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The purpo:,,e of thi'.', report is to provide the rc .. ults of a traffic analysis of Three Chop! Road ht!t\\oeen 
Barrington Hill Dri\e amJ Pemberton Road (State Route 157l. Exhibit I <lepicts the project location. 
lnclude<l in the traffic analy,b i, an a,,e,,mt!nt of exiMing con<litions. ba~ed upon Year 2005 traffic 
volumes, and an assessment of traffic operations in Project Completion Y car 2013 and Future Year 203-+. 
under No-Bui ld and Bui ld conditions. 

Exhibit I: Project Location Map 

ort Pump 

Church Rd 

2.0 EXISTING CONDITIONS 

Sadlier Rd 

l'rujn·t 
I •lt'alion 

"fl e,o 
«1ct~ 

.--(-;11-~k-in_s_R_d .......... , 

The study segment of Three Chopt Road is 1.8 miles in length and has a po,te<l ,peed of 45 MPH. 
Segments we-;t of Cox Road have been pOl!te<l for a maximum safe speed of 35 MPH due 10 exbting 
substandard horizontal alignment. Photographs of existing conditions can be foun<l in Appen<li\ A. 
Three Chop! Road is genaally a two-lane facility (see Photograph I) except for the approaches 10 the 
Church Road Rd/Cox Road and Gaskins Road intersections. Herl:l, short sections of a four-lane. Jivided 
roadway exist. which proviclt>s two through lanes in each direction with a median left-turn lane. As a 
re,;ult of recent development, :,omc :,ections of Three Chopt Road have been widened in Ont! or both 
direction-; an<l curb and guner provided (see Photograph 2.) 

Traffic volume, var} on Three Chopt Road .,.. ithin the study art!a, from an average of 8,500 vehicles per 
day (YPD) west of Cox/Church Road, 16.000 VPD between Cox/Church Road and Gaskins Road. and to 
14,500 VPD ca~t of Gask in~ Road. Major cros.., ,treets such as Cox Road carry more than 15,000 VPD, 
while Gallkins Road carries 39,000 VPD. 

The horizontal alignment of Three Chopt Road i~ generally :,atillfactory, except for the note<l segment 
west of Co\ Road, an<l tht: vertical alignment i, <leficient at many location,. Two ,ignalized inter,ection~ 
and numerous unsignalized inter,ections exist within the study area. with additional intersection<; planned 

I \l\llltt.\l'R(J/H'ThVt,rl< 11/Rfl. Cllt1P1\ll(A/ H< I\Cll(/-'\IIIAfHC 111.l'CIRI\ IRMH<' A \~LI\/ \ IIH l\fl~~1lfttl f1<1( I 



• 

• 

• 

@) EarthTech Tr11fl,c Arwl_nis Rq,ort 
f1in·t· Clwpt Roud 

Octobtr }. 2005 

for nl"" tkvelopmenh in the fore-.eeabk future. The -.ignaliLeJ inter-.ection" are located at Cox/Church 
RoaJ and at Ga,kin-. Road. and have dt>mand-ac!Uated ;;ignal timing'-. 

2.1 Traffic Operntion Field Observations 

The two -.ignalizeJ inter..,ection" noted ahl)\L" are the critical point, t\.1r controlling traffic tlo\\ along 
Three Chopt Road "ithin the stuJy area Be,:aw,e of high traffic: volumes. traffic 4u1:'Ul''> are common at 
the"e -.igna\ized inteN!ction..., during peak prriotb. The,e 1raftic queue" often pn:vent traffic from 
entering left- or right-turn lanes in the peak dirl'ction. During ficlJ visit!".>, significant traffic: queues (morc> 
than 15 vehicle" per lane) were ob.,erVl'J Junng peak perioJ., at both int~r.,ectiom. (sec Section 2.3.3 for 
queuing ohservation-. under existing conJitiom.) However. each intersection ha-. unique tratfo: 
operational prohlem.,, a ... di ... cu ... sed below: 

Cox/Church RoadffhrL·e Chopt Road inter..,ection 

AM Peak: During the AM peak hour the 11011hhound. we ... tbounJ. and eastbound approache" experience 
-.ignifirnnt traffic 4ueues. Queuing b mo\t pronounceJ on the no11hbound approaL'h where traffic queue:-: 
normally bloc!-.. the left-turn bay. It should be nott'd that northbound through traffic generally avoids 
w,ing the outside lane of Church Road "inL'e thi., lane ends a "hort distance north of Three Chop! Road on 
Coll Rnad anJ traffic mm,t merge before crn-. ... ing the 1-6~ bridge. Consequently, the ouo,ide lane 
essentially operates a-. a right-turn lane to ca<,tbounJ Three Chopt Road or is u-.eJ a-. right-tum acce,s to 
1he ,mall .;hopping L'l.'ntcr in the northe,1..,t qu,uJrant of the inter,cction (sec Photograph J ). The out .. idL· 
lane of Three Chl)pt RoaJ nn the westbounJ approach serve ... as a tit' facto right-turn lane where twice as 
many vehicles turn right to Cox RoaJ compan:d to the through ,olume on wes1bounJ Three Chopt Road 
(sec Photograph 4). A major traffic mmemcnt in the eastbounJ dirL'Ction is the left-turn from Threl! 
Chopt RoaJ to no11hbound Cox Road where traffic queue.; wen! ob,erwJ that often filkJ up the left-turn 
bay (see Photograph 5). 

PM Peak: In the PM peak hour queuing is most prominent on the southbound approach of Cox Road 
where queue-" commonly exll'nJ to the 1-64 O\Crpa_..., (see Photograph 6). Through traffic queues abo 
commonly hlock tht' left-turn bay. Becau.;c of ),ig.ht <listancl.' rc),triction-. a "NO TURN ON RED" -.ign 
has bi.!cn placeJ on the ,;outhbound intersection approach . Thi,; prohibition for right-turning traffic tn 
westbound Three Chopt Road contributes lo 4ucuing in the Mmthbound outsiJe lane. Significant queue., 
weri.! ob:,,erve<l in th1..· in.,ide eastbounJ through lanl' of Three Chopt Road. while in 1he we.,tbounJ 
direction the mo:-.t ,igniticant queue oh ... ef\eJ wa-" for left-turning traffic Je,tineJ for ... outhhound Church 
RoaJ. \.\ h1ch e·H:eeJcd the kfl-tum -.torage bay. 

Gaskins Road/Three Chopt Road intersection 

AM Peak: During the AM peak hour traffic 4ucuc ... are experienced on the no11hbound. westbound. and 
ea.;tbound approaches. Traffic on northbound Ga,;kins RoaJ is the most intense. with tiueut''- extending 
almo),I back to RiJgefil'ld Parl-..way. On the wc,tbound approach of Thre1.! Chopt RoaJ. the traffic demand 
for the right turn to nonhbounJ Gaskins RoaJ i), almo:,,t e4ual to the we.,tbounJ through traffic. This 
resuhs in the out.,idc lani: ,erving a~ a de .f,u·to right-turn lane. Traffic queue" e.\temJing ea~t to the 
Winc:..pring Court intcr,i.!dion were oh,ened. On the eastbound approad1 of Three Chopt Road traffic 
queue" \\Cre obseneJ to extend westward to Pell Street. Thi:. commonly block... acce-. ... to the median 
kft-turn bne for traffic wishing to turn lefl to northhuund Gaskim Road (see Photograph 7) . 

I \IIVRAV'/IIJ/f(TS\,'~/1~ Tllliff c /flll'/\(HAH /! llcill.A' lll lrl/r Rl./'UJ/f'/R lffll i,\ 11.tll.l Rll/ltl•N:to< /Hit' 2 
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PM Peal.: Traffo: congestion at thts inter:->ei.:tiun ha:- an ad,erse impact tn traffic operations at the 1-6.t 
interchange. Queue, \\ere ob-,erwd on the ,outhbound approach of Gaskins Road that extended through 
the 1-64 inkrchange; including the 1-64 off-ramps hee Photograph 8). The mo,t significant lJUeuc was 
observed at the exit ramp from westbound 1-6.t: with traffic queue, extending all the way bacl. to the 
mainline ramp gore area. Traffic "Pillo,er wa, obsened on Ga,1-.ins Road at the ,outhbound Id.Hum 
lane to eastbound Three C'hopt Road. Queuing in the nnrthhound direction on Gaskin-, RoaJ \\as also 
significant. Similar to the Al\11 peal.. traffic 4ueues on \H·,tbl)unJ Three Chopt Road w1 . .'n: obsen ed 
t:x.tending to the Winespring Cnurt intersection. lfowever. unlike the AM pea\.i, the approach carrieJ a 
higher pen.:enlagl' of through vehicle, during the PM peak rnmpared to right-turning ,ehil'les. In 1he 
casthound direction 1raffic queue, usually blocked acce"s to the left-turn bay. 

l.l Three Chopt Road Trnflil· History 

Sin1.:e 1999 Henrico County f>t:partment of Public Wor\..s hu.., posted traffo: data on their web~ite for 
L"enain :-egmcnt~ of Thrt'e Chopt Road. Average Jaily traftk CADT) traffic ,olumes have been posted 
l!ad1 year for a location 300 feet east of Cox Roau. <,o thi'.'> loi:atilln wa~ U!:>l'd to dt'termine traffic hi,;tnry 
for the project art'a. Exhibit 2 Jepicts traffic hi,tory at thi-, lol·ation between 1999 and 2004. It ,hould be 
110tcd that Route 288 wa:- full y openeJ in 2005. and with tlw ongoing development in the Shon Pump area 
anu along Three Chopt Road, traffic growth shown 111 Exhihit 2 ma) not necessarily 1:ontinue at the ,;ame 
rate. 

Exhibit 2: Three Chopt Road Tral'fit History 

Three Chopt Road Traffic History 
(East of Cox Road) 

(J 
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2 .• , Existing Conditions Trame Anal)sis 

2 .. t I Existing Trame D.ita 

2004 

To ohtain Year 2005 ADT \'Olume,. the Year 200-l ADT \'Olumcs from the County's web site were 
extrapolati.:d to Year 2005 u,;ing a 2<'/r- or :VJ annual growth rate a..; applicahlc. ( According l tl Henrico 
County's Department of Public Work, a lraflil' growth rate or Yh is anticipall·u along Three Chop! Road 
we..;t of Cox. RoaJ anJ 2% east of Cox RoaJ.) Thi, methodology was applieJ IO all approache~ to the two 
major inten,i.:ctions except for two kgs of the Three Chopt Roau/Gaskin~ Road inter~ection. For the 
ea~lcm leg Year 2005 traffic counts supplil·d by the County Wt·re uscJ without adju~tmenl. Thl! latest 

I \WOll~V'RUJL< Tr-,1,1 <J I/IHI I C'/lfJ/'TITH•\H/1 \lf)HA \1 IUTFI< ' /!f/'11/! 1\/ HAI I /I ~.\',\f I\{\ /lfl'/\f l>fl'J.' /11' 1111< J 
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ADT counh for Ga,l,.in-. RoaJ north of Three Chopt Road \\l're taken in 1999. ,o were i..:on-.idercd 
outdated and not ll',1.•d. ln-.tead. Year 2005 AL>T volume" \.\1.'ft' de-n\ed for thi~ lc:g by determining the 
ratio of ADT volume" to Year 2005 peak hour ,olume count,;. for the ,outhern leg of thi ... inter:-ec1ion and 
appl) ing thi, ratio to the peak hour counc.... tal,.en for the northern leg I See Figure 2). The ba~e data u:-ed 
for cxi,ting ,md future traffic W)lumes i, incluJeJ in AppenJi, B. 

In April 2005. turning movement traffo: count ... with vehkk da-.sitication, iahulated in 15-minutt' 
increrncnh. \, ere collectl·d at thl' two major interst.'ctiom, on the project during two hour.., in the morning 
peak period and two hour, during the afternoon peak period. A review of tht> turning mo, ement traflic 
data indicate, that the AM peak hour occur, hetween 7:30 and 8:."~0 AM. while the- PM peak hour c,cclir, 
between 5:UO and 6:00 Pl'vt for the I\.\O intcr,ectioth. Accordingly. the traffic capacity analy:-b for the 
li:-ted intcr-.cction-. i~ ba~ed upon thc~e two peak periods. 

2.3.2 Traflic Capadly Anal~1sis 

A highv.a} capacity analyst, tu determine trafiic operational Le\'el of Sen ice (LOS) "as performed for 
the corridor using the Highway Capacity Manual (HCM) moduk of the SYNCHRO traffic simulation 
program. The existing peak hour traffic vulumt:s for the two intersections (as shown in Figure 2) were 
analyzeJ using existing traffic 1,ignal timing, provideJ by the County. Other factors used in the analysis. 
such as truck percentage:- and pl'ak hour factor, ( PHF). wen: ha .. ed upon traffo: turning movL·mcnt data 
noted under Sel·tion 2.3.1. 

The LOS is a quality measurement of craffil· t1uw in terms of speed and travel time. frel'dom co rnaneU\er. 
comfon. and convenil!n1.:c. There are !-.ix LOS Jesignatiom,. reprc ... ented by the leth:rs A through F, with 
LOS A reprt>senting the hc,c operating conditions and LOS F the worst. The criteria used to detcrn1ine 
LOS at signalize<l intcr,ection, are ,hown below. 

Table I Level of Service I LOS) Criteria 

Lc\'cl ofScrvkc (LOS) Signalized I ntcrsections 
Vehidc Delay (Secs.) 

A Les~ than 10 
B > 10-20 
C >20-35 
D >35-55 
E >55-80 
F More than 80 

A summary of LOS result" for Exi:-ting Condition:- b shown in Table 2 as well a ... in Figure 2. It ,hould 
he noted tha1 LOS re:-ults ,;hown in thi~ repo11 repr.:sent the average delay for each intcr,;ec1ion approach. 
as v.ell as the averagl.' dela) for the enlin: intersection. LOS C is the desired minimum for all 
inter-,ection:-.. However, since thi:- i, difficult tu achieve in major urbanized area, such a~ Richmond. LOS 
D is commonly accepted . All LOS E and F re-;ults are shown in bold. HCM printouts of the LOS 
analy~i-. for Exi:-ting Condition:- are compileJ in Appendix C. 

Vo\ume-to-capacit} ratio, (v/c) arl· aho ,htmn in table 2 for the overall intersection. A vie ratio 1:­

uefined as llll' traffic flow rate of the inter:-ection compared to the capacity of the intcr,ection. Any vie 
ratio ahovc 1.00 indicate-. traffil· operational prohlcms . 

J_ \\111//AV'/WH./"/'\' 'o / >J fl/RU< /1<1/'f\/R \I f/1 \\()RJ,.\TR'III IC RU'1>/l/\fH1I II<. 4 \ ILi ,/5 /iFI l~f /•,-: Jc1' /1111 · 
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Table 2 Trame Analysis Re.1,ults: Existin~ Conditions (Year 2005) 

lnlerscdion of Three Lt'V('I of Service Delay in Volume to 
Chopl Road !LOS) Seconds AM Capacit) (vie) Remarks 

\\'ith: A\I (P1\l 1 1PMI katio 

CtJrlCl111rcl1 Road 
EB Appniach D(Dl 5.1 (-+8 J 

WB Approad1 D(D) 5 1 H71 

NB Approach D(DJ _n <-lol 

SB Approach C<Dl 31 (.16) No Right Turn nn R~·d 
Ovcrall A,era!!c O(D) -l-l(-+-1) 0.82 (0.71) 
Gaskins Road 
EB Approach F<El 91 (77) 

WB Appnl~1,h Fff) 121 ( 10.1) 

NB Approach FtDJ 8.1141 J 

SR Appruad1 D(DJ -lh(51) 
I hcrall AH·raee F(EI !s0 { 5'1 I I .On ((U(9) 

2.J.J Traffic Queuing ( >hsen-ations 

Field ohscr\lation~ \\,l!fl.' made Juring AM und PM peak periods, w11h vehicle count, of ~tanding qul.'ue, 
taken at all approach\.'~ to the two ~ignalizeJ intcr~ectiom to dt·ll·rnune 4ueuing prohkm area~. A 
tahulation of the oh.,crvcd i.\ ~hown in Tank 3. 

Tabk J Observed Qt1l!t1ing: Existing Conditions (Yl!ar 20051 

Intersection of Storage No. Queued 
Thrc{' ChoJ>t Day Vehicles Remarks 
Road with: Lt>ngth /\M 1PM1 

(ft) 

Ct1x!Cl111rcl1 Road 
NB Ld't 200 3dt T\Hl-lA-ay ld1-1urn lune (TWL 1 LJ 
NB Thru NIA 1~(7) Thru trnflir hloi.:h ldt-turn lane rn AM 
N R Thru/R1)!hl N/A 4(h) GcnL·r,illr u~cd a~ m1ht-turn hlllL' 
SBUf'l 200 1t 211 TWLTI. e,cced, ,tora!!c length 111 Pl\1 
SB Thru NIA 2t I 6) Blo.:k, ld't-turn lane in PM 
SB ThrulRu!hl NIA 2( 1)) Rl'OR prohibited 
EB Left .100 I 01 I ti) Ll'ft-turn hay lillL·d in PM 
EB Thru NIA 4(2-l) Thru lrafli.: hlol'ks left-turn lane in PM 
U3 ThrulRight NIA .3(7) 

WB Ll'ft 200 2( 11 ) E·«:ccd, ~toraQt: length in PM 
WB Thru NIA 5( 11) Thru traflic hloi.:k, left-turn lanL' 111 PM 
WB ThrulR1ght NIA 141101 Serve, a), 1.k fa.:to right-turn lane 111 AM 
Gaski11s Ro,1d 
EB Left 250 >.10( 12 I Exceed, ,loragl' lc.:n!!lh in AM & Pf>.·1 
EB Thru N/A 13(25) Bloc~~ left-turn lant: in AM & PM 

l:B Right NIA 4( 1-ll Exl'ccd\ !>to1-.1gc length in Pf\1 

WBLdt 200 5(-l) 

/. \ll'<JRA\J'R/JJLI D\1~/ '-1 T/1/lf.f 1'1/0/'/VIIM f/1 ·11IIRAVRM NC Rfl'll/1/\//1 If/ I< .I.\.U tHS Rf\llH•N: 11" ,,,,, 5 
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Intersection or St.oragC' No. Queued 
Three Chopt 

Ba}' Vehicles Remarks 
Road with: 

Lmgth AM /Pi\11 
(rt) 

WB Thru NIA 14(19) Blu..:b kft -turn lam: in AM & PM 
WB Righi NIA 12( 10) Scrv,·~ ,1' tit' fol'tn right-turn l:inl' in AM 
NB L.:ft 260 4(61 

NB Thru NIA >in(> JO) Qm:m;!> l'\knd to RiJgd"il•ld Pl...\\ y in AM 
block\ turn la,11;·, in AM & PM 

NB righ1 :?OI l 2(4J 
SB Ld't 500 5\ I~) E,c.:cd~ ,1orauc lcn •th 111 PM 
SB Thru NIA 6(>10) Qucucs cxtcnd lhru 1-64 lnl!.!. In PM 
SB Ric•ht fi()() 'I( IJ) Riuht-turn onlv lanc from 1-64 Ram 

As can bl.' ,,een, ~ignificanl queuing occur:. at the two interscl'.!lnn,, especially at the Gaskin:, Road 
inter,ecrion . 

. to PROJECT COMPLETION YEAR 2013 CONDJ110NS 

3.1 Future Short-Range Planning in lhc Three Chopt Road Corridor 

Vl>OT', '-·urrent Six Year lmprn'>cml.'nt Program inl'lude:, funding for Preliminmy Engineering, Right-of­
Way, and Construction to widen Tlirl.'e Chop! Road to four lanes hetwccn Barrington Hill Drive and Cox 
Road. Cun:.trnction b anticipated to begin in 2009. Fund!-1 for Prclimmary Engineering and Right-of­
Way only have heen allocated for the future widening of Three Chopt Road lo four lanes between Cox 
Road anJ Ga,kins Road. Com,trul'tion for this segment is e,timated to bt·gin in 2011. A\suming a tv.o­
year c:onslruction program for the lath:r "l.'ction of Three Chopt Road. a Projl'Cl Completion Year of 2013 
was .1,electt.•J for traffil' projection purpo,t·:-.. 

3.2 future Planning in the Three Cho1,t Road Corridor 

The Richmond Regional 2026 Long-Range Transportation Plan Transpo11ation ( LRTP) Financially 
Con:-,tn11ncd Pro.1ects List: Existing and CommineJ (E + C), also include, the widening of Three Chopt 
Rnad to four lanes. In addition. an intcn.:hange modification of the 1-6-UGa.-,kin:, Road interchange and 
widl.'ning 1-M lo eight lane:-. betwc'-·n 1-295 and Broad Street are hoth incluckd in the Vision Plan Li:-.1 for 
the Richmond Regional LRTP. Sec Appl'nuix E for the LRTP finandally constrained project list. 

.L\ Project Completion Year 2013 Traffic Projections 

A, noted previously, Henrico County·., Department of Public Wort..... projects a traffic growth rate of 3q 
along Three Chopt RoaJ west of Cox Road and 2'k ea,t of Cox Road. The,e growth rah::-. were u,t•d w 
exlrapolah! Year 2005 ADT volume, 10 Year 2013 ADT volumes. Using Year 20 I:\ ADT volumes a:, a 
ha,e, the fol lo" ing methodolog} ha-, been meJ to deternune Project Completion Year 2013 traffic 
turning movements at the Cox/Church Road and Ga<;kin~ Road inter!'>ettion:-. with Three Chopt Road. 

AM and PM Peak Hour volume.., for ead1 irllt·rsection approach were dai\l:d u:-.ing exi,ting peak hour-to­
ADT ratios ba.,ed upon turning movement count~ noted under Stxtion 2.3.1. Lil,..ewi!'>e. AM :rnJ PM Peak 
Hour turning movements were a~,igned based upon the traffic splih obtained from rhe,c ~ame count:-. (see 
1-<'igurt· 3 for the resulting Year 201.1 tranic data). 

/. \ W0/1/o,V'/Wlf"C/)\IM<I Tl/RU C/lV PT\IRVf/C l\tlRA\ IR~ft/1 Rtl'0/11\//1-lfll< ,\\ 1111/\ Rf.\/ \ U-"N:/IJ>lllH 
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3.4 Project Completion Ye.i r 2013 Tndlic Analysis 

Thn:c Chopt Road ha~ bt'cn analyzed under a No-Build and 8uilJ ,cenario for Year 2013. Using the 
HCM module of thL' SYNCHRO prngram. an inter,ection tralfo: analysi, wa .... paformed for No-Build 
condition .... assuming ex.i:-.ling lane ,:onfigurations and signal timings. Tlw Build -.,:enario a~surne, Thn.-:e 
Chop! Road will be widcnl:'d to four lane" w11h improvement:-. to the two 111ten,cct1on:-. as noted in Section 
J.4. 

J.5 Project Completion Year 20 13 lntcrscction lmpro,•emcnts 

In order for 1he two major inter,ection:-. to perform properly unJl'r till' recommended Jesign. two 
improwmenb outside of the Sl·ope of thi" projl!ct mw,t be in place. These arc: 

• Widening of Cox Rnad acro,s l-(14 10 four lane~ 
• Prm iding a t\\o-lane on-ramp from nonhbound Gaskin'.'. Road to ea-.tbound 1-64 

Wh1k not '(K!cifically identified, hoth of the'>e improvement'.'. would li~cly be accornpli'.'.hed under the 
project, li,ted in the Vi~ion Plan Li,t for 1he Richmond Regional LRTP noted under Section 3.2. The 
traffic .mal)si'> assumes that the following rl'Cornmended intersection improvement:-. \.\OUld he in place b) 
Year 2013. 

Cox/Church Road Intersection 
# I • Right-turn lane from we'.'ltbound Tlmc:L' Chopt Road to northhound Cox Road 

#2 - Right-turn lane from \Outhhound Cox Road to wc1-tbound Tluee Chopt Road 

Ga,ktn~ Road Intersection 
#.1 • Dual left-tum lane from southbound Ga'ikin, Road to ca~tbound Thrt:L' Chopt Road 

#4 - Dual left-turn lane from northhounJ Ga.,;1..irh Road to we~thound Thret· Chopt Road 

#~ - Oual left-turn lane from ea,thound Three Chopt Road to northbound Ga ... kins Road 

#6 • Dual kft-turn lane from "e~tbound Three Chopt Road to southhound Ga~kin, Road 

#7 • Righi-turn lane from ea~tbound Three Chnpt Road to ,outhbound Ga,~ins Road 

#8 • Right-turn lane from ,,e~thound Thn·t· Chopt Road to northbounu Ga,~ins Roau 

#9 - Third no11hbound lane from a point ,outh of Three Chnpt Road to 1-64 on-ramp and third ,outhbound 
lane from 1-6---1 off-ramp to a point ~outh of Three Chopt Road 

A !illl11mary of results of an operational analy.,is for Project Completion Year 2013 under No-Build and 
Build rnnclition:-. is !shown in Table 4 and Figure~ 3 and 4. It .;hould ht' notcu that c,en with one or more 
of the rel·ommended improvements. the G,hkiri.. Road intersection will still experience an unsati~factory 
LOS h) Year 20L'\. (LOS E and F l'l':-.ulh are shown in bold .) HCM printouh of these rc~ult!> are 
included in Ap()l'ndix D . 

l \IIUR~\PI/IJJl{ "T\\7~/<I TI/Rlf CI/Of'f\/1/~FI/O IHINA\/R \ HI< /lf/'tll/{\//(\(//( ' 1Hl.t\l\ /1(\/llfHPl~/<J< ll/1( 7 
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• Table .i Tratlic Analysis Results: Project Completion Year 20U 

Level of Service (LOS) 
Intersection Delay in Seconds 

of Three v/c Ratio - Overall Only 
Chopt Road AM (PM) 

with: No-
Build Build 

Cr>.r/CJ111rd1 H II Rel'. #J Rec.#2 

EB 
D(D) D(D) D(D) 

50 (51) 40 (53) 41 (51) 

WB 0(0) D(D) D(D) 
.s::::: 49 (45) 46 (37) 48 (39) 
u 
R) 

e 
0.. 

;t D(D) D(D) D(D) NB 
33 (48) 40 (48) 41 (52) 

C(D) C(D) C(C) SB 
31 (40) 31 (43) 32 (34) 

• D(D) D(D) D(D) 
Overall Average 41 (44) 40 (44) 41 (41) 

0.69(0.75) 0.85 (0.73) 0.79 (0.73) 

liaskim· Rd Rec. #3 Rec.#4 Rec.#5 Rcc.#6 Rcc.#7 

EB 
F (F) F (F) F (F) F (F) F (F) F(F) 

125 (81) 94 (90) 107 (81) 84 (97) 106 (85) 111 (83) 

WB F (F) F(F) F (F) F (F) F (F) F (F) 
.c 158(113) 125 (104) 152 (92) 96 (91) 152(100) 141 (102) 
u 
R) 

e 
0.. 
0.. 

<( F(D} F (DJ F(D) E (D) F(D) F(D) NB 
144 (43) 117 (41) 128 (50) 74 (42) 129 (48) 129 (48) 

SB D (E) E(E) E(D) D(D) E (E) E(E) 
50 (69) 71 (58) 59 (49) 50 (49) 65 (59) 65 (59) 

F (E) F (E) F (E) E (E) F (E) F (E) 
Overall Average 117 (70) 101 (64) 109 (60) 72 (60) 111 (65} 110 (65) 

1.21 (0.99) 1.15(0.98} 1.23(0.92) 1 .05(0.90) 1.21(0.95) 1.21(0.95) • 
I \\\'0//AV'RO/f{TS\7f,1'• l'/IHEf /'/l(}/'l\fR~FF/C1WI/A\rl/M fl(' liH'fJ//7\THM/·I/ ' 4.\'4Ll'.\/V 1/f \'/\EDU•;J /OI ()OI 

Rec. #8 

F (F) 
92 (96) 

F (F) 
115 (94) 

F (D) 
109 (42) 

E (D) 
63 (50) 

F (E) 
94 (60) 

1.18(0.90) 

Traffic A11ulysis Repm·/ 
Tlm•e Clwpt Road 

October 3, 2005 

All Re,·. 

D(D) 
38 (44) 

D(D) 
41 (37) 

C(D) 
34 (46) 

C(C) 
30 (31) 

D(D) 
36 (37) 

0.86(0.77) 

Rcc.#9 
All 

Rec. 

E (E) D(D) 
76 (79) 41 (46) 

F (F) D(D} 
86 (90) 45 (48) 

F (D) D (C) 
97 (45) 37 (24) 

E(D) C(C) 
69 (53) 35 (28) 

F (E) D(C) 
84 (60) 38 (32) 

1.04().88) 0.92(0.74) 

Remarks 

Existing No 
Right Turn 
on Red 
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J.6 Projl'l't Completion Year 2013 Conditions Queuing Analysis 

A Queuing Analysis for the AM and PM peak hour, was also performed for Build Year 1013 (all 
recommemJations combined) for the two signalized intersections ming the SYNCHRO traffic simulation 
model. Th1: queuing analysis produces 50th Percentik and 9.'ith Percentile Maximum Queue lengths. 
where the 50th percentile maximum queuL" is the maximum bad of queue on a typical cycle, while the 
95th percentile queue i, the maximum bad, of queue with 95th percentile traffic volume,. Table .'i ;;hows 
9.'ith percentile (the wnr,t case) traffic queue:- only. Thi-; analysis indicate:- deficient storage lengths for 
one or more approaches nf the in1er:-ectio1b listed in Tahle 5. Builu storage bay length, are shown 10 be 
the same as existing length:- for analysis purposes. These lengths will be t'urther evaluated during the 
design phase based upon queuing analysis and fidd conditions. 

Table 5 Queuing Analysis Results: No-Build vs. Build Year 2013 

Intersection Storage Bay Length Queuing (QJ Length 
of Three (ft) (ft) 2 

Chopt Road No-
Build 

No-Duild Huild 
with: Build AM (PJ\11 AM (PM) 
Cox/Church Road 
EB Left 300 300 484(188) 384(162) 
EB Thru NIA NIA 214(238) 189(210) 
EB Thru/Right NIA NIA - . 
WBLeft 200 200 163(490) 162(349) 
WB Thru NIA NIA 104(372) 83(223) 
WB Right NIA 200 . 81(52) 
NB Left 2003 200 43(90) 40(76) 
NBThru NIA N/A 470(167) 433(148) 
NB ThrulR1qht NIA NIA - -
SB Left 2003 2004 144(544) 140(389) 
SB Thru N/A NIA 75(530) 56(312) 
SB Right NIA 200 . 53(250) 

Gaskins Road 
EB Left 250 400 >975(333) 289(114) 
EB Thru NIA N/A 272(440) 147(192) 
EB Right NIA 200 . 36(91) 
WB Left 200 200 103(225) 41(79) 
WB Thru NIA NIA 574(574) 178(226) 
WB Riqht NIA 200 - 269(58) 
NB Left 260 260 262(292) 94(100) 
NB Thru NIA NIA 1334(683) 537(286) 
NB right 200 200 76(96) . 
SB Left 500 500 315/412) 119(117) 

SB Thru NIA NIA 575(1467) 322(583) 

SB Right 6004 NIA 106(286) . 

· Q kngth, txi~cJ upon S) NCH RO analy,b. 
1
Adjacent w ;1 Two-way Lt. Tum Lane (fWL TU - h.:ngth is in,ktl'ftninatc. 
1Exist. is right lllm lane !nun 1-b-l l1ff-rnmp, 

Remarks 

Left-turn bay fills in AM 
Thru traffic blocks left-turn lane in PM 

Exceeds storage length in PM 
Thru traffic blocks left-turn lane in PM 
De facto right-turn lane in AM (Exist.) 
Exist. TWLTL 
Thru traffic blocks left-turn lane in AM 

Exceeds storage length in PM 
Blocks left-turn lane in PM 
Right-turn on red prohibited (Existing) 

Prop. dual left-turn lanes 
Blocks left-turn lane in AM & PM 
Prop. right-turn lane 
Prop. Dual left-turn lane 
Blocks left-turn lane in AM & PM 
Prop. riqht-turn lane 
Prop. Dual Lt. turn Lane 
NB queues block turn lanes in AM & PM 
Rt. Lane serves Thru/Rt. Turns (Prop.) 
Prop. Dual left-turn lane 
Queues extend thru 1-64 lntg. 1n PM: could block 
turn lanes 
Rt. Lane serves ThrulRI. Turns (Prop.) 

I \ lWNA\J'(WJL(71\ ,M'4 THRI F ('//Uf/\TR•\ rl I< \\<JN~VIIAFFU' Rrf·oRI\TRAff/t" ~ Y~I I Ill RE\'/SffJ<l'):1,,; ,,o, 9 
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4.0 FUTURE YEAR 2034 CONlllTIONS 

-1.1 Future Planning in the Thrct· Chopt Road Corridor 

See Section 3. I for a di,;cu-.'.-.10n of thi..; topic. 

-t.2 Future Year 2034 Trame Projections 

Similar to Project Completion Year traffic projection methodology, a growth rate of 3'7c was used along 
Three Cho pt Road west of Cox Roat.I and 2'7c east of Cox Roat.I to e xtrapulate Future Year 2034 ADTs 
and peak hour turning movement:-. were derived using the ratins useJ for the Project Completion Year 
2013. These data are shown in Figure 5. 

4.3 Future Year 2034 Traffk Anal)1sis 

No-Built.I and Build scenanos for Year 2034 were abo analyzed for the Three Chop! Road intersections. 
Results of the analysis are shown in Table 6 :md in Figures 5 and 6. All LOS E and F results are shown in 
bold. HCM printout1, of the'.-.e rt.''.-.Ulh arc complied in Appendix E. 

-1 . ..J Futurt' Yt'ar 203-t Inter cction Analysis 

The improvements recommended for Project Completion Year 2013. -;erved as the basis for the future 
Year 2034 intersection analysis and are repeated in Section 4.4.1. As l...'an be seen in Table 6, projected 
traffic growth will result in LOS F for the two intersections. Because of existing development in the 
corritlor an acceptable LOS O or better is not practical without major right of way impacts. The 
recommended design seek, lo provide the best LOS possible given the right of way constraints. 

-t.4.1 Recommended Design Elements (Same as Project Completion Design) 

Cox/Church Road lnter!->ection 
# I - Right-turn lane from we,tbound Three Chopt Road to northbound Cox Road 

#2 - Right-turn lane from SOl1thh1)Ufld Cox Road ro westbountl Three Chopt Road 

Gaskin:, Roatl [ntersection 
#3 - Dual left-turn lane from :-.outhbnund Gaskins Road to eastbound Three Chopt Road 

#4 - Dual left-turn lane from northbound Gaskins Road to we,thnund Three Chopt Road 

#5 - Dual left-turn lane from eastbound Three Chop! Road to northbound Gaskins Road 

#6 - Oual left-turn lane from westbound Three Chopt Road to southbound Gaskins Road 

#7 - Right-turn lane from ea.,thound Three Chopt Road to southbound Gaskins Road 

#8 - Right-turn lane from wcstbounu Three Chopt Road to northbound Ga:-.kin'.-. Road 

#9 - Third northbounJ Ian\! from a point south of Three Cho pt Ro~1d lo 1-64 on-ramp and thirt.l southbound 
lane from 1-64 off-ramp to a point south of Three Chopt Roatl 

Future traffic operation, al the Cox/Chun.:h RoaJ Intersection could be enharn.:ed by the use of dual shared 
left-turn lanes on all approaches of the intersection. This will require ,plit signal phasing, which is 
Ji~rnssed in more detail under St',.:tion 5.1 . 

I \ 'r\t>/IAV'RO.IECT.\,'OI q /'/IHI l. C /IIJ/'I\IH4/ nc "\1'1J/IA\IH4HIC 0 

/IF.l'OR1\1R4rfH" ,\ V41 t II.I° Ill\ /SUlfN; / Ill /JIJI" I 0 
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• Table 6 Traflic Analysis Results: Future Year 2034 

Level of Service (LOS) 
Intersection Delay in Seconds 

of Three vie Ratio · Overall Only 
Chopt Road AM (PM) 

with: 
No-Build Build 

Ctu/Cl111rclt /i'd Rec. #1 Rec.#2 

EB F (E} F {F) F (F) 
224(63) 109(123) 116(108) 

WB D (F) F (F) F (F) 
..c 50(179) 133(93) 122(84) 
u 
al 
0 a. 
a. 
<( F (E) F (F) F (F) 

NB 231(60) 168(101) 159(145) 

SB 
D (F) D(F) D (E) 

39(161) 55(133) 54(77) 

• F (F) F (F) F (F) 
Overall Average 172 (136) 129(116) 125 (93) 

1.25(1.19) 1.31(1.15) 1.21 (1.11) 

Gaskills Rd Rec. #3 Rec. #4 Rec. #5 Rec. #6 Rec. #7 

EB 
F (F) F (F) F (F} F (F) F (F) F(F) 

284(206) 259(185) 272(165) 211(247) 270(167) 270(145) 

WB 
F (F) F (F) F (F) F (F) F (F) F (F) 

..c 469(330) 356(279) 424(244) 308(244) 424(247) 424(244) 
u 
al 
e 
a. 
a. 
<( F (F) F (F) F (F) F (F} F (F) F (F) 

NB 
397(90) 358(80) 345(95) 264(93) 348(114) 384(114) 

SB F(F) F (F) F (F} F (F) F (F) F (F) 
87(285) 118(212) 103(201) 90(183) 130(215) 130(215) 

F (F) F (F) F(F) F (F) F {F) F (F) 
Overall Average 304 (227) 275 {181) 279 (173) 214(176) 287 (185) 287(181) 

• 1.82(1.53) 1.73(1.46) 1.82(1.39) 1.58(1.36) 1.82(1.46) 1.82(1.46) 

J. \l\'tJHAV'RO.IECT\\7t,J ;, /'111/U: f //<JI' 1\/ R~ U U-l\ UNA \TR,\ Fr/C REPOR /\1'//M I'/<' ..I ~Al.! 1/ (Hf.I l\f /IIN.'11•< [I/JC 

Rec. #8 

F (F) 
262(247) 

F (F) 
278(219) 

F (F) 
329(93) 

F (F) 
122(183) 

F (F) 
253 (173) 
1.83(1.37) 

Tn1[fic A11a/1·Jis Repnr/ 
Three Cliop1 Ruud 

Ocloba 3, 2LJV5 

All Rec. 

F (F) 
112(95) 

F (E) 
130(78) 

F (F) 
169(147) 

D(E) 
47(70) 

F (F) 
129 (86) 

1.30( 1.12) 

Rec.#9 
All 

Rec. 

F (F} F(F) 
191(148) 119(93) 

F (F) F (F) 
288(232) 120(88) 

F (F) F (0) 
261(86) 160(48) 

F (F) E {F) 
111(200) 58(104) 

F {F} F (F) 
211 (166) 119 (85) 
1.54(1.35) 1.35(1.15) 

/] 

Remarks 

Existing 
No Right 
Turn on 
Red 
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4.4.2 Alternative Design Elements 

Traffic !i.1wl_nis Report 
7hrcc Ciiopr Rut1d 

0, '/()/,{',- _ {, ::005 

In an effort to provide an acceptable LOS for Future Year 2034, variow, alternatives shown below were 
analyzed. (See Figure 6 for intersection lane diagrams.) These improvements are in addition to the 
design element listed under Se(.:tion 4.4. [ _ Although such improvements would provide a better LOS. 
these alternative designs are not recommended due to major impacts to existing developments in the 
corridor, especial! y at the intersection areas. 

Cox/Church Road lnterscction 
Dual left-turn lane from westbound Three Chopt Road to southbound Church Road 

Dual left-turn lane from eastbound Three Chopt Road to northbound Cox Road 

Right-turn lane from eastbound Three Chop! Road southbound Church Roi.ld 

Right-turn lane from northbound Chun:h Road to eastbound Three Chopt Road 

Dual left-turn lane from southbound Cox Road to eastbound Three Chopt Road 

Six through lanes on Three Chopt Road 

The Cox/Church Road inter~ection has commercial development in three of the four quadrants. A service 
station is located in the southwest quadrant, while a shopping center occupies the northeast quadrant. In 
the southeast quadrant i~ the site of a restaurant which has high retaining walls adjacent to three Chopt 
Road and Church Road. Any of the improvements noted above will severely impact these commerdal 
developments . 

Gaskins Road Intersection 
Six through lanes on Three Chopt Road 

Eight through lanes on Gaskins Road 

Widening Three Chopt Road to six lanes will impact existing and ongoing development along this 
corridor. Significant sections of Three Chopt Road are currently being widened. or have recently been 
widened to accommodate four lanes of traffic . These improvements will be lost under a six lane proposal. 
The environmental impacts of six-laning would include an nkl cemetery and a historic church. 

Widening Gaskins Road to e ight lanes would be very Jifficult due to the l-64 interl·hange constraints and 
the existing development along Gaskins Road, such as an exi-.ting subdivision and Deep Run County 
Park. 

4.5 Future Year 2034 Queuing Analysis 

A Queuing Analysis for No-Build and Recommended Build scenario for Year 2034 was performed. with 
the result,\ shown in Table 7 . 

I \ \\'ORA\f'/1< !.fEl '/\\;o / ;.; l'f/REE( '/IU/'/1/'R-\ l"f l< \\1>1/A\TRU l/f REl'•)J!l\ /RA FF/1 -\S.\I fS/\ /l. f.'\'l.\tt,11•,.: /11' I>< ><' 12 
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Table 7 Queuing Analysis Results: No-Build vs. Recommended Uuild Year 2034 

Storage Hay Length Queuing ( Q) Length 
Remarks Intersection of !ft) (ft) 2 

Three Chopt 
No-

No-Build Build 
Road with: 

Build 
Huild AMtPM1 AM (Pl\1) 

Peak Peak 
Cox/Chttrch Road 
EB Left 300 300 1243(337) 1074(369) Left-turn bav fills in AM & PM 
EB Thru NIA NIA 443(464) 436(541) Thru traffic blocks left-turn lane in AM/ PM 
EB ThrulRiqht NIA NIA - -
WB Left 200 200 270(1022) 319(819) Exceeds storaqe lenqth in AM/PM 
WBThru N/A NIA 222(776) 149(429) Thru traffic blocks left-turn lane in PM 
WB ThrulRiqht NIA 200 . 535(81) Proo. right-turn lane 
NB Left 2003 200 63(119) 64(118) 
NB Thru N/A NIA 1205(283) 1048(395) Thru traffic blocks left-turn lane in AM 
NB Thru/Riciht NIA NIA - -
SB Left 2003 2004 219(1054) 287(896) Exceeds storage length in AM/PM 
SB Thru N/A NIA 139(1147) 100(690) Blocks left-turn lane in PM 
SB Thru/Right N/A 200 . 93(484) Prop. riciht-turn lane 

Gaskins Road 
EB Left 250 400 1636(615) 547(259) Prop. Dual left-turn lane 
EB Thru NIA NIA 441(945) 232(350) Blocks left-turn lane in AM & PM 
EB RiQht NIA 200 . 44(309) Prop. riqht-turn lane 
WB Left 200 200 133(316) 53(160) Prop. Dual left-turn lane 
WB Thru NIA NIA 1031(1016) 278(476) Blocks left-turn lane in AM & PM 
WB Riqht NIA 200 . 657(82) Prop, right-turn lane 
NB Left 260 260 473(530) 155(227) Prop. Dual left-turn lane 
NB Thru NIA N/A 2369(1398) 1061 {589) Mainline queues blocks turn lanes in AM & PM 
NB right 200 NIA 116(168) - Riaht lane proposed as thru/riaht lane 
SB Left 500 500 498(705) 201(186) Prop. dual Left-turn lane 

SB Thru NIA NIA 1024(2716) 516(1370) Queues extend thru 1-64 lntg. in PM; could block 
turn lanes 

SB Righi 600 NIA 213(597) . Right lane proposed as lhru/nqht lane 
~ ·o kngth~ li:ise<l upon S'l NCHRO un.1ly~1!>. 

