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Abstract

This is an analysis of the westbound traffic on the 4.46-mile San Francisco-Oakland Bay Bridge
(SFOBB). In this direction vehicles are tolled and metering lights regulate their entry to the bridge.
About 132,000 vehicles use the bridge in this direction every weekday. The analysis is based on data for
May 2015 and May 2016 obtained from toll counts, metering rate logs, eight vehicle detector stations,
and video. Vehicle speed over the bridge is unstable in time and space from 8AM to 8PM. Five patterns
of traffic are identified during 5AM-12PM. There are additional distance patterns during 12PM-8PM.
(Traffic flows freely between 8PM and 5AM.) Although its volume was unchanged from 2015 to 2016,
traffic conditions worsened significantly. Instability during 5AM-12PM is caused by identifiable condi-
tions at the entrance of the bridge and it could be ameliorated by proper operation of the HOV lanes and
metering lights. Instability is also caused by recurrent bottlenecks occurring west of the Yerba Buena is-
land, half way across the bridge. As there are no detectors on the western portion of the bridge however,
it is not possible to determine where or how these bottlenecks occur. Traffic flow declines every day by
20 percent from a high of 10,000 vph around 6AM to 8,000 vph by 12PM. The 20 percent efficiency
drop amounts to a loss of one of the bridge’s five lanes. This under-utilization of the bridge is expensive,
in terms of travel time and given that the eastern span cost more than $6.5B. The metering light system
(including the control algorithms) is scheduled for replacement. It would be prudent to install detectors
in the western span before that, so that the bottlenecks can be pinpointed and traffic measurements on
the western span can be incorporated in the design of the metering algorithms. The state of the vehicle
detection system is abysmal for such an expensive facility.

1 Geometry of the Westbound Bay Bridge Entrance

Figure 1 is an aerial view of the westbound entrance to the SFOBB. Vehicles enter the toll plaza (top right)
from three freeways (I-80, I-580, I-880). There are 16 tollbooths, numbered 3 to 18, arranged as in Figure
2, for Fastrak and Cash vehicles, and four lanes, numbered 1-2 and 19-20, for HOV(3+) vehicles during
commute hours, 5AM-10AM, 3PM-7PM. Fastrak and HOV vehicles must have an electronic toll tag; they
can use the Cash lanes. Upon exiting the 18 tollbooths, the vehicles join a queue at one of 12 metering
gates. The metering rate is manually set by an operator, based on CCTV views of the toll area and the base
of the bridge. After leaving the metering gates, the vehicles merge on to the five lanes of the bridge proper.
As explained later, the numbers in italics in Figure 2 are the number of vehicles per tollbooth per hour that
leave a Cash or Fastrak booth or the number that enter a particular metering gate during 4AM-10AM. For
example, on average 582 vehicles per hour leave from each of two Fastrak booths 17-18; 388 vehicles enter
each of three metering gates 10-12; and 604 HOV vehicles enter lane 5 of the bridge.

1



Figure 1: Bay Bridge Entrance.

HOV vehicles do not stop at the metering gates. The HOV lanes are activated on weekdays 5AM-10AM,
3PM-7PM. The California Department of Transportation (Caltrans) goal is to keep HOV violation rate below
10 percent. As congestion on the Bay Bridge increases, so do violation rates. An informal survey found
violation rates between 18 and 41 percent between 8:15 and 9:45AM (Cabanatuan and Sernoffsky).

In summary, vehicles pass through three screens or filters before entering the bridge, namely tollbooths,
metering gates, and entrance to the bridge. A fourth filter, caused by recurrent bottlenecks west of Yerba
Buena island, reduces the bridge capacity. These filters determine the performance of the bridge. We
evaluate three performance metrics: throughput of HOV and non-HOV vehicles; and delay faced by Fastrak
and Cash vehicles. These metrics will clarify the tradeoffs between different vehicle classes.

We now study the four filters in the following order: tollbooths, metering gates, bridge entrance, and bottle-
necks.

2 Tollbooths

The tollbooths collect tolls and separate the incoming vehicles into three streams, HOV, Fastrak, and Cash,
for differential treatment. Service differentiation occurs at the tollbooths, metering gates, and the bridge
entrance. HOV vehicles get the best treatment for they pay a smaller toll and do not stop at the metering
gates. Fastrak and Cash vehicles must stop. Fastrak vehicles can access 8 metering gates whereas Cash
vehicles may use only 4 gates. Lastly, Fastrak and Cash vehicles can enter the bridge through the three
middle lanes (2-4), while HOV vehicles can enter through two lanes, 1 and 5 (see Figure 2).

