp.

CII_NA model will b_ ab1_ _o con_i_n_iy design _he 15. W. Sowlby e_ al. (ed.). Noise _a_rle_ CO_

optlmum b_ri_ d1_ec_1_ _om w_th_n _ho oxpe_t Red_c_ion P_OCOdur_ I STAMINA 2.0/OpT[MA_ User'_

By_t_m. M_nual. Repe_ FI_-DP-58-1. FleA. U.S. 0_par_-

Th_ p_o_o_ypo sy_tem_ in its ptos_nt _a_e o_ m_n_ o_ Tran_po_tlo, I 1902.

d_velopmen_ a1_o d_mon_tratos the _en_lal tha_

exls_s for app1_ing a_t1_clal Int_111g_nc_ _chnol-

ogy _o other disciplines o_ transportation engl-
n_e_in_. Fo_ _xample_ an ex_e[_ _y_Qm COUld a_d _n

acci_en_ _eoons_ru_onf alrpor_ nols_ managomen_w

_an_i_ _o_e main_enanc_r o_ t_af_Ic maNagamont on Publication o_ _h_s p_p0r _p_nso_ed by _ommlt_ On

an u_ban _t_eet s_B_em. Th_ p_ent_al i_ also obvlo_s ?ranapo[_a_io_-Rela_ed _oi_ and V_b_at_on.



}.6 Tr_nsFortation Research Record d033

The Effects of Traffic Sound and Its Reduction on

House Prices

DANA I|. KAMF, IIUI) lltld CAI,VIN 16 v.. IiUSI:,(:K

ABSTRACT

Sales histories of two residential neighborhoQds botderlnq on an Interstate

highway ware ex_mlned to determine the effect of traffi_ sound reduction on
house prices. Sound levels were reduced in one Of the n01ghborhoods by building

a barrier along the hlghwsy, The second nslghborhoodw which remained qnshleided,
served as a comparison area, Before the barrier was built in the first neigh-
boahood, sound lave%5 in both neighborhoods were determined primarily bY
proximity to the highway, Analysis of house pzlces showed that, in the ahse.ce

0£ shislding_ hous0s nearest th_ highway sold for lqBS than equivalent houses
farther away, The magnitude of this hlghway-proximlty eff_ctf measured In per-

cent _f house va%ue pet decibel of s_und gradient, was consistent with similar

estlm_tes previously teporhed in the llteratuto, The proximity effect on _rlces

appea_s to have persisted _ong after the b_r_Ist was built, ile.ee_ although the

barrier reduced the level af tcaffic sound and annoyance in the _hleldod neigh-
borhood e there was no evidence that these henefits were capltallzed into higher

house prices, The results of this study therefor 9 suggest that hedonio price

rsgae_slons (which are not based on true treatment-contro_ data) may ovetsstl-
mate the potential scQnomle bensflts of ttafflc sound reductlon.

One way to eatimat_ the potential benefits f_om In the research cited here, _he sQund-Levsl dlf-
taafflo _o_nd ¢_duotlon lu to determine the taler)on f0renc_s wets associated with distance from a sound

between traffic sound and tssldentlal property source rathnr than with any actlon to reduce sound.

p_Ice_. Many ansly_t_ view t_afflc _ound as an an- Yet, as Tnylo¢ _t el, (_ hav_ note_f homeowner_

vi_onmsntal pohluLa_t that can depre_ property would a1_o be expected to expe_Lenc_ monetary hens-

valus_, AS_umln_ that putchase_ of p_ope_ty exposed fits in the form of higher property prl_es if t_af-

to tr_i¢ nolse trade off annoyance for lower flc _Qund levsl_ were reduced, AccocdlngIy, this
phloem# th_n the dlffe_en_e betwe0n the price of a study was _ndsttaken to i_vsstlqate whether h_ms-

house in a noisy envltonmant _nd the pclce Of a owners receive m0nat_ty b0neflt_ fro_ hlghar prop-
co_pa_able hou_ _n a qulete_ area Is a measure of ecty ptlces when traffla _ound levo_s are deareased

the value Of noise, in a _e_Identlal area, The _ound_Leve_ _ad_ctlon_ lh

Several studies h_ve sought to estlmat_ the value this study were obtained by construetlnq an earth

of noise, Nelson (_) recently _ev_ewed 9 emplrlcal hetm between the homes and the sound sourc0, an

Btudles covetlsg 14 housing _l_es in Canada and th_ Interstate highway,
United Styrene Among other _Indlngs t 0_ch study

_epoated some type _f p_opett_ prlce-red_ctlon _at0

(or dep_e_latlo_ rats)_ that is, for ea0h decibel iIISTORY AND GEOG_API[¥ OF ST_¥ AREA

l_c_ease in ouLdOO_ sound l_val a cor_espondln?

property price tsductlon was specified, Because some Du¢In_ the suu_r oE 1973_ a group of _e_Idents f_Ol_

of the sLudles used dlff_¢ant measure_ of price the Troy Msadow_ and Lakewe_d S_bdlvl_ion_ of _oy,

_eductlon, _elso_ expressed all p_i_e changes in Hlchi_sn, petitioned thsl_ city _ovs_ment to reduce

petcehta_ ter_s, Similarly, because the studlea ttafflo _ound and other annoyances _ssoci_ted with

u_ed various _eaB_res of sound Intonslty_ he con- nearby Interstat_ Route 75 (Z-?5). These homeownet_

ve_ted the sound Inten01ty measures to the L_Q requested construction of a pelt of earth betms to

_cale. (L_Q stands for equlvaL_nt _ound level, a shield their houses from roadway-related di_tur-

msas_re wldaly used for de_¢rlblng tlme-v_rylng hastes, Because the h_mes in T_y Me_dow_ _nd Lake-

environmental noises) Z. this w_y_ he wa_ able t_ wood were built aever_l year_ after the construction

co_pata the 9 atudl_s on the b_si_ Of _holt esti_ of 1-75_ the TrOy city offlcers and Michigan _tate

mats_ o_ th_ Noise Depreciatlon Sensitivity _ndex hi_hwa_ _uthorltles derided that the beams should be

(NDSZ)_ which _peclfles the percentage decrease i_ paid for by the _esidents who were affected. After a

the value of a _esldance that would result from a lengthy publlc debat_ about the project end Its

l-deClbel (dB) Incte_s in LEQ. costs, a berm to shleld T_oy M_adows was completed

Nelson's [evlew _sugge_ts noi_s dl_co_nts in th_ I_ the _ummat of 1974. Lakewood ten,dents I howevsr_

_ange 0.1_W to 0.63% per de_Ibel, with s mean of abandoned plans to build a herm _n thei_ suhdlvi_Ion,

0,40% # (_,p.129), A similar NDhZ estlm_ts of 0,5 A before-_sd-a[tsr study wa_ cohductsd to measure
percent pet decibel was produced In a more ascent sound l_ve_s, a_.oyancee homeowner wlillnqness to

_tudy not Included in Nelson's ¢_vlew {_,p,540). pay for noise tsductlon t and ps_celved ben_flts

Another recent study_ which used a _sw da_a-ana1_si_ derived from the Troy Me_dow_ berm (_), In thls
technlque_ al_o found a nois_ effect _n property papers soma of Lh0_e mea_qrements wil_ b_ combined

prles_ (3), lience, the evidence suggests that t_af- with data on _eal estate transactlon_ that have

flc _oun_ can _auso a meam_rabls _educti_n in prop_ taken plac_ _n the two subdivisions from the time of

e_t_ p_icss, thelt inlti_l development through May 1980.
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PLg_ro_ 1 and 2 a_e maps of Troy Hea_ow_ _nB LypLcal _ro_ HeaBawB and Lakewood ho_ses ar_ 8um-
LaKewooB that _ho_ the loc_t_on o_ hou_e_ and 8creetB _a[l_ed in _ble 1.

relative _o Z-?5, Zn ho_h E|qu[0s_ _ndlvld_l home_ A_ th_n loo_nj Z-75 Is a 1JmLLed-ac_osB di-
ar_ l_bel_d b_ house _o_ _mber, Th_ L_o _ubBlvi- v|BOB _lg_way wlLh _h_o_ lane_ in eoch _recL_on* Tn
sionM LI0 dl_eo_]y e_ o_ Z-?5 _n_ a_e separated by 1973, L_ handled app_oxLm_el_ 4%0D0 vehtc_es _u_-
W_le_ _oad_ which _p_n_ Lh_ hLqh_ with _n ov_- |ng _n _v_ra_e _4-_r period, B_ 1975_ tr_c volum_
_s, _he p_ev_ln_ wLn_ |n th_ _eg|on tn _om _ad |n_o_sed _o 59_000 veh_cle_./day* _rnaks o_ aI!

_ve_y _ _nd oponl _r_ wo_e no natural Da_L_ _lme_ o_ot _han Chose o_ _x_mum _e e and ho_v_

_h_ _wo _ubd_v_lonB WLI_ be d£_¢u_ed _u_he_, _o_l mLd_mo_nln9 _r_tc* _La _low oca_a_onall_
• _o_ He_dDW_ L_ a _lnt|vel_ a_[uen_ noig_bo_- e_ceed_ 3tO00 veh_le_/ht Ln o_e dire_Llon dur_n_

h_ w_ p_ve_ _teeLs and _t_ac_lve La]l _ee_* _he Jno[n_n_ _n_ _venlng :_sh houru*
Zt wa_ d_v_lopeB b_twe0n _971 anB 1973_ _n_ _on_ln_

_5 well-main_alned hou_e_ all_ned in 5 rows app_oxi-
_ately parallel to _he hL_hw_y* The _e_ l_ne o_ TJ_OyKEADOH$ _AR_lll _
_-75 In ?0 _ _om Lhe a_u_Ln_ proper_y 1Lne o_ _he

_lo_eB_ home In _ow i _nd 230 m _om _ho f_rth_ Tho hom_o_ner_ _ho oiro_l_B pe_l_on_ p_oteB_ln_
hou_ Ln _ow 5, Al_ o_ _he hou_8_ e_ep_ L_ have nolso a_d o_h_r annoyano_ were _L_la_ w_h _t_-
two _or|e_ and mos_ Contain 204 to 2_4 m* 1_200 _Lc Boun_-_eduo_lon meth_c]B, _hey de_tm_nod _a_
to 2_300 _l) o_ lJv£_q _pa_e, The maJorL_y o_ e_rLh be_m_ wou_d he the n_:_ _oB_-_e_lve and
ho_s _a_e 0_h_[ B_oo_ly _ow_B o_ BLreot_y awa_ aesthetically _c_p_ble Bound h_r_LecB _o_ _he

_ake_3_ _ _omewha_ 1_8 a_luen_ _ubd_vlslonl o_nally p_opo_eB beoau_e _h_ ov0rp_D_ e_en_

was de_eloped between _g68 _n_ 197_* The homes in _ W_t_leB Ro_d dLv_don _he _-75 rl_h_-o_-wa_ bo-
th_ _ubd_vl_lon _orm 2Z rows _oughl_ p_al_el t_ _ween _he _wo 8ubdlvlsion_* As LndL_Ledt plans _o

Z-75_ although _hey aa_u_21y _e Bide s_[eet_ per- b_|_d a _e_m on _hB L_ke_ood _IB_ o_ W_L_e_ Road

_npav_d* Forty-seven O_ _he 6B houses In Lakewood F_ure 3 in _ photograph o_ _he T_oy Mead_s beam
a_ _qle-_Lo_ hou_e_ _d 2_ _[e _wo_to_y h_use_ r _k_n _[om the ove_pa_ _pannl_ I-TS _ W_t_lo8
and mos_ haw _21 _o 258 mI (1_300 _o ll?00 _t _) Road. _'he berm is 620 m long an_ 3.4 m hLgh r_za_lv_

o_ _ivlng _pa_e* Tho near _ane o_ _75 is _5 _ _rom LO _he p_vemon_ _ur_ace on _-_5 an_ oo_ _41_?00 _o
the ¢1o_e8_ h0u_e in ROW 1 _nd 425 m _rom the _r- ¢o_lt[uc_ in 1974, ?able 2 _lve_ tha payment _hed_le

_h_B_ houBe |n _OW l_* All o_ the backy_B8 h_ve _o_ recovo_y o_ _o_[_L_on _od_B* _he_e _a_L_b_e

• SOUrHDOUND_T(_ST_r( Z_
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FIGUIIF- 2 lakewond sld_lh hI(m,

TAIU+E ! T)+pir_l IlmJdllg Ch.reclerbll¢+

Tmy M©uclawl I+q_cw_nd

T_,p_ Two_ ry h_ O1_- und Iwc*._l(_ry )l(lul_
Size 204 Io 214 In2 (-_,+-00Io -+,3110ft_ J I-+11o 15H+llZ ( 1,300 In I,'/00 rl z )
OrJctll_itJon J_a_ dJr_¢lJyI_wurd or uway [1_13_1.75 I:_l¢C_1_ riBhl _n_lu I<_1-75
D_lo Iluilt 197] In 1973 196H IcJIIJTI

CoUld be _lnaneed ove_ an l_-y_ pe_lod a_ an tnee_es_ less Lhan 60 dO and w|11_ngnesa _o pay fo_ _he beams

2. _he beam _oduced _ound _evel8 in Tro_ Headow_

by 6 to 7 d_ a_ _he prope_y _[ne o_ houses in R_

_ecL_ o_ Berm on Sound Levels _nd Ho_so_ners t _l wher_ ba_kys_ds ab_ _ho hL_hw_y _l_h_-o_-_a_. A_

Perceptions o_ Ef_e_B _h_ p_o_e_t_ l_n_ _aximu_ L_ (lht) _ound levels
_e_e decreased _om 7_ to 65 dB, _nd LEQ (24 h_)

• he _eBul_ o_ _h_ befor_-and-afLe_ _u_ (_) _e _evel_ were _educed _om _7 _o 61 dB. Th_ reduction
_u_oarlze_ here. A_ Ls suggested _n ltemB 3 and 4 LI_ _n Ro_ 2 w_ e_tl_ated to be beLwsen 5 _nd 6 dB.

pa_lculn_ the be_ might be expected Lo have a After Lns_alla_on o_ _he betmf house_ _n Row_ 1 and
positive _mpac_ on _he _u_u_e r0_e value_ o_ Lho _ o_ T_oy Headcn4s w_0 expose_ _o an _E_ (24 hr) o_

_ome_ bene_i_ln_ _om l_. 60 dB o_ le_,
3. Annoyance r_l_gs Ln row_ 1 and 2 o_ Troy

_e_dow_ dec_eaged by a large _nd _tLs_c_ll_ n|q_
1. O_g_nall_ sJgn_fio_n_ annoy_ncs _rom _- n_L_n_ a_untr Be _h_ with _h_ beam In p_ce Lhe

_c noise wa_ con_Lned prtma_ll_ LO Rows 1 and 2 Ln annoyance tating_ [n _1 _ows w_e compiler|very low

T_oy Meadow_ _nd _o RC_4_ 1 to 4 in La_e_oodl boCh of _nd a_ _pp_oxLmaCely _he sams level.

_h_ _e_s were ex_oBed _o an LEQ (24 hr) g_eate_ 4, The T_oy M_ad0_ homeowners _ho perceived
_h_n 60 dB. Hoteovsr_ _|l_ngne_ to pa_ _or the _ha_ Lhey wer_ _ece_ving Ma_or b_ne_Jt_ f_om _he

be_m_ w_ concentrated in _he_e hL_h-annoya_cs a_e_s, bsrm l_ved p_L_Ll_ _n _ows I _nd 2. _he_ hollered

Zn o_her _s_ts o_ _h_ _ub_vl_Lo_se LEQ (Z4 h_) wa_ _h_ _hey h_d r_co_ved _h_ mon0y_B wo_Lh _nl _h0
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TAIII.I_2 Ibylrlrul 5rhed,1o n)r_y_lead._m _ributom aifec¢|ng houso pr|cea--such as decor_
_'lrlJlJ_rltl condit|onr al_ cond_tion|nql _w_r_|ng poo|_ and

built-in applianc_8--weto no_ obuerved. For _hl_

R_w I 2 3 4 5 _ea_on t comparLsons havo been _ado becweo_ _roups of
hou_Qa _her th_n between individual housesw _l-

I_ym_,l{$) 1.017 _14 _]0 407 _ Chough l_ h_ bo_n _umed Ch_ _he u_ob_ervod at-

_.o_ll0Ln_©l I_ I_ I_ II 13 t_lbu_e_ did hoe v_y _y_attcally b_e_N _h_
_oupB boin_ COZl_p_d.

_ote _h_ _n _en0_l t _he pr|c_ in two d_e_nt

_e_l e_t_o t_n_ctio_ _e no_ d_ecLly compa_ble.
F_¢_ the h_use_ m_y be o_ dif£oren_ a_o_ F _nd

b0_m_ while pe_on_ _n ROWs 3 _hr_,gh § _onsJder_d us|n_ c0_/£¢ z only _1_11_ corte_ _or _lze

_h_ bene_ o_ _he berm to bo Worth 1_ _han their bec_uso _ lnr_e house l_ _ens¢_lly cheaper p_r _t I
aBB_ed p_ym_t. ¢h_n n _m_11 _ouBe tha_ _B o_he_wl_e 81_a_° Thu_l

5. _he berm _duced b_ on_-h_l_ o_ mo_0 perc_l_Gd compar|_o_ o_ the d_s|rab_ o_ _wo loc_t|ons ,_ln_
lo_dnes_ o_ _r_lc _ound in Row_ I _nd 2 o_ Troy ¢_/_ _ou1_ b_ b|_Bed l_ ono _ _he l_ca_tons

_n _orce_v_ l_u_,_ _ois_ reduction w_s _he p_ln- o_ _he _mo _zo co,ld d|_er _n decor w npp_lance_
c|p_ b_ne_ experienced _n Rows 1 _nd 2_ wh_l_ _nd o_her at_lbut_. Based on _h_ npp_ren_ homo-
elsewhere _es_du_a p_rce_v_d the_e _o b_ _t_ _o_01_ of the ho_e_ a_ _h_ _l_0s_ h_weve_ F l_

bDNe_l_ _rom Vi_,_l _hl_ld_ng than _om Jiol_e r_- _ppea_ _enaonabl_ _o a_me _h_t _he unob_e_ve_
d_lon. The_e viaual b_ne_ |nc_de_ l_p_ov_d a_tribu_Q_ do no_ v_ty _ematically wl_h _cat|on
appe_anc_ o_ _h_ ne_ghbo_hood_ groupie p_lv_c_f and _n _ given _ubdlv|_|on. _lnallyt two tr_c_lon_

_ll_nat_on o_ th_ "vlBua_ naive _ o_ _ln_ pa_s|ng w_h d_f£er_n_ d_t_ o_ salo _qul_e adju_¢m_n_ _or

Clud_d _eeds r un_t_¢_ve g_ound cov_f _nd _n_y- _h_ problems of c_mpar_n 9 _wo _|f_e_ont tea!
l_ sound_ _rom mo_otbike_ whose _dor_ w_0 _t- oa_ tr_nB_¢_n_ ¢_n b_ handled by _roat_ng Cho

complained about not b_|_ _bl_ _ _e_ tr_|c on v_|_ble_ 5I_r DA_ ._OCA_O_ _nd ERROR _ a
P..he highway. _n_ f_c_lo_ _or each subdivision. H_w _B

r_or _o _he _n_oun_ th_ the ho_e would sell _o_ _

_AL¥_ZNG R._ E_TAT_ _AT_ _ g_ven _m_r nnd _._CATIQN 1_ _ p_oxy _0_ d_nce
_c_m th_ h|_h_ay. _he ERROR v_r_bl_ rep_e_onts _he

Real es_e _a_ac_lon_ _[om _he _lt_ _w h_m0_ unob_o_v_d di_e_enceB be_w0¢n tr_n_ctlo_r lnclud-
_ales _htough Hatch _980 wer_ _l_zed _o det_r_lno lng the po_lbl_ physical d_E_Q_o_c_s _lre_y m_n-

how pr£ce8 in the two _ubd|vis_onB we_ _c_ed by _lonedt the do_l_e_ _nd bnrg_nin_ abl_tie_ o_
_ghw_ proxl_|_y _d _he be_. For _ch houB_ I _ho buyor_ _nd selle¢_ _he _nput o_ _g_t_ _nd _p-
_eog_ph_ l_a_lonl _ze (f_)_ _nd _ale_ h_o_ p_at_ _nd a_ o_hor _nfluence_ on the _ale p_|_
(d_ and price o_ |n_al sale _nd _n_ _e_aleB) _h_ _ no_ observed in th_ da¢_ ba_0o

Were ln_luded in _he _ b_seo tlo_eve_r o_he_ _- _n _he cal_ul_lo_ _n _h_ pap0r_ log(PRIC_)
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rather th_n P_ICE it_el_ will be used a_ the dop0n- fit is qulto good (_z - 0.924). and a1_ thr_o
dont variable. Th|_ haa th_eo _dvanta_es. First I if oxplan_to_y varlable_ are slgnlf|c_nt at tho 1 pe_-

two dlffe_ent1_ prlced h_uses were s,bJect to the cen_ _|gnlflc_nce lovel e i_d|catlng the ox_stenco a_

samet posQibly tlme-va_ylngF rate Of ptlco _p_uci_- a p_ox[m|ty e_ec_. The p_metQr va1_es _d their

tlon {s_ch a_ dutln_ a p0rlod of In_latlon)_ the _t_rld_rd _ro_ (in pa_enthesos) are_ A • 10.053

dolla_ 9ap between the prlcos would Inc_easo but the (0_Q47). _ • 0.066 (0.002) pe_ _ea_ C • 0.00766

g_p between theL_ log pri_es would not change. Sec- (0.00198) pot _ow. and D • 0.00Q16 (0.00003) p_r
ond_ one of the s_plest models for _he e_fe_t of _tZo It _Q Impli_d by th_e e_tlm_t_s that a 1

P_I_ on _AT_ _ that _f expo_ont_1 9re_th_ u_d_r _c_nt |no[ease |_ s|ze yi6|ded ro,ghIy a 0.25 pet-

which Iog(p_CE) i_ _ llnea_ _unctlon of DATE. Fi- c_t increase _n the p_Ice of an average L_kewoo_

n_lly_ d_e_eNces in log p_Ice_ can _ly be _o- ho_e_ that prlce_ wore _nc_easlng at _bout 6.8 pe_-

expressed _s _e[centage p_Ice differences, ce_t/_ d_Ing th_ period 1968 to 1977e and thst

TO _urn_z_r IC_(PRICE) w_ll be mod_1_d _ _ prices Increased by 0_77 pe_ce_t (_tan_a_d e[_or •

l_nea_ £unctlo_ Of tho _xp1an_to_y variables. The 0._0 portent) pe_ row 8s one proceeds _w_y f_om the

re_ultlng regression coe_f_ci_nt_ can bo interptot0d highway. Th|B la_t v_lue _akes th0 expected pr1_e of

in a w_y that _el_t_ th_ expl_nato_y vari_bloB to a hous_ loc_ted _ tho center ot Lakew_od nubdlv£-

pnrcentage p_Ice di_feron_e_ fo_ _xample_ if the slo_ about 5 pe_Qnt higher than _t _ould be if it

coe_clent for h_ghwa_ p_ox_ity w_ x unlt_/m_ were 1ocate_ Ln Po_ i.
e_ch addlt_onal m_tet o_ dlst_nce would Increase During the research for wh_ _ventua_ly be_me

p_Ices by 100[exp{x)-_] p_rcent. Pu_therm_re. i_ _ th_ TrOy Meadows b_r_ effect_venes_ Atud_ (4_ BOUnd

was known that tra_flc sou_d decreased at about y dB cQ_to_ts we_ obtained fo_ L_k_wood a_ wet1. When

o_ LEQ p_ ext,8 m_te_ of di_tance_ It could be th_ aound dlfferen_e between Row I _nd the m_ddle of

estimated that the NDS! (dlncusse_ by Helson (i)] th_ subdlvlslon is _omb_ned with the 5 percent p_ic_

equ_la 1001exp(x)-1]/y pe_cent/dB _t thls s_eo d£_e_ence e_ti_ted _n the p_ecedlng pa_agr_pht an

E_tlm_Ing the _eg_es_io_ _o_f_c£ents and their NDSI of toughly 0.4 percent/dB is _bta_n_d for Lak6-

_taMdatd _E_O_S _eqwi_e_ that the stnnda_d a_ump- wc_d. _hl_ is in _greement with the NDSI estlm_tos

t_ons of _eg_es_on analysls be _d_. AIBo_ _he dat_ cited _n Ne1_on (_) _nd Taylor et al. (_)°

bese will be _nsldered _ _f it were _ _ndom s_m- & _rox_m_ty ,_fecL in the nelghborln9 T_Oy Meado_

ple from some superpopulatlon o_ houses, subd_vtslon during thn unsh_e|ded pra-borm period
The_e _ on_ _|na_ as_umptloM mado _n the cal- wa_ a_so looked for. Because 47 o_ the 65 houses in

c_atlons _n th_ p_p_ un_el_ted to those dlscu_Bed T_o¥ _eadow_ _ of the s_mo st_le nnd u_zu (2_262

in th_ p_e_edlng paragraph, since some te_le buy- _t z) and ale scatte[ed 8_ong all _Ive [ow_e one

_s _ay have taken over th_ liability of paying the can control fo_ ho_e elze b_ rest_ctlng _ttentlon

• nnu_l _essments _o_ consttuctlo_ Of the be_me to the_o comparable housos. In th_ 9_oupl there

thei_ will_nqne_s to pay might not h_ve been ae- wore 47 inlti_ purchases dutlng • 2-y_ p_rlod _ro_

_u_ately top_@_ented by the prices they pa_do Not_e _971 to _973_ and only 8 re_ales be_oro tho be_ waB

howevor0 that the _sne_sment_ (_hown in Table 2) ate bu_itl the_e_o_e_ llttle _ lost by ignoring the

p_ob_bly too small to b_ _i_n_f_c_nt. espoclally i_ re_les _nd rest_1_tln_ _ttentlon to the 47 _ntttal

paid r_nthl_ _1on_ with _ _o_tgage payment. Al_ow s_le t_an_act_on_. II0nc_. _ is th_ m_ke_ _or new r
unless thQ assessment _f_t va_es Bystem_tlc_1|_ ne_r_ _dent_c_ hauses that i_ being examined.

w_th looat_one _t w_ll _ot bias the nnalys|B. The observed pri_es we_ _o_est _n ROW I0 highest

_n R_w 51 a_d tOOk |ntermodlate (aMd essentta11_
e_qall valuos in R_ws 2 to 4. The ho,ses w_e built

COHFIR_OR¥ FIHDI_G50P PROXZHIT¥ EFFECTS during a 2-_r period a_d. genera11y speaklnq. _o_s I

• nd 4 were sold flrstf followed by Rows 2e 3 w _nd 5_

AS notud in the open_n_ Be_tlone the ev_de_c_ _n tho _espectlvel_. In • l_ne_r _egre_s_on Of IO_(PRICE)

_te_at_e _gest_ that people wi_l p_ _xt_a to on ROW and DATE_ both explanatory v_ri_bles wer_

Ic_at_ aw_ _ro_ • hlghw_ abutting their nelghbo[- s_g_iflcnntr so thero doe_ appea_ to be a proxlmtt_

hood. The disadvantage of h_ghway p_oxl_Ity la ef_0ct _n Troy Headow_. Reck11 th_t_ wh_le the dis-

W_u_1¥ Identified _Ith t_io no1_ee although tango o_ one row f_om the hlghway _s a small _ncre-

v_sua_ and othe_ _t_mull _te a1_o _nvolV_do Traff_ m_t _n L_kewood_ in Troy Heado_ the_e a_ o_i_

soun0 d_f_e_e_tlals _uf_i_entIy la_ge to cause flve _ows wlth m_ h_,_es _n each _ow (_e0 Fig,_

dlf_enco_ _n r_t_d a_o_an_e wero observed in 1). ThIQ meaM_ tha_ It _ould be _ore appropri_to to

th_ two u_shlelded slt_at_n0_ that _s_ _n Lakewood u_e a dummy-va[lable approach to represent tho row
and _ T_O_ M_dowB b_for_ the berm was co_Bt_ucted, e_ect In T_oy Mendow_.

Thetoforee these un_h_eld_d _tu_|ona _hould be The follow_n_ Btat_tlcal model _aa f_t to the 47

0xamln_d to determine wh_the_ p_oxlmi_y-_nd,ced dat_ polntBz
ttafflc SouMd dlffe_en_e_ a_ected r_1 estate

p_i_es, lo_(PRICE) - A + (BI(D_TE) + C2R 2 + C3R 3

In the La_ewood subd_v_a_on. _te_ excludlng o,e + C4R 4 + CSR 5 (2)
exceptlo_11¥ la_ge house and one exceptlonally

sma_ hous_ I there _e_a_n 57 ho_seB _n the d_ta where C_ is the p_emlum in _og(PRICE) thnt Ro_ t

basoj th©BQ houses _ange tn _Z_ fto_ If300 to i_920 comm_nds ove_ Row I_ and R_ • I i_ the house _ |_

_t_o A11 _ these except thr_ were built duping Row i and R_ - 0 otherwise* The e_tlmates o_ C_

tho p_1od 1968-1971. Recall that In Lakewood there _ug_est that thet, we_o really only three pr_c_

a_e _any rQw5 (12) with only a few housoB (3 to 6( levol_z Row I waa uhe_pest_ Rows 2 to 4 Were sold _t

in each _. The large numbe_ o_ _owa makes it te_- int_medlate p_|ce_ a_d _ 5 wa_ the n_ost expen_
_on_ble to t_eat ROW as a_ _nta_val-scale oxp_a_a- _ve.

to_ var|ableo The followln_ _educed model
The n_el

lc_(P_ICE) - & ÷ (BI(D&T_) + C234R2j 4 + C5R 5 (3)
lO_(PRICB) . A + (B)(DATE) * (C)(ROW)

+ (D) tSIZE) (1) provides a slightly higher corr.=ted RI (0.724

ve_su_ 0.716). It_ pa_ameto_ estimatea and thol_
has bee_ estimated foc the housea In the Lakew_d sta_da[d errors (in paronkheses) arel A " 10.659

subdivLslOn (57 tnLttal _alas plu_ 32 _e_ales). The (0.018), D - 0.019 (0.010) pe_ year, C234 • 0.039
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(0.0091 bo_w0en Row i and _ow_ 2 to 4r and C5 • _he Dost-b_m per|od, pos_-be¢_ _enalaB o_ hoosea
0.088 {0.013} betweon Row I and Row 5. with 2w262 _t 2 occurrQd b_twoen mld-19?5 and early

Are _he_e Valoes _easonable? It is sogges_ed by 1980 and woce _pr_ad _[non_ nows i [7 _o_a1_s) r 2 (9

the D_TE c_e_flcIQnt tha_ p_Ice Inctoasos fo_ th_se t_sala_) I 4 {4 c_al0_)w and 5 {4 reo_l_l. _he _II

new homo_ _oce 1.9 p_c_nt ann_ally (_roond 1072). modelr which i_ _qu_ion 2 w_h C 3 _o_ to Or _e-

Thia f[_0_ _ea_ sli_h_l¥ Io_ which p_chaps is vealed no sta_|_tica_ly significant dif_orence be-

due to the _ho_t _|m_ p_¢|o_ cov_ed by th_ _ampIp. twoen C 4 _nd C5 . The r_dil_ _o_el with _o_ 4

A low _i_r_ would al_o _ul_ i_ _ho bo_ houses and § Doola_ is
8old _ra_. I_ the bu|l_at_ Ino_eaB_d th_i_ p_Ice_

a_ all it was dono only occaslonalIyr not _ontln- log(PR%C_) • A ÷ {_I{OAT_} + C2R 2 ÷ O45_45 14)

uouuly. _e as_Ima_od p_emlu_ _¢om Row I to Rows 2-4

is 4 pe_cen_r _nd _om no_ 2-4 _o _ow 5 it is _n Thi_ model _avo an oqoa_ly g_d _i_ (R _ • 0.92}

addi_on_l $ percent. Wh|lo the _a_te_ di_or_nce and p_oduc_d tho £ollow_9 os_i_a_es land _nd_td

p_ob_bly ha_ _o_e _o do _Ith _he p_e_en_o o_ _at_et e_o_s) i A • 10.206 (0.070)_ _ - 0.127 {0.008}, C 2

lotB and cul-de-_aos than it does wlth hlghw_y • 0.041 (0.030)_ and C45 • 0.089 (0_031).
prox_m_tyw it 18 _u_gasted by the _o_me_ d|_f_ence The £1_or_s in th_ p_ec_dln_ paragraph su_as_

_hat boye_B o_ hou_ea in _o_ I rocelv0d dlscoun_ o_ tha_ _n pos_-becm T_oy Headows_ Row 2 _old _o_ _ 4

_bou_ 4 pe_oent {_anda_d e[[o¢ _ i pa_cent) a_ p_¢con_ (_t_nda_d error _ 3 po¢¢en_) p_em|um ove_

oompens_io_ _ot having _helr b_okyards adjoin _he Row Ir whi_o Row_ 4 and 5 _old _t a 9 p_c_nt Istan-

hlgh_a_. Ta_lo_ et al° {_p.53_ have al_o _o_octad d_d e_o_ • 3 pe_ent) p_mi_m over Ro_ I. The _AT_

_o_e eviden_o o_ a _Ir_-_w dls_on_. ¢oe_Ici_n_ soqge_cs _n annual appreciation _to o£

• he po¢cent_a di_¢ount_ repotted _or _oy H_do_ I].5 pe_con_f which _a_lec_B _he _t_on_ matke_ _o_

ace _i_la_ to thosa te_o_ed _o_ [_akewC_lq B_ca_se the_e hoose_ in the lata 19706. _Ithough the_e pce-

tha _ound-1_val di_ence be_woon Row_ I and ) _as mlum e_m_tes a_ aomewh_ i_ptecis_ _hey imply
abou_ 7 d_ (_7 dB vatau_ _0 d_ 1 b_oce th_ beam _a_ _hat p_ox|mi_y to the highway ¢ont|nu_d _o _ect

b_il_ _ha _D$! aa_|_a_e _ 0.6 pe_oan_ p_ do_Ibel p_Ice_ evan a_ter _he be_ was bo[l_, rndeed_ thelr

_ot _toy _eado_o ][en¢_r the _naly_0_ o_ Lakowood a|milarlt_ _o thei_ pc_-be_m coun_e_pa_tB Indicates
a_d o_ T¢oy Headowa bo_o_e _h_ becm W_ built bo_h that _ha becm did llt_le to _educa the _is_[h_

_uppo_ _h_ premls_ that hlghwa_ p_ox_mi_y a_ect_ pclce _|_fetentla]_ between _ows. App_[entl_t an_

hoo_ing p_Ic_ in _he _nno_ doac_Ibed b_ _e_son I_l. e_ec_ o_ _he b_m on ptlc_s was too _mall to b_

de_ected in the p_o_onc_ o_ oth_ variation.

_O_5 _P_F_XO _OUNO P_DUC_OHCON_R _CON_ZC

_ i_ suggested b_ _he evldeno_ _la_in_ _eal _atate Tho _esearch _or_ed in thi_ paper conco_ns the
valu_ _o _ound levela th_ _£c soo_d ab_emen_ e_feccs o_ t_a_|¢ so0nd and It_ [edoc_|on on bou_o

Would _on_e_ _oneta_y benefit8 on Rome hom_owne_a b_ prlc_. _t conta_n_ ¢ompa_tlve analy_ea o_ two

Increasing _halt p¢ope_y values. Howeve_ _ii s00h adJacen_ _It_s bordered on one a_de b_ a_ Inta_t_

evlda_e is e_en_ally c_o_s-aeo_ion_l _he_ _h_n _teewa_° It di_r_ _om o_he_ _uch i_ve_i_a_ions

_he r_o_t o_ _ be_ote-an_-_o_ _tod_ o_ p_ope_t_ in that _h_ _ound dlf_e_entla_ arose _ot _nly _om

V_l_ be_o_a t_a_o oound abat_me_ v_r_us val0_ di_o_en_as _n proxlm_ty _o _ha hi_hw_yI bu_ _IBo
o_ theae s_ prope_tle_ a_te_ _bate_ent+ Taylor _ _om the con_t_uctlon o_ ao earth beam shielding on_

al. (_) st_ta that the _study o_ _he _act o£ b_- o_ _he si_e_°

_let _onB_ru_ion o_ hoose ptlc_s _ It_0s) an Im- Th_ d_ta a_o co_|s_a_t with the generally _o-

po_an_ toplo _or _nqulr_. _ _he _udy pre_anted ho_e oepted Idea that, _n th_ _b_e_¢_ o_ shleldln_

_ to th_ _nowl_dg_ o_ _ha aotho_ th_ _s_ _u_h ptOXilnlty _o a h|qhwa_ _end_ to _duce house p_i¢_s.

be_o_e-and-_f_er _ody. _t _hould be no_ed that onl_ It is ou_g_st_d by th|a idea th_ a ba_rle_ would

a _ngle _i_e w_ll be Cap_ed on and _hat tho _Ind- _on_e_ economlo benefits (hlghe_ reaale p_Ice_)

In_ _a¥ _o_ ho|d in _enacal_ along w_th |t_ a_ous_Ic _nd _IBU_I benefits° Accord °

l_c_ll that the _o_ Heado_ _th b_rm wa_ buil_ in_ly_ _ _t o_ thi_ hypothesis was performed.

bat_eon _ t¢_io found _ou_ce _nd _n exIB_ng tea|- lloweve_, no slqn_i_a_ _io_ e_o_s wa_e _oun_
_enti_ nalghbothooO_ tha_ i_ todoce_ _ouhd _av_II as_c_la_ad wi_h a de_o_Bt_abl_ _ec_Ive a_h be_mr

in ROW_ i and 2 (ptevlou_l_ _ha hi_h-annoyance a_e_} whlch ro_Idents willingly paid _o con_cuct. _hls
below _he pr_v_ouBl¥ obsacv_ [_Q _ _0 d_ anno_noo _Ises doubts abo_t the u_ o_ hedoni¢ _eal _ate

_h_Bhold_ _ _hat i_ _e_0cad an_oyanc_ _at|ng_ |n pr|c_ _o_elB _o qua_t|_ th_ behe_i_ o_ _o0nd re-

_¢_ _ and 2 to e_uentla1_y _ho _ama _ow _avel a_ i_ d_ion be_usa th0_ _odelB a_o _ane_l_ no_ ba_e_

_ows 3 to _. Note _Iso _h_t a pt_¢a _t_d_ent _i_h on t_u_ t_a_an_-oont_ol data. _t may be _ha_ _oond

r_ape_ to di_anca _rom the highway existed in ¢_o_ differentials a_ capitalized into hou_ p_|o_
_eadows be_o_e tha b_m was b_i1_. {A price gradient di_fecen_l_ _ependlng on whethe_ they _Ise _om

in _he nea_b_ Lakew_d n_Ighbotho_d pe_s_B_ad Ove_ di_tance_ _O_ b_r_ler_, o_ _ro_ qolete_ _a_

t|ale_ ao _ha p_i_e g_a_|en_a a_e no_ _t_ly a_i_ot_ _t_eams. TO _esolve this i_e wo01d taqulre lacge_

o_ tho devalo_t81 _n_tial prices.) I_ _ound-leve_ oa_ple_ pozh_ps anal_od wi_h P_l_ulst's _ep_a_-

aa_o eco_o_io ba_itB a8 dO _ou_d=_evel _|_a¢_ceB

d_ to distance £¢om the highway, _hen i_ would be

_xpec_ed that the Troy Meado_ earth beam Wo_id REF_P_C_

ellmlna_a_ or a_ le_t tedu_of _he p_Ice _co_u_ _o_

dla_ance _o_ tha highway. Zt _i_h_ al_o b_ possible I. J.P. Nelson* llig_wa_ Noi_e _nd Pcope_t_ ValUesl

_o de_¢_ a hoo_e-p_i_a Increase _n _ow_ _ an_ 2 _ _0_vey o_ R_oeN_ Evlde_ce. _ou_nal o_ T_an_-

_olnoldent _i_h _he construct|on o_ _h_ b_m. po_t _¢onomlca _nd Pollc_ Vol° 16_ 1982. pp.
To te_ the hy_o_h_siB _ha_ tca_Ic-_ound abate- i17-138_

ra_nt wo_Id oo_at _one_acy bena_ on _c_e home- 2. S.H. Ta_lo_ _._. B_astonl _nd P.L. ll_ll. _he

owners by InctoaBing _helr pto_t_ val0es, ma_hods B_oot o_ _oad _ta_io _ols_ on ilOU_e p_ices.

di_o_ed in the pre_adlng _ct|on will be u_ed to _ou_nal o_ _ou_d _nd Vibta_Lon_ Vol_ B0_ NO. 41

lOOk _oc p¢oxlmlt¥ e_e_ts in Tcoy Headow_ d_In_ 1982_ pp. 523-541.
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_° R._. Palr_qulst. He_su_Ing _nu_ronment_l E_fecbs EnglneorlnQl Ro_so Contrul Pound_tlon I Pouqh-
on _ropert_ V_|ues _thout l|ed_nlc Re_re_siaas_ Reep_le_ R.Y** 1977 e pp. 233-244.

JournAl of Urban Economlc_ I VOl. ii_ 19_2 r pp.
333-)47.

4. C.R. Yon nuseck. Hoastlrumonts Of l_educed Trafflc

No_e Annoyance Obtalnod with an Earth Borm. Publication oE this pape_ 5Fon_ocod Dg Cor_Ittoe _n
P_o_.f ig?7 H_tionA1 C_n_nc_ on N_|ne Control Transpo_t_tlo_-ReIAted Ro_e _nd Vibration.

The One-Minute Leq Measurement Method
C|IItI$'I'OI'III,,'R W, IlI,]N(;I'_

AD_TRACT

A noi_e meaBur0men_ me,hod _r energy-average s_un_ level (_uq) that provl_
•o_e _lexlbll[t_ an_ Info_mAtlon th_n most methods In u_u tc_y is d_ncussed.

The o_e-_inute _q _e_u_emuIlt method co_si_ o_ a e_les of Loq me_ute-
mentst e_ch on_ m_nu_e I_ d_at_on. _hls m_tho_ cequi_e_ an l_tegrat_nQ _ound

I_v_I _ot_ oc portable noi_e monit_c. LlmltAtlonS O_ othec commonly use_ meth-

o_ a_d a_vantages of _he one-mln_te method _e d|scu_e_. An ex_mp1_ _f the

Leq _tho_ us0 Is p_esented.

A method Jut the shott-te=m measurement of the level on a data .heetl thereby creating a diettibu-
enecQy-ave_ge sound level (I_ } of envLconmental tlon of check mA_ks. St_tlstloal _eec_ptor_ ! such

no_e Is described. Th_s m0_od uee_ curcently as L101 LS0 w _d LgD w can _eadlly be determined f_om

Available _nte_c_t_n_ soun_ level met_r_ (S_s) oK B_ch a d_t_lbut|on. L_ can also be determ_ned_
portable no_e _nltore. It _onsl_t_ of d_vldinQ the typ|c_lly by un|ng a nclentlf_ calculator. Statis-

• eA_urement period _nto a _rles of one-minute _lcal te_t_ _r_ then performed to detecm|ne the
intervals. [A _lmlla_ _easu_e_nt technlqu_ h_s baon _e_lnion _lth whLch _he d_c_Lpt_r is knc_n. De-
d_sur_bed In Sl_eys _nd Commlns (_}°] _ Is _c=ibad _n "Fundnm_ntalB and Ah_temen_ o_ Iligh_y
me_urad an_ _eoorded _oh _[nut_ and observ_ion_ T_Affi_ Noise" a_o the procedure _n_ the t0sts _o_

oE nlgnlflc_nt noise event_ are made. The _ve_al_ det_rmtnin9 _10 _n det_l (_1.
measurement p_rlod ohn be of _y _ur_tion b_t _ Although the check-mawR method Is a co_at_vely

tlSu_lly o_e ho,r o_ less _nd _l_ays conetBts of stc_lghtfo_w_rd p_cedurer 1_ hae _ome l_Lt_tlons_

cunblguous _-m_nute _ntocvalB. O_erall _eq _s
determined h_ cnluulAt|o_ of the en_rQy av_aQu of

the valid o_-m_nuto _qSo • The metho_ l_ 4 ¢o_tse s_mpl_ng Of the sound
The advantag_ of _ho one-minute _eq me,here- level (on_ _am_le every 5 OK IQ _ec)_ _nd therefore

m_nt method Dve_ more commonly used _othode_ _uch AS _l_ly lone _e_u_emen_ p_od_ A_ af_on _quiced

the check-of_ method and co_t_rluo_s-monito_nQ before L1Q or _e_ I can be determined with _eaeonable
method_ Include lncEeas_d _lexibll_ty_ co=plote ua_f_dence. D_t_c_ln_ng confidencelntervalson _q
samplinQ of th_ _ound levelF and d_a_ostic Cap_bll- requires som_ _lc_lab_on _nd the lnte_vAl_ are o_tQn
ltle_ re= cont_ibutlan_ f_om varlo_ no|so sources, quite |_cg_.

In _he followl_ _ectlons. l_m_tatlo_s of theee • The method is subject to re_dlnQ error.
co,u_n_y u_ed _ethods ar_ discu_sed further a_d • Slgn_lo_t _ou_ events c_n he m_ssed d_lng

examples a_ pre_eNted, at_n_to_ _witching° Th|s p_oblQm is p_rt_cula_ly

_gnlftc_nt when using the method to determine Leq°
L e is crit_c_lly dependent on mexlma and_ If on_ oK

LIHIT_TIO_S OF CO_O_L¥ USED HETIIODS _o_e high-level sa=ple_ _c_ _ls_ed. _q could be
significantly underestimated°

Che_-Of_ Hethod • The measurement engineer's attention _ often
strongly fc_use_ o_ the _ech_ce of perform|he the

The check-of_ method _) _or meAsuctn_ environ- method p_pe_ly and l_tt_e time le _v_ll_ble foe
mental n_lse level_ has be_n in u_e _or many y_ars, note-tAking about nol_e sources_ important events_
OrlQ_nally developed _o_ et_tistlcal _amplln9 of or tr_f_la conditions.
noise l_vels with hs_d-held _LMs t the9 method re- • Two _ndivlduals _o _eq_red 1£ _lmult_n_ous

gulfed read|ng the SLH _nstallta_eou_ly every _0 eec tr_fflc count_ _re to be m_da even on A ro_ay
_nd checklnQ o_f a box corce_pOndinQ to the observed h_vLn_ only a _ode_at_ level of tcafflc.
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Contlnuous-Monitoriq_ Method counts, a hand counter combined with noting the
cumulative sutomoblle co_nt each minute is _on-

Over the past _everal years r portable noise monitor- venisnt.)

ing systems (astir _[e recently, iota@[sting S_He) At the e_d of the measurement period, the I_q
have been tlsed significantly often for making _ho[t- for the entire period is calculated by using Equa-
term enviconmental noise measurements. Host no/so ties It
monitors (or SLHS) sample the sound levol essentially
oontlnuously; 5ampllnq _ate and detector tl..... - N [ i

stash are usually set to avoid missing any level _eq{P] • 10 log (l/N) [ lO _[(l_q)l]/1O_ (1)
variation, At the sod of a selected time petiodp the i•l
monitor prints or displays the sound level descrip-
tors for the p¢ovlous sample period. For short-ter_ where
measurements, monitorln9 is cor_,only performed for

sample periods tanging from lg to 60 rain, Leq(P_ • the Leq foc the measurement period,
Using monitors for making sound level meass[e- • the number of minutes or one-minute I_eqs

meats is much less arduous than using the cheek-off to be included in the period _eq, and
method and frees the engineer to observe significant (beq) l - the ith one-minute Leq.
events, I[owev_r, using sample periods of lO to 60
mln substantially reduces the flexibility and ar_unt An example of a field data shee_ u,ed for thi_ meth-
of information that IS available when using shorter od is given In Figure L,
sample periods or the check-off method, as can be
seen in the follOwing two examples,

• zxampl0 iI han_ ¢eT_0n noise evsnts cannot he _m _ NN_+t_, i_'r_,_ i_,_
convenlentl_ excluded. Significant noise events such
as construction operatlon_, barking do_s, vo_ces, or
particularly noisy v0hicles nearby may be considered
atypical of average conditions. Such events may

contribute significantly to the measured _q but,
with _o_e monitors, cannot be excluded from the
measurement. Although _ome monitors or sr_s have
standby or pause switches that enable the engineer
to avoid an unwanted event, many events such as
shouts O_ dog barks are too _udden to exclude. An

soon ae an unwanted noise event occurs, the validity
of the Le fOr that sample period becomes ques-
tionable, _ypically, the engineo_ will be unaware of

the extent to which the period Le is affected.
The enginest restarts the measure_en_ Period a_te[

such an intrusion, discarding perhaps many minutes
of otherwise useful noise data.

• Example 2: Traffic noise on ¢oadways that are
under s_ud¥ uannot be separated from total amblent

nol_e, Preq_a_tl_e traffi_ noise _easurement_ are
compared with predlcted noise levels. These compari-
son_ are _st appropriate if the measured noise
levels are exclusively due to traffic noise. /low"
ever, with a continuous n_nitor accumulating data
for the entire measurement period, slqnifioant events

such as aircraft overflights, railroad passby_ _nd _,_.=._.,._m_o.;=_.._

nearby (sonpro_ec_) truffle cannot be separated ost. FICUIIEI E_Sn,lde.f_eMd_fesheel_dhHh.
If they are excluded through the use of a pause ene.m]mho L,qmrn_urenlent melh()¢t,switch, the engineer loses information about total
noise levels.

Total l,en_th of _amp1e Period

St%iMARyOP TflZONE-HINUTZ Leq MEASUREMENT METHOD The duration of _he sample period necessary to fairly

represent the one-hour _0q varies according to the
The one-minute L e measurement method requires the nature Of the noise _ourees and the distance of theq
use Of an intoqratinq gkH or a portable noise moni- observer from them. In general, a minimum of Ig to
Coring system. The SIR or r_nltor is set to operate 20 min ts recommended. Lonqer periods are advisable
for one-minute Intervals, if It IS so equipped. If If somewhat intermittent noise sources are present.
the Instrument mus_ be _anually reset, thie iS done Also, if the variation amosq the one-minute Les
OnCe per minute, Leg _an be recorded manually or is more than a few declbelsl then longer sa_p_e
printed, depending on the capabilities of the in- periods will improve the representativeness of the
• tru"v°nh, measurement.

During each one-minute interval, the engineer le A programmable scientific calculator can be em-
free to note events that may influence Leq. For ployed in the field _o provide additional Informa-
qeneral environmental noise measurement surveys, tion to the measurement engineer. The c_lculator can

notes about _peclfic noise events during each minute be progta_c_ed to display the cumulative Leq if
can peeve valuable for late_ determination of over- each one-minute beq is entered at the end of each
all controlling noise Iources. For traffic noise minute. The minute-to-minute change in the cumula-

measurements, vehicle counts are often valuable, rive Leg can then be used as a guide to the engl-
COunts of heavy and _sdium truok_ can often be kept near to lndioate when the measurement pe_lod might
and automobile counts can s0metlmes be made for be stopped, When the minute-to-minute cumulative

moderate- or low-volume roadways. (For autoraObila Leq becomes a relatively constant value, the engl-
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near map oonsldec ending the measurement period. This tegratlng SL_Isavailable wlth which one can use the
pcOOedsre requlrea time I however, and is didficult m0thod (such as Hruel & HJ_er Hodels 2225 end 2226).
to employ if traffic counts are desired. Until recently, the only methods available for msa-

surlng Leg with inexpensive Instrementatlon have
been relatively tedious hand-sampllng methods (_)

_IY ONE MINUTE? using standard SiMs. TheSe methods are susceptible
to operator srro_ and have relatively comblex pro-

The one-minute interval for be_ was arrived st csdures for determining confidence intervals.
through experl_entatlon with many measurement moth- The one-minute r_ measurement method doesn't
ode and interval durations as well as many hours of involve a Lampling of_he sound level{ rather, it Is
field experience with short-term noise measurements, effectively a continuous integcstlon (dependlnq on

One minute is long enough to free the engineer the circuit desion). Therefore, sample hlas is
for observation fo_ a reasonable length of time! at limited or b_onexlstent and no confidence interval
the same time, the one-minute period is sho_t enough calculatlons based on a sampling need be applied.

so that Indlvldual interval samples of 6eq that Although recordlng 5s and resetting an S_ re-
contain cont_lbutions from unwanted or atypical quires a brief pause,_hls pause can be kept short
nolge sources can be separated out or eliminated with practice. The potential measurement error
wlthoub a significant loss of valuable measurement therefore approambes the error In the instrument

time. Also, the number of interval _q values that itsel_i this error Is usually published with the
must be energy averaged to obtain the period _e is instrument apeciflcation_.
not excessive (for short-term measurement periods_. Some portable noise monitoring systems can be set

up to operate automatically in the one-minute Le
mode (SuCh as Digital ACOUStlCS 60?, BBR 614J an_

ADVANTAGES OF _IIEONE-MI_;_ Leg M£ASUR_MZN? can be used to advantage with the _eq measurement
METIIOD method. Almbough such ._nitoring spstsms are more

cumbersome than Integrating SLMs* their automatic
The ma_or advantages of the one-minute Leg mea- operation end data recording features free the engi-
eurement method are efficiency and lnfor_tion. This near from the recordln9 and resetting tasks.
method allows the enginee_ to efficiently obtain
useful and complete measurement data.

9e_ause the one-minute Ls msasuremenh method REPERE_:ES
slIOWS the sepa_atlon O_ exclusion of individual

one=minute _eg_, the engineer can perform measure- i, J.P_ Sirleys and D.E. CO.ins* Short-Term
merits at less-than-ldeal locations and still obtain Equivalent Level _erlssl An Efficient _OOl fO_

useful data. bmually, measurement of t_sfflc-onl_ Enviro,mental AsSessment. prec., International
I_aa and total ambient Lea can be obtained at the Conference on Noise Control Engineering, Miami,
sa_e time, along with simultaneous trafdlc counts. Fla., Dec. 8-10, 1980.
_he engineer only has to note the one-minute perils 2. Bolt Beranuk and Newman Inc. Pundamentals and

during which noise sources other than traffic up- Abatement of Highway Tta_fla No(so. F{_A, O.S.

patently contributed to _eq- (He can do this by 9epo_tment of _ransportatlos, 1973,
listening and estimating the significance of other 3. W, BOVlby, ed. Sound Pcocedure_ for Measuring
sources, or by s combination of listening and ob- Highway Nolsel Final He_rt. Report F{_A-Op-45-
serving how the Le for that minute compares with IR, FleA, U.S. Department of Transportation,
the _oregolng Leo ,) _hen, those minutes are in- Aug_ 1981.

eluded only inthe calculation of the period Deq
for total noise. 5eq for traffic noise Im calcu-
lated excluding those ml_utes influenced by neutral-

fie noise* Zf simultaneous traffic counts were made,
they can be used to compare • prediction method wlth

the measured Leg for b_afdlc only.
Anothe_ advantage of the one=minute Lea mea- Publication of thla paper sponsored by Co_mlttee on

autement method Is that mbe_e are insxpensl_o in- Transportation-Related Noise and Vibration.
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Community Involvement in the Noise Barrier

Selection Process: A Case Study

WIN LINIIE]I,iN

ABSTRACT

In _e_Donse to a comr_untty roquoct, th_ Plorida Department of TronBpact_t|on

_onduc_ed a _urvey to detecmin_ _ a highway noise bar_i_r _hould be _onst£ucted
In the Haximo Hootinga _bdivl_ion Of St, P_tecsbu_g, B_sed on this ou_vey and
the resulting publio wotkshops_ a no_so ba_t_er wos designed and e_oated that

_ecelved _ g_o_t deal o_ pub_l_ _caept_nc_, _he p_ocodu_e_ used In achieving
this _ccepta_cQ _ro Identified*

In 1956, the Plorida Department of Transportation ORIGINAL ASSRSSHERT

IFDOT) requented that Interstate 4 be extended from
the we_t side of Tampa to the north side of St, fn compliance wlth the Hatlonal Envlr_nmentel Pollc¥

Petetsbllrg° After 10 ye_E_ o_ Btud_ a_d a ch_n_e o_ AUt of 1969 and _el_ted fed0cal guld_l_nes, an En-
deelgaatlo_ from I-4 to 1-75 to f-275_ • Corridor Vi_onment_l Impact St_tu_en_ was _omple_ed _nd ap-

¢outlng ft_m Ta_p_ th¢ough St Peter_bur_ wa_ deter- proved b_ _t U,S, DepartmeNt Of T_a_sportatlcn_

mlned as _hown In Figure l, Part o_ this corrldO_ in 1972, The nols_ pottlo_ of this document aon-

would i_volve an Interchange at 54th Aven_e South In slsted of _ s_tecent (_) that
the vlcln_¢y _f the Haxlmo Hooclng_ subdlvi_Ion, As

tlmQ an_ _i_cu_t_nce_ would ahow_ 0n_iro_ental there _ill be _ome Increase of nolso In the

conccrn_ by people In this subdlvIBion would lead to northern h_lf Of the project due to th_

One Of the most intensive and po_itlve _ornmun|ty ¢_tentJon of u._, 19 _nd 31_t Street p_ral-

i_volvement pr_3c_mn related to _o_e _n the history lel to it, In the southern hnff ot the p_o_-
Of FDOT, ec_ the inccea_e in no|se level _I11 be
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insignificant due to the rapid, non-stop 19B0 (_), This reevaluation Included an u_ate of
nature of the traffic flow* the previous noise assessment conducted foe the

original Environmental Impact Statement, This noise
The p_oximity of the 1-275 interchange to 54th assessment was conducted in acootdanc_ with th_

AVenue South and the Haximo Moorings subdivision Is dictates of FHPM 7-7-3 addressisg highway traffic
sh_n IN Figure 2, As 1-275 progressed southward noise analysis and abatement cen_ldorations, The
_rom Tanlpaf growing controversy surrounded the con- noise aDsessment, summsrized in the Ee0v_l_ation r

identified three locations where nol_e abatement wan

consider0d appropriat0 and feasibl_, One of those
location_ was along the north side oE 54th Avenue
_outh between 37th and 41st Streets South, Thie

location was adjacent to a _rtion of Maximo_r-
lngs, a single-family 0ubdivlsion, which is also the

home o£ a number of citizens concerned about the

environmental impacts of the construction of 1-275

through the St* Petersburg area* The reevaluatioo
noted (_) that "prior to the employment of _np
abatement techniques, an attitude survey will be
conducted to obtain the view_lnt of nearby resi-
dents to determine if they f_vo_ abatement and I if
so, what tppe they would desire*"

CITIZEN INITIATIVE

Consttuctlon on that portion of 1-275 Involving the

Haxlrao HCO_Ings subdivision began dutlng January

19B2, At a public involvement mentlng in early May

19_2 e a _xi_o Moorings teeldent inquired at_ut the
status of the publio attitude survey reg_rdlng noise

abatement in the Haximo Mc_rlngs subdivision, Be-

cause the study area had been broken down into two
construction proJ0cts e the original intent o_ F_T

Was to conduct the attitude surveys Just before the

lettlng of the flnal project, whloh was located just
south of 54th Avenue South, Because of continued de-

sign m(_Iflcatlons and other contEoversye the let-

ting o_ the final job wan further delayed, thereby

poetponlag the attitude surveys,

A I_SI_SIVE FDOT

Because the _equest fo_ the survey was msde in gc._d

faithr FDOT*s _ss_onse was to conduot a speotai

survey o_ the Maxima Moorings subdivision and delay
the others until the design w_s finalized in the

southe_nn_st project* With the assistance o_ the
_ureau of Right-of-way, a list o_ all _nern of

propert_ directly abutting the project along 54th
FIGU[{E2 [*derclmllgen_aofM_xisi(*_Ino_.g*snd54[h Avenue _outh Was made, A letter was written by the

A vefltle_Llt]t* Bureau of Environment to each property owner oN _une

21_ 1982, that oxplalned that a recent noise _nal_-
sis had shown the need ior noise reduction* Discussed

structlon o( this urban _reeway, As reported in a in the letter were the dimensions of the proposed

previous study (_), this controversy was widespread abatement wail and the need for input flom the prop-
• _d often focused on perceived air and noise impacts erty owners. In _ddltlonl the letter Indicated that

o_ the pco_ecta. The development of seven noise a telephone survey would be conducted by the 0uIoau

b_[ler_ _long the _oute of 1-275 through the dowN- of Envlr_nment du_In_ the week o_ Jwne 2flI 19fl2. As

town _re_ o_ St* Petersburg did nothing to diminish scheduIed_ a telephone survey WaS conducted on _une

the attention _oouned on noise control, 28 and 29. Thin aurvey WaS successful in _eaching
all but one of the residents and that individual was

finally contacted earZy in July after he _eturned

from an extended vacation. A copy of the question-
DESIG_ CI_ANGE_ AHDREEVALUATIOH nacre and a summarp of the _esults can be found i_

Figure _,
Alter several years of preliminary design concepts After the telephone survey WaS conductedl a date

and _edeslgns_ the construction o_ the Interstate in was set _or an informational workshop at a nearb_
the vicinity of the 54th Avenue South interchange motel. The time and day of the week selected for thls

became an approa_hlnq reality. A reevaluatlo_ of the workshop was a runult o_ input gathered during the

impact of the design chanqes was mada by F_OT'a telephone survey. Two weeks before the workshop_ a

Bureau of Environment, pursuant to the requirements letter was _ent to each property owner, indicating

of Volu_e 7_ Chapter 71 Section 2 of the Fnderal-Aid what would bs dlscu_sed and soliciting their at-

Highway Program Manual (FIIPM ?-7-2) as it existed in tendance,
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9a_m - June 26"30a 19_2 T_L£P][O_ SORV_y q_STI0_AIP_

_ntroduction - Good bay. Ny naml _s _ls Llnde_ae _it]l the Florida Dee
p_rtmest ot TraSlporta$1on. On June _iatf i Wrote you a le_ta¢ telling
you About the po|aib|e u|Q Of baTriQ_ wailN to _educa the future salem
levels fro=1°275 and $ath Street. If this is a convenient tl=u. I ueu|d
like _e aik you a fee q_Dltioss re_ardin R this maLter and then i'll try to
a_l_er any ques_oal yc_ might h_va*

1. Do you faRi noise Is csrreo_ly e problem in your neighborhood?
Yea - 11 He - 2 Don't _ow - 0

2. if yea, what typel of noise do you no,ice and ho_ doe_ it a_feot you?