1Adjact'nt <o .t TWO·\\ :iy Lt Turn Lrne (l'WLTL 1 - length i~ inJctt:rminatc 
~Lt:ngth to lie evalui.itt:J Juring Jcsign pha~c. 

As indicated by the queuing analysis for Y car 2034. the recommendeJ improvements would reduce traffic 
queues on most approache-. .it both intersections . 
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5.0 DESIGN CONSIDERATIONS USED IN THE ANALYSIS 

5.1 Overview of Major Intersections 

Trnjfic A11alysi.1 R,·,•orr 
T!,ree Clwpl Road 

October 3, 2005 

The capacity analysis of the two major intersections on Three Chopt Road indicates that an acceptable 
LOS will be Jifficulr to attain without major impacts to existing £kvelopment along the Three Chopt 
Road corridor. The following is an overview of the two intersection-.. with the potential design bsues and 
recommended improvements of each: 

Cox Road/Church Road Intersection 

A major design constraint at this imersec.:tion is the reta111mg wall in the ~outheast quadrant. While it 
woulJ be Jesirable to provide a separate right-turn lane at this location to serve the heavy right-turn traffic 
flow from northbound Church Road 10 eastbound Three Chopt RoaJ. this action would require 
reconstruction of the wall approximately 12 feet to the east. This would Jestroy access to the commercial 
prope11y at this location and eliminate much of the existing parking. In view of the above, this Jesign 
foature is not recommended . 

As noteJ under Sec1ion 2.1. the existing lane Jrop on Cox Road prior to the 1-64 overpass effectively 
renders the right lane of the northbound approach to the intersection usele.,.-, as a through lane. To correct 
lhi, ~ituation. four lanes must be carried aero~~ I-6-+ to connect with the existing four-lane section on the 
other side. All the analysis for futurl! No-Build and Build condition.<: a,sumes four lane:, lo be in place 
acro,s 1-64 . 

Recommendation #1: Provide westbound right-tum lane to Cox Road 
To -.ervc traffic turning from westbound Three Chopt Road 10 northbound Cox Road. a separate right-turn 
lane appears possible by constnicting a short retaining wall on the north side of Three Chopt Road. This 
right-turn lane is a critical need. as thi o; is the major traffic.: movement on wes1bound Three Chopt Road 
during the AM peak period. 

Recommendation #2: Provide southbound right-turn lane to Three Chopt Road 
During the PM pt'ak the major traffic movements occur on .southbound Col< Roa<l. with most traffic 
lk•stin~tl for 'oLHhbound Church Road, bur with ,1,ignificam left .ind riglll-turning volumes to Three Chopt 
Road. Because of ~ight distance problems. right-turns on reJ currently are prohibited for outhbound 
traffic, which causes significant delays for traffic turning 10 westbound Three Chopt Road. A separate 
tum lane appears possible at this location hy widening on the west side of Cox Road. 

Additional Recommendation (Future): Consider split phasing and optional dual left-tum lanes for 
the eastbound. westbound, and southbound approaches of the Cox/Church Road intersection 

nother major turning movement in the AM peak is for eastbound Three Chopt Road traffic turning north 
IO Cox Road . While it may be deo.;irable to provide a dual left-turn lane to serve this traffic. the reiaining 
\\ all mentioned above and other commercial de, elopmcnt at thi-, intersection would appear to prohibit 
:,tu.:h an improvement. A possible alternative i~ to provide dual lert-turns for this move ment by allowing 
the center lane of eastbound Three Chop! Road to serve as a shared lane for through and left-turn traffic. 
This would require split sign~,! phasing for this intersection, whit:h will be discusseJ in more detail later. 

A Jual left-turn lane would also he Jesirable to accommodate heavy PM peak left-turning traffic from 
,:,outhbound Cox Road to easthound Three Chopt Road. While existing development may preclude this 

I \ll"ll/iA.V'/iOltl 1~;1,/<, Tl/REE C/IU/'T\rJU/1/< lltl!IA.\/1!,lff/( Hf/'tll/T\1R4FFIC A\ Ill.I/,\ Hf 1·,,n,m:111, /)(JI. /4 
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pos:-.1bilit}, lhl' ins1Je lane lhrough lane on MltHhbounJ C'ox. Road coulJ he u,~~d a, a ,hared lane for lefl 
or 1hrough lraffic. As no1i.-:d previously. thi, will require spli1 signal phasing. 

Split phasing on all approache, of 1h1s inh.:r,ccllon may he appmpriale lo adtlrt'" ,i1uatum, "here left­
turning volume~ are similar in magnitu<le 10 lhrough ,olumes, an<l where existing development \I.Ottld 
preclude major widening for the inter~ection approaches. (See Figure 6 for traffic flow diagram.I A 
comparbon of 1raffiL operations for ,tandard signal phasing versu, split pha,ing 1..; ~hown in Table 8. 

Table 8 Traflic Analysis Results: Futun· Year 2034 Cox/Churd1 lntcrsec:tion 
Standard Si~nal Phasing vs. Split Phase Signal 

Intersection or Thret· I .evt'I or Service Delay in Volunu• to 
Cho1lt Road ILOSI Seconds A~I Capudty ( .,.fr I 

withCox/Church Road AMtPMl <PM) Ratio 

Standard Si~11a/ 
EB Approad1 F <F1 112 (95) 

WB Approach FlEJ I '.\O (7X ) 

NB Appro:Kh F (fl 169< 1-n , 

SB Approach D1£1 .n 110, 
Ow rall A vc ragl' F<Fl 129 (Xli ) I J O ( 1.12) 
Split Phase Sig11al 
EB Approad1 F IF> 107 ( 10..t ) 

WB Approad1 F(Fl 10-1 (8., ) 

NB Apprond1 F(F) 96(1'.\I) 

SB Approad1 E (F) 59 (89) 

Overall A \l'nl!!i.' F<FI 98 (95) I .OX { I.OX) 

Remarks 

A, can be ~ccn. whik· ,1ill 1101 providing an acceptable LOS. ~plit phasing Lan reduce delay on certain 
approachc, and reduce \'IC ratim for the overall intersection. especially in the AM peak hour. Thi!> option 
i), not induJed in lhL· rL'Lom1m:nJat1on, for the road Jesign pro_iec:1, bu1 ma) bl' con,iden:J as an option if 
jw,lified by futme conduion,. 

Gaskins Road I nt.i'rscc.:tion 

The mos1 ,1gnificant ,~,UL' at till· Ga,ldns Road intersection i), it~ <.:k1!>ene,s to 1he 1-64 interchange. The 
di verge point of the nnrthhound on-ramp to ea~thound 1-64 lies only 600 frel nonh of Three Chopt Road. 
Field obsl'rvation, inJ1catl' that a large ponmn of nonhhlJUnd traffic pas,ing through 1hc Gaskin, Road 
intersecli1)(1 i!\ de,ti11L'd for ea~thounJ 1-64. so widening the l-(1~ on-ramp lo two lane, i!> needed to 
accommoJah.' lhi~ traffil:. Thi~ improvement would li~cly he pan of the 1-64 interLhangl' upgrade in the 
long-range plan. and all analysi~ a,,t11ne, lhi, will be in place. 

Recommendation #3: Pro\lidc dual left-turn lanes on southbound (;askins Road 
The maneuver for traffic from th~ EB 1-6~ off-ramp desiring. 10 aL'CCSS ca~tbound Three Chopt Road is 
very difficult. a~ two lraftie lane~ on Gas~in~ Road rnu~I be crnsseJ befon: entering the left-turn lane to 
complete thi, mml'llll'nl. Traffic ,HIL~mpting thi5 movement mu,t not only mu,t wail for gaps in Gaskin5 
Road through traffic, h111 abo \\ail for queuing traffic in the !di-turn lane to dissipate. which contrioute, 
to queue, on the 1-6~ off-ramp. Dual left-turn lanes on ,outhhound Ga,~in, Road would improve 1his 
situation hy providing additinnal capacity anJ more storage art!a. Thi, would also reallocate more grl:!en 

/_ ',ll'VR/.V'/111/[ITr >~/ <J fl/Ill [ ( I/P/'/\11!~ fl /(°Wll/1/.\/"IIMf U' NU'il/1/\/ IIAFFIC ~ \.I/ 11/\ Rf\ l\lf~N1 /fl< (II 11 15 
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time for the heavy through traffic movements. There 1.-. sufficient width m the existing median tD 
nccommodate the additional turn Jane. 

Recommendation #4: Provide dual left-turn lanes on northbound Gaskins Road 
While this is not a major movement. a wide median exists that could accommodate this improvement 
without further widening to Gaskins Road. This cou!J reJuce the green time for thi.-. movement, thereby 
allocating more green time to other mowments. 

Recommendation #5: Provide dual left-turn lanes on eastbound Three Chopt Road 
An analysis shows that dual left-turn movements shoukl Jesirably be provided from eastbounJ Three 
Chopt Road to northbound Gaskim RoaJ. FielJ ob-.ervations indicate that a majority of this traffic 
movement is destined for the eastbound 1-64 on-ramp. With the addition of Jual left-turn lanes noted 
above, advance signing on we~tbounJ Three Chopt Road would also be helpful to direct traffic Jestined 
for Gaskins Road north to stay in the left hme. 

Recommendation #6: Provide dual left-turn lanes on westbound Three Chopt Road 
Widening Three Chopt Road tu accommodate eastbound dual left turn will create a wide median on the 
westbound approach that will accommodate dual left turn lanes. While not a criti,:,:1] need. such an 
improvement will reduce green time for this movement which c.:an be reallornted to other interseclion 
movements. 

Recommendation #7: Pro,1ide a right-turn lane on eastbound 'fhree Chopt Road 
A right turn lane is desirahle at this location to remove right turning traffic from lhe through lanes. This 
will allow the optimum traffic flow fnr the critical through volumes on Three Chopt Rand . 

Recommendation #8: Provide a right-turn lane on westbound Three Chopt Road 
During the AM peak right-turning traftic on westbound Three Chop! Road is almost equal to the through 
traffic. Thert'fore. a right-turn lane would be de~irable at this location. Such an improvement would 
likely require acquiring a small husiness in the northeast 4uadrant of the intersection. 

Recommendation #9: Provide three southbound and three northbound lanes through the Gaskins 
Road intersection 
The 1-64 interchange has a major influence on traffic operations at the Gaskins Roadffhree Chopt Road 
intersection. The design of the 1-64 interchange, particularly the closeness of the on- and off-ramps to 
Gaskins Road. restricts the option., at the intersection. During peak periods the interchange can feed more 
traffa: into the intersection than the intersei.:tion L·an accommodate. Conver~ely, the intersection restricts 
northbound traffic flow to the interchange. During the AM peak extensive traffic queues are common on 
northhound Gaskins RoaJ. while during the PM pe..ik traffic queues north of Gaskins Road are commonly 
observed extending back to the 1-64 mainline. The six-laning of Gaskins Road should ideally extenJ 
from l-64 to Ridgefield Par~way. While exi,ting Jewlopment would make such an improvement 
diffa:ult. providing three lanes for a significant length for the nmthbound approach of Gaskins Road 
woulJ greatly incn~ase the capacity of this movement. Likewise, providing three lanes for a significant 
distance on southbound Gaskins Road beyond Three Chopt Road would also increase the soulhbound 
through lane capacity . 

t \\\'flRI\\J'l~Ull:t'{.,\_~,,1~4 1HRFE < 1/tJP/\/R,\U·I( B-UJ<f,.\TR.lFI IC. U.EPURl'1R41 I/(•\\.·\/ J \'t_, HE\·t.\E[.11111::105.{J()I" 16 
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6.0 SUMMARY AND CONCLUSIONS 
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The proposed project was analyzed m,suming the widening of Three Chopl Road to four through lanes, 
plus dual left-turn lanes at strategiL' locatiom to provide optimum traffic flow. While these improvements 
would dramatically imprme traffic llow throughout the project area, the two major intersections of Three 
Chopt Road with Cox/Church Road and Ga:-.kins Road would still operate at LOS Fin the Design Year 
20.l4. However. the rec.:ommended Build improvements would result in significantly lower delays which 
indicate major improvements to traffic follow through the intersections compared to a No-Build option. 
Other alternatives were tested as Jetailed under Section .Lt but found to be not feasible due to heavy 
property impacts. The Recommended design seel-.s to balam:e traffic service with prnpeny damage. To 
proJuce an aL·ceptable LOS ( LOS Dor better). both Three Chopt Road and Gaskins Rond would require 
widening to more than six lanes. This does not seem practical given the existing Jevelopment in these 
corridors and the constraints of the 1-64 interchange. 

It should be noteJ that an analysis of the Recommended Design includes three major improvements 
outside the ~cope of thi~ proJCCt. The first, widening Cox Road to four lanes over 1-64 would likely be 
concurrent with widening 1-64 to eight lanes. This project is included in the Richmond Regional LRTP 
Vision Plan. The second, widening the r-64 on-ramp at Gm.kins Road. is also in the LRTP Vision Plan. 
The third. widening Gnskins Road to six lanes hetween Three Chopt Road and Ridgefield Parkway. is not 
included in any future plan. With an existing traffic count of .W.000 VPD, and an anticipated traffic 
growth to more than 61,000 VPD, six lane~ will be required on Gaskins Road up to Ridgefield Parkway 
in the foreseeahle future. 

During the design phase a more in-depth evaluation will be made as to whether the improvements 
recommended in this traffic stuJy are viable from a right-of-way and construction cost standpoint. 
Should these improvements not be viable, traffic operations would be less efficient than shown in this 
report . 

I \l\'URICV'fi()JUT.I' "!,/ q THRLl I 11, 1/'Tl)RM 11, 'l\'()RI.\/ fi,1/·f/l REl't IR/\l'RM/11 4 VAi )SIS RH/\f r,m:1, ,_, /}()( 17 
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• 
Appendix A 

Photographs along Three Chopt Road Corridor 
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• 
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Photograph 1: Three Chopt Road typical two-lane section. r ,-.r 
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• 

• 

Photograph 3: Church Road at Three Chopt Road showing northbound through traffic avoiding 
outside lane in AM traffic peak . 

-
Photograph 4: Three Chopt Road at Cox Road Intersection showing westbound left-tum queuing 
during AM peak . 
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• 

• 

Photograph 5: Cox Road at Three Chopt Road intersection showing southbound PM peak queuing . 

Photograph 6: Three Chopt Road at Cox Road Intersection showing eastbound left-turn queuing 
during AM peak . 
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• 

• 

Photograph 7: Three Chopt Road at Gaskins Road showing westbound AM peak queues for traffic 
turnin left to 1-64 interchange . 

Photograph 8: Gaskins Road at 1-64 interchange showing southbound PM peak traffic queues. 
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Appendix B 

Traflic Data 

• 

• 



• 

; 

., ' 

• ;.4. 

, 

' 

• Ll:.Gl:..\l.l 

:: 

... 
' 

.1 

;: ,.. 

... 

~ 
" !" 

~-- , C. 

--
~ ., 

' ' ' " 
t .. 



• 
' 

I I 

·, 

' .. •' 

r:t• 

~ .. - ' 
;. 

• , 
1· •• --

r • . 
.... f: 

.. "' - .., .. -
___ .,•.;:;-'~. 1~ ~ 

' .... 

::: 

.::. 

I 1 

• LECE\D 

£ I , 

:. ·~·· - 1 ... 



• • • 
EXISTING 2005 TURNING MOVEMENT COUNTS By 

Taken Ap11! Hl. 2005 Earth Tec.h. Inc 
Total Vehicles At 7870 Villa Park Drive 
AM lntersecl1011 of Three Chopt Road 8, co~/Chwct1 Rnad Suite 400 

lie11mo County Virginia Richmond. VA 23228 

Street NamF! Co~ Rd--Soulhbound I Three Chopt Rd --Westbound I Church Rd --Northbound I Tl11 ee Chopt Rd --Eastbound 1fntersec.t1on 
Start Tm1e Hight Thru Left Total Peds Righi Thru Left Total Peds High! Ttiru Left Tota l Peds Right Thru Left Total Peds Total 

7 OOAM 4 21 15 40 0 31 18 8 s-,~ 77 811 4 104 3 61 33 97 355 
7 15 AM 6 18 21 45 0 42 2J 15 80 74 117 7 198 0 GG 51 120 443 
7 30 AM 18 25 24 66 0 51 25 27 103 63 \26 4 193 4 105 82 190 552 
7 45 AM 14 30 2:Z 66 0 63 JO 32 12!1 55 155 4 213 4 G4 66 134 538 
BOO AM 11 27 23 61 0 63 32 20 11 S 59 155 J 21b 6 87 70 162 554 
!315AM 3 29 22 54 0 68 36 34 137 St 150 7 206 5 56 62 125 524 
0 JOAM 10 23 2\ 54 0 53 41 1.J 108- 54 102 7 162 6 75 4G 127 451 
f3 45AM 13 23 J] 69 0 G4 38 37 LIB 44 71 fl 1.22 :)3 43 102 ,n1 

I luwly Totals Truck•,-:. 
, 00 tu B.00 42 94 1.1:: ;:'18 111; 913 82 36:, 2fj9 4fl2 19 no 11 299 ~' J2 542 18US 
7 15 to B 15 4Y 100 80 239 219 110 94 423 251 553 18 522 14 325 269 608 2092 
7 30 to B 30 46 111 91 :;''18 245 123 113 481 220 S8G 10 83:.' 19 314 280 613 2174 2 
7 4!.'> to 045 38 109 80 235 247 139 100 413G 219 562 21 802 21 £'84 244 549 2012 
H 00 lo 9 00 37 102 99 238 248 147 105 500 Wfl 478 •,r. .:..) 711 :.'4 2/3 221 5Hl 1861 

() 

Phf 0 64 0 9J 0 9:, 0 94 0 90 0 R~, 063 0 Ro o ~·o 0 ~~~ 0 G4 0 ()(", 0 79 0 -, ,::, 0 85 0 01 [) 98 



• 
1 otal Vehicles At 

EXISTING 2005 TURNING MOVEMENT COUNTS 
Ta ken Apnl 21, 2005 

AM Intersection of Three Chop! Road & Gaskins Rd 
Henrico Counly Vugima 

• 
By 
Earth Tech. Inc 
7870 Villa Park Dnve 
Suite 400 
Richmond, VA 23228 

Street Name Gaskins Rd--Southbound I Three Chopt Rd --Westbound I Gaskins Rd - Northbound I Three Chopt Rd --Eastbound 
Start Time Righi Thru Left Total Peds Right Thru Left Total Peds Righi Thru Left Total Peds Right Thru Left Total Peds 

7 00 AM 28 129 20 177 45 39 11 95 11 49 16 76 59 52 13 124 
7 15AM 29 162 24 215 80 79 12 171 16 423 24 463 14 73 100 193 
7 30 AM 47 212 21 280 85 81 12 178 20 360 26 406 13 79 124 216 
7 45AM 50 232 23 J05 70 73 8 151 14 366 35 415 25 73 102 200 
8 00 AM 44 169 28 241 68 73 7 148 14 368 35 417 24 78 125 227 
815AM 38 190 65 293 76 85 14 175 22. 350 34 406 23 93 104 220 
8 30AM 33 176 21 230 61 84 13 158 30 354 44 428 29 62 103 194 
845AM 35 196 35 266 44 52 20 116 25 349 17 391 15 71 84 170 

Hourly T olals 
7 00 to 8 00 154 735 88 977 280 272 43 595 61 1198 101 1360 111 277 345 733 
7 15 to 8 15 170 775 96 1041 303 306 39 548 64 1517 120 1701 76 303 457 836 
7 30 to 8 30 179 803 137 1119 299 312 41 652 70 1444 130 1644 85 323 455 863 
7 45 to 8 45 165 767 137 1069 275 315 42 632 80 1438 148 1666 101 30G 434 841 
8 00 to 9 00 150 731 149 1030 249 294 54 597 91 1421 130 1642 91 304 416 811 

Phf 0 90 0 87 0 53 0 92 0 88 0 92 0 73 0 92 080 0 98 0 93 0 99 0 85 087 0 91 0 98 

• 
I Intersection 
Total 

472 
1042 
1080 
1071 
1033 
1094 
1010 
943 

Truck 'Yu 
3665 
4226 
4278 3"lo 
4208 
4080 

0 98 



• • • 
EXISTING 2005 TURNING MOVEMENT COUNTS Ry 

Taken Apnl Hi. 2005 birth Tech. Inc 
T Qtal Veh,cles At if:170 Vill.:i Paik Dr1vP 
PM lnlersect1on of Thtee Chop! Road & Co~IChurch Road :c;u,le 400 

liennco County, V1rg1n1i1 H1chmoncJ. VA 2322B 

[;freet N;ime Cox Rd--SoulhboumJ Three Chopl Ro ·-WPstbound Church Rd ·-Northbound Three ChoJ,l Rd ··laslbound lr,ter!'iect1on 
Stai\ Time Right Tt11u Left Total f'eds R,ghl Thrn Left Tula! Peds Right Thru Left Total PPds Right Thru Left Total Peds Total 

4 00 PM 28 79 39 146 35 ; 1 41 14 7 40 43 B 91 8 66 22 96 480 
4 15 PM 30 113 82 225 Jtj 91 53 1/30 ~~ 49 u 87 12 58 33 103 590 
4 JO PM 30 113 82 225 36 91 53 180 25 49 1.3 n2 12 [,IJ JJ 103 590 
4 45 PM 48 105 74 -,-,-

; • I 26 82 67 17:, 37 49 G 87 15 57 ZB 100 509 
5 00 PM 49 170 10'3 325 43 AG 58 187 29 5G 9 94 7 G9 19 95 701 
5 15 PM 54 1()7 80 301 4~, 116 83 244 Jj 40 6 79 12 132 26 100 724 
C, JO PM 62 141 74 2.77 31 113 7'3 220 :18 42 16 8'3 15 87 16 118 701 
5 45 PM 'J7 125 lO zr.·> "~ 34 119 7,1 -,.,-

<- ...... , 24 41 10 75 1;;' 5B 41 111 G6S 

I lowly 1 otals lllll~ ,, 
4 00 lo 5 00 1 Vi 4 IO "j°T~ ll.:.'J IJJ 3J5 214 l.ill2 ,.,., 

!90 :J() 34; 47 239 116 40? ;;;,,19 ,:, ' ~<.. 

4 15 to 5 15 l:.,7 ::.01 3,14 1002 141 150 231 r,, ' ,. . 111 203 31 345 46 742 113 401 247U 
4 30 lo 5 30 181 555 342 1078 150 375 2Gl i'IJ•5 11') 194 29 342 40 24G 106 J(JO 2G04 
4 45 to 5 45 213 SB;J JJ4 l 13U 145 397 284 32G 1!~ L< 107 37 3•H3 49 ''\ ..... f: 

LI :.J 139 413 271 ~J 

fi 00 to G 00 222 603 330 1155 153 434 291 1378 11'1 179 4\ 334 4G 2-t(j 102 42<1 ;/791 

f'M 0 40 U8!:1 0 18 0 69 0 05 0 91 lJ 66 0 90 0 8(3 0 80 () (34 0 ()g 0 7, 
( .. 0 ;g () 98 0 9U 0 ~c; 



• • • 
EXISTING 2005 TURNING MOVEMENT COUNTS By 

Taken Ap11I 21. 2005 Earth Tech. Inc 
Total VelHclos At 7870 Villa Park Dn110 
l'M l11tersect1on of Three Chopl Road & Gaskins Rd Suite 400 

He11nco County. V1rg1nia Richmond VA ~3228 

Street Name Gaskins Rd-Southbound Three Chopl RcJ --Westbound I Gaskins Rd --Northbound Three Chopt Rd --Easlbound lnten,oction 
Sta1t T11ne Right Thru Left Total Peds Right Thru Left Total Peds Righi Thru Lett Total Peds Right Thru Lett Total Peds Total 

400 PM 70 340 27 437 40 71 29 140 26 250 13 :789 49 70 5G 175 1041 
4 15 PM 96 276 48 420 41 101 16 158 20 229 32 261 36 09 59 184 1043 
4 30 PM 75 .368 32 475 37 93 25 155 31 247 41 319 56 ('wt 49 169 1118 
4 45 PM 55 360 40 455 38 77 23 138 27 186 27 240 34 88 31 153 98(; 
500 PM 75 409 44 &28 36 93 26 155 48 272 30 350 53 94 33 180 1213 
5 15 PM 81 389 55 525 37 84 26 147 30 240 38 316 39 75 45 159 1147 
5 30 PM 61 348 36 445 29 85 26 140 23 253 37 313 45 90 52 187 1065 
5 45 PM 111 389 36 536 31 123 25 179 18 211 28 257 26 70 3G 132 110'1 

Hourly Totals 
4 00 to 5 00 296 1344 147 1787 156 342 93 591 104 912 113 1129 175 311 195 681 4188 Truck% 
4 15 to 5 15 301 1413 164 1878 152 364 90 606 126 934 130 1190 179 335 172 686 '1360 
4 30 to 5 30 286 1526 171 1983 148 347 100 595 136 953 136 1225 182 321 158 661 4464 2'Y. 
4 45 to 5 45 272 1506 175 1953 140 339 101 580 128 959 132 1219 171 347 161 679 4431 
5 00 to 6 00 328 1535 171 2034 1J3 385 103 621 119 984 133 1236 163 329 166 658 4549 

JJhf 0 74 094 0 78 095 0 90 0 78 099 0 87 062 0 90 088 088 0 77 0 88 080 0 91 094 
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Appendix C 

HCM Capacity Printouts - Year 2005 Analysis 
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HCM Signalized Intersection Capacity Analysis EXIST COND 2005 AM 
1: THREE CHOPT RD & GASKINS RD 7/14/2005 

• .J ~ ; JI:"' ' ( ' l' ~ ' J/ lt-J 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations 'i tt+ "f tt+ 'i tt ' ~ tf ' Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time ( s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 0.97 1.00 0.93 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3428 1770 3279 1770 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (eerm) 1770 3428 1770 3279 1770 3539 1583 1770 3539 1583 
Volume (vph) 455 323 85 41 312 299 130 1444 70 137 803 179 
Peak-hour factor, PHF 0.98 0.98 0.98 0.92 0.92 0.92 0.99 0.99 0.99 0.92 0.92 0.92 
Adj. Flow (vph) 464 330 87 45 339 325 131 1459 71 149 873 195 
RTOR Reduction (vph) 0 12 0 0 103 0 0 0 17 0 0 98 
Lane Group Flow (vph) 464 405 0 45 561 0 131 1459 54 149 873 97 
Turn Type Prot Prot Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 8 4 
Actuated Green, G (s) 40.0 57.7 8.1 25.8 16.6 65.0 65.0 17.7 66. 1 66.1 
Effective Green, g ( s) 40.0 59.2 8.1 27.3 16.6 66.5 66.5 17.7 67.6 67.6 
Actuated g/C Ratio 0.24 0.35 0.05 0.16 0.10 0.40 0.40 0.11 0.40 0.40 
Clearance Time (s) 4.0 5.5 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 

• Lane Grp Cap (vph) 423 1212 86 534 175 1405 628 187 1428 639 
vis Ratio Prot c0.26 0.12 0.03 c0.20 0.07 c0.41 c0.08 0.25 
vis Ratio Perm 0.04 0.12 
v/c Ratio 1.10 0.33 0.52 1.05 0.75 1.04 0.09 0.80 0.61 0.15 
Uniform Delay, d 1 63.8 39.7 77.8 70.1 73.4 50.5 31.5 73.1 39.5 31.7 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 72.6 0.2 5.6 52.9 16.0 34.6 0.1 20.5 1.1 0.2 
Delay (s) 136.3 39.9 83.5 123.0 89.4 85.1 31.6 93.7 40.7 32.0 
Level of Service F D F F F F C F D C 
Approach Delay (s) 90.7 120.5 83.2 45.8 
Approach LOS F F F D 

Intersection Summa~ 
HCM Average Control Delay 80.4 HCM Level of Service F 
HCM Volume to Capacity ratio 1.06 
Actuated Cycle Length ( s) 167.5 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 104.3% ICU Level of Service G 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



Queues EXIST COND 2005 AM 
1: THREE CHOPT RD & GASKINS RD 7/14/2005 

• '1 ~ ) JI:" ' ~ ' J' ,..._ ' JI' ~ 

LaneGroue SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Volume (vph) 455 323 85 41 312 299 130 1444 70 137 803 179 
Peak Hour Factor 0.98 0.98 0.98 0.92 0.92 0.92 0.99 0.99 0.99 0.92 0.92 0.92 
Lane Group Flow (vph) 464 417 0 45 664 0 131 1459 71 149 873 195 
v/c Ratio 1.09 0.34 0.46 1.06 0.74 1.03 0.11 0.79 0.61 0.26 
Control Delay 128.1 39.8 78.2 106.2 86.7 81.3 20.2 91.3 41.8 8.0 
Queue. Delay 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 
Total Delay 128.1 39.8 78.2 106.2 87.1 81.3 20.2 91.3 41.8 8.0 
Queue Length 50th (ft) -582 174 49 -363 143 -916 29 162 398 21 
Queue Length 95th (ft) #815 232 94 #498 219 #1058 66 #260 482 78 
Internal Link Dist (ft) 151 599 856 499 
Turn Bay Length (ft) 250 200 260 200 500 
Base Capacity (vph) 425 1230 240 625 208 1412 649 209 1435 739 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Storage Cap Reductn 0 16 0 0 6 0 0 0 0 0 
Reduced v/c Ratio 1.09 0.34 0.19 1.06 0.65 1.03 0.11 0.71 0.61 0.26 

Intersection Summary 
- Volume exceeds capacity, queue is theoretically infinite. 

Queue shown is maximum after two cycles. 
# 95th percentile volume exceeds capacity, queue may be longer. 

Queue shown is maximum after two cycles . 

• 

• Earth Tech Inc. Queues 



Timings EXIST COND 2005 AM 
1: THREE CHOPT RD & GASKINS RD 7/14/2005 

• -.JI ~ JI:"' ' 
,. 

JI ,.... ' JI' ~ 

Lane Group SEL SET NWL NWT NEL NET NER SWL SWT SWR 
Lane Configurations 'i tf+ 'i tf+ 'i tt (' 'i tt (' 
Volume (vph) 455 323 41 312 130 1444 70 137 803 179 
Turn Type Prot Prot Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 8 4 
Detector Phases 5 2 1 6 3 8 8 7 4 4 
Minimum Initial (s) 3.0 3.0 3.0 3.0 3.0 15.0 15.0 3.0 15.0 15.0 
Minimum Split (s) 7.0 8.5 7.0 8.5 7.0 20.5 20.5 7.0 20.5 20.5 
Total Split (s) 44.0 45.5 29.0 30.5 2.4.0 70.5 70.5 24.0 70.5 70.5 
Total Split(%) 26.0% 26.9% 17.2% 18.0% 14.2% 41.7% 41 .7% 14.2% 41 .7% 41.7% 
Yellow Time (s) 3.0 4.0 3.0 4.0 3.0 4.0 4.0 3.0 4.0 4.0 
All-Red T1me (s) 1.0 1.5 1.0 1.5 1.0 1.5 1.5 1.0 1.5 1.5 
Lead/Lag Lead Lag Lead Lag Lead Lag Lag Lead lag Lag 
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Recall Mode None None None Min None None None None None None 

ntersection Summary 
Cycle Length: 169 
Actuated Cycle Length: 166.8 
Natural Cycle: 120 
Control Type: Semi Act-Uncoord 

Splits and Phases: 1: THREE CH OPT RD & GASKINS RD 

• JI:"' 01 ~ 02 ' 03 
2!h 45.Sa 
-.JI ,06 m5 

s 5s 

• Earth Tech Inc. Timings 



HCM Signalized Intersection Capacity Analysis EXIST COND 2005 AM 
2: THREE CHOPT RD & COX RD 7/19/2005 

• -.JI ~ ~ /tr' ' ( ' ;1' """1l ' JI ._, 
Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations ' tf+ "i tf+ "i t ., 

~ tf+ 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time ( s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00 0.95 
Frt 1.00 0.99 1.00 0.90 1.00 1.00 0 85 1.00 0.96 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 
Satd. Flow (prot) 1770 3510 1770 3186 1770 1863 1583 1770 3383 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 
Satd. Flow (perm) 1770 3510 1770 3186 1770 1863 1583 1770 3383 
Volume (vph) 280 314 19 113 123 245 16 586 226 91 111 46 
Peak-hour factor, PHF 0.81 0.81 0.81 0.88 0.88 0.88 0.96 0.96 0.96 0.94 0.94 0.94 
Adj. Flow (vph) 346 388 23 128 140 278 19 610 238 97 118 49 
RTOR Reduction (vph) 0 3 0 0 242 0 0 0 81 0 0 0 
Lane Groue Flow (vph) 346 408 0 128 176 0 19 610 157 97 167 0 

Turn Type Prot Prot Prot Perm Prot 
Protected Phases 1 6 5 2 3 8 7 4 
Permitted Phases 8 
Actuated Green. G (s) 25.3 25.3 13.6 13.6 8.2 45.6 45.6 13.2 50.6 
Effective Green, g (s) 26.8 27.3 15.1 15.6 9.7 47.6 47.6 14.7 52.6 
Actuated g/C Ratio 0.22 0.23 0.13 0.13 0.08 0.39 0.39 0.12 0.44 
Clearance Time (s) 5.5 6.0 5.5 6 .0 5.5 6.0 6.0 5.5 6.0 
Vehicle Extension (s) 3.0 4.5 3.0 4.5 3.0 3.0 3.0 3.0 3.0 

• Lane Grp Cap (vph) 393 794 221 41 2 142 735 624 216 1474 
v/s Ratio Prot c0.20 0.12 0.07 c0.13 0.01 c0.33 c0.05 0.05 
vis Ratio Perm 0.15 
vie Ratio 0.88 0.51 0.58 0.43 0.13 0.83 0.25 0.45 0.11 
Uniform Delay, d1 45.4 40.9 49.8 48.4 51.6 32.9 24.6 49.2 20.2 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 19.9 0.9 3.7 1.2 0.4 7.7 0.2 1.5 0.0 
Delay (s) 65.3 41 .8 53.5 49.7 52.0 40.6 24.8 50.7 20.2 
Level of Service E D D D D D C D C 
Approach Delay (s) 52.6 50.6 36.5 31.4 
Approach LOS D D D C 

Intersection umma!}'. 
HCM Average Control Delay 44.1 HCM Level of Service D 
HCM Volume to Capacity ratio 0.82 
Actuated Cycle Length (s) 120.7 Sum of lost time {s) 16.0 
Intersection Capacity Utilization 76.0% ICU Level of Service D 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



Queues EXIST COND 2005 AM 
2: THREE CHOPT RD & COX RD 7/19/2005 

• ~ )6. ) Ir' ' ( ' J' ~ ~ ,/ lt..., 

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Volume (vph) 280 314 19 113 123 245 18 586 228 91 111 46 
Peak Hour Factor 0.81 0.81 0.81 0.88 0.88 0.88 0.96 0.96 0.96 0.94 0.94 0.94 
Lane Group Flow (vph) 346 411 0 128 418 0 19 610 238 97 167 0 
vie Ratio 0.85 0.50 0.56 0.63 0.09 0.80 0.33 0.49 0.11 
Control Delay 64.6 41.3 51.7 17.0 44.9 42.0 13.4 52.2 25.9 
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Total Delay 64.6 41.3 51.7 17.0 44.9 42.0 13.4 52.2 25.9 
Queue Length 50th (ft) 253 143 92 51 14 404 50 70 30 
Queue Length 95th (ft) #422 194 164 101 28 #744 135 136 108 
Internal Link Dist (ft) 645 472 963 575 
Turn Bay Length (ft) 300 200 200 200 
Base Capacity (vph) 408 1136 369 1138 394 762 726 408 1669 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 
Reduced vie Ratio O.B5 0.36 0.35 0.37 0.05 O.BO 0.33 0.24 0.10 

fntersection Summa!}'. 
# 95th percentile volume exceeds capacity, queue may be longer. 

Queue shown is maximum after two cycles . 

• 

• Earth Tech Inc. Queues 



Timings EXIST COND 2005 AM 
2: THREE CHOPT RD & COX RD 7/19/2005 

• -..1 
~ Ji:"" ' ' ,If ~ ~ ~ 

Lane Groue SEL SET NWL NWT NEL NET NER SWL swr 
Lane Configurations "'i tf+ "'i tf+ "\ t .,, "'i tf+ 
Volume (vph) 280 314 113 123 18 586 228 91 111 
Turn Type Prot Prot Prot Perm Prot 
Protected Phases 1 6 5 2 3 8 7 4 
Permitted Phases 8 
Detector Phases 1 6 5 2 3 8 8 7 4 
Minimum Initial (s) 3.0 12.0 3.0 8.0 3.0 3.0 3.0 3.0 3.0 
Minimum Split (s) 9.5 20.0 9.5 20.0 20.0 20.0 20.0 20.0 20.0 
Total Split (s) 30.5 46.0 30.5 46.0 30.5 51.0 51.0 35.5 56.0 
Total Split(%) 18.7% 28.2% 18.7% 28.2% 18.7% 31.3% 31.3% 21.8% 34.4% 
Yellow Time (s) 3.5 4.0 3.5 4.0 3.5 4.0 4.0 3.5 4.0 
All-Red Time (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
Lead/Lag Lead Lag Lead Lag Lag Lead Lead Lag Lead 
Lead-Lag Optimize? Yes Yes -Yes Yes Yes Yes Yes Yes Yes 
Recall Mode None Min None Min None None None None None 

ntersection Summa!}: 
Cycle Length: 163 
Actuated Cycle Length: 116.4 
Natural Cycle: 100 
Control Type: Actuated-Uncoordinated 

Splits and Phases: 2: THREE CHOPT RD & COX RD 

• ....:I( '02 ~ 04 ) 
1111 03 

315t 30.Ss 

Ji:"" 1115 ~ 07 

• Earth Tech Inc. Timings 
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HCM Signalized Intersection Capacity Analysis EXIST COND 2005 PM 
1: THREE CHOPT RD & GASKINS RD 

"' ~ ) 
f,.ilovement SEL SET SER 
Lane Configurations "i tt+ 
Ideal Flow (vphpl) 1900 1900 1900 
Total Lost time ( s) 4 .0 4.0 
Lane Util. Factor 1.00 0.95 
Frt 1.00 0.95 
Flt Protected 0.95 1.00 
Satd. Flow (prot) 1770 3364 
Flt Permitted 0.95 1.00 
Satd. Flow (perm) 1770 3364 

Volume (vph) 166 - 329 163 
Peak-hour factor, PHF 0.91 0.91 0.91 
Adj. Flow (vph) 182 362 179 
RTOR Reduction (vph) 0 29 0 
Lane Group Flow (vph) 182 512 0 
Turn Type Prot 
Protected Phases 5 2 
Permitted Phases 
Actuated Green, G (s) 23.2 36.1 
Effective Green, g (s) 23.2 37.6 
Actuated g/C Ratio 0.13 0.21 
Clearance Time (s) 4.0 5.5 
Vehicle Extension (s) 3.0 3.0 
Lane Grp Cap (vph) 226 697 
v/s Ratio Prot c0.10 0.16 
v/s Ratio Perm 
v/c Ratio 0.81 0.73 
Uniform Delay, d1 77.0 67.3 
Progression Factor 1.00 1.00 
Incremental Delay, d2 18.5 4.0 
Delay (s) 95.5 71.3 
Level of Service F E 
Approach Delay (s) 77.4 
Approach LOS E 

lntersection Summary 
HCM Average Control Delay 59.4 
HCM Volume to Capacity ratio 0.89 
Actuated Cycle Length (s) 181.6 
Intersection Capacity Utilization 87.2% 
Analysis Period (min) 15 
C Critical Lane Group 

Earth Tech Inc. 

7/12/2005 

Jr" ' ( ' .,11 " ' JI' ~ 

NWL NWT NWR NEL NET NER SWL SWT SWR 

"i tt+ "i tt r' "i t+ '(' 
1900 1900 1900 1900 1900 1900 1900 1900 1900 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 
1.00 0.96 1.00 1.00 0.85 1.00 1.00 0.85 
0.95 1.00 0.95 1.00 1.00 0.95 1..00 1.00 
1770 3403 1770 3539 1583 1770 3539 1583 
0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
1770 3403 1770 3539 1583 1770 3539 1583 

103 385 133 133 984 119 171 1535 328 
0.87 0.87 0.87 0.88 0.88 0.88 0.95 0.95 0.95 
118 443 153 151 1118 135 180 1616 345 

0 17 0 0 0 37 0 0 78 
118 579 0 151 1118 98 180 1616 267 
Prot Prot Perm Prot Perm 

1 6 3 8 7 4 
8 4 

17.2 30.1 19.8 87.4 87.4 21.9 89.5 89.5 
17.2 31.6 19.8 88.9 88.9 21.9 91.0 91.0 
0.09 0.17 0.11 0.49 0.49 0.12 0.50 0.50 

4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
3.0 3.0 -3.0 3.0 3.0 3.0 5.0 5.0 

168 592 193 1732 775 213 1773 793 
0.07 c0.18 0.09 0.32 c0.10 c0.46 

0.09 0.22 
0.70 0.98 0.78 0.65 0.13 0.85 0.91 0.34 
79.7 74.6 78.8 34.6 25.2 78.2 41.6 27.2 
1.00 

1
1.00 1.00 1.00 1.00 1.00 1.00 1.00 

12.5 31.0 18.4 0.8 0.1 25.2 7.9 0.5 
92.2 105.6 97.2 35.4 25.3 103.4 49.5 27.7 

F F F D C F D C 
103.4 41.1 50.5 

F D D 

HCM Level of Service E 

Sum of lost time (s) 12.0 
ICU Level of Service E 

HCM Signalized Intersection Capacity Analysis 
Page 1 



Queues 
1: THREE CHO PT RD & GASKINS RD 

• '-,:I( )l ) I" ' ( 
Lane Groue SEL SET SER NWT NWR 
Volume (vph) 166 329 163 103 385 133 
Peak Hour Factor 0.91 0.91 0.91 0.87 0.87 0.87 
Lane Group Flow (vph) 182 541 0 118 596 0 
vie Ratio 0.81 0.75 0.71 0.98 
Control Delay 88.7 71.2 85.7 102.0 
Queue Delay 10.6 0.0 1. 1 0.0 
Total Delay 99.3 71.2 86.8 102.0 
Queue Length 50th (ft) 217 306 141 372 
Queue Length 95th (ft) 319 404 214 #522 
Internal Link Dist (ft) 151 599 
Turn Bay Length (ft) 250 200 
Base Capacity (vph) 282 725 274 609 
Starvation Cap Reductn 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 
Storage Cap Reductn 73 0 48 0 
Reduced v/c Ratio ·· 0.87 0.75 0.52 0.98 

Intersection Summary 
# .. 95th percentile volume exceeds capacity, queue may be longer. 

Queue shown is maximum after two cycles . 

• 

• 
Earth Tech Inc. 

' JI 
NEL NET 
133 984 

0.88 0.88 
151 1118 

0.78 0.65 
92.3 37.6 

3.9 0.0 
96.2 37.6 
180 538 
268 634 

856 
260 
237 1760 

0 0 
0 0 

37 0 
0.76 0.64 

EXIST COND 2005 PM 

~ 

NER 
119 

0.88 
135 

0.17 
13.3 
0.0 · 

13.3 
40 
87 

200 
824 

0 
0 
0 

0.16 

7/12/2005 

' JI' 'IL.I 

SWL SWT SWR 
171 1535 328 

0.95 0.95 0.95 
180 1616 345 

0.84 0.91 0.40 
97.8 50.9 16.9 

0.0 0.0 0.0 
97.8 50.9 16.9 
213 940 136 

#354 #1217 241 

-
500 
240 

0 
0 
0 

0.75 

499 

1781 875 
0 0 
0 0 
0 0 

0.91 0.39 

Queues 
Page 1 



Timings 
1: THREE CHOPT RD & GASKINS RD 

I • -..:I( 
~ Jr', ' ' J' -... 