Both Fastrak and Cash vehicles face separate queuing delays at the tollbooths and at the metering gates.
Sometimes the queue at the metering gates extends and blocks the tollbooths, but the operator makes sure
this is infrequent. So we may assume that the delays at the two queues are independent. The delay at a
tollbooth is determined by the rate of vehicles arriving at the booth and the service time, i.e. the checkout
time in the booth, which is of course greater for Cash vehicles. Tollbooth counts from May 17-19, 2016
show that the average number of vehicles served by the 9 Cash booths between 4AM and 10AM was 177
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Figure 2: Arrangement of the tollbooths and metering gates.

vehicles/booth/hour, and those served by the 7 Fastrak booths was 582 vehicles/booth/hour (see Figure 2).
Tollbooth hourly count data from Caltrans is reproduced as Appendix A. We also use 15-min total tollbooth
count data from the National Data & Surveying Services (NDS) in Figure 3.

We separately estimate delays for queues of Cash and Fastrak vehicles. In both cases we model the queue
as a M/D/1 queue, with arrival rate λ and service rate µ vehicles per hour. We pick two values for the arrival
rates, namely 582 Fastrak and 177 Cash vehicles per hour (see Figure 2). We have no direct empirical
measurements of service rates and we will use rough proxies. (We know these proxies are crude: e.g. the
estimate of 177 vph for Cash vehicles is confounded by the effect of queue backup from the metering gates.)

The tollbooth queues sometimes extend from the toll plaza to the MacArthur maze, a distance of 6,000 feet
or 240 vehicle lengths. If these vehicles fill up two lanes (480 vehicles) that are shared among 12 tollbooth
queues, we arrive at an average queue length of 40 vehicles. Most of the time the queue would be half as
long or 20 vehicles.

The average length Q of an M/D/1 queue with arrival and service rates λ,µ is

Q =
1
2
( ρ2

1−ρ

)
, (1)
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in which ρ = λ/µ is the utilization. The waiting time W for a vehicle in the queue is

W =
ρ

2µ(1−ρ)
. (2)

Using Q = 20(40) in (1) gives ρ = 0.975(0.99). Since we have estimated λ = 582 or 177, we can obtain the
service rate µ and waiting time W . We collect these numbers in Table 1. The units in the table are vehicles

Q v ρ λ vph µ vph W s
Fastrak 20, 40 0.975, 0.99 582 597, 588 124, 248
Cash 20, 40 0.975, 0.99 177 181,179 406, 812

Table 1: Queues, utiliization, and waiting time at tollbooth.

(v), vehicles per hour (vph), and seconds (s). According to our approximate estimates a Fastrak vehicle goes
through a booth every 3600/582 or 6s vs 3600/177 or 20s for a Cash vehicle. A Fastrak vehicle spends 124
to 248s in a tollbooth queue, while a Cash vehicle spends 406 to 812s in queue.

The utilization ρ = 0.975 to 0.99 is so high that the tollbooth queue is unstable for all practical purposes.
This means that the waiting time at the tollbooth will fluctuate widely in response to small fluctuations
in demand. Certainly conversion of more Cash vehicles to Fastrak will reduce the delay by a factor of 3
according to our approximate model.

Lastly, in these calculations we have taken arrival rates of 582 and 177 which are averaged across all toll-
booths. We can see from Appendix A that the arrival rates vary significantly, and hence so will the waiting
times.

3 Metering gates

To estimate the waiting time at the metering gates we use the same formulas (1)-(2). We have estimates of
the arrival rate for each gate, as shown in Figure 2. For the service rate we use the metering logs, which
is a record of the manual adjustments made by the operator. The log for May 18, 2016 is reproduced as
Appendix B. The first column of the table gives the time at which the metering rate is changed: metering
starts at 5:31 and the rate is changed at 5:34, 6:00, and so on. The second column says that the rate is fixed
by the operator, in contrast with being automatically selected by an algorithm. The third column is the rate
in vehicles per min (vpm), which is the throughput for all lanes, including the HOV lanes. Thus the rate is
set at 60 vpm or 3,600 vph at 5:31 and at 5:34 it is increased to 180 vpm or 10,800 vph.