Pile Drawls& " 3 Hoto_cy¢]el - 6 Truck_ ° 6 Traffic - 6

3. _owwouid you tats the present nois_ ]_veil f_em _atk Avenue?
Very Annoyisa - 9 _ [,itt[e Annoyin8 - 3 Not At All ^usey_ng - I

&. At what time o_ dmy do_| tk| traffic soils _eem to be the ]uude_t or

most a_oyin_
Hidn_ght to 7:0Q _ o 0 7:00 A_ to _:00 P_ - 8 7_00 to HJdnl_ht ° 0

5* Do you th_nk a properly designed sail alon_ Sath Aven_a _an effective-
ly _educ_ traffic no_se?
Yes - 7 No " 2 l_n't _o_ - 4

6. Do yo_ tki_k road _llrs tax.nay _hou]_ be spent _o reduce traffic
noise?
¥is - 10 No - i Don't K_o_ -

?* |f a bar.lit wall il cosatr_c_ed, _bith Of th_ _el)c_ln_ material

type| _ould you prlfer?
Concrete Black - I (l_ _tu¢_o] V_od ° 2 Henri - 0
Pre_amt _onc_ete . 5 ethel - 6

C_lt-in-Pl_ce Concrat_ . I

£arthern _e_ and Ves_tation ° 2
Vegetative 5¢rm_n °

8. _at color (I) _all uould yo_ pre_r?
_bl_a ° 3 g=ean -1 Bal_* - 6 Gr_y ° 1

g. _o_ld yes p_l_ar i V_Qtat_va |¢_eDn to _ _olid wall?
Yea - 6 No * 7 D_n't _s_ - 0

10. Wo_ld you be wl]l_n_ [o rel_all you_ potential _cce_s directly ta $_th
Avlaua _o ali_ the _onltruttio_ o_ a barrie_ _81] oa st_e-o_ned

_l_ht-of-uay?

Yal° 12 No ° 0 0on_t Kno_ * 1

]l, Parsons1 Data
a. Sex of Ro_poedan_

Halo - 7 Femal* * 6
b* l_n_tk of Residence (in years)

Range - 2.5 to 2_
Hean ° 10.8

c, _eat Tit# _or ^ Public Varksbop
7:_0 PH_ T_day or T_urlday

d* _ame
e. Addrasm

F'IGUI(_ 3 THeldZOrZealxneyquesii.ml_r_amlmmmaryefrem[li.

_IRSTWORKgffOP we[e asked to make several decisions about nol_e

abatement,
Che ficst Workshop was held _uly 15, 1982, at the
site identified in the announcement that had bee_

_alied pteviodsly, Afte_ aft Introduction of the pDO_ Conditions of Noise Abatement

and YJ_4A ceptesonta¢lve_ _nd the residents aa welll
the homeownet_ [ll of 13 were p=esent) were given a At th0 beginning of the workshop, repteaentatives of
brief presentation on the history o_ the problem _nd both _DO_ and Fh_/A establi_hed the b_ei= conditions

the magnitude OE the al_uatJon_ the conditlon_ o_ unde_ which the _onstruetlon oE a be=list Eor noise
noi_a abatement, potenClal eolutioa_ and possible abatement would take place_ Including the p_emise
battler matotial_# and the ¢esult_ o_ the telephone that no additional cight-o_-way would be purchased

survey. ?breech the use of a tape _eoording and by _DO_. It ea_ement_ 0£ any kind could nob be oh-
sound level _e_ers, the residents were able to heac rained free-of-charnel Lht_ would be grounds for

the existing noise levels and what tho_e levels were dis_ontl_ulng the pu[suit o_ building the wall* Ob-
predicted to be like in the future _hen the Inter- raining e_se_ent_ free-o_-cha_ge was the =osh lmpor-
_tate wa_ completed* In tha_ way, the residents rant condition related to the project because a_cese
COUld discern the lnotea_e of the noise over time _t_hte were going to be _equired no matter what type
and de_lde for themzelve_ whether the impact was of battler was selected. It WaS also noted that cost
acceptable, At the e_d o_ the workshope the citizens wa_ not _olng to be an l_ediate eonalderatlon but
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the terrain varied less than a fo0t from one end to transformer pad slightly and by Lncorporatthg the

the others a uniform height was desired, although s manhole inlets for the sanitary sower llne into the

vatlation in height would have been acceptable to footing itself,

FIiWA and FDOTo The residents considered an 8-ft By mld-September iSB2r FDOT had toque=ted formal

barrier a resBonahlo compro;_Lse between nDiae reduc- concurrence £rom PICA on the construction of the

tLon and Other factors such as v|aw_ iLght_ and air bar_ler wall along 54th Avenue South. in thle re-
flow, quest, F_X]T noted that Lf the donation of rLght-of-

ThL_d_ the re_idente decided that th0 material way or construction easements was withheld f0r any
for the barrier would be concrete block that wogld reaeonf It wa_ their intention to abandon the con-

be built on a footing and feature a cap and pilaster oopt Of the abate_nt wall, F[[WA oonourresoe for the

dsslgn slmLlar to that shown in Figure 5. They wan_ed constrsctlon of the p_oposed wall at a cost of sp-

a stucco-type finish (referred to by FDOT as Class 5 p_oxLmately _75s000 was received in late Sept0mber

19B2. PDOT requested federal fund= to initiate title

searches and to do the final design engineering

wo_k. This lequest foc federal participation was

}, ,il,, L, ,, ,,I, / ong'nteO*nea.yOotohor.. ondthe,,sllw.haoht,achonoeogaLn.
I| I | | I I I I | I |

Jr | I I : ! n I * _, | ! ! II During the perLc_l of conducting title searches and
] I n I _ | ] | I I _ subsequent nesotLatLons with the property owners to

!| Jl III I I | I I I I l I I

,a , , I :1 , n , , I, I , ,I °btaLn Construct,on easements and ace=s, *lghts, one| m n n | n m _ of the residents decided to re,use to grant a con-
f l i m m i m l i ! m I i i l i k sttuotion ear=meet, Ells reasonLn_ centered on the
I I I !lI R. m n ,n n n II I I _ close proximity of his swimming l_ol to the _LSht-

_[C,UI{E._ Drawlngo[o_giflahloiSel_rrierd_aign. of-way line--he felt that the construction activitywould or coULd damage his pool, and he did not want

the mess and inconvenience Of the wall-buLldins

oparation. Iloweverw Lt was still his desire to have
the wall built to protect him from the noise as well

finLsh) in a beige color with the alternating panels as to p[ote=t his neighbor_.
having a ted-brick veneer on the residential side of The FDOT engineer in charge of the prelimLna=y

the battler, The _Lde facing the highway would be design aspects of the wall mat with the various
finished Ln the same beige Class 5 ELnith without property owner_ on site to solicit Lnp.t and attempt
the ted-brick veneer, to identify a workable compromise. WorkLng through

The fourth decision facing the resident= was the president of the Haxl_o Moorings Civic As=cola-
whether to use wings on the barrier. To increase the ties. the engineer continued hie effort to either
effectiveness of the barrier, both affected property pursuade the reluctant owner to change his mind or
owner8 expressed a wlllinsnsss to donate the ¢Lg ht" to devise a ceasossble alternative. After receiving
of-way necessary for erecting the wings On each end; a brief education from the Bureau o_ Esvironmant

this gesture typifies the overall spirit of coopers- st4ff on noise barrLe_ materials and their many pros
t/on that the residents brought ¢0 this workshop. _nd cons, the engineer act about trying to find one
The o_ne:s were informed again that to increase that would fit the need8 of this project*
effectiveness and i_LnimLze disruption to utilities, The _T design engineer, based on his study Of
the barrier would he placed as ClOSe to the _ight- barrier mate=Lois, believed that the use of precept
of-way line as possible and that this would requL_e concrete might be a workable Compromise, He con-

c°n_tru°ti°_ and _aLntonaflce easemssts at] well aS tacted representatives of the Reinforced Earth Com-
access ELghbS, as d_Borlhed oarlle_, pany and the EasL-Set Co_pany and rflquested addi-

PLnaZIyI the ce_idents were informed Chat many tLonal information and a set of preliminary design
hurdles were still to be overcome I hut the informs- concepts from each based on LnforzPation that he
biOn gathO:od as a _esult of the fLt_t WOrkShop WAS fur_Lshed to them. These design oonoepts were to-

considered vital and would put PDOT and I_A on a turned and subsequently submitted _o the contractor
clearly defined path toward noise abatement. With working on the interchange. The contractor then
that qualifier placed on the evening's aotivities_ submitted a preliminary bid estimate orl all three
the workshop was adjourned, altt_rnatLvss (the two designs sent in by the private

companies and the original concrete block wall de-
sig_). I)ecause the preliminary estimates were all

ZDO_ TAKES CflARGP. considered within an acceptable range, _IPRA approved
the use o_ any Of the options I depending on the

Based on the Lflp_t from the workshop and subsequent input of the local residents.

contacts with the homeowners in the pro_ert area, Based on the results of the deslg_ ongLneer0s
FDO_ initiated an engLnee_Lng survey, a Utility efforts, a second workshop W_s considered n_ceGsary,
locahL Ort aBsess_ertt_ a_d a right-of-waY title search The purpose of this workshop wa_ to reconsider the
to determine ptopsrty boundaries I deed restrictions, options available concerning the lOCation, design_
and other items that Could affect the sbatement an d flnlshe_ of th e wall an d to _ign constructLon

pto_¢ct. However_ by August 1982, the wheel= of easements and related documents. The re_/dents were

progress were starting to bog down: the utility notified by mail that the _eoond workshop would be
assessment located a transformer pad that would have held at the same location as the first one. TO se-

ts b_ relocated and a sanitary sewer line _hat was Courage attendancee the MaXims Meetings CiViC AS_
d/re_tly below the proposed WaLl location. Manhole socLatLon wag also _equested tO _tCtLVely solicit
lOCatLOflB were noted and the problem We5 dLreotsd to oonment= and suggestions and to attend the workshop
the design staff, By using some creative ensineer- for the purpose of provLdins edditLonal input, Repre-
lng, it was decided that the wall could still be sentativee of the p_ecast Lndustry were invited to
built at the right-of-way llne by telooatlng the make presentations _n thel¢ various barrier wall
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matorlals, While the workshop was holsg prepared, wall continued, The FANWALL Corporation was asked to

YDOT made a d0clslon that if the w_ll wa_ to be prepare a final wall design that would inoorpot_t_

builtt an attempt would be made to construct it the deaIBio.s made at the reread Wotkshopr and this

through _ _upplem_ntal agreement with the prime d0slgn w_ suhmltt_d to the contractor. Th0 con-

contract_ for the Interchange, tractor then submltt0d a prlco quotation to FhOTI
howevo_ I thi_ quotation ws_ considerably hlgh0r th_n

FDOTSS e_tj_atQ_.

SECOND WORKSIIOP After negotlationp the contractor submitted a

revi_ed p_Ice quote within _DOTlS 0stlmated range

At the second workshop, hold in May 19B3_ slightly and on Novembo_ 8f 19831 a supplemental agreement
mo_o than hal_ of the p_opor_y owners ware p_efiont_ b0tween FDOT and the contracto_ was slgsed. Thi_

along with othe_ members o_ the Maxima MOorlngs contract called for the project to he compl0ted in

civic A_soclatlo_ FDOT staf_ and a representative 14 w_tklng days, After the contract was _Jgn_d I the

of the RolnEorced Earth Company, The design englnee_ _ANWALL Co,patellas located a _orm-llne_ in th_

in oha_ge o_ the project e_plalned the nature of th_ p_ttorn selected, _ecured _ preca_tln_ contractor_

ptoble_ whlch centered on the construction eaBement and began the proc0ss o_ _a_tlnq the b_r_Ior wall

dJf_icultle_ a_sociated with the con_entlonal block panels (65 in all), The proo_tlng epora_ion took

wall design, fle offered th_ee alternative d0_Ign approximately i I/2 months to comp1_to. Dutl.g that

conceptsz the conventional block wall and two pre- interval, the _sidents w_re kept II1fo_mod of the

east w_ll designs--Sierra Wall and FANWALL, Ile ex- wali'_ progress through letters and toi_ph_.e calls

planned that a p_eca_t wall could p_obably resolve to key homeowner_ a_d by personal contact with FDOT

the dilemm_ that we0 facing _he _sld0nts and FDOT oon_ttuctlon personnel,
because it could be placed n_ar the tlght-o_-way

llne without a.y need _ot con_truotlo, activities on

th_ r_idantlal side Of th_ wall in _ost looatlons, CONSTRUCTION pROCESS
Because p_ecast wall_ do not _oqulre a poured Pear-

ls9 _nd all of the attendant const_uctlon activities, Prlo¢ to th_ b0glnnlng Of the noi_o bat_lerqs In-

the homeOWners would n_t have to worr_ dbo_t damage stalIatlon, rhe p_operty owners were contact0d b_
to thei_ pools_ y_rds, and oth_t fixtures, The repro- FDOT personnel and advised that ¢onstruction would

sentati_e of th_ Relnfo_ced _a_th Company ,lade a pre- begin on or about March 12 t 1984. They w_re Informed

•ent_tlon o_ one o_ hi_ company's ptoduotsr FANWALL. that if they wanted exlstln_ fences removed by th_

Ob_ervlmg a _e_i_s of slides and handouts showing oont¢_cto_ they woos to make this request known to

the wall and its a_i_nm_nt, the _esldenta learned FDOT uon_t_uctlon personnel, On March 8, ]984_ the

how thi_ wa_l could be placed along the p_eJeot with- contr_cto: bo_n removing fences and pteparln0 the
Out _emoval of utilJtlesf fencesr o[ an_thln_ els_ ba_e for the Installatloa Of the noise wall, Th_

through careful design, Aft_ explalni_g how the use _otual installation bega_ MarCh 13 asd was completed

o_ thi_ t_pe of ptod_ot wo_id _limln_t_ the need for Ma_ch 20 F 19B41 du_Ing th_ p_oceBs of the waliIs

const_uctlon easement f_om most property owne_f constructlon, no slg_i_Icant p_oblems ecour¢0d. The

and how it would reduce the length o_ construction final appearance of th_ wall is _hown in Flqure 6.
time f_om 3 month_ to 2 week_ the _esldent_ w_e

_uoh more rec_ptlve to this type of prod_ct,

A lengthy discussion then ensued about the ap-

pearance Of th_ wall, B_ popul_r acclalm_ the reaL-

atone finish on the side faolng them. They wan_ed it

to be colored a desert-sand bei_e and indicated no

concern for the _eneral appearanc_ o. the highway

side, In addition, it was su_ested _nd agreed on

that a raked fL.Lsh on the hi_hwa_ side might dls-

courage _taEEitl.

The re_Ide.t_ p_aoent were also given a legal _,. ._

document to _Ig_ that indicated that they had 91v_l_

up aooes_ _Ight_ dlte_tly to 54th Avenue South lwhlch

_ o_ c_r_tly _sedl _d _l _i_t_ of li_h_ ai_

asd _iew to a he_t _ to _d l_ ft ahove _at_

_ _o_d_ _he_ _l_o wer_ to a_r_ t_ aii_ _DO_ a

_pet_l _e_e_t _e_ th_ p_pose o_ m_i_tai_i_ i_i _'_ "_ :_ i _ _ • _ • _

the wa_l_ thi_ a_e_n_ ai_ _el_ed o_t the _i_ht_ ____ _ _ .... _ _ •
o_ the property owner to connect fencing to the __%7_._. --
completed wall and to have a,y damage to vegetation

o_ improvements arlslllgs out of the const_uction o_ _'l(;[]l{l_ I'Jleh,_allhl,fl.)[Nph_lrrh, r walla_h'r¢'_ln.lnll'lieth
the wall repelled by PDOT without any cost to tile

homeowner, Afte: FDOT l_al and right-of-way staff
_evlewed the agreement with residents_ the property COMMUNITY REACTION

OWners were _ncou_agod to take it home, study it,

p_esent it to their lawyer [i£ desired), .ig_ it, A survey was formulate_ and distributed to the reEl-

and cetuc, it promptly to FDOT. TO ald in thle of- dents to determine thei_ level of satisfaction or

fort I FDOT _ight-Of-Way agents were assigned to the dlssati_faction with F_OT _ega_dlng the noise abate-

task of ¢o_tmcting each property owner to a_Ist ment wall, A copy of the s_cvey form _nd the _es_its

them in completlnq the Indenture. are given in Plgure 7.

The Survey Eorm was hand-delivered to each avail-
able re_lde_t, including those adjacent to the wall

F_NAL DESIGN AND PRCCESSING on the eastern end who elected not to h_vo the wall

in front of their property, A_te¢ a brl0f e_plan_-
While the _ight-of-wsy documents were being pro- tion of the purpose of the survey, it was leer w_th

ce0ued_ the offo_t to complete the design of the the resident to fill out with the understandlnq that
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ST. PETERSBURG POST-BARRIER COXSTRUCT(G_ SURVEY
5_Tll AVENUE S0bTH STATE JOB _o. _5190-]_22

Data April 2]-25. 198_

Na_e _ddress

]nero- My _ame is _In Lindeman vith _he PIorlda Department o_ Transpor=-

a¢_on. ! am conducting 6 {elbow-up survey regarding )'our feel-
ings about no_se 4batemellt along 5_th AveNue South.

|. Were you _atis_led _th the lnformatLon ./Vary 5atisit_ed
concerning the _o¢_e barrier _hac was ..LSOme_hat Satisfied
available prior :o the Department of Neither Sacisf|ed
Transportation declslon to coostr_c_ it! _or D_ssatlsf!ed

,.J_.5omewhQ_ giss_tisfied
(check one) Very Dlssat_sfiod

2. Did you agree w_th the Departmen¢ of .__Yes
Transpor;a¢_on de¢isl0n ¢o construct .__2_o
a _oise bar,let at thac tlmu? Had _o Opinion

(check onel

3. Was the b_r_ier efficiently conser_c_ed _7_TVsry Efficlen_
so eha_ It caused the least _oss/ble l Som_uha¢ E_flcient
dis_p¢_on to the aria? ._._lther £_ficient

(¢he¢k one) Nor IneffiCient

Somewhat _sfflcinnt
Very Z_e_cient

_. I_ the barrier e[fec¢_vo in reducing 2 Very £_{ective
traffic noise h_ your yard? TSomewha_ E_ec_lve

_Ne_her _ffect_ve
(check one) _or Ineffective

Somewhat Ineffective
Vary |ne_feotive

5. Are you _atis[led with the _eseral _Vary Satis_ied
appearance o_ the noise barrier? _.LSomewha¢ Sa¢is_|ed

.__Nelther Set,ailed
(check one) Woe Dis_a_isflod

Somewhat D_s_atisfied

Ver_ Dissatisfied

6, In your opinion, has the coastr_ction ILlnc_eased Value
o_ =he noise barrier affected ¢he G_ea=ly
value of your propar¢y? _._]ncreased Value

(check Gas) $omeuhs_
]Neither Increased Nor

O_creasod Value

Decreased Va|ge
So_ewha_

Oecrea|e_ Va_ue
Greetly

10u_$1 Know

7. Indicate _he=her you have experienced any __Convarse¢ion _s
O_ the following frequently mentioned _a_icr

benefits o_ reduced traffic noise silica :Llmproved Sleepin s
the cons=ruction was co=pI_tad? Condi_lons

j_Hore Relaain_
Icheck one or more) _nvlronmen_

_IL_Open Wind_ws Fair
_eathur

_Use Yard _ore
Ocher_

_ons

8. |ndica¢e whathe_ you hlvs experienced ._CI_anar Air
any of _he fo[low_ng frequen¢Iy mentioned 6Improved Privacy
non-nol#e reJ_ced benefl¢l minos the Ill,proved View
cons¢r_ction was completed. Lawn/Shrobs Grow

Be_tar

(¢he¢k o_e or more) I Sense Of R_ralneu
G=her*

I_ona

FI_ UItI_ ? _11_ _y qtleSliol,laJre a f(er ¢!nll_lrllcliOll I)hvaIhllld a0,1111_ry of resH[(_.
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g. 1_dica_e _ha_her you h_ve e×par_enced 2_ Cra_te_ C_o_d-in
_ny of _ho fotlc_.g fraquently mentlQn_d Feelin_
dlsadv_ncagas o_ noJsd bat_le_ sin_a _Des_ro_s A_e_ [n-
th_ ¢onstrtt_t_on _s _o_p]et_d, vir_n_n_

O_her,.

_Nona

10, _n your _pl_on_ _o _ha benefits of _Va_y _en_ctal
¢onitr_ct_ no_se b_le_s ou_ig_ 3_om_hat Be_|ctal
the d_zadva_t_gas? _N_her _lnlfL_la_

_o_ D_sadvan_geo_l

bVa_y D_$_dvan_eous

_ you h_w _ny additional co_#nts or s_u_t_on_ _bo_ e_the_ _ha
_ill bar_ p_og_am Or c_l¢ no_|e redu_Lon _n genera_l p2m4_m
_eel _rea _o _]uda _h_m he_l, Th_nk you. Your heIp Is _lnce_|y
_pprec_ated.

FIGUItE 7 t_Iltil,l_L

the _o_ _o_ld b_ picked u_ l_te_ _h_ Bame da_ o_ on noted th_ e_c_nc_ a_d c_pe_a_ven_8 o_ the
the _ollc._ing day. only two _e_ldente _led to _111 co_t_c_qa sta_t even _hou_h _he _elt Bhe wa_

Out t_e 8utve_ _ot_ One o_ the _wo had moved o_ o_ goin_ _o _e_mo_ _o_ _nB_a_ed than was placed. Two

th_ neighborhood and the othe_ declJ_e_ _o complete res_en_ _oted that the wall _ ve_ e_ec_lve at

the eutvey dempl_e aevera_ attempts to collect he_ stopp_n_ traah and du_ _tom _he hl_hwa_ ll_erin_

input° the_ _deo Anothe_ _e_ident noted tha_ du_,_ th0

A_ noted ptev_o_aly_ the _esulte _ the poe,-con- appl_cation o_ the Claea 5 _n|sh _n the highwa_

Bttuc_lon Butve_ a_ g_ven _n _gut8 7. As ex_ected_ side_ ao_o ove_pr_ wa_ _o_nd on hL_ p_o _u_ni-
_ho reBUl_A _ndl_ate_ a high d_ree o_ _t_s_c_lon _u_ and _n thv p¢_1! neve_theles_ h_ s_a_ed _ha_
wl_h the _ay rDOT p_eaented the ln_o_mation _on_e_n- _he wall had a vet_ po_it_v_ t_pa_t on thel_ p_op-
_n9 the noise wall and w_th _he decision to build ert_ _0 o_ the _eaiden_a who did no_ favo_ _he
l_o _on_detable aatietac_on wtth the method o_ _all bu_ went alon9 _h i_ comented on _he need _o

oo_s_uction was _1_o sho_n, llowev_t_ Lh_ e_e_- bo 9_d _e|ghbors and how they would le_n _o live
_lvene_ o_ _he barrier _t _educin_ th_ _a£fl_ w_th the no_o bat_l_r.
_o_e l_v_ wa_ no_ _a_ed aB high as might have been

hoped £ot° De_awae the haigh_ _ _he wall w_8 ee-
lec_ed b_ the _esldantBt the_ expressed wtllingneae CONClUSIOns

during _he _l_ workshop to _ot_go _tlol_ tn u_-
fec_lvan_a _n _vot o_ a lc_er Wall _a_ h_ve led _o BaBed on _he r_ul_s Of _he FDG_ _o_ to involve
the tnod_ deg_e_ o_ e_ect_vene_ p_ceiv_d. Con- the cor_un_ty _n d_cl_on _kin_ _1:_,_ a no_o bar_

_e_n_ng _ppe_a_ce o_ the wa11_ _osponden_ _eneta11¥ r_et_ thcee _oncl_B_ons _a_ be stated wtth 8_me

• _Jd they w_e mv_y _at_a_d _ {_e_all that tho level o_ confidence. F_tst t _a_l_ pub_ lnvolv_m_n_

_e_ldent_ a_BD had th_ oppo_tunity _o a_lect th_ _a_ overcome _|nor |_r_ta_tona during tb_ const_uc-

app_a_n_o the_e_v_l, t_on phasD. _econd_ openin_ _|n_ o_ cou_n_tion
• he _o_t _e_ue_ly no_d e_e_ _n the value of _n the d_c_lon-r_kinq ptoc_ _n greatl_ enhance

the pro_ wa_ that the nolle b_rr_et probably _he _cceptabil_t_ o_ _he n_l_0 b_e_ a_ter the
tnc_ea_ed it _ome_ha_. The _a_o_ bene_tta o_ baying _n_talla_lon l_ co_pleteo _nally_ e_en though all
tho wa_ were _o_fld to be • mo_o relaxin_ env|ton- _o_8 _te _a_on_bl_ expend_dr total Ba_lu_a_tlo_

m_n_ ea_e_ Convivial|on _nd _leepr and mote op- with _b_ p_ocess _ highl_ u_lik_ly* TO enhance

pot_un_ies _o enJay open windo_. O_her be_e_ltB Ba_ls_ac_onw it _e s_on_l_ eug_ested tha_ the
tecetvin_ htgh _a_lnga wat_ l_prowd pt_vac_ and ba_t_e_ be built e_rly In _he toadwa_ aon_tuction
_lea_et a_t_ Bove_l t_ldents _entioned tb_ a p_oc_B to help r_duco the lmpa_t _ con_t|on
d_Badvanta_e o_ _he W_11 was tha_ _t c_eated _ noiae a_d d_sto

clo_ed-_n _eeltng and l_mt_ed _he_ view. In the
_nal analysl_ _ o_ _b0 _esidente found _he wall
_o be NW_¥ bene£1_tal* _ AC_N(_/_L_GM£NT_

_ever_l _ld_nta took _he time to write _dd_-

_on_l comment_ that oxp_essed the_ _eelings m_re _ny people _sst_ted wtth the preparation o_ _hi_

ad_ua_el_ than _he_ we_ able _o b_ u_n_ _he _ut- Eapor _nd the _leld p_oje_ts a_eo_la_ed w_th _t.
ve_ _o_m. One _esident no_ed tha_ h_ _ppre_la_ed _he _ecial _hank_ go _o J_me_ Cunn_ngha_w o_ _he P_e-

_o_¢e_n _nd co_rte_ o_ FIX_ 8_a_w b_t wIBhed that 11_i_y 91_n_ _oc_lo_ o_ _ who _o_tinued _uch
_he w_11 h_d been pu_ up ba£Ore _he b_g_nning o_ _he o_ _he e£_ot_ tha_ _he autho_ beqan _o_ br_n_lng the

_ne_a_ construction activit_e_. Ano_he_ _e_lden_ nol_ b_t_l_ _o the r_ldent_. Go_d_n _o_ga_r La_
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Ba_eldl Dick Comber and gavin D_yle of pDO_ _lflo Canfere_ce On Highway T_afflc Noise Mitigation,

prov|ded great help in gathering _leld data and FleA, U.S. Department of TcansPortation, 1978_

reviewing this paper. Pinally_ to RC_Qr Eudy, the pp. 19-24.

a_thoc ow0B a _pecial debt o_ g_atitude _er field 3, Federal-Aid II|ghway P_o_am Hanual. FI_A I U.S.

help and _taphicB asa_Btance. Department o_ T_anaportatton I 1980.
4. Florida Department o_ TtanGpottation Environ-

mental Reevaluation fo_ Design Chan_eu_ 1-275 in

_FERENCES St. Peterabutg_ _gB0. Bureau o_ Envir0nmontr

Florida Department of T_an_po_tatl0n_ Tall_has-
1° Florida _epa_tme_t o_ Tran_t&tion Environ- aeew 19B0f 31 pp.

r_en_al I_pact Statement _o_ Z-275 in St, _eters-
bu_ Florida. nu_eau of En_ltonment_ P_orida

Department of T_a_91x_t_tionr Tallahasseef 1971 I

151 pp.
2. W° Llndenmn. The Birth o_ _ _arriar--A Case _ublication of this paper _p0n_or_d by Committee on

Study1 1-275 _n St. Pete_bur_r Florida. Prec. t T_ansFo_tat[on-Related Noise and V|btation,

Comparison of Noise Barrier Insertion-Loss

Methodologies
WIN LINI)E.MAN

ABSTRACT

Field mess_rements w_e conducted be_o_e and a_t@_ the con_uction o_ a noise

b&_rl6_ _n _t° Pet0_£bt[c_ Florida. Th_e no_o _8_w_0ntn w_re made to
d_to_mine the effectiven_s_ of the barrie_ by the u_e of a p_opo_ed _tan_ard

metho_01o_¥ [o_ detetminin_ lnBertlon lo_, Two me,hera w_re uaadz d[_act and
indirect measured. A computer p_edictio_ waa also conducted fo_ comparative

p_t_o_s. Clo_e _ottela_ion wa_ _ound between th_ two metho_ and _ha computer

ptedictio_. A _euome_datlon was _ade to use the computer predict|on technique
in most instances a_d the dl_ct method in tho_ _ase_ in which p_blic interact
in the barrier i_ h|qh.

The obJeatlves of the research stwdy were (a} go The existing level of roadway tra_flc is being in:

pro_Ido the Florida Department of Tranepo_tatlon creased as a result of an int0rchan_a with Interstat_
{FiX)T) with information abaut the effectiveness of a 275 as it progresses southward through St. Petera-

n01se ba_ler wall built aloa_ 54th Avenue Sou_h in burg. The roadway la bordered on the no_th by a

_t° Pete_sbu_ an_ (b) to provide the /u_erlcan Na- residential nelghLorhood known a_ Haxlmo H_orlngB
tlonal Btandatds {AN_) Working G_oup S12-6 with between 3vth street Sou_h and 41st Street South. On

In_ormatlo_ On the ef_ectlvan_as o_ t_el_ proposed th_ _o_gh ald_ of this roadway la an o_e_ are_ where
Standard Method fo_ Pe_e_m|nlnq Iflae_tion Lena Of a city wastew_te_ t_eatment plan_ and Eckerd College

Outdoo_ _olsa Bat_le_s [_. are located, The _ax_mo Moorings neighborhood was
sel0cted because of the Impendln_ cen6tructlo_ of a

STUDY LOCATIOH noise bar_le_ wall at this locatlon and the availa-

bility of an existing _oadway for before-and-after

To _chleve the object|weB _ta_ed in the pcecadln_ _aa_u_emants, In addlt_onr the availability o_ three

parag_aph_ a before-and-after lerle_ of f_eld vacant lot_ o_ which dlre_ b_fore-_nd°after _ea-

m_asutemonta was planned to d0tetmlne the Inse_tlon _r_me_ta could be conducted and a_ equlvalont alt0

10_s f_o_ the _n_tru_tlon of a highway nolse bar- withi_ 650 ft Of the direct site lou_tion enhanced
rler wall. The _Ite selected for _he field measure- _hs deslrabilit_ of this location for thle type of

_ants was _ocated along 54th Aven_e South in St. _tudy, The physical tarraln is flat and_ on f_rst

Pste_butg_ FIDti_a. Thi_ _tate highway _une east asasasmea_ _et all of the apparent ragulrementB for

and we_t and _rve_ a_ the ma_o_ acce_a route to the the ANS stud_° The homes along the _oa_way are a_l

beaches of southern Plnella_ Count_ [see Figure i)* _In_le story, aln_le family dwellln_a that have
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backyards facing 54th Avenue South. profiles of the

two measu_em0nt sites are _hown in Figures 2 and 3.

BEFOR_-AND-A_ER STUDIE_

The horace etudp wa_ conducted on March 8, 19B4_
after an e_fott in February that wan aborted when

weather prohibited completion of _ny noise measure-
m_nts. Two loc_t[ona along 54th Avenu0 South wore
selected [or the field measuremQntH I as shown in
Figure 11 site 1 was selected as the direct-method

location fo_ the behind-the-wall study/ _t the 0ame
time, Site 2 was chosen _ an equivalent site loca-
tion. 5election of two sites would p_ovide the work-
ing group with a comp_rison of two different field
measurement teohnique_ _t one time.

Site 1, chosen because it was In the center of

three vacant lots and ha_ no activities, web moni-
tored from two pointsl one wan at a point equivalent
to the edge of the future wall while the other was

located behind the futuce barrier, 20 ft north of
thQ first point and perpendicular to 54th Avenue

Sowth. The g_ound cover web glaSS and low weeds_
typical of that found in thin part of Flo_ida_ mak-
ing Site I a _oft 0lte. Thl_ determination was boche
out bp comparison o£ the results of the field mea-

9ucements _nd computer p_edlctlons. S0vetal inatur0
pines and othe_ trees exist on the lots h_t were not
located within the line of sight of the roadway. The
measurement 0quipment w_s _0t Up _s a r@feron_0
• ictophone (Hlc_ophono ]) and a _ecelver microphone
(Hlcrophono 2).

At Site 2_ two microphones were eel up in a back-
yard _uet east of the proposed barrier wall. Thle

location was chosen for two reaeonsl the ground

cover was also gta_9 with no significant treeB in
the direct line of _Ight , and the traffic patterns

were thouqht to be no_cly identical to those found

at SLte I, the dlcect measurement elL0, One varia-

tion botwea_ the _ftes waB that the _oadway narrowed
f_om thre0 lano_ to two lanes betw0en the two sltee

FIGUI{]_] hlterrl[a._eere0ofMexh.eMoo_li[.e.d_lt]_ and that the Interstate off-ramp served ae an earthen
_yelllJe _(lu_[t* []e_ blockin_ t_afflc noise from the far lanes [east-

PtNE TREE

_0_

Io _ •

B_,RR_ER_

53rd

I_o' ef 4o' f _0' io0' I_0

HORIZONTAL. SCALEI I"I_0'

VERTICAL SCALEI l"slO*

FICUIIH _ l'r,lfileofSltel,shl)whlghlr.th.li_f_,lien_illin.e_l aiiil2,
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PIN TREE

20'

15'

_4 th SIDEWAL

AVE

40' 9' O' 20' 30' 53' I10' 150

HOI_JZONTAL
SCALE: f"t _0'

VERTICAL

SCALE: I"_ iO j

FI_UJ|F_ S ]_rof_le o[ Sile 2_ sh()wJng Io_.tion of M_crnllhlmPs 3 gml 4.

_und). Durln 9 field measucements_ Very lltCle t_aE- th8 west-northwest and northweBt from 6 to 6 i/2

flo wa_ noted In the transi_Lo_ lane. The roferenc_ mph. The sky w_a _lear durlng bo_h studLes.

• larophonet Microphone 3_ was set up exactly in llno At _Lcrophon0_ 2 and 31 _he nolso levelB w_re ro-

wlth Microphone 1 at the sa_0 dL_tanc_ from the oooded manu_lly by the check-o_f methOd appcoved by

roadway. Fh_. O.S. Dep_r_ment of T_nsp_rtatlon (_. E_ch
T_aff_ counts w_e kep_ du_In_ oa_h recordln_ Sor|ea of co_dln_s consisted of one _oadln9 _aken

pe_Lod_ Which l_ted 20 mln. The spoedo _r_ _etor- ev_r_ i0 _ _n_il i00 _eadlng_ wer_ recorded. This

mined by u_lng a rada_ gun that wa_ calLbratod be- p_odu_ed an bl0 level (_IthJn _ 95 po_oont confidence

fore and _fter each _tud¥. The results o_ th1_ e_- lev011 that w_ conv_t_d _o Leqr usln_ all i00 _e_d-

fo_t are g_ven in Table i. Cllm_Ic cond_tlon_ wo_e Ingot by • computer program develo_d _o_ _l_t _r-
_uto_tlca_y _co_ded. Ouclng the before _tudLes_ po_e. E_h _ound lov_ _eter (S_4} w_B c_Ibra_ed
temperature Va_iod from 60 to 68 °F while wlnd_ wer_ InlmedJately before and af_o_ _cb tun and _he di_-

5teddy _t 5 _h ou_ Of the wes_-northwos_ to north- fe_e_co wa_ _o_ed_

wes_ di_e_tlo_l in th_ _f_e_ _tud¥_ _empe_t,_o At Hicrophonss 1 _d 4_ _h0 S[_8 were sot to

V_|ed between 75 _nd 78 eF whlle w_s w_re ou_ of _ecord _ continuous 20-_In _mple and then dlspla¥

TAIII,K ] Traffic I)aln for l_ll Ilec_i_e. on All Silre

W_llbol_nd Traffic o_ 54HI Av©nu_S_ulh

Call _l_dlu.iT_uc_l II_vy Tr[_ckl

No. of S_cd No, of _p_¢d No, of $p_¢d
R_n No. Vchlcl¢_ (_.ph) V_hJclcm (mph) Vcl_l:l_s {_ph)

IleFor_

] 280 41 • 40 0 O0
2 331 4] _ 40 I 40
3 273 41 4 40 0 O0
4 279 41 _ 40 0 O0

Afl©r

I 342 3g II 35 3 _5
2 264 40 4 30 7 32
3 250 _9 _ _8 _ 32
4 2S3 41 9 36 5 3_
5 224 40 8 37 7 37
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the Leg for the time period selected. It was the TAIH.I_3 IbmnheefNnim_l]eadhlg, al Mirropl.).e, I h)40.
intention of the research team to COndUCt 4 rune at Jltlnsi b)5
each location, but it soon became evident that this

was not going to be feasible, on a_rlval at the Me.sured

meaourement ellS6 e which had been identified during MmLsulcd A[Id)i¢I]_
Microph0.e Run l_q ]zq

the aborted Pebruery attempt I it was discovered that Nn, No rl]nie._l(u_dili;s (dBA) (dlJA)
the contracts[ for the barrier wall installation was

in the area and was preparing a base for the wall. I I;:30.12:sapml. 65.4 53
This contractor was re_oving a small amount (gener- 2 12:JO-12:Sopln 540 47
ally lose than 3 in.) of topmoil along the line of 3 tl.:30-12:50p,rll, hS,? 53
the wall by uslng a Gradalll this meant that the 4 12:3_'12:$Op're" 6L2 47

I 12:55-J:]5 p+rl), 67,1 $1
readings had to be delayed until the work war ecru- 2 12:55-1:lSp*m* 54.5 4X
plated in the vlcinttp of the measurement locatlon_. 3 12:55-1:15 p,el. _2,2 51
Afte_ completion of the base work in the vicinity of 4 12:5$-I:tSp.m. 65,3 4H
Site Ii a pelt of noise measurements were taken, i 1:27-1:471_,m. 6_,5 $I

2 1:27-1:47 p.m. 53,2 4';
Site 2 could not be meauured s|m_itaneously because _ h27-1:4?p,m. 66.1 5l
the Gradall had moved in f_ont of that location and 4 1:27.1:47p, m ' 60,2 4q
therefore dominated the noise levels at that polnt t I 1:51-2:11 p.III, 619 4q
even though it could no longer htl detected at Site I. 2 I:sI-2:il p,nl. 55.2 46

The ambient conditioss for Runs 1 and 3 wor_ 3 1:51-2_]1 p,m, 6_._ 49

determined to b0 the lowest actual reading du_Ing _ i:51-_:llp.m. 61*l 492:_6..1:46 It.Ill 66+¢J S I
the r_onlto¢lng period because thl_ occurred in the 2 2:2F_2.46p.m, 54,4 49
absence of traffic In each Case. (It is possible 3 _.:26-2:46p,m. 67.4 5 I
that the use of the 190 or an average of the lowest 4 2:26+_:46p,eh 62,4 49
actual readings measured In the absence of traffic

WOUld make a moce repteBentatIvo alliblent determlna- _°II; lheW4all_ele_iHl.¢¢ed.riApd174,1gK4,lllmlhl_l_.
tion.) By the tlme the first two russ had bo0n made e

the workers had completed their site preparation
work and left the area. After their departures topped with a windscreen. A GR MOdel 1562-A Sound
asother sot of nolae measurements was attemptod at _oveL CeLibrato_ was used to callbrate the meter

both sites and all fou_ microphone locations, The before and after each eat of Ceadin_s,
_esultl of the total effort can be found l_ Table 2. Microphone 2 instrumentation during the before

Construction of the noise barrier wall wa_ tom- study consisted of a GR MOdel 1933 _pe I SLY with a

pleted in Ma_ch 1984 and the after condition mea- l-in. GR Model 1961 microphone connected by a 1G-El

surements were scheduled to be made during the week cable. The microphone was topped with a windscreen
of April 23. The pmecast concrete wall was 8 ft above and mounted on a tripod 5 ft above 9round level. An
ground level at most locations except at the far LK Systems lO audlo tITne_ was used to indlcate the

western end where a slight glade reduced the ef£eo- passage of l0 Boo through a set of headphones and a
hive height to about 7 ft, The monitoring tOOk place GR Model 1567 SLM Calibrator was used to callb[ate
on a Tuesday with the sky completely free of clouds the system. In the after study, this system was
and a temperature of 76 op. Because of man-power con- replaced with one similar to Microphone 1 except
dltlona and the experience of the previous measure- that no cable was used and the microphone was main-
meet effort+ the instrumentation was shifted around, bathed at 5 ft. $n addition to the noise monitoring

Plve runs were successfully completed on April 24, equipment, traffic data wore gathered using radar
1984, and the _esulta are given in Table 3. and traffic counters while meterologicaL data were

gathered using a portable weather station located 20

ft west of Microphone 2 on a mast 13 ft hlgh.
I_STRUPL_ATZON OP FOUR MICROPHONES The equipment used at Microphone 3 In tile before

study consisted og a Bruel & _asr (D&K) Model 2209

Throughout the studies, Microphone I inst_umentatlon Type 1 SLH with a 1-in, B&]( Model 4145 microphone
consisted of a General Radio (GR) Hodel 1988 "i'ypm 1 attached by a 10-gt cable+ The microphone wan mounted

S_H with a 1/2-in. OR Model 1560-P42 microphone and to a mast 13 ft aboveground and topped with a wind-
preamplifier connected by a 30-ft _able. The micro- screen and a B_ H_del 4230 SLH Calibrato_ Was used
phone was mounted 13 ft In the a£r on a mast and to calibrate the epstein. In the after st_dp_ the

system consisted of a GR MOdel 1933 5_pe 1 SIJ4 and a
l-ln. GR Model 1961 mlorophone attached to a 30 ft

TABI+K 2 lielulla (if N_iae IlesllJrl_st Mirn)phorlea ] Io 4 cable. A wlndsc[een topped the microphone and the
onAlllhin_ system was calibrated using a OR Model 1567 SLY

Calibrato_.

Meal.red Microphone 4 wa_ sot back l0 ft north of Micro-
Measured Anlhlenl phone 3 and in line with Microphone 2, which was the

Mlcrophnn_ Rue Leq l_q equivalent site receiver posltlon_ the equipment
NO. No. TimeorMrldb,_ (d]]A) (dOh) used varied in the before and a_ter studies. The

l I 4:55._:[_p,el, 642 49 _ystem Used in the before studp was identical to the
2 I 4:SS-$:lSp,m. $82 4V system ugsd at Microphone 2 in the after condition.
I 2 $:23-$:43p.m. 64,5 50 The spstem used In the after stud_ was similar to
3 2 5:23-_:43p,m. _9.1 SO that used at Microphone d in the before study excepf

I 3 6:00-6:20p,m, 63,1 48 that no cable was used and the height was maintalne_
2 3 6:00-fi:SO p,m, 57.? 48
3 3 6:oo-_:20p,m. 6!6 50 at 5 ft abovepround.
4 3 6:00-6:20 p.m, _a 50
1 4 6:30"6:50 p,in. .= 4_ ACOUSTfCAL DATA
2 4 6:3_'6:_0p.m+ 5g.8 4H
3 4 6;30-fi:$0p,r,, 64,0 49 Dlr_ot Method
4 4 6:30-6:f0 p.m. -_ 49

N_t.:_rhe. d*I._.,ecoll,¢ledon_t_+d_a, lea4,_=l_Olh.l,*. The field l_easuremsnt8 allowed for the analysis of

_[_l=._tc.ll.re,dduetoequlpm=mf_ll.+¢+ the insertion IOSS by usln_ the draft methodology
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developed by _he working groop. TO _olnpare tho re- in Tablos 6 and 7. Table 8 gLvos the c_lculations

_ultB e_fectively I oach pair o_ approptl_ta _ecoiver_ for thu in_ottion los_ based On tho diroct methocl
had to be matohed to the propoc d_ta. Tablo 4 Olve_ test. The mean adjusted insertion los_ was deto¢-

tho adJuoced _ou_co levo_ lnEormation at the rotor- minod to bo 7.5 dBA.

ence microphone (Hiccophone 1) at .qlte l in tha
beforo study* It nhoold be _otod that the source In
Rub 4 la not calcul_todl this res_lted _om battery Ind|roct Hoasured Hethod

_ailu_e midway throuqh tha run at this mic_ophone.

The _e_ults o_ the bo_o_e otu_ F at H[¢¢ophone 2+ Tha lndl_0_t _oasured _thod u_ing _n _quivalont
_ocated 20 Et nocth o_ Hlc¢ophone l_ are 0iven Ln _lte was also employad to dotermine the moan in_er-

?able 5. _h|s _ecoiver (Hic¢ophona 2) wa_ locate_ in tion loso _o¢ the ba_le_. Table 9 givo_ the ad-

tho behind-the-wall position _or analysis b_ the Jutted soutco leve_ at tho referenco mic¢ophono
_l[cc_ _oasuremont m0thodolo_. ?he a_tor-ba¢_ler (H[c_ophone 3) ducinq the beEo_e-wall condition.

_esults at theBe two microphone locstioh_ a_e given Table _0 shows thate b0caose of a motet _alE_nction

TAll l,F+,! Adjn+ted Smlrce l+Psel C_Irnhdionl al Silo I, r_licrophon_ I -Ik, tc+re

Shilly

Run H++aured _av.ln ¢+librltion Lovoli Adjus¢od Sou+co ! ._bien_ Adjure:e<

i_hlolll. SAtiI_C+ ._dJo+t_ent [or C_llbratlQll Level .dJtJs1- _ouroo

+lmt+ Lmvl+[ +11

End-Scarf)/2 _mbimn_ Soorce 4®bien the

[mveJ RecoLvo]

r.B4)" (_5)+ (B6)" (B8}=

(]11) (B2) (_3) :_I-B3) {B2-]E {_5-_. (D7) (R5+_7)

I 4_ 6&.2 I]4 . l]_mO 49 64,_ 1_+_ 0 64+2

2 SO 64,$ ll_ " Ilt+=0 50 64.5 1+,5 0 ! 6.L5

3 4a 6_*I 114 . If+toO 4_ 63,1 15*I 0 63,1

4B 48

Nolo: Slandarddeviallon-08 Thesedatawerocollectedor_M_ld+B, lOB4;theloulcowal
t_affic nolle from 541hAvenue South,

TAIILF 5 AdjllHed Smlrce Level Calmlallo._ al Sito l, JXllrrol,la(.l. 2-1h.fi,re
Study

lU_ de_urad Levels Colibration ,evolm _dJusced Source ._b_ent Adjusto+

Amb|enl +o_r¢/_ Ad._uslcmettt IIo_ + Cal/brat_o_ Level ,dJt_ie. - _o_r¢o

monf. Lovll _ _,

[lld-_dt_*)]_ _mb_og_ SO0_CO P,J_bJl][1 the

_evel Rote/w1

(IN+)= (g5)= (B6)= (PB)=

(BI) (6_) (B3) (El-B3 B2-B3) (]_$-_4 (BT) (BS+]_?)

49 58,2 ll¢-I 1+:+0 49 56.2 9.2 -0,6 S7,6

50 59,1 I14-I14+0 S0 59.1 9,1 -0.6 58.5

_8 $7,7 114-114"0 48 $7,7 9,7 -0,++ 57._

_+lt _i,8 11,_-11+=0 48 _8,_ 10,8 O.O SB+B

Nell: _to_darddeviato_'O,B, Thesedetawerecollecle(JonM+rrJ18+IO84;theP_r¢owa$
traffic nohe from 54th Avenue 5oulh+
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TAIII,E 6 Adju#led _ourl'a! I,e_l (_lc.lalilulJ at Sila_ I. Mia!r(qd,lne ]-Afh.r

Sludy

(un "laasu_ed I*ov#ls C_[_brn_on L_v_ls AciJusL_t_ _o_r¢o _lbinnL _dJ_stnl

Amhl_ll So_Jrco Adju_munt fur CIIlJhL'aL_on LevQl _dju_il. - Sourc_

lal_ [.uvol nl

End-S_n_'_)/2 Ambl_lt $ourco Ambient _.h_

I.ovo I _.c_tvnl

(^6)1 (^5)B (^6)_ (^_)'_

(_-1) (t.2) (^_) (^I°A_) (^_'^_) (AS°^_.] (t.7) (AS+AT)

! S3 6S,_ 114-11_.m0 53 6_J. 1_.4 0 6_._:

2 S1 67.1 )I_'II_'E0 _l 6?.) 16.1 0 67.1

S! 65.5 ll_° 1I'll0 $1 t)S.$ 16,5 0 6_.$

& _9 65.9 |I_'II_.E0 49 6$.(J 16.9 0 6S._

51 66.9 _1_-"1l_*_0 _1 6_.9 15,9 0 66.9

I_t e: ._IMIdlr d d4viallon - ;._. T)lUS_dala were colleclcd On April _(I. 1984; [hn so_¢_ _l
iralllc no_ (iorn _4th Avonue _ulh,

TAIII,E 7 Adjuslrd S.urce I,'vc+l e_lc.lalinn, at Sile I. MieroldlI._e 2-A fler

Study

_ i_suz'_d Lov_ll _ll_r_©n I_ovn|_ _djus_ud _urce _b|an_ _*dJ_el

, Amh_orl_ So_rc_ _dJus_menL [or C_[l_r_l_on [.oval _dJ_l_ o Sou_co

[,_ve| _0cll|vez

(^:*)l C^S)_ I._6)B (/_8)1

(^1) (.**2) (^_) (^l-^_l _^2-A31 I^S-^_ It.7) I^S÷A7)

47 54.0 _14°114n0 _7 54.0 7.0 -l*0 S_*0

._ _6.6 _16*11_0 48 5/*.6 6.6 -1.0 53.6

_ 5_.2 l 1:*° 1l._m_ :*9 $).2 _.2 -2.2 S_.0

46 _._ 116°1)4_ 46 _$.2 _ -0,6 S_,.6

$ /*9 _4,_ ll_*° IJ_*_0 _-_ 5_.4 5.$ -1.7 52.7

NOl0: Sland_lrd dev_alion • 1.2. Th_su dlI_l wer_ collected on April 24, _D_I_;Ilie iour_o was
ila[ric noiln from _4[h Av0nuo _o_lh.
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TAm.I'." It (_ll_;alatioria for frls*,rt[c, I,ass IL_st_l ()ll [)lre,_t 5t,_titc,KI TPdl _1[._[le I

B[F'(JI_E 3/6/[t_, AFTF.R _./.?_,/ll4

R,n i,d.}_s_d ^d.}uBt_ I_ofnra ._d._u_L_d ^dJ_lvd _,t'cor ]as_rLIon

;ource SQ_r_ Dl_,_r- 5ctL_rcia SQu/'ce D_ffQr. Lo_sa_o.CorB

a_c_ron¢:_ Raco_./el _,_for_f_e I_a_elvel After Dl_fl

(_} {2} :_)" {4) {_) (b}= (7)-(_-_)

iCI,_) {_-S)

l_Ic I _ZC 2 _lc I MIC 2

li_ _i?,6 ¢i,6 _i§,_ ._3,0 1_,¢: 6,2

_4,s $1t,_ _,11 6_,! 53,6 1_,5 7,5

6_,1 $?,_ _,6 _,_ $]_11 14,5 8,7

SIt,B li$,9 S4,6 I_,_

1_6,_1 $2_? 1_,2

N__To Fllr bn oro study, ital I/_r(1 davillfJoN • 0,2; far _ltir stud_', st_lr_dait/devilltior_ ,. I,_;
rL_ ?,5.

_o_t I S_u'rc_ i _J.itmo_ f_r C_lll_r_tl_ _ovo_ ^_._._- SQur_.
N

(1t4)- _S),, :B6)- _B_JB

!

2

3 50 62,6 9._-94 = 0 _O 62,6 1_,_ 0,0 I 62,¢i

4 _9 64,0 94_, • (I _ 64,O 1$_1) O,11 6._,0

N_I0_ _laN_l_!d de¥tAt;Gn. 0,_, Tliesl_dalai w_rl_ collect 0d o_ March B, 10a4; th_ _urco wal

¢_lrlc nolsa I_om _4th Awnu_ _ut_,

,!
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TAIII.E I0 Atlj.,led .%,lree I_.v,,I C_dc.tali..e _t SJle 2, _lil!r,_llhn.e 4-llel'ore

Sm(ly

iun 'leasurod Levo]s C61_br_ItJon _ove)B AdJ_ed ;ourca A=blent Ad.)uste

•_b_flnt _ource _dJuw_i_un_ _or Callbr_t/on _ve] ;_dJu_L- 80urge

.ant Level

E.d*SL_rt)/2 Ambient SoUrceJ ,_blenl the

,eva] Rece._ve

(B_)= (as)- _6), (BS)-

(BI) (B2) (B3) (BI-B3) (_2-B3) BS*B4: (_7) (BJ÷B7}

5O
i

49 a

_ote: TheledalawerecoIIe¢[_donMarchS,19B4;thesooJc_w_tlrafticlromS_thAvenue
Sou[h,

aD_,[arostdoe Io nlaltun_lio_of th_ Leq Mel_r.

TAIII.E ] ] AiIj.atedSm,rc,!l.e_ell'.q]¢tdatinn, atSile2, Mim,;ihllrw3-After

St.dy

Ru_ Heasured LevD]I I_dl_bration Levol_ _dju_t_d $o_r_e _mbiet_ AdJus_e,

.t/ebien_ So0rcl IAd_t_efl_ for CalibrAtion kevl_ _dJ,mL Sour_

,a13_ L_vel _1

i_ndoScar_)/: _mhJen_ _o_rce t_n_lcn the

_evel Receive]

i

1 53 66.7 II&-ll4©0 53 66.7 13,7 O 66.7

2 51 72.2 lib-It;a0 51 72.2 21,2 0 72.2

3 51 66.1 11_o114_0 51 66.1 15.1 0 66.1

$ 51 67.4 |1_'11_0 51 67,A 16,4 0 67.4

N0te:Stand_rll _ev[a¢i0n = 1.3. These d_t_ welefoJ_e¢¢ed o_ Apli_24, 10fl4;th_10orce w_s
tratt_cfrom541_ Ave,lueSou[h.

_hae wenL tlodotected du_l_g _he Qampll_g periods, no 4 _us_ be _ade, A_ ehe 8a_o t{_o_ a ¢o_pn_leon o_

da_a were obtained a_ _he [eca|ve_ po_lon (Hl_ro- _lccophones _ _ 2 nQed8 to be made _0 de_efmine if

phono 4) do_lng _he before-wall te_/fi_. After the _n_hing unosual app_a_a to h_ve occu_ed between

w_l_ _8 cons_oote_ the _e wa_ once a_l_ _udied tho _wo reference loca_on_. T_ble _3 _lves • com-
et M_o[opho_e_ 3 _nd 4_ _he _e_ults of th_ _ud¥ are pa[ison Of rosult_ of M_cfo_hone8 3 and 4 _nd aleo
q_ve_ _n Table_ _1 _nd 12. T_ d_t_rmine _he moan _n- _ho_s _ho mean in_e[_on lo_ determination for the
_ot_lon 1o_ b_ _he eqolvale_ s_te _et_odt a ¢om- ba[rte_ based On _he diffQf_¢e between Ml_ophone_

p_|_on o_ _he a_ter _ondl_ion_ a_ Mlotophon_ 3 and 3 and 4 and Hl_rophones _ and 2. The mean ln_et_on
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TAllL[_ 12 Affj.,t_d .%.r_ I._el (:alculatlen, .1 _ile 2, Microphnne ._.-Afte;
$h.ly

:un 1lenzure ct LaVUla C/l|_brat|o_q LQVnlS Adjusted _ou_'ca _rnblei)t Adjuato,
i

AmbieIIt Source Adjust=ant. for Colibr4_.Jon Leva) _djust- Source

lens LaVs] a
I

E_dlStert)l: I Ambient Source _mbient the

;eveI Recelvn

I(k_)= (A$) = IA6) a (A_)=

(AI) (A2) (A3) (At-A3) (AZ-A3) [A$oA¢ {AT) CAD+AT)

! 47 61,2 94-94 • 0 47 61.2 34.2 0 61,2

2 4B 65.3 94-94 a 0 4B 65,3 17..3 0 65.3

.3 49 60,2 9t**g I* = O 49 60,2 1] ,2 0 60,2

t* _*6 61,1 94-9& • O 46 61,1 15,1 0 61,1

5 4_ 62,4 94-9t* • 0 ,_9 62,4 13,_* 0 62,4

Nole: _ andard devlal(on m t,D, The_edat| weft co_lec_edor, April 24. 1984: the iource wal
Iral#ic f¢om D4th Avenue South.