[ane Groue SEL SET NWL.: NWT NEL NER 
Lane Configurations "i tt+ "i tt+ "i 7' 
Volume (vph) 166 329 103 385 133 119 
Turn Type Prot Prot Prot Perm 
Protected Phases 5 2 1 6 3 8 
Permitted Phases 8 
Detector Phases 5 2 1 6 3 8 8 
Minimum Initial (s) 3.0 3.0 3.0 3.0 3.0 15.0 15.0 
Minimum Split (s) 7.0 8.5 7.0 8.5 7.0 ·20.5 20.5 
Total Split (s) 34.0 35.5 34.0 35.5 29.0 95.5 95.5 
Total Split(%) 17.5% 18.3% 17.5% 18.3% 14.9% 49.2% 49.2% 
Yellow Time (s) 3.0 4.0 3.0 4.0 3.0 4 .0 4.0 
All-Red Time (s) 1.0 1.5 1.0 1.5 1.0 1.5 1.5 
Lead/Lag Lead Lag Lead Lag Lead Lag Lag 
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes 
Recall Mode None None None Min None None None 

Intersection Summa!}'. 
Cycle Length: 194 
Actuated Cycle Length: 181.7 
Natural Cycle: 90 
Control Type: Semi Act-Uncoord 

• 
Splits and Phases: 1: THREE CHOPT RD & GASKINS RD 

JI:"' 01 ~ 02 ' 1113 'JI 04 
34t ) 35.5¥ :.;:. J 29t ' , 11 95.Ss -
'4( 

1115 , 1116 '1117 J' 08 
34s I 355• 1 :Rs 11 95.Ss 

• Earth Tech Inc. 

EXIST COND 2005 PM 
7/12/2005 

' ;I lt,.; 

SWL SWT SWR 

"i tt 7' 
171 1535 328 
Prot Perm 

7 4 
4 

7 4 4 
3.0 15.0 15.0 
7.0 20.5 20.5 

29.0 95.5 95.5 
14.9% 49.2% 49.2% 

3.0 4.0 
1.0 1.5·, 

Lead Lag 
Yes Yes 

None None 

-

4.0 
1.5 

Lag 
Yes 

None 

I I 

l I 

Timings 
Page 1 
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• 

• 

HCM Signalized Intersection Capacity Analysis EXIST COND 2005 PM 
2: THREE CHOPT RD & COX RD 

~ ~ ; 
Movement SEL SET SER 
Lane Configurations ~ tt+ 
Ideal Flow (vphpl) 1900 1900 1900 
Total Lost time (s) 4.0 4.0 
Lane Util. Factor 1.00 0.95 
Frt 1.00 0.98 
Flt Protected 0.95 1.00 
Satd. Flow (prot) 1770 3463 
Flt Permitted 0.95 1.00 
Satd. Flow (perm) 1770 3463 
Volume (vph) 102 276 46 
Peak-hour factor, PHF 0.80 0.80 0 80 
Adj. Flow {vph) 128 345 58 
RTOR Reduction (vph) 0 9 0 
Lane Group Flow (vph) 128 394 0 

Turn Type Prot 
Protected Phases 1 6 
Permitted Phases 
Actuated Green, G (s) 13.8 22.1 
Effective Green. g (s) 15.3 24.1 
Actuated g/C Ratio 0.13 0.20 
Clearance Time (s) 5.5 6.0 
Vehicle Extension (s) 3.0 4.5 
Lane Grp Cap (vph) 223 686 
v/s Ratio Prot 0.07 0.12 
vis Ratio Perm 
vie Ratio 0.57 0.57 
Uniform Delay, d1 50.1 44.2 
Progression Factor 1.00 1.00 
Incremental Delay, d2 3.5 1.6 
Delay (s) 53.7 45.8 
Level of Service D D 
Approach Delay (s) 47.7 
Approach LOS D 

Intersection Summa~ 
HCM Average Control Delay 42.6 
HCM Volume to Capacity ratio 0.72 
Actuated Cycle Length (s) 121 .7 
Intersection Capacity Utilization 67.2% 
Analysis Period (min) 15 
C Critical Lane Group 

0 de fa do RTL 

Earth Tech Inc. 

7/12/2005 

Jr" ' ( ' ~ 6> ' Jt' lt.J 

NWL NWT NWR NEL NET NER SWL SWT SWR 

~ tt+ ~ + (' ·~ tf+ 
1900 1900 1900 1900 1900 1900 1900 1900 1900 

4.0 4.0 4.0 40 4.0 4.0 40 
1.00 0.95 1.00 1.00 1.00 1.00 0.95 
1.00 0.96 1.00 1.00 0.85 1.00 0.96 
0.95 1..00 0.95 1.00 1.00 0.95 1.00 

1770 3401 1770 1863 1583 1770 3396 
0.95 1.00 0.95 1.00 1.00 0.95 1.00 
1770 3401 1770 1863 1583 1770 3396 
291 434 153 41 179 114 330 603 222 
0.88 0.88 0.88 0.96 0.96 0.96 0.94 0.94 0.94 
331 493 174 43 186 119 351 641 236 

0 20 0 0 0 81 0 0 0 
331 647 0 43 186 38 351 877 0 
Prot Prot Perm Prot 

5 2 3 8 7 4 
8 

25.4 33.7 5.6 20.7 20.7 30.5 45.6 
26.9 35.7 7.1 22.7 22.7 32.0 47.6 
0.22 0.29 0.06 0.19 0.19 0.26 0.39 

5.5 6.0 5.5 6.0 6 .0 5.5 6.0 
3.0 4.5 3.0 3.0 3.0 3.0 3.0 
391 998 103 347 295 465 1328 

c0.19 c0.20 0.02 0.10 c0.20 c0.26 
0.08 

0.85 0.65 0.42 0.54 0.13 0.75 0.66 
45.4 37.5 55.3 4.4.7 41.3 41.2 30.4 
1.00 1 00 1.00 1 00 1.00 1.00 1.00 
15.4 1.8 2.7 1.6 0.2 6.8 1.2 
60.9 39.3 58.0 463 41.5 48.1 31.7 

E D E D D D C 
46.5 46.1 36.4 

D D D 

HCM Level of Service D 

Sum of lost time (s) 8.0 
ICU level of Service C 

HCM Signalized Intersection Capacity Analysis 
Page 1 



Queues 
2: THREE CHOPT RD & COX RD 

• .._.,, 
'*' ) ' ( Jr' 

Lane Group SEL SET SER NWL NWT NWR 
Volume (vph) 102 276 46 291 434 153 
Peak Hour Factor 0.80 0.80 0.80 0.88 0.88 0.88 
Lane Group Flow (vph) 128 403 0 331 667 0 
vie Ratio 0.56 0.57 0.83 0.64 
Control Delay 53.7 43.0 64.4 38.5 
Queue Delay 2.6 0.0 668.9 0.1 
Total Delay 56.3 43.0 733.3 38.5 
Queue Length 50th (ft) 89 140 230 216 
Queue Length 95th (ft) 160 190 #522 347 
Internal Link Dist (ft) 645 472 
Turn Bay Length (ft) 100 100 
Base Capacity (vph) 362 1073 399 1164 
Starvation Cap Reductn 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 
Storage Cap Reductn 143 0 275 40 
Reduced v/c Ratio 0.58 0.38 2.67 0.59 

Intersection Summa!1 
# 95th percentile volume exceeds capacity, queue may be longer. 

Queue shown is maximum after two cycles. 

0 c:J~ f~cfo r<TL 

• 

• Earth Tech Inc. 

' I' 
NEL NET 

41 179 
0.96 0.96 

43 186 
0.30 0.59 
57.5 47.8 

0.1 0.0 
57.6 47.8 

30 128 
80 231 

963 
100 
335 603 

0 0 
0 0 

51 0 
0.15 0.31 

EXIST COND 2005 PM 

', 

' " NER SWL 
114 330 

0.96 0.94 
119 351 

0.34 0.74 
13.1 53.0 
0.0 203.8 

13.1 256.8 
13 232 
69 #524 

100 100 
579 474 

0 0 
0 0 
0 231 

0.21 1.44 

7/12/2005 

JI· lt.., 

SWT SWR 
603 222 

0.94 0.94 
877 0 

0.65 
33.9 

0.0 
34.0 
292 
465 
575 

1440 
0 
0 

30 
0.62 

Queues 
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Timings 
2: THREE CHOPT RD & COX RD 

• '-" ~ Jr" ' ' JI ' JI 
lane Group SEL SET NWL NWT NEL NET SWL SWT 
Lane Configurations "'i t f. ~ t f. "'i tf. "'ii t f. 
Volume (vph) 102 276 291 434 41 17.9 330 603 
Tum Type Prot Prot Prot Prot 
Protected Phases 1 6 5 2 3 8 7 4 
Permitted Phases 
Detector Phases 1 6 5 2 3 8 7 4 
Minimum Initial (s) 3.0 12.0 3.0 8.0 3.0 3.0 3.0 3.0 
Minimum Split (s) 9.5 20.0 9.5 20.0 20.0 20.0 20.0 20.0 
Total Split ( s) 30.5 46.0 30.5 46.0 30.5 46.0 35.5 56.0 
Total Split(%) 18.7% 28.2% 18 7% 28.2% 18.7% 28.2% 21 .8% 34.4% 
Yellow Time (s) 3.5 4.0 3.5 4.0 3.5 4.0 3.5 4.0 
All-Red Time (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
Lead/Lag Lead Lag Lead Lag Lead Lag Lead Lag 
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes 
Recall Mode None Min None Min None None None None 

Intersection Summary 
Cycle Length: 163 
Actuated Cycle Length: 117.5 
Natural Cycle: 90 
Control Type: Actuated-Uncoordinated 

Splits and Phases: 2: THREE CHOPT RD & COX RD 

• ~ 01 ' 02 ' 03 
3l.5s 

• 
Earth Tech Inc. 

JI 04 
56s 

J' 08 

EXIST COND 2005 PM 
10/12/2005 
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Appendix D 

HCM Capacity Printouts - Year 2013 Analysis 
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HCM Signalized Intersection Capacity Analysis 2013 AM NO-BUILD 
1: THREE CHOPT RD & GASKINS RD 7/14/2005 

• 'U( 
~ ) I'"' ' ( ' I' J-4 ' ,/ ltJ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations "i tf+ "i tf+ "i tt r' ~ ++ r' 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 0.97 1.00 0.93 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3429 1770 3281 1770 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 1770 3429 1770 3281 1770 3539 1583 1770 3539 1583 
Volume (vph) 530 380 100 50 370 350 150 1690 80 170 1000 220 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 530 380 100 50 370 350 150 1690 80 170 1000 220 
RTOR Reduction (vph) 0 12 0 0 100 0 0 0 17 0 0 97 
Lane Group Flow (vph) . 530 468 0 50 620 0 150 1690 63 170 1000 123 
Turn Type Prot Prot Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 8 4 
Actuated Green, G (s) 40.0 57.4 8.5 25.9 17.8 65.0 65.0 18.8 66.0 66.0 
Effective Green, g (s) 40.0 58.9 8.5 27.4 17.8 66.5 66.5 18.8 67.5 67.5 
Actuated g/C Ratio 0.24 0.35 0.05 0.16 0.11 0.39 0.39 0.11 0.40 0.40 
Clearance Time (s) 4.0 5.5 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s} 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 

• Lane Grp Cap (vph) 420 1197 89 533 187 1395 624 197 1416 633 
v/s Ratio Prot c0.30 0.14 0.03 c0.22 0.08 c0.48 c0.10 0.28 
vis Ratio Perm 0.05 0.14 
v/c Ratio 1.26 0.39 0.56 1.16 0.80 1.21 0.10 0.86 0.71 0.19 
Uniform Delay, d1 64.3 41.4 78.3 70.6 73.7 51.1 32.2 73.7 42.3 32.9 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 135.8 0.2 7.9 92.8 21.4 102.1 0.1 30.0 2.0 0.3 
Delay (s} 200.1 41.6 86.2 163.4 95.1 153.2 32.3 103.7 44.4 33.2 
Level of Service F D F F F F C F D C 
Approach Delay (s) 124.8 158.4 143.6 49.9 
Approach LOS F F F D 

,lntersection·summ~ 
HCM Average Control Delay 116.5 HCM Level of Service F 
HCM Volume to Capacity ratio 1.21 
Actuated Cycle Length (s) 168.7 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 120.3% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



Timings 2013 AM NO-BUILD 
1: THREE CHOPT RD & GASKINS RD 7/14/2005 

• '-.:1( 
~ Jr- ' ' .I' ~ ~ JI' ~ 

Lane Group SEL SET NWL NWT NEL NET NER SWL SWT SWR 
Lane Configurations 'i tf+ ., tf+ llj tt ' 'i t-+ ' Volume (vph) 530 380 50 370 150 1690 80 170 1000 220 
Turn Type Prot Prat Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 8 4 
Detector Phases 5 2 1 6 3 8 a 7 4 4 
Minimum Initial (s) 3.0 3.0 3.0 3.0 3.0 15.0 15.0 3.0 15.0 15.0 
Minimum Split (s) 7.0 8.5 7.0 8.5 7.0 20.5 20.5 7.0 20.5 20.5 
Total Split (s) 44.0 45.5 29.0 30.5 24.0 70.5 70.5 24.0 70.5 70.5 
Total Split (%) 26.0% 26.9% 17.2% 18.0% 14.2% 41.7% 41 .7% 14.2% 41.7% 41.7% 
Yellow Time (s) 3.0 4.0 3.0 4.0 3.0 4.0 4.0 3.0 4.0 4.0 
All-Red Time (s) 1.0 1.5 1.0 1.5 1.0 1.5 1.5 1.0 1.5 1.5 
Lead/lag Lead Lag Lead Lag Lead Lag Lag Lead Lag Lag 
Lead-lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Recall Mode None None None Min None None None None None None 

ntersection Summa!}'. 

Cycle Length: 169 
Actuated Cycle Length: 167.8 
Natural Cycle: 140 
Control Type: Semi Act-Uncoord 

• Splits and Phases: 1: THREE CHOPT RD & GASKINS RD 

Jr'· llll ~ lll2 ' 03 JI 1!14 
29, I I 45.5·, ' I 241 4 I 10.51 - l I 
~ 

05 ,1116 '1!17 ~ 1118 
IUs I I IJ0.51 I I 124 1 I I m.5s I I 

• Earth Tech Inc. Timings 



Queues 2013 AM NO-BUILD 
1: THREE CHOPT RD & GASKINS RD 7/14/2005 

• -.JI ~ ) Ji- ' ( ' I' ,...__ ' " 
-..., 

Lane Groue SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Volume (vph) 530 ' 380 100 50 370 350 150 1690 80 170 1000 220 
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Lane Group Flow (vph) 530 480 0 50 720 0 150 1690 80 170 1000 220 
v/c Ratio 1.26 0.40 0.49 1.16 0.80 1.20 0.12 0.86 0.70 0.30 
Control Delay 183.3 41.8 78.6 139.6 92.4 142.5 21.8 100.7 45.4 10.8 
Queue Delay 110.9 0.0 0.0 0.0 2.8 0.0 0.0 0.0 0.0 0.0 
Total Delay 294.2 41.8 78.6 139.6 95.2 142.5 21 .8 100.7 45.4 10.8 
Queue Length 50th (ft) -735 207 55 -437 163 -1198 36 187 490 40 
Queue Length 95th (ft) #975 272 103 #574 #262 #1334 76 #315 575 106 
Internal Uni< Dist (ft) 151 599 856 499 
Turn Bay Length (ft) 250 200 260 200 500 
Base· Capacity (vph) 422 1214 239 619 208 1403 644 209 1423 733 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Storage Cap Reductn 70 13 0 0 16 0 0 0 0 0 
Reduced v/c Ratio 1.51 0.40 0.21 1.16 0.78 1.20 0.12 0.81 0.70 0.30 

Intersection Summary 
- Volume exceeds capacity, queue is theoretically infinite. 

Queue shown is maximum after two cycles. 
# 95th percentile volume exceeds capacity, queue may be longer 

Queue shown is maximum after two cycles . 

• 

• Earth Tech Inc. Queues 



HCM Signalized Intersection Capacity Analysis 2013 PM NO-BUILD .,. 

1: THREE CHOPT RD & GASKINS RD 7/12/2005 

• ~ )l ) Jr' ' ( ' I' ~ ' ,/ ~ 

Movement SEL SET SER NWL.: NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations ~ tf+ "i tf+ ~ t+ .,, lij tt .,, 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 0.95 1.00 0.96 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3365 1770 3400 1770 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 1770 3365 1770 3400 1770 3539 1583 1770 3539 1583 
Volume (vph} 190 390 190 120 450 160 160 1150 140 200 1800 380 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 190 390 190 120 450 160 160 1150 140 200 1800 380 
RTOR Reduction (vph) 0 29 0 0 18 0 0 0 38 0 0 78 
Lane Group Flow (vph) 190 551 0 120 592 0 160 1150 102 200 1800 302 
Turn Type Prot Prot Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 8 4 
Actuated Green, G (s) 24.0 36.7 17.4 30.1 20.6 87.5 87.5 23.4 90.3 90.3 
Effective Green, g (s) 24.0 38.2 17.4 31 .6 20.6 89.0 89.0 23.4 91.8 91.8 
Ac1uated g/C Ratio 0.13 0.21 0.09 0.17 0.11 0.48 0.48 0.13 0.50 0.50 
Clearance Time (s) 4.0 5.5 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3 .0 3.0 5.0 5.0 • Lane Grp Cap (vph) 231 699 167 584 198 1712 766 225 1766 790 
vis Ratio Prot c0.11 0.17 0.07 c0.18 0.09 0.32 c0.11 c0.51 
v/s Ratio Perm 0.09 0.24 
v/c Ratio 0.82 0.79 0.72 1.01 0.81 0.67 0.13 0.89 1.02 0.38 
Uniform Delay, d1 77.9 69.1 80.9 76.2 79.8 36.3 26.2 79.0 46.1 28.6 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 20.5 5.9 13.8 40.6 20.9 1.1 0.1 31 .7 26.4 0.6 
Delay (s) 98.4 74.9 94.7 116.8 100.7 37.4 26.3 110.7 72.5 29.2 
Level of Service F E F F F D C F E C 
Approach Delay (s) 80.7 113.2 43.3 68.8 
Approach LOS F F D E 

ntersection Summary 
HCM Average Control Delay 69.7 HCM Level of Service E 
HGM Volume to Capacity ratio 0.99 
Actuated Cycle Length (s) 184.0 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 100.0% ICU Level of Service G 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 
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Queues 2013 PM NO-BUILD ii 

1: THREE CHOPT RD & GASKINS RD 7/12/2005 

• -...J( 
~ ; JI'"' ' ( ' I' ~ ' JI ~ 

Lane Graue SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Volume (vph) 190 390 190 120 450 160 160 1150 140 200 1800 380 
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Lane Group Flow (vph) 190 580 0 120 610 0 160 1150 140 200 1800 380 
v/c Ratio 0.82 0.80 0.71 1.01 0.81 0.67 0.17 0.89 1.02 0.44 
Control Delay 91 .1 74.4 86.8 110.3 95.3 39.4 13.9 106.5 71.2 19.3 
Queue Delay 19.7 0.0 1.3 0.0 7.7 . 0.0 0.0 0.0 0.0 0.0 
Total Delay 110.8 74.4 88.2 110.3 103.1 39.4 13.9 106.5 71.2 19.3 
Queue Length 50th (ft) 229 338 145 -405 193 571 45 243 -1241 174 
Queue Length 95th (ft) 333 #440 225 #574 292 683 96 #412 #1467 286 
Internal Link Dist (ft) 151 599 856 499 
Turn Bay Length (ft) 250 200 260 200 500 
Base Capacity (vph) 280 728 271 602 235 1738 814 239 1765 867 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Storage Cap Reductn 79 0 51 0 44 0 0 0 0 0 
Reduced v/c Ratio 0.95 0.80 0.55 1.01 0.84 0.66 0.17 0.84 1.02 0.44 

Intersection Summary 
- Volume exceeds capacity, queue is theoretically infinite. 

Queue shown is maximum after two cycles. 
# 95th percentile volume exceeds capacity, queue may be longer. 

Queue shown is maximum after two cycles . 

• 

• Earth Tech Inc. Queues 



Timings 2013 PM NO-BUILD 
./ 

1: THREE CHOPT RD&. GASKINS RD 7/12/2005 

• ....,, 
~ /fl:"" ' 

, J' ~ ' JI' lt;..., 

,lane Group SEL SET NWL NWT NEL NET NER SWL SWT SWR 
Lane Configurations "i tf+ "i tl+ "i +t (I "i tt (I 
Volume (vph) 190 390 120 450 160 1150 140 200 1800 380 
Turn Type Prot Prat Prot Perm Prat Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 8 4 
Detector Phases 5 2 1 6 3 8 8 7 4 4 
Minimum Initial (s) 3.0 3.0 3.0 3.0 3.0 15.0 15.0 3.0 15.0 15.0 
Minimum Split (s) 7.0 8.5 7.0 8.5 7.0 20.5 20.5 7.0 20.5 20.5 
Total Split (s) 34.0 35.5 34.0 35.5 29.0 95.5 95.5 29.0 95.5 95.5 
Total Split (%} 17.5% 18.3% 17.5% 18.3% 14.9% 49.2% 49.2% 14.9% 49.2% 49.2% 
Yellow Time (s) 3.0 4.0 3.0 4.0 3.0 4.0 4.0 3.0 4.0 4.0 
All-Red Time (s} 1.0 1.5 1.0 1.5 1.0 1.5 1.5 1.0 . 1.5 1.5 
Lead/Lag Lead Lag Lead Lag Lead Lag Lag Lead Lag Lag 
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Recall Mode None None None Min None None None None None None 

Intersection Summary 
Cycle Length: 194 
Actuated Cycle Length: 184 
Natural Cycle: 120 
Control Type: Semi Act-Uncoord 

• Splits and Phases: 1: THREE CHOPT RD & GASKINS RD 
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• Earth Tech Inc. Timings 



HCM Signalized Intersection Capacity Analysis 2013 AM NO-BUILD 
2: THREE CHOPT RD & COX RD 9/29/2005 

• ~ ~ ) /I""' ' ( ' I' .~ ' ,I ~ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations ., tf+ ., tf+ "i tr+ ., tf+ 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 0.95 1.00 0.95 
Frt 1.00 0.99 1.00 0.90 1.00 0.96 1.00 0.96 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (prot) 1770 3514 1770 3181 1770 3390 1770 3392 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (eerm) 1770 3514 1770 3181 1770 3390 1770 3392 
Volume (vph) 350 400 20 130 140 290 20 690 270 110 130 50 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vp.h) 350 400 20 130 140 290 20 690 270 110 130 50 
RTOR Reduction (vph) 0 2 0 0 252 0 0 21 0 0 0 0 
Lane Group Flow (vph) 350 418 0 130 178 0 20 939 0 110 180 0 
Turn Type Prot Prot Prot Prot 
Protected Phases 1 6 5 2 3 8 7 4 
Permitted Phases 
Actuated Green, G (s) 25.2 25.1 13.5 13.4 3.1 43.3 12.2 52.4 
Effective Green, g (s) 26.7 27.1 15.0 15.4 4.6 45.3 13.7 54.4 
Actuated g/C Ratio 0.23 0.23 0.13 0.13 0.04 0.39 0.12 0.46 
Clearance Time ( s) 5.5 6.0 5.5 6.0 5.5 6.0 5.5 6.0 
Vehicle Extension (s) 3.0 4.5 3.0 4.5 3.0 3.0 3.0 3.0 

• Lane Grp Cap (vph) 404 813 227 418 70 1311 207 1576 
vis Ratio Prot c0.20 c0.12 0.07 0.06 0.01 c0.28 c0.06 0.05 
vis Ratio Perm 
v/c Ratio 0.87 0.51 0.57 0.43 0.29 0.72 0.53 0.11 
Uniform Delay, d1 43.5 39.3 48.0 46.8 54.7 30.5 48.7 17.7 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1 00 1.00 
Incremental Delay, d2 17.4 0.9 3.5 1.2 2.2 1.9 2.6 0.0 
Delay (s) 60.9 40.2 51.5 48.0 56.9 32.3 51.3 17.8 
level of Service E D D D E C D B 
Approach Delay ( s) 49.6 48.8 32.8 30.5 
Approach LOS D D C C 

1ntersection~Summ!!}! 
HCM Average Control Delay 41 .0 HCM Level of Service D 
HCM Volume to Capacity ratio . 0.69 
Actuated Cycle Length (s) 117.1 Sum of lost time (s) 12.0 
Intersection Capacity Utilization 79.7% ICU Level of Service D 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc HCM Signalized Intersection Capacity Analysis 



Queues 2013 AM NO-BUILD 
2: THREE CHOPT RD & COX RD 9/29/2005 

• ~ 

" J r,. ' ( ' J' ~ ' JI lt.J 

[ ane Group SEL SET SER NWL NWf NWR NE[ NET NER SWL SWT SWR 
Volume (vph) 350 400 20 130 140 290 20 690 270 110 130 50 

Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Lane Group Flow (vph) 350 420 0 130 430 0 20 960 0 110 180 0 

v/c Ratio 0.84 0.50 0.56 0.63 0.16 0.76 0.51 0.11 
Control Delay 62.0 40.8 56.2 19.3 56.8 36.3 56.4 18.9 

Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total Delay 62.0 40.8 56.2 19.3 56.8 36.3 56.4 18.9 

Queue Length 50th (ft) 241 138 89 48 14 303 75 32 
Queue Length 95th (ft) #484 214 163 104 43 470 144 75 
Internal Link Dist (ft) 645 472 96.3 575 
Turn Bay Length (ft) 300 200 200 200 
Base Capacity (vph) 415 1153 376 1158 339 1268 480 1640 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 .. 0 0 0 0 
Storage Cap Reductn 0 0 0 0 0 0 0 0 

Reduced v/c Ratio 0.84 . 0.36 · 0.35 0.37 0.06 0.76 0.23 0.11 

Jntersection Summary 
# 95th percentile volume exceeds capacity, queue may be longer. 

Queue shown is maximum after two cycles . 

• 

• Earth Tech Inc. Queues 



Timings 2013 AM NO-BUILD 
2: THREE CHOPT RD & COX RD 9/29/2005 

• ~ ~ Jr- ' ' JI ' ,I 

Lane Group SEL SET NWL NWT NEL NET SWL SWT 
Lane Configurations ~ tf+ ., tf+ ., tf+ ., ff+ 
Volume (vph) 350 400 130 140 20 690 110 130 
Turn Type Prot Prot Prot Prot 
Protected Phases 1 6 5 2 3 8 7 4 
Permitted Phases 
Detector Phases 1 6 5 2 3 8 7 4 
Minimum Initial (s) 3.0 12.0 3.0 8.0 3.0 3.0 3.0 3.0 
Minimum Split (s) 9.5 20.0 9.5 20.0 20.0 20.0 20.0 20.0 
Total Split (s) 30.5 46.0 30.5 46.0 30.5 45.5 41.0 56.0 
Total Split(%) 18.7% 28.2% 18.7% 28.2% 18.7% 27.9% 25.2% 34.4% 
Yellow Time (s) 3.5 4.0 3.5 4.0 3.5 4.0 3.5 4.0 
All-Red Time {s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
Lead/Lag Lead Lag Lead Lag Lead Lag Lead Lag 
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes 
Recall Mode None Min None Min None None None None 

Intersection Summa~ 
Cycle Length: 163 
Actuated Cycle Length: 113.6 
Natural Cycle: 90 
Control Type: Actuated-Uncoordinated 

• Splits and Phases: 2: THREE CHOPT RD & COX RD 
-...:I( '02 ' ,t 04 01 03 
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• Earth Tech Inc. Timings 



HCM Signalized Intersection Capacity Analysis 2013 PM NO-BUILD 
2: THREE CHOPT RD & COX RD 9/29/2005 

• ~ ~ J JI:" ' ( ' J' ~ ' JI ~ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations ~ tf+ "i tf+ ~ tf+ ~ tf+ 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 0.95 1.00 0.95 
Frt 1.00 0.98 1.00 0.96 1.00 0.94 1.00 0.96 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (prot) 1770 3462 1770 3401 1770 3336 1770 3397 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (perm) 1770 3462 1770 3401 1770 3336 1770 3397 
Volume (vph) 130 350 60 340 510 180 50 210 130 390 710 260 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 130 350 60 340 510 180 50 210 130 390 710 260 
RTOR Reduction (vph} 0 9 0 0 20 0 0 66 0 0 0 0 
Lane Group Flow (vph) 130 401 0 340 670 0 50 274 0 390 970 0 
Turn Type Prot Prot Prot Prot 
Protected Phases 1 6 5 2 3 8 7 4 
Permitted Phases 
Actuated Green, G (s) 14.0 20.8 26.8 35.6 7.5 18.8 32.3 43.6 
Effective Green, g (s) 14.0 22.8 28.8 37.6 9.5 20.8 34.3 45.6 
Actuated g/C Ratio 0.11 0.19 0.23 0.31 0.08 . 0.17 0.28 0.37 
Clearance Time (s) 4.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 
Vehicle Extension (s) 3.0 4.5 4.5 4.5 3.0 3 .0 3.0 3.0 

• Lane Grp Cap (vph) 202 643 415 1042 137 566 495 1262 
vis Ratio Prot 0.07 c0.12 c0.19 0.20 0.03 0.08 c0.22 c0.29 
vis Ratio Perm 
vie Ratio 0.64 0.62 0.82 0.64 0.36 0.48 0.79 0.77 
Uniform Delay, d1 52.0 46.0 44.5 36.8 53.7 46.1 40.8 33.9 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 6.9 2.4 13.1 1.7 1.7 0.7 8.1 2.9 
Delay {s) 58.8 48.4 57.6 38.4 55.4 46.8 49.0 36.8 
Level of Service E D E D E D D D 
Approach Delay (s) 50.9 44.8 47.9 40.3 
Approach LOS D D D D 

Intersection Summa!}'. 
HCM Average Control Delay 44.3 HCM Level of Service D 
HCM Volume to Capacity ratio 0.75 
Actuated Cycle Length (s) 122.7 Sum of lost time (s) 12.0 
Intersection Capacity Utilization 75.3% ICU Level of Service D 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



Queues 2013 PM NO-BUILD 
2: THREE CHOPT RD & COX RD 9/29/2005 

• ,....:I( 
~ ) Ji" ' ( ., 

J' ~ ~ Jt' .._, 
Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Volume (vph) 130 350 60 340 510 180 50 210 130 390 710 260 
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Lane Group Flow (vph) 130 410 0 340 690 0 50 340 0 390 970 0 
vie Ratio 0.64 0.62 0.81 0.64 0.32 0.57 0.78 0.76 
Control Delay 68.5 50.0 62.5 40.1 62.6 40.6 54.4 39.8 
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Total Delay 68.5 50.0 62.5 40.1 62.6 40.6 54.4 39.8 
Queue Length 50th (ft) 96 148 251 234 36 99 262 343 
Queue Length 95th (ft) 188 238 #490 372 90 167 #544 530 
Internal Link Dist (ft) 645 472 963 575 
Turn Bay Length (ft} 300 200 200 200 
Base Capacity (vph) 355 1051 420 1167 340 1029 534 1393 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 
Storage Cap Reductn 0 0 0 0 0 0 0 0 
Reduced v/c Ratio 0.37 0.39 0.81 0.59 0.15 0.33 0.73 0.70 

Intersection Summa!}'. 
# 95th percentile volume exceeds capacity, queue. may be longer. 

Queue shown is maximum after two cycles . 

• 

• Earth Tech Inc. Queues 



Timings 2013 PM NO-BUILD 
2: THREE CHOPT RO & COX RO 9/29/2005 

• ~ ~ Jr.. ' ' J' ' ;t' 

Lane Group SEL SET NWL NWT NEL NET SWL SWT 
Lane Configurations ~ tf+ ~ tf+. ~ tf+ ·~ tT+ 
Volume (vph) 130 350 340 510 50 210 390 710 
Tum Type Prot Prot Prat Prot 
Protected Phases 1 6 5 2 3 8 7 4 
Permitted Phases 
Detector Phases 1 . 6 5 2 3 8 7 4 
Minimum Initial (s) 4.0 12.0 8.0 8.0 3.0 3.0 3.0 3.0 
Minimum Split (s) 8.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 
Total Split (s) 30.5 46.0 30.5 46.0 30.5 45.5 41.0 56.0 
Total Split(%) 18.7% 28.2% 18.7% 28.2% 18.7% 27.9% 25.2% 34.4% 
Yellow Time (s) 3.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
All-Red Time (s) 0.5 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
Lead/Lag Lead Lead Lag Lag Lead Lag Lead Lag 
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes 
Recall Mode None Min Min Min None None None None 

Intersection Summa~ 
Cycle Length. 163 
Actuated Cycle Length: 121.7 
Natural Cycle: 90 
Control Type: Actuated-Uncoordinated 

• Splits and Phases: 2: THREE CHOPT RD & COX RD 
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HCM Signalized Intersection Capacity Analysis 2013 AM BUILD REC#1 
2: THREE CHOPT RD & COX RD 9/26/2005 

• -.4( 
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Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations ~ tf+ ~ tt .,, ~ tf+ ~ tf+ 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 
Frt 1.00 0.99 1.00 1.00 0.85 1.00 0.96 1.00 0.96 
Flt Protected 0.95 1.00 0.95 1_00 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (prot) 1770 3514 1770 3539 1583 1770 3390 1770 3392 
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (perm) 1770 3514 1770 3539 1583 1770 3390 1770 3392 

Volume (vph) 350 400 20 130 140 290 20 690 270 110 130 50 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 350 400 20 130 · 140 290 20 690 270 110 130 50 
RTOR Reduction (Vph) 0 2 0 0 0 233 0 26 0 0 0 0 
Lane Group Flow (vph) 350 418 0 130 140 57 20 934 0 110 180 0 
Turn Type Prot Prot Perm Prot Prot 
Protected Phases 1 6 . 5 2 3 8 7 4 
Permitted Phases 2 
Actuated Green, G (s) 26.0 31.3 10.5 15.8 15.8 2.6 35.5 11.7 44.6 
Effective Green, g (s) 27.5 33.3 12.0 17.8 17.8 4.1 37.5 13.2 46.6 
Actuated g/C Ratio 0.25 0.30 0.11 0.16 0.16 0.04 0.33 0.12 0.42 
Clearance Time (s) 5.5 6.0 5.5 6.0 6.0 5.5 6.0 5.5 6.0 
Vehicle Extension (s) 3.0 4.5 3.0 4.5 4.5 3.0 3.0 3.0 3.0 

• Lane Grp Cap (vph) 435 1045 190 562 252 65 1135 209 1411 
vis Ratio Prot c0.20 0.12 0.07 0.04 0.01 c0.28 c0.06 0.05 
v/s Ratio Perm 0.18 
v/c Ratio 0.80 0.40 0.68 0.25 0.23 0.31 0.82 0.53 0.13 
Uniform Delay, d1 39.7 31.4 48.2 41.2 41 .1 52.6 34.2 46.5 20.2 
Progression Factor 1.00 1.00 1.00 1.00 1 00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 10.4 0.4 9.8 0.4 0.8 2.7 4.9 2.4 0.0 
Delay (s) 50.1 31 .8 57.9 41.7 41 .9 55.3 39.1 48.8 20.2 
Level of Service D C E D D E D D C 
Approach Delay {s) 40.1 45.6 39.5 31.1 
Approach LOS D D D C 

Intersection Summa~ 
HCM Average Control Delay 40.0 HCM Level of Service D 
HCM Volume to Capacity ratio 0.85 
Actuated Cycle Length (s) 112.0 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 75.1% ICU Level of Service D 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2013 PM BUILD REC#1 
2: THREE CHOPT RD & COX RD 9/26/2005 

• ~ ~ ) Jtt""' ' ( ' ;If r":ll ' JI' lt:..J 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations 'i tf. '\ t+ '{' '\ tt. 'i ti. 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 40 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 
Frt 1.00 0.98 1.00 1.00 0.85 1.00 0.94 1.00 0.96 
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (prot) 1770 3462 1770 3539 1583 1770 3336 1770 3397 
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (perm} 1770 3462 1770 3539 1583 1770 3336 1770 3397 
Volume (vph} 130 350 60 340 510 180 50 210 130 390 710 260 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 130 350 60 340 510 180 50 210 130 390 710 260 
RTOR Reduction (vph) 0 8 0 0 0 120 0 57 0 0 0 0 
Lane Group Flow (vph} 130 402 0 340 510 60 50 283 0 390 970 0 
Turn Type Prot Prot Perm Prot Prot 
Protected Phases 1 6 5 2 3 8 7 4 
Permitted Phases 2 
Actuated Green. G (s) 11 .3 20.4 29.5 38.6 38.6 7.4 18.8 30.7 42.1 
Effective Green, g (s) 12.8 22.4 31 .0 40.6 40.6 8.9 20.8 32.2 44.1 
Actuated g/C Ratio 0.10 0.18 0.25 0.33 0.33 0.07 0.17 0.26 0.36 
Clearance Time (s) 5.5 6.0 5.5 6.0 6.0 5.5 6.0 5.5 6.0 
Vehicle Extension (s) 3 .0 4.5 3.0 4.5 4.5 3.0 3.0 3.0 3.0 • Lane Grp Cap (vph) 185 634 448 1174 525 129 567 466 1224 
vis Ratio Prot 0.07 c0.12 c0.19 0.14 0.03 c0.10 c0.22 c0.29 
v/s Ratio Perm 0.11 
v/c Ratio 0.70 0.63 0 76 0.43 0.11 0.39 0.50 0.84 0.79 
Uniform Delay, d1 53.0 46.2 42.2 31 .9 28.4 54.1 46.1 42.6 35.1 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 11 4 2.6 7.2 0.4 0.2 1.9 0.7 12.4 3.6 
Delay (s} 64.4 48.8 49.5 32.4 28.6 56.1 46.8 55.0 38.7 
Level of Service E D D C C E D D D 
Approach Delay (s) 52.6 37.4 48.0 43.3 
Approach LOS D D D D 

Intersection Summary 
HCM Average Control Delay 43.5 HCM Level of Service D 
HCM Volume to Capacity ratio 0.73 
Actuated Cycle Length ( s) 122.4 Sum of lost time (s) 12.0 
Intersection Capacity Utilization 75.3% ICU Level of Service D 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2013 AM BUILD REC#2 
2: THREE CHOPT RD &. COX RD 9/26/2005 
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Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations "\ tf+ lj tf+ "\ tf+ " tt '{' 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 
Frt 1.00 0.99 1.00 0.90 1.00 0.96 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3514 1770 3181 1770 3390 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00 
Satd. Flow !Perm) 1770 3514 1770 3181 1770 3390 1770 3539 1583 
Volume (vph) 350 400 20 130 140 290 20 690 270 110 130 50 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 350 400 20 130 140 290 20 690 270 110 130 50 
RTOR Reduction (vph) 0 2 0 0 227 0 0 26 0 0 0 0 
lane Group Flow {vph) 350 418 0 130 203 0 20 934 0 110 130 50 
Turn Type Prot Prot Prot Prot Perm 
Protected Phases 1 6 5 2 3 8 7 4 
Permitted Phases 4 
Actuated Green. G (s) 26.7 33.0 10.7 17.0 2.6 36.5 12.1 46.0 46.0 
Effective Green, g (s) 28.2 35.0 12.2 19.0 4.1 38.5 13.6 48.0 48.0 
Actuated g/C Ratio 0.24 0.30 0.11 0.16 0.04 0.33 0.12 0.42 0.42 
Clearance Time (s) 5.5 6.0 5.5 6.0 5.5 6.0 5.5 6.0 6.0 
Vehicle Extension (s) 3.0 4.5 3.0 4.5 3.0 3.0 3.0 3.0 3.0 

• lane Grp Cap (vph) 433 1067 187 524 63 1132 209 1473 659 
v/s Ratio Prot c0.20 0.12 0.07 c0.14 0.01 c0.28 c0.06 0.04 
v/s Ratio Perm 0.03 
v/c Ratio 0.81 0.39 0.70 0.39 0.32 0.83 0.53 0.09 0.08 
Uniform Delay, d1 41.0 31.7 49.8 43.0 54.2 35.3 47.8 20.4 20.3 
Progression Factor 1 00 1.00 1.00 1.00 1 00 1 00 1.00 1.00 1.00 
Incremental Delay, d2 10.6 0.4 10.7 0.8 2.9 5.0 2.4 0.0 0.0 
Delay (s) 51.6 32.1 60.4 43.8 57.1 40.3 50.2 20.4 20.3 
lever of Service D C E D E D D C C 
Approach Delay ( s) 41.0 47.6 40.7 31.7 
Approach LOS D D D C 

Intersection Summary 
HCM Average Control Delay 41.3 HCM level of Service D 
HCM Volume to Capacity ratio 0.79 
Actuated Cycle length (s) 115.3 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 79.7% ICU level of Service D 
Analysis Period (min) 15 
C Critical lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2013 PM BUILD REC#2 
2: THREE CHOPT RD & COX RD 9/26/2005 

• ~ ~ ) I'"' ' ( ' I' ~ ' JI' ~ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
lane Configurations "'i tl+ 'i tl+ ~ tl+ "'i tt .,, 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 
Frt 1.00 0.98 1.00 0.96 1.00 0.94 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3462 1770 3401 1770 3336 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 1770 3462 1770 3401 1770 3336 1770 3539 1583 
Volume (vph) 130 350 60 340 510 180 50 210 130 390 710 260 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 130 350 60 340 510 180 50 210 130 390 710 260 
RTOR Reduction (vph) 0 8 0 0 22 0 0 59 0 0 0 0 
Lane Group Flow (vph) 130 402 0 340 668 0 50 281 0 390 710 260 
Turn Type Prot Prot Prot Prot Perm 
Protected Phases 1 6 5 2 3 8 7 4 
Permitted Phases 4 
Actuated Green, G (s) 11.1 20.5 28.7 38.1 5.5 14.5 33.4 42.4 42.4 
Effective Green, g (s) 12.6 22.5 30.2 40.1 7.0 16.5 34.9 44.4 44.4 
Actuated g/C Ratio 0.10 0.19 0.25 0.33 0.06 0.14 0.29 0.37 0.37 
Clearance Time (s) 5.5 6.0 5.5 6.0 5.5 6.0 5.5 6.0 6.0 
Vehicle Extension (s) 3.0 4.5 3.0 4.5 3.0 3.0 3.0 3.0 3.0 • lane Grp Cap (vph) 186 649 445 1136 103 458 514 1308 585 
vis Ratio Prot 0.07 c0.12 c0.19 0.20 0.03 c0.10 c0.22 0.20 
v/s Ratio Perm 0.16 
vie Ratio 0.70 0.62 0.76 0.59 0.49 0.61 0.76 0.54 0.44 
Uniform Delay, d1 51.9 44.9 41 .6 33.2 54.8 48.8 38.8 29.8 28.5 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 10.9 2.3 7.6 1.1 3.6 2.4 6.3 0.5 0.5 
Delay (s) 62.8 47.1 49.3 34.2 58.4 51.2 45.1 30.3 29.1 
level of Service E D D C E D D C C 
Approach Delay (s) 50.9 39.2 52.2 34.3 
Approach LOS D D D C 

Intersection Summa!}'. 
HCM Average Control Delay 40.6 HCM level of Service D 
HCM Volume to Capacity ratio 0.73 
Actuated Cycle Length (s) 120.1 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 75.3% ICU Level of Service D 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2013 AM BUILD REC.ALL 
2: THREE CHOPT RD & COX RD 9/26/2005 
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Movement SEL SET SER NWL NWT NWR NEL NET NER SWL s SWR 
Lane Configurations 'I\ tf+ ~ tt .,, ~ tf+, ~ tt .,, 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 
Frt 1.00 0.99 1.00 1.00 0.85 1.00 0.96 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1:00 1.00 0.95 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3514 1770 3539 1583 1770 3390 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 
Satd. Flow (eerm) 1770 3514 1770 3539 1583 1770 3390 1770 3539 1583 
Volume (vph) 350 400 20 130 140 290 20 690 270 110 130 50 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 350 400 20 130 140 290 20 690 270 110 130 50 
RTOR Reduction (vph) 0 3 0 0 0 250 0 33 0 0 0 0 
Lane Group Flow {veh) 350 417 0 130 140 40 20 927 0 110 130 50 
Turn Type Prot Prot Perm Prot Prot Perm 
Protected Phases 1 6 5 2 3 8 7 4 
Permitted Phases 2 4 
Actuated Green, G (s) 24.0 23.4 12.6 12.0 12.0 2.7 33.2 8.9 39.4 39.4 
Effective Green, g (s) 26.0 25.4 14.6 14.0 14.0 4.7 35.2 10.9 41.4 41.4 
Actuated g/C Ratio 0.25 0.25 0.14 0.14 0.14 0.05 0.34 0.11 0.41 0.41 
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6 .0 6.0 6.0 
Vehicle Extension (s) 4.5 4.5 4.5 4.5 4.5 3.0 3.0 3.0 3.0 3 .0 

• Lane Grp Cap (vph) 451 874 253 485 217 81 1169 189 1435 642 
vis Ratio Prat c0.20 0.12 0.07 0.04 0.01 c0.28 c0.06 0.04 
v/s Ratio Perm 0.18 0.03 
vie Ratio 0.78 0.48 0.51 0.29 0.18 0.25 0.79 0.58 0.09 0.08 
Uniform Delay, d1 35.3 32.7 40.5 39.6 39.0 47.0 30.2 43.4 18.7 18.6 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 9.1 0.7 2.9 0.6 0.7 1.6 3.8 4.5 0.0 0.1 
Delay (s) 44.5 33.4 43.4 40.1 39.7 48.6 33.9 47.9 18.8 18.7 
Level of Service D C D D D D C D B B 
Approach Delay (s) 38.4 40.7 34.2 29.8 
Approach LOS D D C C 

Intersection Summary 
HCM Average Control Delay 36.4 HCM Level of Service D 
HCM Volume to Capacity ratio 0.86 
Actuated Cycle Length (s) 102.1 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 75.1% ICU Level of Service D 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



Queues 2013 AM BUILD REC.ALL 
2: THREE CHOPT RD & COX RD 9/26/2005 
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Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Volume (vph) 350 400 20 130 140 290 20 690 270 110 130 50 
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Lane Group Flow (vph) 350 420 0 130 140 290 20 960 0 110 130 50 
v/c Ratio 0.75 0.47 0.49 0.28 0.61 0.13 0.83 0.49 0.09 0.08 
Control Delay 43.3 34.5 50.9 45.0 9.8 52.0 34.6 50.6 20.3 21.3 
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Total Delay 43.3 34.5 50.9 45.0 9.8 52.0 34.6 50.6 20.3 21.3 
Queue Length 50th (ft) 232 136 89 50 0 14 316 76 24 18 
Queue Length 95th (ft) #384 189 162 83 81 40 433 140 56 53 
Internal Link Dist (ft) 645 472 963 575 
Turn Bay Length (ft) 300 200 200 200 200 200 
Base Capacity (vph) 545 1124 299 653 529 260 1322 279 1611 721 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Reduced v/c Ratio 0.64 0.37 0.43 0.21 0.55 0.08 0.73 0.39 0.08 0.07 

Intersection Summary 
# 95th percentile volume exceeds capacity, queue may be longer. 