The operator also selects a table, which specifies the relative rate between Fastrak and Cash vehicle metering
gates. For example table 21 corresponds to 9:5, which means that while Fastrak vehicles get 9 greens, Cash
vehicles get 5 greens per lane.

Consider the period 7AM-8AM on May 17, 2016. From A we see that vehicle demand is

HOV = 3735, Fastrak = 3577, Cash = 1466,

so the total non-HOV demand is 3577 + 1466 = 5043 vehicles.

From the metering log in Appendix B we see that the total metering rate is 150 vpm or 9000 vph. Since HOV
vehicles are not metered but included in the metering rate, this leaves a residual ‘metering supply’ of 9000-
3735 = 5265 Fastrak + Cash vehicles. These vehicles are treated differently. From the metering log we know
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that the operator is applying metering table 21 for this hour. This means that for every 9 greens allocated
to each Fastrak lane, 5 greens are allocated to each Cash lane. Since there are 8 Fastrak lanes and 4 Cash
lanes, we calculate that of the residual metering supply is allocated in the proportion 8×9 : 4×5 = 72 : 20.
So from the residual supply of 5265 vehicles, 4120 are allocated to Fastrak and 1144 are allocated to Cash
vehicles, compared to the demand from 3577 Fastrak and 1466 Cash vehicles.

Since the demand (1466) from Cash vehicles exceeds the number (1144) allocated by the metering rate, the
queue at the Cash metering gates will be unstable; it will block the tollbooth and reduce the demand from
Cash vehicles.

To reach a rough estimate of the behavior of the queue at the metering gates, we simply take the total arrival
of Fastrak + Cash vehicles at each of the 12 metering gates as λ = 5043/12 = 420.25 and the total supply
or service rate as µ = 5265/12 = 438.75, and use them in (1)-(2) to obtain the utilization ρ, queue length Q
and waiting time W in queue:

ρ = 0.96, Q = 10.9v, W = 93s.

The high utilization of 0.96 means that the queues at the metering gates are unstable. It is likely that they
back up into the tollbooths. The current metering rate mechanism gives the same service rate for every
Fastrak gate and for every Cash gate. (However, as explained above, the metering rates are in fact different.)
Since the arrival rates into these gates are not the same, they will end up with different queue lengths and
waiting times. Better service would be provided if the metering rate at each gate was separately controllable
(as is planned in the upgrade) and automatically adjusted. For an effective automatic procedure, it would be
essential to measure the queue length at each gate. Such queue length detectors are not currently installed,
but they should be installed as part of the upgrade of the metering light system.

As we have noted the queues at the tollbooths and the metering gates are unstable. Moreover, since the
operator cannot control the rates of individual metering gates and has no quantitative information about the
various queue lengths, it is difficult to satisfactorily adjust the metering rates. Figure 3 plots the metering
rates and tollbooth counts for May 17-19, 2016. We can conjecture how the operator sets the metering

Figure 3: Plots of total tollbooth count and metering rate for three days.

rate. Say that the rate is tight if it is close to the tollbooth counts and say it is loose if the metering rate
is considerably bigger. When the rate is tight, more Cash+Fastrak vehicles are held back at the gates, the
metering area fills up and begins to block the tollbooths. When the metering rate is permissive, more vehicles
are allowed to enter the bridge through the middle lanes 2,3,4, emptying out the metering area but creating
congestion in the merge area (see Figure 2). Thus from Figure 4 it would appear from the high occupancy
near 10AM on May 18, 19 prompted the operator to tighten the rate near 10AM on May 18, 19; but the low
occupancy on May 17 prompted loosening the rate as recorded in Figure 3.
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Figure 4: Flow, occupancy and speed in various detectors on May 17-19, 2016.

4 Bridge entrance

From Figure 2 we see that vehicles passing through metering gates 1-12 eventually enter the middle lanes
2,3,4 on the bridge, while the HOV vehicles enter lanes 1 and 5. From Appendix A we can calculate the
following table giving the number of vehicles entering the different lanes on the bridge.

4-5AM 5-6AM 6-7AM 7-8AM 8-9AM 9-10AM
lane 1 50 1403 1874 1888 1345 742
lane 5 0 895 1381 1701 1611 816

lane 2-4 (avg) 1595 2400 2016 1640 1910 1909

Table 2: Hourly enrty into five lanes of bridge, May 17, 2016, during AM HOV actuation.