TABLE 13 Cidculetlnne llued on Indirect Me,re.red Melhod

^rrl_R 41241a_ AFI'_R 41241t_4

I

:un _d_usted IkdJustad Differ- _.d_utted I _dJusted
Differ- ]nsarclc,n

I
# _ource ;ourco ence 5ource _ource ante Loal

_veI at Leve| at _ave] ac _evo] 4_

_eference Rece|v_r _eference lece_ver

*nee

(l) (2) (3)• (4) (5) (6)= (7)=(6-3)

{1-2) (4-5)

HIC 3 HIC t* HIC 1 _IC 2

1 66.7 61.1 5.5 6_i,_ 53,0 12._ 6.9

72.2 65.3 6.9 67.1 53.6 13.5 6.6

66.1 60.1 5,9 65,5 $1.0 14.5 B,6

67,4 62,4 5,0 66.9 52,7 14.2 9,2

Note: Foecolumnl (11. 121.and [31._tandard deviation • l.O;fur _lumns 441. IDI. _n_ 1(31.

sland_d c_eviation" 1,2;_ " 7.0,

lose determined by us_,g thls method was 7*D dBA the afte=-wall study. It ia difficult to explain

cc_lpafed wl_h 7.5 dBA determined by u_ing the direct th_s difference excepC to note that In several in-
method* stances ac _te 2 heavy t_uckn peened DY In _n ac-

_alys£D of the data _rom Mlccophonee 1 _nd 3 toleration mode and _at unusually h_gh measured
_ndloetea t_at the trafflo chara_ter_tl_B were not peaks tha_ skewed the Leq aC this location. Hy the

as s|m_la_ sa originally p_esumed, eapectelly du_lng time these truck_ reached site le some 650 ft dew,
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TAIII.E 14 STAIH I NA B,0 Prcdiq+ti,n l(emdl,

I)_fQrc L_q After Ixq

IIun Mc_$sllrrd Pt¢11{¢l+d {)iIf¢r¢nru M¢ils0rrd Pl_di_lr_l Difference

M}clophon¢}

I 64, _. 63,<J 0._ 65+4 6_.H 0,4
64+5 65,0 0,_ 6+_,I 6S,6 {+_

3 6_,1 64,l 1,0 1,5,5 6S,1 0,4
,1 6_,,9 6_,o 0.0

66+q f16,2 0.7
Standard Deviation O.J 0.4

M[ci0p)mn¢2

l 58,n. 61,9 3,7 _4.0 _6+q 2+q
2 59+1 62.9 3,_ _4.6 S'7,4 ZK
3 $7.7 6_.,l 4A $3,2 56.6 3,4
4 _m,8 61,_ 3+0 $5, _. 5'/,4 2,2
5 54+4 5N, i 33
Standard I)+wiat_<m 0.5 0.5

MJcr0phot+e3

I 663 65,_ Oq
2 72,2 6S.6 6,6
3 62,6 64,1 1,5 66,1 6S.I 1,0
4 640 63.8 0,2 68,8 65+'_ 2,0
5 67,4 66,2 I.. +
Stpn_lard Drvlp I{o{_ 0"/ _+2

M_¢rOpllO_+4

I 61,2 631.4 2,2
2 65+3 53.3 2+o
3 60,2 62.7 2,S
4 6LI 63,6 2.5
5 62.4 63.tJ I,S
$1afldard Deviation 0,4

Nollt {alll%_<ipl ¢4e_n_{_llIii li +k_ $1111+

th_ goad, bhay appacently WOS_O not {+re bb£s {_t:¢onq RESULTS
a¢colatatlon mode, A va_latlon in th_ volume o_

t_¢kB (heavy and medium] wa_ alao noted betwae_ the A Oompa_ison o_ the _mean Ina0_t_on _oss as dete_-

be_ot_ _tud_ _nd the a_te_ st_d_, It nhould be _oted mined by the comp0_er pt_diotlon program was made
that _ho bla_ _o_ the two _othods was found he be wi_h the _e_It_ o_ the two d_a_t matbodologLe_.

id0ntioah Baaed On the cesu_er there ap_ara to _a a mean

dL_etenco o[ 0,9 dBA be_w_e_ th_ re_ult_ o_ u_In_

the Indioe_t _eaB_r_d me_bod and the compute_ pce-

C_mputer Poedlctioh d_t_oh_o AS _oted earli_¢+ tbe difference b0tween
the dlce¢_ and indirect meanuced r_athod_ could p_ob-

Foe oomparatlvo puc_es, the _leld data wore loaded ably b_ e_plalned based _n the _pparent dlf_ecence

Lnto the 8T_INA 2+0 co_putet predL_c_on p_ooram, A in thu so_¢8 st_0_gth bet_0ah tile t_o po_ts and
va_Idatlo_ o_ the h0_oco-ahd-_te_ fle_d measure- th_ change in to_a_ truck volume{ the acceleration

ment_ _as made _t _i_ foot microphone _ooa_tons, o_ h_avy _cuck_ _ isolated as th0 pcobablu ¢_ae

Comp_let p_edlotlon _esudts arcs _Ivan la _able 14{ of thla phenomenon, The d[f[ereneu between the _o_-

those geB_d_ w0ro _0ne_atod by u_inq the tcaf_£c p_te_ pced_c_iona and the results o_ usin9 the dice_t

data 91van in _abla i, _ble 15 gives th0 _e_ults of method La not oaay to isolate, _t _ould appear that
the lh_e_tion lobs b_aod On a compute_ pcediotlon the t_ck volu_ae m_y ha the cause o_ the di_eteneer

_in_ the _N_ 2,0 pcoo_aln. The mean inBaction b_t it is di£_icult to coholudo thla wi_h any degree

lose i_ 5hewn to b0 6,1 d_. o£ certainty,

SUH_L_q¥ AND I_COF_4ENDATION_

TAIHJ"+IG Itemltm,+fMeanlzmerthmLoH. In au:mnatton+ the methodC+logiea found {n the draft

I)elerulhted hy Uailig STAMINA 2.0 =t_ndard (direct and todl_e_ meaaucod) aza all

C_lll_Olerl_ellietitali_o_alll unable I however, _l_om the 5ta_IdpOlnt OE tra[[lc
noJ+t_e and highway aqon01e_, USe O_ compu_e_ p_ed}o-

Run Withm+t Wilil tlons Is recorixmended, +PhLs _e¢ommondation Is based

No, Barrier Ilarr{¢_ Diflcrcnce or+ m_npowec reqtl_,_+omel_ts, eq_|pmoo_ n_odsr _d _la-

[ 63.4 _6,'_ 6.5 tire accurac_ of the vacio_s methods compared to the
2 63.3 57,4 5.9 accuracy _eeda o_ the agency, ffsa o_ ghe _nd_ert
3 62*? 56,6 6*1 maal_urod _athod is nt_ongly dia_ouc_cjed baaao_e of
4 63+6 57,4 6,2 th_ vaot numbe_ of variables that can OO_UC that a_e

5 63,9 58.1 5,8 di_flcult to qoantify. _Itho0_h _ot employed during

ll._;m,a_i,=+Olt>nt,_k_.l. WOL_td appoa_ _o be p_o_erab_o tO the i_dt_ot i_ea--
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_urod mothod. U_Ing th_ d£_ect mothod i_ sug_o_t_d boso of OutdooE NoLle na_r|or_ A_SI S12.6-198X.

_ot thaso loca_|ong whoro public Involvo_nt haB Acou_tLeal Society of AmerLc_t Now ¥ork_ N.Y.a

hoen high _nd the poenlbillty o_ contzovet_y hn_ Feb. 1964, 41 pp. Idrnft version).
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De_a_se _he number o_ _1_3_ts_ al_cra_tr _nd _li_ht o_er_Lon_ ovo_ adjacent
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_undln_ undor Feder_1 AvL_ion Ro_1_t_n_ IPAR) P_rt l_01 AL_p_r_ NoL_o _nd
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we:e subsequently InstaLled at LaGuardla Znterna- TAI]/,I_ I Airport Noi_n J_f(_rlitorJrlgS)et_mlln Norlh
I:lor_al Airport: and tlewatk ]:nterrlaf:lonal Airport by Arncr{¢_
the Po_t AuthorLty o1_ New York. The LmpQtus _or thtB

lnst:tument:ation sltst:em warn th(_ @st_bll_hment o_ _ (_cog_phi_ Lilcation Airport
_ax:[_11Ul_ p(38k noise-love1 requirement _o_ aircraft
opo_at:ll_g :[rl a takeo_EE i_ode. Such a noiso standal:d Ca)if_rnil
was developed by tho Pol:t Authot_*t_ o_ New YO_k in [iur_ank []ulbank_irpoll
p_:t dtle t:o conce[n0 abo_lt: a_po_t: no_s_ I_al_0d b_" LOnl;{)_nctL I_l_Bcachlnl_rnall_n_lAilp_rl

I,ol Angel_ I_)_ Arlll_lr_InlCr_lal_un_l Airport
ne:Lg hbo_ :Lng mu_c_p_l_t_e_o A ]peak no_lg_ole_'e_ Onlarlo OrtLalio Jrll_rnal_ollal Airpo_t
th_'eBho_d wa_ e_tabllBhe(_ f_o_ _lrcttl_ Lakeo_ put- Oran_©Cnl.ll¥ O_aiig_(',l_tyA_rpolL
poelee;! _t wael eq_v_lenl: to 104 dBP.o _an l)d_l_ ('oLInLy $_n [}_¢1;oAirport

][n_lewood_ Call_olrll_a t W_s _h_ _|_sl: rnunic|palJ.ty $_nl_r_n¢lm¢o San{;ra_cl_coJnlcrn_l{0nulAirl_ort
e:o have a perm_nerit: rto].le _b_t:elp_nt p_:(_arn I beglll- $_n_0Le $_nhl_int_rnmtlonaLh_porl

_l_rtcj _r_ 1969 (_). Thl_ c:[t¥ was spe_clfical_y con- $_ntaCilriC_Llnty [_d*liillvluwA_fpl_lt-- Sa_l_ _{o_lc_ Sanla _.lonlcl M ulliclpalAirport
oern_d abo_ t:he problem oJ_ _.yove_ rlo_so a_cc£a_e(] Torlan¢c Torlallce Mhln_{p_LAilporl
wit:h _o_ A_el_ Intr_l:nat_Lon_. All, port:. In tesponl_e rl_r]_

to _hl_ ptoblem_ _ e_el:lU_ o_ thl_ee _xed Iltonitot_n_ W_I P_lm Oc_ch }'_lJlt [_chlnleln_l_ndAirporl I
atat:_.ons was el:octe_ _rl In_lewood b_" ueincj telephone Ilawal_I Ionl_lulu Ilonolulu [nl©rn_t lon_lAir porl
pole_ wit:h _on|tol:s conn_cl:e_ by l_tnd _.lnels to _ Mal_chulclI_
cent:c'al _:e_eivet system I located at C_._Ly I{a_. _hie_ Dnlton _oslon Lu_an]nlcrnali0n_lA_rp0rl

rtolBe abat:oment: pco_Jtam also ul_ a _ob_le van _o1: Minn_loll
obseJl:V_g aircraft flyover _o18o _t _oc_: ions MInnea_]Jl Minnc_p_ll_.$t. I_aul In1¢_n_ll_ll_l Ai_p0rt

t:h_'ouqhout the cor_munJ.ty, The No_eit_ _bat:emen_: O_l(:o Ml_louli:_1.L_lull _t, I_uiJ Lambert Inlcr_]_LJonalAJrp0rl
deve_loped both a _lxec_ and mOb|le no_*_ r0ort:LLot:Ln_J NcwJ_r_y
p _ocj 1"a_11_ Ncw|rk Ncw_ik ]nteii;ltion_] Ai_p_rt

Othe_t t:ha/l theBe e_E_o_:ts b:f New yo_k Po_t: AU- New Yolk
_ho_it_ _;Id Inglewood _ Ca_.l_o_n:[ae the_'e w_s litt:_e NcwYor_ Joh_F,K_nncdylnt©rnmliun_]Airpoll
_o_J.vity concerning nOllSe abatemnt: un_:ll the ea_l_ New Yolk La(_unrddaIi_l_rn_liQnalAIrpor_Wh_l_J_l_n_ Wcsl Clle_l_r Cou_I 1,A{ipor I
_970_ whei_ the C_ll_ornia Dapalcl:men_: o_ Ar:_onautice; Ohio
elst:abli_hed _n Airport No:Llse _tandal:d _n their Ad- City©lied Clevebrld.llopk_nsAirp0r_
IAti_lBtl:ative Code (6_). TJL_e p_ov_on_ elle_cl:e_ In Virg[nim
1973e tequ_ed a CO_tinuouB monitoring o_'lstem I_ot If_l_t_l, NASA {_n_ley Aifpolt
rlo_/_ when the co_npoe_lt:e noise exposul:e level {CN]_[,) Walh{nglnnS_III© $_t _t¢-T_¢oma Itll_r n#llon_] Alr;)ull
exceedo¢] a _l:tain anrlu_ level a_Ol_g wll:h a _.1_ W_shington, l),C. W_hin_lonNRIJonni^{ip_rt
e_ln_le _v_n_ no|ele expo_ltJ_e level (SENEL) . _e_|nninq Dull_ll_lcrn_lionulAlrport
_n _9_51 _evet_. airports began t:o eBt_b_l_h _o_se Canada
• ortJ.t:ot|n_ pJcocJramlS to _]etormine co_npliance w_:h I_dmltnt_n, Alherta I!dmunlonAllport h
I_;ll_ CO_F_o Tnr0nl°_ O_tla_io T_T0nlu ]nler_n{{o_l Aitp_lrl

CUII._N_ STATU_ OF NOI_I_ M_)blZ_ORING SYgT_M_ _Asar I_.nltler lY_5, _ld__g I_en re_®l_ i_ m¢_nLel__ll b_ i_f_d
f_,__ll_l_Jllon_f | pe_ma_lrnl lirp_rl nobl nl_nl_ofLq! lyllem _n l_dm_,

Interest h_s _town _teadLly since the ].n_tial s_stem
for airport noise mon_torin_ wa_ _n_talled in _.967.
Cutren_yw Lho_:e aide 25 airpotta lr_ North A_er_ca
_hat operate perr_anent no_se monLtol:lng _ystems {two CO_ON_N¢_ OF A NOIS_ MONZ_ORING 6_t_cFJ4

additional altlPOttS a_e |n the process o_ bidding on
and :Lrl_t_ll_t_orl o]E nole_e _oriito_ln_ syl_te_s (elee The_e _e I:hJ_e t_c equipment cc¢_porlents o1_ _n

Table 1)) • P. _a_ge nu_be_ o_ _r Cal:['_et a_i:po_l:s _lrpo_t J_ol_o mon:L_:o_J.n_J BylSLeI_ iche I:e_oto _onito_-

have be_ _Qqt_lred bF _t:_t;a ).aw 1il Califo_a to [ng _st_tiorl_ c_nt_al p_oc0_l_l_ _ta_lone _d a_--
Boc£ated _;o_tw_re. Some_lm_B the_e Is al_so _ _o_r_h

|n_ta].l noise mon_to_:ln_ 0ystOmSo
Al). ex:Ltitin_ aJ[_po_t0 t:hat h_ve monitor_ng 8y_- _o_pon_nt to _ _tem_ accee_o_lt_Js. E_ch o_E the_e

t:_m_ a_e _lv_._an b_lsed. _he_e Systems _ener_Ll_ co_pon©l_L_ will b_ _;cuz;l_o_l futthc*_,

apply to al_ cattlerB_ als oppose_l _o _Jeriel:al-avl_-
tion a_tpo_:tB. The l_tge_t con_ontral::[on o_ these

a|_rpo_tD (93 p_rcertl:) _l_e _l_:t3atod £n t:ho United RemOte Monitorirtq Sl:_t:lons
St_t:el;, Nearly ono-hal_ o_ these J.r_eit.rt_zeen_:e¢_ al_-
pott_ (42 ]pel:cent) a_e locate_ in Callfo_nial while Re,note monl_orin9 _t_tLons are t_J.xed eltations that

the_ l:e_a_lning 58 pol:_ent ate disl:l:lb_ltod throughout: phys|c_l_y I_lea_ur_ ai_borno-_Jene_tec] nol_e. ¢he_'
10 BtateS an(] the D_se:_:_ct o_ ¢olumbiao ConB_l_t O_ a _lctophone o_ h_dropho_e ¢o_lrlec_:od to a

W_._h_n Call_otn|sf t:he_e _onito_lrlcJ i_yBte_8 a_'e I_el¢] equ_pmellt: _n_loeiu_re w_th microphone powo_ an_]

locafced p_:l_._.y _.n th_ _.ols An_eleR (7 Byeit:ems) art(] sl_lgle pJ_ep_'oc01ssin_J and data tranl_ssion c_p_l-
the S_n letan_leco (4 syBteme) metropolitan a_eaSo bLl_t_o
N(_w Yol:k_ with _ou_ i_ystemBf and Walshirlgtone D.Co_ They are u_stta11¥ p_aced high abov_ the gro_nd_

w_h two 8:t_te_ls_ a_'e Lhe onl_ o_:hel: r_etz:opolitztrl o_tl_n J:oo_-n;OUfltQd_ The toLal nu_be]: o_ st:_lt|on_
ate_ w_th T_ult|ple no_etel mon£toJ_ing By_te_l; _;1 wl_ v_l:y acco_d|n_J to three _t:el_Sz the _]Fe_lfl_
pl_ce_ _he Pol:t: Aut;hoc:[t:_ o]E Hew Yo_k _n_ N_w _leL'lsey _itpot_ cor_pl_x_t:y o_ the a_pott layout# a_l[l aB-
1el J.n t:he p_o_es_ o_ _epl_ng t:hel_ o_ln81 Byst:em i_oc_@d impact on _an¢] use. The to_l number o_
in_t:all_(_ _t;ring tho 196aao It shou_.d b_cotae toe*alZ_ _o_e ¢non_to_lrlg ist_t:[on_ _FJI: _l_[_O_t_ b_e;ed on the
operational before the end o_ 1986 (_7)° ILBI: o_ aLirpo_ts q_ven in _able :L_ _'angos fJ:om 6 to

C_rren_.y_ t:hete a_o Lhieo C_Ol_pan_eel that: m_nu- 26. CutJcentlyf the r_x_mum number o_ stat:lon_ _or a
fac_ute equ|pme_lt _o1_ meaSUl:in_ no_l_e on a cont|rluous g_ven airport l_ _ bec_uso _;he p_lntoLt(¢ at_a oJ_ the
ba_l_ _1; a _xed _l_:port; loc_t:lonz Tlcaco_" e M_t;_O - dat_ printed £B rest_lcto(]. The averacJrJ n_ber o_
_onicB I arid IB_:L _, K_ael: I_tr_lments_ O_t_rt the s_te_l J_oJ_8].1 airport el_Btern_ In plzlce le_ 13,
I_nuf&ctu_ol: w:L_l ins_.l _ 6_te_ _f_et an lnl_e- Key _actoJcs to be corts_ered in the per_orr_a_e
poJ_dent a_oust:[c_. _t.ucly _s prepate_ b_ _ consult_lnt ch_l'._i;el:|ls_lcB o_ the J_el(] equ_pmert_ lnclud0 en-
J_ol: _ _pe_fic a_rpo_: p_op_:leto_, v_rOlll_ental protection _om p_ec_plt_t;lolle win_
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turbulenc_t extreme _e_pe_atu_a va_tione dynamJo |ndlcat0_ exc0_d_nce of 10re1 o_ perml_R_blo t_k0-oE_
_Ng0 o_ equipment I t_angmL_lon o_ aJgna| fo_ p_o- no,Be _nd _ fly,bin9 g_ light lndic_e_ c_-
ceylon9 c_nt_al and _enlote _libr_Lonw _n_ c_n_b_n_ _|_c_ _u_h _a_ a¢_ _lbu_ed Ln v_lo_ _oc_t[ono

• he cent_Z pr_ca_ln_ s_Lon r_c_lve_ _1_ of _he n_l _r_a _ g_v_ m_x_m_m _ubll_ _x_:_u_, *v'_lou_
in_Ll_ d_ _om _ha _ernot_ m_nito_n 9 o_lon_, _h_ m_p_ _e lnco_po_tod _n_o a_h _por_ _l_l_y,

_ncl_de_ _ visual _lay _nl_ IC_) _nd a high-speed

_ng _ d_ _llel h0w_ve_w _ _z_ Ic_pac_t_) is

_Dme_h_ _0p0ndenb _n _he Lnten_d u_e o_ _he _- several _[_:_rtB hay0 in_e_ed _lqh_ _per_n
_emr _nclu_n_ the _ _e_e_ _obe _pl_* d_ _v_la_le _h_oLIgh AR_S _l_a_ _d_r _¢k-

ConaLde_n abound be _lven _o B_ve_l _cto_n ln_ S_0m}_ wl_h _he _o_ noise _s_eml _he

0 _gon0_tc_ o_ use_ Or use_ eve_ 4 _c, OnZy _wo _l_l_o_ _o_ directly uBe _he

• _acLIrl_y _n_ _e_ L_a_h_ng_on _lon_l Al_ _nd DU_IeB Z_arna_Lon_l

• p_o_ection _g_|n_ ol_c_ric_Z _n_er_nce _Az_, C_ve_n_ 0hio_ _Nd _h_ Po_t Au_ho_ o_ HOW
_Q,g,I powe_ Bu_g_ Yo_k an_ N_w Jet_ a_e in th_ p_oce_ o_ _n_t_Z_in_

_o_ occur _n te_ _ma I b_ _l_ bo d_l_e_ _o_ 1_

_o_wa_e _e_ to _e p_o_ming package d_gned _o 30 d_ b_c_u_e _he FA_ keep _l AR_S da_
_o p_ooe_8_ _n_l_zo_ _nd 9_ph|ca_l_ _r_ra¥ _h_ f_r 2 week_ in c_e _h_e l_ an _|_c_t _c¢ldent,

• Program o_ u_e_ £_le_dly _o_n_ln_, _nd _r_t ld_nbif_ca_J_n h_ve b_n

C_U_I_ da_ _umrn_r_eB _n_ _p_c_l _tud_e_
, S_mu_tan_o_ p_ce_nl_g _hout _n_er_up_|an
• AZI ke_ noise metrics _n_ _ip_or_r b_ll _FO_ O_ _ST_B_I_I_Z_G NOZ_ _ONZ'_RZ_G pRC_At4_

a g_phtc CoZor diop_y in _1 _me o_ _ m0zll_- p_oc_ee_n_,
g_ lo_t_on_ on the CRY, _h|_ IB u_ _ a05i_t tho B_ed on the pu_po_ oE _y_am_ al_e_d_ _n_11_

nol_e Control
C_rt_lN a_e_o_y o_ement_ that c_n _mpr_ve _he J A_l_ in _h_ lnva_lg_lon o_ _p_L_c pub-

_n_b_Zl_lonw _h_h give_ a g_phic display o_ _hn no_-_mp_ct _B_u_

_ shown w_brl colored _|ght8 _n_lc_tin_ _he de_r_e • D_ec_ e_n_Bu_l _l_h_ _v_nt_
o_ co_pl_nc_o Fo_ ex_mple_ _ _la_h_n_ r_ light 0 _d_c_e _rplaNe p_lo_ _lr_Lne_ _h_ al_-
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po_t p_oprietorl and the public abo_t airport nolae _FE_NCE_
and its chatacte_s_lc_

• Obtain valid statistical data u_lng an ob_ec- 1. R.N. Tedrick and R.B. Ill.son. Alrcr_Et Norse and

tire _nd _cient_fic resource the Airport Commun|ty. proc._ AI_I ASCEr T_3_

• Apply Ees0arch tools to asBl_t the airport in ATRIF I CASZ _nternational Afr_o_t Nol_e Confe_ o
_erforml_ certain _ask_ a_ required or m_ndated _nce r _o_t_e_l_ Ca_ada_ Jun_ 1983.

• Assess complianu_ wfth som_ voluntary o_ 2. C.R. D_a_don. Hunicl_al _of_e _egul_tion_. Fai_-
m_n_to_y nol_e lovolr ost_blish_d b_ _ government_ m0nt P_ss, Atlanta w G_ I 1981.

enmity 3. C.R_ _agdon. The Control of Al_c_ Noiso |_

the Un_t_ _a_eBz An Overvie_. P_OO°_ Into_-

CONC_USIO_ _of_e_ E_lnb_rgh, Scotland_ Hay 1983.
4. _. Cline. A_[po_t Nol_ Control St_at_gie_.

Inte_es_ in est_blish_n_ _ noise monitoring system _dvisory Citcularw Fude_al Aviation Administ_a-
tion_ U.S. Departm_n_ o_ T_an_po_ta_lon_ May

at a_po_ts _S increasing. Today I there are 25 sys- 1_83.

tems _n place I p_lm_ri]y installed at com_l air 5. C.R. Dragdo_. _o_e Pollutionl The Unquiet
ca_le_ _lrport_. Thee0 _uoh systems a_ operated by C_is_s. University of _ennsylva_ia P_essw Phila-

the federal _ove_nmont_ ln_lu_ln_ two _n Wa_hing_onl d_lphia_ 1972.
0.C._ and on0 in Langleyr Vl_gini_ [NASAl. Th_0e 6. C_lifornia De_t_ent o_ Ae_o_aut|cs. Airport

_stems have been t_talled _his past ye_ (W_t Noise Standards Administ_a_ve CO_. T_tle 2itCheste_, N_w Yor_i St. Louis r Mls_ou_ _nd Cleve-
land I Ohio) _or a variety o_ _ason_ _nd p_po_. Chapter 2.5_ Subchap_o_ _ lg?3.

Some o_ the ea_lie_ s_s_e_s a_e now bein_ up_c_d_d 7. A._ Attar° The Po_ Authority o_ _w York an_
to tefleut th_ state Of the art [e.g_p P0_ Author- _ew JetBe_ Av|atl0n Dep_ment. Presente_ a_

l_ of New _ork a_d New Je_se_l. _0a_e o_ _he &_po_t Noise and Land Use Pla_ntn_ Co_feten_el

growth o_ _via_ton _nd the proximity of cornmunitie_ _or_la Tech and The _o_ Autho_lt_ of S_attle_

to al_por_n, which _e_lted l_ po_ntial I_d-UBQ S_t_le I Wa_h_e Hay 1985.

l_ompatibllit_ _n_ beoause Of _he F_ P_ 150 8. U_S. D_pattm_n_ of T_nQpo_tation° F0de_a_ Avia-

Pr_ram (_ _ the d_mand _o_ such Bya_ms l_ p_dic_ed tion _d_Lnist_ation. Airport _oise Compatibility
to increase. S_veral al_po_ operators a_o |n th_ _lanntng. I_n Federal Re_10tet_ 14 CFR Pa_s I!

p_oc_s o_ _e_eiving o_ h_ve already received _eder_l and 1501Dec_ 1984.

support on a matching basia (80 to 20 p_ce_t)
through the F_ to obtain an air_rt no|_ m0nito_-

lng _stem. S_ch s_tems guner_|l_ _ange in cos_

_om _250_Q00 to $1_000,000, dependin_ on equipment Publ_c_tion of this paper _p_n_o_ed by Co_mittee on
_pe_l_c_10ns_ T_nspo_tat|on-Relat0d _oise and Vibration.
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A Disaggregate Noise Interference Model for

Estimating Airport Noise Impact

AI,III_I{T '{'. _'rOlll)Al|II III tt.d (;[)III){)N I). l,'l_lll,',ll

ABSTRACT

AirpOrt noise Is a _a_ot ptob_o_ _aclng th_ air tranDpott |ndunt_y. Th0 noi_e

Intrusion on nearby co_mun|t|oQ not only leads to h_rd feellngs but hob al_

_e_ulted _n court actlonr fo_clng alrpott opor_orB to pay largo sums and to

alter _Irport oper_ttOn_o To evaluat_ hOllO m|tig_tlon moaautest _ means o_

e_t_matlng the ch_ngo in impact that W_1 o_cu_ becaus_ of th_ m_t_gatlo_

measu_o _ _equ_red. floweret, 0xi_tlng measures o_ altpott no_ i_pact _re

Inadequate. Presonte_ _n this paper is a newf impcov0d _othod o_ measuring

noise _mp_ct and o_ e_t_m_tlng the changes that will result f[om nolso
m|tlgat_on effort_. Previous methods halo be_n b_sed on the notion of human

a.no_nco. Itow_v0t_ _o_o pet _o is not _nnoyln_l rathoc_ It becomes _nno_g

when it i_terfe_e_ W_th human act_v|t_es. Therefore_ this _tudy bas_ tho
predlctlon of nolne i_p_ot on actlv_ty _nte_fetenco. Decau_e of the larqe

_ndom element _n Ind|vldi*al re_ona_ to _i[cta_t no_f resldsntla_ inter-

faience _ e_tlm_te_ by u_ng a probabi_Ist|c _odel. A _esldentlal mode_ i_

develope_ f_om the conc0pt of household loss o_ utility due to Incro_eed noi_e.

ComparlsoNs of _ggr0_ate pt0d_otlons _how the _odel that was oa1_b_ted h_

.s_ng d_sagg_egate d_ta to be more rell_ble in ptodlct_n_ _otal i_paot than
were other mode_.

Ono of the most Im_ttant problema facing the air encod by thu household, It iS not nocosuary to know

t,an_pott industry today is the dlsturbance of people the total utility o_ the houBeholdl _ather_ _t IB

by al_cta_t noise in th_ v_oi_Ity o_ alrpo_ts. Sev- _ufflolent to know only tho amount of change In that

eral mo_ o_ quantlf_In_ and predlot_n_ the impaot utlltty.

o_ noise h_v_ horn p_o_ouodl how_ve_f non_ have been It _s necessary to |dont_fy tho_e attributes that

shown to be hLghly _ellable° I_ thl_ study w the may be affected by no_e exposure. Q_let _ one

p_oble_ i_ apptoaoh_d f_o_ a new _tandpolnt, which a_trlb,te that _ directly affected. Rylan_a_ et at.

ha_ been ahown by Sto_da_d (ii} to bo _n i_p_ov0ment (_) found that the_e is a _t_ong _elat|on_hlp bet_e_s

ov_ othe_ possible mean_ o_ predlot|n_ Impacto A soclai _laB_ and noiBe |mpact_ soclal class b_n_

m_the_t_cal _olat_on_hlp b0tween residential aot_v- comb_natlon o_ _noomo _roup, rosld_nt_al n_Ighbot-

Ity Interference and noise Is d0veioped ba_ed on ho_ oocupatlonr _m|i_ relatlonships I and oth_

mlo_oecono_Ic theory. A bi_ry iog_ model, ost_- oh_acter_st_c_. A_ in Ryland_cls work, _oc_nl cla_s

m_ted by u61ng d|sa_r_t_ data_ |_ proposed for is often tepcesented by income _roup. Soo|oeconomlc
prod|orang the noiBe i_p_ct that results f_om alr- oharact_i_t_o_ other than _oci_1 class do not _how

craft op_tatlons, as strong a relationship. Other _ttr_but_s of resi-

dential cholee ato not expected to change as a _e_ult

o_ tho nols_ _ntru_ion. Thus_ the ut[l_ty functlon

_ASIS FOR THE MO_EL of Intero_t contains two _ndependent va_bl_i the

oh_ng_ in quiet and the 8o¢Ial cla_s of tho hou_0-

The _nterfe_ence of alro_aft novae with tesldentlal hold. The chango _n qulot _ay be _st|mated by men-

_ct_v_les is _pp_oaoked from the _t_n_polnt Of the surlng tho nolse Intrusion _nd _s_um_n_ that ambient

economic _ti_ity derived f_om _ _e_Ideno_ by a no_ne levels do not change. The nolso ohara_t_t|o_

household ot family unit. Lancaster (2m}vlowed _oods that mu_t bo _ccounted for are noi_e leve1_ froquenoy

as havln_ no utility themselves_ ratherr the atttl- dlst_Ibutlonr and numbot of events. The average of

b_tes _epr0s0nted by the good prov|de uti1_ty. _n s_ngle-eve_t _ound expo_u_u leve_ (_ELS} is used to

thla view I hou_0hold utillt_ can be defined a_ a _epte_ont the no_ because the measure _noor_r_t0_

f_not_o_ of the ut_l_ty prov_dQd by each o_ th_ ilola_ level I ftaquenoy compono_t_ and d_atlon.

attr|butes. Mio_oeconomi_ theory hold_ that a house- Soci_l ol_ss is represented by household _come

hold may b_ expeot_d to _axlmlz_ its utility, sub- r_latIve to the mean household income In the _tan-

_e_ to so_ budge_ constraint. In s_lectln_ a ro_- dard mettopollta_ _tatls_cal _rea (S_SA)o

dance I the household m_xlmlzos ut_llt 7 by oonsldetl_ If a r_latlonBhlp botw_en act_v|ty Intor_erenc_

all of the att_|b_te_I it pay_ a m_ket p_Ice to- _ known and change _n utility c_n be o_t_mated_

flectlng that ut|llt_. The problem may be oonstta_ne_ thon _es_d_ntlal _mpact m_y be mea_tl_ed. Aot_v_ty

by a_sum_n_ that_ _fter a reBLdence LS _hoBen, i_- Into_feronoe must be d_t_mlned _[om the _ubject_v_

com_ and pr_cos remain constant as _n inorease _ re_ponse_ of individuals I for exampl_ as reported by

noIB_ ex_omure i_ i_t_oduo_d. ThiA as_u_ptlon _ay be Traoo_ (_) and R_land_r _t al. _)+ In these sut-

exp_otod to hold o_y _n the _ho_t _unl unt_l market ve_ re_pondent_ indlc_ted on a semantic soaIQ

¢ondltlon_ b_g_n to _o_Ioct this change in the at- which act_v_ti_ ace d_Bturbod by noise and what

trlb_tes of a te_Idenoe° _n the _hort run, th0n0 the level Of d_turbance they expe_|0noo+ Interference

Impact o_ aolse _s • change _n the _tillty experl- may b_ _ald to ooo_r when the v_l.e _epo_ted by a
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respondent |_ above a given threshold, st inter ~ that _omo actlv]tle_ ata much mote likely to surfs:

ference level, on the _ematlc _cal_. Inte¢£ocenc_ Irlterf_rence £rom aircraft nolso than _t_ others.

therefore may be represented A_ a blnaty v_la_iop The mo_e uuscogtlbio actIv_tlos involve some form of

occu_tlng fo_ co_pondent_ who report v_un_ _bev_ _dltoty commu_icatlon, fo_ oxampleF _peech oc _udi_

the thto_hoi_ _nd not below. G_IfEiths _n_ DoLa_zu_ t_ans_is_ion. The T_Ce_ _tudy Idsntlflod 13 _p_te

(_) _oported that the vatlanuo in _sspon_e _ _u_ a_ _ctIvitlon _I1d _ksd to_pond_nt_ i_ they w_r_ evo_

_uch to _an_o_ne_ a_ t_ other _cto_sl thetof_ di6tu_bull by _c_ft noi_o whil_ ongaqed in thes_

the utility fu_ctlon _t Include a r_ndom t_m° Th_ aotlvltL_s and, i_ _ol how much they w0_o bothered.

_ndom element i_ Included beo_use of 8a_pllng ot ~ The _e_po_se to h_w much bothe_ occurred w_ b_e_

to_ and Inco_Qct _odol spe_Iflcatlon. Pa_tor_ that on _ _e_ntlc _ca_ r_gln_ f_o_ "not bothered _t

h_ve a cau_al _oLatlon_hlp to noi_e Interf_t_nc_ hu_ _ii" to "_xt_e_oly b_thete_ _', _ept_sont_d numo_c_ly

that a_e not In_luded _n the m_el alno _ppe_ _ f_om 0 t_ 4.

random otters when the Indlvldunl v_rlano_ is sxa- The 13 _ct_v_tlos ad_to_ed i_ the Tricot quoB-

mined. Th_ p_obah_llty of the_o being tesldentlal tlonn_It_ were;

Interference is oqua_ to the prob_bility o_ th_

observed utility being tod_o_d by the Intro_uctlon 1. Rol_Ing o_ to_tIN_ Inuldo r

of n_IBo. 2. I_elaxln_ o_ t_stLng oLlt_[do,

matheln_tlca_ relatlon_h_p for actlv_ty _nte_ 3. Young _hi1_en _oeplng,

fe_ence in te_ms of th_ utillty function la no_dod_ 4. Convs_atloa_ _

The _o_m of the _ol_tlonshIp _ow dopond_ o_ as_ump- 5. Teleph_n_ convot_atlon,*

tlona _boL_t th_ _i_t_lhutlon_ o_ the e_ot term_ 6° Going to _Isop_

G_Ifflth_ an_ D_L_uzun (_) Co_id no_ _sJect_ on th_ 7. Li_ton_n_ to recozds or tap_r*
basla of thei_ data I the hypothesis that noi_e _n- 8. Listonlng to r_d_o st tslevi_Ion_*

noyance dlst_Ibutlon_ ate n_al_ _ it i_ _sumed 9. W_t_hlng telovislon,*

that the di_t_Ibutlon_ a_e multivariate n_m_l, _ _0o Ro_dln_ o_ conco_tc_tlng,

p_oblt mo_l _esult_l i_ the e_ro_ to_mB ate _s_um_d II. Late s_eepf

to b_ Independent_ and Id_ntlcally distributed In _ 12. Eating, _nd

WQ_bull dlst_Ib_tlon_ the model t_kes the legit fot_ 13. Otho_ _ctlvltlo_.

(_). }Iowever, use of the loglt mo_e_ when the

e_co_ te_InB ate not W_Ibull dlutt_but_d c_n glv_ Tho_o _ctIviti_s denoted by * wo_o considered to be

_troneou_ estimates _ p_ob_billt_. Note that both tho_e most su_eptlb_o tQ noi_o i_tet£ororlc_.

F_nnoy (_) _nd Daly (IOJ have found th.t thece arQ

not _gnlflcant dlffe_enco8 between th_ _oglt an_

pr_b_t r_odel_° No_eove_ I Daly _ate_ that _ Icg lt _tati_tlcal Te_tB
mo_eh iB prolonged I pa_tlcul_ly because of _on-

v_ni_cu In s_tlm_tlon. _out _t_ti_tlc_i tQ_ts wot_ l_od Lo a_e_ the q_l-
On the strength of the_e _rgumont_r a 1oglt mo_e_ Ity o£ the math_matlc_i _el_tlosRhlp between a_tIvity

wa_ u_d to t_p_e_ent the telatlon_hlp between the interference _nd noise Int_ualon. The _i_t test wa_

_h_ge _n _t|li_y _o to _i_e and te_i_entlal the ilkellhood-_tlo ts_t ov_luate_ fo_ the p_lor

actIvit_ Interference. The blnaty _o_in of the model prOb_billtles_ which _Ive_ an In_Icatlon of the

then _ _tatistlc_l _Ignlflc_nco af the mod_l. The _econd

test wa_ the li_llhood-_atio Index Bug_ost_d by

PII) • i/(1 + e -U) _4CF_ddon (l_J, which Indlcate_ the goodn_ of _It

o_ the mod_1. The pce_Ict[vo _ccos_ Index I _o

whor_ P(I} IB the 9_oh_hil_ty of Int_rfeEonce _n_ U _ugg_ted by _F_d_onf w_s U_ tQ _how how well the

i_ a f_nct_on cep_nenti_g _ ch_go in utility, mod_ p_ed_cted the p_ope_ _utco_e. The fln_1 t_t

_t_ fo_ o_tlmatln_ ChUB £unctlon were obt_i_ w_ a t-te_t o_ the coe_flclent _ e_ch _ndopen_ent

_om th_ Tr_co_ stud_ which contaln_ i_ormatlon on Va_abLe to dot_mi_u th_ slgni_le_ce o_ that Vat_-
_ctlvlty Int_feronce_ _ioecono_Io cha_a_tetlstlcsl able in the model.

_nd n_o level_ (4}. Thi_ _tu_y d_ffer_ _om others
In that it _d_ceBsed _ctlvlty _nte_oroNc_ _thet

th_n _eno_al _nnoy_nce e _n Important di_tln_t_on. _de_endont Var|able_
_oc th_B Btudy I DOS_On was chosen a_ the source

of data in developing _ modo_ _f aotlv_ty _nto_-

_eten_e. It is _ Phase _! city in the T_COt data The _xplanato_y vari_bi_ u_ed in the Int_otenc_
_odel Inltlall_ we_o the _vsr_g_ _E6 pe_ event_ th_

_et_ comprising ii166 _e_[_ondont_. Th_ Logan _nter- number of nolu_ event_f and the aocla_ cl_Bs o_ the

national Ait_t Office of Hoi_e Abatement w_tked to to_p_dont_. _t was necessary to _tlm_to the v_lues
decrease the _IB_ _mp_t du_in_ the pe_Io_ _om _f each.

1976 to 19B0 a_ kept _cotd_ of those effort,s The In the T_aco_ d_ta _0t, noi_e is _epo_ted as th_

i_tenh_on to u_ the p_opoBed mode_ _n _ ca_e _tudy p_ _e_elvs_ n_Ise level IPNL). llowevo_, th_ form

made it de,liable to e_tlmat_ the c_e_fi_Q_t_ of wa_ _ot suitable _or the pte_onh purpose an_ had to
thQ model fo_ the c_ty _electod fo_ the ¢_o _tudy. be C_nvetted i_to S_. _EL was calcu1_te_ by co_-

_osto_ _ovi_d the beat possibility because it wa_ ve_tlng po_k PN_ to pea_ dBA _o_nd leve_ and th_n

su_v_e_ a_ _a_t of the T_acoc _tudy a_ _eco_d_ o_tlm_tlng 5ELo The _vs_o 5_ _olu_ used a_ the

were _v_i_able about operational _h_nge_ directed _t variable in the model w_ obtained by t_klnq the

no_e Impa_t _d_ctlon. _roblem_ _oclate_ with the wolght_ average o_ the _L values o_ all _cta_t

tt_n_rab_l_ty of mode_ p_amet_ between cltle_ typQ9 _o_ _th _ttlva1_ _nd departures.

_ thus _voldQd an_ only the ptobl_m_ o_ temporal Th_ numbor_ o_ fllght5 fo_ _he m_jor _It_aft

t_n_cabillty nesd b_ _cco_ntod fo_° t_p_B are reported in th_ T_ _t_. F_ghts_

_s_tlfle_ as _Iva_ o_ dopn_tLl_e_ on _Ifferont

DEVELOPMENT A_ T_ST_ 0P T_{Z MODEL runways, _te thugs that _ay be he_d at the _o¢_tlon

of the t_Idsn_. They a_o al_o b_oken _own into d_y

Re_Id_ntla_ Aotlvltle_ a_d night fllght_. The V_lablo u_d in th_ mode_ i_

the numb_ of opet_tlon_ _h_t wo_id be d_c_rnlblo

A review _f th_ _It_atu_ and the foregoing _em_tk_ at the resld_nce location du_n_ the t_ po_iod

o_ nonreslde_tla_ actlv_ty Interference m_ko c_e_t h_Ingmodei_d.
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Zt {o now nocossacy to address the variable nociA1 ']'AI;I,I_ I _l_iti_tir_d'l','st_q)fPliralil*'ter

clans, whLch IB _epresented hece hy Lncome g_oup o_ [_Hr_l_dhlllhyhl(,olu4_(;r.iJEl_l_
tho rQg_ndeNt I a_ _eT;or_ed in tho T_a_o_ _o_v0y,
Tho _od_l W_s _nttlAlly _lm_ted by neg_enCln 9 _h_ hlc_ll_{;i_Jl_
(lata neC _ _ncome Q_oup_ and e_timaL_n_ n_pa_ato _S_ _ pl
modo]_ for e_ch graup, The l_om_ groop_ _ro de_r-

mLnod by the _tLo o_ Lnco_e to Che m0_n _como o_ 4,0I}01n_),_l} ') I_(1_ i)(1_1 (),_.1I
_o COl_au_lt_ i mean _nuA_ hoos0hold l_come _or Moi_ ihJll IO.llOO _LL_'_ II.0_ _ 11._7

no_Lon Ln 1970 wa_ _10,400 (_2), ?h_e_ _co_p_nQn wo_0
_lec_d fo_ _o_el dev0_opme_tl 0 to _3_999 e _4_000 _'_lL'_l(1,0_s_-_,'_**.
Lo _01000 e and mo_e th_n _101000. _ho_0 q_oupLng_
w_e _01oc_ed boc_e the_ were comb_n_t_n_ o_ th[_
_uplnQ_ in _he d_a _nd cooed b0 _elated to _ho ma_k_dl_ bo_ are not _la_cLory w_n _e_Led _y
loa_ mo_n _ncomo. ?he mean lncom0 _o_ L_e n01_hbo_- usinQ _he l|ke_|hood-_a_lo tndex and Lhe _ucce_
ho_d_ _u_vQyed _a_ below that of tho SHSAI _pproxi- L_dex. Po_ _ho_ [_ thn _owe_t _come _roLip_ the_l
• a_e_y 30 percent o_ _he _e_pondont_ were above the _ppa_enL_ are _l_|_can_ _cto_n othec than _ho
$10_000 income 1_1. character_stL_ of the nolle itself _hat ln_L_en_f_

OLh_ _oc_oe_ono_lc va_|ab[_n were lnven_Lgat0d Lh_ amounc o_ tn_ec_0r_nce that occurs°
to d_te_m_ne Chel_ _uitnbL_lt_ _c u_0 Ln _he mc_l.

I[o_ ownership wa_ corm|dared becauso it has A _ela-

tlo_h_p _0 _oc_a_ claB_ _d _lght havo a _laclon- Dependent Variable
nhtp to nolle interference. Fo_ examp_e_ _ho_e who
ow_ home_ have • ve_ted _ntore_c in the ccmmun_t_ A _u_nation o_ the ceT_or_ed degrees o_ d_Btorba_e
_nd in _helE p_ope_t_ _hd thus wauld b_ ¢oncernnd l_ o_ va_oos activities mlgh_ b0 taken _0 9Lye _o_

th_ po_ceiv_d an _n_o_lon b_ _irc_aE_ nol_e* Ren_- w0_ht Lo those ex_rem_ d_tu_bed _n ma_ activ-
_r_ ho_eve_ _o much mo_e _ee _o m_ve _o _hec [_ than to rhone only mode_oly dL_bed in
loc_t|orl_ _ they a_e bothered and a_e _e_ ILkel_ few activ_tie_* C_v_e_y_ _ [_ al_o po_nihl_ _
_o be _once_ed than owners abo_t possible decr_n_ count per_n_ who _e[-,o_t an_ d|_t_rbance Ln _ny
in _rope_ valu_ rQsu_|nQ _om no|_e, ac_LvLc_ (_o_ exampler _n _p_L_lc activ|ties such

_t ma_ _]_0 _Q Important to _on_|dec _L_ condO- a_ co_ve_Ln9 o_ watchinQ t_loviaton} mo_e heav|_y

_[on[n_ becaose th_ azr_0nt o_ externally Qene_ted _han tho_e who are hiQhLy d_o_ed _n _a_y ac_tv-
_o_n_ _ha_ [_ perceived [nBlde a ho0_e in ma_ked _ _le_. T_at l_ to _Ye _mall a_un_ o_ d|_to_ban_o
ai_ cond_t|ohing noine _nd a_ten0ated by c_o_ed Ln _ _ma_l no_be_ o_ ac_v_s m_y be mo_o lm_r-
w|ndowB. Hounehold_ with air conditioning con- _a_t. In _$ec_Lng a dependent va_lab_ee t_a_o_

6e_oent]_ could be expected to be _en_ a_ected b_ _everal pos_lbllities exint°
nol_e than _h_se withoo_ air conditioning. RaLho_ _han cnon_Ln_ Interference on _he hA_ o_

_ducatLon _eve_ _arv0_ a_ Ano_h_ po_Lb_ _or- ropre_en_tive _ct|vL_Le_ I all _e_pon_ to level o_
_o_Ate _o_ _o_lA_ class _nd _ hLQhl_ co_l_d d_u_ba_ce _0_ a_l act_vit_e_ wer_ summed, nL_fe_ent
wLth _ncomo, Co_ o_ hou_Lng al_o l_ a _ea_ure _ d[_c_lm[na_lo0 p_lnL_ w_o te_Led Along wJ_h dl_-

nocLA1 _t_tu_ _nd re_lectn the n_tu_ of _e pa_- _e_ent ac_JvL_len Va_ousl_ weLQhL_d, _ is reaL_ze_
_Lcula_ n_|_hborhood. Those _ho a_e _l_l_Q to pay tha_ _h0 _e_ec_lo_ o_ a d_Bc_|min_tton po_n_ L_
rno_e _o_ ho0_|_ would be expected to v_loe a qo_L _cbl_c_w _o l_ w_s _ea_ed a_ p_c_ o_ Lhe _tnal
ne_qhborhood moc_ than those who pay le_B. Th_Q _9_Lrna_|_n to d_L_mine th_ _enn[_lvlLy o_ th_ poL_
va_ab_o _nclude_ _e_t pa_m_nt_ and equLvalen_ _acket a_ which _n_ec_e_ence Is de_|n_d to occur.
r0n_n _or homeowner8.

AQa l_ ano_h¢_ possible v_lnble _o u_e Ln _he

r_d_. Although no other _enea_h_r_ have foond a _l_i_y Fonctl_n
_onQ _elatio_nh_p _eLwe_n aQe and no_e _n_o_-
_e_once_ l_ _ppe_ed uno_ul _0 _xam_ne l_. _h_ _t waB de_d_d _o _e_c two d_eren_ _m_ o_ _he
_ho_t_o_|ng 1_ u_l_ AQo a_ a variable _ th_ _ otL_L_ _unc_lon in developing the ¢ode_, a l{near

poo_o become mote appreclaclv_ o_ quie_ _n olde_ _o_m and a _o_ol_ne_ form, The linear function wae
aQel Lhey _1_o _o_er the e_ecta o_ he_Q 10_ chosen b0cau_e it _ co_nl_ u_d _nd _s a _L_plo
d_a _o long-term _l_e expo_o_e {13_1_). _o_m. ?he _og=linoar £o_ wA_ _ed hoca_s0 p_evious

_ho _[na_ _oc_oeconom|c cha_accecl_tic conBld_d _e_0a_Ch_B have used the logarithm o_ _l_Qh_ a_

_o_ lnclua_o_ _n _he _ode_ wa_ duration o_ residence Ln _he day~n_g_t avo_age _oond _evol (Ldn), The fo_m
in _ha n_Lghbo_hOOd. Tho_e is so_e noggen_o_ that exhibiting the n_onge_ _la_lo_h_p to _he d_C_
po_onn who have _e_ded in a iio_ghb_hood _iCh a wo_ld b_ o_ed _n _he _lnal _odel.
hlQh NO,Be _eV_l _Or a lo_Q t_o _re tho_o who _
lo_a_ bothered, som0 m_y l_arn _o l_ve w_th Lhe
no|_ee whereas othu_r who a_e mo_ dL_ocbed b_ _he ?l_e-o_-Oay We[qh_|nq
nol_e_ te_d _o move _wa_ ove¢ _xtended perLod_ o_
_Lme. Zndopenden_l_ no|he _n_ua|on ma_ no_ bo A_ _rtan_ l_ue _ated _o noLne |_pa_t _n time-
_u_£1cien_ to p_omp_ peopla to move_ _ _ be one o_-d_ w01ghtLng. It haB be_n p_Lnted out that
_aeLOr _hat Bp_ Lhe move. welgh_ng_ Cu_rontl_ l_ u_e a_e b_e_ on Bo_o

_o determLno the best v4rl_ble _o_ inclusion _n _bLL_ary a_mpt_o_ and that renea_ch _L_ding_

the modo_ _rom _g the_e pos_b_llLLen. _ St0pW_RQ have n_nc_ _e_ed _he validity o_ _hose _ump_lonB
_n_iznatLon p_o0_d_ce was u_d _hat added _ho wo_ (_5-_)_ The T_aco_ data on _o_toN _how _h_ peoplo

_Lgnl_lcan_ va_a_le a_ each _ep unt_ al_ siqnl_l- _ho _eport d|_ucbance ace moBt _Lk01_ Co _epo_t
can_ v_lablos were lnclod_d. O_ _he pos_|ble va_L- awa_nens o_ a_rc_af_ _n the evening, _ _n po_nible
ab_e_ _h_ only on0_ _lg_|_lc_n_ at _h_ 95 _e_¢ent that _hL_ evenLn9 d_n_urban_e occo_n becAune more
_ev_ w_e _o_ne IeVQI_ _um_a_ o_ fligh_B_ and homo _1_9h_ Lak_ place doc|ng LhL_ tLm_ per|od_ o_ mo_e
owne_hipo The paramo_e_ were entangled _o_ the pe_p|e a_e _ home then_ _ peop10 a_e e_Qaged _n
th_eo _0_ income g_oup_ and Cho _e_u_ a_e Qlven a_vL_|e_ that a_e mo_e l_ely _o b0 dintu_bed by
l_ T_ble 1. Not_ _hAC th_ mod01 foc the _owe_ in- noiae.

coco 9_oup does no_ _ee_ oven _he weak l_ko_|hood- The Operatlonn aL [_rj_ _nLe_na_lo_al AlrporC
_a_l_ _. The o_har _wo lnco_e-g_o_p m_a_s_ wh_le were checked _0 determine _e nu_bnc o_ op0ra_|onn
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Number Disturbed percent of _aily Flights legit formulation itself did not exhibit a strong

During Time period Du_lng Time period statistical relationship, the models would be of
Value if It could be shown that the relationship was
_tronger than in previous formulations. The approach
was to co_pace the model wibh a similar model that
was estimated hy u_lng aggregated data and then to

8DO B make comparisons of the total levels of interference
predicted by various models with that interference
reported in Lhe survey data.

The two interference models that exhibited the

.o _ best characteristics a_e spawn In Table 2. The

6 parameters are the ooefficients for a linear utility6OO
/

4 'J'AIILI:2 Ihlramrh'r Vahs,_ror]_ll,mlielle[]:inal

t z

200 • --_ _ "- _ "'°'- * 2 °6...Con_lanl og,01el ? -_,44 °_,693'16 _
S[iI_VG 0,076_ "tl,,iH 0.057_6 3._1
Iqighl_ O,flgflN5 4.q[ O,]_Jll4 *l,_fi

0500 1000 1500 2000
Time of day

_Percent af fllgh_s function in the log lt _0dsl. Because the statistical

"''Number diatu_bed test_ Of the model were not definitive, the Po_am-

I:ICUR_] C011tjmr_no_nlllSI_r(l_J_Jll_nXl(_levelo_ ete_s were else estlmated by using linear least-

dJ_hlYh_lICe, squares on the _ransformed function. The data were
aggregated by noi_e level in 5EL for the estimation.
The model using the aggregate estimation procedure
had an R-_qusre value of 0.gd for the traflsfer_ed

during the evening time period, FigUre i showo the function. The ootrelatiofl between the predictive

proFortlcn of pcpalabion disturbed each time period result_ of the disagg_egate and the aggregate _odel_
and the number of alraraft operations taking place Wa_ 0.92.
duIlng each hour of _he day. Slightly _0re than one Aggregate predictions were made by u_ing the
quarter oC the dally flights occurred during the diaaggregate r_Odel; the results were compared with
6-hour period from 6_00 p.m. to midnight, the time the aggregate impact reported in the _ata because

palled hhat differed _Ignlflcantly in the portion of although the disaggregate model did not meet all
the population distutbed, Approximately BO percent statistical teats, the predictions were highly cot-
reported some disturbance during the evening and related with those of a model that was estimated by
only about 20 percent during other time periods, using aggregated data. The model using aggregate
Wnlle the mx_st aircraft actlvity occurred during the data was able to _eet relevant statistical teats.

3 ha=re preceding 6 p,m,, the bevel of disturbance Horeover_ the closeness with which the model WaS
was only slightly hlgher than du_Ing other time able to replicate the impact on the survey sample

periods, The evening period for many families _en- would lodlcate the usefulness of the model,
eralZy is a ti_e for more quie¢ activities that are _o p_edlotive tests were performed, the _esults

sensitive to noise/ it ia the pri_e viewing peeled of which are given in Table 3. The same approach was
_or tolevislone the time fo_ readingl s_d the time used for each test, although the fi[st test used

when familie_ may gathe_ for supper and converse- data onlp fro_ 9o_ton, whereas the second test used
tics, It is also the time period when ricer people _tvep data from cities other than _oston, TWO dif-
have _eturned home from their places of employment, fersnt cases were explored a_ part of each test;

The princiPal reasons for the increased level of these cases differed 1_ that the survey data was
disturbance during the evening are the presence of _irst considered as a population to be _odeled and
•ore people and greater participation in noise-sen- then as a rep_esentative sample of the population,

sltive aotiv_tles. It is important to note that

level ot disturpance during the night Is no higher

than level of disturbance during the dayl contrary First Test

tO night-weightlng schemes such as [An. In view OP

these flnglng_e Cwo general models were adapted, one In the first case of the first test, the survey

for the day and evening periods and another for the sample was aeeu_ed to be the _f_ected population.
nlght period, The actual number of persons experiencing inter-

ference was compared with the number predicted by

using the model with data fO_ each census tract. The
RESULTS prediction wa_ made by calculating the probability

of Interference _or homeowner_ and renCe_ and
With the general forms of the models established, it multiplyi,g these figures by the number of each. The

was necessary to define _re fully the dependent and two groups were then added to dotermine the total
independent variables and the associated utility number of people affected. During the evening period
funeCions, from 6:00 p.m. to mLdnlghtl the actual number of

The statistical weakness o_ the disagg_egate pe_aons experiencing interference was 403 whereas
models called for further tearing, Although the the model predicted that 380 persons would be a_-
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[eotud+ a diffecence of less than 6 percent. The Second Test

Nombo_ of persons expe_Lonc[ng LNtorfocence du_ng
the day was e_mated by _k_ng the propo_tLon of A _econd _efi_ w_s made u_lng the _odo_ and da_ f_om
the re_LdentLsl population presen_ du_Lng the day bo_h Nev York city and _Lami. _s Ln the fLra_ ca_e
and the n_mbor o_ _l_ghto oc_urrL_g du_Lng th0 of _he f_re¢ _osL_ cho _u_ve_ w_ t¢_aLed a_ a tom-
period f_om 7100 a+m. to 6_00 P.m.r _nd b_ us_n9 th0 plebe popola_Lon, _ased on _ho data, _ho ported
mod_l _hat h_d been ea_Lmatod for _h_ evenLng perlo_, lmpac_ du_Lng _he events9 tn _e_ ¥o_k cl_y w_ $60

Da_ed on khe d_t_+ 259 poisons experienced [n_e_- peptone whe_0as the model pcedLcLed _hat §D4 p_on_
_ecence whe_ens _h_model p_ed_c_ed _hat 281 persons wo_ld be _ffscted, a difference of _0 psrcen¢. _he
would be affected e • differ_nco o_ B pB=ce_. _n oLhe_ _asul_0 of using NO_ Yo_k CL_ data were corn-
_t_e_p_ w_s m_do to make _ sL_lla_ pced_c_LoN fo_ pn_ab[o _o the g_ndL_gs ob_aLsod _om using khe
_he nL_h_ pe_Lod_ but _he _odOZ great|_ ove_p_e- _o_on da_o IIowevo_ _he _esul_B obtained by us_n_
dLo_ed _ho flumbor o_ peopl_ _ffeo_ed, A_ ha_ beo_ the H_L da_ wets _o_ as goc<l as tho_o of _he

noted_ O_lethead _(_) _pot_ed that people a_0 le_s other _wo c_t_e_, Zn each _lm8 pe_Lo_ the dl_s_-
sensL_lve to nolle w_on _eep_n_ than vhen e_gag_d ence between the s_rve¥ ce_u_ _Nd _ho _odol p_-
Ln w_kofu_ _c_v_ies; the_ofo=e r a _p_ate model dLc_i_n w_ great0_ fo_ H_+ Znteces_ln91_ _ho
was eatLma_ed _o_ _he enLLre populatLon by usin9 nigh_ petted oxhlbLLsd _he hl_h0a_ _epor_ed level of

reported ntgh_ interference. ?he p_edLctLon wa_ tha_ lmpac_ foc HtamLr dL:scLly opposLte f_om the results
1_6 persons wooed b_ disturbed d_r_ng the nigh_ of _he other _wo cL_leB _d NO_ the _e_ults _h_t One

Comp_od WL_ the _0_1 nU:l_e_ _epo_Ced_ whLch _s wo_ld expect. Thu_e _he _o_ae senaL_LvlCy of ce_| _
145. donee a_ound _he MLamL ai_por_ appoa_s to be highe¢

?he second case of the EL_s_ _e_t considered _he a_ nLgh_ _han du_Lng an_ othe_ _Lme perLo_; Lhl_
survo_ data a_ a sample o_ _h_ popular|on Lfl the _aiee_ quean|one abou¢ _he _¢ano_o=ab_lLt_ of Lh_
aces; foe each c_u_ _ac_ _h_ propo_k_n of Ch0 _odel _o _1_ alt_es+ a_though _he _nod0_ ma_ be
Ba_p_ e_p_|eNo|nq _nte_fe_e_ce was seed _o ss_- _¢sne_e_able LN some oa_l a_ exhibL_od b_ the Ne_
ma_ the _umbet o_ _e_Bents who wore dLsLocbed+ ?he York re_u_, IIoweve_e oven _hough the _e_01t_ _r_
mod_ wa_ Used to eBt_m_Ce _he lnk_¢ference by o_Lnq _Lgn{f_can_ly wo_e fo_ H|_m_+ _he mo_ei p_edlacLon_

the _o population fL_o_a; the_8 _opula_lon data a_o _t_l_ wl_hL_ the 95 porce_ conf|denc0 lnLe_v_l
_ero taken fro_ th_ 1970 oensu_ foc _he oon_u_ tract_ oE _he _0¢vo_ pred_c_Lons.

included in _he survey 2(_). _n thLs _se+ _he num- ?he _onsL_vL_y of the _c.de_ to eelocLLn_ a po_n_
bo¢_ Of o_no_e a_d _ent_ were determined b? u_n_ on _h_ eo_os Of _ho _em,_n_tc seals Euupon_e_ w_
_h0 ave=_ge occupanoy for ow_er-occopied housin_ _e_ted. ?he defLn_tLoB of _ho occor_ence Of Lntet-

on_t_ and the nun_e_ _f _ho_e untie _n oa_h consuB Eecence _a_ ad_0_ted up a_d down _rom _he o¢l?ln_l
_¢ac_+ poin_ of 20 _ Of _ poe0Jble SO, The mode_ param-

The _mpac_ wa_ e_k|matod only fo_ those _s_t5 _e_ we_o e_tima_ed by using _he new de_nikLons of
havL_ survey dace a_d not re= _he _n_lre a=oa a_ound iNte_f_re_c_ _nd were _osted. ThLS al_e_a_on_ how-
_he aLtpo_+ Ba_ed on _ho _u_veyr the numbe_ of per- ove_+ d_d No_ _han_e _he modoll_ eta_s_L_al 0_nifi-
5o_B affected du_lng cho evening Ls 87t000 whs_e_s _an¢_. The origLna_ def_nL_|on w_a re_aLned because
_hemod_ p_edLe_ed 96_d00 pe_son_r a difference o_ _ was b_sad ON a _e_sonable amo_n_ of £nLe_focenco

Z1 po_conk, _ltho_h _he d_fferen_o _ _tea_e_ Ln being ropo_ted befoco an ob_erv_CLon wa_ counted a_
thLB case _haN Ln th0 _L=_ easel one would oxpe_ a expe_LeNcin_ _n_ecfe_en_e.
_o_vo_ _o coNSoLs salnpl_n_ e_ors. Th_ gS p_conC ?he _ode_ wa_ al_o co_p_ed w_h so_0 of the
aonfLdenco lnt0_va_ fo_ the predt_tLon based on _he _mpao_ modol_ tha_ hays been proposed by o_her_. ?he

_u_v_ data L_ _rom 21t900 to 152_200. ?h_ _amp_e of modol¢ used _or Compa_|son we_e the one developed b_

1_166 pe_son_ L_ leas _h_n 0.S percent of _he total _chul_z 2_)_ the on0 used Ln ALAMO 2(_}+ and _he
p_p_l_tLon of _3S,524. The _ame testa were performed one _evelopod by liar1 (2__, All _h_ee of _he_
_oE _he da_ and nL_h_ p0_lod_, po_ _he N_ghC perlodr model_ are ba_od On nol_e exFo_ure measured _n Ld_

_be p_ed_c_on based on th_ sucvey W_ 27+700 wL_h a and _e foll-da_ models. Each p_edL¢_e _he pe_c0n_-
95 pe_cen_ confidence Ln_e_val from 0 _o 7_p000 a_e o_ the populatLon _ha_ uLll be h_hly annoyed+
whereas th_ model ptedLcCed 34,600+ By usLn9 _ho _chul_s e_Odel usa publLshod f_rst end was
mod01+ the number o_ pe_son_ _i_Lurbed du_Lng the developed by using both L_affLc and _L_c_af_ Noise,
d_y Was es_LrnaCed ¢o be 6Btd00 whereas by u_Lng the IC Le e_m_ted s_Le_ly on _g_egato da_a b_ ue_n_
BU_VO_ d_ _ho n_]mbo_ w_s _3_000r w_h a 95 per¢0n_ _ho p_cpor_Lon of the pop0_atLon h_ghly annoyed _t
confLdence in_=va_ f_om 0 _o 10d_200. In eve=y e_ch nolle exposure 10re1+ _ec_0ss _hLs model LS a
cabs+ _he mode_ _oeu_ were wel_ wLChLn _he con- _oNc_n Of Ldol L_ Ls • _11-da_ _ode_ lncorpo_at-
fLdonco Ln_o_val o_ the p_edLoCLon based on the Ing a woL_htLng foc tile nLgh_ pe_od, Using thLa

?l_dtn_s o_ _he _0_vay. m_H_ one c_ derLve the p_edLc_on _or UosLoNI
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5]rTg0 persons, This function predicts a much lower variables oh noi_e levQl and number of flights,

figure than Is obtained from the data or by using Figures 2 and I _how individual responses, Although

the estimated dieaggtagatn modol, A major ceases for a trend is present and meets statistical te_ts for

this difference is that Schultz _onsldered only those slgnlficant variahleee it is clear that the individ-
pereonc who _espOndod at the upper end of this scala ual variance in [es_onse is too large to bs accounted

when asked a question about how much they were an- for in the model. Gii_iths and DoLauz_n (5] _ogerted
hayed by nolne, The model and the _racor survey the apparent raad_mnes_ in response e noting that tha

address activity Interference that la expected to indlvidual variance was do0 as much to randomness as

occur before an indivld_al becomes highly annoyed, to any charactetistlcs of the individuals.