Queue shown is maximum after two cycles . 

• 

• Earth Tech Inc. Queues 



Timings 2013 AM BUILD REC.ALL 
2: THREE CHOPT RD & COX RD 9/26/2005 
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Lane Groue SEL SET NWL NWT NWR NEL NET SWL SWT SWR 
Lane Configurations ~ tf. llj tt 'f' 'i tf. ~ tt .,, 
Volume (vph) 350 400 130 140 290 20 690 110 130 50 
Turn Type Prot Prot Perm Prot Prot Perm 
Protected Phases 1 6 5 2 3 8 7 4 
Permitted Phases 2 4 
Detector Phases 1 6 5 2 2 3 8 7 4 4 
Minimum Initial (s) 12.0 12.0 8.0 8.0 8.0 3.0 3.0 3.0 3.0 3.0 
Minimum Split (s) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 
Total Split (s) 35.0 37.0 20.0 22.0 22.0 20.0 43.0 20.0 43.0 43.0 
Total Split (%) 29.2% 30.8% 16.7% 18.3% 18.3% 16.7% 35.8% 16.7% 35.8% 35.8% 
Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
All-Red Time (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
Lead/Lag Lead Lag Lead Lag Lag Lead Lag Lead Lag Lag 
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Recall Mode Min Min Min Min Min None None None None None 

Intersection Summa!}'. 
Cycle Length: 120 
Actuated Cycle Length: 99.9 
Natural Cycle: 90 
Control Type: Actuated-Uncoordinated 

• Splits and Phases: 2: THREE CHOPT RD & COX RD 
....:I( '1!12 ' ,/ 04 01 03 
351 22, 311 

"'05 '07 
I 

• Earth Tech Inc. Timings 



HCM Signalized Intersection Capacity Analysis 2013 AM BUILD REC.ALL.SPLIT 
2: THREE CHOPT RD & COX RD 9/29/2005 

• '-'I )l ) i"" ' ( ' I' nit. ' ,I ~ 

Movemen SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations ~ 4'f+ ~ +ft 7' ~ .ff+ ~ 4't ., 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 0.91 0.91 0.91 0.91 1.00 0.91 0.91 0.91 0.91 1.00 
Frt 1.00 0.99 1.00 1.00 0.85 1.00 0.96 1.00 1.00 0.85 
Flt Protected 0.95 0.99 0.95 0.99 1.00 0.95 1.-00 0.95 0.99 1.00 
Satd. Flow (prot) 1610 3338 1610 3351 1583 1610 3247 1610 3356 1583 
Flt Permitted 0.95 0.99 0.95 0.99 1.00 0.95 1.00 0.95 0.99 1.00 
Satd. Flow (perm) 1610 3338 1610 3351 1583 1610 3247 1610 3356 1583 
Volume (vph) 350 400 20 130 140 290 20 690 270 110 130 50 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 350 400 20 130 140 290 20 690 270 110 130 50 
RTOR Reduction (vph) 0 2 0 0 0 78 0 32 0 0 0 0 
Lane Groue Flow (vph) 248 520 0 87 183 212 20 928 0 77 163 50 
Turn Type Spilt Split pm+ov Split Split pm+ov 
Protected Phases 6 6 2 2 4 8 8 4 4 6 
Permitted Phases 2 4 
Actuated Green, G (s) 21 .6 21 .6 12.4 12.4 22.9 33.5 33.5 10.5 10.5 32.1 
Effective Green, g (s) 23.6 23.6 14.4 14.4 26.9 35.5 35.5 12.5 12.5 36.1 
Actuated g/C Ratio 0.23 0.23 0.14 0.14 0.26 0.35 Q.35 0.12 0.12 0.35 
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 
Vehicle Extension (s) 4.5 4 .5 4.5 4.5 3.0 3.0 3.0 3.0 3.0 4.5 

• Lane Grp Cap (vph) 373 772 227 473 417 560 1130 197 411 622 
vis Ratio Prot 0.15 c0.16 0.05 0.05 c0.06 0.01 c0.29 0.05 0.05 0.02 
v/s Ratio Perm 0.07 0.01 
v/c Ratio 0.66 0.67 0.38 0.39 0.51 0.04 0.82 0.39 0.40 0.08 
Uniform Delay, d1 35.6 35.7 39.8 39.8 31.9 22.0 30.4 41 .2 41.3 21.9 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 5.3 2.8 1.9 0.9 1.0 0.0 4.9 1.3 0.6 0.1 
Delay (s) 40.9 38.4 41.6 40.7 32.9 22.0 35.3 42.5 41.9 22.0 
Level of Service D D D D C C D D D C 
Approach Delay (s) 39.2 36.8 35.0 38.6 
Approach LOS D D C D 

ntersection Summary 
HCM Average Control Delay 37.0 HCM Level of Service D 
HCM Volume to Capacity ratio 0.68 
Actuated Cycle Length (s) 102.0 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 62.4% ICU Level of Service B 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



Queues 2013 AM BUILD REC.ALL.SPLIT 
2: THREE CHOPT RD & COX RD 9/29/2005 
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1-ane Groue SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Volume (vph) 350 400 20 130 140 290 20 690 270 110 130 50 
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Lane Group Flow (vph) 248 522 0 87 183 290 20 960 0 77 163 50 
v/c Ratio 0.67 0.68 0.38 0.39 0.59 0.04 0.83 0.39 0.40 0.08 
Control Delay 48.4 42.6 49.8 45.7 16.4 24.6 37.3 52.2 47.7 22.4 
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Total Delay 48.4 42.6 49.8 45.7 16.4 24.6 37.3 52.2 47.7 22.4 
Queue Length 50th (ft) 171 180 62 65 60 9 316 56 59 22 
Queue Length 95th (ft) 297 269 125 109 117 30 437 114 101 51 
Internal Link Dist (ft) 645 472 963 575 
Turn Bay Length (ft) 300 200 200 200 200 200 
Base. Capacity (vph) 417 867 279 581 534 635 1310 248 518 600 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Reduced v/c Ratio 0.59 0.60 0.31 0.31 0.54 0.03 0.73 0.31 0.31 0.08 

ntersection Summary 

• 

• Earth Tech Inc. Queues 



Timings 2013 AM BUILD REC.ALL.SPLIT 
2: THREE CHOPT RD & COX RD 9/29/2005 

• ~ 
~ Jtr' ' ( ' J' ' JI' ~ 

lane Group SEL SET NWL NWT NWR NEL NET SWL SWT SWR 
Lane Configurations 1' +fl+ ~ 4t 7' " 41+ l'j +ft 7' 
Volume (vph) 350 400 130 140 290 20 690 110 130 50 
Turn Type Split Split pm+ov Split Split pm+ov 
Protected Phases 6 6 2 2 4 8 8 4 4 6 
Permitted Phases 2 4 
Detector Phases 6 6 2 2 · 4 8· 8 4 4 ,, 6 
Minimum Initial (s) 12.0 12.0 8.0 8.0 3.0 3.0 3.0 3.0 3.0 12.0 
Minimum Split {s) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 
Total Split (s) 31.0 31.0 22.0 22.0 20.0 47.0 47.0 20.0 20.0 31.0 
Total Split{%) 25.8% 25.8% 18.3% 18.3% 16.7% 39.2% 39.2% 16.7% 16.7% 25.8% 
Yellow Time (s) 4.0 
All-Red Time (s) 2.0 
Lead/Lag 
Lead-Lag Optimize? 
Recall Mode Min 

ntersection Summary 
Cycle Length: 120 
Actuated Cycle Length: 103 
Natural Cycle: 90 

4.0 
2.0 

Min 

Control Type: Actuated-Uncoordinated 

4.0 4.0 4.0 4.0 
2.0 2.0 2.0 2.0 

Min Min None None 

• Splits and Phases: 2: THREE CHOPT RD & COX RD 

~ 02 I ~~ 06 1 J!: 04 I Jr. 08 

• Earth Tech Inc. 

4.0 4.0 4.0 4.0 
2.0 . 2.0 2.0 2.0 

None None None Min 

Timings 



HCM Signalized Intersection Capacity Analysis 2013 PM BUILD REC.ALL 
2: THREE CHOPT RD & COX RD 9/26/2005 
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Movement SEL SEJ SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations "i tt. "i tt '{' "i tt. "i tt "( 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time ( s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 
Frt 1.00 0.98 1.00 1.00 0.85 1.00 0.94 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 too 0.95 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3462 1770 3539 1583 1770 3336 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 1770 3462 1770 3539 1583 1770 3336 1770 3539 1583 
Volume (vph) 130 350 60 340 510 180 50 210 130 390 710 260 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 130 350 60 340 510 180 50 210 130 390 710 260 
RTOR Reduction (vph) 0 12 0 0 0 131 0 80 0 0 0 0 
Lane Group Flow (vph) 130 398 0 340 510 49 50 260 0 390 710 260 
Turn Type Prot Prot Perm Prot Prot Perm 
Protected Phases 1 6 5 2 3 8 7 4 
Permitted Phases 2 4 
Actuated Green, G (s) 13.6 16.5 24.0 26.9 26.9 5.3 11.8 29.1 35.6 35.6 
Effective Green, g (s) 15.6 18.5 26.0 28.9 28.9 7.3 13.8 31.1 37.6 37.6 
Actuated g/C Ratio 0.15 0.18 0.25 0.27 0.27 0.07 0.13 0.30 0.36 0.36 
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 
Vehicle Extension (s) 4.5 4.5 4.5 4.5 4.5 3.0 3.0 3.0 3.0 3.0 

• Lane Grp Cap (vph) 262 608 437 970 434 123 437 522 1262 565 
v/s Ratio Prot 0.07 c0.12 c0.19 c0.14 0.-03 c0.10 c0.22 0.20 
v/s Ratio Perm 0.11 0.16 
v/c Ratio 0.50 0.66 0.78 0.53 0.11 0.41 0.60 0.75 0.56 0.46 
Uniform Delay, d1 41.3 40.5 37.0 32.4 28.7 47.0 43.2 33.6 27.3 26.1 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 2.5 3.1 9.5 0.8 0.2 2.2 2.2 5.8 0.6 0.6 
Delay {s) 43.8 43.6 46.5 33.3 28.9 49.2 45.3 39.4 27.9 26.7 
Level of Service D D D C C D D D C C 
Approach Delay (s) 43.6 36.9 45.8 30.9 
Approach LOS D D D C 

Jntersection Summa~ 
HCM Average Control Delay 36.6 HCM Level of Service D 
HCM Volume to Capacity ratio 0.77 
Actuated Cycle Length (s) 105.4 Sum of lost time (s) 20.0 
Intersection Capacity Utilization 75.3% ICU Level of Service D 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



Queues 2013 PM BUILD REC.ALL 
2: THREE CHOPT RD & COX RD 9/26/2005 
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Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Volume (vph) 130 350 60 340 510 180 50 210 130 390 710 260 
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Lane Group Flow (vph) 130 410 0 340 510 180 50 340 0 390 710 260 
v/c Ratio 0.49 0.65 0.76 0.51 0.31 0.29 0.64 0.81 0.55 0.45 
Control Delay 51.4 44.7 43.9 33.3 5.9 50.9 36.9 42.7 30.6 31.5 
Queue Delay 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.5 0.0 
Total Delay 51.4 44.7 43.9 33.6 5.9 50.9 36.9 42.7 31.1 31.5 
Queue Length 50th (ft) 90 144 228 161 0 35 90 264 229 153 
Queue Length 95th (ft) 162 210 349 223 52 76 148 389 312 250 
Internal Link Dist (ft) 645 472 963 575 
Turn Bay Length (ft) 300 200 200 200 200 200 
Base Capacity (vph) 283 691 528 1174 646 253 599 583 1333 596 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Storage Cap Reductn 0 0 0 252 0 0 0 0 257 0 
Reduced v/c Ratio 0.46 0.59 0.64 0.55 0.28 0.20 0.57 0.67 0.66 0.44 

Intersection Summa~ 

• 

• Earth Tech Inc. Queues 



Timings 2013 PM BUILD REC.ALL 
2: THREE CHOPT RD & COX RD 9/26/2005 
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Lane Graue SEL SET NWL NWT NWR NEL NET SWL SWT SWR 
Lane Configurations 't tf+ ~ tt 'f' 1'i tf+ ~ tt '(' 
Volume (vph) 130 350 340 510 180 50 210 390 710 260 
Turn Type Prot Prot Perm Prot Prot Perm 
Protected Phases 1 6 5 2 3 8 7 4 
Permitted Phases 2 4 
Detector Phases 1 6 5 2 2 3 8 7 4 4 
Minimum Initial (s) 12.0 12.0 8.0 8.0 8.0 3.0 3.0 3.0 3.0 3.0 
Minimum Split {s) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 
Total Split (s) 20.0 24.0 36.0 40.0 40.0 20.0 20.0 40.0 40.0 40.0 
Total Split(%) 16.7% 20.0% 30.0% 33.3% 33.3% 16.7% 16.7% 33.3% 33.3% 33.3% 
Yellow Time (s) 4.0 4.0 40 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
All-Red Time (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
Lead/Lag Lead Lead Lag Lag Lag Lead Lead Lag Lag Lag 
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Recall Mode Min Min Min Min Min None None None None None 

Intersection Summa!}'. 
Cycle Length: 120 
Actuated Cycle Length: 103.4 
Natural Cycle: 90 
Control Type: Actuated-Uncoordinated 

• Splits and Phases: 2: THREE CHOPT RD & COX RD 
~ ,1112 ' ,/ 04 01 03 
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HCM Signalized Intersection Capacity Analysis 2013 PM BUILD REC.ALL.SPLIT 
2: THREE CHOPT RD & COX RD 9/29/2005 
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Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations llj +tf. ~ .ft r' ~ +tf. ' .rt r' 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 0.91 0.91 0.91 0.91 1.00 0.91 0.91 0.91 0.91 1.00 
Frt 1.00 0.98 1.00 1.00 0.85 1.00 0.94 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 0.99 1.00 0.95 1.00 0.95 1 00 1.00 
Satd. Flow (prot) 1610 3316 1610 3371 1583 1610 3196 1610 3382 1583 
Flt Permitted 0.95 1.00 0.95 0.99 1.00 0.95 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 1610 3316 1610 3371 1583 1610 3196 1610 3382 1583 
Volume (vph) 130 350 60 340 510 180 50 210 130 390 710 260 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 130 350 60 340 510 180 50 210 130 390 710 260 
RTOR Reduction (vph) 0 11 0 0 0 81 0 68 0 0 0 0 
Lane Group Flow (vph) 130 399 0 274 576 99 50 272 0 354 746 260 
Turn Type Split Split pm+ov Split Split pm+ov 
Protected Phases 6 6 2 2 4 8 8 4 4 6 
Permitted Phases 2 4 
Actuated Green, G (s) 16.1 16.1 25.6 25.6 55.1 12.3 12.3 29.5 29.5 45.6 
Effective Green, g (s) 18.1 18.1 27.6 27.6 59.1 14.3 14.3 31 .5 31 .5 49.6 
Actuated g/C Ratio 0.17 0.17 0.26 0.26 0.55 0.13 0.13 0.29 0.29 0.46 
Clearance Time (s) 6.0 6 .0 6.0 6.0 6.0 6 .0 6 .0 6.0 6.0 6.0 
Vehicle Extension (s) 4.5 4.5 4.5 4.5 3.0 3.0 3.0 3.0 3.0 4.5 • Lane Grp Cap (vph) 271 558 413 865 870 214 425 472 991 789 
v/s Ratio Prot 0.08 c0.12 0.17 c0.17 0.03 0.03 c0.08 0.22 c0.22 0.06 
v/s Ratio Perm 0.03 0.11 
v/c Ratio 0.48 0.72 0.66 0.67 0.11 0.23 0.64 0.75 0.75 0.33 
Uniform Delay, d1 40.4 42.3 35.8 35.8 11.6 41 .7 44.2 34.4 34.5 18.4 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 2.3 49 4.8 2.3 0.1 0.6 3.1 6.6 3.3 0.4 
Delay (s) 42.7 47.2 40.6 38.2 11. 7 42.3 47.3 41 .0 37.7 18.8 
Level of Service D D D D B D D D D B 
Approach Delay (s) 46.1 34.2 46.7 35.0 
Approach LOS D C D C 

lnte ummary 
HCM Average Control Delay 37.9 HCM Level of Service D 
HCM Volume to Capacity ratio 0.70 
Actuated Cycle Length (s) 107.5 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 67.8% ICU Level of Service C 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



Queues 2013 PM BUILD REC.ALL.SPLIT 
2: THREE CHOPT RD & COX RD 9/29/2005 
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Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Volume (vph) 130 350 60 340 510 180 50 210 130 390 710 260 
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Lane Group Flow (vph) 130 410 0 274 576 180 50 340 0 354 746 260 
v/c Ratio 0.48 0.72 0.67 0.67 0.19 0.23 0.69 0.75 0.76 0.33 
Control Delay 51 .0 51.5 46.4 41.4 1.3 49.0 43.8 47.1 41.0 18.5 
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 
Total Delay 51.0 51.5 46.4 41.4 1.3 49.0 43.8 47.1 41 .0 18.5 
Queue Length 50th (ft) 101 162 204 215 0 38 106 265 280 116 
Queue Length 95th (ft) 174 224 312 282 14 82 161 392 356 178 
Internal Link Dist (ft) 645 472 963 575 
Turn Bay Length (ft) 300 200 200 200 200 200 
Base Capacity (vph) 286 600 464 971 984 239 543 530 1115 779 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Reduced v/c Ratio 0.45 0.68 0.59 0.59 0.18 0.21 0.63 0.67 0.67 0.33 

Intersection Summa!}'. 

• 

• Earth Tech Inc. Queues 



Timings 2013 PM BUILD REC;ALL.SPLIT 
2: THREE CHOPT RD & COX RD 9/29/2005 
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Lane Groue SEL SET NWL NWT NWR NEL NET SWL SWT SWR 
Lane Configurations '\ 4'f. 'i 4't ' 'i 4'f. 'i 4't ' Volume (vph) 130 350 340 510 180 50 210 390 710 260 
Turn Type Split Split pm+ov Split Split pm+ov 
Protected Phases 6 6 2 2 4 8 8 4 4 6 
Permitted Phases 2 4 
Detector Phases 6 6 2 2 4 8 8 4 4 6 
Minimum Initial (s) 12.0 12.0 8.0 8.0 3.0 3.0 3.0 3.0 3.0 12.0 
Minimum Split (s) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 
Total Split (s) 23.0 23.0 36.0 36.0 41 .0 20.0 20.0 41.0 41.0 23.0 
Total Split{%) 19.2% 19.2% 30.0% 30.0% 34.2% 16.7% 16.7% 34.2% 34.2% 19.2% 
Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
All-Red Time (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 . 2.0 2.0 2.0 
Lead/Lag 
Lead-Lag Optimize? 
Recall Mode Min Min Min Min None None None None None Min 

Intersection Summa~ 
Cycle Length: 120 
Actuated Cycle Length: 108.2 
Natural Cycle: 90 
Control Type: Actuated-Uncoordinated 

• Splits and Phases: 2: THREE CHOPT RD & COX RD 
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HCM Signalized Intersection Capacity Analysis 2013 AM BUILD REC#3 
1: THREE CHO PT RD & GASKINS RD 9/26/2005 

• "'-" ~ ~ ~ ' ( ' .JI ~ ' JI ~ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations ~ ti. ~ ti. ~ tt 7' ~~ tt 7' 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 0.95 1.00 0.97 0.95 1.00 
Frt 1.00 0.97 1.00 0.93 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 . 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3429 1770 3281 1770 3539 1583 3433 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 1770 3429 1770 3281 1770 3539 1583 3433 3539 1583 
Volume {vph) 530 380 100 50 370 350 150 1690 80 170 1000 220 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 530 380 100 50 370 350 150 1690 80 170 1000 220 
RTOR Reduction (vph) 0 14 0 0 78 0 0 0 17 0 0 97 
Lane Group Flow (vph) 530 466 0 50 642 0 150 1690 63 170 1000 123 
Turn Type Prot Prot Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 8 4 
Actuated Green, G (s) 44.8 66.6 7.7 29.5 17.0 69.5 69.5 7.0 59.5 59.5 
Effective Green, g (s) 44.8 68.1 7.7 31.0 17.0 71.0 71.0 7.0 61 .0 61.0 
Actuated g/C Ratio 0.26 0.40 0.05 0.18 0.10 0.42 0.42 0.04 0.36 0.36 
Clearance Time (s) 4.0 5.5 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s} 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 • Lane Grp Cap (vph) 467 1375 80 599 177 1480 662 142 1271 569 
vis Ratio Prot c0.30 0.14 0.03 c0.22 0.08 c0.48 c0.05 0.28 
v/s Ratio Perm 0.05 0.14 
v/c Ratio 1.13 0.34 0.62 1.07 0.85 1.14 0.09 1.20 0.79 0.22 
Uniform Delay, d1 62.5 35.2 79.6 69.4 75.1 49.4 29.9 81.4 48.6 37.8 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 84.1 0.1 14.2 57.7 29.4 72.5 0.1 138.2 3.8 0.4 
Delay (s) 146.6 35.4 93.9 127. 1 104.5 121.9 30.0 219.6 52.4 38.2 
Level of Service F D F F F F C F D D 
Approach Delay (s) 93.8 124.9 116.7 70.6 
Approach LOS F F F E 

ntersection Summary 
HCM Average Control Delay 100.8 HCM Level of Service F 
HCM Volume to Capacity ratio 1.15 
Actuated Cycle Length (s) 169.8 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 115.7% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2013 PM BUILD REC#3 
1: THREE CHOPT RD & GASKINS RD 9/26/2005 
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Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations '1 tr. 'i tr. '1 tt (' 'i'i +t 'f' 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 0.95 1.00 0.97 0.95 1.00 
Frt 1.00 0.95 1.00 0.96 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3365 1770 3400 1770 3539 1583 3433 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (eerm) 1770 3365 1770 3400 1770 3539 1583 3433 3539 1583 
Volume (vph) 190 390 190 120 450 160 160 1150 140 200 1800 380 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 190 390 190 120 450 160 160 1150 140 200 1800 380 
RTOR Reduction (vph) 0 31 0 0 19 0 0 0 38 0 0 82 
Lane Group Flow (vph) 190 549 0 120 591 0 160 1150 102 200 1800 298 
Turn Type Prat Prat Prat Perm Prat Perm 
Protected Phases 5 2 1 ., 6 3 8 7 4 
Permitted Phases 8 4 
Actuated Green, G (s) 21.9 40.1 15.9 34.1 18.9 102.9 102.9 15.5 99.5 99.5 
Effective Green, g (s) 21.9 41 .6 15.9 35.6 18.9 104.4 104.4 15.5 101.0 101 .0 
Actuated g/C Ratio 0.11 0.22 0.08 0.18 0.10 0.54 0.54 0.08 0.52 0.52 
Clearance Time (s) 4.0 5.5 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3 .0 3.0 3.0 3.0 3.0 5.0 5.0 • Lane Grp Cap (vph) 200 724 146 626 173 1910 855 275 1848 827 
v/s Ratio Prot c0.11 0.17 0.07 c0.18 c0.09 c0.32 0.06 c0.51 
vis Ratio Perm 0.09 0.24 
vie Ratio 0.95 0.76 0.82 0.94 0.92 0.60 0.12 0.73 0.97 0.36 
Uniform Delay, d1 85.2 71.2 87.4 77.9 86.5 30.3 21.9 86.9 44.9 27.2 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 48.8 4.6 29.6 23.0 46.8 0.5 0.1 9.2 15.3 0.6 
Delay (s) 134.0 75.8 116.9 100.9 133.4 30.9 22.0 96.1 60.3 27.8 
Level of Service F E F F F C C F E C 
Approach Delay (s) 90.1 103.6 41.3 · 58.1 
Approach LOS F F D E 

Intersection Summary 
HCM Average Control Delay 64.4 HCM Level of Service E 
HCM Volume to Capacity ratio 0.98 
Actuated Cycle Length (s) 193.4 Sum of lost time (s) 20.0 
Intersection Capacity Utilization 100.0% ICU Level of Service G 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc . . HCM Signalized Intersection Capacity Analysis 
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HCM Signalized Intersection Capacity Analysis 2013 AM BUILD REC#4 
1: THREE CHO PT RD & GASKINS RD 9/26/2005 

• '\.JI ~ ~ Jr'- ' ( ' ~ ,-.. ' J/ ...., 
Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations "i tl+ "I tl+ "I "i tt r' "i tt 7' 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 0.97 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 0.97 1.00 0.93 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3429 1770 3281 3433 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow {perm) 1770 3429 1770 3281 3433 3539 1583 1770 3539 1583 

Volume (vph) 530 380 100 50 370 350 150 1690 80 170 1000 220 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 530 380 100 50 370 350 150 1690 80 170 1000 220 
RTOR Reduction (vph) 0 14 0 0 101 0 0 0 17 0 0 98 
Lane Group Flow ~veh) 530 466 0 50 619 0 150 1690 63 170 1000 122 
Turn Type Prot Prot Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 8 4 
Actuated Green, G (s) 42.8 61 .6 7.7 26.5 11.3 67.5 67.5 14.0 70.2 70.2 
Effective Green, g (s) 42.8 63.1 7.7 28.0 11.3 69.0 69.0 14.0 71 .7 71 .7 
Actuated g/C Ratio 0.25 0.37 0.05 0.16 0.07 0.41 0.41 0.08 0.42 0.42 
Clearance Time (s) 4.0 5.5 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 • Lane Grp Cap (vph) 446 1274 80 541 228 1438 643 146 1494 668 
v/s Ratio Prot c0.30 0.14 0.03 c0.22 0.04 c0.48 c0.10 c0.28 
vis Ratio Perm 0.05 0.14 
v/c Ratio 1.19 0.37 0.62 1.14 0.66 1.18 0.10 1.16 0.67 0.18 
Uniform Delay, d1 63.5 38.8 79.6 70.9 77.4 50.4 31 .2 77.9 39.5 30.7 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 105.3 0.2 14.2 85.0 6.7 86.5 0.1 125.5 1.5 0.3 
Delay (s) 168.8 39.0 93.9 155.9 84.1 136.9 31 .2 203.4 41.0 31.0 
Level of Service F D F F F F C F D C 
Approach Delay (s) 107.1 151 .9 128.4 59.3 
Approach LOS F F F E 

Intersection Summary 
HCM Average Control Delay 108.8 HCM Level of Service F 
HCM Volume to Capacity ratio 1.23 
Actuated Cycle Length (s) 169.8 Sum of lost time (s) 20.0 
Intersection Capacity Utilization 120.3% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2013 PM BUILD REC#4 
1: THREE CHOPT RD & GASKINS RD 9/26/2005 
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Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations " tf+ ~ -tf. '' tt .,, 

" tt 7' 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 0.97 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 0.95 1.00 0.96 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 , 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3365 1770 3400 3433 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (eerm) 1770 3365 1770 3400 3433 3539 1583 1770 3539 1583 
Volume (vph) 190 390 190 120 450 160 160 1150 140 200 1800 380 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 190 390 190 120 450 160 160 1150 140 200 1800 380 
RTOR Reduction (vph) 0 31 0 0 18 0 0 0 35 0 0 80 
Lane Group Flow (vph) 190 549 0 120 592 0 160 1150 105 200 1800 300 
Tum Type Prot Prot Prat Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 8 4 
Actuated Green, G (s) 22.8 43.0 15.8 36.0 10.0 86.7 86.7 25.9 102.6 102.6 
Effective Green, g (s) 22.8 44.5 15.8 37.5 10.0 88.2 88.2 25.9 104.1 104.1 
Actuated g/C Ratio 0.12 0.23 0.08 0.20 0.05 0.46 0.46 0.14 0.55 0.55 
Clearance Time (s) 4.0 5.5 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3 .0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 • Lane Grp Cap (vph) 212 786 147 670 180 1639 733 241 1935 865 
vis Ratio Prot c0.11 0.17 0.07 c0.18 0.05 0.32 c0.11 c0.51 
vis Ratio Perm 0.09 0.24 
Vic Ratio 0.90 0.70 0.82 0.88 0.89 0.70 0.14 0.83 0.93 0.35 
Uniform Delay, d1 82.6 66.8 85.9 74.3 89.6 40.6 29.4 80.1 39.8 24.1 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 34.7 2.7 28.2 13.1 37.1 1.4 0.1 20.5 9.0 0.5 
Delay (s) 117.3 69.5 114.1 87.4 126.8 42.0 29.5 100.6 48.8 24.6 
Level of Service F E F F F D C F D C 
Approach Delay ( s) 81 .3 91.8 50.2 49.3 
Approach LOS F F D D 

rntersection Summary 
HCM Average Control Delay 60.0 HCM Level of Service E 
HCM Volume to Capacity ratio 0.92 
Actuated Cycle Length (s) 190.4 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 95.7% ICU Level of Service F 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2013 AM BUILD REC#5 
1: THREE CHOPT RD & GASKINS RD 9/26/2005 
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Movement SEL SET SER NWL NWT NWR NEL NET NER SWt..: SWT SWR 
Lane Configurations "i"i tf+ "i tf+ "i tt .,, "i tt ' Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Utit. Factor 0.97 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 0.97 1.00 0.93 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot} 3433 3429 1770 3281 1770 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 3433 3429 1770 3281 1770 3539 1583 1770 3539 1583 

Volume (vph) 530 380 100 50 370 350 150 1690 80 170 1000 220 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 530 380 100 50 370 350 150 1690 80 170 1000 220 
RTOR Reduction (vph) 0 13 0 0 101 0 0 0 17 0 0 94 
Lane Group Flow (vph) 530 467 0 50 619 0 150 1690 63 170 1000 126 
Turn Type Prat Prot Prat Perm Prat Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 8 4 
Actuated Green. G (s) 25.8 49.6 7.7 31 .5 18.6 77.5 77.5 16.0 74.9 74.9 
Effective Green, g (s) 25.8 51.1 7.7 33.0 18.6 79.0 79.0 16.0 76.4 76.4 
Actuated g/C Ratio 0.15 0.30 0.05 0.19 0.11 0.47 0.47 0.09 0.45 0.45 
Clearance Time (s) 4.0 5.5 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 • Lane Grp Cap (vph) 522 1032 80 638 194 1647 736 167 1592 712 
vis Ratio Prot c0.15 0.14 0.03 c0.22 0.08 c0.48 c0.10 0.28 
vis Ratio Perm 0.05 0.14 
v/c Ratio 1.02 0.45 0.62 0.97 0.77 1.03 0.09 1.02 0.63 0.18 
Uniform Delay, d1 72.0 48.0 79.6 67.9 73.5 45.4 25.3 76.9 35.8 27.9 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 43.3 0.3 14.2 28.3 17.3 29.1 0.1 74.4 1.1 0.2 
Delay (s) 115.3 48.3 93.9 96.2 90.8 74.5 25.3 151.3 36.9 28.2 
Level of Service F D F F F E C F D C 
Approach Delay (s) 83.5 96.1 73.7 49.5 
Approach LOS F F E D 

In rsection Summary 
HCM Average Control Delay 72.4 HCM Level of Service E 
HCM Volume to Capacity ratio 1.05 
Actuated Cycle Length (s) 169.8 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 106.1% ICU Level of Service G 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2013 PM BUILD REC#S 
1: THREE CHOPT RD & GASKINS RD 9/26/2005 

• -.JI '4 J jl:'"'. ' ( ' ~ ~ ' ,I lt.J 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations ~'i tl+ ~ tl+ " +t .,, 

" +t (' 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 0.97 0.95 1 00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 0.95 1 00 0.96 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0 95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 3433 3365 1770 3400 1770 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 3433 3365 1770 3400 1770 3539 1583 1770 3539 1583 

Volume (vph) 190 390 190 120 450 160 160 1150 140 200 1800 380 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1 00 1.00 1.00 
Adj. Flow (vph) 190 390 190 120 450 160 160 1150 140 200 1800 380 
RTOR Reduction (Vph) 0 31 0 0 18 0 0 0 36 0 0 80 
Lane Group Flow {veh} 190 549 0 120 592 0 160 1150 104 200 1800 300 
Tum Type Prot Prot Prat Perm Prat Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 8 4 
Actuated Green, G (s) 12.0 33.6 15.2 36.8 19.7 96.5 96.5 25.9 102.7 102.7 
Effective Green, g (s) 12.0 35.1 15.2 38.3 19.7 98.0 98.0 25.9 104.2 104.2 
Actuated g/C Ratio 0.06 0.18 0.08 0.20 0.10 0.52 0.52 0.14 0.55 0.55 
Clearance Time (s) 4.0 5.5 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 

• Lane Grp Cap (vph) 217 621 141 685 183 1823 816 241 1939 867 
vis Ratio Prot 0.06 0.17 c0.07 c0.18 0.09 0.32 c0.11 c0.51 
v/s Ratio Perm 0.09 0.24 
v/c Ratio 0.88 0.88 0.85 0.86 0.87 0.63 0.13 0.83 0.93 0.35 
Uniform Delay, d1 88.4 75.6 86.4 73.4 84.0 33.1 23.9 80 0 39.6 24 0 
Progression Factor 1.00 1.00 1 00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 30.1 14.1 36.0 11.0 33.9 0.7 0.1 20.5 8.7 0.5 
Delay (s) 118.4 89.6 122.4 84.4 117.9 33.8 24.0 100.5 48.3 24.5 
Level of Service F F F F F C C F D C 
Approach Delay (s) 96.7 90.6 42.2 48.9 
Approach LOS F F D D 

Intersection Summary 
HCM Average Control Delay 59.7 HCM Level of Service E 
HCM Volume to Capacity ratio 0.90 
Actuated Cycle Length (s) 190.2 Sum of lost time (s) 12.0 
Intersection Capacity Utilization 95.5% ICU Level of Service F 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 
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HCM Signalized Intersection Capacity Analysis 2013 AM BUILD REC#6 
1: THREE CH OPT RD & GASKINS RD 9/26/2005 

• ~ ~ ; J1:9', ' ( ' J' .,,._ ' JI ..._, 
Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations "'i tt+ "'i'i tf+ "'i tt .,, "'i tt '{' 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 0.97 0.95 1.00 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 0.97 1.00 0.93 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot} 1770 3429 3433 3281 1770 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 1770 3429 3433 3281 1770 3539 1583 1770 3539 1583 
Volume (vph) 530 380 100 50 370 350 150 1690 80 170 1000 220 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 530 380 100 50 370 350 150 1690 80 170 1000 220 
RTOR Reduction (vph) 0 14 0 0 101 0 0 0 17 0 0 94 
Lane Group Flow (vph) 530 466 0 50 619 0 150 1690 63 170 1000 126 
Turn Type Prot Prot Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 8 4 
Actuated Green, G (s) 42.8 65.3 4.0 26.5 18.6 67.5 67.5 14.0 62.9 62.9 
Effective Green, g (s) 42.8 66.8 4.0 28.0 18.6 69.0 69.0 14.0 64.4 64.4 
Actuated g/C Ratio 0.25 0.39 0.02 0.16 0.11 0.41 0.41 0.08 0.38 0.38 
Clearance Time (s) 4.0 5.5 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 • Lane Grp Cap (vph) 446 1349 81 541 194 1438 643 146 1342 600 
vis Ratio Prot c0.30 0.14 0.01 c0.22 0.08 c0.48 c0.10 0.28 
vis Ratio Pe,rm 0.05 0.14 
vie Ratio 1.19 0.35 0.62 1.14 0.77 1.18 0.10 1.16 0.75 0.21 
Uniform Delay, d1 63.5 36.2 82.1 70.9 73.5 50.4 31.2 77 9 45.6 35.5 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 105.3 0.2 13.2 85.0 17.3 86.5 0.1 125.5 2.8 0.4 
Delay (s) 168.8 36.3 95.3 155.9 90.8 136.9 31.2 203.4 48.4 35.9 
Level of Service F D F F F F C F D D 
Approach Delay (s) 105.8 152.0 128.9 65.3 
Approach LOS F F F E 

lntersec ·on Summa!}'. 
HCM Average Control Delay 110.5 HCM Level of Service F 
HCM Volume to Capacity ratio 1.21 
Actuated Cycle Length (s) 169.8 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 120.3% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2013 PM BUILD REC#6 
1: THREE CHOPT RD & GASKINS RD 9/26/2005 

• J ~ ) Jr- ' ( ., 
.l' ~ ' JI' lit-, 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations "i tf+ ~~ tf+ ~ tt .,, 

~ -tt .,, 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 0.97 0.95 1.00 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 0.95 1.00 0.96 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 . 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3365 3433 3400 1770 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 1770 3365 3433 3400 1770 3539 1583 1770 3539 1583 
Volume (vph) 190 390 190 120 450 160 160 1150 140 200 1800 380 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 190 390 190 120 450 ' 160 160 1150 140 200 · 1800 380 
RTOR Reduction (vph) 0 30 0 0 19 0 0 0 36 0 0 82 
Lane Group Flow (vph) 190 550 0 120 591 0 160 1150 104 200 1800 298 
Turn Type Prot Prat Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 8 4 
Actuated Green, G (s} 21.9 45.6 10.5 34.2 18.9 92.3 92.3 26.1 99.5 99.5 
Effective Green, g (s) 21.9 47.1 10.5 35.7 18.9 93.8 93.8 26.1 101.0 101.0 
Actuated g/C Ratio 0.11 0.24 •: 0.05 0.18 0.10 0.48 0.48 0.13 0.52 0.52 
Clearance Time (s) 4.0 5.5 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 

• Lane Grp Cap (vph) 200 819 186 627 173 1716 767 239 1847 826 
v/s Ratio Prot c0.11 0.17 0.03 c0.18 c0.09 0.32 c0.11 c0.51 
vis Ratio Perm 0.09 0.24 
v/c Ratio 0.95 0.67 0.65 0.94 0.92 0.67 0.14 0.84 0.97 0.36 
Uniform Delay, d1 85.3 66.2 89.7 77.9 86.6 38.0 27.5 81.6 45.0 27.2 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 48.8 2.2 7.5 22.7 46.8 1.0 0.1 21 .7 15.4 0.6 
Delay (s) 134.0 68.4 97.1 100.6 133.4 39.1 27.6 103.3 60.4 27.8 
Level of Service F E F F F D C F E C 
Approach Delay (s) 84.6 100.1 48.4 58.8 
Approach LOS F F D E 

ntersection summary 
HCM Average Control Delay 65.4 HCM Level of Service E 
HCM Volume to Capacity ratio 0.95 
Actuated Cycle Length (s) 193.5 Sum of lost time (s) 12.0 
Intersection Capacity Utilization 100.0% ICU Level of Service G 
Analysis Period (min) 15 
C Critical lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 
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HCM Signalized Intersection Capacity Analysis 2013 AM BUILD REC#7 
1: THREE CHOPT RD & GASKINS RD 9/26/2005 

• -.J( 
~ ) Jr'- ' ( ' J' . .....-. ' ,t ~ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations "'i tt .,, "'i tT+ "'i tt .,, "'i tt 'f 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 1.00 0.85 1.00 0.93 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3539 1583 1770 3281 1770 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 1770 3539 1583 1770 3281 1770 3539 1583 1770 3539 1583 
Volume (vph) 530 380 100 50 370 350 150 1690 80 170 1000 220 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 530 380 100 50 370 350 150 1690 80 170 1000 220 
RTOR Reduction (vph) 0 0 63 0 100 0 0 0 17 0 0 94 
Lane Group Flow (vph) 530 380 37 50 620 0 150 1690 63 170 1000 126 

Turn Type Prot Perm Prot Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 2 8 4 
Actuated Green, G {s) 42.0 61.6 61 .6 7.7 27.3 18.6 67.5 67.5 14.0 62.9 62.9 
Effective Green, g (s) 42.0 63.1 63.1 7.7 28.8 18.6 69.0 69.0 14.0 64.4 64.4 
Actuated g/C Ratio 0.25 0.37 0.37 0.05 0.17 0.11 0.41 0.41 0.08 0.38 0.38 
Clearance Time (s) 4.0 5.5 5.5 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 