In every hour, combined demand in the two HOV lanes is lower than the demand in a single non-HOV (Cash
+ Fastrak) lane. Peak non-HOV flow occurs during 5-6AM, before metering is activated at 5:30AM (see
Appendix B). Peak HOV flow occurs two hours later during 7-8AM. Lanes 1 and 5 are practically unused
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during 4-5AM (HOV is not actuated at this hour). During 5-6AM and 9-10AM the total HOV demand in the
two lanes is lower than the average non-HOV demand in a single lane. That is during 5-6AM and 9-10AM,
the HOV lanes are severely under-utilized. During the same period the non-HOV lanes (lanes 2,3,4) on
the bridge are forced to absorb demand that averages 2100 vph. These observations are reinforced by the
flow-occupancy-speed contours of the first detector reproduced in Figure 5. As is evident, lane 5 is the least
utilized, with very low occupancy and flow; lane 1 has a low occupancy and the highest speed; lanes 2-4
have the highest flow, highest occupancy and lowest speed. The congestion just before 8AM and at 10AM
is discussed in the next section.

From our analysis of the queuing delay it should be very clear that the bridge performance could be greatly
improved if the under-utilitzed capacity of lanes 1 and 5 was shared with non-HOV vehicles. One way of
achieving this is to convert lanes 1 and 5 into HOT lanes with dynamic pricing (low from 5-6AM, 9-10AM
and high from 6-8AM) for non-HOV vehicles.

Figure 5: Flow-occupancy-speed at the first detector across all lanes.

We now study the modes of instability of traffic on the bridge using data from May 19, 2016 and May
19, 2015, using data from 8 of the 11 detectors whose locations are marked in Figure 6. The IDs of the
detector stations used here are noted in Figure 7. (The three unused detectors report very low percentage of
observed data.) The detectors cover 3.4 of the 4.46 miles of the bridge. The westernmost detector, 402827,
is halfway between Yerba Buena island and San Francisco. As a result we can only conjecture about the
serious recurrent congestion originating west of this detector.

4.1 Congestion 5-10AM

From Figure 7 we observe a speed drop from 70 mph to 60 mph at the entrance to the bridge at about 5:30
AM, marked by an ellipse with a solid outline. This drop is due to the operator turning on metering at the
very low rate of 3600 vph (see Appendix B). All non-HOV vehicles are forced to stop before the metering
gates and it seems to take about 1 mile (until VDS 404909) for vehicles to accelerate and reach 70 mph.

At 7:30 AM a congestion wave originates west of detector VDS 402827 and propagates upstream all the
way to the beginning of the bridge. Along the congestion wave, marked in the figure by a rectangle with a
solid outline, speed drops from 70 to 30 mph and recovers 30 min later to reach 60 mph.

One hour later at 8:30 AM another congestion wave also originates west of detector VDS 402827 but propa-
gates upstream only up to detector VDS 404913. This wave is marked by a rectangle with a dashed outline.
It, too is about 30 min long and causes speed to drop to 30 mph followed by a recovery to 60 mph.
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Figure 6: Location of vehicle detector stations with their VDS ID.

Figure 7: Speed contour from detector data, May 19, 2016. Vehicles traverse the detectors from left to right
and top to bottom.

The sharpest congestion wave starts at 10 AM. It originates at the base of the bridge, propogates downstream,
and disappears by detector VDS 404918, 2 miles away. It is marked in the figure by an ellipse with a dashed
outline. This congestion is most likely caused by the end of the HOV actuation time at 10AM, accompanied
by a reduction in the toll, which keeps commuters away from the bridge beteeen 9:30 AM and 10 AM. This
is followed by a sharp increase in demand caused by the lower toll. Figure 8 clearly shows both effects.
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Figure 8: Impact of reduction in toll at 10AM at end of HOV period.

4.2 Congestion patterns in 2015

We can compare the congestion patterns in 2016 with those in 2015. Figure 9 shows the speed contour on
May 19, 2015.

Figure 9: Speed contour from detector data, May 19, 2015. Vehicles traverse the detectors from left to right
and top to bottom.

As in 2016 there is a speed drop due to the activation of the metering lights shortly before 6 AM from 70
mph to 30 mph starting at the entrance. Unlike in 2016, this drop disappears quickly and speed is restored
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to 60 mph. This congestion wave is marked by an ellipse with a solid boundary.