Kryte¢'B c_Iticls_ of SOhUltZ'S work suggests that It was thle randomness that led to the use of a

the funetlo_ predicts values that ace too low _or Icglt modal in this re,earths but it is app_[ent

alrozaft sole0 (12). that the tandem element is o_ _seh magnitude that a

_he noise an_yance function used in the ALAMO log lt _ormulatlon is unable to account for all of
model developed by NASA is a tran_fotmatlon of it, It is likely that thi0 _andcmneee could be re-

doh_ltz'_ function, The function is normalized to dueed by the use of independent vatiable_ similar to

_nlty at 75 Ldn. Howsvei_ the u_e of ?_ Ldn to yield

10O percent of the population le arbitrary and may

be expected to overpredirt the number o_ people 50
highly annoyed at all but the lowest levels of ex- m

po_u_e, This is Indeed the case when comparing the _

noise weighting funotlon in ALAMO with the model _ :' :' : : *

that has b_an developed hate. _he pcediction using _ 40 *" "" ''o', ' ""

the ALAMO function i_ that 145,900 persons will be _ * ' " *o _ "' ""10• _• *t °• p 0
highly annoyed, Thls p=_diction is substantially

highe_ than the one baaed on aetivlty interference, _ "*° " "° o• • " •

although activit_ inter£e_ence generally occurs be- . 30 ,,*. • _ ° °, : ,, , :
_ore _omeons becomes highly annoyed, ThO_o persona _ °•,, ,,,_, , ,,,° • ,•o •

exI_aed to levels highe_ than 75 I_dn ate weighted by _ • , * ., • ,• ,* *,* ,o * :
a factor greate_ than I when actually Indi_atlons _ . . * .......•., ,. • ... ,.

a_e _hat s certain propo_tio_ a_e not annoyed at _ _0 • _•_• ee •_• •• •_ • •
high exposure levels.

•hnsootloo0.olopodhy.allthelmii.tothe '":::':""....'"::i:i"!::'".'.
othe_ tWO in that it p_odicts the percentage o_ the _ _ *.•._ ...*• • •
population that ia highly annoyed an a function of _ "'*" •'_" "" ' '" ' •' '

exposure in _dn. _his _unctlon, like the ALAMO (uric- 10 . • ....... :: •. : • . .
tlon, predictn number_ o( persons highly annoyed ... ••..,• ,..,.
wellabo,ethe,u_b_p_ediot.d.s,po_ionothg .............:.:L.:... :

activityi,_,_e_°nc,._ho.1.e g_e_iotedi° the _: ............. ::::: ..'" •Boston test ease was 147,400 highly annoyed persons. ""'_'" " •"I I i

The lsrge discrepancies between thu models all 7_ B4 91 _8 105
p_porting to predict the percentage o_ population ^verag_ S_L
highly annoyed indicates the poor ba_is for those

models. Because _batan_lal interference may take NoI_: EaChl_imm_yrep;.sentmorethanon_ol)setvat_u_,

place hedote a p_on is highly annoyed_ using a l:)_lJ[l_ _ure(,_s.nlasli_ui_,[eres|xnl,e_l!rs;iss_rr;ig_Sllld

measure o_ pereon_ highly annoyed as an indication expowlJreh._el(_i_l,),e_i_h.lb]_sUlN,r_en_ilhe_ims,lenl_ '
Of Impa_t misses a large portion o_ the actual im-
pact that oocurs in the fo_m of interference with

home activities, On the _thec hand, it 1_ argued by
eO_O that the number o_ pecsons annoyed that are not 50
included in the p_edlction (which i= baaed on the

nun_er highl_ annoyed) i= proportional to the share _
included, so that th_ modmls are o_ valua in earl- _ :: •: :

mating impact, The rationale _or this argument is _ 40
the =elative .tabillty o_ aggregate ptopo[tlo.s of _ • :: . ::.
respondents _epocting annoyance at the various • •• ' " " :lo,el.. ^ he_tn,,,gu_ontcanhemsdo_o,anegsU.e _ : : : ::' •
cor_elation between the various degrees of annoyance _ l0
because ea=h _espOndent is limited to a single re- : •: : ••' " •

sponee. _hs theoretical basic _er the _unctthn¢ is "_ '*: :: ..
w.hInthati_pactoc_.£._IthInter_e,e0o.a,d _ : ::."
annoyanc_ is a zeaotion to or manl_entahlen Of that 20 • : *: * ** *
inter£ezonce. _ •

•h.dl,_g_egatemodshwa.selectedfo_usein _ ::: :::: :
predicting residential impact, 9his model moots ' * ** *** * *

several statistical tests _nd the results are highly _ • " ** "**IQ • H
co,related with those o_ the aggragate model. ?he • ::* :

dinaggregats model p_edlction compares favorably * " ::: •
bOth to the data as a population and to the p_edic- ,_* * ,: .** *
ties based c, the d_ta as a survey cample. : • * *. ** •

IOO 150 200 250

Individual Vatianc_ N_mb_r of _light s

Nole: Eu_ _i.tmavr_presuntmcrelhano_Ieb_tvalies.
The difficulty In obtaining a gOOd mod_l fit is best

explained by observing plots oE the su_ed responses i"[GIIIH_3 _llltl¢l[_lll_llti_10re_}ll_el_erlll_llllllllmr(}_

to degree of disturbance against the independent _[_)lls, exl!hJl)Jll_ali)H!r_ll_ili%l!rrw)iosiI_nl¢,
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those used in the Tracor _epor_, T_Qse va_ables ca_e mentlonod prevlo_slyt the Impact w_B _atLmat0d

included pe_8onallty tta_ts such a0 _ea_ of aircraft to be 39B800 pe[_on-hou_/d_y. Tho samo calculatlo_

o_ashlng_ _u_coptlbility to nolse I nolso adaptabIL- using tho _o_v_y dat_ a0 a _p_l_tlo_ sample es_-

it_I and bellof in mi_fea_anc_ on th0 pa_ of th_ mat_ tho Impac_ to be 44_500 pe_0on-hou_s/d_. Th_

ai_por_ operator, _e_a_s_ _hese va_labl0s are _ombl- to_a_ n_mbe[ Of p_son-hou_ _or all Impa_t_d cen_

natlo_B o_ _ub_ec_Ive _e_ponaosw it i_ impossible to t_acts _nd _Imo periods i_ _he m_sure o_ the r_sl-

e_tlmate the8_ variables for an_ population without dentlal Impact _om the airport noi_e,

_onductln 9 a survey° _here i_ .o _dvan_e in using

a model i_ a new _u_vey is _equi_ed fo_ _ve_ us_, SU_¥

Z_ was Initi_l_ h_potheslz_d that _ha Inco_pora-

tlon o_ Booloeconomlc _h_act_ri_tlc_ would allow T_e m_hodology fo[ developlng a mode_ o_ resl-

the development o£ a mode_ tha_ wou_d reduce the d_ntla_ a_tivi_y Impac_ du_ to aircraft nols_ h_s

random _lemen_ to _n ac_ept_b1_ level. _hls hy_otb- been desc[ib_d. The mode_ is based on the concept of

esl_ waB KeJec_odw bu_ _t wa_ _ound _h_t the _andom the los_ o_ utillt_ to a household as a resul_ o_ a

effects a_e slgni_Ica_tly _educ_d du_Ing _g[_- ch_n_o in th_ attribute0 o_ the _sid_ntlal 1oc_-

tlon; _or tha_ reason the ag?_ega_o p_edlc_ions ar_ tlon. Th_ _Im_ty _e_Identlal a_trlbute a_e_t_d b_

reasonably good, The _ects o_ _e_atlng the dat_ aLrcta_ nols_ i_ qule_ _n _he n_Ighbo_hood,

_[e _hown in Pig_r_ 41 and a _r_nd is evlden_ after Based o. economl_ theo_y_ _ mathematlc_l _ela-

the _oss o_ _os_ individual va_lanCeo _t is _Igni_i- tlon_bIp _o_ _ctlvlt_ l;iterfe[ence in te_ o_ thQ

can_ t_ note that a di_agg_egate model b_ Itsel_ _ti_It_ _unctlon w_s developed. The _o_m o_ th_

will no_ p_ovlde a good _It_ b_t some aggregatlon _Ql_tlonBhip was _ _oglt mod_l _ha_ In_ludos a

• uBt take place to reduce the in_ividd_l variance, random e1_In_n_ an Important _onsidera_|on in _odel-

Thls _Indl.9 holdo with tha_ o_ Hall and Taylo_ (_, ing ai_po_ noise Imp_t, The data used for calib_-

who _epor_ed _bat _ellabillt_ _o_ _ndivlduals belnq tlon o_ _he wodel were d_cK|bed _nd _he p_c_edut0_

_esutveyed abo_ noi_e ann_ano_ was v_ |l_or_ but used in dev_loplng the model were _xp_alnedo Soclo-

that the aggregate percentages o_ pe_son_ annoyed economi_ cha_acte_Istlcs o_ _ho su_v_ sample w_ro

were ve_ _ellableo _xp1o_ed _o determine _i_ni_i_nt rel_tlon_hlp_ b_-

tw_en these cha_acte_isti_ and noise _nte_etence;

the only _h_rac_etls_Ic that was found to be si_-

0,65 ni_Ic_n_ wa_ _omo ownershlp.

18_ _ _o o_0 B_cau_ _he _nd_v_d_l _arlance i_ t_nse to

a[_c_a_ noi_e wa_ so high_ a dlo_@gtega_e _de_

,,,,,j that met a1_ sta_istlca_ test_ could not be d_ve_-

0._ oped. A slmila_ mod_ e_tlmated by usln_ a_gre_ate
data w_s _ound _o be st_tistic_lIy _Ignlflc_nt.

_otal impa_t p_edlotion_ were _sed to d_e_mlne
the usef_ine_ o_ _he model in _edlotlng Impnct.

• bo model w_ able to p_ovide predlctlo.s wlthln l0
percent Of that _e_ted in su_ve_ d_ta, The Inter-

ference model predictions were a1_o _ompared with

i._i,,_ _, • the p_edlotlonB o_ o_he_ impact mode1_ b_sed o_

annoyance aad were _ound _o be _e _ellab_e, The

_._S p_o_ed_e _o_ calculatln9 th_ reslden_lal impact

QOQJIO, USing the intor_e_ence modol wn_ described a_d _n

,_ _x_mple provided. Th_ model of toslden_i_1 no£_
interference i_ mo_o r_li_ble than otbe_ p_ocedu_eB

i th_ have b_n dev_loped in _he pas_, _t c_nno_ I

0,25

howav_rl be u_ed in any _o_ion wlthou_ con_Ido_-
i_ • _ion o_ th_ char_cteristlc_ of the _o_unlt_ being

0,15 an_zed and _he posBible need fo_ _callb_In_ _ha

77 B_ 9'z _e I :05 i_lo_i p_t_o
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Design of Acoustical Insulation for Existing

Residences in the Vicinity of

San Jose Municipal Airport
C. I_IICIIAIr, L IIOGAN _Lnd JOIIGI';N IIAVNKILIIE

AB_T_CT

Th_ Vlcl_It_ O_ the _n Jose Hunlci_al Alrport |nc_ude_ a large nu_b_ o_ reai-
de_as that lle in la_d-usa z_n_ that are acou_tically Inco_patlb_e w|th
Ca_Ifo_nla _t_te _equi_entB, An_lyzod in the _u_o_t _tudy was a Bamp_o o_ i0
¢oBid_n¢_ Of va¢io_is agesw _o¢_tlo_ r and structu_o ty_es within this Inc_m-
patlbl_ re_Idontlal ¢I_s_° Retco_It d_si_ns _ero d_ueloped f_¢ _h st_ctu_e

_ev_l measurements and On arch_tect_ _o_Bt_oal _n_ly_s of th_ _t_turo,
Fo_ow-up sound l_va_ _e_wr0_0nts w_e conducted _o _st_bli_h th_ succes_ o_

o_|_In_ _co_stlcal p_adlctlon_ fo_ Interlar s_und love1_*
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The loo_tLon Of the S_n Jo_o A_port h_ m_ny _dvan- qua_i-publ_c u_ou INclude nolghborh_od _chool_ and

_age_ _o_ p[ovldLng _o_me_clal and geno_al aviatlon churchos as ii_ll a_ r_g_oNal fa¢i_i_i_ such as

8erv_ceB to _h_ San Jo_o _t[o_olltan a_e_* In th_ A_n_w_ _at_ E[ospl_al _d the C_y _f SA_ Josof

mi_s_ of _he u_ba_ a[ea_ th_ _r_ _ _onven_ent C_nty _ Son_a CI_ clv|_ C_n_er, _es_d0_tlaL 1_n_

to m_Jor eco_omla aN_ employment coN_e in S_n_a uu_ _n_ude slng_0 f_mi_y, duplux0 _ow_hou_e_ _nd

C_a_ C_unty _ _ndu_t_la_ _e_ i_ _n Jo_ S_nta mu_i_mily _we_l_n_r _a_gln 0 in a_0 from [ec0n_ly

Cla_a_ an_ Sunn_valo a_ _ell a_ th_ S_n Jose _wn- con_Euct_d to Over 50 yea_ old.
town ¢or_ a_a_ r and _s a _i_NiflcAnt attraction _o
pr_a_o _nv_tme_ and deVQiopmQ_t in thosO centor_°

_a_on in _he _outh S_n Francisco _ _[oa_ tho a_ea

_hat prov_ thQ bulk of t_e olrpo_t1_ usor_, A subBt_n_lal body of sclanti_c evidence dooument8

I[ow_ve_ t_1_ _en_al locatlo_ of th_ _por_ the effects of v_ h_h l_ve_ o_ _alse on h_m_n

_urroundo_ _y u_b_n _volop_ent_ _o Involve_ _- h_al_h and w_ll be|n_, bo_h ph_Ic_1 _ p_ycholO_l-

pac_ tha_ oxten_ b_y_nd i_s _oun_rles, The hOLlo oal. T_r_ is _i_o documon_t_on _ _h_ ef_eo_s of

produced b_ _i_cr_ft affects the living environment nols_ on l_vel o_ a_noy_co _ _nterfe_nc_ with

oloBo _o th_ alr_rt, dall_ Livln_. The problem is pa[_iou_rly a_rlou_ _n

urba_ _[e_s _u_oun_In_ _ajor m_tropollt_ ai_ts_

such os S_n Jo_e Airpo[_ whe_Q the a_Iv_l _n_

STATEMENT OF PURPOSE OF T_IE AIRPQ_ VICIN_T_ PLA_ departure of Je_ a_aE_ _a_s_ noise i_pa_s _n the

Th_ pu_s_ oE th_ A|_o_t Vlc_n_y Pl_n o_ July _St _i_ environs,

1980_ i_ th_ achlevem_nt ond malnten_n_ Of comp_- The _e_pon_ _o the p_oblom of _[_po_-_lat_

_illty between _he _Irp_t _nd i_s env_ron_ _h_o_gh _olse _ twofo_dl (a) _e_uc_io_ o_ noi_e at it8
sou_ and Ib) [osolvin_ o_ pr_ve_tlng l_nd-u_

1997, _he planning horizon oE the A_port _evelo_-
Incompatlb_l|_|e_ _roun_ _e a_r_r_. I_ _ _h_

_ent Plan. SpecLf_c_12yr th_ _h_e_t_ve oE tho p_an l_te_ _pp_aach _h_t i_ add_6Bed _n the S_nt_ C_a

_s _o e_tabl_h a [e_llstlo p_og_m th_ Count_ Air_ 5an_ US_ C_mmls_onI_ _nd Use Pl_n

fo_ A_ea Surrounding S_n_a C_a_ County Airport_ _),
• P_rm_t_ persons who _i_e r workf _n_ own p_op-

_r_y near the _i_po_ to enjoy _ m_x|mum _o_nt o_

Er_edom f_om nolo0 a_ other Impacts _oneE_t_d _y Cal_f_n|_ Stato _o|se L_
_ho ope[_ion o_ the a_po_t

• R_cogn|zes th_ v_ _erv_c_ p_o_lae_ _y t_e The oho_ce oE 65 CNEL _8 th_ bou_d_[¥ for _he v_¢_n-

ai_po_ and _ho nee_ _ mo_ntaln the level of op_- _ty _ b_sed p[_m_ri_y on _he _ov_|on_ o_ tho

a_ions neo_ssaEy _o _sti_fy _xlst_ng _nd futu_o C_llf_n_ A|rpo_ _oi_ Standards, T_o_ no_e
_vi_i_n _qu_ements of th_ community

• _ot_cts the public Invo_nt in tho a|_- B_n_d_ [equlr_ that by _nua[_ i, _9_6t _ii _
u_e_ _ound _i_por_s tha_ ar_ _ub_eot to no_ lev_l_

_oct_ _ _aol1_ty Eor which thcro _ no f_a_ble
_pla_e_t _f 65 C_E_ o_ _:_ve b_ ¢omp_t|_1_ w_th the no,so

* Complle_ w_h a_o_t noi_ B_and_r_ m_n- _nvlronm_n_ 9_n_ra_d by _i_po_ opera_io_s, Schc_is

d_ted b_ the _te of C_forni_ _nd _a_Ident_a_ la_d uses a_e _e_in_ aA usua_ly
Incom_Lbl_ wi_h _r_rt n_|se _bov0 _5 C_EL° How-

* Compl_6_ wi_ _ o_ional and s_ty ove_ thes_ use_ a[o oompa_e iI_er th_ _Dll_:._ng
_q_em_nt_ o_ th0 Fe_e_l Av_t_n A_ni_t_at_on _i_¢ums_a_cesz
IFA_)# U,S* _pa_n_ of T_s_tion re_u1_tlons

• Hi_h[Jse _0_tmen_ with _cou_t|¢_l trea_m_

_AC_GROUND _D _¢_ove _a_mu_ _nt_o_ no_o level Of 45 CNEL

* An_ e_|stlng _e_den_al un_ sub_ec_ to

Stud_ A_a n_e 1_e_ of 65 to B0 CN_ a_ Ion_ as _¢_ust|c_

_[eatm_nt of th_ str_u_ure pro_de_ an Interior

Tho bounda_l_s o_ the s_udy a_a_ for the pur_o_e_ o_ no_se _e_el _h_t d_ n_t ex_o_ 45 CNEL

_h_ proJeote_ 65 co_n_ty _o_so eq_|val_t levol Comm_r_i_ _ndu_t_iol, _Ic_1_ura_, _nd o_her

{CNSL 1 _on_ou_ fo_ _he yea_ 1997_ _evelo_:_d _ p_ opon-_ac_ usos are d_mo_ comp_ib1_ w_th _i_po_
o_ _he A_[p_r_ _8_er P_an Stu_, The _ojec_e_ noi_,

contours a_ _Bed an the foll_wln_i

• A p_o_ect_d _i_cr_f_ _x I _nd lov_|s an_ F_der_l and C_l_forni_ Sound Level St_nd_d_

• Typical f1_ght p_ha _n_ alro_af_ d_p_Etu_e Th_ C_llf_rn|a AirPor_ _oi_ Standards fo_m the

p_o_2e_ (i°e*_ g_o_s _kooff weight) _ cu_r_nt b_s a_ th0 no_6e standards in thi_ Vi_|ni_y Pl_nw

op_a_Ion_ _nd _B_um_ arrlv_l prof_le_ _h of _n _hi_h the p_iin_ry focu_ _s on uchoolB an_ [esf-

which v_r_e_ _y t_pe o_ _Irc_a_ _ence_, In _hQ vicln_ty of San Jo_ Ai_po[_i the

• _le a_su_p_on _hat _Ii a|_ car_ ai_r_ _o21owi_ noise co_pat_b_1_t_ _a_[_ WLII _pply,
_ill be new mo_018 o_ will be _et_of_t_e_ t_ _mply

w_th _he no£o_ _m_io_ _equi_em_n_B o_ F_e_al * Ex_Qrlor noi_e levels _elow 65 C_ o_e _c _

Aviation Reoula_ionn {FAR) Pa_ 361 Ho_e ce_ti_- _e_tabl_ EO[ _ny l_nd UB_°

o_t_on * Ex|s_n_ _nd new _choo_ _n_ _o0|den_os _[_

co_pa_J_e w_th _r_o_ noi_e _evals o_ 65 to 76

Th_ B_udy _ea _ characterized by a dive_i_y o_ CN_L IE _ maximum _nte_ noise lev_l o_ 45 CI4_L i_
land USOB* Comme_oi_l use6 £_clu_o nelghbo_hood achieved _h_o_gh _cou_i_1 _a_mo_*

r_t_il o_16t_ and _a_o_ _o_Iona_ _ento_s_ _nolu_In_ * Schools and _e_Iden¢_s a_e _o_ c_mpa_lhle
dow_own San JO_O _n_ _h_ Gr_t A_e_Ica Theme Pa_k, w_th ext_o_ noi_ lev_l_ in exce_ o_ 76 CNEL_

In_s_l lon_ ua_ _nclude s_l_ I older es_0bllsh- _e_ar_l_s_ _ _n_er_or noise I_V_IB,

m_s _u_h a_ m0ch_ a_d w_l_Ing _hop_ _s _iI a_ * Ex|stln_ oo_[ui01_ Ind_t_i_IF _N_ open

l_r_e_ _a_n _aa_2_e_ _eVoted _ _eo_ron|c_ s_ce _e_ _[e _ompatlble w_h _oi_e IQ_Is in ex-

m_u_cture and _e_oa_h _nd development, Publi_ on_ cas_ of _5 C_EL,
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• N_W £ndustrlal and commercL_l USQS aro tom- Pa_t 36, it makou littlo _ractlcal sGnso to rely on

patlble w_th oxtotloc noloe ]ovols in oxco_o of 6S tho nolno chatactorigtlc_ of altcraft from tho po-

CNEL if a _aKimum intorlo_ nols_ levo_ o_ 55 CNEh [_ rlod he_oto FAR Pa_t 36 to develop land-o_Q compatl-

achlovod through acoustical troatment. A hlghec bi_i_y ctito_la,

Into_io_ Moiso I_VOl is _ccop_ablo If it is demon- Finally, it should bo noted t_at tho noine stan-

ot_ated that the Inhoro_t _oise ch_actorlstlc8 of daEds in the Air_ct VicLn|ty Plan have beon devoL-

tho pa_tLcular use bQing proposod wou_B oxceed 55 oped witll practicality _nB other goa_ In _inB _athe_

C_EL Ir_especcIve o_ ex_orlor nolso lovo_, th0n in an abstca_t t thoo_otical wa_° The choice o_

int_io[ nolso standards u_i_ C_EL cather than

Tho maximum axto[ior noloo lov_l for sch_Is a_d _ingle-ovon_ ratlngs is ono _xa_plo of koop_ng noiso

_ealdonco_ i_ 76 CNEh becau_o General P_an nolue in ¢ontoxtl b_lan_Ing protoctlon from nolso ogalnBt

n_ndatdB in both San Joso and santa Cla_& Ldenti£y othor con_Ido_atlons, A oeco_d such oxa_plo Is using

thi_ lev_ os the _aximom noiso love[ in conformanco tho 6S-C_EL _ontour _s tho boondary o_ the vlcln[ty,
with thQ U,S, EnvlronTnontal P_otection Age_o_ hoar- Aircraft noiBe doe8 not cea_o to be a concern out-

i_g io_ orlteri_, Tho a11owa0co in tho Californla nido the 65-CNEL contou_ I rather, thls nolso contour

Ai_ort Noino S_ondo_ds _o_ exoluslvo reliance on deflnes _ho extent o_ the mo_t Crltlcal impact area.

avigation eaaemon_s was _ot Incor_orat_B in tho Tho _oi_o standards Bo not appoar to take _nto

noise stoMdatd_ o_ th_ plon. _ile _hey m_y ellmi- account impacts on outdoor aotlv_tios I o£ton _n

nata an alrportls 2ogal llabL11ty _or nois_ result- integral _om_onent of thQ _d0ntlal envlcon_ent,

inq f_om alrat_ft overflight and may _iso _e_ve as _ Al_hough th_ o_fect0 o_ noIB_ on outBoor _¢tlvltlo_

oon_umot protection Bovine fo_ p_ospoctlvo porchaso_o we_ llot Igno_edl it w_ judgoB that tha dlsadvan-

Of noi_o-_mpa_ed p_oportlo_t a_Ig_ion easo_ents tagos i_ th0 vlc_nity for o_tdoo_ a_tlv_tles typl-

Clearly do not ptovld_ aotual re1£ef f_om noiBe, c_ll_ _soolatod with _esi_ences aro outwei_he_ by

Tha noise a_itoria fo[ _n_a_£or ap_ae_ _ro baso_ tho _dvantage_ o_ houalng in the viclnlty e including

so_o_ On a CNEL meaBu_ement rath_c than on a p_oxlmi_y to employment cant_a and tho housing

• Ingle-ovent c[Itorla a8 has boen a_opted by _)io p_ice _dvant_gQ o_ so_ o_de_ n01ghbo_heod_°
La_d Une Co_|s_Lo_ of tho Santa Cla_ Co0nty Air-

po_t. The_e are sevQ_ re_son_ w_y s_nql_-ovont
_clto_la were not _aod in this plan, F_st, tho _ost HOISE iNSULATION STUDY

_t_i_tlvo si_glo-0vent c_i_e_|_ are to p_otoct the

_leeplng env_on_entl yot current a_d p_ojected ai_- Ten tesldencoa we_o BeleoteB so _hat _Ivo_se nltu_-

_ra_t o_io_ _u[ing the time period from ii p.m. tlons in _he ai_po_c Vicinity _ou_d bo sampleB, Tho

_o 7 _,_*t the ilou_s typically devoteB to _ioepl con- _In_l seloction o_ tho 10 _o_L_ehcos _ot th_ pilot
Btlt_ta a ne_Iglb_e po_tion of the tota_ o_erations _olua Zn_w1_|on Study _oported Ln this p_p_[ was

in a 24-hour day at S_n Jose Monlc_pa_ Airport° ev_u_ted b_ u_Ing tho followln_ crite_i_i

Second, achieving compl_a_ce wltll _Inqle-event _rl-

ta[i_ i_ not at _i p_otlcal. For _em_Bi_l _o0nd * Sp_tL_1 dis_rlbutlo_ a_ou_d the Ban Joso

attonu_tlon o_ existing school and _esldentlal Airport

at_uct_eB e slngle-ovent orlte_la a_o Virtw_ly * Location within tho 1997 novae contours

_m_o881ble to m_et. Fo_ sound attenuation in new * LOCation according to th_ main olrc_af_ ap-

const_octlon, _in_le-evo_t crlte_la oan bo achievode pro_ch and tako-off p_ttorn

b_t only with con_Ida_abla add_tlona_ _xpenne, The * Variety of builoin9 st[uct0teS

intent of thi0 plan wan that _t_ndardized cons_ruo-

tlon metllod_ and m_to_i_Is _ould bo identified to Tho _0 re_iBonco_ saleoted I _nol0dln_ a b_lef Bo-

meet no_sa c_t_la _ather _haM having to _oly on s_rlptlo_ of _ho st[uoto_est _ro p[e_entod in TabOo
sound m_te[ te_tlng in eaoh p_oJect. Thlrde _h0 ai_ i,

_a[_le_ _i_oca_t of tho _utu_ will bo qolotor than Piva of the I0 homes a_o lo_at0d northwont of _he

tho_e p[eae_tly i_ oporatlon _t San _oso Airport. airport e 3 o_ tilo homoB aro _o_ateB oa_t of tho

With tha llke_ihoo_ tha_ aircraft hollo omi_slons aL_po_t, a_d 2 o_ tho homo_ aro _oca_ed southwest of
wi_l be _edu_ evan bolo_ the [eguirements of FAr the _i_po_t. Piv_ o_ _ho I0 homes a_o exposo_ to

I'AnI.E ! FinM Selecllon.ifl{esldenrrsin Ihe l'ih)lPro;_,ranl

]lesid_nce

No. Subalea Cily lllitfI)_st:ltPllonof_lruclur_.ll_foloSoundlironfiitg

] _.C Sanlll Cliir.I liitllnlrn llhlnllI¢ roof; ihinlilMlilc¢o e xtelior w_lls; dn.hlr-imn_l and sidc-lmilg wood windows_slnltl¢ glals;
w_d Ilan¢I©ddoilrt;no we;tiller tltlpphll_; iIl_¢t roe}; ceilings; no Inslll_lllon

2 2C Sahilt Ehira Wood ih_ke roof; illl_¢o elllcltoI walls; dotqll¢.hunll wool and lllWhltfHInl IIld_ wlntlows: lingle gI_sl; wood
doors; no wealher luipplng; plaiter board ¢¢ilinlis; no lilSllla [Jolt

3 3A Sanla C].ra Wood shak_ tool; stucco eXlrrior willis; alotninutit _liding winliot_t and doois sinlllt lil.lsl nli_lrl d_:oi-iolid
wmld ;',vcaI let Illlpll riB;sh:elrock c_'llln_li;6 In, of hlsola/ion in at lic

4 )11 Soul, Clara Ash_ilo_llint¢l_ oof;lttccoex o w. . in wMIwo diidin_IMttnlinumslldhlllwindows'_inlllr
_lazjnl_; elliran_ door- ] ,2'LIn. wood wilh or_lin_nl Ill_Is; 11o_.eqlll_r slljlll_in ; plpilc_btl_id c_i111_;
l.i.,InsulaHoainattic

30 San/_ C_ra Wood lhlngl_ Ioof; it uc¢o '_xl_rior walls; ahonlnum IIidinll _4indows llltd doo_l; siilgJei_lazinil; wood eniran¢©
door wilh gla_ We_lIlet Itrippin_; plalleiboard ¢¢ilinglillSOlalion in alt_¢

6 4D SlinJ0i_ Tarl_afcrtoof;woodsiding,:x¢_riorwMll;ahiminumslidilltlwindowslulddoors single _ ss _ooddo o o
wcalhcrstrlpplng;uxposrd b_anl;on ceilini_

7 411 ,SanJol¢ Bitumm lhJnl_Itrimf; stucco ©Xl_rlorwalls:ahmlin,m doubl_-hUnl[tllndowi;|litiilintllllsJidini_t[oo rwith
slnll]_ glazing; paneled wood doors: no weatll_.r_lrippinll; plasl_thoar d ccllinll; 9,1n, lnsnlulion ill atllc

A 411 _ n Jol_ llllunl_n sllI_ltI_ roof; stucco _xl©rior wMIs; doutd_.llu nil wood _ilnlowl_ ¢llulnlnonl _lidi_g door; wood
exlelior dooil; minor wealtiet slrIppln_; plasi¢lt_oald ¢_llin_; n_l Insulalion

9 6II San lose Wood stlin glc roof; slucco _lcilor w.lll; lid ©,hll_lt wood wlnll(l_ i; sinile glail; plileled wood door; no
tl _thcr slr_pplnl¢;plOlle/_d crllt_; 2. Io 3-in. lns_lallun ill ill lie

I0 fiO S_n J.s_ Wood shln_]_ roof; itiicco _xierior wills; doulllr.iiu nil wood. wood,fronted.fixed and _lonlinum,ft_nlrd-
illding windows; iIn,_lu Ilia tialt; paneled t_ood d.or no w_+allwr ildppinl¢ plas ce, ¢e k c il nil ;
6.in, ini_]_llon in lltlic
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operational _lrcr_ft nolBe levols £rom 65 to ?Q [_oco_end_tion_ o£ propoaed Improvement_
CNEL, and _he _emain_ng 5 homes are exposed to noisQ
levs1H from ?_ to 75 CNBL. T_IO _0 homos cep_o_en_ a As d_scuB_ed p_ev_ou_Ly_ tho purpose o_ the Nois_
varloty Of common buildl_ at_uctu_e9 r which ar_ Insutat_n _t_dy w_s _ de_on_t_to a c_-0f_e_tivn

typical o_ ro_lden_i_l structures in _he v_c_nlty of _olution _or _educl_ the int0_lo_ no_o levo_ _
San Jo_e Airport. re_idenc_n. Tho_efo_ef tho candidate lmp_ove_ent_

L_c_uded _cc_ssible com_nonts_ ma_er_al_, _nd me_h-
od_ normally av_[lablo on tho _a_ket. Zmprov_men_

Sotmd ReductL_n He_tl_emen_ tha_ wo_e _ccepLab_e to _h_ homeowne_ _nd the

bulldin_ _u_horl_i_B _nd a_ Lhe _a_e time tepee-
The _n_t_al sound measuring p_og_a_ w_g per£or_o_ sentod _ _0ducc[on in energy consump_|on _OE hou_o
d_|n_ the week o_ J_nua_y 19-23_ 1982. Tho measure- he_tinu we_o _nst_lled.
men_s we¢_ performed _u_aneouely ln_r_ _nd Each _oAld_zlco w_s e_aluat_d In a nondea_¢u_tiv_
outdoors _0_ each _esid0nce_ durl_ a _lnimum t_me w_y. I_form_tion _bo_ the d_tgn of exto_lor w_l_B

Of _ h_. Tho outdoo_ microphone waB placed in fron _ and th_ a_unt of Lherm_l insulation w_w |n many
o_ _h_t _lde of _hQ _enidenoe _c_n_ _he a _po_t or _ses_ _lm_ed ba_d on _nfocm_lon from _ho ho_o-
the typical _ligh_ path. The microphone was loca_e_l owner _nd possible vlsuat inspection because _eta_led
6 _ _bove _he ground and 6 f_ _om _ny object. The b_lld_ng plane did not exl_c. The current homeowner
lndoo_ microphone wa_ located _n a _com (p_e_er_bly wa_ often no_ the fl_s_ owne_ o_ the _0uidonc0, an_
a bedEcom) wILh _n exter_o_ w_ll and a window fa_[ng thus Che _nfo_mat[on w_ _pp_oximate. The a_tic
the _po_t o_ _he _yp£ca_ _ltght paLh. In two c_ af_ce _as not alwa_ accesaible_ therefore, the

the kitchen was solected a_ the lntezio_ microphone _rnoun_ Of _nsu_ac_o_ Jn _he at_|u_ in m_ny cn_e_
poDl_lon becaun_ the bed_oom_ were _ocated on _h_ wn_ estimated ba_ed o_ homeowne_ [n_o_m_tion. The

opposite _lde of th_ houBo, qual_y Of the ¢os_d0nce, the m_lntenance cond_tion_
Ca_e was taken _o ens_ that _1_ d_ and and po_ble a_ leak_ _round w_ndow and dOOr _a_e_

_ndows we_ c_osed d_ring the pe_|od o_ measure- Were ovaLua_ed carefully.
• ente and that houBehold appliances F vent_l_tlon_ Based on Che above _n_o_nlat_o_ and e_tl_tes_ _he
and heatin 9 sTs_e_s _e_e lnope_ablo _nd would no_ sound _n_l_tton pe_focmance o_ each building com-
a_fect _he in_e_o_ _ou_d l_vel. Du_ng _he sound potent w_s adJ_tod _cco_ding _o _ho actual con_l-
me_ema_ts, _h_ dimensio_B of the hous_ doo_, tlon_ in tho _e_d_nce. Thl_ _dJ_stmont _equ_rod
w_ndow_ an_ so forth were meaoured I and a de_c_Jp- expe_lence and knowledgo o_ _he Bound _nsul_t_o_
tlon _o_aLod to _x_st_ng weath_ strlpplng_ ¢_l_lk[_ge porfo_m_nce _ tho wide Ca_ue o_ building ma_e_la_

_nd _su_tion _n exte_o_ w_ls _nd _t_c was p_e- _nd com_one_t_ r a_ well a_ o_ _he ¢han_eB _n the
pa_ed° Tho sound _nsula_lo_ pe_formanco_ for _oh of ch_a_teristic_ of th_ sound ¢odu_t|on _eque_cy

_h_ _0 _c_ctu_e_ w_ calculated and comp_d w[_h r_ngo du_ LO Va£_ng _l_O_nt_ Of ln_ulation in _x-
the actua_ m_su_ed _ouNd _nsula_on. T_ble 2 pro- te_lo¢ waLl_ _nd _tL_cs_ a_ le_s a_ou_d wlndow_
sen_B the _osults of Che measured _d calculated and doors, an_ tho po_ibllit_es o_ o_he¢ sound

_ound l_ulac_on o_ _ho _eBlden¢_s. t_n_m_lon p_hB.

The basic d_ta for _ wJdo _ang_ o_ b_|lding com-
pon_nc_ _e _eneratod _ _bo_&to_y _n_s_em_nt_ r

wh[¢_ are _v_tl_ble in _efe_n¢o literature. Many Of
'rA_LI_2 _Lllllll_lryl_[_lLlxlll_le_llrl!llit'fl_lcJ those mea_u_ement_ a_e _aCod acca_dl_ to the sound
_lc_da_iolt! t_ans_lon cl_0 (S_C) reference contour, which

_|_lds a _ln_le numLmr Caci_ _o_ t_l_ bul_d_n_ com-
_lc_ltllcl] Dif(cl_nc_of I!_lJn_ [_oNent. Th_r_ _r_r how0ve_ I Blg_lc_nt die,oranges
Ouhloor-lo.]ll_llord[_A I_ICLLI_Ic_I) in th_ _esult_ o_ Ch_ _o_nd insulation meaBu_em_nt_

SJC between th_ l_bo_to_y meanu£eme_ e which a_e per-I_J[_tcnc© _ h

_ho _leld me_s_ements_ which inc_d_ _1_ po_blo
I _?._ ]7._ 11.7 17.7 sound t_n_m_sslon p_th_. D|f£erencen _ 3 to _ _R

2 t_._ 17.0 I_.0 LT.0 fo_ b_ldLn9 uom_n_n_e from _he l_bo_to_y mo_u_e-
3 [_.5 ]7.3 1_.2 20.3 men_ to _he field moa_u_emenc a_e not un¢o_mon_ and4 I_.0 14.7 ]7,0 Ic;.5
5 t_._ I_,_ I_.0 E_;._ additional d_fferenceB d_o to otho_ (multiple) _ran6-
5 140 t4.1 11.7 1_.4 _l_lon pa_h_ _n _he actual building s_uc_ure _o
? I_;,0 I_._ 16._ I!_.0 a_rnosL _l_y_ pEesent _nd mus_ _10o be cons_de_od.

13._ I_._ 13.0 I!ri Tho ad_usLed STC rabies _o_ _h0 wrio_s bu_d_n_

IO 1_.7 13,_ I_.0 17.(J ¢ompo_encs were uBed _0_ computing the oxl_[n_
_ound insulation o_ e_ch ¢e_donc_. The comput_t_on_

N,_ I, C_d,.i, ,, [10 Ii the^._b|h_l(_ulld I_1. _l_h I_¢_e_,_ were ps_ _o_med _s Ch_ com[x3sl_e _m_lon _s_ o_
ii_ p_c_.l ._r ill__,rlll_rt .f 1hep,_,_lt.fin_. J, C.I,,.. I_, Ieq Ii li_e th_ bull_l_g Bt ¢_C_U_ o_ the pa_ t_l b_ld [ng _t_UC-

c*_rC._u"dlr_"lm_"_n_la_l,_l_h_c_l_l_l_di_lP Ir'_''ld_rd_c_n each _OBldenc8 e _ Co¢_ection _CLo_ _o_ tho c_l-of i_1_I,_,_e. _¢lud_n_i_.e ¢_11._._l_fior w.llJ, _nd._l, ,rid _u._.

mlr_'¢l_ii'efll_hlp_l_e_fl* _e_ldenc_. T_ Ca_ecC_o_ _cto_ would tak_ the
following Into con_d0Ea_onz

' V_¢ying angles of |n¢ldeNce o_ the _ound from
the no_u _o_rce (_c_)

_ao _e_s o_ c_lcula_lo_o were performed fo_ e_ch _ The whole building 0nve_ope noL bQ_n_ exposed_es_denc_. Tho fl¢_ ¢_lc_l_t_oN considered the
to _n oqua_ _e_e_ of _ound ene_g_ because of direc-

sound ln_a_lon Of _ho Coral building envelope_ _lon_ ¢h_cte_lst_c_ o_ tho sound
(Table 2e Colur_n _)# _nd the _econd _ulat_on took . Sound _an_m_lon p_h_ th_ can not be Co_-

only _he _x_lo_ wa_ _c|n9 _he a|rpo_ or the recked without _jor ¢oconst_ucC_on o_ tho residence
_ll_h_ path, l_to c_n_lde_tlon (T_b_e 2_ CoLumn d).

A _elat_ve_y low c_lcul_ted value o_ C)le bul_di_ The cocr_ct_on fauto_ fo_ e_ch lndiv|du_ _e_ldenco

_nvelope _ndic_te_ _ow Lnsula_lon of _he _oof-ce_l- was _ppl_ed du_[n_ th0 _omputa_onB o_ the p_o_uod
_ng a_elnbly. _mprove_ents.
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In _oat caB0s I It will be found that the windows Sound Reduction H0a0ucam0nta After Improvements
In older resLd0n_l_l structures o_ten represent _ho
highest t_nsml_s_on loss _n the bu[ld|ng structure. The _ound [educ¢lon measuring p_o_¢am of the 10
The QxL0rlor doors w111 o_ton he the _0oond°tank£n_ hOl_oB was ps_fotm_d during the week of July Z1-15_
compon_ntn_ clo_al_ f_lo_e_ by unlnautat_d attlc_* 1903. The ln_crophono positions u_od wa_e ox_atly the

_oN enorgy-co_so_v|ng aBpect_ ace ln_ludede _ho sazne as ln[Llall_ |sePalled Ln _ach re_ldon¢0. The
lmprovament_ o_ ch_ ln_ulation o_ the attic _ho_ld ces,lt8 _f the _ound _aductlon _oa_u_em0nta a_e

_n_lall¥ be cone|dared in the computations° presented In Tabl_ 4*
_h one cas_ ghe [onidanco _eALured a peako_ Aa _at0d p_o_lo_81y. Che goal o_ the _oJso Zn-

open-beam cellln_ and no Insulation. Ah _dditional a_lat|on Study wan to demonstrate Lh_t _nLo_lor
an_ lns_la_ roo_ (¢on_t_ed o_ the oxl_t_hg nolB_ _ _e_|_o_t_l _cruc_uroo Ca_ be r_duoed LO oc
roo_) wa_ _¢co_l_ended. Zn ghe _maln[n_ ca_en_ add1- below 45 CREL as _equl_ed by _ho state o_ California
t_onal lnsulaClon Lo a _[nlmum th[ckheas of 5 _n. by u_|ng _o_t-oEf_ctive and _ne_V-0_fec_vo _a_hoda.
was recommeflded. S_andard_ no21d core do<)_s with a Zn addl_lonl _ho _echnl_al obje_lv0 wa_ to d_]no_-
p_rlmot0_ Bea_ a_d _|Lhout a m_ll _lot wou_d ptavlde _t_ate that p_edictlons of _ha lnte_|o_ _ound lev_l
a red_ct|o_ In Bound oqulvalen_ to 20 S_* A_I door A_o_ lmp_ovement_ c_uld be achieved b_ meetln_ a
and wlndo_ frames should be aeal0d betwa0n the fcame desired _oal*
and exto£_o_ w_l _o prevon_ a_¢ leaks. The modl_i-
cations _o¢ each home ate _enc_lbod 1_ Appendix B D_
_rchl_ec_ural Bpec_flcatlon_ _o_ the Rep[eeanta_lv_ COHSTRUC?IOH PROBI_Hfl
Residences {.22). A _u_ty o_ the p¢opoeod lmprov_-

merits _s given In Table 3. Th_ _mpro_er_n_s o_ the _enid0nces were oa_¢led out
A_ _hl0 point it _houl_ be a_e_6e_ that t_o by a oontracto_ and c_af_men withou_ p_avlous

Hois_ _n_ulat_o_ Btud_ intend8 to |nolude accessible specl_ _ous_l_l t_alnlng and wl_h _oma[¢Ja_ly
_a_dacd ¢o_po_eNtB_ _a_e[la_s. and mathod_ and _o available mato_l_s and components* The i_p_ovo-
avoid _e¢ort_endaLlons o_ sophist|cared and _xpeh_l_e m0n_aw howevere d0raand0d _ood o[a_t6manahJp and
me,autos. Acceptable _eco_enda_on_ Include _horma_ aLcont|on to d_alln ao thaC the tmprove_ent_ wo_ld
thsw1atlOn of a minimum thickness that can _atiafy ba acoustically effective* The tmprovement_ were

0ne_y conservation [equl_ementa r and a _ag_m_m ca_|ed'ou_ in _nhabitated _aldonce_.
_hicgneaa ll_Ltod by the space _n th_ hull_n_ oom- The l_p[ovement_ o_ Cho homes w_e Co_6Jde_ed
portent. Replac_on_ of _xlstlng _xt0[Jo¢ wlndow_ alI_oat aa r0_odelihg o_ homes* _o _ajoc areas of
doo_ and glazed acaas with now door_ w|n_o_s I and concecn were Eound during Chic p_oJ0ct. _lratr plan-
glazing each w_h a _an_atd ST(2 ¢_|n_ a_e al_o sing o_ th_ work h_ o_e co_tr_cto¢ _n a s_al_ numba_
acceptable _ecor_0ndat|onB. OE d_stlnct_ve_ dl_e_enC ho_os dintt_buted over a

'I'ABf,E 3 $unlmary n f Pm_l_ed hnprovomen te

I_edicted

I_xt_rior i)_rl 5uund hldoor
h_sldcnce CNEL Windows RcpI_ed [trductlnn C_I!L
No, is 1097 Itaat All,ration J Replaced (St"E) (STC) {¢11])

[ 71 M_)I¢fll_n 5-is, _n_lat[on 26 20 27 44
2 72 _ta;¢ Illln 6.i_. Inlulalios 26 _O 27 45
3 67 None 26 2U 2_ 42
4 73 Alor_ Ill_ 5-in. _nllllation 26 20 2_ 45
5 74 MOI¢ thlfl 5-in. in_ula{loa 26 20 2_ 46
6 69 Addilloaal roof{Inaalatcd) 26 20 23 46
? 7L _une _6 20 26 4_

B 68 _loruthan 4-in. insulation 26 20 23 45
9 67 _lax¢ltlall4.[n, lns_laria_ 26 _O 26 41

lO 6_ None 26 20 25 43

'['AIiI,E ,l l{e_ult, i)f _imnt] lh.du_liiu_ Mea.,Ir_n,.lit, I{*.hded t._ 1997

CN]_[.

]!xl_r_or _OUnd R_du_tios D_vlzlJ_fl(rorn Irll_tlor
l{¢_h_ence cNi!L Calculated M_asur_d Calculated CNEI.
No. is Ig_7 [dFi) {dll) CNEI_ in ]9_7

l ?[ _7 25 "2 46
2 ?2 _7 2_ +_ 43
3 6? _ 26 +L 4]
4 73 _8 29 _I 44
3 ?4 28 28 O 46
6 6o _3 2_ _2 44
7 ?I 26 27 +t 44
8 6B 23 19 *4 4_b
9 6? 26 26 0 41

]0 _8 25 22 -3 4__
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relatively lapse a_ea appears to be very dlffloult. H_reove_t the installation of additional _torm

In inh_bi_sd r0_Idence_ it is noc_Bea_ to minimize w_ndows in Residence No. d _es01_ed in ie_s expsnns

the Inconvenlence to the homeowner by oomp_eHain0 than r_p1acemont of existing windows _n Res_denoe
the time of construrtLon in each ho_e. Ths wo_k No. 5. Thi_ Indlcate_ tha_ in _h_ oonLinuatJon of

Ideally should be exoout_d contln0ou_ly Or nhould he the No,so Bimulatlon SL0dy_ a_tlona C_ be consIdeE_d

executed by _ppo|ntment to mlni_ize diaruptlon_ to are (a] selecting _roups of roeldence_ o_ slmilar

Lha family's _out_ne_ Th_ 5trend _ea Of oonce_n was house type. (b) devslo_[n_ a noise re_0dy packaqo

_haU acoustlcal _odlflcatlon_ i_volve u_u_oal that _lll _sst _ho doalred _oall and (c) o_ferlng

creftsman_hip requirements and _tLen_Io_ to decail_. _hi_ p_ck_qe to _he ho_ao_e_.

_ve_al Of the ho_eo_ne_ had complained about plan- In Residence No. 81 the interior Bound lev_l

_Ing p_ce_u_es_ _aiIure to _e_ up _ork appointments resulted in 49 CN_L_ d dB abov_ the dss_sn _oa_ and

with homeowners w and failure to keep wo_k appoint- 4 dB above the de_|q_ed C_E_ _he _a_o_ cau_o w_s as

men_. Yet the oon_Inu_ion o_ the Ho_e Z_sulatlon fol1_w_. The outdo_ pati_ i_ Ioeated alon_ the

St0dy_ _he followln_ two measures ale recor_ended, exte_io_ _a_i faolng the airport. _hs roof ove_ the8

patio i_ s0ppor_ed by post6 alo_q the o0t_Ide edqe

• _¢h neighborho_d should b_ aubdlv_ded into a_d attached to _ 2 x 4-1n. wc_d platel which is
gtoup_ o_ [e_Idences of slmila_ design and _truo- mounted to th_ exte_io¢ wali_ thls _f cents|ha

t_re_ to aid in piannlng wo_k and o_de_ing matori_is, e_proxlmtely 190 ft _ of flberglass materlal.

• The aoou_t|_al mod_fic_Ions of r_Idences Ai[oraft-_ene_ated vlbrat|ons of the parle _o_ are

sho_d be performed on a large _nouqh scale to u_i- tfansmltted to the int0_ior _hrou_h the bu_din_

_Ize the servloes o_ a large contr_ctlng orqa_i- s_ru_turer rep_esentlng _he maJo_ round transmission

_atlon. path and llmitlng the instal_Qd sound In_ulstlon

features. (_he sound t_an_misslon path from th_

patio roof Lo the inte_ior of the _esldence oould be

EVALUATION O_ R_U_TS ellmlnated by detaching the patio _oof f_om the

bulidlng struotut_ and suppottin_ the toed On aopa-

p_o_ a teohnloal point of vle_e the Nols_ ZnBulatlon rate pos_a along _he exterio_ _ail.) _irthe_r_e I

Study wa_ v_t_ Quccess_ul° A devla_on o_ pl0_ o_ the Inte_ior _ic_ophone was ice,ted in th0 kitchen t

m_nus _ dB _ro_ the design goal is areeptab1_. _Ive_ whets the _eve_boratlon tlm_ no¢_alIy i_ somewhat

_tate_of-the-a¢_ d_ta _o_ _oou0tlc_1 ps_formanoe o_ _on_e_ thls _e_ult_ in a _i_htly ic_e_ sound re-
building co_p_nent_ feal_Ic c_ft_men_hip _n- durtlon because calou_ation_ Of the i_totlo_ _u_d

d_fdet and _ound-off _de¢_s. F_om this polnt of level _e_efaced b_ exterior noise _ource_ |ndloate

vlew e elght o_ the ten _e_iden¢_ _et the _echnloa_ va_latlon_ in the i_te_ior sound level e depending on
objective predlction range but tw_ resldences dld the roverberatlon time in the _ecelvlnq _c_. Hithln

no_ meet the dosign goal° Prom the Btandpolnt of a range from 0.8 see (typlcal for kltchens) to 0.3

so0nd _eve_ _andardar six of the ts_idenee_ achlevsd sac (cyplcal fed bed_} e the sound lev_ wit1

45 C_B_ oc bel_ three _ealdence8 aohieved 46 CBELr vary 4 de.
and o_e _ellden_e _chleved 49 CB_ The _our re_i- _he 1ocati_n _nd orlen_atlon _f _eslden_e No. 10

dances that did no_ meet _he 45 CBE_ ate discussed did not leave man_ Options for the _sltlons of _he

next. exterlor and Int_r_o_ _Ic_ophones. _ avoid the
_n Sea,dense _o. I_ the i_e_o¢ _ound is_el

resulted in 46 CN_b. An examination of the _Ind_s shield_n9 effect of the adjacent re_id0ncer the
_x_erlor mirtophon_ was desexed Ou_Ide the h_ch_n

revealed that the race,ended weather st_ippi_ had (_Indc_s 6 and 7}* Because all bed_om_ wo_e l_ca_ed

not been insCal_ed. Isavlnq altqaps _rou_d _ind_t_ On the opp_slte _ide of th_ re_ldence (aw_ _¢om _he

_ashes. The Install_tlon of the teeo_n_nded weather f11qht path)_ only the kitchen coold be u_ed for the

B_ipping wou_ _ave Increased the _ound in_ulatlon _ocatlon of the _ntorlor _|c_ophone. AB noted pre-

by 2 to 3 dB. theteb_ reduoing CNEL to below 45. vlousl¥1 reverber_tlon tlme in kltchen_ Is non,ally
Zn _eaidence No. 5w the l_e_ior sound level _o_ewha_ hi_he_ than in 1|vlng rooms and hed_onmse

_e_ulted in 46 _NBL_ i dB above the design goa_w but whloh contain _re absorbent matstlaiB such as c_-

mee_in_ the dealg_ed C_. _ oomparlson w_s performed petln_ and upholstered furniture. As a re_It, the

between Residence No. 5 and Residents 9o* 4. The t_o inte_ior sound leve_ generated by ex_etlot noi_e

residences are a11_s_ IdentIca_ _co0a_Ioall_s and sources i_ 2 to 4 dB hlqher in kltchenQ th_n in

the BTC recoa_endatio_ fo_ the two _e_iden_e_ a_e llvi_9 ¢c_s _nd b_drooms. _his ala_er has hse_

identloal. Two different wlnd_ type_ wets ins_llad° di_c0_sed for Residence He° 8.
Zn Resldenc@ _. 4_ the existing wlndowo _er_Ined in

place and addltlonal Intarlor storm wlnd_a_ _hlch

a_cofd_n_ _o _arth Hetfio_ _e_ot_/nendatlon_ _hould

p_ovlde 26 _TC. were Installed. In Residence He. 5r R_PEREHC_S

the exi_tlng _In_s were _eplaced hy _e_ alu_in0m

_llding wlndow_ which ac¢o_dlnp to _arth He_|c_ i_ Land USe P_an fed A_ea Surrounding dante Clara

cecoa_aendatlona should _i_o provide 26 _¢. The C_un_y. Santa Clara Co0nty Bir_rt Land 0as

¢_ult8 Of _he _oond _eaeuremen_u ind|oated _hat the CO_/_le_Jone Cai_fo_nla.

installa_ion Of additional in_erlor storm wlndowR 2. Afrhltectut_1 _peclfloatlons for the Bep_esenta-

w_s a b_tter solutioN than _he repl_oement o_ the tire Resldsnres* Ea_t_ Het_Ice_ Zn_.e _urli_gamel

windows. Therefote_ it appearJ that the windowe Caldf._ 1984. Apl_ndlx B.

installed in reaidenoe No. 5 did not provide the

recruited 26 8_. Based on the comparison of these
two _eRlden_eB e it is e_phesized thnt only windo_

and glass sliding-door components with documented Publioation of thia paper sponsored by ConUnltteo on

sound reduction data should be used. ?ranaportatlon-R_latod Noise _nd Vibration.
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California Vehicle Noise Emission Levers

IIUI)III+F W. III'NIilIIKS

ADST_CT

The Federal Aid Ilighway p_ogram Hanual {FHPb_) 7-7-3 directs state highway
agencies to _nalyzo tcaffic noI_ l_p_cte and abatoment _e_sure_ fo_ fedn_al
and fede_al-aid highways. The direct_vQ _0qulce_ noise p_ediction methods to be
connl_tent with Fedaral Ilighway Administration (FF_A) RD-77-108 p¢oceduresr
usin_ eith_ natianal _0Eo_on¢o onorgy mean emis_|on levols aa a £u_ction of

speed o¢ ¢0£e_nce en0_y mean emission lovels d_terminad _y mothodolo_ies
de_ribed in the _IWA report Sound prOCodu_es f_r H0_su¢in_ Ilighway Nol_o

(FI_A-_P-45-1R). The C_lfo_n_a D0p_tmen_ of Tr_spo_tation recognized tha
need fo_ developin_ Califo_nia vehicle no|so _eforence energy _tea_ emission
levels. C_ltorl_ I _QthOdSr afld analynQs used to develop th_se emission level_

a_e p_ssent0d In this p_per. Moro than 3,000 noise me_sur_mel_tS Wets m_d_ o_
autamob_lo_, modium trucks, and heavy trucks as defined in the ?ItWA repoct PlIWA
XIghw_y Tgaf£_c Nol_o P_edlction Hode_ (FHWA-RD-7?-108). The measurementsr
taken at 16 sites In Caltforniar lncludod vohicles tcavelin_ at constant speeds
f_om less th_ 25 _ph to _reato_ than 65 _ph on love_ _oadn. M_crophoneR woro
_ot up at 25-, 50-_ and 100-ft dl_tanu_s and at helght_ of 5 _nd 10 ft. Tho
Cesul_s show automObil_ levels Q.8 to 1.0 dDA hi_h0_ than n_tlo_ levols at 31
and 62 mph respo_tiv_l¥ (the currsnt range o_ spe0ds for national leve_s).
Hedtum and heavy truck_ wer_ loss than 0.5 to _bout 3 dBA l_e_ than national
levels at 31 _n_ 62 mph_ Fu_thor _nalT_e_ lndic_tnd that at 50 ft tho ef_octs

of t_rain type, wind speeds of 12 i_ph o_ least and wind dl_oction could bo
ignored w_thou_ i_t_oduc_n_ across of mo_ than 1 d_A. The _tud_ _lso indicated
that the thffee vehlole g¢oup0 adequately r_p_osonte_ the CalJEo£nta vehicle

_opulatton and that _ec_aphica_ dif£e_oncos could be Ignored.