• Lane Grp Cap (vph) 438 1315 588 80 556 194 1438 643 146 1342 600 
v/s Ratio Prot c0.30 0.11 0.03 c0.22 0.08 c0.48 c0.10 0.28 
v/s Ratio Perm 0.06 0.05 0. 14 
v/c Ratio 1.21 0.29 0.06 0.62 1.11 0.77 1.18 0.10 1.16 0.75 0.21 
Uniform Delay, d1 63.9 37.6 34.3 79.6 70.5 73.5 50.4 31.2 77.9 45.6 35.5 
Progression Factor 1.00 1.00 1.00 1.00 1.00 100 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 114.1 0.1 0.0 14.2 73.5 17.3 86.5 0.1 125.5 2.8 0.4 
Delay (s) 178.0 37.7 34.4 93.9 144.0 90.8 136.9 31 .2 203.4 48.4 35.9 
Level of Service F D C F F F F C F D D 
Approach Delay (s) 111.0 140.7 128.9 65.3 
Approach LOS F F F E 

ntersection Summary 
HCM Average Control Delay 109.8 HCM Level of Service F 
HCM Volume to Capacity ratio 1.21 
Actuated Cycle Length (s) 169.8 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 120.3% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2013 PM BUILD REC#7 
1: THREE CHOPT RD & GASKINS RD 9/26/2005 

• '-1( 
~ ) Jr' ' ( ' I' " ~ JI ~ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations "'i t+ 1' " tft "'i tt 1' ~ tt 1' 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 1.00 0.85 1.00 0.96 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3539 1583 1770 3400 1770 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 1770 3539 1583 1770 3400 1770 3539 1583 1770 3539 1583 
Volume (vph) 190 390 190 120 450 160 160 1150 140 200 1800 380 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 190 390 190 120 450 160 160 1150 140 200 1800 380 
RTOR Reduction (vph) 0 0 151 0 19 0 0 0 36 0 0 82 
Lane Group Flow (vph) 190 390 39 120 591 0 160 1150 104 200 1800 298 
Turn Type Prat Perm Prat Prat Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 2 8 4 
Actuated Green, G (s) 21.9 38.6 38.6 17.4 34.1 18.9 92.3 92.3 26.1 99.5 99.5 
Effectrve Green, g (s) 21.9 40.1 40.1 17.4 35.6 18.9 93.8 93.8 26.1 101.0 101.0 
Actuated g/C Ratio 0.11 0.21 0.21 0.09 0.18 0.10 0.49 0.49 0.13 0.52 0.52 
Clearance Time (s) 4.0 5.5 5.5 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 

• Lane Grp Cap (vph) 200 734 328 159 626 173 1716 768 239 1848 827 
v/s Ratio Prot c0.11 0.11 0.07 c0.18 c0.09 0.32 c0.11 c0.51 
vis Ratio Perm 0.12 0.09 0.24 
v/c Ratio 0.95 0.53 0.12 0.75 0.94 0.92 0.67 0.14 0.84 0.97 0.36 
Uniform Delay, d1 85.2 68.3 62.3 85.9 77.9 86.5 38.0 27.4 81.6 44.9 27.2 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 48.8 0.7 0.2 18.2 23.0 46.8 1.0 0.1 21.7 15.3 0.6 
Delay (s} 134.0 69.0 62.5 104.2 100.9 133.4 39.0 27.5 103.3 60.3 27.8 
Level of Service F E E F F F D C F E C 
Approach Delay (s) 83.4 101.5 48.3 58.7 
Approach LOS F F D E 

ntersection Summa!}'. 
HCM Average Control Delay 65.3 HCM Level of Service E 
HCM Volume to Capacity ratio 0.95 
Actuated Cycle Length (s) 193.4 Sum of lost time (s) 12.0 
Intersection Capacity Utilization 100.0% ICU Level of Service G 
Analysis Period (min) 15 
C Critlcal Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 
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HCM Signalized Intersection Capacity Analysis 2013 AM BUILD REC#8 
1: THREE CHOPT RD & GASKINS RD 9/27/2005 

• ~ ~ ) Jr- ' ( ' ~ ~ ' JI lt.J 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations "\ tf+ ., tt .,, l'j tt .,, llj tt r' 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total lost time (s) 4.0 4.0 4.0 4.0 4 .0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 0.97 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3429 1770 3539 1583 1770 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 1770 3429 1770 3539 1583 1770 3539 1583 1770 3539 1583 
Volume (vph) 530 380 100 50 370 350 150 1690 80 170 1000 220 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 530 380 100 50 370 350 150 1690 80 170 1000 220 
RTOR Reduction (vph) 0 14 0 0 0 132 0 0 17 0 0 94 
Lane Group Flow (vph) 530 466 0 50 370 218 150 1690 63 170 1000 126 
Turn Type Prot Prot Perm Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 6 8 4 
Actuated Green, G (s} 45.8 58.6 7.7 20.5 20.5 18.6 70.5 70.5 14.0 65.9 65.9 
Effective Green, g (s) 45.8 60.1 7.7 22.0 22.0 18.6 72.0 72.0 14.0 67.4 67.4 
Actuated g/C Ratio 0.27 0.35 0.05 0.13 0.13 0.11 0.42 0.42 0.08 0.40 0.40 
Clearance Time (s) 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 

• Lane Grp Cap (vph) 477 1214 80 459 205 194 1501 671 146 1405 628 
v/s Ratio Prot c0.30 0.14 0.03 0.10 c0.08 c0.48 c0.10 0.28 
v/s Ratio Perm 0.22 0.05 0.14 
vie Ratio 1.11 0.38 0.62 0.81 1.06 0.77 1.13 0.09 1.16 0.71 0.20 
Uniform Delay, d1 62.0 41.0 79.6 71.8 73.9 73.5 48.9 29.3 77.9 43.0 33.5 
Progression Factor 1.00 1.00 1 00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 75.1 0.2 14.2 10.0 80.2 17.3 65.9 0.1 125.5 2.1 0.3 
Delay {s} 137.1 41.2 93.9 81.8 154.1 90.8 114.8 29.4 203.4 45.2 33.9 
Level of Service F D F F F F F C F D C 
Approach Delay ( s) 91.5 115.4 109.4 62.7 
Approach LOS F F F E 

Intersection Summa~ 
HCM Average Control Delay 94.0 HCM Level of Service F 
HCM Volume to Capacity ratio 1.18 
Actuated Cycle Length (s) 169.8 Sum of lost time (s) 12.0 
Intersection Capacity Utilization 109.1% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2013 PM BUILD REC#8 
1: THREE CHOPT RD & GASKINS RD 9/27/2005 

• '-.$ 
~ ; ""' ' r ' ,Jf ~ ' JI' ~ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 

Lane Configurations l\ +r. l\ tt r' ' tt r' l\ tt " Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 0.95 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3365 1770 3539 1583 1770 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (perm} 1770 3365 1770 3539 1583 1770 3539 1583 1770 3539 1583 

Volume (vph) 190 390 190 120 450 160 160 1150 140 200 1800 380 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 190 390 190 120 450 160 160 1150 140 200 1800 380 
RTOR Reduction (vph) 0 31 0 0 0 137 0 0 36 0 0 80 
Lane Group Flow (vph) 190 549 0 120 450 23 160 1150 104 200 1800 300 
Tum Type Prot Prot Perm Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 6 8 4 
Actuated Green, G (s) 22.8 34.0 15.2 26.4 26.4 19.8 96.7 96.7 25.7 102.6 102.6 
Effective Green, g (s) 22.8 35.5 15.2 27.9 27.9 19.8 98.2 98.2 25.7 104.1 104.1 
Actuated g/C Ratio 0.12 0.19 0.08 0.15 0.15 0.10 0.52 0.52 0.13 0 .55 0.55 1 

Clearance Time (s) 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 

• Lane Grp Cap (vph) 212 627 141 518 232 184 1823 816 239 1933 865 
v/s Ratio Prot c0.11 c0.17 0.07 0.13 0.09 0.32 c0.11 c0.51 
v/s Ratio Perm 0.10 0.09 0.24 
v/c Ratio 0.90 0.88 0.85 0.87 0.10 0.87 0.63 0.13 0.84 0.93 0.35 
Uniform Delay, d1 82.7 75.4 86.6 79.6 70.5 84.1 33.2 24.0 80.4 39.9 24.2 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 34.7 13.0 36.0 14.4 0.2 32.6 0.7 0.1 21 .7 9.1 0.5 
Delay (s) 117.4 88.4 122.6 93.9 70.7 116.7 33.9 24.0 102.1 49.0 24.7 
Level of Service F F F F E F C C F D C 
Approach Delay (s) 95.6 93.5 42.1 49.6 
Approach LOS F F D D 

Intersection Summary 
HCM Average Control Delay 60.2 HCM Level of Service E 
HCM Volume to Capacity ratio 0.90 
Actuated Cycle Length (s) 190.6 Sum of lost time (s) 8.0 
Intersection Capacity Utilization 95.5% ICU Level of Service F 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 
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HCM Signalized Intersection Capacity Analysis 2013 AM BUILD REC#9 
1: THREE CHOPT RD & GASKINS RD 9/27/2005 

• -.JI ~ ; Jr' ' ( ' I' ~ ' JI' lt.., 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL sWT SWR 
Lane Configurations "'i tf+ " tlt "'i ttlt "'i1 ttlt 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time ( s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 0.91 1.00 0.91 
Frt 1.00 0.97 1.00 0.93 1.00 0.99 1.00 0.97 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (prot) 1770 3429 1770 3281 1770 5051 1770 4948 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (eerm) 1770 3429 1770 3281 1770 5051 1770 4948 
Volume (vph) 530 380 100 50 370 350 150 1690 80 170 1000 220 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 530 380 100 50 370 350 150 1690 80 170 1000 220 
RTOR Reduction (vph) 0 13 0 0 100 0 0 3 0 0 20 0 
Lane Group Flow (vph) 530 467 0 50 620 0 150 1767 0 170 1200 Q 

Turn Type Prot Prot Prot Prat 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 
Actuated Green, G (s) 48.0 73.3 7.7 33.0 17.0 54.5 15.0 52.5 
Effective Green, g (s) 48.0 74.8 7.7 34.5 17.0 56.0 15.0 54.0 
Actuated g/C Ratio 0.28 0.44 0.05 0.20 0. 10 0.33 0.09 0.32 
Clearance Time (s) 4.0 5.5 4.0 5.5 4.0 5.5 4.0 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 

• Lane Grp Cap (vph) 501 1513 80 668 178 1669 157 1576 
v/s Ratio Prot c0.30 0.14 0.03 c0.22 0.08 c0.35 c0.10 0.25 
vis Ratio Perm 
v/c Ratio 1.06 0.31 0.62 0.93 0.84 1.06 1.08 0.76 
Uniform Delay, d1 60.8 30.6 79.5 66.3 74.9 56.8 77.2 51 .9 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 56.4 0.1 14.2 19.0 28.7 39.5 95 7 2.6 
Delay (s) 117.1 30.7 93.7 85.3 103.6 96.3 172.9 54.6 
Level of Service F C F F F F F D 
Approach Delay (s) 76.1 85.8 96.8 69.0 
Approach LOS E F F E 

ntersection Summa!}'. 
HCM Average Control Delay 83.5 HCM Level of Service F 
HCM Volume to Capacity ratio 1.04 
Actuated Cycle Length (s) 169.5 Sum of lost time (s) 12.0 
Intersection Capacity Utilization 108.0% ICU Level of Service G 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2013 PM BUILD REC#9 
1: THREE CHO PT RD & GASKINS RD 9/27/2005 

• ~ ~ ) ;r-. ' ( ' I' .....-. ' "' ~ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations ' tf. ~ +t+ ''\ ttf. "\ t+f. 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 0.91 1.00 0.91 
Frt 1.00 0.95 1.00 0.96 1.00 0.98 1.00 0.97 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1 00 0.95 1.00 
Satd. Flow (prot) 1770 3365 1770 3400 1770 5003 1770 4952 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (perm) 1770 3365 1770 3400 1770 5003 1770 4952 
Volume (vph) 190 390 190 120 450 160 160 1150 140 200 1800 380 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 190 390 190 120 450 160 160 1150 140 200 1800 380 
RTOR Reduction (vph) 0 31 0 0 18 0 0 7 0 0 16 0 
Lane Group Flow (vph) 190 549 0 120 592 0 160 1283 0 200 2164 0 
Turn Type Prot Prot Prat Prat 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 
Actuated Green, G (s) 22.8 42.5 15.6 35.3 19.9 84.3 25.4 89.8 
Effective Green, g (s) 22.8 44.0 15.6 36.8 19.9 85.8 25.4 91 .3 
Actuated g/C Ratio 0.12 0.24 0.08 0.20 0.11 0.46 0.14 0.49 
Clearance Time (s) 4.0 5.5 4.0 5.5 4.0 5.5 4.0 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 

• Lane Grp Cap (vph) 216 793 148 670 189 2298 241 2420 
v/s Ratio Prot c0.11 0.17 0.07 c0.18 0.09 0.26 c0.11 c0.44 
v/s Ratio Perm 
v/c Ratio 0.88 0.69 0.81 0.88 0.85 0.56 0.83 0.89 
Uniform Delay, d1 80.7 65.2 84.1 72.9 82.0 36.7 78.6 43.4 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1 00 
Incremental Delay, d2 30.8 2.6 27.4 13.1 27.9 0.3 20.5 5.0 
Delay (s) 111.4 67.8 111.6 86.0 109.8 37.0 99.1 48.4 
Level of Service F E F F F D F D 
Approach Delay (s) 78.6 90.2 45.0 52.7 
Approach LOS E F D D 

In ersection Summary 
HCM Average Control Delay 59.5 HCM Level of Service E 
HCM Volume to Capacity ratio 0.88 
Actuated Cycle Length (s) 186.8 Sum of lost time (s) 12.0 
Intersection Capacity Utilization 93.5% ICU Level of Service F 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 
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HCM Signalized Intersection Capacity Analysis 2013 AM BUILD REC.ALL 
1: THREE CHOPT RD & GASKINS RD 9/26/2005 

• ~ ~ ) r, ' ( ' ~ r:al ' JI ~ 

Movement SEL SET SER NWL NWT NWR NE NET NER SWL SWT SWR 
Lane Configurations 'i'i tt f 'i"i tt f "i"i ttf+ '"i ttf+ 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.91 0.97 0.91 
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.99 1.00 0.97 
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (prot) 3433 3539 1583 3433 3539 1583 3433 5051 3433 4948 
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (perm) 3433 3539 1583 3433 3539 1583 3433 5051 3433 4948 
Volume (vph) 530 380 100 50 370 350 150 1690 80 170 1000 220 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 530 380 100 50 370 350 150 1690 80 170 1000 220 
RTOR Reduction (vph) 0 0 65 0 0 112 0 4 0 0 30 0 
Lane Graue Flow (vph) 530 380 35 50 370 238 150 1766 0 170 1190 0 
Turn Type Prot Perm Prot Perm Prat Prot 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 2 6 
Actuated Green, G (s) 19.9 37.4 37.4 3.8 21.3 21.3 12.2 42.3 7.9 38.0 
Effective Green, g (s) 19.9 38.9 38.9 3.8 22.8 22.8 12.2 43.8 7.9 39.5 
Actuated g/C Ratio 0.18 0.35 0.35 0.03 0.21 0.21 0.11 0.40 0.07 0.36 
Clearance Time (s) 4.0 5.5 5.5 4.0 5.5 5.5 4.0 5.5 4.0 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 

• Lane Grp Cap (vph) 619 1247 558 118 731 327 379 2004 246 1770 
vis Ratio Prot c0.15 0.11 0.01 0.10 0.04 c0.35 0.05 c0.25 
vis Ratio Perm 0.06 0.22 
v/c Ratio 0.86 0.30 0.06 0.42 0.51 0.73 0.40 0.88 0.69 0.67 
Uniform Delay, d1 43.9 25.9 23.7 52.2 38.8 40.9 45.7 30.9 50.1 30.0 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 11 .2 0.1 0.0 2.4 0.6 7.9 0.7 4.9 8.1 1.3 
Delay (s) 55.1 26.1 23.7 54.7 39.4 48.8 46.4 35.8 58.2 31.3 
Level of Service E C C D D D D D E C 
Approach Delay ( s} 41.1 44.6 36.6 34.6 
Approach LOS D D D C 

Intersection Summary 
HCM Average Control Delay 38.2 HCM Level of Service D 
HCM Volume to Capacity ratio 0.92 
Actuated Cycle Length (s) 110.4 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 81.2% ICU Level of Service D 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



Queues 2013 AM BUILD REC.ALL 
1: THREE CHOPT RD & GASKINS RD 9/26/2005 

• ,._;J/( 
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Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Volume (vph) 530 380 100 so 370 350 150 1690 80 170 1000 220 
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Lane Group Flow (vph) 530 380 100 50 370 350 150 1770 0 170 1220 0 
v/c Ratio 0.85 0.30 0.16 0.32 0.53 0.82 0.39 0.88 0.69 0.67 
Control Delay 53.3 26.9 5.5 60.7 41.4 34.2 53.1 35.8 66.0 30.2 
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Total Delay 53.3 26.9 5.5 60.7 41.4 34.2 53.1 35.8 66.0 30.2 
Queue Length 50th (ft) 198 107 0 19 130 153 56 444 65 266 
Queue Length 95th (ft) #289 147 36 41 178 269 94 537 #119 322 
Internal Link Dist (ft) 151 599 856 499 
Turn Bay Length (ft) 250 200 200 260 500 
Base Capacity (vph) 684 1380 678 156 856 490 382 2102 255 1982 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Reduced v/c Ratio 0.77 0.28 0.15 0.32 0.43 0.71 0.39 0.84 0.67 0.62 

Intersection Summa~ 
# 95th percentile volume exceeds capacity, queue may be longer. 

Queue shown is maximum after two cycles . 

• 
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Timings 2013 AM BUILD REC.ALL 
1: THREE CHOPT RD & GASKINS RD 9/26/2005 

• '-.:I# ~ ) Jr"' ' ( ' J' ' J/ 
Lane Group SEL SET SER NWL NWT NWR NEL NET SWL SWT 
Lane Configurations '' tt (' '' tt (' "'' ttl+ '\'ti; ttl+ 
Volume (vph) 530 380 100 50 370 350 150 1690 170 1000 
Turn Type Prot Perm Prot Perm Prot Prot 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 2 6 
Detector Phases 5 2 2 1 6 6 3 8 7 4 
Minimum Initial (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 15.0 3.0 15.0 
Minimum Split (s) 7.0 8.5 8.5 7 .0 8.5 8.5 7.0 20.5 7.0 20.5 
Total Split ( s) 26.0 48.7 48.7 9.0 31.7 31 .7 13.0 50.3 12.0 49.3 
Total Split(%) 21.7% 40.6% 40.6% 7.5% 26.4% 26.4% 10.8% 41 .9% 10.0% 41.1% 
Yellow Time (s) 3.0 4.0 4.0 3.0 4.0 4.0 3.0 4.0 3.0 4.0 
All-Red Time (s) 1.0 1.5 1.5 1.0 1.5 1.5 1.0 1.5 1.0 1.5 
Lead/Lag Lead Lag Lag Lead Lag Lag Lag Lag Lead Lead 
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Recall Mode None None None None Min Min None None None None 

Intersection Summary 
Cycle Length: 120 
Actuated Cycle length: 109.8 
Natural Cycle: 65 
Control Type: Actuated-Uncoordinated 

Splits and Phases: 1: THREE CHOPT RD & GASKINS RD • J&:"' ID1 ~ 02 J' 04 
9s 48.7a 49.3 s .._,, 

'07 05 
12 
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HCM Signalized Intersection Capacity Analysis 2013 PM BUILD REC.ALL 
1: THREE CHOPT RD & GASKINS RD 9/26/2005 

• -.....:1( 
~ ) 11" ' ( ' l' ~ ' JI' ~ 

Movement SE[ SET SER NWL NWT NWR NE[ NET NER SW[ s SWR 
Lane Configurations "'i"'i tt "(' "'i"'i tt "(' "'i"'i ttt+ "'i"'i ttf+ 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.91 0.97 0.91 
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98 1.00 0.97 
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (prot) 3433 3539 1583 3433 3539 1583 3433 5003 3433 4952 
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (perm) 3433 3539 1583 3433 3539 1583 3433 5003 3433 4952 

Volume (vph) 190 390 190 120 450 160 160 1150 140 200 1800 380 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 190 390 190 120 450 160 160 1150 · 140 200 1800 380 
RTOR Reduction (vph) 0 0 121 0 0 131 0 12 0 0 26 0 
Lane Group Flow (vph) 190 390 69 120 450 29 160 1278 0 200 2154 0 

Turn Type Prot Perm Prot Perm Prot Prot 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 2 6 
Actuated Green, G (s) 9.6 21.4 21.4 7.7 19.5 19.5 8.7 57.3 11.0 59.6 
Effective Green, g (s) 9.6 22.9 22.9 7.7 21.0 21.0 8.7 58.8 11 .0 61 .1 
Actuated g/C Ratio 0.08 0.20 0.20 0.07 0.18 0.18 0.07 0.51 0.09 0.52 
Clearance Time (s) 4.0 5.5 5.5 4.0 5.5 5.5 4.0 5.5 4.0 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 

• Lane Grp Cap (vph) 283 696 311 227 638 286 257 2527 324 2599 
v/s Ratio Prot 0.06 0.11 0.03 c0.13 0.05 0.26 c0.06 c0.44 
vis Ratio Perm 0.12 0.10 
v/c Ratio 0.67 . 0.56 0.22 0.53 0.71 0.10 0.62 0.51 0.62 0.83 
Uniform Delay, d 1 51.9 42.2 39.3 52.6 44.8 39.8 52.3 19.1 50.7 23.3 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 6.1 1.0 0.4 2.2 3.6 0.2 4.6 0.2 3.5 2.6 
Delay (s) 58.0 43.2 39.6 54.8 48.3 40.0 56.9 19.3 54.2 25.9 
Level of Service E D D D D D E B D C 
Approach Delay (s) 46.0 47.6 23.5 28.2 
Approach LOS D D C C 

Intersection Summa!}'. 
HCM Average Control Delay 32.1 HCM Level of Service C 
HCM Volume to Capacity ratio 0.74 
Actuated Cycle Length (s) 116.4 Sum of lost time (s) 8.0 
Intersection Capacity Utilization 79.0% ICU Level of Service D 
Analysis Period (min) 15 
C Critical Lane Group 

,. 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



Queues 2013 PM BUILD REC.ALL 
1: THREE CHOPT RD & GASKINS RD 9/26/2005 

• ~ ~ ) Ir' ' ( ' ~ ~ ~ J/ ~ 

cane Group SEL SET SER NWL NWT NWR NE[ NET NER SWL SWT SWR 
Volume (vph) 190 390 190 120 450 160 160 1150 140 200 1800 380 
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Lane Group Flow (vph) 190 390 190 120 450 160 160 1290 0 200 2180 0 
v/c Ratio 0.67 0.56 0.44 0.53 0 .. 70 0.38 0.62 0.51 0.62 0.83 
Control Delay 63.3 44.6 13.4 61.4 49.2 8.6 63.1 20.2 58.0 26.8 
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 
Total Delay 63.3 44.6 13.4 61 .4 49.2 8.6 63.1 20.2 58.0 26.8 
Queue Length 50th (ft) 73 141 24 46 169 0 62 235 76 496 
Queue Length 95th (ft) 114 192 91 79 226 58 100 286 117 583 
Internal Link Dist (ft) 151 599 856 499 
Turn Bay Length (ft) 250 200 200 260 500 
Base Capacity (vph) 294 771 . 463 236 712 447 265 2540 351 2625 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Reduced v/c Ratio 0.65 0.51 0.41 0.51 0.63 0.36 0.60 0.51 0.57 0.83 

Intersection Summa!}". 

• 

• Earth Tech Inc. Queues 



Timings 2013 PM BUILD REC.ALL 
1: THREE CHO PT RD & GASKINS RD 9/26/2005 

• ~ ~ ) Jr' ' ( ~ · J' ' J/ 
Lane Group $EL SET SER NWL NWT NWR NEL NET SWL 
Lane Configurations "i"i tt 'I' "i"i tt 'f' "i"i ttr. "i"i 
Volume (vph) 190 390 190 120 450 160 160 1150 200 
Turn Type Prot Perm Prot Perm Prot Prot 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 2 6 
Detector Phases 5 2 2 1 . 6 6 3 8 7 4 
Minimum Initial (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 15.0 3.0 15.0 
Minimum Split (s} 7.0 8.5 8.5 7.0 8.5 8.5 7.0 20.5 7.0 20.5 
Total Split (s} 14.0 30.0 30.0 12.0 28.0 28.0 13.0 62.0 16.0 65.0 
Total Split(%) 11.7% 25.0% 25.0% 10.0% 23.3% 23.3% 10.8% 51.7% 13.3% 54.2% 
Yellow Time (s} 3.0 4.0 4.0 3.0 4.0 4.0 3.0 4.0 3.0 4.0 
All-Red Time (s) 1.0 1.5 1.5 1.0 1.5 1.5 1.0 1.5 1.0 1.5 
Lead/Lag Lag Lag Lag Lead Lead Lead Lead Lag Lead Lag 
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Recall Mode None None None None Min Min None None None None 

Intersection Summa!1. - ~ ·-- -
Cycle Length: 120 
Actuated Cycle Length: 116.4 
Natural Cycle: 70 
Control Type: Actuated-Uncoordinated 

• 
Splits and Phases: 1: THREE CHOPT RD & GASKINS RD 
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Appendix E 

Year 2034 Analysis HCM Capacity Printouts - Year 2034 Analysis 
and Richmond Regional 2026 LRTP Financially Constrained Project List 



HCM Signalized Intersection Capacity Analysis 2034 AM NO-BUILD 
2: THREE CHOPT RD & COX RD 7/14/2005 

• ~ ~ ) Jr' ' ( ' J' '"1' ' It' ltJ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations "i tf+ 'i tf+ 'i tf+ '\ tf+ 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
lane Util. Factor 1.00 0.95 . 1.00 0.95 1.00 0.95 1.00 0.95 
Frt 1.00 0.99 1.00 0.90 1.00 0.96 1.00 0.96 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (prot) 1770 3512 1770 3188 1770 3389 1770 3388 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 
Satd. Flow {eerm) 1770 3512 1770 3188 1770 3389 1770 3388 
Volume (vph) 660 740 40 200 220 430 30 1040 410 160 200 80 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 660 740 40 200 220 430 30 1040 410 160 200 80 
RTOR Reduction (vph) 0 2 0 0 223 0 0 23 0 0 0 0 
Lane Group Flow {vph) 660 778 0 200 427 0 30 1427 0 160 280 0 
Turn Type Prot Prot Prot Prot 
Protected Phases 1 6 5 2 3 8 7 4 
Permitted Phases 
Actuated Green, G (s} 25.4 35.6 18.8 29.0 5.0 37.5 16.8 49.3 
Effective Green, g (s) 26.9 37.6 20.3 31.0 6.5 39.5 18.3 51 .3 
Actuated g/C Ratio 0.20 0.29 0.15 0.24 0.05 0.30 0.14 0.39 
Clearance Time (s) 5.5 6.0 5.5 6.0 5.5 6.0 5.5 6.0 
Vehicle Extension (s} 3.0 4.5 3.0 4.5 3.0 3.0 3.0 3.0 • Lane Grp Cap {vph) 362 1003 273 750 87 1016 246 1320 
vis Ratio Prot c0.37 0.22 0.11 c0.20 0.02 c0.43 c0.09 0.08 
vis Ratio Perm 
v/c Ratio 1.82 0.78 0.73 0.57 0.34 1.40 0.65 0.21 
Uniform Delay, d1 52.4 43.2 53.1 44.5 60.5 46.1 53.7 26.8 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 381 .1 4.3 9.7 1.4 2.4 187.9 6.0 0.1 
Delay (s) 433.5 47.4 62.8 45.9 62.9 234.0 59.7 26.8 
level of Service F D E D E F E C 
Approach Delay ( s) 224.4 49.9 230.6 38.8 
Approach LOS F D F D 

ntersectioa Summary 
HCM Average Control Delay 171.9 HCM Level of Service F 
HCM Volume to Capacity ratio 1.25 
Actuated Cycle Length (s) 131.7 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 120.6% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



Queues 2034 AM NO-BUILD 
2: THREE CHOPT RD & COX RD 7/14/2005 

• ...:,f 
~ ; JI:'"' ' ( ' I' ~ ' Ii' lt-, 

Lane Groue SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Volume (vph) 660 740 40 200 220 430 30 1040 410 160 200 80 
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Lane Group Flow {vph) 660 780 0 200 650 0 30 1450 0 160 280 0 
v/c Ratio 1.79 0.76 0.72 0.66 0.25 1.46 0.64 0.21 
Control Delay 398.7 46.8 60.3 25.3 62.8 245.9 55.9 29.5 
Queue Delay 151.0 0.0 1.4 0.0 0.0 0.0 0.0 0.0 
Total Delay 549.7 46.8 61 .7 25.3 62.8 245.9 55.9 29.5 
Queue Length 50th (ft} -871 317 165 143 25 -917 133 90 
Queue Length 95th {ft} #1243 443 270 222 63 #1205 219 139 
Internal Link Dist (ft) 645 472 963 575 
Tum Bay Length (ft) 300 200 200 200 
Base Capacity (vph) 368 1110 349 1164 311 994 489 1379 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 
Storage Cap Reductn 58 0 47 0 0 0 0 0 
Reduced v/c Ratio 2.13 0.70 0.66 0.56 0.10 1.46 0.33 0.20 

Intersection Summary 
- Volume exceeds capacity, queue is theoretically infinite. 

Queue shown is maximum after two cycles. 
# 95th percentile volume exceeds capacity, queue may be longer. 

Queue shown is maximum after two cycles . 

• 

• Earth Tech Inc. Queues 



Timings 2034 AM NO-BUILD 
2: THREE CHOPT RD & COX RD 7/14/2005 

• '-1f ~ Jr' ' ' /I ' JI 
Lane Groue SEL SET NWL NWT NEL NET SWL SWT 
Lane Configurations ~ tf+ '\ tf+ '\ tt+ '\ tf+ 
Volume (vph) 660 740 200 220 30 1040 160 200 
Turn Type Prot Prot Prot Prot 
Protected Phases 1 6 5 2 3 8 7 4 
Permitted Phases 
Detector Phases 1 6 5 2 3 8 7 4 
Minimum Initial (s) 3.0 12.0 3.0 8.0 3.0 3.0 3.0 3.0 
Minimum Split (s} 9.5 20.0 9.5 20.0 20.0 20.0 20.0 20.0 
Total Split (s) 30.5 46.0 30.5 46.0 30.5 40.5 46.0 56.0 
Total Split(%} 18.7% 28.2% 18.7% 28.2% 18.7% 24.8% 28.2% 34.4% 
Yellow Time (s) 3.5 4.0 3.5 4.0 3.5 4.0 3.5 4.0 
All-Red Time (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
Lead/Lag Lead Lag Lead Lag Lead Lag Lead Lag 
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes 
Recall Mode None Min None Min None None None None 

ntersection Summa!}'. 
Cycle Length: 163 
Actuated Cycle Length: 129.5 
Natural Cycle: 150 
Control Type: Actuated-Uncoordinated 

• Splits and Phases: 2: THREE CHOPT RD & COX RD 
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• Earth Tech Inc. Timings 



HCM Signalized Intersection Capacity Analysis 2034 PM NO-BUILD 
2: THREE CHOPT RD & COX RD 7/14/2005 

• -..JI '-. ) Jr" ' r ' .JI ,.... ' J/ lt.., 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 

Lane Configurations " tf+ .,. +r. ~ tt. ~ t f+ 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 0.95 1.00 0.95 
Frt 1.00 0 98 1.00 0.96 1.00 0.94 1.00 0.96 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (prot) 1770 3462 1770 3401 1770 3335 1770 3397 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 
Satd. Flow {perm) 1770 3462 1770 3401 1770 3335 1770 3397 
Volume (vph) 240 650 110 520 770 270 70 320 200 590 1070 390 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 240 650 110 520 770 270 70 320 200 590 1070 390 
RTOR Reduction (vph) 0 8 0 0 21 0 0 64 0 0 0 0 
Lane Group Flow (vph) 240 752 0 520 1019 0 70 456 0 590 1460 0 
Turn Type Prot Prot Prot Prot 
Protected Phases 1 6 5 2 3 8 7 4 
Permitted Phases 
Actuated Green, G (s) 22.7 37.0 25.8 40.1 10.4 26.7 35.6 51.9 
Effective Green, g (s) 24.2 39.0 27.3 42.1 11.9 28.7 37.1 53.9 
Actuated glC Ratio 0.16 0.26 0.18 0.28 0.08 0.19 0.25 0.36 
Clearance Time (s) 5.5 6.0 5.5 6.0 5.5 6.0 55 6.0 
Vehicle Extension (s) 3.0 4.5 3.0 4.5 3.0 3.0 3.0 3.0 • Lane Grp Cap (vph) 289 912 326 967 142 646 443 1236 
vis Ratio Prot 0.14 c0.22 c0.29 c0.31 0.04 c0.16 c0.33 c0.43 
vis Ratio Perm 
vie Ratio 0.83 0.82 1.60 1.05 0.49 0.71 1.33 1.18 
Uniform Delay, d1 60 0 51.3 60.4 53.0 65.2 55.7 55.5 47.1 
Progression Factor 1.00 1 00 1.00 1.00 1 00 1.00 1.00 1 00 
Incremental Delay, d2 18.0 6.7 281 .9 44.3 2.7 3.5 164.2 90.1 
Delay (s) 77.9 58.0 342..3 97.3 67.9 59.3 219.7 137.2 
Level of Service E E F F E E F F 
Approach Delay (s) 62.8 178.9 60.3 161 .0 
Approach LOS E F E F 

Intersection Summa,y 
HCM Average Control Delay 136.1 HCM Level of Service F 
HCM Volume to Capacity ratio 1.19 
Actuated Cycle Length (s) 148.1 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 111.6% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



Queues 2034 PM NO-BUILD 
2: THREE CHOPT RD & COX RD 7/14/2005 

• ",.JI 
~ J Jr"' ' ( ' J' "' ~ J/ ~ 

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Volume (vph) 240 650 110 520 770 270 70 320 200 590 1070 390 
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Lane Group Flow (vph) 240 760 0 520 1040 0 70 520 0 590 1460 0 
v/c Ratio 0.82 0.82 1.58 1.04 0.44 0.76 1.32 1.17 
Control Delay 76.0 56.6 312.7 89.6 66.2 50.1 201.1 126.9 
Queue Delay 4.6 1.0 0.0 208.8 0.0 0.0 37.7 65.2 
Total Delay 80.6' 57.6 312.7 298.3 66.2 50.1 238.8 192.1 
Queue Length 50th (ft) 225 354 -732 -574 66 217 -748 -921 
Queue Length 95th (ft) #377 464 #1022 #776 119 283 #1054 #1147 
Internal Link Dist (ft) 645 472 963 575 
Turn Bay Length (ft) 300 200 200 200 
Base Capacity (vph) 315 979 329 996 289 920 447 1247 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 
Storage Cap Reductn 34 69 0 313 0 0 27 139 
Reduced v/c Ratio 0.85 0.84 1.58 1.52 0.24 0.57 1.40 1.32 

Intersection Summa!}'. 

- Volume exceeds capacity, queue is theoretically infinite. 
Queue shown is maximum after two cycles. 

# 95th percentile volume exceeds capacity, queue may be longer. 
Queue shown is maximum after two cycles . 

• 

• Earth Tech Inc. Queues 



Timings 2034 PM NO-BUILD 
2: THREE CHOPT RD & COX RD 7/14/2005 

• .....:I( 

"' Jr' ' ' I' ' " Lane Graue SEL SET NWL NWT NEL NET SWL SWT 
Lane Configurations " tf+ 'I tf. 'i ·tt+ ~ tf+ 
Volume (vph) 240 650 520 770 70 320 590 1070 
Tum Type Prot Prot Prot Prot 
Protected Phases 1 6 5 2 3 8 7 4 
Permitted Phases 
Detector Phases 1 6 5 2 3 8 7 4 
Minimum Initial (s) 3.0 12.0 3.0 8.0 3.0 3.0 3.0 3.0 
Minimum Split {s) 9.5 20.0 9.5, 20.0 20.0 20.0 20.0 20.0 
Total Split {s) 30.5 46.0 30.5 46.0 30.5 45.5 41 .0 56.0 
Total Split {%) 18.7% 28.2% 18.7% 28.2% 18.7% 27.9% 25.2% 34.4% 
Yellow Time {s) 3.5 4.0 3.5 4.0 3.5 4.0 3.5 4.0 
All-Red Time (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
Lead/Lag Lead Lead Lag Lag Lag Lag Lead Lead 
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes 
Recall Mode None Min None Min None None None None 

Intersection Summa~ 
Cycle Length: 163 
Actuated Cycle Length: 147 
Natural Cycle: 150 
Control Type: Actuated-Uncoordinated 

• Splits and Phases: 2: THREE CHOPT RD & COX RD 
.....:I( 
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• Earth Tech Inc. Timings 



HCM Signalized Intersection Capacity Analysis 2034 AM BUILD REC#1 
2: THREE CHOPT RD & COX RD 9/27/2005 

• '-" ~ J Jr" ' ( ' I' ~ ' JI' ~ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations 'i ti. 'i tt ' 'i t~ ., ti. 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1_00 0.95 1.00 0.95 
Frt 1.00 0.99 1.00 1.00 0.85 1.00 0.96 1.00 0.96 
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (prot) 1770 3512 1770 3539 1583 1770 3389 1770 3388 
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (perm) 1770 3512 1770 3539 1583 1770 3389 1770 3388 
Volume {vph) 660 740 40 200 220 430 30 1040 410 160 200 80 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 660 740 40 200 220 430 30 1040 410 160 200 80 
RTOR Reduction (vph) 0 2 0 0 0 147 0 26 0 0 0 0 
Lane Group Flow (veh) 660 778 0 200 220 283 30 1424 0 160 280 0 
Tum Type Prat Prot Perm Prot Prot 
Protected Phas.es 1 6 5 2 3 8 7 4 
Permitted Phases 2 
Actuated Green, G (s) 48.5 51.1 20.4 23.0 23.0 5.7 54.0 16.7 65.0 
Effective Green, g (s) 50.0 53.1 21 .9 25.0 25.0 7.2 56.0 18.2 67.0 
Actuated g/C Ratio 0.30 0.32 0.13 0.15 0.15 0.04 0.34 0.11 0.41 
Clearance Time (s) 5.5 6.0 5.5 6.0 6.0 5.5 6.0 5.5 6.0 
Vehicle Extension (s) 3.0 4.5 3.0 4-5 4.5 3.0 3.0 3.0 3.0 

• Larie Grp Cap (vph) 536 1129 235 536 240 77 1149 195 1374 

I 
v/s Ratio Prat c0.37 c0.22 0.11 0.06 0.02 c0.43 c0.09 0.08 
vis Ratio Perm 0.27 
vie Ratio 1.23 0.69 0.85 0.41 1.18 0.39 1.24 0.82 0.20 
Uniform Delay, d1 57.6 48.9 70.1 63.4 70.1 76.9 54.6 71 .9 31 .8 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 119.7 2.1 24.4 0.9 115.5 3.2 115.4 23.3 0.1 
Delay (s) 177.3 50.9 94.4 64.3 185.6 80.1 170.0 95.2 31.9 
Level of Service F D F E F F F F C 
Approach Delay ( s) 108.8 132.7 168.1 54.9 
Approach LOS F F F D 

Intersection Summary 
HCM Average Control Delay 128.9 HCM Level of Service F 
HCM Volume to Capacity ratio 1.31 
Actuated Cycle Length (s) 165.2 Sum of lost time (s) 20.0 
Intersection Capacity Utilization 115.0% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2034 PM BUILD REC#1 
2: THREE CHOPT RD & COX RD 9/27/2005 

• -...JI ~ ; ¥"" ' ( ' JI -... ' JI' ~ 

ri,1ovement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations "'i tf. 'i tt 7' "'i ff. "i tr. 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 
Frt 1.00 0.98 1.00 1.00 0.85 1.00 0.94 1.00 0 96 
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (prot) 1770 3462 1770 3539 1583 1770 3335 1770 3397 
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (perm) 1770 3462 1770 3539 1583 1770 3335 1770 3397 
Volume {vph) 240 650 110 520 770 270 70 320 200 590 1070 390 
Peak-hour factor, PHF 1.00 1.00 1.00 1 00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow {vph) 240 650 110 520 770 270 70 320 200 590 1070 390 
RTOR Reduction (vph) 0 8 0 0 0 160 0 59 0 0 0 0 
Lane Group Flow (vph) 240 752 0 520 770 110 70 461 0 590 1460 0 
Turn Type Prot Prot Perm Prot Prot 
Protected Phases 1 6 5 2 3 8 7 4 
Permitt.ed Phases 2 
Actuated Green. G (s) 24.1 30.0 38.5 44.4 · 44.4 14.5 21.0 50.5 57.0 
Effective Green, g (s) 25.6 32.0 40.0 46.4 46.4 16.0 23.0 52.0 59.0 
Actuated g/C Ratio 0.16 0.20 0.25 0.28 0.28 0.10 0.14 0.32 0.36 
Clearance Time ( s) 5.5 6.0 5.5 6.0 6.0 5.5 6.0 5.5 6.0 
Vehicle Extension {s) 3.0 4.5 3.0 4.5 4.5 3.0 3.0 3.0 3.0 

• Lane Grp Cap (vph) 278 680 434 1007 451 174 471 565 1230 
v/s Ratio Prot 0.14 c0.22 c0.29 0.22 0.04 c0.16 0.33 c0.43 
vis Ratio Perm 0.17 
v/c Ratio 0.86 1.11 1 20 0.76 0.24 0.40 0.98 1.04 1.19 
Uniform Delay, d1 67.0 65.5 61 .5 53.3 44.8 69.0 69 8 55.5 52.0 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 23.1 67.2 109.6 3.9 0.5 1.5 35.4 49.9 92.6 
Delay (s} 90.1 132.7 171.1 57.2 45.3 70.5 105.2 105.4 144.6 
Level of Service F F F E D E F F F 
Approach Delay (s) 122.5 93.1 101.1 133.3 
Approach LOS F F F F 

ntersection Summa~ 
HCM Average Control Delay 115.5 HCM Level of Service F 
HCM Volume to Capacity ratio 1.15 
Actuated Cycle Length (s) 163.0 Sum of lost time (s) 12.0 
Intersection Capacity Utilization 111.6% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2034 AM BUILD REC#2 
2: THREE CHOPT RD & COX RD 9/27/2005 

• '-'I ~ ) Jr' ' ( ' J' " ' J/ ltJ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR. 
Lane Configurations ~ tft , tft 1Y tft 'i tt ' Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 
Frt 1.00 0.99 1.00 0.90 1.00 0.96 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3512 1770 3188 1770 3389 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 1770 3512 1770 3188 1770 3389 1770 3539 1583 
Volume {vph) 660 740 40 200 220 430 30 1040 410 160 200 80 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow {vph) 660 740 40 200 220 430 30 1040 410 160 200 80 
RTOR Reduction (vph) 0 2 0 0 146 0 0 26 0 0 0 0 
Lane Group Flow (vph} 660 778 0 200 504 0 30 1424 0 160 200 80 
Turn Type Prot Prot Prot Prot Perm 
Protected Phases 1 6 5 2 3 8 7 4 
Permitted Phases 4 
Actuated Green. G {s) 48.5 42.4 28.1 22.0 5.7 55.0 16.7 66.0 66.0 
Effective Green, g (s) 50.0 44.4 29.6 24.0 7.2 57.0 18.2 68.0 68.0 
Actuated g/C Ratio 0.30 0.27 0.18 0.15 0.04 0.35 0.1 ·1 0.41 0.41 
Clearance Time (s) 5.5 6.0 5.5 6.0 5.5 6.0 5.5 6 .0 6.0 
Vehicle Extension (s} 3.0 4.5 3.0 4.5 3.0 3.0 3.0 3.0 3.0 • Lane Grp Cap (vph) 536 944 317 463 77 1169 195 1457 652 
v/s Ratio Prot c0.37 0.22 0.11 c0.20 0.02 c0.43 c0.09 0.06 
v/s Ratio Perm 0.05 
v/c Ratio 1.23 0.82 0.63 1.13dr 0.39 1.22 0.82 0.14 0.12 
Uniform Delay, d1 57 6 56.7 62.7 70.6 76.9 54.1 71.9 30.3 30.1 
Progression Factor too 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 119.7 6.5 4.1 67.8 3.2 106.3 23.3 0.0 0.1 
Delay {s) 177.3 63.2 66.8 138.4 80.1 160.4 95.2 30.4 30.2 
Level of Service F E E F F F F C C 
Approach Delay (s) 115.5 121.5 158.8 53.9 
Approach LOS F F F D 

Intersection Summa!l 
HCM Average Control Delay 125.5 HCM Level of Service F 
HCM Volume to Capacity ratio 1.21 
Actuated Cycle Length (s) 165.2 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 120.6% ICU Level of Service H 
Analysis Period (min) 15 
dr Oetacto Right Lane. Recode with 1 though lane as a right lane. 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2034 PM BUILD REC#2 
2: THREE CHOPT RD & COX RD 912712005 

• "-11( '-. ~ }/1:""' ' ( ' ,,If ~ ' Jt' ~ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 

Lane Configurations "i tt+ ~ tt+ ~ t~ "i tt ., 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 
Frt 1.00 0.98 1.00 0.96 1.00 0.94 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3462 1770 3401 1770 3335 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 1770 3462 1770 3401 1770 3335 1770 3539 1583 

Volume (vph) 240 650 110 520 770 270 70 320 200 590 1070 390 
Peak-hour factor, PHF 1.00 1.00 1 00 1.00 1.00 1 00 1.00 1.00 1.00 1 00 1.00 1.00 
Adj. Flow (vph) 240 650 110 ,520 770 270 70 320 200 590 1070 390 
RTOR Reduction (vph) 0 9 0 0 21 0 0 60 0 0 0 0 
Lane Group Flow (vph) 240 751 0 520 1019 0 70 460 0 590 1070 390 
Turn Type Prot Prot Prot Prot Perm 
Protected Phases 1 6 5 2 3 8 7 4 
Permitted Phases 4 
Actuated Green, G (s) 22.6 31.9 42.6 51.9 11 .3 18.0 47.5 54.2 54.2 
Effective Green, g (s) 24.1 33.9 44.1 53.9 12.8 20.0 49.0 56.2 56.2 
Actuated g/C Ratio 0.15 0.21 0.27 0.33 0.08 0.12 0.30 0.34 0.34 
Clearance Time (s) 5.5 6.0 5.5 6.0 5.5 6 .0 5.5 6.0 6.0 
Vehicle Extension (s) 3.0 4.5 3.0 4.5 3.0 3.0 3.0 3 .0 3.0 • Lane Grp Cap (vph) 262 720 479 1125 139 409 532 1220 546 
vis Ratio Prot 0.14 c0.22 c0.29 0.31 0.04 c0.16 c0.33 0.30 
vis Ratio Perm 0.25 
vlc Ratio 0.92 1.04 1.09 0.91 0.50 1.13 1.11 0.88 0.71 
Uniform Delay. d 1 68.5 64.5 59.4 52.1 72.1 71.5 57.0 50.2 46.4 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 33.8 45.4 66.2 10.8 2.9 83.3 72.4 7.4 44 
Delay (s) 102.3 110.0 125.7 62.9 74.9 154.8 129.4 57.5 50.8 
Level of Service F F F E E F F E D 
Approach Delay (s) 108.1 83.8 145.3 76.9 
Approach LOS F F F E 

Intersection Summa!}'. 
HCM Average Control Delay 92.7 HCM Level of Service F 
HCM Volume to Capacity ratio 1.11 
Actuated Cycle Length (s) 163.0 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 111 .6% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2034 AM BUILD REC.ALL 
2: THREE CHOPT RD & COX RD 9/27/2005 

• ~ ~ ; }/I:""' ' ( ' .I' ~ ' JI' 'ttJ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations 'i tl+ ,, tt ., ,, tl+ 'i tt f 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 40 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 
Frt 1.00 0.99 1.00 1.00 0.85 1.00 0.96 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0 95 1.00 1.00 
Satd. Flow (prot) 1770 3512 1770 3539 1583 1770 3389 1770 3539 1583 
Flt Permitted 0.95 1.00 095 1.00 1.00 0.95 1.00 0.95 1.00 1.00 
Satd. Flow (eerrn} 1770 3512 1770 3539 1583 1770 3389 1770 3539 1583 
Volume (vph) 660 740 40 200 220 430 30 1040 410 160 200 80 
Peak-hour factor. PHF 1.00 1.00 1 00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1 00 
Adj. Flow (vph) 660 740 40 200 220 430 30 1040 410 160 200 80 
RTOR Reduction (vph) 0 3 0 0 0 157 0 28 0 0 0 0 
Lane Group Flow (vph) 660 777 0 200 220 273 30 1422 0 160 200 80 
Turn Type Prot Prot Perm Prot Prot Perm 
Protected Phases 1 6 5 2 3 8 7 4 
Permitted Phases 2 4 
Actuated Green. G (s} 43.5 44.6 18.9 20.0 20.0 5.5 49.0 16.6 60.1 60.1 
Effective Green. g (s) 45.0 46.6 20.4 22.0 22.0 7.0 51 .0 18.1 62.1 62.1 
Actuated g/C Ratio 0.30 0.31 0.13 0.14 0.14 0.05 0.34 0.12 0.41 0.41 
Clearance Time (s) 5.5 6.0 5.5 6.0 6.0 55 6.0 5.5 6.0 6.0 
Vehicle Extension (s) 3.0 4.5 3.0 4.5 4.5 3.0 3.0 3.0 3.0 3.0 

• Lane Grp Cap (vph) 524 1076 237 512 229 81 1136 211 1445 646 
vis Ratio Prot c0.37 0.22 0.11 0.06 0.02 c0.43 c0.09 0.06 
vis Ratio Perm 0.27 0.05 
v/c Ratio 1.26 0.72 0.84 0.43 1.19 0.37 1.25 0.76 O.M 0.12 
Uniform Delay, d1 53.5 47.0 64.3 59.3 65.0 70.4 50.5 64.9 28.2 28.0 
Progression Factor 1.00 1.00 1 00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 131.6 2.8 23.0 1.0 120.6 2.8 120.7 14.4 0.0 0.1 
Delay (s) 185 1 49.7 87.3 60.3 185.7 73.3 171.3 79.3 28.3 28.1 
Level of Service F D F E F E F E C C 
Approach Delay (s) 111.8 130.1 169.3 46.8 
Approach LOS F F F D 

Intersection Summary 
HCM Average Control Delay 128.9 HCM Level of Service F 
HCM Volume to Capacity ratio 1.30 
Actuated Cycle Length (s) 152.1 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 115.0% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



Queues 2034 AM BUILD REC.ALL 
2: THREE CHOPT RD & COX RD 9/27/2005 

• u( 
~ ) Jr' ' ( ' ,,11 ~ ' JI lt.., 

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Volume (vph) 660 740 40 200 220 430 30 1040 410 160 200 80 
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Lane Group Flow (vph) 660 780 0 200 220 430 30 1450 0 160 200 80 
v/c Ratio 1.24 0.71 0.83 0.42 1.11 0.28 1.23 0.86 0.14 0.12 
Control Delay 167.2 50.0 85.9 61.0 109.3 69.1 150 3 100.4 29.0 29 9 
Queue Delay 23.6 3.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Total Delay 190.8 53.9 85.9 61.0 109.3 69.1 150.3 100.4 29.0 29.9 
Queue Length 50th (ft) - 800 358 192 104 -315 29 -906 156 66 51 
Queue Length 95th (ft) #1044 436 #319 149 #535 64 #1048 #287 100 93 
Internal Link Dist (ft) 645 472 963 575 
Turn Bay Length (ft) 300 200 200 200 
Base Capacity (vph) 532 1095 250 520 389 176 1182 189 1466 656 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Storage Cap Reductn 22 230 0 0 0 0 0 0 0 0 
Reduced v/c Ratio 1.29 0.90 0.80 0.42 1.11 0.17 1.23 0.85 0.14 0.12 

Intersection Summa~ 

- Volume exceeds capacity, queue is theoretically i nfinite. 
Queue shown is maximum after two cycles. 

# 95th percentile volume exceeds capacity, queue may be longer. 
Queue shown is maximum after two cycles . 

• 

• Earth Tech Inc. Queues 



Timings 2034 AM BUILD REC.ALL 
2: THREE CHOPT RD & COX RD 9/27/2005 

• -..JI 
~ ""' ' ( ' I' ' ~ ~ Lane Group SEL SET NWL NWT NWR NEL NET SWL SWT SWR 

Lane Configurations ~ tf+ ~ tt '(' llj tf+ ~ ++ '(' 
Volume (vph) 660 740 200 220 430 30 1040 160 200 80 
Turn Type Prot Prot Perm Prot Prot Perm 
Protected Phases 1 6 5 2 3 8 7 4 
Permitted Phases 2 4 
Detector Phases 1 6 5 2 2 3 8 7 4 4 
Minimum Initial (s} 3.0 12.0 3.0 8.0 8.0 3.0 3.0 3.0 3.0 3.0 
Minimum Split (s) 9.5 20.0 9.5 20.0 20.0 20.0 20.0 20.0 20.0 20.0 
Total Split (s) 49.0 49.7 25.3 26.0 26.0 20.0 55.0 20.0 55.0 55.0 
Total Split(%) 32.7% 33.1% 16.9% 17.3% 17.3% 13.3% 36.7% 13.3% 36.7% 36.7% 
Yellow Time (s) 3.5 4.0 3.5 4.0 4.0 3.5 4.0 3.5 4.0 4.0 
All-Red Time (s) 2.0 2.0 2.0 2.0 2.0 2.0 · 2.0 2.0 2.0 2.0 
Lead/Lag Lag Lag Lead Lead Lead Lead Lead Lag Lag Lag 
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Recall Mode None Min None Min Min None None None None None 

ntersection Summa!}'. 
Cycle Length: 150 
Actuated Cycle Length: 149.8 
Natural Cycle: 150 
Control Type: Actuated-Uncoordinated 

• 
'07 20s 

• Earth Tech Inc. Timings 



HCM Signalized Intersection Capacity Analysis 2034 PM BUILD REC.ALL 
2: THREE CHOPT RD & COX RD 9/27/2005 

• -.Jf ~ ) Jr", ' ( ' l' ~ ' ,I lt.J 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations ~ tf+ ., tt 7' ~ tf+ ~ t-t 7' 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 40 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1 00 1.00 0.95 1.00 0.95 1.00 
Frt 1.00 0.98 1.00 1.00 0 85 1.00 0.94 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3462 1770 3539 1583 1770 3335 1770 3539 1583 
Flt Permitted 0 95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 1770 3462 1770 3539 1583 1770 3335 1770 3539 1583 
Volume (vph) 240 650 110 520 770 270 70 320 200 590 1070 390 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 240 650 110 520 770 270 70 320 200 590 1070 390 
RTOR Reduction (vph) 0 9 0 0 0 176 0 65 0 0 0 0 
Lane Groue Flow (vph) 240 751 0 520 770 94 70 455 0 590 1070 390 
Turn Type Prot Prot Perm Prot Prot Perm 
Protected Phases 1 6 5 2 3 8 7 4 
Permitted Phases 2 4 
Actuated Green. G (s) 22.3 30.0 37.0 44.7 44.7 9.5 16.0 44.2 50.7 50.7 
Effective Green, g (s) 24.3 32.0 39.0 46.7 46.7 11.5 18.0 46.2 52.7 52.7 
Actuated g/C Ratio 0.16 0.21 0.26 0.31 0.31 0.08 0.12 0.31 0.35 0.35 
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 
Vehicle Extension (s) 4.5 4.5 4.5 4.5 4.5 3.0 3.0 3.0 3.0 3.0 

• Lane Grp Cap (vph) 284 733 457 1093 489 135 397 541 1234 552 
v/s Ratio Prot 0.14 c0.22 c0.29 0.22 0.04 c0.16 c0.33 0.30 
v/s Ratio Perm 0.17 0.25 
vie Ratio 0 85 1.02 1.14 0.70 0.19 0.52 1.15 1.09 0.87 0.71 
Uniform Delay, d1 61.6 59.6 56.1 46.2 38.4 67.2 66.6 52.5 46.0 42.6 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 21.4 39.4 85.6 2.4 0.3 3.3 91 .2 65.6 6.6 4.1 
Delay (s) 83.0 99.0 141.7 48.5 38.7 70.5 157.8 118.1 52.6 46.7 
Level of Service F F F D D E F F D D 
Approach Delay ( s) 95.2 77.9 147.4 70.3 
Approach LOS F E F E 

Intersection Summ!!I 
HCM Average Control Delay 86.1 HCM Level of Service F 
HCM Volume to Capacity ratio 1.12 
Actuated Cycle Length (s) 151.2 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 111.6% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



Queues 2034 PM BUILD REC.ALL 
2: THREE CHOPT RD & COX RD 9/27/2005 

• -._:JI( 
~ ; Jr. ' t ' I' nl ' J/ ........ 

Lane Graue SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Volume (vph) 240 650 110 520 770 270 70 320 200 590 1070 390 
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Lane Group Flow (vph) 240 760 0 520 770 270 70 520 0 590 1070 390 
vie Ratio 0.84 1.02 1.13 0.70 0.40 0.47 1.12 1.11 0.86 0.70 
Control Delay 82.6 93.5 132.0 49.7 7.4 71.1 127.8 120.8 54.2 51 .5 
Queue Delay 9.8 40.3 0.0 3.2 0.0 0.1 00 0.0 17.9 0.0 
Total Delay 92.4 133.8 132.0 52.9 7.4 71.3 127.8 120.8 72.2 51.5 
Queue Length 50th (ft) 230 -407 -588 352 11 66 -272 -658 528 338 
Queue Length 95th (ft) #368 #541 #819 429 81 118 #395 #896 #690 484 
Internal Link Dist (ft} 645 472 963 575 
Tum Bay Length (ft) 300 200 200 200 
Base Capacity (vph) 294 748 460 1103 668 182 465 531 1243 556 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Storage Cap Reductn 35 72 0 231 0 5 0 0 194 0 
Reduced v/c Ratio 0.93 1.12 1.13 0.88 0.40 0.40 1.12 1.11 1.02 0.70 

Intersection Summa~ 
- Volume exceeds capacity, queue is theoretically infinite. 

Queue shown is maximum after two cycles. 
# 95th percentile volume exceeds capacity, queue may be longer. 

Queue shown is maximum after two cycles . 

• 

• Earth Tech Inc. Queues 



Timings 2034 PM BUILD REC.ALL 
2: THREE CHOPT RD & COX RD 9/27/2005 

• '-" ~ Jr' ' ( ' J' ' 
I{ lt;.J 

Lane Group SEL SET NWL N T NWR NEL NET SWL SWT SWR 
Lane Configurations '\ tf+ "i ++ 7' "i tf+ ' tt ,, 
Volume (vph} 240 650 520 770 270 70 320 590 1070 390 
Turn Type Prat Prat Perm Prat Prat Perm 
Protected Phases 1 6 5 2 3 8 7 4 
Permitted Phases 2 4 
Detector Phases 1 6 5 2 2 3 8 7 4 4 
Minimum Initial (s) 12.0 12.0 8.0 8.0 8.0 3.0 3.0 3.0 3.0 3.0 
Minimum Split (s) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 
Total Split (s) 29.0 36.0 43.0 50.0 50.0 20.0 22.0 49.0 51.0 51.0 
Total Split(%) 19.3% 24.0% 28.7% 33.3% 33.3% 13.3% 14.7% 32.7% 34.0% 34.0% 
Yellow Time {s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
All-Red Time {s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
Lead/Lag Lead Lead Lag Lag Lag Lead Lead Lag Lag Lag 
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Recall Mode Min Min Min Min Min None None None None None 

Intersection Summa~ 
Cycle Length: 150 
Actuated Cycle Length: 150 
Natural Cycle: 150 
Control Type: Actuated-Uncoordinated 

• Splits and Phases: 2: THREE CHOPT RD & COX RD 

'-:If ,02 ' ii 01 03 04 
29s I 150s - 4 I 20s I 15h I I 
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• Earth Tech Inc. Timings 



HCM Signalized Jntersection Capacity Analysis 2034 AM BUILD REC.ALL.SPLIT 
2: THREE CHOPT RD & COX RD 9/29/2005 

• ~ ~ J Ir' ' ( ' I' " ' JI' ltJ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations 'i 41+ 'i .rt .,, 'i tt+ 'i . .ft r' 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 0.91 0.91 0.91 0.91 1.00 1.00 0.95 0.91 0.91 1.00 
Frt 1.00 0.99 1.00 1.00 0.85 1.00 0.96 1.00 1.00 0.85 
Flt Protected 0.95 0.99 0.95 0.99 1.00 0.95 1.00 0.95 0.99 1.00 
Satd. Flow (prot) 1610 3336 1610 3352 1583 1770 3389 1610 3360 1583 
Flt Permitted 0.95 0.99 0.95 0.99 1.00 0.95 1.00 0.95 0.99 1.00 
Satd. Flow (perm~ 1610 3336 1610 3352 1583 1770 3389 1610 3360 1583 
Volume (vph) 660 740 40 200 220 430 30 1040 410 160 200 80 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 660 740 40 200 220 430 30 1040 410 160 200 80 
RTOR Reduction (vph) 0 2 0 0 0 26 0 28 0 0 0 0 
Lane Group Flow (vph) 466 972 0 135 285 404 30 1422 0 116 244 80 
Turn Type Split Split pm+ov Split Split pm+ov 
Protected Phases 6 6 2 2 4 8 8 4 4 6 
Permitted Phases 2 4 
.Actuated Green, G {s) 39.0 39.0 15.0 15.0 31.0 56.0 56.0 16.0 16.0 55.0 
Effective Green, g (s) 41.0 41.0 17.0 17.0 35.0 58.0 58.0 18.0 18.0 59.0 
Actuated g/C Ratio 0.27 0.27 0.11 0.11 0.23 0.39 0.39 0.12 0.12 0.39 
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 
Vehicle Extens1on (s) 4.5 4.5 4.5 4.5 3.0 3.0 3.0 3.0 3.0 4.5 • Lane Grp Cap (vph) 440 912 182 380 369 684 1310 193 403 665 
v/s Ratio Prot 0.29 c0.29 0.08 0.09 c0.13 0.02 c0.42 0.07 0.07 0.03 
v/s Ratio Perm 0.12 0.02 
vie Ratio 1.06 1.07 0.74 0.75 1 09 0.04 1.09 0.60 0.61 0.12 
Uniform Delay, d1 54.5 54.5 64.4 64.4 57.5 28.7 46.0 62.6 62.6 29.0 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 59.4 48.9 16.8 9.1 74.7 0.0 51.6 5.2 2.6 0.1 
Delay (s) 113.9 103.4 81.2 73.5 132.2 28.7 97.6 67.8 65.2 29.1 
Level of Service F F F E F C F E E C 
Approach Delay ( s) 

.. 
106.8 104.4 96.2 59.3 

Approach LOS F F F E 

ntersection Summary 
HCM Average Control Delay 97.6 HCM Level of Service F 
HCM Volume to Capacity ratio 1.08 
Actuated Cycle Length ( s) 150.0 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 105.8% ICU Level of Service G 
Analysis Period (min) 15 
C Critical lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



Queues 2034 AM BUILD REC.ALL.SPLIT 
2: THREE CHOPT RD & COX RD 9/29/2005 

• ~ ~ J Jr' ' ( ' l' ~ ' JI' ~ 

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Volume (vph) 660 740 40 200 220 430 30 1040 410 160 200 80 
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Lane Group Flow (vph) 466 974 0 135 285 430 30 1450 0 116 244 80 
v/c Ratio 1.06 1.07 0.74 0.75 1.09 0.04 1.08 0.60 0.61 0.12. 
Control Delay 110.4 99.7 88.3 77.6 102.1 29.1 92.2 76.5 69.6 27.3 
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Total Delay 110.4 99.7 88.3 77.6 102.1 29.1 92.2 76.5 69.6 27.3 
Queue Length 50th (ft) -548 -575 142 151 -274 18 -820 119 126 47 
Queue Length 95th (ft) #793 #721 #256 207 #538 42 #961 198 177 84 
Internal Link Dist (ft) 645 472 963 575 
Turn Bay Length (ft) 300 200 200 200 200 200 
Base Capacity (vph) 440 914 182 380 395 684 1339 193 403 665 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Reduced v/c Ratio 1.06 1.07 0.74 0.75 1.09 0.04 1.08 0.60 0.61 0.12 

Intersection Summa!}'. 

- Volume exceeds capacity, queue is theoretically infinite. 
Queue shown is maximum after two cycles. 

# 95th percentile volume exceeds capacity, que.ue may be longer. 
Queue shown is maximum after two cycles . 

• 

• Earth Tech Inc. Queues 



• 

• 

• 

Timings 2034 AM BUILD REC.ALL.SPLIT 
2: THREE CHOPT RD & COX RD 9/29/2005 

....:If 
~ Jr' ' ( ' Jf ' JI" ~ 

.[ane Group SEL NWT NWR NEL NET SWL SWT SWR 
Lane Configurations ' .rt 7' ' ti. "i 4't ' Volume (vph) 660 220 430 30 1040 160 200 80 
Turn Type Split pm+ov Split Split pm+ov 
Protected Phases 6 6 2 4 8 8 4 4 6 
Permitted Phases 2 4 
Detector Phases 6 6 2 2 4 ,, 8 8 4 4 6 
Minimum Initial (s) 12.0 12.0 8.0 8.0 3.0 3.0 3.0 3.0 3.0 12.0 
Minimum Split (s) 20.0 . 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 
Total Split (s) 45.0 45.0 21.0 21.0 22.0 62.0 62.0 22.0 22.0 45.0 
Total Split{%) 30.0% 30.0% 14.0% 14.0% 14.7% 41.3% 41.3% 14.7% 14.7% 30.0% 
Yellow Time (s) 4.0 
All-Red Time (s) 2.0 
Lead/Lag 
Lead-Lag Optimize? 
Recall Mode Min 

Cycle Length: 150 
Actuated Cycle Length: 150 ' 
Natural Cycle: 150 

4.0 
2.0 

Min 

Control Type: Actuated-Uncoordinated 

4.0 4.0 4.0 
2.0 2.0 2.0 

Min Min None 

Splits and Phases: 2: THREE CHOPT RD & COX RD 

Earth Tech Inc. 

4.0 4.0 4.0 4.0 4.0 
2.0 2.0 2.0 2.0 2.0 

None None None None Min 

J 

Timings 



HCM Signalized Intersection Capacity Analysis 2034 PM BUILD.ALL.SPLIT 
2: THREE CHOPT RD & COX RD 9/29/2005 

• ....:II ~ ; Jr' ' ( ' ./f ~ ' ,I ltJ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations ~ 4t. l'[ 4t 'f 'i ti " 4t 'f 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 0.91 0.91 0.91 0.91 1.00 1.00 0.95 0.91 0.91 1.00 
Frt 1.00 0.98 1.00 1.00 0.85 1.00 0.94 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 0.99 1.00 0.95 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1610 3317 1610 3370 1583 1770 3335 1610 3382 1583 
Flt Permitted 0.95 1.00 0.95 0.99 1.00 0.95 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 1610 3317 1610 3370 1583 1770 3335 1610 3382 1583 
Volume (vph) 240 650 ,. 110 520 770 270 70 320 200 590 1070 390 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 240 650 110 520 770 270 70 320 200 590 1070 390 
RTOR Reduction (vph) 0 10 0 0 0 74 0 69 0 0 0 0 
Lane Group Flow (vph) 240 750 0 416 874 196 70 451 0 535 1125 390 
Turn Type Split Split pm+ov Split Split pm+ov 
Protected Phases 6 6 2 2 4 8 8 4 4 6 
Permitted Phases 2 4 
Actuated Green, G (s) 27.0 27.0 33.0 33.0 74.0 15.0 15.0 41.0 41 .0 68.0 
Effective Green, g (s) 29.0 29.0 35.0 35.0 78.0 17.0 17.0 43.0 43.0 72.0 
Actuated g/C Ratio 0.21 0.21 0.25 0.25 0.56 0.12 0.12 0.31 0.31 0.51 
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6 .0 6 .0 6.0 6.0 6.0 
Vehicle Extension (s) 4.5 4.5 4.5 4.5 3.0 3.0 3.0 3.0 3.0 4.5 • Lane Grp Cap (vph) 334 687 403 843 882 215 405 495 1039 859 
v/s Ratio Prot 0.15 c0.23 0.26 c0.26 0.07 0.04 c0.14 0.33 c0.33 0.09 
v/s Ratio Perm 0.06 0.15 
v/c Ratio 0.72 . 1.09 1.03 1.04 0.22 0.33 1. 11 1.08 1.08 0.45 
Uniform Delay, d1 51 .7 55.5 52.5 52.5 15.7 56.3 61.5 48.5 48.5 21 .5 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 8.2 62.3 53.4 40.9 0.1 0.9 78.9 64.0 53.1 0.7 
Delay (s) 59.9 117.8 105.9 93.4 15.8 57.1 140.4 112.5 101.6 22.2 
Leve! of Service E F F F B E F F F C 
Approach Delay (s) 103.9 83.3 130.5 89.4 
Approach LOS F F F F 

lnfeiiection Summary 
HCM Average Control Delay 95.0 HCM Level of Service F 
HCM Volume to Capacity ratio 1.08 
Actuated Cycle Length (s) 140.0 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 103.0% ICU Level of Service G 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



Queues 2034 PM BUILD.ALL.SPLIT 
2: THREE CHOPT RD & COX RD 9/29/2005 

• -...:I( 
~ ; Jr" ' ( ' /f ~ ' ~ 

~ 

J_.ane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Volume (vph) 240 650 110 520 770 270 70 320 200 590 1070 390 
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Lane Group Flow (vph) 240 760 0 416 874 270 70 520 0 535 1125 390 
vie Ratio 0.72 1.09 1.03 1.04 0.28 0.33 1.10 1.08 1.08 0.45 
Control Delay 65.0 112.0 104.1 91.5 3.8 60.9 117.4 109.5 98.6 21 .6 
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Total Delay 65.0 112.0 104.1 91.5 3.8 60.9 117.4 109.5 98.6 21 .6 
Queue length 50th (ft) 2.26 -423 -446 -470 24 59 -246 -597 -628 208 
Queue Length 95th (ft) 335 #561 #676 #610 49 110 #366 #846 #774 295 
Internal Link Dist (ft) 645 472 963 575 
Turn Bay Length (ft) 300 200 200 200 200 200 
Base Capacity (vph) 334 696 ' 403 843 955 215 474 495 1039 859 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Reduced vie Ratio 0.72 1.09 1.03 1.04 0.28 0.33 1.10 1.08 1.08 0.45 

Jntersection Summa!:}'. 
- Volume exceeds capacity, queue is theoretically infinite. 

Queue shown is maximum after two cycles. 
# 95th percentile volume exceeds capacity, queue may be longer. 

Queue shown is maximum after two cycles . 

• 

• Earth Tech Inc. Queues 



Timings 2034 PM BUILD.ALL.SPLIT 
2: THREE CHOPT RD & COX RD 9/29/2005 

• ....:It ~ Jr', ' ( ~ ~ ' ,I ~ 

Lane Group SEL SET NWL NWT NWR NEL NET SWL SWT SWR 
Lane Configurations .,, 4't+ ~ +ft 'f' ., tt+- ,, +ft 'f' 
Volume {vph) 240 650 520 770 270 70 320 590 1070 390 
Turn Type Split Split pm+ov Split Split pm+ov 
Protected Phases 6 6 2 2 4 8 8 4 4 6 
Permitted Phases 2 4 
Detector Phases 6 6 2 2 4 8 8 4 4 6 
Minimum Initial (s) 12.0 12.0 8.0 8.0 3.0 3.0 3.0 3.0 3.0 12.0 
Minimum Split (s) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 
Total Split (s) 33.0 33.0 39.0 39.0 47.0 21.0 21.0 47.0 47.0 33.0 
Total Split(%) 23.6% 23.6% 27.9% 27.9% 33.6% 15.0% 15.0% 33.6% 33.6% 23.6% 
Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
All-Red Time (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
Lead/Lag 
Lead-Lag Optimize? 
Recall Mode Min Min Min Min None None None None None Min 

jntersection Summa!}'. 
Cycle Length: 140 
Actuated Cycle Length: 140 
Natural Cycle: 140 
Control Type: Actuated-Uncoordinated 

• Splits and Phases: 2: THREE CHOPT RD & COX RD 
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• Earth Tech Inc. Timings 



HCM Signalized Intersection Capacity Analysis 2034 AM NO-BUILD 
1: THREE CHOPT RD & GASKINS RD 7/14/2005 

• ,...:I( 
~ J Jr'· ' ( ' l' r-. ' JI' ~ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations "'i tf+ "'i tf+ -~ tt ' "i tt (' 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 0.97 1.00 0.93 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3429 1770 3281 1770 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (eerm) 1770 3429 1770 3281 1770 3539 1583 1770 3539 1583 
Volume (vph) 810 570 150 70 560 530 230 2570 120 240 1430 320 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 810 570 150 70 560 530 230 2570 120 240 1430 320 
R.TOR Reduction (vph) 0 12 0 0 101 0 0 0 17 0 0 99 
Lane Groue Flow (veh) 810 708 0 70 989 0 230 2570 103 240 1430 221 
Turn Type Prot Prot Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 8 4 
Actuated Green, G (s) 40.0 53.5 11 .5 25.0 20.0 65.0 65.0 20.0 65.0 65.0 
Effective Green, g {s) 40.0 55.0 11.5 26.5 20.0 66.5 66.5 20.0 66.5 66.5 
Actuated g/C Ratio 0.24 0.33 0.07 0.16 0.12 0.39 0.39 0.12 0.39 0.39 
Clearance Time (s) 4.0 5.5 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension ( s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 • Lane Grp Cap {vph) 419 1116 120 514 209 1393 623 209 1393 623 
v/s Ratio Prot c0.46 0.21 0.04 c0.33 0.13 c0.73 c0.14 0.40 
v/s Ratio Perm 0.08 0.20 
vie Ratio 1.93 0.63 0.58 1.92 1.10 1.84 0.17 1.15 1.03 0.35 
Uniform Delay, d1 64.5 48.5 76.4 71.2 74.5 51 .2 33.2 74.5 51 .2 36.1 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 428.6 1.2 7.0 422.9 91 .7 383.0 0.1 108.0 31 .1 0.7 
Delay (s) 493.1 49.6 83.5 494.1 166.2 434.3 33.4 182.5 82.4 36.8 
Level of Service F D F · F F F C F F D 
Approach Delay {s) 284.4 469.3 396.7 87.1 
Approach LOS F F F F 

ntersection Summa!l 
HCM Average Control Delay 304.1 HCM Level of Service F 
HCM Volume to Capacity ratio 1.82 
Actuated Cycle Length ( s) 169.0 Sum of lost time ( s) 16.0 
Intersection Capacity Utilization 175.0% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



Queues 2034 AM NO-BUILD 
1: THREE CHOPT RD & GASKINS RD 7/14/2005 

• -..JI ~ ~ It" ' ( ' /I ~ ' J/ ~ 

Lane Group SEL SET SER NWL NWT NWR fl!EL NET NER SWL SWT SWR 
Volume (vph) 810 570 150 70 560 530 230 2570 120 240 1430 320 
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Lane Group Flow (vph) 810 720 0 70 1090 0 230 2570 120 240 1430 320 
v/c Ratio 1.93 0.64 0.58 1.77 1.10 1.84 0.19 1.15 1.03 0.44 
Control Delay 460.9 50.9 78.6 385.9 156.7 413.0 26.4 170.1 80.7 19.5 
Queue Delay 252.4 0.0 · 0.0 0.0 41.4 0.0 0.0 0.0 0.0 0.0 
Total Delay 713.3 50.9 78.7 385.9 198.1 413.0 26.4 170.1 80.7 19.5 
Queue Length 50th (ft) -1377 350 77 -887 -287 -2260 65 -310 -885 123 
Queue Length 95th (ft) #1636 441 133 #1031 #473 #2369 116 #498 #1024 213 
Internal Link Dist (ft) 151 599 856 499 
Turn Bay Length (ft) 250 200 260 200 500 
Base Capacity (vph) 419 1127 243 616 209 1393 640 209 1393 722 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Storage Cap Reductn 203 0 5 0 18 0 0 0 0 0 
Reduced vie Ratio 3.75 0.64 0.29 1.77 1.20 1.84 0.19 1.15 1.03 0.44 

. ntersection Summary 

- Volume exceeds capacity, queue is theoretically infinite. 
Queue shown is maximum after two cycles. 

# 95th percentile volume exceeds capacity, queue may be longer. 
Queue shown is maximum after two cycles . 

• 

• Earth Tech Inc. Queues 



Timings 2034 AM NO-BUILD 
1: THREE CHOPT RD & GASKINS RD 7/14/2005 

• ....:I( 
~ JI:"' ' ' J' ~ ' ,I ~ 

Lane Group SEL SET NWL NWT NEL NET NER SWL SWT SWR 
Lane Configurations "i tt+ "i tf. ., tt .,, "i tt 7' 
Volume (vph) 810 570 70 560 230 2S70 120 240 1430 320 
Turn Type Prot Prot Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 8 4 
Detector Phases 5 2 1 6 3 8 8 7 4 4 
Minimum Initial (s) 3.0 3.0 3.0 3.0 3.0 15.0 15.0 3.0 15.0 15.0 
Minimum Split (s) 7.0 8.5 7.0 8.5 7.0 20.5 20.5 7.0 20.5 20.5 
Total Split (s) 44.0 45.5 29.0 30.5 24.0 70.5 70.5 24.0 70.5 70.5 
Total Split(%) 26.0% 26.9% 17.2% 18.0% 14.2% 41.7% 41.7% 14.2% 41.7% 41.7% 
Yellow Time {s) 3.0 4.0 3.0 4.0 3.0 4.0 4.0 3.0 4.0 4.0 
All-Red Time {s) 1.0 1.5 1.0 1.5 1.0 1.5 1.5 1.0 1.5 1.5 
Lead/Lag Lead Lag Lead Lag Lead Lag Lag Lead Lag Lag 
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Recall Mode None None None Min None None None None None None 

Intersection Summary 
Cycle Length: 169 
Actuated Cycle Length: 169 
Natural Cycle: 150 
Control Type: Semi Act-Uncoord 

• Splits and Phases: 1: THREE CHOPT RD & GASKINS RD 
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HCM Signalized Intersection Capacity Analysis 2034 PM NO-BUILD 
1: THREE CH OPT RD & GASKINS RD 7/14/2005 

• ~ 

" ) Jr" ' ( ' I' ~ ' " lt..; 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations ~ tf+ "i ti. "i tt 7' ~ tt 7' 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 · 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 0.95 1.00 0.96 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3364 1770 3401 1770 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 1770 3364 1770 3401 1770 3539 1583 1770 3539 1583 
Volume (vph) 290 590 290 180 680 240 240 1750 210 300 2730 580 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 290 590 290 180 680 240 240 1'750 210 300 2730 580 
RTOR Reduction (vph) 0 30 0 0 18 0 0 0 38 0 0 82 
Lane Group Flow (vph) 290 850 a 180 902 0 240 1750 172 300 2730 498 
Turn Type Prot Prot Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 .. 7 4 
Permitted Phases 8 4 
Actuated Green, G (s) 30.0 36.2 23.8 30.0 25.0 90.0 90.0 25.0 90.0 90.0 
Effective Green, g (s) 30.0 37.7 23.8 31.5 25.0 91.5 91.5 25.0 91 .5 91 .5 
Actuated g/C Ratio 0.15 0.19 0.12 0.16 0.13 0.47 0.47 0.13 0.47 0.47 
Clearance Time (s) 4.0 5.5 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 • Lane Grp Cap (vph) 274 654 217 552 228 1669 747 228 1669 747 
v/s Ratio Prot c0.16 c0.26 0.10 c0.27 0.14 0.49 c0.17 c0.77 
v/s Ratio Perm 0.13 0.37 
v/c Ratio 1.06 1.30 0.83 1.63 1.05 1.05 0.23 1.32 1.64 0.67 
Uniform Delay, d1 82.0 78.2 83.1 81.2 84.5 51 .2 30.4 84.5 51.2 39.5 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 70.6 146.0 22.3 293.2 74.1 36.0 0.2 169.7 288.8 3.0 
Delay (s) 152.6 224.2 105.4 374.4 158.6 87.2 30.5 254.2 340.1 42.5 
Level of Service F F F F F F C F F D 
Approach Delay (s) 206.4 330.4 89.6 285.1 
Approach LOS F F F F 

Intersection Summa!l:'. 
HCM Average Control Delay 226.7 HCM Level of Service F 
HCM Volume to Capacity ratio 1.53 
Actuated Cycle Length (s) 194.0 Sum of lost time ( s) 20.0 
Intersection Capacity Utilization 144.6% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



Queues 2034 PM NO-BUILD 
1: THREE CHOPT RD & GASKINS RD 711412005 

• ....J( 
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Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Volume (vph) 290 590 290 180 680 240 240 1750 210 300 2730 580 
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Lane Group Flow (vph) 290 880 0 180 920 0 240 1750 210 300 2730 580 
vie Ratio 1.06 1.29 0.83 1.61 1.05 1.05 0.27 1.32 1.64 0.70 
Control Delay 144.8 194.6 95.6 327.3 150.7 84.7 20.7 229.0 322.2 33.8 
Queue Delay 292.4 0.0 76.6 0.0 159.4 0.0 0.0 0.0 0.0 0.0 
Total Delay 437.2 194.6 172.2 327.3 310.1 84.7 20.7 229.0 322.2 33.8 
Queue Length 50th (ft) -404 -735 228 -873 -332 -1271 103 -491 -2633 439 
Queue Length 95th (ft) #615 #945 316 #1016 #530 #1398 168 #705 #2716 597 
Internal link Dist (ft) 151 599 856 499 
Turn Bay Length (ft) 250 200 260 200 500 
Base Capacity (vph) 274 683 265 571 228 1669 785 228 1669 829 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Storage Cap Reductn 107 0 106 0 61 0 0 0 0 0 
Reduced vie Ratio 1.74 1.29 1.13 1.61 1.44 1.05 0.27 1.32 1.64 0.70 

Intersection Summary 
- Volume exceeds capacity, queue is theoretically infinite. 

Queue shown is maximum after two cycles. 
# 95th percentile volume exceeds capacity, queue may be longer. 

Queue shown is maximum after two cycles . 