The noise abatement procedures fog federal and 1974. Tho need for a California vohicIe noise emis-
fede£al=aid hl_hwa_ p¢oject_ _ _ov0rned by the s|on _tudy w_s ths_o_ore recoqniz_d.
Peds_al Aid _lghway P_c_am Manual (FHPH) 7-7-3 (11. A 1981 ba_lec e_aluationa stud_ by the O_|ce of
Th£s dl_e_tive requl_e_ _tate highway agencios t_ Transportation Laboc_tory at CaLtr_n_ (!)r whtoh
da_scm_ and _n_lyze expe_te_ t_af_lc hoiss Impacts c_mp_¢ed befoce-_nd-a_ter b_r_io_ m0a_red no|as
and nlte_l_t_ve noiso _batsm_¢ me_uce_ foe m_tt- _ev_ls with those prud[cted by F_A methods [FI_A-

gating the_s impacts. RD-77-108 (_1], concluded that the latter methods
As pact o_ the t_affio noise impact analyn_ tended to pgediot v_luss tha_ we_0 an average o_ 3

undo_ _I_H 7-7-3r prediction o_ future t_affic soles to 4 dB_ hl_ha_ than thoso measured at 11 ba_El0_
iA enquired° Any prediction _ethod ma_ be u_ed to sito_ _h_au_hout Cal_fornia. The study Cecor_snded
• a_i_fy this req_l_enl_t IE L_ _ose_ally m0otB th_ _ur_her investigation _o oxanlina th0 validity o_
following two _ondit_onsi u_lng the national oml_01o_ Iev_l_ In California.

The _eco_ondation _u followed up_ a_d the _osult_

1. Consistency w_th the _1_ highway t_a_lc are p_0sontod in this paper°

no_se predl_tion model IPI_A RD-77-108 (2_)1. The pr_ma_y obJ0ct_ve o_ this _t_dy wa_ to d_v_lop
2. The prediction _ethod _sun e_the_ the n_- Califor_a vehicle noise ref_enco energ 7 mean omin-

tional _e_e_nce ons_gy _ean emission 1ovals as _ _Lon levois _lthis a _peed tangs o_ 25 to 65 mph _o_
_u_tio_ of _ps_d {1_2) or re_e_ence ene_qy mo_n use in C_ll_o_nia highway _oiss studLe_ complyin_
e_sion levels dsto'_ned by tho mothod_lo_y do- _lth the FnPH 7-7-3 roquirements. Tho _othods and
so_bed in the _IWA _po_t Sound Procedu_e_ _o_ c¢|toria used to accompli_h the p_mary objective

Me_surin_ llighway _oLso (FI_A-DP-45-1R {_]. a_o consistent with PI_&-DP-45-1R {_) _nd _IIWA-
OEP/IIEV-?8-1 {_)°

SinCe 1978f tho C_llEornl_ Dep_tm0nt of Trash- Thors were _1_o some n_¢o_da_y objectives in this
poctation (Calt_an_) has used the national _a_a_enco studyl
energy m_n amin_lon level0 _ a function of speed.
These nol_e emission levels we_ basod _n FI_A'_ • Vo_L_lcation o_ the in,sconce fEom tho fo_-

Update o_ TSC lll_hway Traffic Noi_o P_ed_ctlon Codo state study that vehicles _n Cal_ornia can be cate-
[_IWA RD-77-19 (4)] (autor_b_le_)f and St_tist|cal _o_lzed Into thrs_ _¢oustic sour¢o _oups to _epc0-

_naly_is o_ FHW_T_a_fI_ Noise D_ta (R_-78-64 (_)], 0eat the state's 0stirs vehicle popu_ation without
which p_ented statl_tlca_ an_s on truck dat_ lnt_oduc_n_ _l_niflcant o_ro_s In noise p_ed_ctio_s.
_aths¢o_ In _he 1975 foul-state noise ln¢ontory {_1o • _xamination of the of_ect_ of ha_d and soft
Aside _rom Call_o_ia not bein_ _mo_ tho fou_ site cha_actecl_tl_s _n nol_o omission levels m_a-

_ta_e_ it is _ea_on_blo to as_um_ that vohiclo su_od at tho cefersnce _ist_nco of 50 ft.
noiso 0mission levels may h_ ch_ngod _lnco 1975. ° E_amination of g_c_phl¢_l dlfference_ In
_ew truck nol_s emissions _e_ulations have changed vshiol_ omission 10vel_ _o_ two Cegionn in CaliEo_-

and compact ono_g_-e_lcleht automoblle_ have bocoms nia w desl_ated an No,thorn Cal_Eorn[a and Southern
mo_e pop_a_ _lnc_ ths _l_t energy c¢|eis In 1973- California.



]]end_ika 61

• Exam_nation o_ the e_fect of wind on emission diqttally dl_Layod and updated at sho_t tlmQ lntor-
levol _easur_mon_a. vaL_ dopel%dlNg on th0 _low o_ fn_t responBe _tt_nys.

The d_ta loR_Qr ha_ two mo_e 0ett[n_t _L_n_by and

total o_ 16 _iLe_ were B_lect_d for th_ etu_ 0 _ampl_n_. _n the _pll_ _o_el _he dat_ lo_ger
In _o_thern C_i_o_nJa _nd 8 _n _ou_he_n C_ll_orn_. _tores on_ _mple pe_ _o_lvated ¢]l_nel p0t _econ(]
_ch _e_Jcle g_oup va_ _out equally _epresQnL_d _n Ln _he _lc_o_=ocesso_. _he store_ Values _ use_ _t
th_ northern _d _outhe_ po_Llon_ o_ th0 _tate. _he end o_ oath _mpl_n_ pe_l_d to derive no_se

Tho _u_e= o_ V0hlcl_8 mead,red was ]1045. _o- _e_tptor_ _Nd statistical values. _t _h_ _nd o_
c_u_e o_ _tr_ngent _ont_lnat|on control and oth_ e_h hollo me_,_eme_L portodt the d_t_ log_e_ pr_t_
reje_tio_ cr_te_iar _e734 _vent_ w_¢Q _c_u_|y u_ed ou_ the ¢_nnol nu_ber_ datee _Lt_ humbert tl_e _-

to determine _mission leve_. O_ thesef 46.2 percent piing b_gan_ t_m_ s_mplin_ en_ed_ _u_ber o_ _mplo_

_ere _uto_oblle_e 1L._ p_roent w_ med_u_ trucker loat (d_ to editl_ during m0_u_e_ent)_ _q_ _l_l
a_d 42.2 _cent we[e h_a_ t_ucks I_ defined _n LSO I _ h_tc_a_ o_ noise levels vereu_ petce_t _re-

FI_A-_D-??-108 (_)]. Refe[en_e ene=_y m_n emission RUO_C_. standn[d devia_lon_ ske_n_ _nd ku_tosl_
lev_s Lh_L we_ speed dependent were developed _or _or e_ch chanson.

_ach OE th_ th_e_ ve_i_le gto_p_ Eo_ constant speed_ The _aL_ logger also ha_ the Capability o_ _e_-
Eto_ 25 _p_ t_ 6§ mph on 10vel [oad_. _utin_ m_xim,_ nol_e lovel_ in e[thor Lhe standby o_

_e aecon_a=y ob_ec_Jv_ _re _L_i_ed b_ mea- _ampl[ng _o_e _hl[e a pe_k b_tton |B _ro_e_. Hhe_
_urement_ us_ up to § m_c[ophoneo at d_sLance_ Lhe butto_ is re_oa_ed w the m_xlmu_ noise level
_an_[ng _rom 25 to _00 £t _o_ the centetlin_ o_ _ce_ved by e_c_ channel w_le the pe_ buLton w_
vehicle _rav_l a_ at he_ghL_ o_ 5 _t and 10 _t. dep_d l_ p_lnted w_t_ _he da_e _lte n,_be_

HO E[eq_enc¥ _pe_tra wQre _e_B_ede nor was _ny _mo_ and elapsed time o_ n e_n_le event. Th_ data
_tte_p_ made to vetl_ vehicle no_ee cent_oid hel_ht_ 1c_ge_ wa_ used in this _c_e du¢l_ the Cal[_o_nia
_s reported _n PI_qA-_D-_7-108 (_)° A_s_. no comp_ri- vehicle noise e=_on levels stu_°
_on8 oE e_ecLs oE pavement ty_es we¢_ m_d_l r_th0_. Figure 1 _hows the _olse lnBt[_menta_lont _p_

_uc_ oompa_l_ons _hou_d be _he _ub_e_t o_ a _ep_tatQ setupF and a_te c_o_s-Bection _riter_a. All _nstru-
[e_e_tch p_oje¢C. Pavements a_ _I _te_ conformed _ents werQ _ield c_lib¢_Le_ _s a system be_o_e and

to _equire_ents SeL by FH_&-DP-45-1R (_) and _J_A- o_ter e_ch me_s,rlng p_=_od _n ad_tion Lo t_e sem_-
O_P/H£V-78-1 (8) o annual c_11b_tions by the _ansporbation L_boratot_.

which h_p _cllit_es and tn_t=ument_ _or performing
5[J4 calibrations using two L_bora_o_ st_dar_

_NST_UHENTATZO_ m_c_ophones c_l_b_ated every 6 months b_ the _attonal
Du[e_, o_ _tan_d_ _n W_shingtOnF D.C. Wind _peed_

All _ound level me_r_ (_E_4s) u_ed t_ thee _tudy _e_ _n_ dLrect_ans w_e _easured with a portable a_or_am-
the Ce_uJrem_n_B o_ _'Jpo _ p_ec_sio_ 5_4 pe£ th_ _ter xn_unte_ On a 7-_t high _tand_¢d. Vehiole _pee_
19B3 _peci_Jcat[on _o_ So_n_ _vel Meter_ (_1.4) O_ _o m_eLz_ed w_Lh _ radar _un.
the hm_lcan Ha_lo_al _Candard_ Znst|_ute. _he Sr_s
w_o connected to a _ta l_er _pecl_|_lly designed

• he _ata log_et _s 16 c_nnel_ t_at m_y bo

• el_c_vely a_t_va_e_ _o _eceive up to 16 D.C° o_- T_ physical _tite_i_ _ot _|te_ u_ed in th|s _tudy
put _l_n_la E_om _[_4_. _hese _lgna_B are tllen con- were _n con_or_n_o w_th e_lss_on level stto c¢[ter_

cont_nuoug e t_me-var_n_ nol_e s|gn_l_ Ch_ _ (_). Croak-sectional an_ _ayout C¢_te[l_ a_e _hown

l I_ EO' .

,I *W

"i"''°R
|,, _'_ _ VEHICLE * TRAVEL

SOUND_[_L _Tgl _ I_R 4i|$ Mi_

DAtA LO_|_
[_ICU|TDMI_I.TI .... MC EXT[NSP_¢IBLI

]:I(;UIII_] Nni_e]ll_tnll.Vlll_lJ(_[I, tylllcal_lthlll, llld_ilel!rl_s_.ll'l!lJllller_l_!rJ_.
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te¢la+ numbo¢ oE eveate accepted and rojoct_de and L B, _his _cenarLo app_oxl_atoe the pasB_n_ o_ bwo
sample _lzo. _ach of the_o c_|Locla will bE d_- _utornoblle_ without _he p_eaenco o_ t_ucks and may
_u_Bed Eucthe_. also bE applied coNsecvativaly to the passing of twa

_ucks. The minL_u_ distance o_ _08 _t b_waon the

vehicles p¢ovide_ a c_lter_on OE _epa¢_tioa who_ two
Nol_o Ha_remonts vohl¢lee o_ Equal nol_e source a_e LnvolVOdo

Docau_o o_ unco_a_nbie_ _n _ctual _ckg_ound

_gn_Lc_nt contamin_tLon oE noL_ _oa_uce_e_ts by levol_ _nd because thoce wo¢o u_ually_re tha_ two
ox_ranoo_ Nol_o _ou_cos wee avo|dod b_ uain_ th_0_ uehJcle_ in the vioLnity+ the _lnimum diecan_e ori-
_on_m|na_Lon co_tol 8trateg_o_l (_) selecting Corioa between the measured vehicle a_d _n_ oLhe_
Vehicles that were adoquatel_ sEparatEd Ero_ other _ehL_lo o_ app_oxim_tely oque_ soUrCE wa_ so_ at 400

vehiolesr (b) analyzing th0 g_eph_ 1_vol _ecorde= _to A t_a_l_ _one placed 400 _ ahead o_ the point
(GL_) trace _or _omplLenco with wlld-pe_k cr_to:La_ OE passby aided the observer Ln eatLmatLn9 _ho mini-
alld Io) _ud_ovl_ue_ ObB_rvatLo_ b_ the radar ob0ervor mum dL_t_nc_ Ctl_Loe _n the E_old.
• n_ in_t_umen_ op0ratOro ThE socon_ _cena_L_+ eho_n in Figure 5_ _nvolvos

Vehicle eep_r_tLon c_lterl_ we[e developed _rom C_o vehicleB OE unequal _ou_¢o _tt_n_th. _ LhL8
two co_ _cana_Los e which a=e shown l_ Pl_uree 4 _¢e_lo_ the no,Be sourc_ o_ one vehicle _a 10 d_A
and 5. Plgute 4 shows two v0hiclee with equal noise hLqher th_n that o_ the other vehl_leo The b_ck_cound
_en_hs _n_ a background noise level (_B) o_ 10 _o_o is _sumed _o b_ 10 _BA bolo_ th0 lo_et _olse
dUA b_o_ the voh_l_ + nol_e om_e_on level_ (_o) sourcE. ?hl_ _cena_Lo ap_oxlmate_ that o_ moasu_lno
meaau_ed 50 _ F_o_ the _oLn_ o_ pa_b_. ?b0 too bee nolle emission level o_ an _utamob_le wh|l_

V_hiclo_ ace eep_r_e_ by a mL_mum diatance _o that t_uck J_ approaching+ In this _a_el _ho m_nim_
L_o hJgh_Bt observed noLao level _ncludes NO IIIore vehicle aeparat_n sho_id b_ 9_5 EL+ o_ approx,-
than 0.5 dBA cont_ml_ot_on _hen Vehicle 1 _to_e_ r_t_ly le000 EL+ to avoid contam|n_tLoA o_ leOnE _an
the _oint o_ pan,by. Be_euse OE the s_ottlc_i 0.5 d_A.
_el_CLona_lp betwee_ _h_ _wo n_lse aou_cos_ th_ 8_me ThE obsetve_ Ln the _|eld h_d to eBtLmate bee

¢o_t_Lna_io_ i_ Fte_ent when Vehicle E _=os_e_ th_ l_000-Et dl_Lance when the s_con_ _enar_o applle_°
point of pa_abyo _ G_R d_um_n_Ln9 the even_! wo_ld Usua11_r thi_ d_d not p_o_e_t _ problem. Ha_t _uto-
pro_co a _race _L_L_t to the solL_ l|Ne L_ _L_uro r_blle maas_menta wor_ taken when Lhere were nob

4_ depictLn_ the s_m oEL l Vehicle 1 + L L VEhicle 2 + trucks Ln _ight. In the canes when trucks wore p_es-
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ont_ the obHo_ve_ And inBt_1]_enC oporators madQ vohlcle ObSO_VQ_ or Instrum_nc operA,ore o_ _othl to

Indopende_t Judgments about tho mea_u_emont quality, dQtermino tho quality o_ an ovent. In those |n-

Boc_uso o_ p£obab_o pronence of oonsldorable g_o.n_ n_ancosF judgments wo_e m_de u_Ing ears and eyeB.

att_nuatlon and _ome Atmospherlc attenuatlon ovor A Co.on ox_mple. Includod: _ud_eN riso_ in backgcc.n_

_FOQ0-[t dlsCance (no_ included in the ccltorlon cal- nolnQ dlz_ing mea_._o_o_cs d.o to a|_c_aftr n_a_b_

culAtlon)r th[_ o_Iterlon w_s p_ob_biy oo_servnt[Veo const_uction_ o_ sI_adlc tr_Ic on nenrby E_ont_ge

Fin_lly_ _ nho_t discussion abou_ the r_ve_ne Of co_ds o_ c_mps, Whon tho_o rap|d backQround nols_

Scen_¢io 2 (Pi_uro 5) nhou1d bo Ino1_:dod. %n this incroasen coln_ided wltb vehJclo _ssb_ maasu_e-

_cona_io_ tho loudor vohic_o in mens.red and tho ments, they _o_etLmon blendod in with GL_ tracose

qulot_ vohl¢_o is in th0 vici_|t_. If tho _if_eronce showing _ vali_ pe_k, Cont_mi_otlon _ou1_ h_ve gone
botweeN tho sou=c_ is 10 _BA or Q_eate_, no nep_r_- undetecto_ excopt fo_ th_ alertness o_ the observers

t_on _hou_ be noco_sa_y whon 2 vehloles are in- durln_ _e_su£oments,

volved, IIOWeverl whon the 1ollder sou_co _s _u_oundod

b_ _ovo_al quletQr _o_ce_ oon_min_tlon mny _I11
_:CU_o NO o_Ite_i_ w_o _et to oovo_ this _i_uatlonl Vehi_lea

but in _on_A_ trUCkB WO_O not _eAsu_d whoN _LI_--

rounded b_ _ore thon _wo o_ thr_e auto]_obilos in tho Tile th_oo veh|cle Q_oupn di_c_ed in FI_A-_D-??-ID8
i;_edloto v_olnlty. Zn r_ost oaBeB, trucks 6electod (_J--nuCo_biles I medium trucksl And hoary truo_n--

EO_ moABu_m_nt we_o adoquat_iy sep_rncad fro_ Auto- we_o _lao une_ th_ougho.t thi_ study. Ilo_ever_ to

inobilo_ so that fe_ judgments were neoes_aty, con£1cm that vehlc_os can be pl_ce_ in tho_o thcee

Va_L_-pe_k crlto_iA wer_ developed to holp defoe- acoustic 0ource groupsf vehicles wece Iden_le_ in

• Ine whethe_ backQrOUnd _oi_o cont[ibu_ed _o the Q_eator _0t_il than w_e the Flea _oupg. Au_omo-

highest observed noise levo_ o_ _a0h event {veltlc_o bileB were divided into comp_ot an_ _tand_d cato-

p_ssb_), _hese c_Ite_ia wo_e ba_e_ on a G_R tcnce of goriesl a division tIla_ wA_ made _ubjec_ivoly in _ho

tho ovunt0 reco_de_ 50 ft f_om the cente£11no o_ fle_d by the observer* Iieavy t_ucks wo_e cAtogo=|_ed
vehicle t_avel ot _ mlc_ophone ho_Qht o_ 5 _t by _uwbo_ o_ axles, Tho _ub_[vi_ions resulted in

(Re_ronco Hic_ophone 2 lo_atlon), eight vehlclo type_ which _re _Iven |n Table i.
• o llmIC cont_minati_n to le_u than 0.5 dB_f tho All _v_nt_ were Ldenti_ed in th_ flo1_ _nd _o-

background noLse _ove1_ should bQ _t leA_t 10 _BA cor_ed with the pasBby np_oda in mph. Tha _peed_
lower than _he highest obso£ve_ v_lu_ which wou1_ were meanu_e_ with o r_ gun by the ObBOrVO_, be-

have boen a convonlent crltorlon to uGe. 1[ow0ve_# a ginning _ _ point npproxlma_eLy 40D ft ahea_ of tho

p_vlous stu_ by th_ _ew 3e_sey _epartment of point o£ p_ssb_ _nd ending Jus_ beyond tho poln_ o_

T_n_po_t_ion (9) sL:g_est_ th_ a_coptln_ only p_by. Tho _peed _t the point o_ pAn_b_ was ro-

poak_ o_ 10 dBA _r _reatec would introduce a bla_ co_dod* I_ the spoed changed mote tha_ 3 mph in th_
toward noIBier vehlcles, Thi_ Would be tcue oape- 400-ft di_Ca_co_ the vehlcle w_ aBSUlned to be ac-

¢lal1_ i_ b_okg_o_d noLne were _e_atlvely h|gh, Tho _ole_tln_ or decele_tlng and _he event wa_ re-

New Jo_Bo_ ntu_ used A riBo-_nd-f_11 o_Ite_ion o£ 6 Jetted. Uecause of its pooitlon, the _nda_ gu_ w_s
Q_A to _event this bi_s_ At tho clsk o_ _l[_htly U_UA11_ not noticed b_ _hn drlvors untl] aEtor _he

contaminating t_e mo_su_e_ent. Fo_ thla _ea_on_ tho _olnt DE pnssb_w and thus low lot up on the th_ottlo,

Ca_IEo:nla s_ud¥ u_ed the same 6-_A rlse-a_d-_11

crlto_ion _o_ Ac_eptAnoe, Zn thi_ _tudy_ _ _I_o _nd
_A11 Of 6 to 9 _BA wA_ codod a_ an event o_ 011ality Moteo_ologlcal CrL_orLA

_; a _i_o _n_ fall of IQ _BA o_ g_eato_ w_ coded aa

an ovont of Quality 2, _|gu_e 6 show_ Cho _eiAtlon- On_ o_ tbo _econd_cy objoctlve_ o_ th[B p_o_ect was

shlp_ between v_Lid-poak crlte_IA_ event quallty co _ttompt to l_o1_to the ef£ectn of wi_d on vebJc_o

_O_OBf and £eaultlng maximum oont_mln_t_on, no_8o e_IBsion measu_omon_s ond noiDo m_aBu_em_nts
The _inal audiovlsu_1 ¢ontaminatLon cont=o_ in 9enor_1. FI_A-OEP/IIEV-78-1 {8) and Fl_A-D_-45-1R

strategy _onniste_ of An on-the-s_ot judgment by the (_) do no_ _ocof_nend t_k|nQ noi_e _ea_ur0mon_s when

(Eg_L 5OU_CL51

2 VEHt(:L_ MIN,
J I V[tlICLE_ I VEIIICLE _VEHICLE SEPARA¥10t_ DIS'_

I CKGK';=UND.30 dDA I t.- IOdOA L.- IdBA t_--lOdE&__ BACKGROUND_ GACKGR_JND_ UACKGICOUNDz

tNa_m_lamJnGIkX_ I O*4tlBA Ma_, _,CcmlamlHIIon. d.Co,_l_
I1.2 dOA MOX, , O,_MBA Moe,

EVENT QUALITY 2 EVENT QUALITY I

VALID PEAK CRITERIA

NOTE_mlL,,_VIhI¢Ie No_n Endeelo_ L|VlI,

IL_u_HIQ_III Oblelvld _/olll Ll_vel.

• ConlGmlflill_ a L_,_" Le
• When L _'l)_k nvnd Level _.6d_lk_ EV|,ll VFgifll COOed

I,'IGIJI{ 1_(_ %`_j_x!_ke_!ri_ve_q_it)_e_n_'_nu_ei)_n_iu_
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TAIH,F_ ( Vehicle Types

Vrhlde FHW_-IH)-77-108
l_p_ bcsi_n_ll0n _c_JnJlion+bc_cfJplilln [)cll_ii_lioll [_)

0 C(InIp.C( _U[OlllOllilC Four cylJlldcrl; 0t [lcrwl_¢lanl¢_] AtHOlllobJJc
[:HWA _uhlmohJ[¢s

I St_t*durd_nlOl,Oblte Six .r eJgtHcylin¢l_rx;of tierwile s_iIl¢ Au Jomot)JJr,

2 Medhlm track !;_ Ji1¢;isJ:HW_. lard j01n [tlJckl; Jncludcl _1¢JJlllll [flick
[wn*ax[¢. J_l.Iilo hlllC|

"_llr¢_._x]¢1tuck Thr¢e axles; OlJl_rwJl¢Sanl¢QmI:HW_ IIc_vy ttnck
II_:Vy {ruckl

J ItOljpHx[c Iruc;_ J:o.r _J(JcJ;;od)t'I_ Js_J_Jnl¢ _$ FI[WA Heavy [tuck
Ji¢_i'lytrucks

[:iv_-_x[etruck FJv©_le_; olh_rwJ_ _4mcasF:IIW_ llcnv_ tr0ck
]leav_[tucks

TtllCk| wh_lill.re jhln _jv¢ _for_ Itlan fjyc axles; r)ltlCtWJ__1ii1_as b_ayy Ir_lck

? _*I_scCIIu0coUS VchiCJ¢l nor ¢tlVctdd under T_p_ 0.6; N_
cxHulpJc: nml0rcyclcs

wind _peed_ exceed 12 mph, All measurements in _his 5_mple Size
etudF were made at wind speodo below 10 knot_ (11,5

_ph). The minimum required _ampLe size for each vehicle
Wind spe0dff and direction were _easu_ed with a gro.p was fLr_t estimated from methc_]s doscrib0d in

Dal_oct anemomete_ set on Cop of a standard a_ a Ph_A-O_P/IIEV-78-1 {8) for a 95 percent confidence
height Of 7 ft near th_ instrument operator and interval of _1 dBA--ac0und the mean Of each spend
observs_ ac a dish,nee of approxim_tely 25 ft from cla_s. T_ble 2 glve_ the _psed cls_sns that wore

the _enterline of the nearest roadway, Th0 m0anore- den|_ned foc this purpose.
me_hs w0_e t_ken between _eaBuced events _nd d_ring

gaps in h_a_fic to avo|d turbulence from passing
vehicls_, Wind speeds were measured to the ne_res_ 1
knot en_ then grouped Late three wl_d speed cla_sesj
as followes TAII],I_ 2 Itan_i ()[ _peedCla.e_

Hind Center Sp_d Sp_ed R_ng_ Spuds ¢o

dpsed Range I_nge Speed Oass b.ph) !;c_r_l I I;Iph

CI_s___e (knots) (mph} (mph_ _ <_4,50 <25O 0-2,5 0-3 O 24,_fi,49 25-_
3 2.5-5.5 3-6 4.5 2 28,5_32,49 29-3_
6 5.5-10 6-L2 9 3 32._36.49 _3-36

4 36_50-40,49 _7"40
5 40,_0_4.49 41-44

The center speed was later o_ed te oompute cross- 6 44,S0_8,49 45"48

wind co/nponents 90 degrees to the =oadway. The_e _ 48,$0-$2.49 49-52were _hen ca_opocL_ad _s follownl 6 to 12 _ph, 3 to $2,5_-_6,49 $3-_6
6 mph, -3 to +3 mph, -6 to -3 mPh, and -12 to -6 9 _650_049 _7-_0

10 60S0_4.49 6)'64
mph* A positive _l_d ble_ fto_ _oucc_ to receive_ tl >64,4_ >64
• nd a nseatLvo wind f_o_ receiver to _ou¢ce* Other
i_ortant environment orl_srLa were _h_ 90 per_e_t

o_ greater _elatlve humidity and wet pave=eat* No
measurements ware aCte_ptod onde_ sither cQnditio_*

A_Cer d_ta had boon collected in each npeod CLaSS_
_he minimum required d_ta for the confJdnnce inter-

Number of Sven_s Accepted and Re_eated val of _1 dBA Was calculated fro_

The even_ dace _ere _ecordcd on four different _ypes I
of oh_tts and shest_s (a) GLR chart (vehicle crate n _ t I_t_/2tn.Z_ • (51]/d !x (_

at reference dietance)_ (b) vehtci_ observation _he_e
sheet (vehicle identification and speed)_ (¢) data-

logger printout (m_xLmum observed noise level_ at ta/2;n. _ J the _o_nt of sample standard
e_ch microphone), and (d) envlconmnnta2 and site deviation_ associated _lth (l*O0 -

dace sheet (meto0r0logi_al dnt_)* Data fro_ e_ch of a) ' i00 percent confidence Level
the_e _curce_ wets coded with either an event Quality and n - i detree_ Of froedo_

1 (accepted) o_ O (rejected), GbR d_ta was code_ a • significance Level (_ 0.05)_
either 21 1 (accepted), or 0 (r_ected)_ as d_sc_nne_ 5 - the 6ample standard deviation.
previously* Thus, each event had four quality codes, d _ (1, O0 - _) x 100 percent confidence
_vente w(Lh at Level one 0 _ode were oaZled QuaLity lnte[vaL(- _L dB_).
0 events and wets reJectedl for example, 10U, Event_
with all quality i (llll) were designated Quality 1 Tables 3 and 4 give the number _f points eampled_
events a_d accepted for e_ission levels o_Ly. Events mLnlmu_ number o_ polnt¢ required, mean _pendl _esn

with _ GLR quality 2 (2111) were deel_naced Quality energy noise levels, mean noise levels_ and _tand_rd
2 even_e. Of _he 3,045 events measured aC the refer- deviations fo_ eaoh epeed clans* The statistic_ are
ence microphone (Hicrophone 2), 2_426 (79.7 percent) shown for the 5O-ft reference microphone (Hic_ophone
wore Quality 2, 308 (10.1 percent) were Quality 1, 2) only. The total number of events sampled and
and 311 (10.2 peccent) _ere 0uality 0 (re_ected). accepted was 2,734, and consisted of the following
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TAIiLE 3 I_w-Sl_d |)aln hy VehFele Gre.p ?he enecgy mean stoics|on curve, were exhressed as

Medium Ih'ayF LeE{I) • A + 0.115{Sy) I + B log [speed,mphl (2)
I_at_ "_y_pe¢ll Class AIHOmcllli/vl ]'lSekl T/ticks

uhQr0
C]au 0 (leH Hms 25mph)

No*ofpolsllSaSlpled 3 / 3 LOE(i } • energy mean emdnslon love1 for vehiolo
M_ninl.nlssnlherofpolStSlequlred $35 34S type lw
Mean speed(nlllh) 23,00 22.00 2],00
MeltnenrrgysolJ¢leveJ(dl]A) 60,$_ 63,30 7fl,6_ A • constant in the t'e_rossion equation I
Measnol_©lev©l(dUA} 58,20 63,30 75,$7 Sy • standsrd e_ror of y(dBA) on lo_ X {_pesdB
St_lsda/d devl_{Jo_Ill©In diJA _,]7 O.O0 4.32 II_ph) f srld

u_hll_i] {2_ [o 2_ r_pll) [I • _l].ope irl tho regress iofl e_Uat|O[% •
No, of pointl SUSlpl©d 6 7 I_
Minimum IIsmb©r of point s requiied ll3 [78 5N
Meanlp©_d (nlph) 27.33 27.43 27.1l FIgU_Q 7 shows a oolnparlson Of COmpeer VerSWB
Meanenergynois¢l_v¢l(dBA) 63.90 74.J7 7q.45 standal: d aurar|labile mean secession CUI!VOB. _he curves

Meo, soil© I©v©l{dBA) 6..._ 72.03 7_1.20 ind|cat_ that co_pac_ _utomob|_.o ( feJO_-cy].lnde_ )
Slandard tleviaHos m©_ndllA 4,13 5.46 _,3_

_l12(29to32mph) emission levels are between 1.2 dBA (at 25 mph} and
No, ofpol_tlsaslpIed 23 _ 31 1.5 dBA (at 65 mph) lc_e_ than 8tandaed sutomobiles
MIntm_mnumt_rofp_lntsleq_lied 2S 4_; 49 (six or eight cylinders). _he i:easons for thio d|f-
Measlp_¢d(mph) 30._7 30.50 30,_4 fereflce are gscl.ea_ hut _t lS suspected that thS

Motmenereysol_el©wl(dlJAI 63,44 74,48 80._5 co_pac_ oa¢ fleet consists of later model ca_s with
Mean sol_ [¢vd (dflA) 62.75 73,6 t 78,59
StasdMddev_atiosm¢_sdBA 2.40 2.g$ 3+49 herself mu_lots th_sn the Btartdard car fleet. The

Cla_3(33to36mph) diffe_ence, however, 10 not sigtl|flcant enough _o
No, 0fpolstsumpied 46 20 40 wa_¢_nt sepa_ete omission co©yes. _nsteade co_paOt
Mlnimumsumllersfpolntirequiled 37 50 33 a_d st_ndal:d curve_ were corabined.
M¢_S speed (olph) 34._!; 34.10 34.R0
Mran©ner_ynot_l©vel(d_A) 64,9_ 76,02 79.49 Figure 8 shows comparisos_ of oorvea for _htee-t
M©an_olsel©v¢l(dflA) 63,5_ 74.63 7K,$7 rowe-# and five-ax_.ed t_ucks. _ecause o£ 01ass
StandarddevindonmeandBA 3,03 _;.38 2.B3 agreement between the curves for l_eavy trUOks, one

L_ls14(37to40slph) coJn_lnsd Ourve wat_ used CO i:epresen_ the_* [This
NO.o_polst_t_alllpl_d 33 15 34 stgdy therefore concurs wlt:h the ofl_ln_ yIIWA find-
Minimum number of points r_quired 39 4_ 22
Meansll©_d(mph) 38,45 38,67 3H._3 logs chst all vehlole_ can be cat_gorized In three
Mean¢setRynsilelewlfdBA) 66+86 76,73 80,_9 acoustic eour_e g_oups (_2).J
Megs hUllO _¢ve] (dl]A) 6_,68 7_.58 H0.22
Standard deviat ion sle;t _ dBA 3, I ] 3.23 2.3J

Cl=_ss5 (41 to 44 slph)
No. o[ polsts _mpl©d g8 i6 48

MIslmum surnber of points rcqulr=d 34 31 20 'rAl|[,l_ 4 Iligll.Sl_.ell Data hy Vehicle Gr.lq_M©an speed (mph) 4!65 42,3A 43,06
_*leah ©llerBy _oise level (dllA) 68,00 76.25 8 ] .74
Mean nolte fever(dBA) 66.70 7_,50 8[,t7 Medium Iba W
Standnrd deVl_lion meaMdhA 2.93 2,62 2.26 ])atP hy Speed Clals Al_lOfllohlI¢l Tfseks lltlcks

_]atl 6 (4_ to 4fl mph)
N_, or poinlstzmpletl g2 Ig 77
MiSISSSll mllSher of pl]isll required 34 _9 25
Mfas sp_'ed(ill pll) 46,66 46.32 46,2_

vohiole_I _,253 a0tomobl_es_ 317 _edium trucks, a_d Me_meiwrgyno_lrvci(dliA) 69.34 7_.96 #2.10M©=nntd_ l©v©l(dhA) 6H,36 74?75 81,26

]. _l_d heavy truths, Pot tztttolaohile_ ahd heavy tru_ks_ Slasdatd deviation mean dflA 2,')D 3,66 2,$0
5ufflcisnh a_ount_ of dat_ we_e qsthered in all flaoT(491o_._mph)

speed ola_lseS _rofll 32 _0 64 _ph (except for aurorae- No, ofpointssamplrd It7 32 106
bi_es in the 37 to 40 mph ¢'ange, of _hloh there we_e Minhn,alnumt_rofpolnlsr_q_firrd 36 33 27
a1|¢_htly _ewor thai1 the _lnl_u_ _u_bs_ requ|Eed)* Meun_p_d(stph) 50,73 SO,n9 _0.97Mcas enersy sol=_lewl(d[_A) 72,6H 78,48 82,64
FOr =edlum trucksl the _lnlmum amount Of samples Measnoi_.levd(d[;A | 7t,21 77+85 81.74
rsqgigsd was rea_hsd for all speed Classes above 48 St#ndarddevlalinnnleasd[iA 3.01 ..4._• 2,62
=ph. Because of the deficiency in data at lower _slR[_to561llpld
speed_ a_ to corse tile desired fargo Of 25 to 65 No. ofpoinls_tnlpl_d 251_ 69 23]

mph* o_ve-fittin_ methods were employed with 95 Minintunlnumh_rofpainl_requ_red 2_ 29 31
percent Qon _tdol_ce ].ntoevals fo[ the pEedict loft Meallweed (stpli) 54._7 _4._8 54.60Mean cherrynol_ level (dllA) 72.99 78,98 83,49
eqt_at _on. Mean noi_e lev©l (dl]A) 7!09 78.11 82.51

USe OE t:his Curve-fitting method should be _e- Slandarddcvl_tionsteandJeA 2.64 231 2.79

8tflcted to _O_ally (Gfiua_lan) d|st_lbuted data in C]a_lg($71o601sph)

esCh speed 01_BS I[OZ: each vehicla z]ro_p* Although N°, nf poinll _alllplrd .7. 78 300
MlsJlnUla itum [_r o[ poist _ requJ_d 31 23 21

this constraint wael never _ested on the data in this Meanspe©d(mph) $8,$3 _8.4_ _.60
pro_ect e p_evious unpub_.lshed Calttans studies SU_- M¢=ne_rgynoi_fev©l(dIIA) 74,03 80,78 _3.99
geSt thae_ at constant speeds, vehicle seine tip- Mransoi_tewl(dltA) 7104 K0.ii 83,34

.*.7
ptoachea a no_r0a_, distribution. St=ndard deviation nlr_ndliA !79 !37 _ _

_ss I 0 (61 to 64 nlph)
No. of pohlts_ nlpled _20 44 212
Mifl_[tlgln e_JlSb©rof pttifl[_ teq WlIed 27 24 23

ANALYSEh AND RESULTS Mean I[x,ed (slph) 6!35 62,07 6], [ 2
M_n energynoise level (dltA) 74.85 i]1.74 _5,2 ]

Emission Levels b_ Vehicle T_pee Mean nolsel©vci{dBA) 73,gl 81,02 84,44
Ssmd_t rd dev[a_lOll stean dl]A 2,62 2,46 !40

_alS J I (S]OIe than 64 Slp]d

Refege_cs energy mean omission curves as a fun©ties No, ofpointsl_mpl©d 107 88 46of S[_ed wege developed for all vehiole Cype_ shows J_ljnlnlumsssl_rofpoilltsfequked 35 H_

l_ Table 1 except _or Types 6 and 7. T_pO 6 was not _te_nxpred(.iph) 67,79 67.38 6636
included becaus e only On e ev0n t WeB ohflflrvedj _ype .i M¢_R _S¢I_y flei_ level (d[iA) 76,07 81.24 87.20

Me_n noiseIcv©i(dBA) 74,91 St,dO fl_,3'J
vohtoles (motorcycle_ and m|ecellanoous) were also Stasdatdd©viadosnlcand[)A 2.94 i.21 4.60
V_ scarce.
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00 , , , , , , , , , P_gute 9 ohc_ _ compa_|_on of onergy _0an emlB-
8_an levelB _oE _utorr_bll_5 r medium trucko_ and

8TANDARDAUTO LO_e,3÷38,ELOQ(MPH) heavy truckn in the Catifornl_ study with the _ame
_----COMPAGT AUTO LOE:e,0+ 31.8 LOQ (MPH) three veh|cle group_ ropotted In Fh'WA-RP-77-108 (_).

8( _ho California autol_Oblle _urve l_ from 0.7 8BA (at
25 mph) _o 1.0 dgA (at 65 mph) ht_her than tho PFIWA
AutonlOb_le OUrVe {proJectod Up to _5 _ph and down _o

_ 25 mph), The califo_nia meSlum-truck c.rve l_ f_om

_7{_ _ 0,3 dDA h_gher (at 25 _ph} to 3,2 dBA lowe_ (at 65

• ph) than _ha FI_A _ediu_-ttuck curve. App_ox_matel__he sam_ ts t_ue for the Cal/_ocn|a hesv_-t_u_k
O, aurve, which _ from 0,7 dBA lower (at 25 mph) to

3.Z d_A lawe_ (a_ 65 _ph} th_n the pro_o_ted PI_A
he_v_-truck curve°

_' The e_8_on leve_ _o_ _he three vehicle _roup_
w_ _1_o plottnd by enorg_ mean _o_se levels fo_

20 i 30 40 i 60 i 6_ _0 o_ch _poed C]asB _¢ 50 ft. Although these plot_
SPEED (MPH) devt_ted up to about 3 dBA fram the regression llne_

for automob_lea and medium t_uckB t the difference_
FIGUI|J_ 7 Cotl}l_rl_otlof _(hIIp_cl _erJIll_l_llll_r(_elter_,' were _ot 8t_tl_b_lZy a_nlf[cant (_tudent*_ t-t_st_
ille_llre_TeuJotllitlel, _ • Q.05], _he he_vy-bruak plo_, however_ _how0_

_tatt_t_cally s_gn[f_c_nt dev_atlone of 1,4 and 1.7
d_A above th_ regression line for _peed cln_ses 2_
to 28 _ph _nd 29 to 32 mphl _eapectivel_ (see Pleura
10) r deviatlon_ that m_y h_ve been caused b_ _n_

' ' ' ' ' ' ' ' " c_e_sed nol_e leve_a _n lo_e_ gears, Becaua_ of the
_mport_nc_ of heavy-¢ruck noise em_n|on _els in

predictln_ h_huay noise _nd designing no_se b_r-

tler_t fu_the_ ref_neme_t_ _n the Cu_v_ _ppearod
80 _uatified.

Pl_u_e 11 8ho_ the C_l£ornia vehicle nolB_

tef_ronce ene¢_y mean emiaal0n levels_ Including tho
mod|fled _urv_ _o_ heavy t_ucks. The_e cufve_ _o
_ecor_ended foe u_e w_th traffic noise p_ed[c_[on

_70 model5 in Calt_ornia,

Hard Ver_ue _oft _lte__..o3-AXLI_HF.,AVYTRUCK LOE=-_3+I&8 LOQ(MPP0

no _°D4-AXLEH_AVYITCJCK LO_=5_,4_I_7 LOQ(MPH) _'here a_e sovefa_ problem_ in comparing a_e_|on
_-AXI_PIEAVYI_q_JCKLOE=_I,I+I_OLOQ(MP_ levela meaeured at one g_oup of _ttes with those

i fro_ another _toupl {a) vehicle pop_tion_ _ay be

_(MtoH) ably not the B_m0, 80d (c) the speed d/_trtbution_
FIGU}[E S COnlp,rimn ofitzree.,f(.zr.,m,d nve.ax]ee.ergy are l_kol_ to be different, _hene problems _ere
moallre_'re_]Oltlilt_|, redu_e_t _f not el[m_no_Qd t by norm_lizin? _he 50-ft

90 , , , , , i

. _D''''r3

6O

20 30 40 50 60 ?0

SPEED(MPH)

0 • AUTOS _.AMEDIUM TRUCKS E}III HEAVY TRUCKS

---O---FHWA LOE,5.5+_,[ LOG(MPH) LOE*23Ae-_.9 LOG (MPH] LOE.43 6+2'q.6 LOG(MPH

CALIFORNII LOE,5.21"388 LOG{MPH) LOE,35.3+256 LOG (MPH)LOE.EO,4"H9.2LOG(MPH]
No.0f observailonl:1263 No.of observotions:3i7 No.ol observollons:1154

Std.erroryonLOGx:2.81 Std.erroryon LOGx:2.83 Sld.e_tmyonLOSl:2.S8t ,0.56;r_075 rz,O.42;r=0.65 rz.029; r,0.53

FICUI{I*_9 COl.I)ari_uxtof C,alJfortda ver_lls E'II'_Aenerfy m.,a. reg.re.[t_. 1i11."_,
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O0 ...... . , , mlcrophoneg o_ suet sites to those of hard sites.

This was accomplished by setting the 2E-ft micro-

phones equal and Cotreotlng up the Eo-Et microphones.

The underIylng assumptions were that sit_ and mete-
otol_Ical effects were negllplble near the source.

Romalning dlfferenceB c_uld then be att¢ibuLed to

differences In vehicle populations. The no_mallzing

m process eliminated these differences* Variations in
speed distrlbutions were eliminated by comparing

870 only those speed classes with sufficient data to
assure 95 percent confident0 Intervals of _i dBA

a¢ound the msan_.
ALL HEAVY TRUCK DATA:

Table 5 shows that for all vehicle groups and

"4b--ENEROY MEAN8 OF SPEED CLASSES s_ed classes tested with a statistical t-test (lO),
68---'REGRESSIOHLINE LOE:50,4 +lg.2LOO(MPH) the effects on measured noise levels caused by hazd

I I or soft site characteristics were significant at the
20 30 40 EO I _0 I TO 50-ft ceferenoe distance at a height of $ ft. These

SPEED (MPH) dlfEe_sncas (maximum 2 dB_) appeared to decrease
with increasing source heights, but appeared tO be

I:IGUItEIO C_nlpsri_nbyeller_ meall|ofspre,lclalaesan¢{ insensitive to speed,
energymeaare_el_ieliJille_rheavy.lruc_dalalllele, In reality, there ate few true hard sitese where-

as variations in soft sites are al_st endless. It

is therefore imp_actlcal to have separate emis,lon

levels for hard sites and soft sites. It appears
that site characterlstics will, in most cases e aE- i

fect noise predictions by no more than O.B dBA when
using the Califo_nIa emission cu_ves. J:

i 'Gs_raphical Diffe_ence_

Table 6 shows a compa_t_on of emlsmton levels mea-
suced at 25 gt Eor Northern California a_d Southern

I _B California by vehicle group and speed classes with
_ sug_lelent data to ensure a 95 percen_ conEldence

_ t . Interval of _i dBA. _s was discussed prsvlo_ll_,

80 _'_ _'_ _a_ 1 at 25 Et the site and environmental effects could be
• . ' " eliminated. In general, automobiles and _edlum

In the heavy-truck group, h_ever, Notthern Cali-

_$,_ _ Eorni_ t=ucks were up to about 2 dBA n_Isler. The

" 0.051. Between 49 and 64 _phl the average
difference was sliphtly _geatog _han I dg_° OSln_

the Calif0_nta heavy-truck emls_lon CU_VS wouId

probabl_ result In _axlm_ erzors of 0,5 dB_ due to
_e_raphi_ dif_erencsB, dsparste curves f_r Northe_g
California and Southern California would therefore

not be justified or practical.

5O _

20 _ 40 50 70 Rf£_ctn of Wind

5PEEDIMPH_ Th e effe_ og wind On NsaStlred nolse I@VSlS were

FIGUIIEII _li[Srlllarl![ere{lteellt!rgynlel_elllissh)l{lolol_.examined at 50 ft and lOO _t. Afts_ crosswind corn-

T,III1,E$ C_mil,ariaonef Vehlols l_,d{_im,l.e_el_hlrllsrd._lt_wVe,,{Sell_ile{

En_rsy Nltan(d[{&)

N_{lila]{zcd_
Jl_rd Soft

Speed Silts- $ii¢$- {)iH_lenc_ St_ndald No.of Standard No.of [.[_i1
V_]dcle _{nss SOft _0h indDA l)evbIlon ({h_er_alion_ D_vim[ion Ohse_mliO,: (_ - O.OS

Automohi[el _3-$6 74.2 72.2 2,0 2.9 84 2.3 ]74 Ye_
_7-60 74,8 72,8 2.8 3.3 96 2.4 {_6 Y_i
61-64 76,} 74.1 2.0 3._ ?I 2,0 140 Y_i

Medius:{rsck_ $7.60 _2.[ _0.2 ].9 2.0 23 12 SS Yc_

il_,vytruck_ 49-52 82,_ _[.3 ].6 2.S 46 2.7 60 Ye_
$3-$6 83.9 8._,_ 1,4 2.9 [O[ 17 $32 Y_s
S?.60 _4,8 83.[ ].7 2.4 123 2,] 177 Y_
61-64 _5.7 84,1 1.6 2,3 H{ 2.4 13i _i

_o_: Spud _.el _{_ lum_14nl_ _.{y,
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TAIIIJ_ 6 Cdmtparbe. of Vehit:h, F,missinn Levels fnr N(+rthern C_lifornia am1 Southern C_ljfernb

Energy Mean(IIIIA)

N0rlhcm Soul]leTJ1

Speed C_]JfornJa CalJforsJu Difference Slandurd N_, i>r $1alldard No, tlf I.letl
Vehicle C_au $1t_'s-25 ft Sit¢l- 2_ fl in d_A pTvi+tlios ob_rvali,sl I)evlalios Ohlervatinr_t (e" fl.o5
Type (mph) (X) [_) (_._') (S_) (N_) (S_) (N_) zlgniflC=nl)

Aslsmobflel 45_48 76,7 75.4 1,3 2,2 2,9 45 4_ Y¢_
53-56 79.2 79,5 0 2.3 2,7 160 e0 No
57,1_0 80,5 80,7 -0,2 2,4 3,2 120 134 No
G1.1_4 _1,5 81.2 0.3 _.3 3.1 q/; 119 NO
>64 83.4 82.3 I, I 2,8 3,2 4 ] 62 No

Medium InlTk_ 53.56 85,6 84,7 0,9 _,1 3.1 33 34 No
$7.60 B7.6 1_6.9 0.7 _.$ 2.2 31 46 No

Ileavytruckl 49.t2 89,5 87,4 2,1 2.7 2,4 63 41 Y¢_
53-56 90,1 88,9 1,2 2,5 2,7 III 114 Yes
57-60 99.8 H_J,7 I,I 2.3 2,1 ll9 178 YC_
6J-64 91,4 91.5 -0,I 2.1 2.6 68 142 No

pone_ (90 degrees to the roadway) had been cal- blZoe, 0.3 higher to 3.2 dBA lowe_ for msdiu_

Twleted and cetsgofl_ed _a p_ev_ously di_csssed_ hc_ksr and from 0.8 dBA highs= (at 25 _ph_ _fter

aa_ocieted noise d_ta s_ 50 _t and 100 f_ were no=- refinement) to 3.1 dDA lc_e_ (at 65 mph) than FI_A

_llzed using the 25-ft m_ctophone data. Hind of- (2_.) emission levels (p=o_ected down to 25 mph and up
feTts &_ 25 5¢ were Judged to be smal_ and thecefo=e to 65 mph). FOC average traffic mixes and at-goads

neglected, Tables 7 and 8 give Comparisons of op- highways, noise p_edictions made with California
po_lte ¢_o_wlnds at 50 f_¢ flggt using _[1 sites e_l_lon levels will bs about 2 dgA l_e_ than those
(_able 7), then uain_ sof_ sites onZy (?able fl), made with the _A levels. The PI_A catego_gation

Table 9 _how_ She _o=pefI_on _elng data from all of vehicle noise sources into three groups appears to
five microphone aires at _O0 re, also be valid fo_ _se in Califo_nla° Although thece

Wind effects were expected to be greatest for a_e significant differences of up to 2 dDA in noise

soft sites, longer dl_tancen_ and l_er noise levels at 50 f_ £o¢ h_rd 81te_ and soft sitesl the
souresT. As the tables lndloaee_ however, no rig- celifo_nta _ufve Will ea_ae maximum errors of no

hi,toast chan_es co_Id be detected at 50 ft. A_ 100 mote than abo_¢ 0.8 dBA due to site ch_raeterlstics.
£t_ there was a significant difference In the a_t_ _l_ilarly+ goog_aphio differences _111 cause maximum
mObile data when oppeaite winds between negative and deviations of 0.5 d_, The effect_ of wind speed and
positive w_nd _Feeds of 6 _o 12 mph were competed, dl_ection on noise measurements at 50 ft may he

Ignored if wind speeds a_e 12 mph or less. The c_r-
Bff_Rg rent practice of lnoreaslng _¢uck e_leaion levels to

d7 dBA for speeds below 3_ _ph (_) Is contradicted
The C_llfornia vehicle noise _eferenoe energy e_l_- by _he dat_ in this study fo_ _onetant speeds f_om
sion levels a_e 0.7 to Z.0 dBh higher for a_o_- 25 mph to 31 mph,

TAllLI_ 7 Colnparilon of Wlrlll_ +6 mph to +12 mph Vet|ill -6 nqlh In -12 mph ill All Sile_, ,_O [I (SIierepholle 2)

I_erg)' M¢_n (d[]A)

Sp_ed Wind:+6 iiiph Wisd; -I 2 slph Difference Sl_stlard No. of Slandald _o, of i.le_l
CI_ 12 mph 1_+6 mph I _ tl_llA Obw_lh_nl ]l_VJali<)ll (n = O.OS

I_ J)¢+iglitln Ob,¢..ll....Vehicle Type fmph) (Y) (N_) (S_) sh;nilic_nl)(X.Y) (s_) {N_)

AulomsbJ]¢_ All 74.1 73.9 0,2 4.4 24 .1,7 124 No
Medium truck, All 83,3 _4.7 -I.4 1,3 3 4,0 26 pie
Ile=vy tru¢)_ All 83,9 84,J -0,4 2.3 48 3,5 52 No

_25,fl ml_r_phon_for ._ mph ii). l1 _lph _&lul oqumln+ )S,fl micrUphl+n_f_f *_ m_h It. +I ) nlph slid _s rlml_.,pt.m¢ _. ¢,_,¢ct,d _lll, *_m_¢,)tfe¢lh+n,

I'AIH._ [I ConllmrJ_ml _.f Wire[: ÷6 Isph In +12 nlllh Yl,rmm -_ mph le -I 2 mph ,I Snfl Sih,_, 50 fl (rHh_rophnns 2)

[_nergy M_an (dDA)

Speed Wind: +6 ssph WJsd: -] 2 nlph [)ilfTr¢_lc¢ 81_llld_lrd N_. _)[ Sl_sdard No, of t-levi
Cl*tu 1_+12 inph 1_°6 slpll I I___A _¢v[alioll ObETn_l Jo_s l_:viallos Ol_at [_ns (_ - 0,0_

VThl¢l_ Type #mph) (X) (Y) (×.V) (_) (_) (S_) (N_) lil_llif_a_t )

AwInmobilel All 69,3 69,6 _0,3 LI 7 2,:$ 48 Nil
Medism Iruck| b AtJ 7d.5 71.0 -0,5 3.7 29 3,1 7 No
II©lvy ln_km All 81.1 _1,4 *0,3 2,2 7 4,4 7 N_

m3_,11,ld_:,_ho_ fo_.6 mph In *12_l_p_l,,vm,_¢t equal 4o 3s-n iiiicrl_pIl+_+l_fo_*b 01FhI_*&2 n_ph_ltd 50.It ml¢.*l_h.n0 _,_1_lJrret_d ._llh _1_10¢orre_th+ll,
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TAHLE 9 (;eml_arie_;n of Wimll +6 mph h)+12 nlph 'J'ere,s-6 mllh In-12 mph al ._iles _lth I:ive _tirrnphmles, 10n (I (r_ljc_'nphlme ,I)

[_llerl_y Mean (_I]A)

Speed Wind: +6 mph Willd: -12 illph I)l[[ere_¢e Slandard No, of Standard No. _f I*lei(
Class In +] _ nlp]l tn-6 rllphJ i_ILBA Deviation Oltrer_,atlon; J)_vlalllln Ohsc_ation_ (_ = 0,0_

YelflcleTypu (mph) {_) (Y) IX.Y) ('_K) (N_) fS_] (N)) _igriific_nl)

_LIIO_obJl¢$ All 6H.4 6_,0 3.4 3._ ]7 2.5 4_ Yem
Medium Iruck_ All 76.7 7_,4 1,3 1,2 3 3.6 7 No
l[cavytrucks AJI 77,q 77,8 0.] 2,] 41 4.7 ? Na

mFa125,flml¢lapIIn_iehie.6 mphla •I _rl_ptlequaltl_25.fi inl_up/_un_for _6mph it= • I_ mph_nd¢.#ee¢led100,fl _d_r.phml¢_llh _me c_trrell,re.
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Are Stringent Emission Standards for

Heavy-Duty Trucks Worth the Cost?

C. I,. SAIIIIIKS mill II, K. SIN(;II

ABST_CT

A study sponsored at Argonne National Laboratory (ANL} by the U.S. Oepartment

of Ese_gy's Offloe of Environmental Analysis investigated the costs, benefltsr

and ocBt-effeotlveness of [equlrlng heavy=duty trucks to meet gaseous and

particulate emission standards _uggested or proposed by the U.S. Environmental
Proheotlon Agency {EPA) in 1981. The _PA and engine and truck mansEacturers

disagree over ths feasibility of aohlevlnq those standards and the expenditure

required. H0reover_ E_A apparently dld not include explicit computation of fuel
economy losses in its draft regulatory analyses. The resulting inersmentsl

costal presumably pas,ed on ha truck buyers both at time of sale and during the

veblcle*s l_fetlmet could be considerable. The greatest variation in cost earl-

mates is related to trap Oxidizer heobnolo_y for hoary-duty diesel pArtlculate

control. Although the ANL study arrlvsd at a quantitative estimate of cost-

effectlveneBs i_ _/ton of pollutant removed r the values are distributed aver a

wide _anse that reflects the contlnuln_ unresolved disagreements in control

costs. The study also focused Inore speolflcally on the likely ai_ quality hens-

fits of th0 suggested standards in a case-study urban a_ea with a hi_tory of

nonattalnmant. While the proposed NQ x standard would result in a 45 percent

reduction in total NO x loading from the e_r_ent standard I the corresponding

r_duction Of short-term NO x exposure in pzstotyplcal urban corridors of high

heavy-truck vehlcle-miles traveled would not sxceed 35 psrcent. The resultlng
health benefits are unknown.