• 

• Earth Tech Inc. Queues 



Timings 2034 PM NO-BU/LO 
1: THREE CHOPT RD & GASKINS RD 7/14/2005 

• -.JI 
~ JI:" ' ' l' ~ ' JI' ~ 

Lane Group SEL SET NWL NWT NEL NET NER SWL SWT SWR 
Lane Configurations ~ tf.• ' tf. ' tt f 'i tt 'I' 
Volume (vph) 290 590 180 680 240 1750 210 300 2730 580 
Turn Type Prot Prot Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 B 7 4 
Permitted Phases B 4 
Detector Phases 5 2 1 6 3 8 8 7 4 4 
Minimum Initial (s) 3.0 3.0 3.0 3.0 3.0 15.0 15.0 3.0 15.0 15.0 
Minimum Split (s) 7.0 8.5 7.0 8.5 7.0 20.5 20.5 7.0 20.5 20.5 
Total Split (s) 34.0 35.5 34.0 35.5 29.0 95.5 95.5 29.0 95.5 95.5 
Total Split (%) 17.5% 18.3% 17.5% 18.3% 14.9% 49.2% 49.2% 14.9% 49.2% 49.2% 
Yellow Time (s) 3.0 4.0 3.0 4.0 3.0 4.0 4.0 3.0 4.0 4.0 
All-Red Time (s) 1.0 1.5 1.0 1.5 1.0 1.5 1.5 1.0 1.5 1.5 
Lead/Lag Lead Lag Lead Lag Lead Lag Lag Lead Lag Lag 
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Recall Mode None None None Min None None None None None None 

Intersection Summary 
Cycle Length: 194 
Actuated Cycle Length: 194 
Natural Cycle: 150 
Control Type: Semi Act-Uncoord 

• Splits and Phases: 1: THREE CHOPT RD & GASKINS RD 
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HCM Signalized Intersection Capacity Analysis 2034 AM BUILD REC#3 
1: THREE CHOPT RD & GASKINS RD 9/27/2005 

• '4t ~ ; r, ' ( ' ,JI ~ ' JI' -.:.., 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations "i tf+ "i tf+ ~ tt ., "i"i t+ ., 
Ideal Flow {vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 0.95 1.00 0.97 0.95 1.00 
Frt 1.00 0.97 1.00 0.93 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3429 1770 3281 1770 3539 1583 3433 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0 .. 95 1.00 1.00 
Satd. Flow ~perm) 1770 3429 1770 3281 1770 3539 1583 3433 3539 1583 
Volume (vph) 810 570 150 70 560 530 230 2570 120 240 1430 320 
Peak-hour factor, PHF 1.00 1.00 1 00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 810 570 150 70 560 530 230 2570 120 240 1430 320 
RTOR Reduction (vph) 0 14 0 0 58 0 0 0 17 0 0 99 
Lane Group Flow (vph) 810 706 0 70 1032 0 230 2570 103 240 1430 221 
Turn Type Prot Prat Prat Perm Prof Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 8 4 
Actuated Green, G (s) 42.0 61.4 11.1 30.5 13.0 70.5 70.5 7.0 64.5 64.5 
Effective Green, g (s) 42.0 62.9 11.1 32.0 13.0 72.0 72.0 7.0 66.0 66.0 
Actuated g/C Ratio 0.25 0.37 0.07 0.19 0.08 0.43 0.43 0.04 0.39 0.39 
Clearance Time (s) 4.0 5.5 4 .0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 

• Lane Grp Cap (vph) 440 1276 116 621 136 1508 674 142 1382 618 
vis Ratio Prat c0.46 0.21 0.04 c0.33 c0.13 c0.73 0.07 0.40 
vis Ratio Perm 0.08 0.20 
vie Ratio 1.84 0.55 0.60 1.66 1.69 1.70 0.15 1.69 1.03 0.36 
Uniform Delay, d1 63.5 41 .9 76.8 68.5 78.0 48.5 29.8 81.0 51.5 36.5 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 387.2 0.5 8.6 304.7 340.6 319.8 0.1 339.0 33.7 0.7 
Delay (s) 450.7 42.5 85.4 373.2 418.6 368.3 29.9 420.0 85.2 37.2 
Level of Service F D F F F F C F F D 
Approach Delay {s) 258.6 355.8 358.3 117.8 
Approach LOS F F F F 

Intersection Summa!}'. 
HCM Average Control Delay 274.9 HCM Level of Service F 
HCM Volume to Capacity ratio 1.73 
Actuated Cycle Length (s) 169.0 Sum of lost time (s) 12.0 
Intersection Capacity Utilization 168.6% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2034 PM BUILD REC#3 
1: THREE CHOPT RD & GASKINS RD 9/27/2005 

• ~ ~ ~ Jr', ' ( ' I' ~ ' JI lt:.., 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations 'i tr. ~ tf. 'i tt 7' ''i tt 7' 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 0.95 1.00 0.97 0.95 1.00 
Frt 1.00 0.95 1 00 0.96 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3364 1770 3401 1770 3539 1583 3433 3539 1583 
Flt Permitted 0 . .95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (perm} 1770 3364 1770 3401 1770 3539 1583 3433 3539 1583 
Volume (vph) 290 590 290 180 680 240 240 1750 210 300 2730 580 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 290 590 290 180 680 240 240 1750 210 300 2730 580 
RTOR Reduction (vph) 0 31 0 0 19 0 0 0 38 0 0 83 
Lane Group Flow (vph) 290 849 0 180 901 0 240 1750 172 300 2730 497 
Turn Type Prat Prot Pro! Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 8 4 
Actuated Green, G (s) 21.0 43.5 13.0 35.5 18.0 100.5 100.5 18 0 100.5 100.5 
Effective Green, g (s) 21.0 45.0 13.0 37.0 18.0 102.0 102.0 18.0 102.0 102.0 
Actuated g/C Ratio 0.11 0.23 0.07 0.19 0.09 0.53 0.53 0.09 0.53 0.53 
Clearance Time (s) 4.0 5.5 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 

• Lane Grp Cap (vph) 192 780 119 649 164 1861 832 319 1861 832 
vis Ratio Prot c0.16 0.26 0.10 c0.27 c0.14 0.49 0.09 c0.77 
vis Ratio Perm 0.13 0.37 
vie Ratio 1.51 1.09 1.51 1.39 1.46 0.94 0 21 0.94 1.47 0.60 
Uniform Delay, d1 86.5 74 .5 90.5 78.5 88.0 43.1 24.5 87.5 46.0 31 .8 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 254.7 58.8 269.0 184.4 238.8 10.0 0.1 35.0 213.1 1.8 
Delay (s) 341.2 133.3 359.5 262.9 326.8 53.2 24.6 122.4 259.1 33.6 
Level of Service F F F F F D C F F C 
Approach Delay (s) 184.8 278.7 80.3 211.5 
Approach LOS F F F F 

n rsec6oo Summary 
HCM Average Control Delay 181.1 HCM Level of Service F 
HCM Volume to Capacity ratio 1.46 
Actuated Cycle Length (s) 194.0 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 144.6% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2034 AM BUILD REC#4 
1: THREE CHOPT RD & GASKINS RD 9/27/2005 

• ~ ~ ) }/1:"" ' ( ' J' ~ ' JI lt:J 

Movement SEL SET SER NWL NWf NWR NEL NET NER SWL SWT SWR 

Lane Configurations ~ tt+ ~ tt+ ~~ tt .,, ~ t+ 7' 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 0.97 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 0.97 1.00 0 93 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3429 1770 3281 3433 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 1770 3429 1770 3281 3433 3539 1583 1770 3539 1583 
Volume (vph) 810 570 150 70 560 530 230 2570 120 240 1430 320 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 810 570 150 70 560 530 230 2570 120 240 1430 320 
RTOR Reduction (vph) 0 14 0 0 101 0 0 0 17 0 0 99 
Lane Group Flow (vph) 810 706 0 70 989 0 230 2570 103 240 1430 221 
Turn Type Prot Prot Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 8 4 
Actuated Green, G {s) 41.0 56.4 11.1 26.5 12.0 69.5 69.5 13.0 70.5 70.5 
Effective Green, g (s) 41.0 57.9 11.1 28.0 12.0 71.0 71.0 13.0 72.0 72.0 
Actuated g/C Ratio 0.24 0.34 0.07 0.17 0.07 ;, ,0.42 0.42 0.08 0.43 0.43 
Clearance Time (s) 4.0 5.5 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 

• Lane Grp Cap (vph) 429 1175 116 544 244 1487 665 136 1508 674 
v/s Ratio Prot c0.46 0.21 0.04 c0.33 0.07 c0.73 c0.14 0.40 
vis Ratio Perm 0.08 0.20 
v/c Ratio 1.89 0.60 0.60 1.82 0.94 1.73 0.16 1.76 0.95 0.33 
Uniform Delay, d1 64.0 46.0 76.8 70.5 78.2 49.0 30.4 78.0 46.7 32.4 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 408.4 0.9 8.6 375.4 41.8 330.6 0.1 372.3 13.1 0.6 
Delay (s) 472.4 46.9 85.4 445.9 120.0 379.6 30.5 450.3 59.9 32.9 
Level of Service F D F F F F C F E C 
Approach Delay (s) 272.1 424.1 344.8 102.6 
Approach LOS F F F F 

Intersection Summa!}'. 
HCM Average Control Delay 278.9 HCM Level of Service F 
HCM Volume to Capacity ratio 1.82 
Actuated Cycle Length (s) 169.0 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 175.0% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2034 PM BUILD REC#4 
1: THREE CHOPT RD & GASKINS RD 9/27/2005 

• '-1( 
~ ; Jr' ' ~ ' /f ~ ' JI ~ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations "i tf+ "i tt+ "i"i tt 7' "i tt 7' 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4 .0 
Lane Util. Factor 1-00 0.95 1.00 0.95 0.97 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 0.95 1.00 0.96 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd Flow (prot) 1770 3364 1770 3401 3433 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 1770 3364 1770 3401 3433 3539 1583 1770 3539 1583 
Volume (vph) 290 590 290 180 680 240 240 1750 210 300 2730 580 
Peak-hour factor, PHF 1.00 1.00 1 00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 290 590 290 180 680 240 240 1750 210 . 300 2730 580 
RTOR Reduction (vph) 0 31 0 0 18 0 0 0 38 0 0 83 
Lane Group Flow (vph) 290 849 0 180 902 0 240 1750 172 300 2730 497 
Turn Type Prot Prot Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 8 4 
Actuated Green, G (s) 22.0 45.5 14.0 37.5 10.0 92.5 92.5 23.0 105.5 105.5 
Effective Green, g (s) 22.0 47.0 14.0 39.0 10.0 94.0 94.0 23.0 107.0 107.0 
Actuated g/C Ratio 0.11 0.24 0.07 0.20 0.05 0.48 0.48 0.12 0.55 0.55 
Clearance Time (s) 4.0 5.5 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 • Lane Grp Cap (vph) 201 815 128 684 177 1715 767 210 1952 873 
v/s Ratio Prat c0.16 0.26 0.10 c0.27 0.07 0.49 c0.17 c0.77 
vis Ratio Perm 0.13 0.37 
vie Ratio 1.44 1.04 1.41 1.32 1.36 1.02 0.22 1.43 140 0.57 
Uniform Delay. d1 86.0 73.5 90.0 77.5 92.0 50.0 28.9 85.5 43.5 28.4 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 225.1 42.9 222.8 153.4 192.4 27.0 0.1 218.1 182.5 1.4 
Delay {s} 311.1 116.4 312.8 230.9 284.4 77.0 29.1 303.6 226.0 29.9 
Level of Service F F F F F E C F F C 
Approach Delay ( s) 164.6 244.3 95.1 201.0 
Approach LOS F F F F 

ntersection Summa~ 
HCM Average Control Delay 172.8 HCM Level of Service F 
HCM Volume to Capacity ratio 1.39 
Actuated Cycle Length (s) 194.0 Sum of lost time (s) 12.0 
Intersection Capacity Utilization 138.2% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2034 AM BUILD REC#5 
1: THREE CH OPT RD & GASKINS RD 9/27/2005 

• .....:I( 
~ J Jr' ' ( ' J' ~ ' JI ~ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 

Lane Configurations "i"i +f+ "i tf+ "i t+ 7' lj ++ r' 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 0.97 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 0.97 1.00 0.93 1.00 1.00 0.85 1.00 1 00 0.85 
Fft Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 3433 3429 1770 3281 1770 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 3433 3429 1770 3281 1770 3539 1583 1770 3539 1583 

Volume (vph) 810 570 150 70 560 530 230 2570 120 240 1430 320 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 810 570 150 70 560 530 230 2570 120 240 1430 320 
RTOR Reduction (vph) 0 14 0 0 101 0 0 0 17 0 0 99 
Lane Groue Flow (vph) 810 706 0 70 989 0 230 2570 103 240 1430 221 
Turn Type Prot Prot Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 8 4 
Actuated Green, G (s) 25.0 47.7 8.8 31.5 23.0 78.5 78.5 15.0 70.5 70.5 
Effective Green, g (s) 25.0 49.2 88 33.0 23 0 80 0 80.0 15 0 72.0 72.0 
Actuated glC Ratio 0.15 0.29 0.05 0.20 0.14 0.47 0.47 0.09 0.43 0.43 
Clearance Time (s) 4.0 5.5 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 

• Lane Grp Cap (vph) 508 998 92 641 241 1675 749 157 1508 674 
vis Ratio Prat c0.24 0.21 0.04 c0.33 0.13 c0.73 c0 .. 14 0.40 
vis Ratio Perm 0.08 0.20 
v/c Ratio 1.59 0.71 0.76 1.54 0.95 1.53 0.14 1.53 0.95 0.33 
Uniform Delay, d1 72.0 53.5 79.1 68.0 72.5 44.5 25.1 77.0 46.7 32.4 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1 00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 276.7 2.3 30.3 252.3 45.0 243.5 0.1 267.4 13.1 0.6 
Delay (s) 348.7 55.8 109.4 320.3 117 5 288.0 25.2 344.4 59.9 32.9 
Level of Service F E F F F F C F E C 
Approach Delay (s) 210.9 307.6 263.8 89.8 
Approach LOS F F F F 

Intersection Summa!:}! 
HCM Average Control Delay 214.3 HCM Level of Service F 
HCM Volume to Capacity ratio 1.58 
Actuated Cycle Length (s) 169.0 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 153.3% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2034 PM BUILD REC#5 
1: THREE CH OPT RD & GASKINS RD 9/27/2005 

• -...:II ~ ) Jr' ' ( ' J' ~ ' JI ~ 

Movement SEL SET SER NW[ NWT NWR NEL NET NER SW[ SWT SWR 

Lane Configurations "i"i t~ "i t~ , tt 'f' "i tt f 
Ideal Flow {vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 0.97 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 0 95 1.00 0.96 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 3433 3364 1770 3401 1770 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 3433 3364 1770 3401 1770 3539 1583 1770 3539 1583 
Volume (vph) 290 590 · 290 180 680 240 240 1750 210 300 2730 580 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 290 590 290 180 680 240 240 1750 210 300 2730 580 
RTOR Reduction (vph) 0 31 0 0 18 0 0 0 38 0 0 82 
Lane Group Flow (vph) 290 849 0 180 902 0 240 1750 172 300 2730 498 
Turn Type Prot Prot Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 8 4 
Actuated Green, G (s) 12.0 35.5 14.0 37.5 19.0 93.5 93.5 32.0 106.5 106.5 
Effective Green, g (s) 12.0 37.0 14.0 39.0 19.0 95.0 95.0 32.0 108.0 108.0 
Actuated g/C Ratio 0.06 0.19 0.07 0.20 0.10 0.49 0.49 0.16 0.56 0.56 
Clearance Time (s) 4.0 5.5 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 • Lane Grp Cap (vph) 212 642 128 684 173 1733 775 292 1970 881 
v/s Ratio Prot 0.08 0.26 c0.10 c0.27 c0.14 0.49 0.17 c0.77 
v/s Ratio Perm 0.13 0.37 
v/c Ratio 1.37 1.32 1.41 1.32 1.39 1.01 0.22 1.03 1.39 0.56 
Uniform Delay, d1 91.0 78.5 90.0 77.5 87.5 49.5 28.3 81.0 43.0 27.8 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 192.7 156.0 222.8 153.4 205.8 24.0 0.1 59.9 176.8 1.4 
Delay (s) 283.7 234.5 312.8 230.9 293.3 73.5 28.5 140.9 219.8 29.2 
Level of Service F F F F F E C F F C 
Approach Delay (s) 246.7 244.3 93.2 182.6 
Approach LOS F F F F 

Intersection Summa~ 
HCM Average Control Delay 176.0 HCM Level of Service F 
HCM Volume to Capacity ratio 1.36 
Actuated Cycle Length ( s) 194.0 Sum of lost time (s) 12.0 
Intersection Capacity Utilization 137.7% ICU Level of Service . H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2034 AM BUILD REC#6 
1: THREE CHOPT RD & GASKINS RD 912712005 

• '-3( 
~ ; Jr' ' ( ' I' ~ ' JI ._, 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations ~ tl+ 'i'i tl+ ~ tt ,, ~ tt ,, 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 0.97 0.95 1.00 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 0.97 1.00 0.93 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3429 3433 3281 1770 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow ~perm~ 1770 3429 3433 3281 1770 3539 1583 1770 3539 1583 
Volume (vph) 810 570 150 70 560 530 230 2570 120 240 1430 320 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 810 570 150 70 560 530 230 2570 120 240 1430 320 
RTOR Reduction (vph) 0 14 0 0 101 0 0 0 17 0 0 99 
Lane Group Flow (veh) 810 706 0 70 989 0 230 2570 103 240 1430 221 
Turn Type Prot Prot Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 8 4 
Actuated Green, G (s) 41 .0 60.6 6.9 26.5 20.0 69.5 69.5 13.0 62.5 62.5 
Effective Green, g (s) 41 .0 62.1 6.9 28.0 20.0 71 .0 71 0 13.0 64.0 64.0 
Actuated g/C Ratio 0.24 0.37 0.04 0.17 0.12 0.42 0.42 0.08 0.38 0.38 
Clearance Time (s) 4.0 5.5 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 • Lane Grp Cap (vph) 429 1260 140 544 209 1487 665 136 1340 599 
vis Ratio Prot c0.46 0.21 0,02 c0.33 0.13 c0.73 c0.14 0.40 
vis Ratio Perm 0.08 0.20 
vie Ratio 1.89 0.56 0.50 1.82 1.10 1.73 0.16 1.76 1.07 0.37 
Uniform Delay, d1 64.0 42.6 79.4 70.5 74.5 49.0 30.4 78.0 52.5 37.9 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 408 4 0.6 2.8 375.4 91.7 330.6 0.1 372.3 44.7 0.8 
Delay (s) 472.4 43.2 82.2 445.9 166.2 379.6 30.5 450.3 97.2 38.7 
Level of Service F D F F F F C F F D 
Approach Delay (s) 270.4 423.9 348.4 130.4 
Approach LOS F F F F 

Intersection Summary 
HCM Average Control Delay 287.1 HCM Level of Service F 
HCM Volume to Capacity ratio 1.82 
Actuated Cycle Length ( s) 169.0 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 175.0% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2034 PM BUILD REC#6 
1: THREE CHOPT RD & GASKINS RD 9/27/2005 

• ,'-11( 
~ J It"' ' ( ' I' ~ ~ JI ~ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 

Lane Configurations ~ tf+ "'i"'i tf+ "'i t+ r' "'i ++ .,, 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 ' 0.97 0.95 1.00 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 0.95 1.00 0.96 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3364 3433 3401 1770 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (eerm) 1770 3364 3433 3401 1770 3539 1583 1770 3539 1583 
Volume {vph) 290 590 290 180 680 240 240 1750 210 300 2730 580 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 290 590 290 180 680 240 240 1750 210 300 2730 580 
RTOR Reduction (vph) 0 31 0 0 19 0 0 0 38 0 0 83 
Lane Group Flow (veh) 290 849 0 180 901 0 240 1750 172 300 2730 497 
Turn Type Prot Prot Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 8 4 
Actuated Green, G (s) 21.0 46.5 10.0 35.5 18.0 88.5 88.5 30.0 100.5 100.5 
Effective Green, g (s) 21.0 48.0 10.0 37.0 18.0 90.0 90.0 30.0 102.0 102.0 
Actuated g/C Ratio 0.11 0.25 0.05 0.19 0.09 0.46 0.46 0.15 0.53 0.53 
Clearance Time (s) 4.0 5.5 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 • Lane Grp Cap (vph) 192 832 177 649 164 1642 734 274 1861 832 
v/s Ratio Prot c0.16 0.26 0.05 c0.27 c0.14 0.49 0.17 c0.77 
vis Ratio Perm 0.13 0.37 
v/c Ratio 1.51 1.02 1.02 1.39 1.46 1.07 0.23 1.09 1.47 0.60 
Uniform Delay, d1 86.5 73.0 92.0 78.5 88.0 52.0 31.3 82.0 46.0 31 .8 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 254.7 36.5 72.1 184.4 238.8 42.1 0.2 82.1 213.1 1.8 
Delay {s) 341,2 109.5 164.1 262.9 326.8 94.1 31.4 164.1 259.1 33.6 
Level of Service F F F F F F C F F C 
Approach Delay ( s) 166.9 246.7 113.5 215.0 
Approach LOS F F F F 

tntersection Summary 
HCM Average Control Delay 184.7 HCM Level of Service F 
HCM Volume to Capacity ratio 1.46 
Actuated Cycle Length (s) 194.0 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 144.6% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2034 AM BUILD REC#? 
1: THREE CHOPT RD & GASKINS RD 9/27/2005 

• ,._11( 
~ ) Jr' ' ( ~ /I ~ ~ JI ~ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations llj tt '(' llj tf+ 1\ tt r' "i. tt ,, 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 1.00 0 85 1.00 0.93 1.00 1 00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3539 1583 1770 3281 1770 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow {perm~ 1770 3539 1583 1770 3281 1770 3539 1583 1770 3539 1583 
Volume (vph} 810 570 150 70 560 530 230 2570 120 240 1430 320 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 810 570 150 70 560 530 230 2570 120 240 1430 320 
RTOR Reduction (vph) 0 0 94 0 101 0 0 0 17 0 0 99 
Lane Group Flow (veh) 810 570 56 70 989 0 230 2570 103 240 1430 221 
Turn Type Prot Perm Prot Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 2 8 4 
Actuated Green, G (s) 41.0 56.4 56.4 11.1 26.5 20.0 69.5 69.5 13.0 62.5 62.5 
Effective Green, g {s) 41.0 57.9 57.9 11.1 28.0 20.0 71.0 71.0 13.0 64.0 64.0 
Actuated g/C Ratio 0,24 0.34 0.34 0.07 0.17 0.12 0.42 0.42 0.08 0.38 0.38 
Clearance Time (s) 4.0 5.5 5.5 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s} 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 • Lane Grp Cap (vph) 429 1212 542 116 544 209 1487 665 136 1340 599 
v/s Ratio Prot c0.46 0.16 0.04 c0.33 0.13 c0.73 c0.14 0.40 
vis Ratio Perm 0.09 0.08 0,20 
vie Ratio 1.89 0.47 0.10 0.60 1.82 1.10 1.73 0.16 1.76 1.07 0.37 
Uniform Delay, d1 64.0 43.5 37 9 76.8 70.5 74.5 49.0 30.4 78.0 52.5 37.9 
Progression Factor 1.00 1 00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1 00 1 00 
Incremental Delay, d2 408.4 0.3 0.1 8.6 375.4 91 .7 330.6 0.1 372.3 44.7 0.8 
Delay (s} 472.4 43.8 37.9 85.4 445.9 166.2 379.6 30.5 450.3 97.2 38.7 
Level of Service F D D F F F F C F F D 
Approach Delay (s) 270.1 424.1 348.4 130.4 
Approach LOS F F F F 

Intersection Summa~ 
HCM Average Control Delay 287.1 HCM Level of Service F 
HCM Volume to Capacity ratio 1.82 
Actuated Cycle Length (s) 169.0 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 175.0% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2034 PM BUILD REC#7 
1: THREE CHOPT RD & GASKINS RD 912712005 

• '-,;JI( 
~ ; Jr', ' ( ' l' nl ' ;I' lt.., 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations ~ tt 7' ~ tl+ 

"" 
+t .,, ~ tt ., 

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 40 4.0 4 .0 4.0 4.0 4.0 4.0 4 .0 
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 1.00 0.85 1.00 0.96 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3539 1583 1770 3401 1770 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow ~perm) 1770 3539 1583 1770 3401 1770 3539 1583 1770 3539 1583 
Volume (vph) 290 590 290 180 680 240 240 1750 210 300 2730 580 
Peak-hour factor, PHF 1 00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 290 590 290 180 680 240 240 1750 210 300 2730 580 
RTOR Reduction (vph) 0 0 130 0 19 0 0 0 38 0 0 83 
Lane Group Flow (vph) 290 590 160 180 901 0 240 1750 172 300 2730 497 
Turn Type Prat Perm Prat Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 2 8 4 
Actuated Green. G (s) 21.0 36.5 36.5 20.0 35.5 18.0 88.5 88.5 30.0 100.5 100.5 
Effective Green, g (s) 21 .0 38.0 38.0 20.0 37.0 18.0 90.0 90.0 30.0 102.0 102.0 
Actuated glC Ratio 0.11 0.20 0.20 0.10 0.19 0.09 0.46 0.46 0.15 0.53 0.53 
Clearance Time (s) 4.0 5.5 5.5 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 • Lane Grp Cap (vph) 192 693 310 182 649 164 1642 734 274 1861 832 
vis Ratio Prot c0.16 0.17 0.10 c0.27 c0.14 0.49 0.17 c0.77 
vis Ratio Perm 0.18 0.13 0.37 
vie Ratio 1.51 0.85 0.52 0.99 1.39 1.46 1.07 0.23 1.09 1.47 0.60 
Uniform Delay, d 1 86.5 75.3 69.8 86.9 78.5 88.0 52.0 31 .3 82.0 46.0 31.8 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1 00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 254.7 9.9 1.4 62.8 184.4 238.8 42.1 0.2 82.1 213.1 1.8 
Delay (s) 341 .2 85.1 71.2 149.7 262.9 326.8 94.1 31.4 164.1 259.1 33 6 
Level of Service F F E F F F F C F F C 
Approach Delay (s) 145.2 244.4 113.5 215.0 
Approach LOS F F F F 

Intersection Summa!i'. 
HCM Average Control Delay 181.2 HCM Level of Service F 
HCM Volume to Capacity ratio 1.46 
Actuated Cycle Length (s) 194.0 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 144.6% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2034 AM BUILD REC#8 
1: THREE CHOPT RD & GASKINS RD 912712005 

• ....:tt ~ ) JI:' ' ( ' I' '"1' ' ,I 'tt.., 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations .., tf. 'i tt '{' 'i tt '{' ~ tt '{' 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1 00 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 0.97 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3429 1770 3539 1583 1770 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (eerm) 1770 3429 1770 3539 1583 1770 3539 1583 1770 3539 1583 
Volume (vph} 810 570 150 70 560 530 230 2570 120 240 1430 320 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 810 570 150 70 560 530 230 2570 120 240 1430 320 
RTOR Reduction (vph) 0 14 0 0 0 104 0 0 17 0 0 99 
Lane Group Flow (vph) ,810 706 0 70 560 426 230 2570 103 240 1430 221 
Turn Type Prot Prot Perm Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 6 8 4 
Actuated Green, G (s) 42.0 54.4 11 .1 23.5 23.5 20.0 71.5 71.5 13.0 64.5 64.5 
Effective Green, g (s) 42.0 55.9 11.1 25.0 25.0 20.0 73.0 73.0 13.0 66.0 66.0 
Actuated g/C Ratio 0.25 0.33 0.07 0.15 0.15 0.12 0.43 0.43 0.08 0.39 0.39 
Clearance Time (s) 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension {s} 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 

• Lane Grp Cap (vph) 440 1134 116 524 234 209 1529 684 136 1382 618 
vis Ratio Prot c0.46 0.21 0 04 0.16 0.13 c0.73 c0.14 0.40 
vis Ratio Perm 0.33 0 08 0.20 
vie Ratio 1.84 0.62 060 1.07 1.82 1.10 1.68 0.15 1.76 1 03 0.36 
Uniform Delay, d1 63.5 47.7 76.8 72.0 72.0 74.5 48.0 29.2 78.0 51 .5 36.5 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1 00 
Incremental Delay, d2 387.2 1.1 8.6 58.9 385.7 91 .7 309.3 0.1 372.3 33.7 0.7 
Delay (s) 450.7 48.7 85.4 130.9 457.7 166.2 357.3 29.3 450.3 85.2 37.2 
Level of Service F D F F F F F C F F D 
Approach Delay (s) 261 .5 277.5 328.7 121 .5 
Approach LOS F F F F 

Intersection Summary 
HCM Average Control Delay 253.1 HCM Level of Service F 
HCM Volume to Capacity ratio 1.83 
Actuated Cycle Length (s) 169 0 Sum of lost time (s) 16 0 
Intersection Capacity Utilization 158.7% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2034 PM BUILD REC#B 
1: THREE CHOPT RD & GASKINS RD 9/27/2005 

• ~ ~ ) "" ' ( ~ I' ~ ~ J/ lt:.J 

Movement SE[ SET SER NWL NWT NWR NEL.: NET N R SW[ SWR 
Lane Configurations 'tlj ff+ 'tlj tt .,, 

" tt r'' 'tlj .,, 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4 .0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 
Frt 1.00 0.95 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 1770 3364 1770 3539 1583 1770 3539 1583 1770 3539 1583 
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (eerm) 1770 3364 1770 3539 1583 1770 3539 1583 1770 3539 1583 
Volume (vph) 290 590 290 180 680 240 240 1750 210 300 2730 580 
Peak-hour factor. PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 290 590 290 180 680 240 240 1750 210 300 2730 580 
RTOR Reduction (vph) 0 31 0 0 0 137 0 0 38 0 0 82 
Lane Group Flow (vph) 290 849 0 180 680 103 240 1750 172 300 2730 498 

Turn Type Prat Prot Perm Prot Perm Prot Perm 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 6 8 4 
Actuated Green, G (s) 230 35.5 14.0 26.5 26.5 19.0 93.5 93.5 32.0 106.5 106.5 
Effective Green, g (s) 23.0 37.0 14.0 28.0 28.0 19.0 95.0 95.0 32.0 108.0 108.0 
Actuated g/C Ratio 0.12 0.19 0.07 0.14 0.14 0.10 0.49 0.49 0.16 0.56 0.56 
Clearance Time (s) 4.0 5.5 4.0 5.5 5.5 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 30 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 

• Lane Grp Cap (vph) 210 642 128 511 228 173 1733 775 292 1970 881 
v/s Ratio Prot c0.16 c0.26 0.10 0.19 c0.14 0.49 0.17 c0.77 
v/s Ratio Perm 0.15 0.13 0.37 
v/c Ratio 1.38 1.32 1.41 1.33 0.45 1 39 1.01 0.22 1.03 1.39 0.56 
Uniform Delay, d 1 85.5 78.5 90.0 83.0 76.0 87.5 49.5 28.3 81 .0 43.0 27.8 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 198.3 156.0 222.8 161 .9 1.4 205.8 24 .0 0.1 59_9 176.8 1.4 
Delay (s) 283.8 234.5 312.8 244.9 77.4 293.3 73.5 28.5 140.9 219.8 29.2 
Level of Service F F F F E F E C F F C 
Approach Delay (s) 246.7 219.4 93.2 182.6 
Approach LOS F F F F 

f ntersection Summary 
HCM Average Control Delay 172.6 HCM Level of Service F 
HCM Volume to Capacity ratio 1.37 
Actuated Cycle Length (s) 194.0 Sum of lost time (s) 12.0 
Intersection Capacity Utilization 137.7% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2034 AM BUILD REC#9 
1: THREE CHOPT RD & GASKINS RD 9/27/2005 

• ~ ~ ) JI:"' ' ~ ' JI r1t ' ,I ~ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations ~ tt+ ~ tt+ ~~ ttt+ ~~ ttt+ 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 0.97 0.91 0.97 0.91 
Frt 1.00 0.97 1.00 0.93 1.00 0.99 1.00 0.97 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (prot) 1770 3429 1770 3281 3433 5051 3433 4946 
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (perm) 1770 3429 1770 3281 3433 5051 3433 4946 
Volume (vph) 810 570 150 70 560 530 230 2570 120 240 1430 320 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 810 570 150 70 560 530 230 2570 120 240 1430 320 
RTOR Reduction (vph) 0 14 0 0 70 0 0 3 0 0 21 0 
Lane Group Flow (vph) 810 706 0 70 1020 0 230 2687 0 240 1729 0 
Turn Type Prot Prot Prot Prot 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 
Actuated Green, G (s) 49.0 71.4 11.1 33.5 11.0 59.5 8.0 56.5 
Effective Green, g (s) 49.0 72.9 11.1 35.0 11.0 61 .0 8.0 58.0 
Actuated g/C Ratio 0.29 0.43 0.07 0.21 0.07 0.36 0.05 0.34 
Clearance Time (s) 4.0 5.5 4.0 5.5 4.0 5.5 4.0 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 

• Lane Grp Cap (vph) 513 1479 116 679 223 1823 163 1697 
v/s Ratio Prot c0.46 0.21 0.04 c0.33 0.07 c0.53 c0.07 0.35 
v/s Ratio Perm 
vie Ratio 1.58 0.48 0.60 1.50 1.03 1.47 1.47 1.02 
Uniform Delay, d1 60.0 34.4 76.8 67.0 79.0 54.0 80.5 55.5 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 

,, 

1.00 1.00 
Incremental Delay, d2 269.8 0.2 8.6 233.8 68.7 216.3 242.7 26.7 
Delay (s) 329.8 34.7 85.4 300.8 147.7 270.3 323.2 82.2 
Level of Service F C F F F F F F 
Approach Delay ( s) 190.9 287.8 260.6 111 .3 
Approach LOS F F F F 

Intersection Summary 
HCM Average Control Delay 211 .6 HCM Level of Service F 
HCM Volume to Capacity ratio 1.54 
Actuated Cycle Length (s) 169.0 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 149.9% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2034 PM BUILD REC#9 
1: THREE CHOPT RD & GASKINS RD 9/27/2005 

• J ~ ) Jr' ' ( ' l' ~ ' " 
~ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations ~ tf+ ~ tf+ ~ ttf+ '\ ttt+ 
Ideal Flow (vphpl) 1900 1900 1.900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 0.91 1.00 0.91 
Frt 1 00 0.95 1.00 0.96 1.00 0.98 1.00 0.97 
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (prot) 1770 3364 1770 3401 1770 5004 1770 4952 
Flt Permitted 0.95 1.00 095 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (perm) 1770 3364 1770 3401 1770 5004 1770 4952 

Volume (vph) 290 590 290 180 680 240 240 1750 210 300 2730 580 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 290 590 290 180 680 240 240 1750 210 300 2730 580 
RTOR Reduction (vph) 0 31 0 0 18 0 0 8 0 0 17 0 
Lane Group Flow (vph) 290 849 0 180 902 0 240 1952 0 300 3293 0 
Turn Type Prot Prot Prot Prot 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 
Actuated Green, G (s) 23.0 47.5 14.0 38.5 19.0 80.5 33.0 94.5 
Effective Green, g (s) 23.0 49.0 14.0 40.0 19.0 82.0 33.0 96.0 
Actuated g/C Ratio 0.12 0.25 0.07 0.21 0.10 0.42 0.17 0.49 
Clearance Time (s) 4.0 5.5 4.0 5.5 4.0 5.5 4.0 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 • Lane Grp Cap (vph) 210 850 128 701 173 2115 301 2450 
v/s Ratio Prot c0.16 0.26 0.10 c0.27 c0.14 0.39 0.17 c0.67 
v/s Ratio Perm 
vie Ratio 1.38 1.00 1.41 1.29 1.39 0.92 1.00 1.34 
Uniform Delay, d1 85.5 72.5 90.0 77.0 87.5 53.0 80.4 49,0 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 198.3 30.2 222.8 139.5 205.8 7.4 50.6 157.6 
Delay (s) 283.8 102.7 312.8 216.5 293.3 60.4 131.1 206.6 
Level of Service F F F F F E F F 
Approach Delay (s) 147.6 232.3 85.8 200.3 
Approach LOS F F F F 

Intersection Summary 
HCM Average Control Delay 165.9 HCM Level of Service F 
HCM Volume to Capacity ratio 1.35 
Actuated Cycle Length (s) 194.0 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 134.8% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



HCM Signalized Intersection Capacity Analysis 2034 AM BUILD REC.ALL 
1: THREE CHOPT RO & GASKINS RD 9/27/2005 

• ~ '4 ) /fl:""' ' t , JI ~ ' JI' ~ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations "~ tt (' ~~ tt 7' ,~ ttf+ ~~ ttf. 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time ( s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.91 0.97 0.91 
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.99 1.00 0.97 
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (prot) 3433 3539 1583 3433 3539 1583 3433 5051 3433 4946 
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (perm) 3433 3539 1583 3433 3539 1583 3433 5051 3433 4946 

Volume (vph) 810 570 150 70 560 530 230 2570 120 240 1430 320 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 810 570 150 70 560 530 230 2570 120 240 1430 320 
RTOR Reduction (vph) 0 0 96 0 0 86 0 4 0 0 30 0 
Lane Group Flow (vph) 810 570 54 70 560 444 230 2686 0 240 1720 0 
Turn Type Prot Perm Prot Perm Prot Prot 
Protected Phases 5 2 1 6 3 8 7 . 4 

Permitted Phases 2 6 
Actuated Green, G (s) 21 .8 42.3 42.3 4.0 24.5 24.5 10.0 48.5 7.0 45.5 
Effective Green, g (s) 21 .8 43.8 43.8 4.0 26.0 26.0 10.0 50.0 7.0 47.0 
Actuated g/C Ratio 0.18 0.36 0.36 0.03 0.22 0.22 0.08 0.41 0.06 0.39 
Clearance Time (s) 4.0 5.5 5.5 4.0 5.5 5.5 4.0 5.5 4.0 5.5 
Vehicle Extension {s} 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 

• Lane Grp Cap (vph) 620 1283 574 114 762 341 284 2091 199 1924 
v/s Ratio Prot c0.24 0.16 0.02 0.16 0.07 c0.53 c0.07 0.35 
vis Ratio Perm 0.09 0.33 
v/c Ratio 1.31 0.44 0.09 0.61 0.73 1.30 0.81 1.28 1.21 0.89 
Uniform Delay, d 1 49.5 29.3 25.4 57.6 44.2 47.4 54.5 35.4 56.9 34 6 
Progression Factor 1.00 1.00 1.00 1 00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 149.3 0.2 0.1 9.4 3.7 155.4 15.5 131.8 130.4 6.2 
Delay (s) 196,8 29.5 25.5 67.1 47.9 202.8 70.0 167.2 187.3 40.8 
Level of Service F C C E D F E F F D 
Approach Delay ( s) 118.8 119.8 159.5 58.4 
Approach LOS F F F E 

Intersection Summa!)! 
HCM Average Control Delay 118.8 HCM Level of Service F 
HCM Volume to Capacity ratio 1.35 
Actuated Cycle Length (s} 120.8 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 118.2% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



Queues 2034 AM BUILD REC.ALL 
1: THREE CHOPT RD & GASKINS RD 9/27/2005 

• ....ii ".If. ) "' ' ( ' I' ~ ' JI' ~ 

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Volume (vph) 810 570 150 70 560 530 230 2570 120 240 1430 320 
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Lane Group Flow (vph) 810 570 150 70 560 530 230 2690 0 240 1750 0 
v/c Ratio 1.35 0.44 0.22 0.50 0.73 1.24 0.80 1.28 1.20 0.89 
Control Delay 206. 1 30.7 5.1 68.7 50.2 156.8 75.3 159.6 175.6 39.9 
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Total Delay 206.1 30.7 5.1 68.7 50.2 156.8 75.3 159.6 175.6 39.9 
Queue Length 50th (ft) -423 178 0 27 214 -439 91 -970 -115 447 
Queue Length 95th (ft) #547 232 44 53 278 #657 #155 #1061 #201 516 
Internal Link Dist (ft) 151 599 856 499 
Turn Bay Length (ft) 250 200 200 260 500 
Base Capacity (vph) 601 1292 673 141 767 429 286 2108 200 1968 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Reduced v/c Ratio 1.35 0.44 0.22 0.50 0.73 1.24 0.80 1.28 1.20 0.89 

ntiisection umma,y 
- Volume exceeds capacity, queue is theoretically infinite. 

Queue shown is maximum after two cycles. 
# 95th percentile volume exceeds capacity, queue may be longer. 

Queue shown is maximum after two cycles . 

• 

• Earth Tech Inc. Queues 



Timings 2034 AM BUILD REC.ALL 
1: THREE CHOPT RD & GASKINS RD 9/27/2005 

• -.4( 
~ ) }Jr"\ ' ( ' l' ' JI' 

Lane Group SEL SET SER NWL NWT NWR NEL NET SWL SWT 
Lane Configurations ~llj +t .,, ~llj t+ .,, 'jllj ttf+ ~llj ++f+ 
Volume (vph) 810 570 150 70 560 530 230 2570 240 1430 
Turn Type Prot Perm Prot Perm Prot Prot 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 2 6 
Detector Phases 5 2 2 1 6 6 3 8 7 4 
Minimum Initial (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 15.0 3.0 15.0 
Minimum Split (s) 7.0 8.5 8.5 7.0 8.5 8.5 7.0 20.5 7.0 20.5 
Total Split (s) 25.0 46.0 46.0 9.0 30.0 30.0 14.0 54.0 11.0 51.0 
Total Split(%) 20.8% 38.3% 38.3% 7.5% 25.0% 25.0% 11.7% 45.0% 9.2% 42.5% 
Yellow Time (s) 3.0 4.0 4.0 3.0 4.0 4.0 3.0 4.0 3.0 4.0 
All-Red Time (s) 1.0 1.5 1.5 1.0 1.5 1.5 1.0 1.5 1.0 1.5 
Lead/Lag Lag Lag Lag Lead Lead Lead Lag Lag Lead Lead 
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Recall Mode None None None None Min Min None None None None 

'Intersection Summa~ 
Cycle Length: 120 
Actuated Cycle Length: 120 
Natural Cycle: 120 
Control Type: Semi Act-Uncoord 

• Splits and Phases: 1: THREE CHOPT RD & GASKINS RD 

,... 01 ~ 02 ¥ 04 ' 03 
9s1 I 46s I I 51s f 114s I I 

'06 -..JI 
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• Earth Tech Inc. Timings 



HCM Signalized Intersection Capacity Analysis 2034 PM BUILD REC.ALL 
1: THREE CHOPT RD & GASKINS RD 9/27/2005 

• ....,, 
~ ) Jr"' ' ( ' ,If ~ ' JI 'k.J 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL: SWT SWR 
Lane Configurations "tlj~ tt .,, 1lj 1lj tt .,, "tlj"tlj ttf+ 'i'l ttt. 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.91 0.97 0.91 
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98 1.00 0.97 
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (prot) 3433 3539 1583 3433 3539 1583 3433 5004 3433 4.952 
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 
Satd. Flow (perm) 3433 3539 1583 3433 3539 1583 3433 5004 3433 4952 
Volume (vph) 290 590 290 180 680 240 240 1750 210 300 2730 580 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 290 590 290 180 680 240 240 1750 210 300 2730 580 
RTOR Reduction (vph) 0 0 67 0 0 190 0 10 0 0 24 0 
Lane Group Flow (vph) 290 590 223 180 680 50 240 1950 0 300 3286 0 
Turn Type Prat Perm Prat Perm Prat Prat 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 2 6 
Actuated Green, G (s) 10.0 25.8 25.8 8.7 24.5 24.5 8.0 69.9 16.6 78.5 
Effective Green, g (s) 10.0 27.3 27.3 8.7 26.0 26.0 8.0 71.4 16.6 80.0 
Actuated g/C Ratio 0.07 0.20 0.20 0.06 0.19 0.19 0.06 0.51 0.12 0.57 
Clearance Time (s) 4.0 5.5 5.5 4.0 5.5 5.5 4.0 5.5 4.0 5.5 

• Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 J.O 3.0 3.0 5.0 
Lane Grp Cap (vph) 245 690 309 213 657 294 196 2552 407 2830 
v/s Ratio Prat c0.08 0.17 0.05 c0.19 c0.07 0.39 0.09 c0.67 
v/s Ratio Perm 0.18 0.15 
vie Ratio 1.18 0.86 0.72 0.85 1.04 0.17 1.22 0.76 0.74 1.16 
Uniform Delay, d1 65.0 54.4 52.8 65.0 57.0 47.9 66.0 27.5 59.6 30.0 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 116.3 10. 1 8.1 25.2 44.5 0.3 137.8 1.4 6.8 76.9 
Delay (s) 181 .3 64.6 60.9 90.2 101.5 48.2 203.8 28.9 66.4 106 9 
Level of Service F E E F F D F C E F 
Approach Delay (s) 92.6 , 88.0 48.0 103.5 
Approach LOS F F D F 

Intersection Summary 
HCM Average Control Delay 84.7 HCM Level of Service F 
HCM Volume to Capacity ratio 1.15 
Actuated Cycle Length ( s) 140.0 Sum of lost time {s) 16.0 
Intersection Capacity Utilization 112.9% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



Queues 2034 PM BUILD REC.ALL 
1: THREE CHOPT RD & GASKINS RD 9/27/2005 

• '41 ~ i JI:"' ' ( ' /f ~ ~ ~ 
._..., 

lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Volume (vph) 290 590 290 180 680 240 240 1750 210 300 2730 580 
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Lane Group Flow (vph) 290 590 290 180 680 240 240 1960 0 300 3310 0 
v/c Ratio 1.18 0.86 0.77 0.85 1.04 0.50 1.22 0.77 0.74 1.16 
Control Delay 170.2 65.9 51.4 96.1 99.2 10.3 190.4 30.1 66.5 105.2 
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Total Delay 170.2 65.9 51.4 96.1 99.2 10.3 190.4 30.1 66.5 105.2 
Queue Length 50th (ft) -162 274 182 85 -349 5 -138 513 137 -1299 
Queue Length 95th (ft) #259 #350 #309 #160 #476 82 #227 589 186 #1370 
Internal Link Dist (ft) 151 599 856 499 
Turn Bay Length (ft) 250 200 260 500 
Base Capacity (vph} 245 705 382 213 657 484 196 2561 458 2854 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0 
Reduced vie Ratio 1.18 0.84 0.76 0.85 1.04 0.50 1.22 0.77 0.66 1.16 

Intersection Summary 
- Volume exceeds capacity, queue is theoretically infinite. 

Queue shown is maximum after two cycles. 
# 95th percentile volume exceeds capacity, queue may be longer. 

Queue shown is maximum after two cycles 

• 

• Earth Tech Inc. Queues 



Timings 2034 PM BUILD REC.ALL 
1: THREE CHOPT RD & GASKINS RD 9/27/2005 

• '-" ~ ; Jr'- ' ( ' ~ ' JJ! 
Lane Group SE[ SET SER NWL NWT NWR NEL NET SWL SWT 
Lane Configurations ~~ tt .,, 

~~ tt 1' 'tj~ ttl+ ~'\ ttf+ 
Volume (vph) 290 590 290 180 680 240 240 1750 300 2730 
Turn Type Prot Perm Prot Perm Prot Prot 
Protected Phases 5 2 1 6 3 8 7 4 
Permitted Phases 2 6 
Detector Phases 5 2 2 1 6 6 3 8 7 4 
Minimum Initial (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 15.0 3.0 15.0 
Minimum Split (s) 7.0 8.5 8.5 7.0 8.5 8.5 7.0 20.5 7.0 20.5 
Total Split (s) 14.0 32.0 32.0 12.0 30.0 30.0 12.0 73.0 23.0 84.0 
Total Split (%) 10.0% 22.9% 22.9% 8.6% 21.4% 21 .4% 8.6% 52.1% 16.4% 60.0% 
Yellow Time (s) 3.0 4.0 4.0 3.0 4.0 4.0 3.0 4 .0 3.0 4.0 
All-Red Time (s) 1.0 1.5 1.5 1.0 1.5 1.5 1.0 1.5 1.0 1.5 
Lead/Lag Lead Lead Lead Lag Lag Lag Lag Lag Lead Lead 
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Recall Mode None None None None Min Min None None None None 

Intersection Summa!}'. 
Cycle Length: 140 
Actuated Cycle Length: 140 
Natural Cycle: 140 
Control Type: Semi Act-Uncoord 

• Splits and Phases: 1: THREE CHO PT RD & GASKINS RD 

~ 02 Jr-- 01 JJf 04 ' 321 I 112, I Bh - I I 12s I 
-..JI 
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• Earth Tech Inc. Timings 



MA)(. DeS/GN 
HCM Signalized Intersection Capacity Analysis 2034 AM BUILD 
1: THREE CHO PT RD & GASKINS RD 7/19/2005 

• '4/( 
~ ) Jr' ' ( ~ ~ ..-.. '- J/ ._...., 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations ~~ ttt r' "i ttt 'f' '\' ttt r' "i"i tt+ r' 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 0.97 0.91 1.00 1.00 0.91 1.00 0.97 0.91 1.00 0.97 0.91 1.00 
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 1.00 0.95 · 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 3433 5085 1583 1770 5085 1583 3433 5085 1583 3433 5085 1583 
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 too 0.95 1.00 1.00 
Satd. Flow (perm) 3433 5085 1583 1770 5085 1583 3433 5085 1583 3433 5085 1583 
Volume (vph) 810 570 150 70 560 530 230 2570 120 240 1430 320 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph} 810 570 150 70 560 530 230 2570 120 240 1430 320 
RTOR Reduction (vph) 0 0 46 0 0 1 0 0 28 0 0 10 
Lane Group Flow (veh! 810 570 104 70 560 529 230 2570 92 240 1430 310 
Turn Type Prot pm+ov Prot pm+ov Prot pm+ov Prot pm+ov 
Protected Phases 5 2 3 1 6 7 3 8 1 7 4 5 
Permitted Phases 2 6 8 4 
Actuated Green, G (s) 28.5 33.2 47.6 9.8 14.5 37.5 14.4 63.5 73.3 23.0 72.1 100.6 
Effective Green, g (s) 30.0 34.7 49.1 11.3 16.0 39.0 14.4 65.0 76.3 23.0 73.6 103.6 
Actuated g/C Ratio 0.20 0.23 0.33 0.08 0.11 0.26 0.10 0.43 0.51 0.15 0.49 0.69 
Clearance Time (s) 5.5 5.5 4.0 5.5 5.5 4.0 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5 .0 3.0 • Lane Grp Cap (vph) 687 1176 560 133 542 412 330 2204 805 526 2495 1136 
VIS Ratio Prot c0.24 0. 11 0.03 0.04 0.11 c0.20 0.07 cD.51 0.01 0.07 0.28 0.06 
v/s Ratio Perm 0.07 0.14 0.06 0.15 
v/c Ratio 1.18 0.48 0.19 0.53 1.03 1.28 0.70 1.17 0.11 0.46 0.57 0.27 
Uniform Delay, d1 60.0 49.9 36.1 66.8 67.0 55.5 65.7 42.5 19.2 57.8 27.1 8.8 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 95.2 0.3 0.2 3.7 47.5 145.4 6.3 80.1 0.1 0.6 0.5 0.1 
Delay (s) 155.2 50.2 36.3 70.5 114.5 200.9 72.0 122.6 19.3 58.4 27.6 9.0 
Level of Service F D D E F F E F B E C A 
Approach Delay (s) 104.4 151.3 114.3 28.3 
Approach LOS F F F C 

Intersection Summa!}'. 
HCM Average Control Delay 95.5 HCM Level of Service F 
HCM Volume to Capacity ratio 1.20 
Actuated Cycle Length (s) 150.0 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 115.6% ICU Level of Service H 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc HCM Signalized Intersection Capacity Analysis 



MA~ 
Queues 2034 AM BUILD 
1: THREE CHOPT RD & GASKINS RD 7/19/2005 

• ~ ~ ) ""' ' ( ' I' ""' ' JI lt.J 

lane Groue SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Volume (vph) 810 570 150 70 560 530 230 2570 120 240 1430 320 
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Lane Group Flow (vph) 810 570 150 70 560 530 230 2570 120 240 1430 320 
v/c Ratio 1.18 0.48 0.25 0.53 1.03 1 29 0.70 1.17 0.14 0.46 0.57 0.28 
Control Delay 145.9 51.8 19.4 77.8 111.3 176.4 73.8 118.7 5.5 61.0 28.4 7.5 
Queue Delay 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Total Delay 145.9 51.9 19.4 77.8 111 .3 176.4 73.8 118.7 5.5 61.0 28.4 7.5 
Queue Length 50th (ft) -488 180 55 67 -214 -483 113 -1090 16 111 361 92 
Queue Length 95th (ft) #618 222 111 121 #300 #718 160 #1173 35 157 413 137 
Internal Link Dist (ft) 574 599 856 499 
Turn Bay Length (ft) 250 200 200 200 260 200 500 
Base Capacity (vph) 687 1176 615 145 542 412 362 2204 839 526 2495 1144 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 0 0 
Storage Cap Reductn 0 57 0 0 0 0 0 0 7 0 0 0 
Reduced v/c Ratio 1.18 0.51 0.24 0.48 1.03 1 29 0.64 1.17 0.14 0.46 0.57 0.28 

Intersection Summary 
- Volume exceeds capacity, queue 1s theoretically infinite. 

Queue shown is maximum after two cycles. 
# 95th percentile volume exceeds capacity, queue may be longer. 

Queue shown is maximum after two cycles . 

• 

• Earth Tech Inc. Queues 



MA)( 
Timings 2034 AM BUILD 
1: THREE CHOPT RD & GASKINS RD 7/19/2005 

• "' ~ ) Jr' ' r ~ JI ~ ' ;I ~ 

lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations ,~ +tt 'f' "i ttt .,, "i"i ttt 'f' ~llj ttt ., 
Volume (vph) 810 570 150 70 560 530 230 2570 120 240 1430 320 
Tum Type Prot pm+ov Prot pm+ov Prot pm+ov Prot pm+ov 
Protected Phases 5 2 3 1 6 7 3 8 1 7 4 5 
Permitted Phases 2 6 8 4 
Detector Phases 5 2 3 1 6 7 3 8 1 7 4 5 
Minimum Initial (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 15.0 3.0 3.0 15.0 3.0 
Minimum Split (s) 8.5 8.5 7.0 8.5 8.5 7.0 7.0 20.5 8.5 7.0 20.5 8.5 
Total Split (s) 34.0 37.6 20.0 16.4 20.0 27.0 20.0 69.0 16.4 27.0 76.0 34.0 
Total Split (%} 22.7% 25.1% 13.3% 10.9% 13.3% 18.0% 13.3% 46.0% 10.9% 18.0% 50.7% 22.7% 
Yellow Time (s) 4.0 4.0 3.0 4.0 4.0 3.0 3.0 4.0 4.0 3.0 4.0 4.0 
All-Red nme (s) 1.5 1.5 1.0 1.5 1.5 1.0 1.0 1.5 1.5 1.0 1.5 1.5 
Lead/Lag Lead Lag Lead Lead Lag Lag Lead Lead Lead Lag Lag Lead 
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Recall Mode Min None None Min Min None None None Min None None Min 

Intersection Summary 
Cycle Length: 150 
Actuated Cycle Length: 150 
Natural Cycle: 150 
Control Type: Actuated-Uncoordinated 

• Splits and Phases: 1: THREE CHOPT RD & GASKINS RD 

~1111 ~ e2 ~ Gl3 ;/ 1114 
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• Earth Tech Inc. Timings 



HCM Signalized Intersection Capacity Analysis 
,v1.4~. DESIGN 
2034 AM BUILD 

2: THREE CHOPT RD & COX RD 7/21/2005 

• '-'1( 
~ J Jr' ' ( ' J( ~ ' JI' ~ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations "i~ tt l' llj"j tt 'f' ~ tt '{' ~r"i tt .,, 
Ideal Flow {vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 0.97 0.95 1.00 0.97 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00 
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 3433 3539 1583 3433 3539 1583 1770 3539 1583 3433 3539 1583 
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 3433 3539 1583 3433 3539 1583 1770 3539 1583 3433 3539 1583 
Volume (vph) 660 740 40 200 220 430 30 1040 410 160 200 80 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 660 740 40 200 220 430 30 1040 410 160 200 80 
RTOR Reduction (vph) 0 0 27 0 0 5 0 0 107 0 0 0 
Lane Group Flow {vph) 660 740 13 200 220 425 30 1040 303 160 200 80 
Turn Type Prot pt+ov Prot pm+ov Prot pm+ov Prot pm+ov 
Protected Phases 1 6 63 5 2 7 3 8 5 7 4 1 
Permitted Phases 2 8 4 
Actuated Green, G (s) 17.1 20.7 26.6 84 12.0 25.7 5.9 24.2 32.6 13.7 32.0 49.1 
Effective Green, g (s) 18.6 22.7 30.1 9.9 14.0 29.2 7.4 26.2 36.1 15.2 34.0 52.6 
Actuated g/C Ratio 0.21 0.25 0.33 0.11 0.16 0.32 0 .08 0.29 0.40 0.17 0.38 0.58 
Clearance Time (s) 5.5 6.0 5.5 6.0 5.5 5.5 6.0 5.5 5.5 6.0 5.5 

• Vehicle Extension (s) 3.0 4.5 3.0 4.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
lane Grp Cap (vph) 709 893 529 378 551 514 146 1030 635 580 1337 925 
v/s Ratio Prot c0.19 c0.21 0.03 0.06 0.06 c0.14 0.02 c0.29 0.07 0.05 0.06 0.02 
v/s Ratio Perm 0.13 0.19 0.03 
v/c Ratio 0.93 0.83 0.03 0.53 0.40 0.83 0.2.1 1.01 0.48 0.28 0.15 0.09 
Uniform Delay, d1 35.1 31 .8 20.1 37.8 34.2 28.1 38.6 31 .9 20.0 32.6 18.5 8.2 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1 00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 18.9 7.0 0.0 1.3 0.8 10.5 0.7 30.4 0.6 0.3 0.1 0.0 
Delay (s) 54.0 38.8 20.1 39.2 35.0 38.6 39.3 62.3 20.5 32.9 18.5 8.2 
Level of Service D D C D D D D E C C B A 
Approach Delay (s) 45.2 37.8 50.3 21 .9 
Approach LOS D D D C 

lnteisection ummary 
HCM Average Control Delay 43.1 HCM Level of Service D 
HCM Volume to Capacity ratio 0.89 
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 12.0 
Intersection Capacity Utilization 84.2% ICU Level of Service E 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 
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Queues 2034 AM BUILD 
2: THREE CHOPT RD & COX RD 7/21/2005 

• '-'I ~ ) JI:'"' ' ( ~ ~ ~ ' JI' '1t.J 

LaneGroue SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Volume (vph) 660 740 40 200 220 430 30 1040 410 160 200 80 
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Lane Group Flow (vph) 660 740 40 200 220 430 30 1040 410 160 200 80 
v/c Ratio 0.92 0.82 0.07 0.52 0.40 0.82 0.18 1.04 0.56 0.27 0.15 0.08 
Control Delay 55.4 39.8 38 42.6 35.2 26.9 37.7 73.3 9.5 33.3 19.7 5.2 
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Total Delay 55.4 39.8 3.8 42.6 35.2 26.9 37.7 73.3 9.5 33.3 19.7 5.2 
Queue Length 50th (ft) 191 208 0 56 60 109 16 -345 47 40 40 10 
Queue Length 95th (ft) #313 #2.86 13 90 92 #183 42 #469 91 69 66 22 
Internal Link Dist (ft) 645 472 963 575 
Tum Bay Length (ft) 300 200 200 200 200 200 200 
Base Capacity (vph) 718 910 649 389 624 535 288 997 732 613 1356 952 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 0 0 
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0 0 0 
Reduced vie Ratio 0.92 0.81 0.06 0.51 0.35 0.80 0.10 1.04 0.56 0.26 0.15 0.08 

n rsection Summa!} 
- Volume exceeds capacity, queue is theoretically infinite. 

Queue shown is maximum after two cycles. 
# 95th percentile volume exceeds capacity, queue may be longer. 

Queue shown is maximum after two cycles . 

• 

• Earth Tech Inc. Queues 



• 

• 

• 

'" ..: 
• ,A ·'X 

" ' 1 .. 
Timings 2034 AM BUILD 
2: THREE CHOPT RD & COX RD 7/21/2005 

~ ~ ) Jr', ' ( ' JI ~ ' ~ 
~ 

Lane Groue SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations ~~ tt .,, ~~ tt 7' "i tt 7' "i~ tt 7' 
Volume (vph) 660 740 40 200 220 430 30 1040 410 160 200 80 
Turn Type Prat pt+ov Prot pm+ov Prot pm+ov Prat pm+ov 
Protected Phases 1 6 63 5 2 7 3 8 5 7 4 1 
Permitted Phases 2 8 4 
Detector Phases 1 6 63 5 2 7 3 8 5 7 4 1 
Minimum Initial (s) 3.0 12.0 3.0 8.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
Minimum Split (s) 9.5 20.0 9.5 20.0 20.0 20.0 20.0 9.5 20.0 20.0 9.5 
Total Split (s) 21.0 26.9 46.9 14.1 20.0 20.0 20.0 29.0 14.1 20.0 29.0 21.0 
Total Split (%) 23.3% 29.9% 52.1% 15.7% 22.2% 22.2% 22.2% 32.2% 15.7% 22.2% 32.2% 23.3% 
Yellow Time (s) 3.5 
All-Red Time (s} 2.0 
Lead/Lag Lag 
Lead-Lag Optimize? Yes 
Recall Mode None 

Intersection Summary 
Cycle Length: 90 
Actuated Cycle Length: 88.8 
Natural Cycle: 90 

4.0 
2.0 

Lead 
Yes 
Min 

Control Type: Actuated-.Uncoordinated 

3.5 
2.0 

Lag 
Yes 

None 

Splits and Phases: 2: THREE CHOPT RD & COX RD 

Earth Tech Inc. 

4.0 
2.0 

Lead 
Yes 
Min 

3.5 3.5 4.0 3.5 3.5 4.0 3.5 
2.0 2.0 2.0 2.0 2.0 2.0 2..0 

Lead Lead Lag Lag Lead Lag Lag 
Yes Yes Yes Yes Yes Yes Yes 

None None None None None None None 

Timings 



MA](. ,0€5lGN 
HCM Signalized Intersection Capacity Analysis 2034 PM BUILD 
1: THREE CH OPT RD & GASKINS RD 7/21/2005 

• ..._,, 
~ ~ Jr' ' ~ ' I' ~ ' " ~ Movement SEL SET SER NWL NWT NWR NEL NET NER SWL swr SWR 

Lane Configurations ~llj ttt f 1, ttt 1' ~~ ttt "I' llj~ ttt ,, 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 0.97 0.91 1.00 1.00 0.91 1.00 0.97 0.91 1.00 0.97 0.91 1.00 
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 1.00 0.95 1_00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 3433 5085 1583 1770 5085 1583 3433 5085 1583 3433 5085 1583 
Flt Permltted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 3433 5085 1583 1770 5085 1583 3433 5085 1583 3433 5085 1583 
Volume (vph) 290 590 290 180 680 240 240 1750 210 300 2730 580 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1 00 1.00 1.00 
Adj. Flow (vph) 290 590 290 180 680 240 240 1750 210 300 2730 580 
RTOR Reduction (vph) 0 0 13 0 0 5 0 0 12 0 0 2 
Lane Group Flow (vph) 290 590 277 180 680 235 .240 1750 198 300 2730 578 
Tum Type Prot pm+ov Prat pm+ov Prot pm+ov Prot pm+ov 
Protected Phases 5 2 3 1 6 7 3 8 1 7 4 5 
Permitted Phases 2 6 8 4 
Actuated Green. G (s) 9.0 12.5 19.5 10.0 13.5 26.4 7.0 45.6 55.6 12.9 51 .5 60.5 
Effective Green. g (s) 9.0 14.0 21.0 10.0 15.0 27.9 7.0 47.1 57.1 12.9 53.0 62.0 
Actuated g/C Ratio 0.09 0.14 0.21 0.10 0.15 0.28 0.07 0.47 0.57 0.13 0.53 0.62 
Clearance Time (s) 4.0 5.5 4.0 4.0 5.5 4.0 4.0 5.5 4.0 4.0 5.5 4.0 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3 .0 5.0 3.0 • Lane Grp Cap (vph) 309 712 332 177 763 442 240 2395 904 443 2695 981 
vis Ratio Prot 0.08 0.12 0.06 c0.10 c0.13 0.07 c0.07 0.34 0.02 0.09 c0.54 0.05 
vis Ratio Perm 0.12 0.08 0.11 0.31 
v/c Ratio 0.94 0.83 0.83 1.02 0.89 0.53 1.00 0.73 0.22 0.68 1.01 0.59 
Uniform Delay, d 1 45.2 41 .8 37.8 45.0 41 .7 30.5 46.5 21.3 10.5 41 .6 23.5 11.4 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 34.9 7.9 16.2 72. 1 12.7 1.2 58.1 1.2 0.1 4.1 20.6 0.9 
Delay (s) 80.1 49.7 54.0 117.1 54.4 31.7 104.6 22.5 10.6 45.6 44.1 12.3 
Level of Service F D D F D C F C B D D B 
Approach Delay (s) 58.3 59.7 30.3 39.1 -
Approach LOS E E C D 

ntersection Summ~ 
HCM Average Control Delay 42.3 HCM Level of Service D 
HCM Volume to Capacity ratio 0.96 
Actuated Cycle Length ( s) 100.0 Sum of lost time (s) 12.0 
Intersection Capacity Utilization 94.3% ICU Level of Service F 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



.MAx. 
Queues 2034 PM BUILD 
1: THREE CHOPT RD & GASKINS RD 7/21/2005 

• 'J ~ ~ Jr- ' ( ' I' ~ ' 
,/ lt.J 

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Volume (vph) 290 590 290 180 680 240 240 1750 210 300 2730 580 
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Lane Group Flow (vph) 290 590 290 180 680 240 240 1750 210 300 2730 580 
v/c Ratio 0.94 0.83 0 84 1.02 0.89 0.54 1.00 0.73 0.23 0.68 1.01 0.59 
Control Delay 84.2 53.0 46.8 118.5 57.1 23.4 106.2 23.8 5.3 47.8 44.8 10.8 
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Total Delay 84.2 53.0 46 8 118 5 57.1 23.4 106.2 23.8 5.3 47.8 44.8 10.8 
Queue Length 50th (ft) 96 135 127 -119 157 92 80 325 23 94 -632 107 
Queue Length 95th (ft) #177 #191 #235 #257 #225 149 #160 385 40 138 #768 204 
Internal Link Dist (ft) 574 599 856 499 
Turn Bay Length (ft) 250 200 200 200 260 200 500 
Base Capacity (vph) 309 712 346 177 763 459 240 2395 916 476 2695 983 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 0 0 
Storage Cap Reductn 0 0 0 0 0 0 0 0 11 0 0 0 
Reduced v/c Ratio 0.94 0.83 0.84 1.02 0.89 0.52 1 00 0.73 0.23 0.63 1.01 0.59 

Intersection Summary 
- Volume exceeds capacity, queue is theoretically infinite. 

Queue shown is maximum after two cycles. 
# 95th percentile volume exceeds capacity, queue may be longer. 

Queue shown is maximum after two cycles 

• 

• Earth Tech Inc. Queues 



.MAX· 
Timings 2034 PM BUILD 
1: THREE CHOPT RD & GASKINS RD 7/21/2005 

• -u( 
~ ) JI:"' ' ( ' J' ~ ~ ,t ~ 

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations "i"i ttt .,, ~ ttt ' "i'i ttt .,, 'i'i ttt .,, 
Volume (vph) 290 590 290 180 680 240 240 1750 210 300 2730 580 
Turn Type Prat pm+ov Prat pm+ov Prat pm+ov Prat pm+ov 
Protected Phases 5 2 3 1 6 7 3 8 1 7 4 5 
Permitted Phases 2 6 8 4 
Detector Phases 5 2 3 1 6 7 3 8 1 7 4 5 
Minimum Initial (s) 3.0 3.0 30 3.0 3.0 3.0 3.0 15.0 3.0 3.0 15.0 3.0 
Minimum Split (s) 7.0 8.5 7.0 7.0 8.5 7.0 7.0 20.5 7.0 7.0 20.5 7.0 
Total Split (s) 13.0 18.0 11.0 14.0 19.0 18.0 11.0 50.0 14.0 18.0 57.0 13.0 
Total Split(%) 13.0% 18.0% 11 .0% 14.0% 19.0% 18.0% 11 .0% 50.0% 14.0% 18.0% 57.0% 13.0% 
Yellow Time (s) 3.0 4.0 3.0 3.0 4.0 3.0 3.0 4.0 3.0 30 4.0 3.0 
All-Red Time (s) 1.0 1.5 1.0 1.0 1.5 1.0 1.0 1.5 1.0 1.0 1.5 1.0 
Lead/Lag Lag Lead Lead Lag Lead Lead Lead Lag Lag Lead Lag Lag 
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Recall Mode None None None None Min None None None None None None None 

Intersection Summa!}'. 
Cycle Length: 100 
Actuated Cycle Length· 100 
Natural Cycle: 100 
Control Type: Actuated-Uncoordinated 

• Splits and Phases: 1: THREE CHOPT RD & GASKINS RO 

~ 1!12 ~ 1!13 ,t a,4 

18i Sh 

'11:16 J" 11:18 

• Earth Tech Inc. Timings 



MAX- 0£SfGN 
HCM Signalized Intersection Capacity Analysis 2034 PM BUILD 
2: THREE CHOPT RD & COX RD 7/21/2005 

• ,u( 
~ ) JI:"' ' ( ' I' ~ ' JI' ~ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations "'i"'i tt 7' "'i"'i tt ., ., tt '(' "i"'i tt 1' 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Uti!. Factor 0.97 0.95 1.00 0.97 0.95 1_00 1.00 0.95 fOO 0.97 0.95 1.00 
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 3433 3539 1583 3433 3539 1583 1770 3539 1583 3433 3539 1583 
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (eerm) 3433 3539 1583 3433 3539 1583 1770 3539 1583 3433 3539 1583 
Volume (vph) 240 650 110 520 770 270 70 320 200 590 1070 390 
Peak-hour factor, PHF 1.00 1.00 1.00 1 00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 240 650 110 520 770 270 70 320 200 590 1070 390 
RTOR Reduction (vph) 0 0 7 0 0 81 0 0 19 0 0 0 
Lane ·Group Flow (vph) 240 650 103 520 770 189 70 320 181 590 1070 390 
Turn Type Prot pm+ov Prat pm+ov Prot pm+ov Prat pm+ov 
Protected Phases 1 6 7 5 2 3 7 4 5 3 8 1 
Permitted Phases 6 2 4 8 
Actuated Green, G (s) 13.8 19.8 28.9 14.0 20.0 42A 9.1 15.3 29.3 22.4 28.6 42.4 
Effective Green, g (s) 15.8 21.8 32.4 16.0 22.0 45.9 10.6 17.3 33.3 23.9 30.6 46.4 
Actuated g/C Ratio 0.17 0.23 0.34 0.17 0.23 0.48 0.11 0.18 0.35 0.25 0.32 0.49 
Clearance Time (s) 6.0 6.0 5.5 6.0 6.0 5.5 5.5 6.0 6.0 5.5 6.0 6.0 
Vehicle Extension (s) 4.5 4.5 3.0 4.5 4.5 3.0 3.0 4.5 4.5 3.0 4.5 4.5 

• Lane Grp Cap (vph) 571 812 540 578 820 831 197 644 622 864 1140 773 
v/s Ratio Prot 0.07 0.18 0.02 c0.15 c0.22 0.08 0.04 c0.09 0.05 0.17 c0.30 0.08 
v/s Ratio Perm 0.05 0.09 0.07 0.16 
v/c Ratio 0.42 0.80 0.19 0.90 0.94 0.23 0.36 0.50 0.29 0.68 0.94 0.50 
Uniform Delay, d 1 35.5 34.5 22.1 38.7 35.8 14.3 39.0 34.9 22.3 32.1 31.3 16.5 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1 00 1.00 1.00 
Incremental Delay, d2 0.9 6.3 0.2 17.5 18.5 0.1 1.1 1.0 0.4 2.2 14.5 0.9 
Delay (s) 36.4 · 40.9 22.2 .56.2 54.3 14.4 40.1 36.0 22.8 34.4 45.8 17.4 
Level of Service D D C E D B D D C C D B 
Approach Delay (s) 37.7 48.0 32.0 37.1 
Approach LOS D D C D 

nteisection Summa~ 
HCM Average Control Delay 39.9 HCM Level of Service D 
HCM Volume to Capacity ratio 0.84 
Actuated Cycle Length (s) 95.0 Sum of lost time (s) 12.0 
Intersection Capacity Utilization 79.6% ICU Level of Service D 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



MA'J<· 
Queues 2034 PM BUILD 
2: THREE CHOPT RD & COX RD 7/21/2005 

• ~ ~ ) JI:""' ' ( ~ ,,, 
~ ~ J/ 'tt.J 

lane Groue SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Volume (vph) 240 650 110 520 770 270 70 320 200 590 1070 390 
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Lane Group Flow (vph} 240 650 110 520 770 270 70 320 200 590 1070 390 
vie Ratio 0.42 0.80 0.20 0.90 0.94 0.30 0.36 0.50 0.31 0.68 0.94 0.50 
Control Delay 38.6 43.4 11.4 59.7 57.0 6.5 41.4 36.6 18.2 37.3 48.0 11.5 
Queue Delay 0.0 0.0 0.0 0.0 37.0 0.5 0.0 0.0 0.0 4.0 25.1 0.0 
Total Delay 38.6 43.4 11.4 59.7 94.0 7.0 41.4 36.6 18.2 41.3 73.1 11.5 
Queue Length 50th (ft) 67 195 24 160 242 33 40 92 69 166 328 86 
Queue Length 95th (ft) 110 #296 49 #272 #386 86 83 134 122 239 #486 132 
Internal Link Dist (ft) 645 472 963 575 
Turn Bay Length (ft) 300 200 200 200 200 200 
Base Capacity (vph) 577 818 603 578 820 907 282 781 639 866 1140 775 
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 0 0 
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 0 0 
Storage Cap Reductn 0 0 0 0 108 309 0 0 0 194 122 0 
Reduced v/c Ratio 0.42 0.79 0.18 0.90 1.08 0.45 0.25 0.41 0.31 0.88 1.05 0.50 

Intersection Summa~ 

# 95th percentile volume exceeds capacity, queue may be longer. 
Queue shown is maximum after two cycles . 

• 

• Earth Tech Inc. Queues 



MAX. 
Timings 2034 PM BUILD 
2: THREE CHOPT RD & COX RD 7/21/2005 

• ~ ~ ) Jr" ' ( ' I' ~ ' JI' ~ 

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations ~., tt .,, 'i~ tt 7' ~ tt "f' 'i'i tt 7' 
Volume (vph) 240 650 110 520 770 270 70 320 200 590 1070 390 
Turn Type Prot pm+ov Prot pm+ov Prot pm+ov Prat pm+ov 
Protected Phases 1 6 7 5 2 3 7 4 5 3 8 1 
Permitted Phases 6 2 4 8 
Detector Phases 1 6 7 5 2 3 7 4 5 3 8 1 
Minimum Initial (s) 12.0 12.0 3.0 8.0 8.0 3.0 3.0 8.0 8.0 3.0 12.0 12.0 
Minimum Split (s) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 
Total Split (s) 20.0 26.0 20.0 20.0 26.0 28.0 20.0 26.0 20.0 28.0 34.0 20.0 
Total Split(%) 20.0% 26.0% 20.0% 20.0% 26.0% 28.0% 20.0% 26.0% 20.0% 28.0% 34.0% 20.0% 
Yellow Time (s) 4.0 4.0 3.5 4.0 4.0 3.5 3.5 4.0 4.0 3.5 4.0 4.0 
All-Red Time (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
Lead/Lag Lag Lead Lead Lag Lead Lag Lead Lead Lag Lag Lag Lag 
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Recall Mode Min Min None Min Min None None Min Min None Min Min 

ntersection Summa~ 
Cycle Length: 100 
Actuated Cycle Length: 95.1 
Natural Cycle: 1 00 
Control Type: Actuated-Uncoordinated 

• Splits and Phases: 

' 1!12 "03 
26• 28s 

~ 1116 
;t' 

1118 
s 34 

• Earth Tech Inc. Timings 



ULTRA 
HCM Signalized Intersection Capacity Analysis 2034 AM BUILD 
1: THREE CHOPT RD & GASKINS RD 712612005 

• ~ ~ J Jr', ' ( ' I' ~ ' JI' ~ 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations "'i"'i tttt 7' "'i tttt .,, "'i"'i tffft ., "'i"'i ttttt ,, 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 0.97 0.86 1.00 1.00 0.86 1.00 0.97 0.81 1.00 0.97 0,81 1.00 
Frt 1.00 1.00 0.85 1.00 1.00 0 85 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (pro!) 3433 6408 1583 1770 6408 1583 3433 7544 1583 3433 7544 1583 
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (eerm) 3433 6408 1583 1770 6408 1583 3433 7544 1583 3433 7544 1583 
Volume (vph) 810 570 150 70 560 530 230 2570 120 240 1430 320 
Peak-hour factor. PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 810 570 150 70 560 530 230 2570 ' ' 120 240 1430 320 
RTOR Reduction (vph) 0 0 51 0 0 2 0 0 56 0 0 13 
Lane Graue Flow (vph) 810 570 99 70 560 528 230 2570 64 240 1430 307 
Turn Type Prot pm+ov Prot pm+ov Prat prn+ov Prot prn+ov 
Protected Phases 5 2 3 1 6 7 3 8 1 7 4 5 
Permitted Phases 2 6 8 4 
Actuated Green, G (s) 24.2 25,5 36.8 7.9 9.2 30.2 11.3 35.1 43.0 21.0 44.8 69.0 
Effective Green, g (s) 25.7 27.0 38.3 9.4 10.7 31.7 11.3 36.6 46.0 21 .0 46.3 72.0 
Actuated g/C Ratio 0.23 0.25 0.35 0.09 0.10 0.29 0.10 0.33 0.42 0.19 0.42 0.65 
Clearance Time (s) 5.5 5.5 4.0 5.5 5.5 4.0 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 3.0 

• Lane Grp Cap (vph) 802 1573 609 151 623 456 353 2510 662 655 3175 1094 
vis Ratio Prot c0.24 0.09 0.03 0.04 0.09 c0.22 0.07 c0.34 0.02 0.07 0.19 0.07 
vis Ratio Perm 0.07 0.11 0.06 0.13 
vie Ratio 1 01 0.36 0.16 0.46 0.90 1.16 0.65 1.02 0.10 0.37 0.45 0.28 
Uniform Delay, d1 42.1 34.4 24.8 47.9 49.1 39.1 47.5 36.7 19.4 38.7 22.8 8.0 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 34.3 0.1 0.1 2.2 15.7 93.0 4.3 24.3 0.1 0.3 0.2 0.1 
Delay (s) 76.4 34.5 24.9 50.1 64.8 132.2 51.7 61 .0 19.5 39.1 23.0 8.2 
Level of Service E C C D E F D E B D C A 
Approach Delay (s) 55.8 94.7 58.6 22.5 
Approach LOS E F E C 

JntersectiOn Summary 
HCM Average Control Delay 54.1 HCM Level of Service D 
HCM Volume to Capacity ratio 1.07 
Actuated Cycle Length ( s) 110.0 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 95.7% ICU Level of Service F 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



VLTAA 
HCM Signalized Intersection Capacity Analysis 2034 AM BUILD 
1: THREE CH OPT RD & GASKINS RD 7/26/2005 

• Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations ~l'j t+t .,, "\ ttt .,, "\"i mt .,, ,,, tttt '{' 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time ( s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 0.97 0.91 1.00 1.00 0.91 1.00 0.97 0.86 1.00 0.97 0.86 1.00 
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 3433 5085 1583 1770 5085 1583 3433 6408 1583 3433 6408 1583 
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 3433 5085 1583 1770 5085 1583 3433 6408 1583 3433 6408 1583 
Volume (vph} 810 570 150 70 560 530 230 2570 120 240 1430 320 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 810 570 150 70 560 530 230 2570 120 240 1430 320 
RTOR Reduction (vph) 0 0 47 0 0 1 0 0 44 0 0 12 
Lane Group Flow (vph) 810 570 103 70 560 529 230 2570 76 240 1430 308 
Turn Type Prot pm+ov Prot pm+ov Prot pm+ov Prot pm+ov 
Protected Phases 5 2 3 1 6 7 3 8 1 7 . 4 5 
Permitted Phases 2 6 8 4 
Actualed Green, G (s) 24.5 28.8 40:9 8.2 12.5 32.5 12.1 42.5 50.7 20.0 50.4 74.9 
Effective Green, g (s} 26.0 30.3 42.4 9.7 14.0 34.0 12.1 44.0 53.7 20.0 51 .9 77.9 
Actuated g/C Ratio 0.22 0.25 0.35 0.08 0.12 0.28 0.10 0.37 0.45 0.17 0.43 0.65 
Clearance Time (s) 5.5 5.5 4.0 5.5 5.5 4.0 4.0 5.5 5.5 4.0 5.5 5.5 
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 3.0 

• Lane Grp Cap (vph) 744 1284 612 143 593 449 346 2350 708 572 2771 1080 
vis Ratio Prot c0.24 0.11 0.02 0.04 0.11 c0.20 0.07 c0.40 0.01 0.07 0.22 0.06 
v/s Ratio Perm 0.07 0.14 0.06 0.14 
v/c Ratio 1.09 0.44 0.17 0.49 0.94 1.18 0.66 1.09 0.11 0.42 0.52 0.29 
Uniform Delay, d1 47.0 37.8 26.7 52.8 52.6 43.0 52.0 38.0 19.2 44.8 24.9 9.1 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 59.8 0.2 0.1 2.6 23.9 100.8 4.8 49.7 0.1 0.5 0.3 0.1 
Delay (s) 106.8 38.0 26.8 55.4 76.5 143.8 56.8 87.7 19.3 45.3 25.2 9.2 
Level of Service F D C E E F E F B D C A 
Approach Delay (s) 73.3 106.0 82.5 25.1 
Approach LOS E F F C 

In ersection Summa!): 
HCM Average Control Delay 69.2 HCM Level of Service E 
HCM Volume to Capacity ratio 1.12 
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 103.2% ICU Level of Service G 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



VL,RA 
HCM Signalized Intersection Capacity Analysis 2034 AM BUILD 
2: THREE CHOPT RD & COX RD 7/26/2005 

• 'U( 
~ ) Jc"" ' ( ~ J' nl ' Ji( lt;.J 

~ovement SEL S£T SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations ~~ tt .,, 

~~ tt .,, ~ ttt .,, 'flllj ttt .,, 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 0.97 0.95 1.00 0.97 0.95 1.00 1.00 0.91 1.00 0.97 0.91 1.00 
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 1.00 0,95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 3433 3539 1583 3433 3539 1583 1770 5085 1583 3433 5085 1583 
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 3433 3539 1583 3433 3539 1583 1770 5085 1583 3433 5085 1583 
Volume (vph) 660 740 40 200 220 430 30 1040 410 160 200 80 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 660 740 40 200 220 430 30 1040 410 190 200 ·so 
RTOR Reduction (vph) 0 0 26 0 0 4 0 0 132 0 0 0 
Lane Group Flow (vph) 660 740 14 200 220 426 30 1040 278 160 200 80 
Turn Type Prot pt+ov Prot pm+ov Prot pm+ov Prot pm+ov 
Protected Phases 1 6 63 5 2 7 3 8 5 7 4 1 
Permitted Phases 2 8 4 
Actuated Green, G (s) 14.2 19.1 23.5 8.3 13.2 23.3 4.4 16.4 24.7 10.1 22.1 36.3 
Effective Green, g (s) 15.7 21.1 27.0 9.8 15.2 26.8 5.9 18.4 28.2 11.6 24.1 39.8 
Actuated g/C Ratio 0.20 0.27 0.35 0.13 0.20 0.35 0.08 0.24 0.37 0.15 0.31 0.52 
Clearance Time (s) 5:5 6.0 5.5 6.0 5.5 5.5 6.0 5.5 5.5 6.0 5.5 
Vehicle Extension (s) 3.0 4.5 - 3. 0 4.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

• Lane Grp Cap (vph) 701 971 556 437 700 634 136 1217 581 518 1594 902 
v/s Ratio Prot c0.19 c0.21 0.03 0.06 0.06 c0.10 0.02 c0.20 0.09 0.05 0.04 0.02 
v/s Ratio Perm 0.17 0.17 0.03 
v/c Ratio 0.94 0.76 0.03 0.46 0.31 0.67 0.22 0.85 0.48 0.31 0.13 0.09 
Uniform Delay, d 1 30.1 25.6 16.3 31.1 26.4 21.3 33.3 28.0 18.7 29.1 18.9 9.4 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 · 1.00 1.00 
Incremental Delay, d2 20.8 4.0 0.0 0.8 0.4 2.8 0.8 6.0 0.6 0.3 0.0 0.0 
Delay (s) 51.0 29.6 16.4 31.8 26.8 24.1 34.2 34.0 19.3 29.4 18.9 9.4 
Level of Service D C B C C C C C B C B A 
Approach Delay (s) 39.1 26.6 29.9 21.0 
Approach LOS D C C C 

nterseclion-Summa!l 
HCM Average Control Delay 31.5 HCM Level of Service C 
HCM Volume to Capacity ratio 0.76 
Actuated Cycle Length (s) 76.9 Sum of lost time (s) 8.0 
Intersection Capacity Utilization 75.5% ICU Level of Service D 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



ULTRA 
HCM Signalized Intersection Capacity Analysis 2034 PM BUILD 
1: THREE CHOPT RD & GASKINS RD 7/26/2005 

• \.JI ~ ; }/ft"" ' ( ' ,Jf ~ ' 
,/ ~ 

ovement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations "i"i ttt '(' "i ttt (' "i"i tttt '(' "i"i ttft '(' 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time ( s) 4.0 4 .0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lane Util. Factor 0.97 0.91 1.00 1.00 0.91 1.00 0.97 0.86 1.00 0.97 0.86 1.00 
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 3433 5085 1583 1770 5085 1583 3433 6408 1583 3433 6408 1583 
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 3433 5085 1583 1770 5085 1583 3433 6408 1583 3433 6408 1583 
Volume (vph) .. 290 590 290 180 680 240 240 1750 210 300 2730 580 
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 290 590 290 180 680 240 240 1750 . 210 300 2730 580 
RTOR Reduction (vph) 0 0 39 0 0 18 0 0 13 0 0 5 
Lane Group Flow (vph) 290 590 251 180 680 222 240 1750 197 300 2730 575 
Turn Type Prot pm+ov Prot prn+ov Prot pn;+ov Prot pm+ov 
Protected Phases 5 2 3 1 6 7 3 8 1 7 4 5 
Permitted Phases 2 6 8 4 
Actuated Green, G (s) 16.6 18.0 28.9 15.3 16.7 38.8 10.9 43.3 58.6 22.1 54.5 71.1 
Effective Green, g (s) 16.6 19.5 30.4 15.3 18.2 40.3 10.9 44.8 60.1 22.1 56.0 72.6 
Actuated g/C Ratio 0.14 0.17 0.26 0.13 0.15 0.34 0.09 0.38 0.51 0.19 0.48 0.62 
Clearance Time (s) 4.0 5.5 4.0 4.0 5.5 4.0 4.0 5.5 4.0 4.0 5.5 4.0 
Vehicle Extension (s} 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 3.0 

• Lane Grp Cap (vph) 484 842 409 230 786 542 318 2439 808 645 3049 976 
v/s Ratio Prot 0.08 0.12 0.07 c0.10 c0.13 0.08 c0.07 0.27 0.03 0.09 c0.43 0.08 
v/s Ratio Perm 0.12 0.07 0.10 0.28 
v/c Ratio 0.60 0.70 0.61 0.78 0.87 0.41 0.75 0.72 0.24 0.47 0.90 0.59 
Uniform Delay, d 1 47.4 46.3 38.5 49.6 48.6 29.6 52.1 31.1 16.1 42.5 28.2 13.6 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 2.0 2.7 2.7 15.8 9.8 0.5 9.8 1.0 0.2 0.5 4.1 0.9 
Delay (s} 49.4 49.0 41.2 65.4 58.4 30.1 61.9 32.1 16.3 43.1 32.3 14.5 
Level of Service D D D E E C E C B D C B 
Approach Delay ( s) 47.2 53.4 33.8 30.3 
Approach LOS D D C C 

n rsection Summary 
HCM Average Control Delay 36.9 HCM Level of Service D 
HCM Volume to Capacity ratio 0.85 
Actuated Cycle Length (s) 117.7 Sum of lost time (s) 16.0 
Intersection Capacity Utilization 81.2% ICU Level of Service D 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 



ULTRA 
HCM Signalized Intersection Capacity Analysis 2034 PM BUILD 
2: THREE CHOPT RD & COX RD 7/26/2005 

• -.JI )l ) )/I:"' ' ~ ' J' ~ ' " '1t.J 

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR 
Lane Configurations 'f 'i tt 7' ,~ tt ' ~ ttt ,, ~~ ttt .,, 
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 
Total Lost time ( s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
lane Util. Factor 0.97 0.95 1.00 0.97 0.95 1.00 1.00 0.91 1.00 0.97 0.91 1.00 
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (prot) 3433 3539 1583 3433 3539 1583 1770 5085 1583 3433 5085 1583 
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 
Satd. Flow (perm) 3433 3539 1583 3433 3539 1583 1770 5085 1583 3433 5085 1583 
Volume (vph} 240 650 110 520 770 270 70 320 200 590 1070 390 
Peak-hour factor. PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adj. Flow (vph) 240 650 110 520 770 270 70 320 200 590 1070 390 
RTOR Reduction (vph) 0 0 6 0 0 83 0 0 17 0 0 0 
Lane Group Flow (vph) 240 650 104 520 770 187 70 320 183 590 1070 390 
Turn Type Prot pm+ov Prot pm+ov Prot pm+ov Prot pm+ov 
Protected Phases 1 6 7 5 2 3 7 4 5 3 8 1 
Permitted Phases 6 2 4 8 
Actuated Green, G (s) 13.6 19.2 28.2 14.4 20.0 37.3 9.0 12.2 26.6 17.3 20.5 34.1 
Effective Green, g (s) 15.6 21 .2 31.7 16.4 22.0 40.8 10.5 14.2 30.6 18.8 22.5 38.1 
Actuated g/C Ratio 0.18 0.24 0.37 0.19 0.25 0.47 0.12 0.16 0.35 0.22 0.26 0.44 
Clearance Time (s) 6.0 6.0 5.5 6.0 6.0 5.5 5.5 6.0 6.0 5.5 6.0 6.0 
Vehicle Extension (s~ 4.5 4.5 3.0 4.5 4.5 3.0 3.0 4.5 4.5 3.0 4.5 4.5 

• Lane Grp Cap (vph) 618 866 653 650 899 819 215 834 632 745 1321 770 
v/s Ratio Prot 0.07 0.18 0.02 c0.15 c0.22 0.07 0.04 0.06 0.06 c0.17 c0.21 0.09 
vis Ratio Perm 0.05 0.10 0.07 0.16 
v/c Ratio 0.39 0.75 0.16 0.80 0.86 0.23 0.33 0.38 0.29 0.79 0.81 0.51 
Uniform Delay, d1 31.3 30.3 18.5 33.5 30.8 13.6 34.8 32.3 20.2 32.1 30.0 17.5 
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Incremental Delay, d2 0.7 4.2 0.1 7.8 8.6 0.1 0.9 0.5 0.4 5.8 4.2 0.9 
Delay (s) 32.0 34.4 18.6 41 .3 39.4 13.7 35.7 32.8 20.6 37.8 34.3 18.4 
Level of Service C C B D D B D C C D C B 
Approach Delay (s) 32.1 35.6 29.0 32.3 
Approach LOS C D C C 

ntersection Summa!}'. 
HCM Average Control Delay 32.9 HCM Level of Service C 
HCM Volume to Capacity ratio 0.77 
Actuated Cycle Length (s) 86.6 Sum of lost time (s) 8.0 
Intersection Capacity Utilization 70.7% ICU Level of Service C 
Analysis Period (min) 15 
C Critical Lane Group 

• Earth Tech Inc. HCM Signalized Intersection Capacity Analysis 