Section 202(a) 13)(A)(ii)-(lii} of the Clean All Act into line with those for automobiles. The basis for
as Amsndod 1977 stands as one of the signal mani- pa[tlculate reduction was to be the best control
fest_tlons of the egalitarian philosophy of the technology reasonably available.

framers of the mobile-source-related facets of this That the N0x and particulate requirements in
historic legislation* what applies to cars will also particular mlqbt turn out to be irreoonollabls did
apply (albeit with so_e delayl to trucks. Kandated not _t that tlms occur to or influence the Con-

in Subsection 202[a)(3)(A)(ll} were exhaust emission gross--it was still the era of technology forcing,

stands[de for the so-called Set I_ pollutants that Nevsrthelessw the ISBUO did not attain much promi-

nence until EPA iesuod a Notice of Proposed Rulemak-
. * . in the case of hydrocarbons and carbon lag (NPP_) for the heavy-duty engine particulate

monoxide . , * rag.ire a reduction of at emission standard on January T! 1981f and an Advance

leas_ 90 percent_ and. . . l_ the case of Notice of Proposed Rulemaking [ANPRH) for the NOx
oxides of _ltrc2_n • • • =¢_Ul_e A re_uotios e_hag=t emission limitation on January 19 o_ that

of at least 75 percent, from the average of same year (_,_). Each of these noti_es assigned
the actually measured emissions from heavy= numerical values to e_ission toduotlons previously
duty gasoline-fueled vehicles or en= expressed as a percentage di£fsrence from a be=elias.

fines . . . manufactured during the baseline The actual proposed value for NO x in the ARPRt4 did

•odel year (of 1973)• not represent a 75 percent reduction from the cal-

culated bassline of 6,8 gra_s per brake-horsepower
These reduction targets, for trucks rated at _ross hour (g/bhph) on tile EPA steady-state test {a value

welght_ of 81500 Ib and above, were to be ,mt no that would have been 1.7 _/bhph)_ but rather a com-

Zate_ than the 1983 and 1985 model yesrs_ re=per- promise value of 4*O g/bhph• EPA considered tbi_ ts

tively• Horeove_l the potential hazard Posed by the be tho lowest exhaust rate achievable by trucks
particulate e_lssions f[om diesel-fueled vehicles using either (a) heavy-duty gasoZine engines (HDGEs)
d_d not escape the notice of the Congress_ which in without the _equlrsmsnt of control through unproven

2O2(a}(3)(A){lil) called for exhaust particulate catalyst devices, or (b) heavy-duty diesel engines
standards after mOdel year 1981 that _eflect (llbBEs} without significant losses in fuel economy.

The pa¢ticulate standard of 0.25 _/bhph_ applicable
. • • the g_eatest degree of emission reduc- to all heavy-duty trucks b_t requi_Ing control

tlon achlevabls through the appllcatisn of equipment only for [IDDES_ Was believed to reflect

technology which the Administrator deter- the best achievable Porformance of trap oxidizers
mines will be available for the model year (the apparent control technology of choico).
to which such standards apply_ giving ap- Despite this somewhat more lenient interpretation

propriate consideration to the cost • . • by EPA of the intent Sf the Congress, vehicle and

engine manufacturers expressed dismay, In public
ThU_ the percentage reduction requirements for ex- testimony and comments subamltted to the publlo docket

haust Pollutants from heavy-duty trucks were brought on these proposals, the manufacturers indicated that
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• Trap oxidizer technolooy for diesel vshiole, 'rAllLEl Trade.OR_l_lw.esNO_ I_sli,_i.nMn.d
WaS not nsar the dsglee of durability and reliability pnr cll]_le [_llliHl[hl _. )h'¢Irol!M)sll [_llli_illll_ lillld

necessary for IIDDE application_ Fu.I C_lll_lllllpliell (I.'l)
• Even under an IIDD_ particulars _tandard e_

g*6 tO 0,_ g/bhph I roughly the average leVQ1 thsfl ]hnJ_ionl(_liltlpll I I:u¢l
being achieved by new gDDES, the lowest controll0d CoS_tllll]lliQI I

noncatalyst (oer_i_labte) emission low1 for NOx _o, I'artictlbt¢_ a Irydro¢_iilon_ llonltily(_)
that is achievable without significant fuel economy

and Other emisBlon trada-offa wa_ not belc_a about _ 0,4-0,5 O.(,-0,K 0_.5-0.7 D,7-[.4 2.54

g*O g/bhph. .i OIi-l,O _X-1,7 %12
• _ny rsguirement for _0_ oostrol _o a levsl _ _ll _ [_-_0

of 4.0 g/bhph or below would result in b_th substan-

tial fu_l eonsu_ptios penalties in all heavy-duty i,_ll_llltlllro_ldur,_, [lalaO_N(I _mltltoanlln_I_le[¢l_llll_lll_
t_ucks _nd_ _o¢ IIDGE, a _ubstantial increase in _"_,_ r_mlhell_d_l_l_lm_lmoco_r®;f'lhi_pul_,l_
e_lssion_ of _1 _hich _ere also _o be th_ subJe_ I_lelllalll_um©_¢_l"lvil¢°L

of rulemahlsg {_-i_. _l""Ic"ht/li'p_°lln<l_d¢_'

Thus, the battle fines were d_awn.

In an effort to clarify .*any of the salient Issuss Associated with many Of these NOX control teoh-
associated with these standa/ds_ the Center for nologies are trade-off_ in fuel economy and hydro-

TransPortation Research at Atgonna National Labors- carbon emls_ions. Table l gives hydrocarbon and

to_y (ANL) (Argonne, _lllnois) conducted Independent partlcul_to e_isslon levels and fuel consumption

analyses of is) the be_hnolo_loal lssue_ associated penalties that should be achievable in the mid-1980s
with achieving _ Btandardsl (b] the cost and Co_t- at Variosa NO X emlsalon levels, These estl_ats5

_ffectivenesn of the standard_, and (c) the potential were developed in the NRC study [13) and are gener-
beneEits of a O.25-g/bhph particulate standard at ally supported by the mnnufacturs_s [3_6_). Only

the national level and a 4.O-g/bhph hC_ standard low-mileage targets a_e given I, the table, and th_s
at both the national and local (sits-specific) level, tha estim_ts_ do not account for dete¢loration in
The standards were aaaumed to be in effect wlth ths em)sslons control with increasing use, Insufficient

19@g I_del yea_. hesults of these analyses are pro- lnformatlon is avaliable for d@tetmlnlng the appro-

seated In this pape_i foc a more detailed dlscu_- prlats _tanda_d. If appropriate dete_ior_tlon fac-

• ion_ oee Singh and Sarlck_ (_. tor_ and margins to aocomm0date englne-to-engine
variability {based On data Erom c_zent production
engines) are assumed I the sba_dacds that could be

T_CII_OLOGICAL ISSUES met would be 1.2 to 1.4 times the low-mileage values

glven in tile table, Only _dest additional NO x

lieav_-Dsty Diesel Engines costrol san b_ achieved without fuel economy penal-

TO meet ths proposed _0 x and particulate stan- ties or tic and particulate emisslo_ levels hlgher
dards, significant changes in IIDD£ emission control than those currently being achieved (1_. In other

technology will be required, IIDDE_ generally _ do not words, a 4._-_/bhph NOX standard could not be
employ emission control systems to comply with achieved for iIDDES without (a) particulate traps to
existing federal emission standards, although emis- meet the 0*25-g/bhph particulate standard_ (hi _lsk-

_ion _equlrements are taken into con_lderation In ing exceedenoa of bhe l/l-g/bhph IIC standard_ and

iIDDE design [12 sad JUly 1_83 letter _nd co.eats (cl • .ubsta_tial fuel economy pe.alty, _inslly,
from D.C. Dowdall of Caterplilat Tractor CO. to M.K. there are no data that show the technical feasibll-

singh)o The range o_ NOx emissions from ourrent ity of achieving the 1.7-g/bhph NOx standard (13).

production {iDDES outside California i_ 6 to 1O g/bhph Unlike the case for NOx control, only one major

On tha stsady-state cyol_ (ll). Tha range of partlc- technology l_ anticipated for paotloulate ¢ontroli a

ulate eml_sions f_om nat_al ourren_ production trap to intercept particulates in the exhaust. Trap_
sngines IS 0.3 to O.B g/bhph, but the tats generally are undergoing intensive developmant for llght-duty

avu_ges s_ut 0.6 g/bhph, d{_.ol englns_ (LDDEe}I and EPA assumed that a trap

Technologie_ under _onsid_a_lon to control II_D_ oxidizer with an e[fl¢lency of 60 percent would be

NOx to 4.0 g/bhph include injection timing fetal- available for IIDDES to meet the 0.25-g/bhph standard.
darien, afteccO_ling, exhaust gas reclrc_lation The NRC study indicated that IIDDE traps could be

{EGRi, electronic engine control, turbocompOUnding¢ ready by 1990 (13). However, the feasibility of such
a_d modlflcatlon of onglne design (e.g*. modifio_- I[DDE traps is the nsac Euture is serioualy guestloned

tigris to the compre_sion ratio, combustion chambei by the manu£a_tursts. Deeaune m_ny HDDEs ere _urbo-
shape, and _pray tip denlgn). Not all of these tech- charged and are designed [for durability reasons) to
nolO_ies work equally well on all diesel engines a_d h_ve a lower _xhau_h temperature than that of 5DDEa_

there_or_ s variety of emis_i0n control systems is the exhaust does not coach the temperatures _equired

likely. Further, some of these technologies require by the traps for self-clesning (/,_). Furthermore,
additional development before they ten be employed, the maximum exhaust flow of an )lODE is much greater

_hile Injection timing retardation, aftercoollng, than that of an iDlE; the traps for ilDDES therefore

and _u_bochargin_ are essentially dsveloped tech- mus_ be much larger _han tho_e for _Do_a to enssrs
no10_ies, development is Btlll under way on EGR and that undue increases in back pCeSsure do not occur
electronic engine oontrol_. Many manufacturers (318). Use of auxiliary heating for tegene_ation of
anticipate hhat electronic engine controls (eig,, to l_rgs traps is considered very difficult for II_DESl

provide m0¢e _lexlble and p_e¢lss timing of fuel it is complicated by the need to apply heat evenly

injection) will be available later in this decade over a large surface (!,_).

_)o In contrast, considerable debars exists within
the industr_ concerning the feaslbillty of using EGR

to reduce N_ substantially, ltoweve_, the N_tlonal Heave-Duty G_nollne Engines
Research Council [NRC) I In an assessment of tech-
nologies avsllablu for NO x control, estimated that
EGR would b_ available by 19901 assuming USe of The major control proble:_s for HDGES are related to

electronic ¢on_rol_ (1_3). ilO and _0 e_lssions, ilo_everl some changes In _mis-
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sLon contro_n in thuBo en_Inn_ can also b_ antlci- 1980 and 1995. If the lower standard i_ |_pl0mentodf

patod _o meot tho NO x standard. (Control o_ p_r- ND x ami_alons _om trgOka wil_ be r_duon_ by 16
tL_u_ates tn not = concern with II_.) NO x lev01n pe_oent. Implomentatton of the 0.2$-9/bhph partLc_°

_om cu_ront IID_E_ are abovo the 4.0-g/bhph standard late _tandard would _Imila_ly lend to a nub_tantlal

on tho EPA t_altslont t_t cy_lo. _n_In_ _odi_ica¢ion_ _eductlon i_ pa_t_L_t_ 0mi_on_ _om what Would

_nd _GR wi_1 probably bo u_ed _o_ NO x _ont_o_ in otherwise o_o_ by 199_. Even with the n_anda_d I
all fIDGEt. IIow_v_rl the_o tochnologlo8 h_ve als_ pa_tloulate omi_slons _o_ I_DDES will Increase

been su99o_ted _o_ HC an_ CO control in ]]DG_S, and slightly b_ 1995.

_ad_-o_f_ in co_tro_ of the t_roe pol_ut_nts exIBt* Emission f_cto_s _o_ NO x _n g/ml used to devol-
Fu_tho_mo_e e _o_e of the_e techno[_gle_ will a[f_ct op thoso totals are _Ivon in T_ble _. They arQ ba_ed

_UoI _oono_y. F_ example r I_ sov_al testa b_ _a_u- on EPA_n HOBZL_2.5 e_ion _oto_ (15,16)_ which

_n_tu_ersr EG_ le_ to ]{C levels at o_ abovo _.0 tako into a_count _LLmptlonn about th_ di_t_i-

g/bhph (tho standard £o_ IID_E_ is cu_ontly 1.9 butlon o_ tho £1eetf mileage d_Iven pe_ _en_ ambient
g/bhph on th_ _otor V_i¢le Hanufaotu_e_ As_Oc|a- _t_sphefi¢ condltLons_ _pe_ of Qpe_t|on_ anL]

tlon teat ¢_¢ie) _n_ fuel economy lo_e8 o_ 6 to 8 ch_nge_ in em|s=ion control po_fo_a_ce ove_ tL_0.

pe_co_t ns low-mileage II_ ta_etB o_ 3.0 _n_ _.3 E_L_sio_ _a_to_a _o_ pa_tlc_la_os u_e_ to devolop

9/_hph we_o approache_ or a_hteve_, o_ both (_,_). Tabla 2 a_ 2.0 g/all (no cont_ol_ and 0.7 _/ml (con-

The _R_ _tu_y con_lude_ that w_h bo_h EGR and engine trolled _o 0°25 9/bhph) (17_). ?_uck V_T us0d Ln the

calLb_a_ion_ NO x _evela o_ _.0 _/_h_h _oul_ bo de_Ivatlo_ o_ _b_e 2 V_luen a_e given T_ble 4.

a_hi_ved in vehl_len with new englnos r but with a 3 M_nufactu_e_ _eightola_s alze_ progress from _a_

to 6 9o_cent lo_s Ln fuel economy (I_. X_ (T_ucks o_ B_501 to i0,000 ib g_osa v_hi_

weight) _o Cla_s W_I (all t_uck_ of 33,000 _b g_ose

uehlc_o welgh_ and ahoy0). _he VMT _Lgu_e_ aro

_o_mentn _o_Ived _o_ _Ight p_oject|on_ dov_loped by ANL

(M. Milla_, unpublished Information, I_8_I. Fucthe_
• h_ manu_act_e_ of H_DEn an_ UDGE8 pe£ce_ve g_eate_ do_umont_t|on of the de_Ivatlon o_ Tab_ea 2-4 is

_i_Icul_y in achievin_ the p_opose_ N0 X and p_- p_ovi_ed by Sln_h and Sarlck_ (i_).
tlc_ate Btanda_B than _oe_ EPA. EPA ha8 be_n mo_e

optlmlstlo than tho m_nufactu_e_s abo_t _evelopment

o_ _miBslon control technologi0n_ pa_tlcula_ly par- _ont _nd Cost-Ef[e_tivene_ of NO v Cont_o_

tleu_ate t_apa_ E_A did not conelde_ in its zegu_a-

to_y ana_ysla _he potential _o_ Incr_ase_ HC omls- Esti_at_s o_ pe_-vehl_le capital cost_ and l_otlm0

_ons _8_oclated wltb NOx cont_ol_ _nd _Id not cost_ _o_ mile In¢_eas_ in _uel conaum_itlon aa_o-

e_ti_te the _g_l econom_ _oss a_so¢Int_d with NO x elated w|th NO x _o_oi a_e g|v_n in Tablea 5 and
control. _he _nu_a_tu_e_8_ conce_no_ _Ith _uol _. _ho estlmace_ at0 b_s|oal1_ f_om _PA and HR_

economy _n_ emissions t_ade-o_fs and dav_1op_e_t_1 _epo_t_ _anu_ctu_r_ _ cost estlm_ea _or NO x

p_ob_er_ I have proposed thnt the NO x and pa_t|cu- control _y_tem_ a_e generally not _vaLlablo (_,2_.
lat_ _tanda_d_ for _[D_E_ be nubntantla_ly hlgh_ _Lthln th0 [IDD and IIDG tru¢_ categorle_ _apltal

_h_n EPA hag p_o_sed_ that In_ 6 to 10.7 g/bhph _o£ cos_ and f_e_ pena_tles _e not ex_o=ted to var_

_0_ and 0.6 to 0.B g/bhph _or pa_icu_ate_ {_._,_ with vehi_le elze (weigh_]. Variation doe_ occu_ in
_i_0 _nd let_e£ with cogent8 _om _o Folten of G.M. the llfotlme cost _stlm_e_ fo_ inc_asea in fu01

to M.K. _ngh). consumpt_o_ be_uso o_ d_f_e_ences In lifQtlm_ Ve_[-
cle-mil_s travele_ (_4T) _nd Ve_iolo _ue_ economy.

ANL_ in its _¢_y of the _ost a_d benefits of

BEN_FZT_, COSTS1ARD OOST-_FFEC_ZVENES_ OP strlngent N_ control, Independen_l_ evaluated the
S_RI_GEHT NO x ^_D _A_ICU_TE CONTROL _i_tlme Costs (both capital _nd operating) fo_

heavy-du_y t_ucka produced under a 4.0-g/bhph NO
Emissions _ed_¢ion at_ndaE_ b_glnnln_ in 1988. EPAI_ capital coR_ earl _

m_te fo_ NOx control in ]_DD _uck_ was a_u_ed,

E_ti_te_ _otn_ ND_ and pa_tlcu_ato emlssionn nl_1ough _odi_i_d to _si_n 50 pe_oent instead o_
_trlbutnble to heavy-duty t_cka in I_0 (ba_- I00 pe_oent o_ the cost o_ elo_t_onlc _ng|ne ¢on_

llne)_ 1988 (_Irs_ ye_ o_ st_|ngent standa£d)_ _nd t_o18 to _mln_ion ¢ont_ol_ in addltlonl Gen0ra_

1995 (majority o_ _le_t _ove_e_) un_o_ _Ite£nativo Hoto_is (_t_] ¢_pltal and n_Inten_n_e c_at o_tlm_t_

_O x _tandard_ _e given iN Table 2. Implementatlon _o_ lIDG t_ckn waB as_um0d a_ _¢e v_l_eo A rang0 o_

o_ the 4.0-g/bhph NO x etandard would result in a llfetlme _uel penaltles wae a_ed for H_D an_ lID0

4_ p_ent _edu_t_on in NO_ emL_ions in 1995 _om _uckn _o _O_lo_t the g_e_test _nges Shown in th_s_

tho_e that would o_ unde_ _h0 cu_ron_ 10.7-g/bhph _ables. _f_t_m_ cost_ p_ l_/ml Ino_en_e in £u_

_and_d+ I_ _hla _0.7-g/bhph Btandard _em_In_ in oon_umptlo_ wore _ete_Ined _o bQ lowe_ than tho_

o_ect_ NO x _mi_Bions attributable t_ heavy-duty In the N_C _tudy du_ to lo_or llfeti_a mileage _

t_uoks will _nc_eas_ b_ mo_e than 50 pe£oent between sumptlo_a In the ANL sCu_y and _i_ference_ _n a_~

'I'A[ILE 2 F_tim=led T=zlal NO_ mntl]_articH]alo I_==llui,rlJ frmn I h,av)'.Duty TflII!I_ Umler _,ltl,rn_lit'*,
_t_nzlar_ll f.r ]91_0, [9L_8, and 199._

]_f i_cu[al_s _n_

No _t;uld_ict 0._$1_/6hl_ll IO.7 _/]lllpl_ ,40 ,_/hllph
Ve]ll_[¢
Ty_ 1980 [9_18 [99S 19_8 I_ [_0 1_81_ [_¢J_ ]98_1 I_

IIDD O.14_ O. 18_' 0.2_ O, 171 0.14_1 Lh0_ 2.[_$ 2_44 ]_6_8 1.4')9
IIDG .*' .... 0.5J7 O.$4_ 01i]6 O4_3 0._0_
T_lal 0.[.42 O,I1_ 0.2]3 0,]7[ 0_148 2.14_ 2._0 _,_._0 2,11] I._01

No_l=r_Lr_ I_ io_ i]l_llt tu_ll_

Ivizlw_y no [_mrIIcul_L_Ji_0imll_f _ f_lm IIDG]_
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'J'ABI,I{3 I;leetAwra_*.NO x ']'/_IILI'_6 E=timatedCo_tlx_rlll)G'J'mcktaM_et4.0.g/]phl_lz
F.ndukm Factorl for III)D aml III1(; NO_ ._lancl_rd
Tru_kA hy T_ar U_ll_r AIt_rmztk_
Sfall(]arlle (I I. I._. I _} Lzr_lJr._ cosl

IJF_¢tllle u(= I_/mt Tot_)
CIpit .ll/ F,_] hl_r_s_ in I.Jfclllll¢

E_ltLILtJanI_a¢(orsfR/1111)bY _.lanur_ctLII_r 5I_int cn_n_c I'¢ll*dl _, Fuji C[in_tHiip CostYear
Vch_ce_ W_l_llcC).qss cllsl_ ($1 I_) tio. {$) ($)

Ty_¢ 1980 19fill I_)_ IIJl NA /q& NA NA

S[_d_rd: 10.7 I_/hhph I1[ NA NA 2_ h NA
W-V NA NA 25_ 1_ NA

_._ ._ VI NA NA 2_3 b NA
All nl_D ..,70 _..70 2_.'/O VII NA NA _50 I_ NAA]I IIDG 9_78 9._2 II.]_

V[I[ N^ NA _0 _ NA

Sta_l_rd: 4.0 j/)ll_pll All '70¢; stJb. 3-'/h ;;4_ 150d t.2.q0_
It a,iially I_s_

AIJ I[DD 22.7{} 1'/.'/9 12.B7 ttv_n 279_

All IID_ g.78 _. ]$ _._4 Nol_: ._lut_ra (.) fo_Cl_u [LIz-I)l, I._qZ_hpl_IIC _ld I$.S. /_hph _O iCaudirdmr_d

N_C fl._l; _0arLbf©_N¢d_¢lLI unkm_tt.

_'^/.?3);cIJ.¢dal=*==_= _w_,ln $19eO.

W_shl CJ_IS 1080 191_A Ig_ I]ecaude of NO_ _lllro[ hi J*.O

V_hlcle Type: IIIlI) z_hilpIi

1[]_ 0 0.923 _.+]35 C_l Jn_re_sc_(_/ini) I_¥
I[I-V O.*_48 ].O39 _.495 V_ld':l= TyI_
Vf 3.0_7 10.O]_ 16._4t_ /_[allufa_tulcr
VII 4.04_ 4._116 S._09 W_il;ht Cl_s liD)) _ID_
VIII _6.841 6?.737 7_].l_K_
'Tatal 64,)_8 84.531 10_.673 fill ].2-1.9 O.4-1,l

III-V 1.7-._,_ O.(_-1.5
Vehicle*Type: ][DG VI i.7-3.o O._-1,9

VII I .'/-3.1 O_9-2.4
lIB _9.fl61 25,10_ 27.508 VI(I i.1_°3.4 1.0*_._
II1 3.?._r_ 5.$65 6.._76
IV-V 3.20_ 1.71') O.3S2
VI t9,'/01 16,$37 14.101
VII 1.79_ 0.7"/? 0.3_3
VII) I._7 0.6"/_ O_O7 mooting _he 4.0-g/bhph NOx a_:andal:d In 1990 ant1
Total 4g.a4;_ _,_78 49,397 1995w and the ANr_ est._ra_os o_ total NOx i:emoval

_ha_ woz:e due t;o t:h|_ s_anda_d_ I:hese 1:o_1_;8 a_e

Nal_t I_*l_.._l_offomM. 1411_l.ANl_l_#.sunp._liskcdln. 9J.Ven J.n Tabl(Z 8. _h_ total co_t o_ ]_Ox Cort_;_o]._
f_mlIlan, t.c=t_l NOx [edu_t:Joxl_ and ¢onl:/_oh reduced l_ _ea_ol:

_0_ IIDD I:_ucks I;hall _olr II_i t:z'uck_. ]toweverl l._ _he

'I'AI][J_ 5 F_thnalod C.o_t iwr III)l)'['mck to _|_t 4.0._]_hph highor ]._L_e_lz, e cost: e_;lm_oa for I{DG _:_uckB and
NO=StaI_dard _ho lo_a¢ l_._ot:lmo cost e_st:izna*:ea _or HbD t_uck8

WOl_O _ho mona acczl t'll t_ (_8t:lma t:e£=0 _po_tJ.voly _

[_f_tim(_Co_t coat/I;on rer_vod cogld bo hlghe_ _or I[DG _ruokll in
L_[_lh.._ ol a I'_/ml both yea_.

C_z_ical/ I_L_¢I I,¢r¢_ in Tats1
Ma,g[a¢l_rcr [_(_t cr.xz_¢© I_n_ll y _u_l Con. I._l]m_
v*'eil[htCI_ Cost=($) (%) _l_mpt_0n($) C_st($} _o_t anc_ COS_--EE£QCt:LvormBn o_ Par_lcula_o

Conl:rol
llll NA NA NA NA
III-V NA NA 306 I' NA
VI NA NA 34_.I_ NA ConBlde_'/zb_.e diJ'_ecen_e ex[._z be_woon I_p_. _nd uomo

VII-VIii NA NA h 1.15( b NA _axlu_act:u_or_ Over t:he cos_;a o1_ pa_t._._ulato _aps*
All 7_3_;t.o00 d ?-t2 ; 754 = N^ _PA eaP.._ma_ed _hat; the I_o_a).]. price OE e/zch ItDD

0"14° to,ok would f.nox:aa_o by $52"/ t:o _t650 ($ 1960) be-

bl_.l]_l*ppl_nblil.tdlvall=bl.. Ca_;o_Pllla_ Tract:o_ Compahy o_t_rflated tho cosi:. D_

dyaldM°l°rca't_'_¢°Hd=l='=r'l_v=_j"ll_a°' tO =Z3_500 ($ 1982) (3_F8). Thl_ w_de va_la_lorl l_ not:ei_n_|_' ind F3_vlxo.trzl.n_lLAo_Lyd*(! _); _u¢d=¢_it_ _v_r_In $I_,Zl.
_af_4al_C_ ;' . eas_ _O expl.a:Lnw but: =nay _.n pa_ i_e_lect: dll_forenl:

assuznp_J.or=_l _eg_d_.ng _olle_oh and d_velopmoxl_; ¢o_tu.
_*LIL*_he_r ]_p_* _xpe_ts ma._ntonarlco ¢OB_._ _O be _L_¢_d

.ZU_O_ _uo). oconornios and p_J._e o_ _uel. Tha rel_Ul_.a w._h us_ 01_ a _aPI whllo Cate_pi].lal: do_ x_o_

o_ _h_ an_.y=J.s on a _.l_e_cip_e aost _.ncreaBe (_/m_.) (3_22). Vlnal_.y. IZpA does no_ p_oJeot: _ue! econc_r_y
basil; a_o g._verl In _able 7. Ll_'et._rne con_ lncraaBe_ ).o's'_w._t:b _]_aw whJ.].o I_.ho m_nu_aotLzz'o_z p_oJect at:
which _re lacge).¥ duo _0 _Llel ¢oxl_ump_lorl |n_ro_ae[l_ l_all_ a 1 po_¢o/lt 10ss.
a¢o highe_ on a per-mJ.lo b_nJ.s _or laz:ge_ tru_ks _n Because o_ I;hJ.s '41de va_a_loz_ .Ln cost: e_.mate_r

both lll3D and fIICG c_z_:e_Ol_J.elz. Ll_el:_r_e color, lrzccaa_o_ AN_ aS_Ll_Od In _Lt;zl st:udy a range o_ ¢o_t:l_ ro_lec_llg
are lal:gar for HDD trucklt tlz_r¢ _0=" _IDG _['uok_. F_PF.qn ost:lma_e_ at: t.he ).ow end a_d Ca_e_pllla¢_a and

p._r_ 05t:J.ra_ad I;ho overt:a|1 ¢oal_-e_'_o¢_lverto_ czf G_4's ,_ tho high ond. _ablo 9 gJ.ve_ t:he_o a_u_p-
_ho 4*o-g/bhgh NOx _t:_daz:d by using _hese 11_o- _lons and the _asult;ln_ co_/m_le. By _slng _heRa
_l_a ¢ollt J-nclroasonw e_tlm_ fo_ V_'_ by tz*u_kB _'e_u].t_w I:o_ot;he_ w_th oa_Ima_es o_ VMT driven by
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TAIII,K 8 Ctml.l+_ffeclivmlPss of NO_ (_<mlr+d Io 1.0 g/l+hph

NO_ llcnefil Tot+ I CUSl fi_r N(Jx
(I0 t*Ionm) R¢.IOV+d ($30 +] ¢omllT+m I$1982)

V_hlcle
T_I+c lg_A 1995 J9_8 1995 19B8 1995

IIDD 0.4_7 I,l,1_ IR_-3S_ 1,047-1.945 411-470 q [ 4-I.(+99
Ill)G 0.092 OJI4 27-<+9 lq7.$05 293-750 627.l,<+0+l
Tol.l 0,$49 ],4S9 215-421 1,245-2,450 30_-767 NSJ-I.t+79

TAIILE 9 ANI, Co+l P+llin.ale. per Ill)l) Tnlck to Addeve 0 25+glhhlth
Parllc.l_lu Slandard

Lif¢llnle
C_t[+ilal [afcllr+le P*l.ttn1¢n+tllcr C¢piI

[*[+nufa¢l tile r ('o_i F._I Coll S.1vl. g_ [+_iCosl m Increase
Weir)it Cl_++ ($) IS) ($) ($) O+/ml)

IIII $39-645 0-104 0-3Q8 231-749 0,21-fl,6B
Ill S39_45 0-]7S 0-308 23t-820 0,21-0.74
IV 539-2,000 0-175 0-30H 231_2,175 0.2 l-l,gt+
V 617-2+000 0-17_ 0-402 215.2_17S 0.20-I+9_
VI 617++3,5130 0-355 0"102 215o3,t_5 $ 0,I _-2+08
VII 663_3,$00 0+370 0-438 225+3,870 0A _o2.09
VIII ti55o31500 0-662 0-519 136-4,162 0.05-I+44

N.le+ Cotll mrlixpt++led in StQH_,

|Clpitll C+_I¢* llf_llm, _tJ Call. ml_nllnlncg uvlnp+

l:rUaka meetln9 the 0.25-9/bhph ai:andard _nd t:he ANI+ toctiolx of pt_b].1_ health. 'PO fo_un more aeIec+_Ively
eBt:il_k'ltOlZ Off _ot:al petrt:icuJetke removed beOaLZ_e Of _rl _he offe_t|.+'enesl_ of omJ.lllllon cont:c01_l On heav_-
iP.ho llt:_ndetrdw AHI_ n11lo _s_Inul_ed _he overa].1 collt- dul:_ truck_ _n r0du_|n_ Che _hreat: t:o publJ.G hea1_h
e+J_fect:Iverto+l_ o_ _ho proposed particulate l+tetnda_d, ropre_0n_ed by amb_ont poiIutan_s. 4:he Impac_ Of

The es_:_IP+at:e_ colt_/to_ of petl_ti_u1_t:e telr+OVed range_ _he_le coni:roll+ on roduclnq ar_b|ent I_Ox in ¢:wo
from I_427-$I,059 _n 198B I:0 _461-$I0+77B _n 3.995. hlcjh-volume _caf£1_ corrldor_l was evaluated. Dieper-

The h_gh el_t_mat:ea are 6 to 14 l:|mee aa h|gh _a the Iz|on of NOx In _he_o c¢_rrldora _ s_mulated and
cof_ellpOnd_.ncJ oltl_|le_iteB for NOx _on_01 preaen_e_I po_ettl_al oxpo_l*l£e _0 NO_ wag evalu_lt:edo
prevloue1_.

'_'ra f f i_ C0_ r Idoz+m

_ummar_l COl+_ Of N_I an_ Parl:iculate Cantrol
Tho choice of p_ot:ok_pJ+_al _r_Ick t:r_ff|_ cOrl_Idora

EI_it:_a_elZ Of _he col_-_ffec_IveneaB Of total pct_orl- for eL compnl_a_:J.ve _t_+r qu_li_y +_n_lyS|B w_is _ovnrNed
klal add_.t£onal emi_e_t+n control (pazP_Joulate_ and by ava_lab_li_ of data _rtd proxlm|ty o_ _ho research
NOX ootab_+nlld) for bo_h H[3D trucka _nd HI3G truck_ i:eal_ I_o ¢_nc]_d_e Bi_el_o On bot:h _+ount_ lo_at_cmn

etl_e g[ve_ _.n +Pable 10. _mla_ioll-coiai_r01 coSt:l_ for |r_ the Ch|cagc+ 8_and_rd metropoli_al'l s_J.st:_ca]+

PIDD t:ruckll aro algnJf1_antly h|lJher _h+ln _ho++o for a_ea p_oved _upel_io_ to other _1_ernat_ves. Chlc_to
IID(] truck_ althoU_lh _ddlt:ional _osts wi1.[ be _s- ha5 10ng been _ hub of national _rolgh_ movemeN_w

Bo<_|ated wlt:h H_ _iftd _O cofit:ro_. ._'o_it HDG t:rUCkB, wJ+th exl:en_Ive _nter-an_] |nt_iramod_tl c_l+9o tfanllf++_

Over _hl_ llfe Of a claa_ ZIB _lr _laels III IIDG truck I occul_l:Ing around the c].oc)+. AccordS+rig to D.A+ Z_iva_-
P+PA eet:i_a_es _h_ _heao colzt:t+ Will rnnge from $400 terot baee1_ne (3.975) dat_ on heavy-du*:_" tl:uck move-
t:o _900/ton (2_3). ?.ithough +:he+re l_i+Juros are not: mente In the Chicago area had been obtained f_om _he

d_+l:ect:ly _ddi_.ve _o _ho_e _n 'P_ble 10+ _t: _s _lear Chicago Area ?ranspor_a_+on _ud_' (C_.TS) (poreon_1
tha_ ++hen a_.1 contl_ol c_l_ _t_ _omblned w _he cos_/ c_Im_Un_._a_i_*n+ Sept:ombor _.983] r _o_t:he_ with fora-

_0_ of em_+_lelc+n removal from t:he IIDD fleo_ [_ cJr_ker OaBI:B _+f Ioc_i he+:vy fre_Jht _IvJ.t:y _hal; |nc3.ud_d
_han th_it from the IIDG fleet:, i_enl:_f_c_t_on and _arq_Ing of roadway cot cLdo+:_

w_erf+ oxt@rlsivo _oy_Inerlt: Of cor_r_ero[.al _OOdB J.f_

expec_od In _he fut:tt_e 2(._). The roBea_chor_ q I_c_-
TRU4:E_ ANP A_R QUAI+I_Y DJ CI'P_$I A CASE STUDY _1on Ln relml:ion _o P.heae carrldor_ fa_i1_._ed

f_eld _ttrve+[11anco oJf c_tnd[d_e 1oc_._onf+ aad f_n_1

Raw e_ki_tea Of to_al er_i_e:[onB J_educt:iolri+ _B pre- l_ele_tiort oI_ t:hol+e t:ha_ _ppoared to be both repre-
Berthed 131_evJ[oul_ly, have llttle to do w_t:h t:he p_'|f_etr_, l_ent:a_=Jvo _nd o£ J.nt=e£+oB_ becatt++e of tho p_+esence Of
purpose o_ _ir quallty stan0ard_ t th_tl: _L_I the pro- _ei_tJt.lvo _ecep_o_Iz. An exp_eal_W_y corridor _nd an

TAIII,I; I0 Coll-Effeclive.e. nf l+arlle.lale Camtrol t+, 0.25 g/l_hph _ittl P+O_ _31tl_ll Io ,I0

_/bhph

P;tlll_ULtte Conlfol NU x CantIol Tolal
VehJ¢Ir

Typ_ 198/+ 199_ 19_t] 199S 198+] 19q$

IIDD 427-)O,$92 46 I-I 0,77+4 411-770 914-l.(_99 I]3++-I1,3h 2 1,375-12,.177
IIDG NA HA 293-750 62'7-1.608 293-7_0 627-1,,+08

Nolll_olIi|tlwil_llb_11ttJn$flaRII_oVWd;N_ • noI_ppli¢|hl_,
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a[terLal corrLdo_ th_ contnLns a major Lnte_DectLon NO R has a ne_llq_ble e_fect _n the estlmatlon of
were chosen £0_ mi_roBcale ai_ quaILty B[mula_o_. shor_-tecm (<i h_} c0ncDntra_ion_ fcom _ocnl emi_-

The central fea_u:e of _he exp_e0_w&y Corridor |_ _Lon _ou_ce_.

an elev_t0d_ m_e_1on_ _e_men_ o£ u_ban _[_ew_y The bas01LnQ t_UC_ network _BeLg_ent p_o_e_

constructed to _nter_tate _tem _andards. (The by CAT_ (_o_ w_Ich l_nk _nd _u_n volum0_ were _a-

se_men_ i_ ac_ual1_ _ llnk of the Interstate net- c_ouB_y p_ovLde_ to the ANL _e_ea_ch_s) h_ _ene_-

work.) Three _anes of t_af_ic L_ each d_rec_ion _e _t0d heavy-t_uck _ow volume_ for _h0 0tudy co_|-

6epa_ated by a median _t leas_ 15 f_ w_el a_Lg_ment do_sl _he_e we_o convect_ _o pe[cent_e8 of ave_ag_

i_ _ou_hLy we_-so_thwes_ to e_Bt-_o_heas_. The daily _[aff_¢ b_se_ on _otal t_aff_c d_ta I_. The

Coat,doE [tsel_ JS largely _n_u_t_a_ bu_ the _re_- _e_its we[e u_ed to we_gh_ the heavy-duty po[_io_

way p_ses ove_ _u_ac_ st_ee_ _long whLch co_er- o_ tho 1987 _n4 1992 _[rne-of-da_ V_4T f_actLons u_ed

cLa_ and In_u_La_ p[e_tse_ house _mployeeB th_0u_h- by the _llnu_s EPA _n _s 1982 _O 2 an_lysLs _),

out the wo£h_ay_ th_ _loses_ e_bllsh_ent _0 88 It wa_ a_sumed that _987 Bpllt_ w0_l_ _e_on_hl_

latez_1 me_e_ f_om _he edge of _he f[eew_y (2_. app_oxLmate _he 19B8 slmulated dIB_[[b_t_on and _h_t

Numerous heav_-_u_k t[Lp_ o_L_Lnate and term|na_e 1992 sp_ would _e_va as _ re_8onable _ur_og_te

iN th_s co[_ido_ d_ly° _or 199_. The _um of the _01ev_n_ _T _ractlon_ _or

The acte_al ¢o_i_0_ _ functionally iLnke_ _o a_te_i_is o_ £_eeway_ _n each year (fo_ bo_h I[D_ _n_

_he expressway co_Ldo_ w|_h _eepect to the o[[gln- I[D_ t_uck_) wa0 multiplied by • fa_o_ that ma_e Jt

_es_nat_on points fo_ _uch of _he heavy-duty _[_¢k eq_va_en_ to the app_opr_t_ Va_ue _bove I a_l f_-

t_afficf m_ny of Ch_ca_o_s Inte_Ity _ruck f_e_h_ _[o_B were _hen reno_mal_zed to re_lect the revL_od

_e_m_al_ (Lmpo_tan_ b_e_=in-b_l_ po|nt_) _[e no_h heavy _[uck sh_e° O_f-peak 5pllts were u_e_ because
o_ th_ ¢o_Ldo_° ConsL_able t[uc_ _raff[_ _s o_ the h_ghe_ _ruck _ha_e of off-peak volume* T_ble

chan_l_d _long the co_L_or between these _e_tnalB 11 p_esen_ a surnm_ o£ the _mu_tlon Inputs u_e_1

an_ _he heavy-£ndus_[y dls_Ict_ Of we_te=n _nd by HODZLE2,5 and CAL_-3.

_ou_he_s_e=n Ch_ca_o. A key InterBe_t_on Ln thi_

co_r_doz Ln heavily use_ b_ commerclal _r_f_Lc turn-

_n_ _as_ towa_ _e_t_natlo_ |n aouthe_n and south- Results: [lou_l_ Exposures fo_ Worst-cane CondltLon_

ea_n Ch_ca_o _nd north _owa_d _he truck ke[mlnal_

•nd expr_6w_y system. ThLs Lnte_ec_ton h_torl- For _he ca0e in whJc_ current heavy-duty _mi_on

call_ haB ex_e_Len_ high volu_es of he_vy-_uck _tand_rd_ a_e ret_ned _h_ough 19951 _hort-te_m

move_ent_ _n_ _hese _ expecte_ to continue* (hou_ au_ge) NO_ e_posu_es undergo no u_gn_i-

can_ _educt_on throughout _[le pe[Lod _n _he a_te[i_

co_r[_o_. _xpo_u_e_ to _o_a_ HO x _pe_Le_ Ln the

DtRporslon Ana_BtB _oadw_ i_elf in I_88 _n_e f_om _bout 220 _g/m _
(250 £_ £_0m _he in_e[sec_|on) _o 425 pg/_ I (Ln _ w-

The CA_[_-3 model, developed by the Ca_Lfo_nla hLcle ac_u_lly _toppad at th_ |nte_sectLon), wh_le

Department Of T_anspo_tLon and endorse_ b_ EP_ fo_ exDosu_e a_ the 6enoltlv_-[eceptor dL_t_n¢_ f_om _he
mlc[o_ale sLmula_Lon_ was used In the dIBpe_BLon _oadwa_ c_n _each a_ high a_ 400 _/m _ ne_ the [n-

an_l_i_. Decause _0_ _i_pe_sJon w_ to be _Im_- _e_ect_on. By 1995f the corre_Fon_Ing _o_dw_y _on-
la_edr _he molecular weLght of tho po1_utan_ spe_le_ centr_tlon range i_ 225 to 440 P_/_w _nd _ensL_Lve-

(h_d-cod_d _0_ CO) w_s chan_e_ from 28 _o 46 (NO x _ecepto_ exposure Ls up to 415 _/m I . (Note tha_ N_

_s HQ2) befo_ source compL1_tLon. The _e_ult _i_ _ccou_ts fo[ 30 to 70 pe_cen_ of total rIOx.}

no_ _ake Lnto accou_ _he _e_ctLv_ty o_ NO x _pecLe_w Unde[ the _ame _t of heavy-duty B_nda_dB, _he
bu_ c_Led the as_0m_0n tha_ chem[_a_ [eduction of expressway co[[_do_ expe_le_ce_ _ rnode_ _mp_ovem_n_

I',_.[|LI_ I I E.li. h,zl _,Ld ])i,l,,_r,h.i 1_h.lel I.l_Ul _

Ii_l_Uf I_l¢_way Cit_rid_r Arterial Corridor

I_nk 11_90
IJnk I¢ n,_111(r_) ]700 [.irLk A; _J00

[Jnk I_ 300

_ll_dilg h_i_hl (.11 LSDO I_1)0
_lJxing.:_ll '_idlh (:ll] 4_
IZa_ro_._l _O. Ip_._l OO4 I?_ _#_1 _) _/(_,_,._/_L_ I
_ur[_ rou_hr_e_s,lel t li111_v¢Io¢t[y, del_o_ill(,n v_[o¢ily 0,0,0 0,0,0
5e_¢_ h¢t._hl (111)

Abo_o ro;_llw__ U,6 [J.6
Aboye dutuJr_ _._ 0.h

AnlbI_l l_¢llperalL_le("]:) _4 _4
AldtuLl¢ (f;) I,O(]l) t,000
I_¢_ion 4_J_l_l_ 4_ _tat_*_
Celd-_l_Xl p_r_enl_l;© _,_ ]8,5
_iIip _t _ _iilis_io. f,let or [_/lu_) fr o:ll _40l_ll.]_._,5

1981{current _,_ 3,8

[I}9_ cLlrren[ _,4 ._,x
]9_5 _lrinK_llt 3,4 1,9

II_vy.d_Zy truck tr_f(ic .* p_r_nlu_ or awI_, d_ily IO.li [ink A: I 1,7

volullJ_ Link II; ._,..!0{}
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in wo_st-caAe NOg _[om 1988 to 1995+ but thee is NO x emlsslcfls _om hoary-duty truok_ becausQ o_

duo prLmarily to roductlan in tl_ omi_nioflB _rom Inczean0d numb_r_ oE t_uck0 _nd (possibly) dete_io-
Automobile_. In ZgflBI cofldltlon_ _pp_&r to b_ poton- catlon of emission contcol equlpm_n_. It should

tially seciousl expo_urefl to total NO x spoc[os of th0_eforo bo coDolud0d that r if the_o is _ pcoblem

moto thnn 930 _g/m t in the coadwsy itself (a vehicle to,By t it will po_ni_t into tha future.

occupant could be caught in this sltuatlon for 15 to 2. Stringent NO control st_nda_de (4.0 _/bhph)

30 min, dependln0 on t_af_Ic), with the a0nsi_ivo- eo_ heavy-duty _ruc_n [eBult in a _IQnlflc_nt not

recepto[ locat_a_ on the nut£sco _t_e0t oxpe_len¢Ing i_p¢ovome_t in th_ a_ter_al corridor. Potential peak

up to 415 _Q/_t as th_ l-hi 8vet_o. By 1995e peak NOg expos_ges in the expre_swsy corridor aro _e-
ex_su_e has dec1_nod to 900 _g/m I in the roadway and duped hut romaln vezy high.

405 pg/m I at tho receptor. It 8ppesrs in both o_e_

thaC _ho relatlvely high truck emi_ionB a[0 neutral- In _dIC1o_i although NO x _mlsslone _to_ he_vy-
l_in_ the gains in air quality th_L otherwlne would duty vohlctes have be0n shown to be substan_i_1_ it

he achieved in these _o_cidor_ by the our[ent (o_ ha_ not been e0tabllnhed ho_ oz whether this _as0ou_

impondlng) tightor cont[o1_ on llght-duty c_rn _nd eE_luent i_ borno aloft to the uppe_ t_opo_ph0co.

tguogs+ B_C_u_e these e_s_[ofls cannot bo tcaoed (with cu[-

Under the stclngen_ (4.0-_/bhph) N_ _tandard ren_ mOdelln9 procease_] to _ nubstantlal di_t0nco
£o_ henry t_uck8 commenotnQ with the 1988 model from thoJ_ point o_ o_igln without cons|de_ablo

ye_r B[QnlfIcant reduction8 a_e seen _n both the conjecture about thoi_ buoy0nc_t it _s not y0_ olo_r

arterlal and expressway corcldoc° B_ 1995, hourly wha_ beneflcial offect the _tcln_ent NO x contcol

NO x ex_sures in _xc_ss o_ 2B0 p_/In_ In tho artetisl st_ndo[ds _oc heavy-duty trucks wo_id aotually hnvo
co[tldog age oonflned to tho rosdway _tse1_+ in the In reduclng acid pco_Iplt_tlon procu[sor omissions,

IrAmed_ate vicln_ty of the _ntegseotlon. P0ak oxpo- or if nuch standards would even constitute an effec-

uute5 On the expgeasway hsve _allen _o _bout 6Q0 tlv0 ozone oontrol Strategy.
_/m t and to 280 _Q/m t at the _enBitlvo _eceptoc.

Ex_:x_u_ levol_ U_der thIB stEi_ent _tanda[d gep[_-

sent a 2Z to 35 pego_nt teduotlon _n thnse co_Ido_ CONCLUSIONS

by 1995 f_om exposure _ovols o_per_enced u_da_ the The case for st¢ingen_ emission controls _o_ h_avy-

10.7-g/bhph standard. ZE h_gh HO x oxposure _i_k_ duty tcuckn is not well grounded in _he a[gument of

exist t_day in these co[¢Idocn, they should d_mlni_h imprOVed air quality. There a_e few a_e_s today

signiEicantly o_ (in the caae of the arterial) vanish exceodlng the ambien_ NO 2 standardl re_en_|on of
by 1995 und0c s_rlngont HO x con_£oI fo_ heavy the Cu[rent he_v_-duty c_uck e_i_ion _tandord 81o_o

ttuc_, wo_Id App_[ently £ond to no not deg_adatlon of HO 2.

T_ble 12 p[enents the modelod concen_ratlone at FugLhe[moro, any other _toundse such _s reduction of

[epte_en_atlve _eceptog points in each cortld_r _or acid rain p_ecu_ot_e a_e only tenuous _f hoavy-d_ty
e_ch yeag and oach emleslon cont_o_ _t[in_enc_ case. v_hlc10s ace co_Idere_ in Iso_Cion. Tho _Bt8 o_

stringent cont[ol 8re hlghl whatever justi_Icatlon--

Case-Stud_ Conclunlon_ bayond the letter of the law--i_ fln_11y put fo[ward_
tho ult[ma_o Attr_but_blo ¢ont_ of such oont_o_s are

Two g_o_al oonoluBio_80an [ea_onAbly bo dgawn _rom _ _Eom be_n 9 a ba_aln.
the corg_dor analyslsl

ACK_OWLE_HE_PS
i+ The current _tandard (10.7 g/bhph) wouldt zt

laEt _n plaoel p_oduoo an _pp_ront retentlo_ of Th_ _tudy On which _hls paper i_ based bonuflted

_tat_ q_o condltlons in eaoh of th_ corridors. That fro_ Lhe pA_tlcIpatlon of _any Indlv_dualst a_d _e

isw the reduced NO x emissions of the _igh_-duty would llke to Lh_nk al1 tho_e who provided In_o_m_-
floet wil_ ove_ _imew only b_la_ce tho i_c[eased tlon and revlewod ou_ aA_ly_i_. In ps_tlc_la_ we

TABLE 12 Mmleled llmely Average NO_ c<mmnlmllo..I SelrelPd Rrmepl.r,

NO+ C0n_nl++tlon(+elm_]

1995
[9+8

4.0-_lbllph
4.0.g/hllph Slandard _r
Standard [or Mo_cI,Y_aT

Ozrrenl ModcZ,Ye_r _ur[_:ll IQH_ 0lid
_Tridot Standard 1988 Szandard La[et

Expr¢_w_y
Mcd_n 8)1 698 7B? _27
Downwind]_n_t 938 806 910 60_

Upwlnd_ncs 734 fi33 713 480
Northe_lll¢_lnlnul o[link(Mtr_eliev¢)) _23 4S_ 509 3_[
S_mJltv¢_¢eplo_ 41S 363 404 284
Ro_dwaycd_e(str¢¢llcvr]) 465 40S 453 )IS
365 m _onl _adway(dzeellevrl) 226 203 221 168

Aileria_
Uflk A;Soulhbound _©Mclestopped _rIcft[urll 42[ 374 438 309
_nk A;loulhbo_nd VellicM ?_ nlnPrlh of

J_terse¢lJon 302 274 311 22B
_k A;norlhbou_d velt_c]e75 m no[Ihol

lntescctlon 268 243 277 206
3Q 1. we_lof Intct$¢¢tlon 196 [79 200 13_
_Bk _; 30 _ ¢_iI Of [nlcrs_ctlon an .orth_ide of

IffccI : _¢nsttjve I¢¢*ptor 302 _6fl 3 ] $ 22J
30 m _st of A, ] 00 m .ort]_ of [I 132 [21 136 I0_
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would llke to th_nk D.O. Mos@a_ U.S. DopaEtm0nt o_ 12. AUto I_du_try ResponQe to AlternaEJve ENVi¢On-

EnO_gyj p_oJ_ct O_f_cerr whose con_InuLn_ support mental Standards (_utomobiIQ _n_ Truck Ef-
h_ been Invaluable. _I_lency) PInal Repoct. £ne_y and EnVlcon-

m0ntal Analysis, Inc. I AtlIngton_ Va.w March
1982_

13. NO x Emlaslon Controls _or _Io_vy-_._y Vehl-

REFERENCE5 cle_I Tow_cd _eetln_ a 1986 S_and_r_° Hotor

Voh_ole NJ_ro_n Ox_deB S_and_rd commltte_w

i. U.S_ Environmental P_oteotlon Agency. Con_col A_e_biy Of En_e_rlnql _|on_l Research

o_ A_r pollut_on E_o_n _ew Motor V_hlc_Q_ _nd Co.nci1_ Wa_hln_onl D.C.r 198I_

_ _to_ Vehicle Engin_ P_t_icu1_t_ Re_u_- 14. U°S. Envlron_e_tal _co_cb_n Aq_c_. CoNtrol
tlon for II_avy-Duty D1o_ol Engln_s (_ot_ce _f oE AI_ _o_lutlon f_o_ _ew _otor _ehloles _n_

P_oFO_ Rulem_klng). 46 F_ Reg. 191_ J_n. _ew _o_o_ VehloIQ En_In_i G_seuus Em_Io_

7t 19BI. _agu1_on_ fo_ 1984 _nd Latec Mo_l Your

2. _°S. Env_cQJ_llun_a£ Protecti_i_ Ag_noy. Control Haavy-Duty En_Inos. Final Rul_. 45 PT 4136_
o_ AI_ Pollutlon fro_ New Hoto_ V_hlc1_ En_nesl Jan. 21_ 1980.

G_eo_s Emi_s_ Regul_t_on_ fo_ 198_ an_ La_er _5. U_rl_ Guide to _obile2 (_obile _ourc_ E_Is-

Mod_1 ¥e_ LI_h_-Du_y T_uck_ and 198_ _nd L_te_ _Ion_ Model)* _epor_ _A-460/3-81-006. U.S.

_o_i Year He_vy-Duty Englne_ (Advance Notice Snv_on_ent_l Pcot_ctIon Ag_n_y_ Ann A_bor w

of _opo_ed Rulem_kln_). 46 _ed. Reg. 5838, _Ich_, F_b. 1981.

Jan* 19. 19BI_ 16. Ho_o_ V_hlclo _m|s_ion S_nda_ fo_ C_Cbon

3. Caterpi11_r T_cto_ CO. R_o_se to EPA Advance _ono_I_ _n_ N_trogen O_Ide_. Off|_o o_ Mob_1_

Notice o_ _cop_sed Ru|emak_n9 _or G_ou_ _mls- _our_ Ai_ Pollutio_ Cont_ol_ U.S. EnvI_n-

s_o_ _gul_ion_ fo_ 1985 and Latec Yea_ Light- _nt_1 P_ote_t|on _e_cy I W_BhIngto_ I D.C. I
DU_y T_ucks _nd 1986 aild La_er _4odel ¥e_ June 1981.

_e_vy-Duty En_Ine_ and E_A Notlc_ o_ p_opo_ed 17. _ra£_ Re_ul_tory Analysis, Eleavy-_ut_ D_es_1

Ru_em_ki_g fo_ P_Ct|cula_e Regulation foc livery- Pact_c_l_t_ RQgulatlon_. OfEIc_ _MobI1o Source

DU_¥ D_Bel Engines. Pub_io D_cke_s A-_0-31 and A|_ _oll.tlon Con_rol_ U.S. Envlcon_a_1 P_o-

A-_0-18° U.S. Env_on_ent_l Protection AgQIICyr tectlo_ Ag_ncyr W_shlngtonr D.C. I Dec. 23, 1980.

W_h_n_ton_ D_C°f Sopt_ 91 1982. 18. Truck _nve_toty _ Use Survey. R_port TC77-T-

4. Zn_e_atlonal _I_rves_e_. _inal Re_pon_o _o the 52. U.S. Dep_m_n_ o_ Co_orc_ _y 1980.

EnvJronmonCal Pcotectlo_ Agency's _o_Ica of 19. Energy an_ Envlronmon_al A_aly_In_ I_c* Tho

Pcopoa_d Ru1em_kln9 fo_ _rtlc.l_te Regul_t_on_ HIgh_y _uol ConBump_ion _lo_ell HIn_h au_ctorly

for He_vy-0uty Diesel Engines and Advance _o- R_port. Report DOE/P_/?D045-1. _S. Dop_c_mon_

tlc_ o_ Proposed _ule_ak|n9 fo_ Gae_ous _mI_- o_ Erl_rgy_ _eb. 190_.

sion _egulatlon_ _oc 19D5 _nd Later Your L_gh_- 20* M_MA _ac_ an_ _igu_e.° _o_t Vehi_le Manu-

Duty Truck_ _nd 1986 _nd Datoc Mo_el ¥ea_ fa_buce_ Asso_i_tlon of thu _ni_d 5_ates 0

_eavy-Du_y Engln_s, Public Do_k_ A-80-31 and I_¢°, _t_olt, MIch._ 1983.

A-80-18. U.S. _nv_onmental _otectlon A_ency0 21. Food _to_ CO. R_si_o_o to Rev_ed GaB_OU_

Wa_hln_tan, D.C., 1982. E_IB_Ion _e_ulatlon_ far 19_4 _nd L_te_ _odel

5o _otoc VQhI_I_ _anu_c_urQ_s A_ocI_t|on. S_b- _ar _|gh_-Du_y T_u_k_ _nd ll_avy-Dut_ EN_ine_.

mlttal to _ubllu _o0k0_s A-80-31 and A-80-1S. PublLc Do_ket_ A-_0-31 _nd _-80-18. _*S_ EnVl-
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_onl D.C., _982_ 19B2.

6_ Fo_d Mo_o_ CO_ Re_pon_e _o th_ _nvlronm_ntal 22. D_t Regulatory An_lys|s w E_Ico_mon_al _mp_cb

_a_oc_o_ Agenc_ on _h_ Control o_ P_culat_ Statement _nd NO x Po|iu_nt S_eolf_ _tu_y
EmL_si_ns f_om Ile_vy-Duty _le_1 Engines _n_ fo_ P_opo0ed G_s_ou_ EmI_|o_ Regu1atIons fo_

NO x Emlss_ons f_o_ _i_h_°Du_y Tr.cks and 1985 a_d L_r Hods1 ¥o_ L_ght-Duty Tr_cks _n_

IIe_vy-Du_y Eng1_e. Public Dock.t0 _-B_-31 _n_ 19_6 and _tQ_ _od_1 Yea_ JIe_vy-Du_y Engln_.
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Effect of a Noise Wall on Snow Accumulation and

Air Quality
J. KII|II%' LII)MAN

ABSTRACT

nol_o w_11 was Invss_lgated to _sso_B |is effect on snow accumulstion and air

quallty. Wind tunnel studle_ w0re u,dert_ken to evaluate (a] possible snow
_ccumul_tlona _nd [b) the di_per_lon of par_|culat_ conaent_atlons (dUStF smo_ew

and lea_ particles) and carbon monoxide. Full-_cala m_nltor_ng of particulate
_oncenttatlons a_d c_rbon monoxide w_s performed both before and a_ter the
nol_e wal_ w_s eon_t_uc_o_. The wind tunnel experiments for _sow accumulation
we_ _on_ucted On a mo_el wall located _n a £1att unobBtru_te_ are_. A separated
_low zone e_l_te_ u1_4lnd o_ the w_ll and snow Imme_latel_ began t_ accumulate
_ve_ _o_t Of the _eparated zone. _[_vi_ the noise w_ll lit a_ aerod_namlcs_l_
_o_h are_w suoh as In an urban area _s thlB o,e was. sub_ta_tiall_ d0orea_d
the a_ounb of Bnow Coll_oted_ comp_te_ with in the wi_ tunnel _tLldles. b_cause
of turbulence _uc_ng the sep_ratlon zone. The _now a_c_mulatio_ has not been
slgnI_Icantly _eater w_th the nol_e wall in place th_n it was before construc-

blo_ and has proven to be o_ no concern to date. Mon_toriflq _or particulate
co_ce,t_tlons ha_ _bow, that the no_Re wall has had a beneficial eff0ct be-

_ausQ the amount o_ m_te_l_l Collected w_ reduced. With the no_se _all In
p_ace_ mon_torlng _ c_rbo_ monoxide h_ _ndlc_tsd tha_ (a} _r equivalent

eml_s_on_ un_e_ cond_tionB o£ hlqh _tmo_pherlo _tab|llty an_ low wlnd _p_ed_
the c_bon m_noxlde levels wo_id be lowa_ I and Ib} undo_ _endltlons of lo_
atmosphe_lo st_llt_ and hl_h wl,d speeds 0 the _arbo_ mon_xld_ lovel_ would be
b_gher tha, expo_ted w|thout the w_ll _rl place.

Iowals first Type IZ (retrofit) noise wall has been and material will tssd to settle in this region, The

of_ectlv_ as a t_af_Ic nolne screen, llo_ever_ at a_ egtent to wblcb separa_10n o_cu_s depends p_inclpall_

inlti_1 public in_orm_tlo, meebl,g befog0 construc- on wlnd speed F wln_ _Irectlon_ an_ turbulence. Dn

tion had taken placo_ some c_nc0tn was expressed the hlghwa_ side Of a wall_ moqln_ vehicles _ea_o

about the e_s_t that the p_opo_0d nolso wall wou_d alr _urb_le_e_ thorau_hly mixing pollutant_ _r

bays on snow ac_umulatlon and air qual|t_ _}. An snow_ or botbf wi_h flowln_ air and _reatly reducln_

ass_mo,t of the e_ect o_ th_ noia_ w_ll On snow the _0pa_blo_ zones. On the res|den_lal _Ido of the

ac_umulatlon an_ air _uali_y _ th0 v|cl_Ity OE _he wal_i bu_idln_r vogetatlon_ and other obstructlo_s

wal_ i_ _Ive, 5, _his _aper. to _[m_oth1_ flow_n_ a(r c_eate turbulence. _galn

_l_re I IB a m_p sbow_n_ the locatlo_ of the mlxi_g afl_ p_llutants Or _now. or hothl wlth _Ir

_toject in re_st_on to the De_Molnes _etcopOlltan Elow and re_u01n_ _he _ep_t_tlon zone_.
ar_a. A _to@l w_ll was CoR_ruc_ed on the east _i_e

o_ the 1-235 Freewa_ ON a general n0_tb-_outh _li_,-

m_n_ between Ea_t_n Boulevard and Outbrl0 Avenu0 in M_TIIDtX_5(3_¥; WIND TUNNE_
Des Molne_. The wall _on_i_ o_ steel II _oam_ p_a_ed

a_ _6-f_ intervals wlth 16-1n. _y 16-_t cor_t_d A w_n_ tunnel _ a u_l and conveni0st e_e_im_tal

intec_ockln_ _teel panels attached to the steel facillt_ _or provldln_ an_ _ind speed an_ wind dl-
beams b_ _elf-tapplng s_reW_o _be_0 _toel panels are _ecblon _y rotatIN_ a mo_l of the object und_

coated with _ pol_vlny1flour_e _|Im _o make the Investlgatlon within the t_nnel. The _owa Department

wall c0t_o_io_ re_Ista,b. _ho wal_ l_ lr055 m long of T_aNsportatlon _onst_u_ted a model wall appcoxl-

and varle_ _n height 4 to 5 m along the major per- matel_ 6.35 cm blgh_ pl_ced St o_ a turnbablo 7_ c_

tlon oE i_s length. At It_ nearest ic_atlon_i the In d_amete_. _nd i_talled it in an Iowa State Unl_

wall ID i to 2 m _rom the shoulder _f the hl_hwa_T v_slt_ wind tunne_. M_eri_l representlng _now o_
tbere_orer a _u_drall i_ required on the highway _nmke as pollutants wa_ Introdu_ed near the model

slde Of the wall. The ba_kyard_ of nume¢o_ ro_i- _all to pormlt vlsuallzatlon o_ the alr flow an_ the

denc@_ ar_ adj_em_ t_ the w_ll. pattetn_ of d_Iftln9 snow. A schematic of the wind
_unnol an_ m04ol _o_ the o_perlment_ Is _bow, in

_Igure 3.

Aarodynamlcs _E a Wall

Accotdln_ to _erod_.namic theory1 air _io_ nenr _n WIND _UNN_L ST_DI_S OP T_I_ _P_CT O_ A SDL_ WAL5 ON

exposed wall o_ the downw_n_ aldo i_ said t_ separats ACCUMUlAtinG S_OW

_nd form a_ro_namlc o_dles an_ c_v_tles that ma_

_oncentr_be airborne m_o_lab _b a_ _,ow or pol- The mode_ o_ the wallf as previously described.

_utan_ in locallze_ re_lon_ as shown in _l_u_s 2. spanned the entlre wind tunns_ floo_ and tbu_ the

On the upwind sldeF a separated _o_e _Iso _xlu_ I _xperlment_ _ep_esented _ twD°dlmenslo_al flowj that
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Location of Project

"L i

_)1 I_

-} I

FIC, UIIH 1 I,lealion ill the noiie wall llroje¢l,

Horizontal Veloclly Profiles

- --...--

Hlgnwa 7 Wall PQIlUlQnI Enlraprnenl Cavil 7

I:]SUliE2 7_tllcilyllrl)filel, I_litel IJlIwlnilofwlittial'll'_ofIIlllollr_lliirll
t_llcni exigli alill Ilow _¢_lernl_l. I)owillilul, nn lullerl [Ifflllli'f _allienl

i!xlil i ihilln l (le_lerallllll, Niiw lteli_rntl'll lit lop o1"liitl I lluw lel fl'l_ll I iiid

!lerlld #lillnilc elllllel llie IOflUed, $ile of _vtiy ii ilellnllelll lln ltliill ille_ll nlul
lt_lllll illrecllnn,

isl the results were slmilar to thQ s_ow accu_ula- 2e0t _Ifte_ mata_la_I a_ai_ e_ent_al_ to a dtiSt
tiona [eB_ttn9 f_om t_a cent[a1 port,on o_ a very length O_ _0 tima_ the wal_ hal_h_ (_a_es D. _ver_a_l
lon9 wa12° The mo_ _lty wae not u_e_ 5or the_e unpublished _ata_ 10/2/79). Iloweve_, tha experimentB
ax[_l_a_nts. Tho win_ _l[ec_on wa_ no[ma_ t_ the w_e not co_tinuo_ _on_ _nou_h _o acoumulate _ch

wal_ and wind speeda 5o_ Experiment _ waB 4,9 [_aec leeward drift. _lgu_e_ 4 and 5 sho_ the Cl_ewl_o
an_ foc Experiment 2 was 3.9 m/aaa. Pull-_oaSe wind a_cumu_ation o5 driSt a_e_ in plan. A _eEarathd 51ow
spaed8 wo_ld be th[ae timu_ tho_e v_ue8 an_ Co_ta- exists _pwin_ of tha wal_ an_ l_o_l_tely materl_
s[x)nd to 3_ mph a_ 94 mph_ [_Bpe_tively° _ta[_s to accumu_to _v_r tnost of th_ separato_

Haa_y al2 o_ tha anow accumulation_ wa_e de- _onel dam_n_trat_ b_ the Hharp lnctea_a in pl_
po_ltad on the windw_[d lupWindl else _5 the wa_l, a_ea 5o_ e_[ly tima in _igure 4. _ Bhown i_ Flgura
which l_ typical o5 a _all eoLi_ wall wlthou_ a 4, _ate_laL accu_u_a_e_ _o[e rapidly 5o= the higher
bott_ _ap° Eventually, t_e apace to windwa_ will wind npa_d_.
_lSt full to n windward drift length (no[mal to Figure 5 show_ the accumulated upwin8 8fiSt are_
wall) o5 appcoxima_e_ _0 timae tha wa_l heigh_ an_ ae a 5unction o5 dimensionlesn tit_e, Note that the
then the leeward (downwthd) _lde wl_ start to cel- data from the two dl_Sarent win_ sFeode e55ectively



Lldman B1

J

FIGURE _ Sche.lat i©of :_hld hmn..l a.d .mdt+l for eXl_erime.t i+
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FIGUIIE 4 11mew;eeaeemnubtion of dHfpsre, in plan.

_ollapse into one curve. The carlos of full-scale to CONCLUSION5OF THE EFFECTOF A SOLID NALL ON
modal time for the two experlment_ ate predicted to ACCUMU_TING SNOW
be 9*93 fo_ Run 5-23-1 end 10.04 foc Run 5-23-2.
Thu_, RUn S.23.1 cofresDond e t0 a full.scale 8eo__ The Wall 15 located in a relatively fiat utba_ area
with wind speeds of 32 mph lasting 5 hr, 18 min and consisting of many buildings and a _Ignificant 4_ount
Run 5-23-2 corresponds to a steam with wind speeds of vegetation, including many trees of substantial
of 24 mph lasting 6 hi, 22 min. size. 8n0w accumulations have not been a conaern in

Although the experiments were not conhinued until the 4 yea_s since construction of the wall. Ap-
equllibtls_ drift oapaoityt a significant acount of patently I the turbulence created by the aerodynamic
drifted material was a_ogmglated _pwind of the wall, roughness of the area and the moving vehicles on the
as shown in Plgute 6. The experiments correspond to freeway have prevented any substantial drifting, as
a wall located in a flat unobstructed a_ea. Placing might be expected £rom the results obtained from the
the wall in the middle of an aerodynamically r0u_h wind t_nnel experiments. A number of snow storms
area wo_ld decrease the a_ount of material do- have crouched In the _eB Haines aces _l_co construe-
cumulated, tlon o_ the wall, although probably not of the In-
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FIGUBE $ Acc.,t.flated upw].,] dri[l are_ al n [im._[ioll _ f d],i,en_i..l_n tinl_.

tanslty modeled in th_ wind tunneL. The wind tunnel oxide of nlt:Rent leadl and other po_tlculates--

rQ_tlltn should p_obably be conaldered a c0nse[v_tlvQ p[i_ily dust and Br_ke. A steady stream of moving

basellno o6_at_ o_ what could b_ posslble undo_ vehLcl_s on a highway con_tLtu_ a llne source of

ex_rem_ tend|floes, t_eso Po_utantn. The ai_ tu_bul_nce 0r_a_ed by the

moving v.hlcles thoroughly mixes the pollutants with

air. The reglon wh0_ this _uts is o_led the

W_KD TUKNEL STUD_E_ OP TIlE EFFEL_ OF A SOLI_ W_LL ON mlxln_ cell_ the limi_s o_ whlch ar_ dQ_thad and

A_R QU&LI_Y confl_m_d by studlen to be approximately twic_ th_

h_i_t of _he averag_ vehicle in the v_hlc1_ mix

The model o_ the w_ll web place_ In the wind tunnel, {_pproxi_atel_ 4 m), the width of th_ highway, In-

a_ _ho_n in Figure 3. sr0ok_ was intrlx]uced into the ¢_udln_ medlans up to 9 m wlde_ and 3 m o_ each _i_

tunn_l n_ the _od_ to per_i_ vlsuali_atlon o( the o_ the hlgh_y ta accoun_ ro_ horizontal turbulence;

flow_ guallta_ivo t_stln_ was then por_ot_ed at t_e ambient pollutant level is _cluded. Th_ uniform

v_IouB Bp_eds and wind dir_ctlons. (Mod.ln o_ w_11-_Ixed pollutant #ounce contained in the _Ixln_

buildlnqs _er_ located within the t_nnel upwind of c_11 i_ than dLnporsed dOwnwind. Thi_ definition of
the w_ll to ¢_e_te turbulence that is _ound in a the mixln_ ce|.1 i_ shown in Figure I_ fo_ a t_pical

t_pical urban situ_tion,) A _um_e_ o_ p_oto_phs carbon mo_oxide c_c.nt_atlo_ level p_tta_n.

w_re t_ken! exa_plen are _hown in _ig_re_ 7-i_. In Monlto_Ing fo_ carbon _onoxlde e_t_ile_ th_ uB_

_n_Eall thQ _iow patte_n_ as _eplct_d in_ Fi_e 2 of fo_ por_abl0 c_tbon _o_0xi_ monitors cnlib_atad
wa_e confirmed w tha_ ISr aerodynamic eddies or u_In_ thQ D_sMOln_ nondlsp_Ive i_rared r_onlto_-

voctlc_a and cavltleB ate present dow_w/nd o_ a wn_ i_q uni_, A meteorol_Ical biv_ne w_ _Bed for wi_d

unde_ certain condltlons_ therefore I _ntrnp_nt and s_od an_ wind dlt_ctlo_. St_Ip-_ha_ _ecor_|n_

c0ncen_ra_io_ of po11utantB naa_ w_ll_ ate _ distinct innttu_onts we_0 Interfaced with th_ _enltors and a

p0_Ibility_ espoclally fo_ certain _ind spoed_ and clin_t_-cont_olled trailer web u_ed to _aus_ the
wind di_ectlOnSo In_ru_egtatlon,

Prc_onstructlon _o_itorln_ foe carbon monox|de

b_an an 0uly Ir 1979. Th_ c1£mate-cont_olled t_iler

AIR-_UALZTY _OKZgO_ING was posltioned ne_ the aldpoln_ o_ the proposed
noise _a11 loc_tlen. Th_ intakes# c0nnected tQ the

Beca_s_ the wind tunnel Btudle_ Indicated a pe_i- m_nltorln_ _ni_fl with polyvlnyl tub|n_I w_te located

b|llty o_ in0r_ased air pollutant _oncent_ationB at th_ _i_ht-of-_ay _nce--th_ proposed looati_n of

when the wall w_s in pla_ an_ becaus_ o_ the con- th0 Wall--and at dlst_ca_ of 5_ 15_ end 23 m f_o_

cain brought out at the Lnltlal public Information the _ence _t a helqht of 2 _.

meetln_ tha_ the wall wou_d hav_ an adve_ee e_fe_t In addltlon to c_bon aonoxlde di_e[_iO_r par-

on _n_a_ alt [_ovem_ntB _nd di_petelon of exhaust ti_ula_e (dust, s_ok_, _d 1_ad pa_tIcle_) concen-

e_i_io_s from the _-235 Preewa_ a sm11-scale _e- t_tlone _ri_Ing from the _reew_y were a1_o o_ C0n-

•_atch pro_ect was p_oposed to ronito_ the air tern i_ relation to the e_fects o_ the n01se wallo

qualit_ bo_o_e and a_ter _onst_ccion and to eval- This t_p_ of pollutant w_B meae_ed by two hlg]l-v01-

uate th_ requitE, ume s_pl_ t _n instrument that dr_wB a 24-hi Bam-

The primary ai_ po_lutants _rom the internal p_o of knOW_ v_lu_e through a _ilter o_ predetermined

_or_buution en_In_ are carbon _o_oxld_ h_ocarbonst w_i_h_. The amou_ o_ pa_ticu1_tes retained on thi_
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i_lhtl_.l eltlr_l)lllenl *'*avil)'. Nl_h_: I"hlw is le[I h_ ril_hl _1

al)l_r_i,ml_ly .h_ ih,_PP_ with r_'UllL'_l I. wall. l'_lh_t a.t

l_l_[Jl{ I_ 8 I_lLle NI). 21 _/l_w +_Fi.(.h,I w_l] ,a*_dIllmhll)h+ fr_ll* rrtlra_)zl]rz_l _t_ily _mn I.' _.l,rt _ _ _hilr i'h..I r.._tr CPtlh_r +it
h_l) vIew]llg wiltth)_. Nc_le: _:X(_wi_ [rml* h)_Pr r]ghl _'c_r*ll+r h_ [ih.h)l_ph altd j._l ih_l_ illtl _f "_,_]1. _1al.hlm t.+llhm. _c_rl]rP_.

.l_l_r Idl c_.rm." a.d I_ a]ll_r_h.ah,I) ¸,I,_ (h+_+'r_ _tl_ r_.l.','t hi m.rc.lyt*z.l_ie e+hli_'N, m.I t]l_w _._ er_,*tlaz_ in_li,'llt P_l h) ¸ Ih,' _ i,l+, -f

vh_wi. _ .'h.h_w i_.1 IN+re,c,. I. the .lll._r ril_hh Ip_N¢I_*ll_' Iha. i, c'_vil F ) i, n._vi,l: m_ifi_m_l)'.

fi%t_t w_ convetto_ to tho _onco_tt_tlon pot cubic The monitotin 9 Imit_ Woto i_ contlnunu_ opotatio_

met_ of Ai_. On_ B_mple_ w_s Ice,ted 5 m from th_ f_om _ul_ 1 to Octob_ i_ 1979. Construction of the

_Qht-of-way f_nco _nd _ _e_on_ one 15 m from tho _oi_o w_ll beg_n £n M_y _9B0 _nd wa_ compl_t_d _n

r|ght-o_-way fence* July £980, A£_ qlml£ty mon_torLng w_ rosumed |n

Th_ _eteotolc_c_1 bLv_n_ to mo_uco wln_ _peo_ July 19B0 _nd corltLnuo_ through _eptembo_ with the
and wind d_ect|o_ w_s c_llb_ted and Lntot_cod _oLso w_iL _ pl_co. Int_ke_ fo_ th_ c_rbon monoxide

wLth _ strip ch_tt _ecorde_ _o_ continuous monitor- _nL_oc_ng _ystem wor_ iocatod on the h_ghw_y _£d_

Lng* llou_ly mot_o_olog|c_l data for the monLtorL_g o_ th_ noLse w_11 and at _L_t_ce_ o_ 5_ 15_ and 23

p_rLod we_o _i_o obtained _o_ th_ llat_on_l Woathe_ m _com th_ _o_L_entL_l silo o_ the w_ll _t n h_|ght

Se_v_c0 ice, ted _t the Dos MoLne_ Mun_clp_l Airport, o£ _ m e _Imilar to the p_sco_truct£on layout.
The5 l_tte_ |nfo_matlon was to bo u_d _ _ check o_ M_teocolOglca_ _n_tcument_tlon w_ _gaLn p_t in

thn st_dy-_Lt_ wi_d d_t_ a_d a b_ckup _ource for _urvlcuf _nd A n_w ao_le_ of part,curate _mp_es wa_

thoso _a_A Lf th_ _tu_y-nLte dat_ i_t_ument_tlon IntegrAted with tho natLon_ tot_l 8u_pon_od pa_-
_led. Tho_e d_t_ Wo_0 une_ to detocm_ne tho degroo tlcul_ti_ (TSP) monltorLng sch_ulos.

o_ co_rul_tLon botw_en the measured tr_£_Lc-_elatod Xt _ooN be_amo _pp_nt that both tho 15-m c_Eb_n

pollutant levols an_ the wlnd p_m_te_ _t the mo_oxido monLto_ and th_ 23-m monltoE woro in_u_LnQ

_t_y _to. T_a_Lc d_t_ we_o obtaln_ for 1-235 i_ontlcal and vory low conce_tr_tLon_+ Con_quontly+

du_Lng the _on_to_L_g pocLod, thQ 15-m Int_ko w_ ellm£n_te_ _n_ the 23-m unLt



Lid_an e5

• 10 FI on Each Edge

Note; Total concentration = ambient level plus pollutants from the highway line sources,

FIGUIII_ ] I Typiea( tlallem, f carlm, mmmxide ceneenlra liell lesel.

continued to measure what were considered background from the right-of-way fence or the wall (Table 3)I
carbon monoxide levels for the study ares. Trafflc for 1980 and Honitor 2 (_ablo 4); and for 1980 and
data for Z-235 and hourly meterolog|cai data for the Monitor 4 (Table 5). The dregeency and the overall
monitoring period were obtained fgom the National percent of the specific occurrence for wind direr-
Heather gervlce as they were for the preoonstructlon tion and a given carbon _ono_ida range of values are
panicS, given. The intake for Honitor l, located at the

right-of-way fence in 1979 and at the top of the
wall on the highway side in 1980, does not provide

STATISTICAL ANALYhIS Op AIR-QUALITY DATA useful information for comparison because of the

Table 1 gives the TSP monitoring data for the pre-
coNst¢_¢tlon and pOsb_onstructlon study perils. AO
sbown, the mean TSP at 5 m from the wall WeB found TAIH.E I 'rSl=Mo,ih)_llgl)ala filrl_n_cell,lructienand

to be 82 micrograms/_ I before aonstcuetton and 79 I'e_leoll_l_h!lias _tl,lyl)erJe(_|

micro_ams/_ _ after construction# which is not a
81gn_ficant difference, _OWSVe/, at Id • from the [S])Ct)ll¢¢nlr_liOll(llli¢fo_fanl_/013)

wall the mean TaP was 76 mlorograms/m I before S=11from 15 nl frlllll
construction and 65 micco_rams/m I after ooflst_uc- I)atcColle¢l¢ d Ri_lll.(>f.Way/Wall Ri_lll.Of._ayl_al I
tlon. ^ statlsticai analysis Of the data indicates S

significant diffelence foc the ratios of the 5-m 07"08"7'_ 7_ 77

Values OVOE the 15-m values fo_ TSP before construe- 07-20.7'1 II_ 12L
tion a_d afto_ co_st_uetion. The average [aLia of fl7.26.79 _7 _5
the 5"_ values ove_ the i5-m values for the 1979 CS-OI.?g I_l 67

preoonstcuction monitoring pecic_] was found to be 08-07.?_1 113 ]02
1.07_ and the average ratio of the 5-m values _er 0H'13 "7_/ ](12 e7
the 15-m values for 1980 (oc the poetoonstruction Oe-lg.Tg 42 51

nH*_3.79 t/2 70
period) was found to be 1.22. Thus, the difference 0a*2_.7_ (d 63
In the average ratios dot the two years is 0.15. At 0_.31.79 68 t._
the 95 pc[cent ccnfiderloe level, the range ie 0.13, 09.06.79 70 (=6

and the upper-level difference is 0.28 and the 0v.12.79 a3 u4
lc_er-level difference IS 0°02. This lmpilee a bane- Og'[8*7_ 12_ 124

0'J.2.1-79 t_B 72
ficial effect of the wail in retarding the diaper- ()913_79 E? 91
sion Od ps_tic,lates from the highway to the east- 1_04.79 b? _7
Bids residential ages. The monito¢ farthest fro_ the (Wallcossl/;iclldJun¢ 19_0) _lcan= 82 Meal1- 7_

wall_ the high-volume sampler 15 m from the w_ll end 07-2_0 44 35
_earest the £e_idence_ shows a so_ewha_ lower Sea- _'01'8(} 7e 67

80 6708,07,H0
sonal average concentration with the wall in place, 0H-I_.S0 _'_ 51
The indications a_o that a portion of the tran_por- 08.]9._0 76 62
tation-related particulate _atter from the 1-235 g_.2s.so 96 _3

Freeway quickly settles near the resldentia_ _lde of Oe.31._o _'_ 2h

the wall, its furthe_ transport being limited to a 0v.06._0 _K $709, L2,_0 *)6 71
degree by the effect Of the wall on air movements. 09.L8.80 9,j 57

A sununacy Of the observations for carbon r_oxide 09.24._0 _tl 7 I
by wind direction is given in Tablee 2-5. A statle- 09.3_K0 7h 85

tical matrix is given dor 1979 and Honito_ 2, the t0oe,_n 13S I_
monitor 5 m from the _lgbt-of-wa_ fence o_ the wall 18.]2._0 HJMean • 79 MCa_. aS
(Table 2) 1 for 1979 and Honitoc 4, the monito_ 23 m
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%lilLE 2 A_ei'lle Ciirhss _Iolloxhle al _Ionilnr ... (lilillll slid TMII.E .| Alerii_l! (_!lrbllll Moiiolillc _1 _lOlllhil 2 {llllln) ilild

Avi'r al4e Whld I)lreH ilin i,.r Ilour Alelage Whld liireellsn per Ihlllr

lind Ilile¢lion Wiml I)ir¢¢lion
AvI at .%viiat
Monitor 2 I_lll Well C_IIII TIIIII i MOllilOr ._ ]lilt Welt Calm TolaI I

Ors I pplll 010 I ppnl
}_r¢llU¢ilc7 H92 }60 14fi [.ld_l I:rcq,ency 822 Inll 3l_ I,(i51_
llercenl 32.q8 13..11 _.40 _1.68 llelechI 50.t16 12.28 .*.J 65.47
Row percent 63.81 25.75 I0,44 Rnw _efeenl 77,K4 liL75 33 I
('olulilhperceni 57.03 43.0l 411.03 CalUlilrlpeleenl 71.92 _2.38 39.13

ppln 2 pliill
Freillleney 568 3_i 106 1,05_ I:rcque.cy 237 1_3 24 3_4
lllleenl 21,00 I4.09 3,112 39.00 [Ifrceh I 14,gatl 8>25 1,49 24.4.1
Raw per¢¢nl 53,114 36.1 I 10,05 Row pflC_hl I_0,1_ 33,7/i 6,09
COhlmn pclcent 36,32 45.52 3487 Coltlnlll pe/een I 20,73 .1_, 19 2fi,(]I)

3 ppm 3 ppln
Pfeqitlfl¢_ 89 _7 40 21 fi I:ffllllency 70 J _ I _ [ 17
Per¢ln I 3,2q I,_2 1,4t 7.99 ]lefcrnt 4,J4 2,J7 0,74 7,25
ROW 1leree;n 4 [*_0 ID,_{ J_*_ Rill' It_feenl 5il,8 J 2_L91 1026
Callmln peree_t _f.6,1 10.39 I J.ll_ _oI illll n pgr¢©rll fi 12 9.26 IJ.04

4 Is _ pplll 4 Is _ pplll
Fifq ulncy I_ 9 ]_ Jb I_feqllen¢_ ]3 7 ]$ 1
llerceln O._S O.3J 0.44 I.IJ llefcent 0.SI 04.1 O.gJ 2.17
ROWpficenl 41,67 2_,O0 3_.33 Row p¢leenl 37.14 20,OU 42._6
Coioilt n pelc@01 O,lJl_ I,O_l J,iJ_ {'ollinlll pfre©n i 1,[4 [,_l_ 16,}0

Total _ >t, pplll
FroqillllCy ]/_64 lLl7 304 2,7fl_ Frequency I $ $ I I
I'ereenl 57,82 30.94 I 1,24 100,00 Pereen I 0,06 0,3 I 0,31 0,68

lIOud I1¢1Sill [ tJ.DiJ 4_.4_ l_.4J
Nulll I_lle dill. I_tRumhpef_flll 0.0 il I..1._ _.4.1
I._mi lallli off bYO.oI d.t h_i ollliJhiF_ Tolll t

Freiluen_y 1,143 Jilt II2 I.fil_
llef¢_lll 7(h[6 23,4] _.70 ](]0,00

NOlll I tile dill*

TAIIhE _ {ltefil_e Car lie n _lls no xlile il M Slilhir .I (p|lill) anll i_lml lillltl _lf hi °'°1Jul ill rliundinl_

Average Whirl Dlre¢li0n per Ilour

It,d l)itccilon 'I'AIILI_ 5 Alerfe _arisin _llOllOlide al Monilor .1 (lllllil) lnll
Avll it /Ive¢llle Whlll lliiecllinl per Ihiur
MoMlOt4 [_aSl Will Ci[in ToIII i

Wind Dile¢liafl
01o I pPI AVilI

Irrequeney 1,3011 620 201 -,I'q Manilor 4 Earl Well Cairn lblal I
l'ereUnl 48,70 23.01t 7.4_I 71J.26

Row percent 61.44 .7.1. 9,44 0 to [ ppnl
_O[UIlll_ pelC¢ll I ll4._O 74,34 6fi,12 i_riqtilne_ iliJ_I 3_g _4 l<378

2 ppm ller ¢¢_t 61,69 ._0,40 3.35 1t_.43
Fr¢q llellc¥ 214 [l_ 7J 41_._ ROW percent _.,.1 _J .l_ll ,I,IJ_
Percent 7,117 7*26 2,72 17,04 COlllllSl pf ffcfll 1_7.05 87,n 4 _8,7 U
I_oW pelc¢lll 44,40 40.46 15.15 2 pplll
_o [llllSl p¢leenl I },4_2 2J,.IK 24,01 i:lf/llieney ] _3 23 22 Ill_l

3 PPIII Pereenl 7,65 1,43 1.36 10.42
Fleq Usilty _0 I {I 28 64 RoW pereelll 73.21 1.1,6'i IJ. I0
llefcenl 0,74 0,60 1,0'1 2.31 Colnmn percen t 10.76 fl,O_i 23,9 I
ROWpef¢¢lll _1._ 2_,00 4_*_ 3 ppfft
_ohinlrl pcrCfnl [,2el 1,92 9,21 I:leqllell ¢7 II 8 I_ }ll

4 to $ ppm l'creent 1,12 0,50 0,74 2,36

Frequency 6 3 2 II Row percent 47,37 21.0_ 31,_
_" 2.12I'¢rceni 0... 0.l I 0.07 0.41 COlllnni I1¢I¢¢111 I._7 13.0+1

Row percent _4.55 27.27 18. Ill
Column perC¢llI 0,_!1 0,30 0,66 4 RI ._ ppnl

TOllli f:lfilil_llcy 7 I_ 4 2,i
Frequent F h_48 834 304 2,6_i_ Iler¢¢nt 0,43 0.81 0.25 1,49
Percent 37,63 31,0_ 11.32 100.00 ROW PilCffll _l),] 7 54,17 16,117

Clll Unl n pcf¢¢nl 0,61 }.44 4,;1_
ill p_llll

N_Iil I 9_9 ill ti. JlrflltWncy 0 $ 0
iS_I_ hSill off by O.OIdu_ lU/l_undlal peleenl 0,00 0,31 0,00 I),3 I

[loll percent 0,00 100.00 0.00
Cohinln pfleenl 0,00 ]._2 O,OO

TolaP
Flail U¢l_cy 1,143 37el _t2 1,613

_hange in position of the in_ako. _herefore, Honitor Percrnl 7086 23,43 L70 100,00
2 lnformahlon/ where the intake is 1echOed 5 m from

ch_ wail or 5 m from the _t_ht-of-way fence in the N°lil 1910dlll'

pl_eoon !__r u_ t _.on philtle i ill the one oh ol] ei_ _o_ the I_'_llll toll]l elf hF @.oIdul Ill Itm.dlnl
c_pafison lll:udy* A11_oi th_ tntake_ of ¢he monitors
ace do_nwin0 from the 1-235 Freeway only for _est

winds. Ihe/efotee only _e8_ winds are consldeled l_ and hlghe_ for the hl#he_ carbon monoxide ranqes.
the foilowln_ analysea. For ex_lple I In 1979 43,01 percen_ of the west: _lnd_

In competing 1979 and 19_0 da_a for Honltor 2 a_e in the 0 to 1 Port_ per million (ppm) range, and
(Cables 2 and ii for we_ winds I it ea_ be _een thag 1_ 1900 52,3_ psfoe_ of the west _lndl are in the 0
the peEcs_t:ageB tefld to De lowsr for the lot@f c_Eb_n CO 1 _pI ¢_ngs. IlOW_Vefl ill 1979 4_.02 pegoJnt of

_onoxtde _anges in 1979 compared _lth those in 10801 Che west winds a_e In the 2 ppm _ange e _her_as in
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ln_ th_ mixing CQll on the highway etde undor th0 REFERIZNCE

QondltLons o_ law wind speod and high atm0spheric
_tabill_yo Convnc_elye as the atmosphotio Bt_bility 1, An Iowa NolBo _ar_10rl Sound Level0 t Al_ Quality
IB decreased ot th_ c_o_wi_d spe_d io lnc_ _nd Public Aaceptance, Iow_ Dep_tment Of T_ns-

beyond a _u_in _evo_ for we_ wind_ and equivalent po_tationl AmeBr Fob* 1983_ pp, 4-6,
em_aionB_ or boEh_ _h_ a_tb_n monoxld0 lovol_ _e
h_hec when the _oise wall iB in place, T_ls sup-
poses that _ hl_hec-than-expect_d concentration of

_rbo_ _onaxido is occu_ting n_ar _ho w_ll because Publication o_ this p_p_ spon_o¢_d by Cor_nittee on
o_ _rod_namlc entrapment, Transportation and A[_ Quality,

Caltrans Experiences with Earthborne Vibration

,_IAS llATAINO lind IIUI}I)I.F W, III",N[)I|II_._

ABSTRACT

An OVerVieW of vibration l_veBti_ationB performed by the C_ll_o_nia Depattmen_

o_ T_nspotta_lon _lnce 195B i_ p_esen_ed. Th_e l_ve_tiq_t_on_ involved _-
su_em_nt of e_tthborne vlbtation_ induced by highway vehicle_ con_t_uction

_q_lpment. and train p_sbys_ All o_ _he lnvestiga_ion_ indicated vibration

leve_ below the c_lterion established for architectural _amaqe (p_a_t_ cr_ck-
l_). H_w_vet I pile drivin_ and pavement b_oakin_ were po_e_tia_ p¢oblemu a_d
• onl_orl_g was su_ed for the_e _ttua_lon_. Two c_se _tudies are _1_o pro-

_e_ed_ one on _ train pa_si_ near a m_chin_ Bhop _nd _ B_cond On • new _[0_-
w_ alignmen_ near a man_acturin_ pl_nto

Since 19581 the California Department of Transpotta- velocity (in ln./eec) is used _ th_ de_criptor £or

_ON (Cal_tans) h_ conducted mo_e than 40 l_ve_ti- Ca_t_ans _udies. P_r_i_le velocity _s _urthe_ de-
g_t_o_ o_ e_r_hbo_ne vibration_ induced by con- _ln_d to _e_n _he ve_ic_l velocity at which the
BttUC_On equipme_t_ highway v0hicies_ _n_ _t_in _ol_ pn_lc_e_ o_ o_her m_te£i_l_ vibra_o _ocally a_

pa_sb_s. All o_ thes_ investigations were po_or_ed opposed _o _he propagation velocity o_ vib_tiox_s.

bec_ of co_p_al_tn or concerlls _h_u_ adverse The l_t_er _s _ho speed _t which vibc_ttons travel

_mpacts on _ctiv_ie_ inside bu_lding_ o[ d_maqe to through _he _aund aw_y _rom the _urce_

buildings. E_tthbor_o vibrations ate caused by con-
_t_uc_lon ac_iv£ties from p_le drlvin_w p_v_ent
b_eaking# _nd _vlng cow.true,ion equipment. Vlb_a ° GUIDELINES PeR ASSESSING IMPACT OF EA_TItBORNE

_lons generated b_ highway truck _r_ia become _ VIBRATIONS
prob_Qm when the p_ve_en_ IB rough (pothole_) or
because o_ stepped _oin_o T_n p_Bshys _1_o cce_t_ He 0ingle _tand_d exist8 for asse_01n_ the leve_ _
ea_hbo_n_ v_btatio_B° which o_r_hba_ne vibrations will c_use _nnoy_nce to

Presented l_ th_s p_per a_e some _f the fund_- people, c_use _cchite_t_al dam_ Ipl_nto_ cr_k-
menta_ of e_thbo_ne v_b_tions, guidelines _o_ _n_l_ or be disruptive _o preal_lon operatio_B°
_ses_lng _hel_ impact. Caltran_ _xp_rie_ce_ over 26 Ilowever_ T_ble 1 0how_ guide_ln_ velocities (in
year_ and _ome c_o hl_o_le_, ln./soc) _om v_lou_ _ou_ces. Calt_anB u_es _he

_uide_lne_ e_abll.hed b_ Whiffin _nd Leanard o_ the

Ro_d _so_rch L_bOr_tory in England (11)°

F_DA/_ENTALS OF EARTHBOI_E VIBRATIONS
Inst_ument_tto_

E_£_hbo_ne vibta_lon_ are mainly fro_ P-wave_ (com-
_e_s_on)_ S-w_ve_ (she_)_ and Raleigh w_ve_ (_r- The followln_ lnst_ument_ were u_ed to collec_ vi-

_ce), The Rale_ waves are generally the probie_ b_atio_ d_z
and _e uBed by Caltran_ _n its _udie_.

Pe_k pa_l_ie velocity within th_ _anq_ of normal 4 _ei_r_m_te_ (Klneme_lcs Range_ SS-|}
oarthbor_e v_br_tions Correlates be_t with _cchitec- 1 _lgnal condition_r (Ktnemettic_ SC-1)
tubal d_mage _nd l_tru_lon_ wh_r_ae acceleration _nd 1 _raphic l_vel _co_de_ (Cl_vt_e Dcu_h

81_p_cement do not° The_efo_ef the pe_k particle 16-2300-00). oscilloqtaph
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(.OIiQ p©=k)
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E.|| • | _ within the range of measurements of sarthhorne vl-| bratione induced by transportation vehicles. Jumping
..... "_--"o_ "_o---_A#_HITErTURAL_ in a roam generates vibrations that are potentially..... --l---J--. .... I-_u "EiEvEL.

.1| / damaging; howeverl the large amplitude vibrations
b J • p•
X,Ote411Tn_;lOmtEVlt • , • ' _ _ssulting from _umping ar_ localized end generally

e._* -- "- do not affect the entire building as earthb_ns

-_•o i vibrations do. ThuS, although the Potential for
causing vih[atlons is prssentl it in confined to aI

• r • small specific area and the probability of damage ie
therefore reduced.

Ea_thborne vibrations appear to be an improbablecause of azchltectuoal damago. For zesidential con-
.00|tEnciPll_N_ 9 structlon, the cracking of plaster wallSf ceillngs_

T : Q • , and exterior stucco is generally caused by founda-
tion settlement, alternate ahtlnklng_ expansion due

to moiatu[e and tempe_atursr and earthquakes.
'O011 5 IO |O ID_

DISTANCE - FEET

FIGUIIK3 M_uurems.tse[v]br_tienairlduredi)y CASE STUDY 1: VIBRATION S'_JOY AT KAISRR

¢onalnlelJQn el]u_pmenl,
On Decembe_ 23, lg801 vibration _easurements were

made at the Kaiser Aerospace and _lectronics Com-
pany, located in _an _eand¢o, CaliEo_nia (Figure g)*

damage, frowsy•r, vibr_tlons from pavement-breaking ^ railroad drill track was to be relocated close to

and pile-driving machines are potentially damaging the Kaiser Aerospace 5uilding. The initial study in
_nd should be carefully monitored _hen working close 1978 indicated that eatthborne vibrations from trains

to sensitive receptors, running o_ the proposed railroad track would be
insufficient to adversely affect Katssrls precision

Measurements of Vibrations Induced by Trains machining operations _or the aerospace industry. The
ralltoad track was constructed late in lEG0.

f/guts 4 shows a plot Of earthborn• vibrations in-

duced by trai_ passbya versus various distances from

those pa_sbys* All of the vibration levels were below IAC#11[ lifilli

the architeotu_al damage level of .1966 ln./seo. _-_ [_

In-House Vibrations ..--1_ ]

floral activities associated with living in and iUILOIN_ WlLi_

maintaining a home give rise to vibrations that are, lO' _ _'
in some instances, capable oE causing minor damage ---_--_ _.

to plaster walls and ceilings in localized sections --_--,--_-_
of the building. Vibration levels of various activ-

ities measured in residences are shown in the fol-

lowing table. I!.I:_:H:IH:H:I:I:I:H:I:H:[II:I:I':
velocity FIGUIII_ 5 I'hul of Ksl_r )=lasl.

_tlvlty qis./sec)

Washe: and dryer .004 to .OrS
Walking *OOE to .if7

Door eloslng .Ol0 to .056 On November 14, 19BO_ Kaiser Aerospace approved

J_mping .21g to 5.000 the dpeclEioations for _chino Vibration Btsdy r an
in-house plan for evaluating effects of trains spar-

All Of the vlboatios 1ovals except jumping ace atlng on the adjacent railroad tracks* Th[_ plan

Includod things such as isstr_entatlonl machining

specifications, and actual cut_ on materials while

the ttaln was oper_tlng on the t_acks, _oilow-up
measurements of vibrations were made on December gl_

IgB0 r to eval_ste whsths_ Kaiser's concern abo_t

oarthhsrne vib_ations indocod by t_ains running on
this track was valid.

Caltrans perscnssl observe_ Kaiser's operations

but Could not detect any adve=se effects from ttaln

oporation. Figure 1 show_ the distances and loca-

tions OE the TtansLah sslsmometets that ware used to

measure earthborne vibtatlons from the train to

Machine 386 and Machine 553. Measurements were made

while the machines were making cuts without the

tcaln_ with the traine running 5 to iO mph I and

during a coupling operation (Tabls 2)* The tcaln

consisted of one locomotive and five fully loaded
COKS_

------ A_alysls of the data indicated that eacthborne
'00tl 5 10 50 1@a vibrations from the train to Machine 396 and Machine

DISTANCE - FEET 553 were slightly lower than reported during the

I:IGUILE4 Meos.re.]entsn[vibrsih.ilisduced first study. The concluslons during the first and

_ytraillS, cu¢rent study indicate that earthborne vlb[atios_
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TMII.E 2 Kaiser Aeroleeh Smnmary o f VilJr•tione

I'eqk Vortical Vrlndty {in.liar)

M;ic]dn¢SS3 _fachln_ 3H6

rnshl_ (lulsid_ Inilde t)tlllhIc

M_chlne _ut only ,0021_ .0026 .OOS4 .O045
Train and machinecul, tlca_y Ipt'cd .0t06 ,04_S .0195 .0717
Tr_dnand m_chinc¢s¢, CaLZplinl_ ,013i_ ,Q56q ,O170 .0372
Ambient. no train machJlle tdlt_ll, nn cut ,OQI] ,I;0)5 ,DOll .OIH2

Noqe_M_t_rcm®ntt_r_ mad.on I_clmher _3, I_Kn,

f_om tbe train s_e insu_ficlent to adversely a_£ec_ apar_ _o s_mulate consLrtlction activity, Duzing the

kal•ec*n xnachinin? operation. Euns_ vibrations were measu_•d at seven looationn to
a distance of 300 Et from the test. truck. Plgul:e 7

CAS]_ STU0Y 2s VIaRATIQH STUDY AT W_5_ZRN GEAR •bows a plan of the measuremen_ sl_e and Figure 8
COP_ORATION gives the vib_a_ion field test data, A_eenuation

varies _ere calQu_ated from _he msa•uTe_en_s arid

Case 8_udy 2 vJa• potful:mad in Teeponse to concerns combined with freeway and construction data measured
expressed by officials aL Heaters Gea_ Corpolration, in p_•vious CalLrans studies (Figure 9)* This lrlfor-
_ynwood, Calfiofnlal that vib_•tlons orlginatlnq matlon was used to estimate maximum expected vibes-

from eq_ipmen_ and hra_flc du_lng and after co_- tions at Hast•in Gear Co,potation during and after
sh_uction OE _o_e L05 might disrupt the plant's constr*zction of Itou_e 105, These vibration• were

p_e¢i•ion machining ope_ation_ (Piques 6). compared with _ea•u_ed existing vibratton_ made on
On HaTch 28, 1984, vlb_ation measurements were the Hastens Gear P_emi••s (Flqure 10).

taken in•ida the operations building of We•te_n Ge_
Corporation and at an out•ida teat area approximately

0.4 mile south of Imperial Highuay along Alameda .tO , -- . _---_

generated by a fully loaded water tf:uck {approxt-
mal:eIy 25 ton g_oss vehicle _eight) driving at 35 _, ,15 t
mph ao_oss five wooden 2 X 4-in. board• spaced 25 ft

,_ ,05 •

lidf[SIALHIT. " 060 rio ZgO _lIO

_--' DISTriCt f[[I

Fli;UItE I] 's'il_atle. lipid teJt dale,

[ _[l_[_l Gill fOlP, >1_+ I ,|1 • ......

O Msaltoremsll[ _il_ _C

_ •
I:IGUItE 6 Plan of Wedenl Gear C_rlmratlolt. _ •

IlO Z0_ 300

DISTANCE, FEET

ItIGUliE 9 Vihr.fimt le_t dsla ratio_,

I ............. •

• • • • • • .ll _PAV, _REAKER

_ IUlL[I AYE, _,1|

o| _PILE DRIVER
_-' |AM BIENT ._y--.---_-.___ _

D _ tSO 310

_ISTAHCf" flit

NGUIIE? l'_anoflltealereme•ldh.. FI_UILIC 1O E_lil•aledvihralhmlevels.
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From the meaeucementa, it can bo aoncludedl 4, In-house a_tivities o_ten create lacgeE

buLld|ng vlb[ations than those oauBed by eacthbo[_e
* Vibrations induced by t[a_lo on nQute 105 vib[ations°

will bo tar below vlb_ations Currently experienced
inside the machine operations bwllding.

. VLb_ations lnduoed by construction Qquipm_nt REFEI_NC_S
a18o will generally be lo_e_ than the existing

vl_ration_ Lnside the buLlding* _lo_everl _f p_e 1, 9.R, Leona_ _nd A*¢. Hh£_ln. A Survey o_ T_-

_ve_s o_ pavement breake_B ale _o_ng to be u_ed _l¢-_nduced Vlb_tio_8, T}_L 0 R_L Repo[t LR41_,
near W_te_n Ge_¢ Cor_atio_ v_br_t_on monito_ing U,K* Tr_ns_t _ Road R_e_[ch L_bO_to_y_
at l_ss _e_t_v_ locatio_s fl_t iB [ecor_endo_ _ C_thorne w De_kBhice, E_gl_n_ 1971,
dete_min_ng l_ the vib_ation levels w_ll be accopt- 2. P.F, _udde_ J_, Engineering Guidelines _o_ the
able fo[ Western Ge_[ ope_ations. An_lys[6 o_ T_a_lc-_nduced Vibration, Repo_

po[tation_ Feb, 197B*
COHCLUSIONS 3° J,T. _01son and }l.J, S_uren_an. Sta_e-o_-the-A[t

Reviewl P_e_ictio_ _ Control o_ _oun_bo¢_e

1. E_thb_rno v_b_atlQns lndu_e_ by h£ghw_y HoL_ an_ VIb_tion _zom Rail Transit. Report

_ra_£c, const_u_tion equipment_ and t_a[n paesbys _TA-HA-06-0049-83-4, U_A, U,S° Dep_t_ent o_
a_ below th_ _¢hitectu[_l da_g_ leve_ _ .196B T_an_po_t_t|onr H_ 1983.
ln,/se_. 4. D.E. S_skind_ V,3, Stachuraf M,S, St_g_ a_

2, Ea_hbo_ne v|b[at_oNs c_se _nnoy_nce to 3,W, Kobb, _t_u_ture Re_o_e _nd 9_ma_e Pro-
o_o_pants o_ _e_|den_eB, This _eneral_y occurs when du_ by Al[bl_at _om 6_face M_n|ng. Rep_£t _f
oa_upa_tB a_e slempin_ a_ engage_ IRa quiet a_v|ty I_vest|q_lons 84_5. 8u[aau o_ M_n_s_ U,S, D_-
_uch as _e_ing with no_h|ng elue go_ng On Iwa_her, p_tm_nt o_ the Inte_l_w 1980,
dr_e_ eto*)

3_ PaVe_e_t-b_oa_ng machinen _toduce Vibrations
exceeding th_ a_chiteotural _a_a_e leve_ _ .1968
_*/_e_° D_o_etion _ee_ _o he applie_ w_en un_
_IQ_ ta sena_t_ve _._epto[e. Althou_ dat_ on pile

0_lving we[a not _olle_ted Ln s_£c[ent numbers, It Publication o_ this p_per sponaore_ by Comittee on
l_ believed that this c_n also be a p_oblem, T_ansportat_on-Rel_te_ Nol_e an_ V_b_at_n°
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Making tile Environmental Process Work:

The Trenton Complex

TIII_MAS L. WECK, JI)IIN A. ll4)'r(IPlL A, III|(}OK CI{()S,_AN. and IIOWAI(I) ZAIIN

ABSTPJ_CT

The Envl_onmsnta_ Impa=t Statement on the T_enton Complex lllShway Syste_ is a

_lds_c eKample Of how_ throush extensive _nd meaningful coordlnation_ a hlqh_y
complex and controversial hiqhwa_ pro_ect can i_ove throuqh the process of the
NatioNal E_vl_onmental Policy Act {_EPA) to implementation with the full s_p-
po_t o_ _ll _eview asencies as well as those thac ls_se permits, Th=oughout the

NEPA process I the Trent_ Complex _ceived broa_-based public _uppo_t whi_e
• imultaneou_ly b_nq shadowed b_ well-deEtned _d tnt_icately [nte_e_ate_
• nv_onmental =once_ns--mainly those _elated to cultural resources and
w_lands, Th0 challenSe wa_ to m_nl_lze o_ e_lm_nate th_e _nd othe_ environ-

mental pEoblem_ whll0 s_multa_eou_y m_int_lning public support, keepinq
con_truction _ost dow_ r minl_z_n_ delsys_ and _ef_aln_nq from _eatinq ne_
environmental p_obleme a_ a _e_ult of res_lvln_ existtnq on_s, What finally
evolved du=ln_ the Coordination p_ocess w_s an lnq_nious compromiBee carefully
lnteq_te_ with the _esi_n ef_orts_ which _osulted in _ub_tanti_l =o_t _vi_s

while slmult_o_y p_ote=tin_ othe_lm_ adv_rsel 7 impa_ted a_ch_eo_o_ical
_e_ource_ and wet_a_d_ area_, Ma_y _ev_ew _qen=les such as the Advisory Council
on llisto_lc P_e_e_v_tion have _efe_red to t_e T_estom Complex p=oject _s
textboo_ case of ho_ environment01 studios on t_an_portation _nd othe_ devel-
opment p_oJect_ should be carried out, Th_ p_aise illustrates that the te_m

Ca_cept u_ed _ this p_oJect I w_th _1_ p_ticipants pullinq toqether toward
_ommon _o_1, can Bucceed even i_ pro_ects _S environme_tally challengln_ as the
T_enton CC4np_ex,

Completton of the final links of the 1-195/Z-295, HJ statement (_15) l_s_ed in 1976. After extensive

29f HJ 129 syste_ near Trenton I _ew Jersey (commonly con_u_ation and =oordinatlen with review _ge_cl_
_Qfer=ed to as the T_enton Complex pr_Ject)_ has an_ _ffected communities I the Fin_ EZ_ was _pp_oved

long bee_ a top°pr_o=lt_ item for the _e_ J_r_ey in 1981, This document l_cluded cor_itm_ts _er new
D_p_rtment e_ TransPo_tatian (_DOT) _nd _]WA. WiCh- fina_ design for almost the cnt_e p_oject, In ac-

_ut the Trenton Complex p=o_ec_ the partially com- c_dance with the Pinal RZSI comprehensive mitl_a-
plotod Inter_t_e h_shw_y and freewa_ system in an_ ties pro_=ams have been o= _llL be implemented r a_d
around T_e_ton could not me0t the Interstate _nd the entir_ E_oject is currently _n various sta_es o_

=_gional t=_nspo_t_t|on needs for which it wa_ de- final designF construction, o_ both,
s_qned (Figure 1), W_thollt the T_ento_ Complex proJ-
ect_ lo_al ro_ would have to continue servinq
Znte=state and _eg_onal traffic movement_ and_ as a O_RVI_OF E_IROH_E_L ISSUE9
result, wou_d _ont_nue exper_ncing severe =onSes-
t_on _n_ high numbers o_ tra_fl_ ace_dentB, C|og_ed The Trenton Complex project was _h_racterized _y
ro_ in the Trenton a_0_ would centin_ to act a_ l_r_e number o_ p_tential_y so_ere adverse lmp_=t_
an impediment _e the eco_oml_ _ev_tslization p_n9 for wh£ch creative solutions a_d ml_lqation me_sure_
of the =_ty, had to be developed before app_ov_] for p=oeeedi_q

with c_mstrustion, The_c potential impacts include_i

PROJE_D_/EI_PME_ • _nfringement o_ the highway on majo_ portions
o_ the Abbott F_rm _ational II_to_l_ L_dmarke one

P_nnin9 Eor the highwa_ p=oJect proposed fo_ T_enton o_ the mo_t slSnifica_t _nd v_luable _haeo_oqical
bosun in the late 1950s, Du_ng the en_uinq ys_B_ resour_e_ in the e_ster_ pa_t _ the United Stat_
_u_e_o_ con_lgur_tien_ of roadway links were coB- _nd le_ of po=tions of othe_ arch_eologi=_l dis-
_dered with several diff_ent proposals reaching trict_ _n_ aires.

• _anoe_ levels of plannin 9 and des_Sn, Publ_ hea_- • Inf_nsement o_ sisnlficant portions o_ the
in_ were hel_ _n the early 1960s and alignment C_osswicks C_cek WetLands system_ c_n_lde_ed one o_

approvals were Obtained In the ml_-1960s, Fln_ the _t v_sble wetlands in the Uppe_ Delaware
design w_s completed and _ert_ln property a_qulsi- Est_rins System,
tionsr _elouatio_s I and clearings were accomplished ° The taking of ? perk _nd recre_tios_l _cll-
in the l_t_ 1960_ before enactment of the National ltles In Trenton,

Envl_onmsnta_ Pol_y A_t {_EP_} _n 1969, ° Significant aesthetic impact throuqh lose e_
With the enactment of _E_ e the propose_ project more th_n 75 _ature shade t_ees _Lonq a pzi_cipal

underwent review to cho_k for compliance with the urb_ street.

now l_w, Comprehensive en_zonmental studie_ be_n ° Significant noise _mp_cts to residential
in 197_e |ea_ng to a Draft _nvJ_onment_l _mpact a_s_s _dJacent to the r_a_ay,
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FIGURE 1 It egh_ltal highway systems,

Bocause the pro_ect Lnvolvod construction o_ tola- (Figu_o 2}. Hoteovox, potential m_tlgatlon moasures

tlvely _ho_ l_nks (each between I and 6 mil_ long) to _ddr_ss one onvi_on_ont_l Issue had to be Con-

to an othe_wla_ completed I_tor_tate highway and sldotod in tetm_ o[ their ow_ poA_ible adverse o_-

_eew_y _yste_r there were no e_y _olutions to foct on other envlron_lental i_s_es. For oxamp1e t in
th_B_ _nv_gonmental ptoblo_F such aB might have the _a_or interchange atoa betwoen the _-195 _nd

boon ont_ed In a m_jot _hlft o_ roadw_ _1_gnmon_ _-295 lln_ a nhi_t o_ tho alignment aw_y £tom
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prima archaeological resou¢cos within the Abbott ovld0nce had been und_rscoEcd for tile entlro known

Farm National Historlo 5andmark could result In the 0pan of human occupat|on i, the New Wo[Id ranqlng

taking of mo_e wetlands and vloe versa, f[om Paleo-Zndlan (about IDI000 B.C.) through late
As a result of the complexlty of Interr_latlon- Woodland labour 1400 A.D.). In addition. Abbott Farm

shIpa among onv_roilmen_al issues w a wide ¢_ngo of contalned important hlstorlc altos f_om the elqh-
al_ernatlv0_ were posltod and examined in the peep- toenth and nlnet0_nth centurle_. I¢onLcally_ denp|te

acatlon of the Dtaf_ EIS. TheSe alCernati_eu in- |tB national prominonce_ the oultural reso_rce_

clud0d II system oonflgucatlon0 fo_ the 6 major within the Abbott Farm Natlonal IIistori_ Landmark

links of the pcoject. 5 locatlo_ alter,at[re0 fo_ i had n0vo_ bee, defi,|tely deto_mlned before the

l_nkf and a _otal Of 13 design alternatives for 2 Trenton Complex pro_ct.
links and the maJo_ 1-195/Z-_95 Inte¢_hange. zn

uombl,ation_ this _r_y of _ite_na_ives resulted in

125 separate and dls_et_ dQslgn-locatlon altern_- Tmp_ct_

tlves for the e_ti_e p_oJect. It was o,ly through

oontlnual oOO_dlna_io_ and consu%tatlo_ with foder_Ir The original design of the Trenton Complex p_oJect

reglonalf _ta_e_ county_ and municipal a_encloB--both du_in_ the 1960_ was oomple_0d b_fore AbbOtt F_rm

during th_ _nvlronmont_l _tudles and throughOUt the w_ declared a ,arSenal hlsto_ic landmark. The

_ubseqLlent mltlg_t_on prc_rams-_that consensus was original d_si_n would have _egultod i, loSS of ap-

_eached that both s_ti_fled the re_ion_l t£an_porta- proximately 400 ac¢os o_ tha landmack and an lade-

finn n_eds _nd protected and preBetved to the maximum to_m|n_te lo_s of _ultural EO_OU_ces. A_ p_ of th_

extent possible |mportant environmental features and D_aft _IS. in con_ultatlon w_th the State llisto_io

resources in the p¢ojec_ a_ea. P_ese_v_tion Officer ISiIPO)r the Advlso_y Counull on

The extenslve ooo_dln_tion for the Trenton Complex ili_tori_ Pre_e_vatlon (Advisory Council) _nd the

pro_eot can b_ oonveniently dlvlde_ into two basic U.S. Department of the In_erlo_. it w_s agreed that

Btag_al extensive a¢_haeologIcal Inwstlgatlon_ wo_id he

performed to identify the d_e of pot0ntLal Impa_t

Stage Iz Comsultat[on during the prop_ratlon Of of th0 p_opos_d roadway p_oJoct On Abbott Farm and

the D_af_ EIS and F_nal EIS otho_ nearby cultuCal resouro_ altes. Au a rosultw a

StageZZzConsult_tlon after app¢oval Of the Phase _ A¢chaoologloal Inv0_tlgatlon_ Conslatin_

_inal EIS in 1981 o_ the m_Jot mlti_a- primarily of a s_rfaoe r_co_n_i_sanoe with mln_mal

tlon p¢ogra_ for the AbbOtt Farm N_- subSUrface te_tlng, wa_ ear,led out fo_ the poten-

tlonal IEintoric Landmark and the Cros_- t|all_ affected portlon_ o_ the landmark. The_e

wIch_ C_eOk We_land_ _y_cem studlea were sufflclent for d_t_rmlnin_ a _eason_ble

and prudent altern_tlve that _chleved a 3_ percent

A _umma_¥ of Stage_ ! and I_ and a mo_e detailed reduction in areal _oss compared with tha_ of the

da_o_[ptlon of Stage I[ a_ presented in the follow- original al_ernatlv_ howeverl many quest|on_ about

lag _ection_. Thlo focu_ h_s b0e_ seleoted b_cause the full Impac_ of encroachment on bu_led a_chaeo-
log i_a_ _esou_ce_ i, the Abbott Parln d|s_rlct and

• Th_ a_chaeologlo_i Impacts and the wetlands adjacent h_storic ar_s were still left unanswe[ed.
impauts p¢_sented the greatest obstacles to the Durln_ nogocla_ions with the SIIPO_ the Adv|ao_y

Implementa_|on Of th_ highway pro_ect° Cou_c[l. and the U.S. Depar_m_n_ of the Int@rlorF a

• Archaeo|oglcal features and wetlands re- comp_omlse wa_ _each_d whereby it was aq¢oed thatl

_ources wer_ spatlally f_ed I thereby oceatln_ add[-

_iona| Impedlmon_s _o developing arl envlronm_ntally l* _sed on the Phase ! studies o_ the Draft

acoep_bi_ mltlg_tlo_ program. EI$_ NJDOT and F]_A would b_ _l|owed to p_o_eed to a

• Th_ _rcha_olo_|cal and w_tlands mlti_tlon declslon on allgnment app_ov_l.
program d_v_lopad waB one of the _o_t ¢omprehen_[v_ 2. In _eturnl NJ_T firmly commltt_d to purslle

eve_ u_de_taken for _ highway project, mor_ d_tailed Phase II _tudle_l an_ b_s_d on Chose
• Th_ success of the archaeologioal and wet- fuE_hOr _udi_. to prepare _ ¢ompreh_nslve mltlga-

land_ mitigation program ha_ been hailed as a olas- _|on plan before construo_ion In the a_e_ in whloh

sic _xample of how the _eeds fo_ both trans[x_r_atlon cultural _osource_ wo_lld b_ aEf0ctod.

Imp_ov_nt _d @nvi_oNmon_al protootlon can be met

d_splce formidable ch_llenges and conBtralnt_. Within the _copo of Chls comprohens_v_ m_tiqatlon
pl_n_ I_3_OT al_o committed to condu_tlng specific

archaeologloal studies in the 1-195/I-295 Interchange

STAGE Ii CONSULTATION DU_ING PREPARATION OF nRAFT a_ea and su_oundlng areas of a1|gnmont to d_t_mine
AND FINAL EIS_ if acco_B to significant cul_u_al resources would bn

p_eso_wd by placing additional portions of the hi_h-

Abbott Farm National ]llatorlc Landmark way _y6tom or Interchange on _tructur_ rather than

omba0km_nt. Thi_ ¢ompromlse was put in the fo_m of a

B_okground Proco_ Memorandum of Agreement among th0 Advisory

Coun¢ill _h_ SI_pO_ N3DOT. a,d FI_WA. Thi_ ag_Q_ment

The AbbOtt Parm Na_ion_l lllStorlc La_dma[k is a _so_ti_lly allowed the p_oJect to p_0_d to ap-

21000-_o_ site _o¢_ted _ene£all_ southeast of p_ov_l and final d0si_l wlthou_ further d_l_y whLl_

Trenton and Includ_ both w_tlands and upland te_- at t_o _am_ t|mo it p_ovldod for necessary pto_o-
_ac_ a_0a_. Th_ Abbott Farm area was flr_t b_ought tlon of Abbott F_m.

to p_omlnence _hrou_h th0 wo_h of D_° C.C. Abbott in

the l_to nln_eonth c_nturyo Ills _heories abouL the

_ntlqu_ty Of man in the New World_ based on resQarch The Cros_w_ok Crook Wetland_
in the T_ontoN a_o_w subsequently Inspired a n_mher

of profcssio,al exo_vatlon_ in and a[ound Abbott _ackground
Farm during th_ pa_t I00 y_a_s.

AbbOtt's plonee_Ing effo_ts and subsequent exoa- All but _ small amount Of the tidal marsh|and oncQ

vatlon8 have made the Abbott F_rm sltu one of the present along th_ Delaware Ri_0_ Estuary no_th of

be_t known areas o_ p_eh_o_Ic habitation along the Philadelphla has b0en _placod by development. Of

_aster, seaboaEd of the U_ited State_. Archaeological the mar_hland r_malnlng, the Crosswlck_ Creek Wet-
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land_ i_ the large_t s|nq|e _ract_ cov_rin_ app_ox1- ta rep_aco th_ 6.8 act_B that would be lost if tho
m_t_ly 2_9Q0 a_ of tld_l and no_tlda[ areaa. AI- Caad llnk wsre built an an amb_nkme_t ovor the tidal

though not all Undi0tu_bed ar_a. tha C_osnwi_ks Creek flat. Ba_ed on the r_ts of th_s s_ud_ a decL_on

W_tlands i_ s_il_ a, _tr_mely valuable _ompon_nt o_ would bo made ta Duild o[thn_ tho oxt_nded brJdg_

the Uppa_ _elawat_ _st_a_Ine s_stom, rt fuNct_onz a_ _It_nutlv_ o_ tho _ho_t Drld_e _it_rnat_v_ with
a source o_ _od _ganlsm_ for it_ own food w0h and ¢ompe_ato_ V w_tlan_ r_pl_ceme,_o The cost of the

f_r t_ose _f the e_tua_ a,d b_on_r a_ _ bE_ed|n_ fL_t a_torn_Jv_ would a_d at 1_a_t an ad_Itlon_l

and nurso_ area for _esJde_t and m_gratory _|uhl $7.Q mIillon to the _ons_ruc_io_ C_st of th_ p_oje_t.

a_ a_ a h_bi_t f_ a va_oty of blrd_, includln_

_om_ _hat ar_ considered _h_at_od o_ _dan_Qre_

(chi_f_ _h_ Os_t_ a_d t_e Bald Ea@_e). _a_k _nd R_r_atlon_l Fa_1|t_ Zm_a_t_

B_kg_ound
_mpa_t_

The no_th_:n and waste_n corrld_s of the _ento_

'_h_ _m_acts o_ tho propssed _oa_a_ p_oje_t on tho Complex p_Joct pas_ t_Irough a sectlon of th_ urba_

tidal _rt_ns o_ th_ C_os_wIcks Ct_k W_tlan_ wer_J c_ o_ T_nton. Tho _and u_e m[_ In this _ecti_n o_

analyzed by using two c_az t_e f_t _Iterion t_e C_t_ _ons|_t_ o_ denBe_y set,led n_Ighbsrh_x)dsl

wa_ a me_su_ o_ actual _eal los_ Cesult_ng from a k_ |ndu_ttlal e_ploymont _on_e_7 and m_nlc_pa_

_h_ proJoc_ and _he Beco,d crlt_r|o_ was a determ_- f_cillti_s _u_h _s parks. _oc_atlonal _L_|tlos.

na_IQ_ of functional wlue Ios_ ass_._la_e_ with and a la_g_ _em_e_. Mo_ o£ tho nei_hbo_hood_ are

a_ua_ a_1 loss. A q_i_ Bt_uctu_ was _up_ImpOsed _hni_ comm_n|tles, some with _ _ong history of
over the w_t_an_ a_d _ch _ell I_pp_xlma_1_ 50 community _ohQ_on and a_bi_It_.

ac_) o_ tho gr_ wa_ _v_luat_d on the ba_i_ of

we_and it contalna_w th0 _ype _d _ondltlo_ of Zmpact_
v_get_t_an_ and _he _tont o_ tidal _u_a_i_n

[_Igu_ 3). Thla g_ s_te_ was d_Igned t_ p_ovld_ Becau_o of _x_Ing dense dave|o_ment p_t_e_n_w It

a _apld moan_ o_ _s_ess|_g th_ Impa_t o£ construe- wa_ Im_osslble _ lo_ate the new hi_hw_ _i_k_ with-
t[o_ an th_ s_n_le most _mpo_tant at_Ib_t_ of the ou_ a_fe_Ing exi_t[n_ p_£k _nd _ec_o_t|onal _ci_-

C_o_sw_k8 C_eek Wetlande--Its abi_|t_ to c_n_Inu_ i_|e_. _x_ens_ve design and _oc_t_on studle_ were

functlon|n_ _ _ p_od_ct[_ tldal wetl_nd_. _mp_s L_ndert_k_n _o m_nlm_o th_ level o_ impact. Some of

on tlda_ po_t_on_ and on te_e_trlal _ablt_t w_o _h_e _tu_J_s wer_ undertaken i, the 1960_f _efo_

analyzed sepa_a_ly to _voLd undue _ompl_a_ion of th_ be_innlng of tha _ud_e_ _o_ th_ Draf£ E_S.
the g_Id-_a_m analysis. Whoso _mp_ w_0 _navoidab_. ex_ensLve consultln_

_nd_t the deslg_ _oncept p_pa_d in the _at_y an_ negot_a_io.s w_e undertaken with the munlc_p_l-

19_Qs _o_ t_e hlghwa_ project t _o,st_u_t_on o_ the itles o_ Tranto,. [I_mIIt_n. and _ord_ntown _s wel_

Trenton Complex project wo_Id hav_ re_u_ted In a as th_ Merc_ C_n_y ParKs Comm|8_ion _nd NJDE_ t_
lo_ o_ 40 ac_ o_ _Id_1 w_tland8 an_ a _nct_ona_ _e_ch mu_u_ll_ a_reeab_e _so_ut_on_ C_nce_Ning

va1_e io_ o_ _ percent. WO_klng in _io_ co_dln_- mi_igatlo_ AS a result o_ _h_se ex_n_ive _ffo_s_

tlon with the New _er_e_ Department o_ Enui[_nm_nt_l ag_e_me,_ w_s reached o_ tho mitigation p_og_am_

_o_ea_lan [_D_P) _n_ the U.8. _0par_men_ of _h_ which i,_luded t_e foiIowln_i

_nte_Io_w a p_opo_ed mlti_at_on 8_h_me w_s _veZoped

tha_ ten.cod th_ areal Io_ to onl_ I _cre of t|dal • Construction o_ new ball p_k_ and play-
wetland_ _nd the func_iona_ _oss to only _ _e_ce_. grounds _n _he _m_ _e|ghbo_h_d ar_a_ as thQ _ve

Th_B m_ti_ati_n p_ogra_ included the following _h_e_ _uch _ac_Lt_e_ lost as a _e_ult _f the _roject.

i,_Jo_ st_p_* • _ buil_In9 OE an a_dlti_na_ p_aygtound in
_he pr_e_t _rea.

I. A_Ig_m_nt of one of _he _-295 1[nk_ was . The upgrading o_ a ball _leld ,]|_h_l_ _f-

shifted out o_ th_ C_sw_ck_ C_ek _t_andB _n an _ec_ed _ th_ project.
upland a_ea _n_wn as DUCk T_land. _n th. or_gl,al . ModlfJca_ion o_ _ho allgnment adja_ont to the

_es_ in the _9_0_ tho w_t_ands a[_gnment had been p_oposed D_l_wa_e _aritan Canal Stat_ Park _o allow

sal_ted for _onstru_|on to p_ervo the Du_k Zsland fo_ towpath a_t_vit_ a _c_ni_ ov_1ook_ _nd _n-

a_oa _o_ f_u_e _n_u_t_al _eveI_m_nt. The _hlft in _o_sed _e_e_t_an acces_ to the p_o_sod ne_ pa£_.

a_ig_m_nt to _he Duck _sl_n_ alte_na_Iv_ resulted _n

• n e_tlmated sav_ng_ o_ $20 m|lllon in construction Through _he_e oxtenslv_ mlt_gat_on ¢ommltme._s.

_o_t of the h_ghw_y. Extenslv$ m_It_d_s_pl_n_y _reem_n_ was r_a_hed w_h all of the muni_Lp_1|t_

_e_tdlnatlo, was n_s_r_ |n _ss_ssln_ _In a||_n- and agenci_B _o_rned an_ th_ Se_t|on 4(f} p_an

m0n_ _hlft to en_u_ that _nta_ cultu_a_ re,ounces (D_pa_tm_nt o_ Tran_porta_Io_ A_t of i_) was

would not be advo_sely _ff_ed by th_ act_an, approved.

2. A _ommltmen_ wa_ ma_e to const_u_ _he ma_or

Z-Z95/Z-29_ Inte:_h_nge on a structure ov_ _he 24

_£es o_ tidal wetland_ |n the In_orcha._e a_. Aestheti_ _mpa_t
_hls w_u_d _sult _n o_i_ i a_e o_ _e_[_nat_ wet-

%_n_8 b_i_g _ost. w_th 23 _o_e_ o_ _es_gnate_ wet- _ackq¢oun_

lan_8 _panned b_ s_ructure. Zn _he Final E_S I this

_i_n w_s _t_mat_d _o _o_t _n ad_i_ion_1 _60 mil- L_mba_ton _eld is a 6-acre lln_ar wal_way _h_t _

_ion mo_e than th_ o_Iglna_ _es|gn concept o£ em- t¢_e-llned _nd unpave_ loca_ed in _enton along t_Q

b_nkment _on_tru_tlon _o_ the en_e Interchang_o e_er_b_nk of th_ De1_wa_ _IVer. The most Impo_-

3. _he [-I_5 _ute link _oBses a wet1_nd o_ _ant _ha_cte_Istlc of _h_ f|_l_ i_ the ]a_go number

_Idal _a_ at _he _nfl_nce of C_os_wJ_ks Creek an_ _f ma_u_e _amo_ _ee_. T_ere _e _18 such t_ee_

th_ Delaware R_ver. _E the _adwa_ _Ink w_e b_|l_ _t Of _hem fo_mln_ _wo parallel _ow_ along the
oN an e_b_nkme_t ove_ tho _|da_ flat t 8_8 ac_e_ o_ _|_Id. Th_se _es con_Ibut_ slgn|_Ican_Iy _o the

w_tZands w_uld-be _l_ed. A commltment was mad_ b_ aes_hotic s_t_Ng _£ the ar_ an_ to _he _ceni_ v[ow

NJC_T to under_a_e a _tu_ o_ _e _eas_bi1_y o_ _£ th_ De1_w_re _|ve_ _om _e_d_nce_ along Lamb_r-
c_eat|n_ c_mpens_t_y wetlands _n _he p_ojoct a_ea _n S_re_t.
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Impacts only rise slightly abov0 curront lovelsf both tho

affeoted neighborhoods _nd the city of TreNton op-

Tho original deBign of the _J 29 llnk of tho T_enton posod construction of any nolso barr|or_, h8 a re-

Complex p_oJeot would have necessitated the r0moval sult, _JDO_ obtained approval from Flea _o_ an _x-

of mo_e tha_ ?5 Of tho 118 mycamoto treos _n Lamber- ceptlon to tho deslgn noi_e _ovels In this argo. In

to_ Field. Horeoverr tho profile Of tho roadway all other areas where advo_ae noise Impact8 would

would also have nctod as an ae_thotlc ba_rlor to occur I aosthetloally pleasing noise barriers w0_e

vlewsheds along the Delawaro River* Aa pa_t of tho designod as part of th_ p_oject.

studle_ undertaken fo_ tho D_ft EIS, exten_ivo

co_sultatlon_ were h01d with the city o_ Tronton _d

NJDEP _o develop an altornativo scheme for mltlgat- STAGE If; CONSULTATION AFTER APPROVAL OF TIIE FINA_

ing thi_ potentlally _l_nifi_ant adv0rso Impact. A_ _IS IN 1981: A_CI[AEOLOGICAb AND CULTUP_L _E_0UKCES
[_sult Of the_ coa_tatlonBf _ n_w allg_ent Wa_

developed that required tho _omoval o_ less th_n 50 Miti_t on of Abbott Farm N_tlonal H|at_|_ Landmark
t_eesw and the roadway Immedlate_y _djac_nt to tho

tlver w_ _ede_i_nod with a depres_od p_ofile the_e- With the publication of tho Final EI$ in 1981 and

by mnk_ng it barely visible fro_ the La_be_ton Stroet approv_1 of the proposed In_er_tate comp1e_ th_ _ame

[eslde_eso Coupled with ollmln_tlon o_ the severe _ear by FHWA_ tho quostio_ of the a_chaeologi_al

trafflo con_estion along La_bo_ton _t[eet that would _e_ources within the allgnmo_ts assumed c_Itlcal

result _tom the construction of tho Trenton Complex i_po_tanco. A_ch_eologi_al studies in _upport of tho

proJectr this new _chemo--developed through the nr_ft EIS [1976) indlc_ted that tho ti_ht-of-wa_

¢on_ultatLon ptocess-°_nBured that the aosthetlo purchased by NJDOT for the project would Bignlf| _
settlng fo_ the _esidonts of La_ho_ton Street wou_d_ cantly affect the Abbott Farm N_tlon_l lli_to_i¢

on b_lance_ be improved by the proJoct* L_ndma_k. The hl_totlc ar_hneologlcal _tudies a1_o

Ic.:ated a number of hlstor|o properties comp[i_i_

mill_ early _o_|den_e_ Industrial _em_ins I and

Noine Impacts port,one of tho Delawa_o Rivo_ and Ra_it_n C_nal
that appoa_ed to be in the impao_ a[_as (Figure 4).

Background A sub_tantlal numbot of the sites Initl_11_ re°
V_ewed by the Keeper o_ the Natlo_l Register were

_he exlstlng noi_e levels in the area of the T_enton l_ted wi_hi_ portlons of the rlght-of-way that I_

Complex project were _hose char_oteri_tlc Of urban- outside of the boundaries of AbbOtt F_m N_ional

suburban s_tting_* As I_ true with _ost such net- Historic Landmark* Respondlng to que_tlonB talsed by
tlngs0 th8 p_domlnant b_kg_ound nolee was cr0ated th_ keepor o_ the Natlon_1 _egIB_er for these slte_

by vehlcul_t t[affic. The LI0 no_o 1ovel in tho _s soen as cruci_11y Important fo_ the pla_ning o_

p_oJe_t area averaged 65 dB except in _hos_ a_eas of Phase II te_tlng _o be coordlnated with englne_in_

high t_a_flo volume and truffle oongestlon, where deslgnw and was structured to _11e_t the _0cessary

leve_s in _x_es8 o_ ?0 dB, and in some instances 80 Info[m_l_n i_ the _mo _eguence as in tho planned

dB_O_[[ed, construction _hed_le* By provldlng a_ch_eologlcal

i_fo_matlon early i_ the flnal doslgn phase e it waB

anticlpated that cultural reoou_ce oo_ce_n_ could be

_mp_ot8 incorporated into _ho final de_Ign_ the[ohy _ed_o-

i_g tho advers0 impact to ar_haoo1_[¢al sltes _d

A_ a tesu_ Of the T_anton Complex p_o_ect r i_ was mini_Izlng t_lo tegu_emontB _o_ d_ta rocovo_y. Con-

detotml_ed that nolse level_ would be substant_a11_ comltant with Phase IZ _estlng _or Dete_mlnatlon o_

redwood alon_ exlsti_ _o_dw_y_ _o_ which ttaffic _llglbi1_ty wa_ tha requirement to Conduct a_chaoo-

would be dlve_ted° _ere would, however, be slg_ifl- 1oglcal te_ing to devolop mitigation p1_ns foe

ca_t _olse _mpaot_ to abowt 100 dwolling unlt_ along slte_ _l_t_dy dete_mlned el[_|ble for the _atloNa_

the new _l|gnment° _n accordance With FIIWA p_o- Regi_tor.

d_w _olse abate_0nt _e_u_e_ were Invent|_atud With oon_t_uctlon planned to begin i_ 19_3, th_ro

aB pa_t of the D_a_t _IS. Ao_th_tloal_y pleaslng wa_ enormous p_es_uro to _omplete tho Phase II _tud-

noiso b_lers were found to be _e_sible along all les I mltlg_tio_ plans r and the a_tu_l _tch_eologl¢_

nols_-impacted sections Of the _oadway with th_ mitigation° Assembling the rogui[ed docume_tatlonf
exceptlo_ of th_ NJ 19 11nh where, because of engl- se_Ing the [evlew_f _espondln_ _o questlo_sf and

neorlng ¢onstralntsf tho nolse b_[|er would hav_ obtalnln_ _he _ece_s_r_ state and federal approvals

also _esulted in an unatt_activo vlsual obstruction within the co_pres_ed time fr_mo tequlred extremely

Of the Delaware Rlve_ vlewshed_ _ent_ afforded olo_e a_d ¢ontlnual coo_dlnat|on o_ th_ _onsultant

_he nolghbO[hOOds along the propo_sd NJ _g [out_° team I N_DO_ FHWA_ th0 SIIPO, the N_tlona_ _egis_erf

Adverse nolse Impacts Would occur _o 40 _esldence_ and the Advisor_ Council.

along N_ 19 _nd would result in an In_re_e in nolse

level _[om 3 to 5 dBA¸ higher than current levola°

_ec_use existing noIBe leve1_ were a1_ady _t oc Phase I! Testin_ and Miti_ation Plannln_: 1981 to

above the ?0-dBA design noi_o level, this 3- to 198-_
g-dBA Ino_ea_e in no[ee du_ to the building o_ the

new allgnment Was determined to b0 nn adverse i_ipoct; The proposed highway complex wa_ divided Into ?

ho_eve_ I i_ reallty thi_ level Of increase is only eectlons fo_ _¢h_eologlc_l te_ti_g and mitigation

811ght1_ hlghe_ than the threshold of _olse Increase planning. Three clos01y rela_ed p_ehlstorlc _chaeo-

pe_oeptible by the human e_* loglcal _i_es (the Shad_ Brook Complex) were located
NJDO_ consulted wLth red,dents along _o_te 29 and on the northernmost _eotlo_ of 1-29g. _hi_ section

with th_ city o_ _renton to determine thei_ p_e_er- w_ _oheduled Yor _o_struction i_ f_11 198]. Prom a_

ences w_h _espo_t to the norse b_rie_* Beoau_e of archaeolcgIcnl pe_peotIve_ the Shad_ B_ook Complex
_h_ visual ohst_uotlon that would have resulted from was conolde_ed to be am outlie_ site bec_u_o it _as

the b_io_ and beoa_e actual noise levo1_ wo_id lo_ted more than 1 milo no_tho_st of the main
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complex of sites in the _bbo_t Farm Natlona_ Hi_- statu_. Thi_ obvlatOd tho hood for wh_t would haVO

torlc Landmark. been _ maJo_ atch_eologLcal _xc_vatlon _ffo_.

COn_ul_at|onu wlth the SlIPO and _p_e_ont_tlvQs Work _n the Wotl_nds _NteEchange b_gan dutln_

of th_ Ad¢Iso_y Council _esult_d i_ the doci_Ion to late f8_I _9B2. ThIB |nteroharlg_r comp_IBing ap-

break out this soctlon o£ the project a_ a _e_arato p_oxlmat_ly 80 _c_os, _B |nLti_lly thought to con-

Co_pl_an_o _ct_on. A_low_n_ th_ Ph_e II _eseatch I s_st o_ a _Inglo m_J_ ptehi_torlc _Ito p_tlally

_e_t_ D_tot_natloN of _l_qlb_llty_ and m[ti_atlon bi_u_oate_ b_ th_ wotland_. _n_on_Ive t_tln_

to ptoc_o_ _n_pen_ontl_ of _ho _malnder o_ the throughout th_ B0-_o_o a_oa located two _ot

project p_ov_ th_ necesaa_y le_d t_ _o_ tho _ch_oologi_l conoent_at_on_ (FI_U_O 7) i one s_to
consi_ed of _ _no_ con_Ig_t_tlon mo_o than 210_0

Shady B_ook Complex _o be m|t_qated _ith_n tho tight
do_Ign and const_uot_on _hedulo wh_e th_ _em_|ndor ft long an_ wa_ natrow_ _v_g_ng le_ t_an i00 _t

of th_ Ph_Qo II stu_le_ wero b_n_ conduct_d_ Ph_e w_del _h_ uocond _Ite wa_ locatod on a m_Jor w_n_

II t_atln_ o_ this Bite began _n June 19Bl_ th_ f|nger _inm_d_tol_ a_j_e_t to a_ a_a exc_v_to_ _n
tho lato IB00o. Doth of thes_ _Ites, _ithough Of

report o_ th_ t_st_ng, De_e_In_tlon of _llglb_llty,

and m_ti_t|on plan w_[e p_pa_ed dut_n_ tho wJNtot i_ons_ sclont_io |mpo_t_no_t we_o ¢l_atl_

and _I1 neces_y approvals were i_ place by M_y dof_n_ble and _e_o much mo_e l|m_tod in are_ th_n

_ga_ m|ti_t_on f_oldwo_ wa_ conducte_ a_ tho _tu_ted _ the _976 repo_to A numbe_ o_ _m_ll_
_e relea_e_ for co_st_uctlon on schedule in August d_tutb_d _Ite_ we_o Investigated on the temalnlng

1982° w_tl_d_ flnger_.
Whil_ testing t_ wator po_ ca_l _nd _ndu_tEial

SuccoB_ful completion o_ _ii _qulrements _o$ tho foundatlo_s On th_ Raute 29 _o_mentr _he c_ew en-

Sha_y Btc_ Complex _n _v_n_e ptov_de_ _n _nvalu_b_e _ount_ed _n _nt_ct p_ohIBtor|c component de_pl_

p_evlew o_ tho _hall_ngeD and req_i_6ments fo_ th_ bur_ed b_neath th_ ter_oo_ _he sutv|v_l o_ p_oh|_-

re_et o£ the project. Mo_eover_ the da_ re- folio materials i_ a _eavil_ u_d Industrial _n_

coveted p_ovld_ _ advance look at th_ types and _slden_|al _a w_s _o_Ido_ _o _Ignlf_nt that

q_antit_e_ o_ a_i_cts tha_ co_d b_ _xp_to_ _tom th_ Advisory C_unoll _d the SIIPO Mot w_th FI_WA _nd

the _em_In_er o_ th_ _tes _ tho co_o_ _n_ _JDOT t_pres_t_t_vea to evaluate op_ion_ fo_ th_

p_ov_ed _n o_P_tunlty to test the p_o-fleld site. Th_s _i_cove_¥ _ a ptohJ_torlc _ponent
hypothese_ bolng _eveloped fo_ _h_ l_rge-_le m|tl-
gat|on° Th_ Sh_y B_k Complex al_o a_iowe_ a tom- d_n_ttated that _xte_Ivo t_tlnq wo_Id b_ r_qu|r_

plet_ _un-thtou_h. on a m_nage_ble _ca_ o_ _i_ to d_tormlne th_ oxtent Of tho p_eh|_tor_c ma_et|_
pha_ o_ analysis w labo_ato_ wo_kf graphlc_ an_ p_ont an_ _o develop a m_t_g_t_n pl_n Be_Itlv_

to tha needs o_ both _hi_torlc and hi_to_i_ _o _
ropo_t p_o_uo_on° so_rces. However# the duration of to_tln_ fo_ pre-

Immedi_tel¥ _ollow_ng the co_olu_ion o_ Ph_ I! h_sto_u r_o_¢e_ would tequ|_e _Ignlf_o_ntly _r_
teBt_ng at the Sha_y Brook Comp_exl two add_t|onal t_ th_n wa_ ava_labl_ i_ conBt_uctlo_ dol_y_ on
_eld c_ew_ w_e brought in to beg_n testing s_te_ othe_ s_ctlon_ were t_ bo _voldod. Consulter|on

_iong _he rlght_-of-w_y on the _om_nd_ o_ tho t_ult_d in tho decLs|on to brea_ Out tho _ow J_e_

Trenton Complex. At th_ po_ o_ Pha_ II testi_gt Rout_ 29 _e_ment o_ tho project _5 a _epa_t_ tom _

_row size numbered mo_e th_n 50 p_Bons worki_ on pl_a_co _t_on to al_ow _he _m_|nd0t of tho p_oJoc_

_ht_ slt_6 _Imultanouu_lyo The _o_k _nvolved olo_o to,re _head I th_s s_gm_nt i_ _h_ule_ to b_ co_-

¢_di_at_on _ng pt_hlsto_Ic and h_stori_ aroh_e- plete_ l_t (_bout _990) w _llowlng adequat_ t_e for

olo_Ists, _fo_m_nt Inta_vlew_r_ _n architectural testing _n_ m|t_g_ti_n pl_nning w_thout Jeop_r_Iz|ng

h_tor_anw _ hi,toulon, an_ muBeum to_e_chets wor_- the t_ma|n_et of the p_oj_t.
In_ w_th _he c_11_ot_o_B _om the WotkB P_og_e_s A [ev_w of th_ _I0_d_o_k roBult_ do_nst_ated

Adm_n_tratlon 6x_avat_on_ o_ Abbott Farm. that de_i_nlng a wotk_bl_ m_ti_atlon o_ p_eh_totlo

A_ teBt_ng p[_d_ however, _ b_cam_ ¢Io_ _esou_co_ in th_ T_nton Com_l_x _ould be _ccom-

_h_t the _Jot_t_ of th_ p_eh_torlo cultural m_te- plashed _n _n a_haool_g_oal_y sound _n_ _o_t-

_i_ _oat_d thtoughou_ tho co_rldor_ lacked o_f_otlve m_n_ To colloct the n_ce_ary _|to

_nt_gr_ty I having b_en d_tu_bed b_ more th_n 100 d_t_ _lightl_ mo_ than 3_0_0 po_thol_-B|zo w_n_owB
_e_ of p|owlng, e_os|onl _nd _nd _c_Iflc_tlon_ _nd 200 _.5 x 2.5-_ un|tB and 13 b_kho_ ttenche_

associated _Ith [eBide_tlal cons_tuotlon. R_sult_ of had boQn _xcav_tod w|th_n the 13 _lle_ o_ h_ghw_y

tho extensive te_tlng _vesl_d 5 p_ehlsto_c s_tes corridor. For _he f_t t_m_F _JD_, FI_A I tho SII_F

_thln the _-195 co_ri_o_ that woul_ requlr_ m_ti_a- and th_ Advlso_y Co,nell ha_ _ _co_te _s_sm0_t

tlon befot_ _on_t_uctlon IFigure 5). P_hlsto_c _f the _i_e r depthl and n_ture o_ th_ cultut_

aroh_eol_glc_l m_ter_is _rom the tem_Indot of thi_ resou_co_ locato_ throughout the hlghw_y co_tldo_

6_000-ft _mo_t were _etermi_e_ to bo in _ context in th_ T_e_ton Co_ploxt The_e d_ _nd r_p_tt_

too d_turb_d to provide d_ useful fo_ understand- c_a_ly revealod that the Imp_t on c_it_l_al

_ng the pr_h_Bto_y o_ the a_ea. resou_e_, _lthough _uhst_nt|_l, _ould be miti_at_

Tho Bla_s Cte_k Pteh_uto_ Arch_olo_Ical _Is- by _ate_u_ exoavat_n pl_nnlng and through co_td|-

t_iot _as _Itlall_ vlewo_ _s _ man_geahl_ ptoblo_ n_tlon w_h _ng_n_e_ng _o_n.

b_c_u_e the two _Itea had _eon _etetmlned ellg_bl_

fo_ the _tlonal Re_Iste_ and te_t_ng wa_ _esi_ned

o_ly to _s_b_h the b_Is fo_ m_tlg_tlon. AB te_t- Rov|ew and Mitl_tlon Plannlnqz 1983

_n_ p[_g_o_sed_ howevs_w i_ b_c_ma apparent that

both _Ites wor_ bsd_ dlstu_bo_ _n_ that no In_a_t Du_i_ development o_ th_ _epo_ts_ _o_t_nt cc_|-
_t_ _eas had survlve_ w_thln th_ proposed right- nat_on waB m_Inta_ned w_th NJDOT m_cha_ologist_,

o_-w_ (F_qut_ 6}--the only _Ite _aq_nt that _as F_A_ the SJIpO_ and the Advlso_y Coun_ll aroh_eol-
_ntact was loo_ted on _ blu_ e_ge we_l ou_ido o_ oglers. Th_i_ Inte_t_on wa_ ben_f_ bocau_o it

th_ _ght-o_-_ay. Therefore w NJ_OTr iN consultation k_pt _ii p_t_eD wotklng at _ goo_ p_e as tho _nal-
w_th PHWA_ the SII_ an_ the A_vi_ory Council_ _o_- y_i_ p_ooe_ed. Adv_co _vi0ws al_o prov_de_ v_lu-

fle_ the o_i_na_ evalu_tlon of the s|gni_i_anoe of abl_ feedD_ok _d r_moved tho _lem_nt o_ potonti_l
th_ Bla_kts Creek Di_tt|ct_ _nd _e_ommended no m|tl- _u_prlse_ _n th_ docum_nt_ _s thoy were being d_vol-

gatlon _nd _ t_ev_luatlon o_ _ts National _eg_ter oped. Dy ma_nt_Inlng oompl_to _mil_Ity w_th tho
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FIGURE 6 IIlnck'e Ca'eek l_refli_t nrie arch_eohlgical district.

etudy throughoutt Ceview time for the ma_slve quart- an unprecedented cooperative effor_ that Saved 2 to
tit_ of document_ was minimizedw which allowed _o_ a 3 month0 ov0_ the normal p_oce_o of routing_ revieww
quick tu_na_ouod tl_e af_e_ they were aubmitted, and _l_natu_o by each agency,

After _he determination w_ mado of tho_0 sites
0_Lg_b_e for the _ationaZ _eg[ste_ all p_o_sed

_lt_9_ion plan_ were submitt0d to the Advisory _it_ationi 1983 to _984
Council _or _eview° _he fo_m_ _eview _equl_e_ _e_
tha_ 2 _nths b_au_e af the continu_n_ coo¢_lnatio_ Within I _eek _f the _ig_l_g Of the HOWl fieidwo_k
_hroughout _he pro_eat, A Her_or_n_um of A_reement began o_ _he Z-195 Be_ment* App_oximatel_ 40 _ch_e-
IHOA) wa_ _oordin_t_d a_on_ all pa_ties {_he Advisory o_tst_ _d _up_o_t _e_sonnel _ere involved in thl_
Co_n_l_ F]_A_ NJ_ the _H_O) w wl_h eve_ _e_om- work° _x_av_tton Of the G_Opp_ _ p_hl_to_lc 8[_n
• en_a_lon in _he _ltlgat|on pl_ be_n_ evaluated _a_ th0 mo_t _omp_e_ lnvoiv_ c0nst_ctio_ o_ a
b_o_ _t wa_ ln_lu_ed In the HO_. h_-mlle a_es_ _o_d and re_oval Of 3 to 5 ft Of

D_lng th_ re_l_ _nd development of _he HOAr overburden with _ d_aglin0, preservation [_ this
mitig_tion pl_nnin_ fo_ _he _-195 _egment w_ lni = _l_e _a_ e_celle_t because of _hQ overburden p_acod
tt_ted* _his _egcen_ wa_ designated for le_tin 9 of in th_ 0arly 1B00_, ]lea_th_t p_oJe_tJie point_
_ho oon_ruction _on_a_t l_ late fal_ 19B3 and _or tools w lithic debita_e_ and _ larg_ p_tter_ collec-

cons_t_on in spr_og _9B4o _o _o_plate the exosva- tion were _ecoveced _ro_ _he _lte. Mo_t importan¢_
tion o_ 4 p_ehl_t0_0 and _ _ulticomponen_ Ip_ehis- th_ 8_te contained d_t_ble organic _em_ln_ a _a_lt_
to_lc _nd hiato_lc) el_a within _he time fcame _- in upl_d ar_haeol_Jc_l sites,
mainingF d of the site_ had _o be under excav_tion The h|_o_l_ house f0un_atio_ _t the C_rne_ Ro_e
_Jmul_neou_l_, _hlB _eve_ of excav_tion re_u|_ed _ _Lt_ _ield_ _ _aJo_ ceramic _o_lect[on tha_ _lll
l_rge nu_b_ o_ a_chaeol_i_t_ to be l_ the _leld ¢0nt_lbute to the undo_t_ndin_ of early hl_to_t_
a_d an lnc_eaBe l_ _bo_ato_ _tsff° B_ beg_nnin9 _ettlement a_d trod0 p_tte_ thcoUg_lO_t thQ _law_o

p_annin9 _o_ thl_ _egm_n_ durlflg the revlew_ B_a_t-up Valley, The prehistoric component also p_ovl_ed
tl_e wa_ _e_u_ed to 1eBB th_n i we_k, _aJor collection Of _terialB that a_e u_de_9oL_g

Afte_ _omp_e_ton Of the HOAr l_ was de_i_ed _ha_ _nal_sis and lnterpcetation,

an of_lcia_ _igning _eremony would be he_d at the _le_d_k continued until 38nua_ 1984. _n tho
A_vl_o_y _ou_l in W_sh|_ton_ D.C,_ with _epreoen- last _o_ths_ work W_ conducted in heated _he_tu_
ration _rom th_ $11PO_ FI_A_ _EsdT_ the _o_eulttng _oc_u_e of bitter win_ co_ditions, Completion o_
firmw _nd the Advisory Council. On _eptom_er _B_ th_ fie_wo_ on th_ _-_9_ _e_m_nt ahead o_ con _
_9_3_ the H0A _B Blqned with all pa_les p_sen_r _tcu_tio_ _o_ov_d the last pot_ntia_ impediment to
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comp1etlon of the Qntlre Trenton Complex within the ' An imp_rtant habLtat _ea for fi_hw espe-

or_glna_ schedule. The des_g0 and lett|ng _c_uence c|aLly _s a nuroe_y _e_ for Immaturo spec_as (ba_i

for th_ _emalnln9 _oct_ons _ uuch that excavations plcKcr01_ herrlng) _nd _ a _eedln_ are_ for _dult_

w_ll be comple_ed a m|nlm_m o_ I _o 4 yeac_ _h_a_ o_ {|n_lu_In_ _he _hor_nose_ _tur_on, an e_an_e_ed

con_tructlon, species).

• A _e_ng _n_ re_In_ _Ite _or many s_ec_u_

of w_t_r_owl and _bl_d_

STAGE Ill CONSULTATION APTER APPROVAL OF TII_ F_NAL • A _Ign_flc_nt ar_a _n p_mary _o_uc_|vlt_

E_S IN 1981-°WETLA_D_ AHD ECOLOGy ond nutrient cyclln_i howeverr bocau_o of It_ s|_e,

th_ _rea _ not a ccuci_l component o_ the overall

The Mud_lat capacity of _he Cro_wlck_ Cceek w_tla_d_ _ys_am _o_
these b_olog_cal activities.

The purpoQes of th_ _p_l stu_e_ Of t_e cro_ • A _oder_t_n_ force _g_nst adverse e_fec_s of

w_ck_ C_eek c_o_s_n_ {Figu_ 8) wer_ fourfold, flco_Ing.
F_rst_ the £unc_ion_l _haracte_i_ti_s, bo_h

_colo_J_cal an_ hydrologlcl an_ tha un_quene_ o_ _he The ke_ e_ement o_ the hydrologic Btu_les w_ to
W_tland a_a at the mouth o_ the C_eek (k_own _ th_ _ocumeot whether th_ M_d_a_ could be pa_tlally

_udflat) were documente_ 6o tha_ _ha fea_i_il_ty of f|ll_d w_thoo_ c_uBi_g backwater _fec_B upstream

_epl_clng _he affected are_ could b_ de_ermlned for from the embankment. The first p_ee of _he dete_m|-

both _and a_e_ a_d functional v_lue_ _atlon o_ tha C_OBSW_CkB Cree_ hydrologlc _h_rac-

_e_ond_ an assessment w_ undertaken fOE two _e_|stlcs _nvolved da_a colla_tlon and r_vlew° All

p_opo_ed b_Idge sche_e_i _onB_ru_Inq _h_ _hort _va|l_b|o models _nd _upport_ng d_ta des_rlb_ng _e

b_dge a_d e_ank_ent an_ constructing _he extand_ hydraulic and hydrologic cha_te_st|_ o_ CrO_S-

b_g_. Implicit i_ the comp_rlsoo of _hese two _ck Creek were sou_h_° _i_ect contact waa _ade with

scheme_ w_s t_e u0darstandln_ _h_t [mple_e_tlng the _he app_opEia_e te_hn_c_l and _na_emen_ per_onne_

• ho_t_brldga-a_d-e_b_nkment _iterna_ve wo_l_ re_It _ the Na_ion_l O_an_c and A_mospher_ Ad_|n_at_a-

in the loss of a _re_ter _e_cent_g_ of the Mud_l_t tlon_ the U.S. G_olug_cal Survey, the _ederal Eme_-

a_e_ th_n wo_l_ |mplem_nt_n_ the ex_nd_-b_i_e gency Ma_gemen_ Adm_nls_r_tlonw HJDEPf &rid _he
alte_natlve. Of add|_iona_ con_e_n with _h|_ _hort- Del_w_re Ri_er Ba0|n Commls_|on.

b_i_ge-and-_mb_nkm_ _iternati_ w_B the a_fect i_ Informer|on exi_te_ on the non_Id_ port,on o_

would hav_ oh the _hy_Ical t|_al _low ra_mes in CrOSSW_kB C_eok aN_ On tides Jn the Delawa_ R_Ve_

C_oB_wlcks Creek_ that |e, wh_tho_ th_ addlt_n_l _ mile_ down_t_aam f_o_ the _uth of C_o_swic_e

_ons_ct_on at the mouth of _h_ C_eekw due to _n C_eak, Unfortunately F no _n_ormat|on _bo_t _ho
e_tans_on o_ _h_ embankment into tho ch_n_el, would cyoli_al natuce of the _s at the confl_ence o_

c_use slgnlf_nt _ve_e b_w_ter _p_tB. C_ossw_c_ Creek and tha Del_are River was

Th_df hav|n_ dete_|ned _h0 functional ¢hara_- available.

te_Isti_s _n_ _hys_cal _c_ea_e Of the Mudfla_, othe_ Bec_uBa of the _nfluence of w_t_an_s _nd oon_da_

a_ea_ _n the C_o_w_ck_ C_a_k s_udy arc_ were ev_l- inflow in th_ C_o_w|ck_ C_eek basin, hou_l_ _lev_-
u_ted to _eta_m_ne th_i_ _otenti_l _ replacement flora at _he mouth of _ha C_e_W _ould not b_ _n_e_-

wetlan_ areas_ A plan w_ _hen p_opo_ed _o create polated f_o_ o_her Delaware R_ve_ s_atJotts. To au_-
_u_table wetlan_ a_ea_. _nt the incorporation avai|ab|e_ it w_s necessary _o

_ou_thl prellmloary ang_oeer_n_ w_s _ondu_ted On _oll_c_ f_Id data con_a_n|ng _l_plaln an_ _|ver

th_ two bri_e eche_e_ fo_ cost comparison. In _d_i- p_ofi_ _t_eam flows I and v_loci_les. Th_ l_t|on
t_onl _o_m_t|on W_S generated on _o_tlon Of _he _nd 0xtent of _hi_ euppleme0t_1 data co]lec_io_ wa_

e_t_an_ment £o_ the hydraulic _e]i_ _onstcuctlon _losel_ coordinated w_th NJDOT.

• etho_ {to _s_e_s the le_Igth o_ conBtru_t_on)_ an_ _a_ud on a _avlew Of _h_ ecologlcal an_ hydro=

the a_soclated i_pact_ to the we_l_nd _rea. log_c_l values and cha_ac_erIBtlcs o_ the Mudf_at_

DOth q_an_t_t_v_ and qusl|tat_v_ Btu_las of _h_ i_ wa_ _c_ed_-In con_ultat|on with NJDOT r NJDEP_

blolcglcal an_ ecological value_ o_ _he Mudflat were F_IWA_ _n_ _he _._. Pish an_ W_idli_e Se_v_ce--tha_
undertaken. Off,clefs f_o_ NJDOTr _;_A_ NJDEPI U.S. _n_ proposed _e_l_oe_cnt a_re_e h_d to _t|_y _wo

FL_h _ W_I_I_ Se_v_e, U.S. Army Corp_ o_ _n_i- general cri_er_i

_e_s I U.S_ E_vi_o_men_al Protection hg_n_y_ _l_w_

R_VeE _asln CoUi_ionw _d the U.5. Coas_ Guar_ p_- i. Th_ _cc_go h_d _o b_ locatud I to th_ e_ten_

tlclpat_d fro_ the out_t w_th the _onsu_t_nt in po_s_b_f e_th_ within or _dJ_cent to _he _a o_

_hese fle_ s_ud_es in _ev_ew _nd _dv_or_ capa_- _h_ C_oBBw_ks C_eek mouth.

Itles. Th_ _artlc£p_t_on _a_li_ed the _orma_ re _ 2. _pla_emeot Of _he a_reage h_d to at le_t

v_ew proces_ latec in as_eus_ng _h_ fea_Ib_l_ty oE ma_nt_i_ and I nt bestw enhance an_ Improve the ove_-

replacement a_t_rnatlv_s. In th_ fle_ stu_0_w tha all e_ologlcal lunar|on of the Crosswalks Cre_k

flora _d _uo_ p_e_ent (ma_oph_te_ t _l_aer _nv_r- ostuac_e _y_tem.

t_brat_ a_d fish) were documented. Th_ |mporta_e

o_ the ha_|t_t _o_ foo_ Chain p_odu_t_o_ we_ Tho _hort-b_dge_and-_mba_kment _terna_ve r_-

_tud_e_ a_ well as _he Mudf1_t_s ro_e _n eros|on qui_e_ 7.4 _c_e_ of the Mu_fl_t_ 0.2 ac_es of the

confront floo_ _ode_at_onr recre_tlon, _ san_b_r _nd 1.7 _c_e_ of open w_ter_ totali_ _.3

ae6_he_cs. _e_ o_ we_l_nd_. It was determln_d t _n con_ult_-

_ad on th_ v_io_ inve_tlgatlons and studies tlo_ with tha _esou_c_ agen_les_ that th_ _eco_-

pe_o_r_ed w N_DOTI Ffr_Aw _.S. F_sh an_ Wil_llfe Set- mendad _eplac_ment acreage _hould be in thls _me

v_cew an_ U.S. A_m_ Corp_ of Eng|ne_ coo_ur_e_ _n _ene_a! r_n_ depending On the _ This a_n_ of

th_ f|n_Ing _h_t the Mu_lat _unctlonB a_l _c_eaga, sui_abl_ locate_ an_ p_op0rly v_g_ted,
wou_d result _n repl_cameot of the hablta_ elemen_

• Arl act_ve_ he_ithy_ a_d _odu_t_v_ w_tland lo_t in the _fl_t I _nd w_th _he adoption o_ _r-

component of _h_ C_os_wlc_ Creek _s_uarlne By_em. _a|n _ch_me_ wou_ In_rea_e the _u_r|ent c_cllng
• A buffer between the w_te_ of the D_l_w_re _n_ _ri_r_ product_v_t_ of _he ov_ra_l sya_em.

River _nd C_os_wlcks Creek, atten_at|n_ bo_h wav_ B_sed On _ _a_ew Of _e_al aod _o_o_r_phi_ map-

_e_y _d t_d_l _rrent_. ping and on-sit_ flo_ |n_e_i_at|on_ F various s|_e_

• A nourishment center fo_ f_h bacau_e o_ it_ w_e pri_a_ly _c_e0n_ a_ po_enti_l _r0a_ fo_ w_t_

clch ma_ro_nve_t_ra_ faun_ a_d plankton_ flo_. _and re_l_ce_ent ac_vlt_es in coor_i_io_ w_t_
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NJDOT* AlthOUg]l the C_ossw|cks C_eek estuartne _ys- tton had b_on mapped, the consultant's enginoers
tem lu latqet the foGus fo_ replacement sites w_s we_ _b_e to make slight shifts in the loc_tion _nd
localized within an approximately 4,000-ft r_dius of shape of the Wetlands Znte_ch_Nge that obviated the
the NudElat. The major purpose Of this _ocu_ was the n_ed _or mont of th_ ccnst_uction on _tructurc
desire to posit_n the _epl_cemo_t si_e _ ne_ _ _lginal_y _ntic|p_ted.
_ossible to the Ct_sswickn C_ek and Dol_w_n Rivor

c_nfl_e_c_. In th_s m_nnor I it bec_me m_ fea_lbi_
fo_ a [epl_cemen_ site to function as a b_e_ b_- S_A_Y AND CO_CLUSIO_
tweQn th_ two wa_ot bodies_ thus duplicatin_ _ _|g-

nificant functicn_l ch_act_lstic o_ the Nud_l_t. A mit_tion p[og_am o_ the m_9_tu_e of th_ Trenton
The following g_|_lines, _l_tly d_wloped in Complex--which lnvolve_ _dh_ring to tight de_dlines r

_onsu_tat|oN w_th NJDOT_ F[_AI and th_ U.S. Fish _nd coor_lnatin_ _ul_idl_c_plina_y studies o_ ecolo_y_
Wild.ire Se_vice_ were _oNside_e_ l_ _ete_minin_ the _ultura_ _ou_cesr an_ onginne_ln_r and _orkin_ in
overall su|tabiiit_ o_ th_ r_place_ent _lt_: harmony with th_ _und|N_ and _view a_enc|ea--created

series o_ challenging ma_nt p[oble_. From
• The _ite selected wau_l _ptim_lly, h_ve a the viewpoint o_ the Cult_ta_ resources _d wet-

_ow curte_ e_o_o_lc_l v_l_e that wo_ld clearly |ands, fou_ key p_blu_ ex|_tedi ensuring t_e qua_-
benefit f_om conv_|o_ to wetlands. Cut,entry ity Of wolff _oo_lnat|ng with the review a_ncte_,

_eve_ope_ a_e_s were eKclu_e_ _ncorpo_tin_ stud_ f_nding_ into the e_gin_e_
• It w_m necessary that th0 _ite be _ubJect _o _es_n in _ cost_effectiv_ m_nne_f _nd keeping the

_ldal action an_ n_t [equire a_ditional perl_d_ _roJec_ on schedule.
_lntenan¢_ to p_ovide adequate _ate_ circulation. HodLfl_tion of en_lnee_in9 design to p_s_[ve
Howeve_l it was _ec_n_ed that initial excavation _rio_less cultural resources _n_ _lt_lly important
ot _ll_ ml_t he _egul_ed to tende_ a s_to accept- W_t_N_ p_v_d difficult on the T_e_ton Complex

_bl_ fo_ emergent w_tland v_etation to th_|ve, projec_ be_ t_e right-of-way h_d been purchased
• S_tes _o_ted within the boun_le_ o_ th_ _l_nost 20 _ts p_v_ou_ly _ engineering wau locked

Abbott Farm National Hlsto_l_ district would be in. _eve_thsle_s_ through extensive cc_din_tian o_
avoide_. The location o_potentl_ sites was _oo_di- the wetlan_ an_ _[chaeologl_l lnvest£g_tio_s with
hated wl_h the _[¢haeologl¢_l te_ perform_n_ the en_lnee_ln_ desl_ considerations r ute_tive _ltiga-
on_ol_ lnveBtl_ationsr and the p_ob_b_lity of _m- tion programs were developed to _otect thes_ en-

pa0t_ on cultural _esou_ce_ w_s not_. vl[on_ent_l _csou_ces w_th_ut compromisin_ en_ineet-
_n_ design _equirem_ntsl an example of _his w_ the

Fou_ pot_ntial _lt_ were _dentl_led. Afte_ Wetlands Interchange. A_ the tl_e tho F_n_ EIS was
_oordl_tion with NJD_TI on0 _lte Was sel_cte_ _nd _ _pp_oved in 1981, _DOT _nd Fh_A h_d agreed to build

w_tland8 _ep_eme_t _chenle deve_oped_ which In _ the en_l_e |nte[ch_nge o_ a _t_u_tu_e to m|nim|z_
clu_e_ a gta_lng p_an s_ow|ng the fl_a_ elevation in _pa_tB on _u_tur_l resources _n_ wet_ndB. Tight
t_e _l_ew nu_be_ o_ pl_nt_ a_ount of _e_t_lizsr_ definition o_ wetlands, cambine_ w|th a_c_tate _ap_
a_ est_ated cost of plantl_ the veget_tio_, p_n_ of the a_chaeolog|_l _|tes r _llowed the eng_-

P_elimina_y en_inee_ln_ wa_ performed to estinmte needs to sll_htl_ rotate th_ |nte_hange ¢on_gura _
c_nst_uct_o_ _ost_ o_ the two C_onsw_¢k_ C_ee_ tion to avoid or minimize the impact on _ultu_l

c_o_lngs _lte_n_tives. It wn_ estim_ted that th_ _ou_ces and wetlands° Through thl_ ns_dif_cat_on _n
e_ten_ed-b_e _lt_rn_tve _oul_ _o_t _24 million, align_ent--a d_ect _e_ult o_ cc_lna_on of the
T_e s_o_t-_d_-_n_-emhaNkment alternative w_ diac_p_ines--80 pe[cent of the _tructu_e could be
e_timated to _ost _17 m_llion_ including the _ built on flll_ tes_lting in a s_vin_a o_ _40 million

million estim_te_ _o_t o_ w_t_and c_eat_on_ making _ comp_e_ with th_ o[|gin_l EIS de#l_n concept*

$7 m_llion cost diffe_ence between the _wo alt_rna- M_ny review age_c_e_ such as the Advisory C_un _
tive_* The ult_nmte decision _bou_ which _lte_native c_lw [u_et[e_ to the T_ento_ Complex p_o_e_t _s
w_l be selected fo_ const_u_tion l_ _ecognl_ed to tex_t_k ¢_e_ of ho_ _nvi[onmental _tu_les on _[_s-

b_ one _eguirin 9 high-level con_ultation an_ cootdi- portation an_ othe_ _evelopm_nt p_o_e_t_ should be
n_tion _n_ con¢_ed _g_ncies, w_th constde_ation Ca[rie_ Out. This praise illustrates thet the te_m

given to the c|ted te_hn|_l b_ck_toun_, concept used _o_ this _roJect, in which _ll p_r-
t|_lp_ts _u_Le_ to_th0_ toward a commo_ _oal_ can
s_cceed, even l_ the _a_ of p_o_ect_ _ challen_ln_

W_tland_ Interchange _s th_ T_e_ton Complex.
The T_enton Co_X Inte_tat_ highway p_oJect

Pu_th_r stu_e_ _n the 1-195/_-295 lnte[ch_ng_ area might ea_12y _vo gone u_complet_ 0 h_ it no_ been
were _r_ st_lght_o_watdl but no le_s l_p0_tant in _o_ the enormous public need that othe_wise might
minimizin_ the co_t of const_uct|o_° The_ h_d be_n ha_e 9one un_t_sf|_d _nd th_ pe_e_e_noo of p_oJ-
a _0n_it_ent in th_ EIS not to fl_ any tidal wet- e_ spon_orB to see th|_ need ful_|_led. Thtou_hout
la_ds in the interchange; that Is r an_ tidal wet- the NEPA p_ooess_ this p_oje_t enjo_e_ _[o_-b_sed
l_n_s woul_ be 6p_nne_ by _t[uct_ IFlgu_e 91- As public _up_o_t whll_ s|_ultaneously be_n9 shadowed
tho p[_J_ct p_coeed_d fu[ther into des_n_ tw_ thin_B by well-defined _nd intricately tnter_elate_ environ-
became _e_i onef the amount of the interchange to mental 0_nc0[ns--r_n_¥ those r_late_ t_ cultural
be b_ o_ _ structure was _nificantl and tw_ I _esou_ces _nd wetlands.

the _pptng of th0 tidal wet_nd_ was n_t o_ _uf- F_ced with • _an_ o_ co_ent_ f_om _ov_m_ntal
flolent detail an_ accuracy to p_opose an_ evaluate a_e_le_ t ¢o_0ntn that cove[ed th_ spectrum f_a_

design modl_lcationa. _n_[_l _ccep_ce _n_ _u_p_tt _o_ the p_oject to
ThuD_ a substantial _rount o_ uu_plemeNtai _le_d dl_b_lie_ that it wou_d _e_ b_ _pp_oved and expres-

work was con_ted by the consultant and NJDOT _lol- sion of una2te_able oppo_tion, NJDOT _nd Pf_WA had

_lB_8 to stake th0 bound_l_0 o_ tidal and n_n_d_l to _epa_t_ th_ legitimate _ssue_ _om the rh0t0tic.
W_land_ Slopes throughout the wetlan_ a_ea were Th_n wa_ acco_p21_hed by dividin_ th_ con_er_s into
sll_ht_ the_efote_ it w_8 |mpo[t_nt to _e in the _o_ical cate_o_l_ I ln_l_ding |mp_c_s on cultu_l
field at high t_d_ to ob_e[ve the a_e_s Of lnunda- r_so_¢es_ ec01ogic_l _mp_ots_ a_ we_l as other
tion _nd correlate the type a_d density Of venery- e_v_ronment_l i_pactsl coo_dinsting as a_ropriat_
tio_ l_ the t_dal a_eas. SLIrv_ crew_ the_ _ol_owe_ on a continuing bae_81 _nd seekin_ solutions for
to _p the b0u_a[los _x_ctly. Afte_ thl_ |nform_- v_l_d concerns. Extensiv_ _lte[n_t_va locations _nd
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I_GUIIg9 I_olm_d1-195/I.29G/N.J,29hLlc_hange,

_esL_n _reat_ont_ I an_ ¢o_b_nation_ _he_o_ we[_ nLficance bu_ _1_o because o_ _ho _0_al _ot _he
_tu_Led 0_ m_anB _o thL_ _n0. T_e challon_e w_ to _olu_lons _ol_ed _o one adve_sel_ a_Qoting _h_

t_n_a|n_ng p0blic sup_r_ t keepin_ con_t[u_ion o_ coo_dLn_on _n Ln_0nio_ ¢omptomLne evo_vedt

¢o_8 dc_n# mLnLmLzing 0elay w and _e_ainL_ [_om cntefull_ Ln_eg_a_d wL_h the d0sLgn _o_t_ which
¢_a_£ng n_w e_Ltonmen_ p[obl0m_ _ o result o_ _esul_ed _N _b_n_L_l cos_ BovL_ while s_ul-
reBolvLn_ _xLs_ln_ onoB, _aneoo51y p_o_o¢_ln_ _chaeolog|¢_ _nd we_l_nd

_n _he _na_ _nalyBiBI t_e c01_ot0_ _e_OU_CO_ _n_ _re0_ tha_ w_e otherwise odvo_y _fecte_.

ecOlo_l La_uo_ would 5o _h_ t_s_ _hallen_£ng to po_lon_ o_ th_ Trenton Complex ar_ now 0nd_
re_olvo_ no_ only bec_u_ o_ _he_ _ndLvldu_l _Lg- conBt_l¢_on_ _nathor co_¢_ L8 s_n _o b_ leVI
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and sovecal othe_ portions are in _he adVaNCed stages ao a result of the environmental coo_dlnntion poe-

of doslgn* Even though the _Inal _IS has be0N ap- ce_A. It mu_t be _emembered, howsvor, that it did

p_ved I the MOA Bign@d_ _nd several OoNB_UOtlon NOt CO_Q wlthout _u_StaNti_l Coat_ IN manpower _nd

pe_mlta g_an¢od r the onvlronment_1 wo_k continue_ mo_e¥ Invo_ted in _tudle_ and that it did no_ com_

_nd will conti_u_ into the _utu_e. _n th_ early wlthout postponlng oth_ needed t_nsI_ta_ton im-

1970s_ _pp_ov_l o_ _ Final EIS w_s vJewed a_ the _d prov_menta _or the _an_ _0_rs d0r|n_ _he p_o_e_.

o_ the NE_A p_oce_, gowov0rF the T_enton Co_p1ex Perhaps One _ the grsates_ beneflt_ Of th_ er_-

p_oJ_tr p_hap_ more th_ an_ otherr h_s demon- vJron_enta_ ooord_n_ion ca_led out on th0 T_eNto_

strafed that _ithough _pproval of th_ F_N_I EZS Compl_x p_oJoot £_ that [_ ha_ b0en a 1_rnlng nx-
_lelde _he d_cls|o_ _bo_t 1o_atlonw e_v_on_ent_l perlence for a11 tho_e who have b0en _oci_ted with

work mu_t contln_ dur_._ ths desl_N p_oce_s to meet it duping _he p_st _ years. D_rJ_g tho_e foa_i _s

apeclfIc envi_on_ont_ ne_d_ suoh _ fu_il_In_ t_le ths NEPA p_oces_ ItBel_ matu£ed_ so did tho_e wh_

_egUi_NtB of _h0 MOA_ a_d to p_ovide solutions to Worked wlt_ [_ _nd _ved _t. MaN_ Who orlgJnallf

_nv_onmento_ p_oblem_ t_t n_Is_ durln_ the proces_ thought the Trento_ C_mplex should not and co_d not

o_ _ecu_Ing _on_t_uctlon p_m|tB. The _e_izatlon be built hav0_ through th_ _xten_Ive _oordln_tlon

that _pp_ov_ of a Fin_1 E_$ _ not the end of t_ effo_s, _omo t_ bellev_ thla pro_ect £s bonoficla|

NEPA p_oce_ _nd that e_vlronmenta_ wo_k inu_t _on- not o_i_ to reglon01 and ioc_I _ed_0 but also to

tln_e du£1nq _h_ _£nal design phase has dev_loped environmental p_e_e_v_tlon and 0nhnncemento _t_f_

ove_ an extended pe_od of _imo _nd h_s not com_ _embe_s _rom NJDOT an_ FH_A who o_ce _at _cro_ the

without soms f_u_tlon_. Ahead _£e 8ubsta_tlal t_ble f_o_ _e_esenta_Ives of environment_1 age_cles

alnouNts Of wo_k i_ co_plet_N_ a_chaeologlc_l in- opposed to th_ project h_ve long since recon_il_d

ves_igatlonB to gain ultlr_ato aoceptancol add£tion_l _hei_ dlff_nc_ and ¢_mented r_latlon_hi_s that

wo_ has to bs oo_pleted ON w0tland_ mlt_g_t£onr In- _111 Serve to expedJt_ future p_oJec_. ?his _ecoN-

cludlng r,a_o_ deci_ion_ abo_t project d_si_n and cillatlo_l _e_ult_d _rom Considerable discussion and

method_ Of con_tructlo_ _o _ec_o needed oonst_uctlon cow,dinar|on among the Interested cor_munltle_ and

permits. Even now_ _imost I_ _ear_ a_t0£ NEPA _nd agenoi_s I leadi_g to _ _utu_l _nd_tand[ng and

a1_ost _ ¥_a_ after Fina_ EZS approv_l I expendl- respec_ fo_ _h_ Varlou_ po_Itlon_ t_k_n On the many
tu_es Of time and cost for envi_nmenta_ mitigation _en_Itlve envlron_nta_ |ssue_ Involved in the

_nd coordiN_tlon are subst_ti_1. Although _uch Of Trenton Cam_ox _o_e_t. The Trenton Comp1_x being

thi_ w_s _nfo_seen in the beglnni_i it haa _come b_ilt IN _ ma_n_ mo_e _vi_o_m0nta11_ compatible

ale_o_ ov_ tlmo--pa_ti_u_ly _ new _nd unless- than some ev_ b_1[0ved possible |_ _hop_ _d

seen issues a_osa and now r_ulatlons wer_ lairs- _notlgh fo_ _he y_ of e_Eort _p0nt_ For _m_ of

dueod durln 9 the a_p_oval procsss--that Final EI_ t_os_ who wo_ke_ on the p_ojectl however, the _e_rn-

approval i_ no_ the sad st envi_o_enta_ |nvolv_msnt £ng experle_ce wlth _spect to ooo_dln_ion and

fo_ the p_oJeo_I bu_ _ather the b_inni_g Of a _ew _e_o_cili_tlon o_ dlff_enc_ _mong thos_ who hold

and t_o_e Issue-re]arid anvi_onme_t_1 _ae demanding different vlew_ i_ perhaps even mo_e sa_Isffln_°

mo_e and bette_ coordination th_n provio.si_.

_h_ T_enton Complex h_a e_olv_d dram_tic_ll_
du_Ing the y0_r_ _In_e enact_en_ o_ _EPA in 196_. ZN

taon_ w_¥_ and by near1_ an_ _t_nda_d_ the _onton

Complex p_o_eet ha_ be_n improved _o_ th_se who w£ii Pub1|catlon o_ thls paper _ponso_ed b_ Committee on

llve _Ithln it_ p_ox|mlty _d _o_ m_nklnd in gen0_alr Envlronment_1 An_1_is _n Tr_n_Fo_tAtlon.
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