Also as in 2016 the next congestion wave occurs at 7:30 AM but travels only over two detectors, VDS
404916, 404913. However, the speed drops precipitously to 10 mph.

One hour later at 8:30 AM another congestion wave originates west of detector VDS 402827 and propagates
upstream up to detector VDS 404913. This wave is marked by a rectangle with a dashed outline. It, too is
about 30 min long and causes speed to drop to 30 mph followed by a recovery to 60 mph. This is identical
to the situation in 2016.

Unlike in 2016, there is no congestion wave arising from the closing of the HOV lanes and the reduction in
toll at 10AM. Instead there is another congestion wave, indicated by an ellipse with a dashed outline, that
starts from west of detector 402827 and travels upstream all the way to the beginning of the bridge.

In summary, the congestion patterns in 2015 and 2016 are very similar: both have four congestion waves
before 12 PM, two of which start from west of Yerba Buena island, and the other two originate in the eastern
span of the bridge. The congestion in 2016 has worsened. The similarity of the congestion waves in 2015
and 2016 strongly suggest that we are observing a complex pattern of recurrent congestion. With more
detailed measurement, the precise cause of this recurrent congestion can be identified. In turn this will guide
the design of metering rate algorithms and other operation changes.

Because of the lack of metering and toll count data we have not considered congestion after 12 PM, which
worsened considerably in 2016. We note however in Table 3 that the under-utilization of the HOV entrances
to lanes 1 and 5 is much more wasteful than in Table 2: in every hour each of lanes 2, 3, 4 carries at least 6
times the traffic in lanes 1 and 5.

3-4 PM 4-5 PM 5-6 PM 6-7 PM
lane 1 223 295 265 237
lane 5 260 315 275 248

lane 2-4 (avg) 1972 2282 2114 1709

Table 3: Hourly entry into five lanes of bridge, May 17, 2016 during PM HOV actuation.

5 Inefficiency

The total flow of vehicles on weekdays during 2015 and 2016 has remained virtually unchanged. Table 4
compares hourly and daily flows at the same detector station in 2015 and 2016.

Av. hourly flow 4:00 AM to 11:00 AM 5/18/2015 to 5/22/2015 6,927
5/16/2016 to 5/20/2016 6,895

Av. daily flow 0:00 AM to 11:59 PM 5/18/2015 to 5/22/2015 123,827
5/16/2016 to 5/20/2016 123,135

Table 4: Hourly and daily AM flows in VDS 404913 in 2015 and 2016.

However, the delay in 2016 has doubled. Table 5 shows the daily vehicle-hours of delay between 4AM and
11AM for a week in May 2015 and 2016. The delay is the extra time vehicles spend in traveling 3 miles of
the bridge relative to a reference speed of 60 mph. This measures the delay over that portion of the bridge
with working detectors. The delay is worse on the western span where there are no detectors. Assuming
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Figure 10: Box plots of AM commuter flows in May 2015 and May 2016.

conservatively that the unmeasured delay is the same as the measured delay we arrive at an estimate of
2,086×2 = 4,172 veh-hours during 4-11AM each weekday in 2016. At $25 per hour this amounts to a loss
of $104,300. From Table 4 we know that on average 6895× 7 = 48,265 vehicles cross the bridge during
4-11AM, so the daily congestion cost they suffer is $104,300/48,265 = $2.16 per AM commute trip.

5/18/2015 895 5/16/2016 2,630
5/19/2015 956 5/17/2016 2,330
5/20/2015 916 5/18/2016 1,847
5/21/2015 1,530 5/19/2016 1,281
5/22/2015 537 5/20/2016 2,338
Average 966 Average 2,086

Table 5: Daily veh-hours of delay during 4:00-11:00 AM in week of May 2015 and 2016. Source:PeMS.

Commuters are adjusting to the doubling of delay in 2016 by traveling earlier. Figure 10 is a box plot
of hourly flows over detector VDS 404415 during May of 2015 and 2016. Commuters are getting up and
commuting about 6 min earlier; as a result the peak hour of non-HOV commuters has advanced from 6-7AM
to 5-6AM.

Lastly, Figure 11 displays the ‘lost productivity’ for each hour during 4:00-11:00AM for a week in October
2015 and October 2016. The lost productivity is measured over that portion of the bridge with working
detectors. It is the lane-mile-hours of capacity that is lost due to the bridge operating inefficiently under
congested conditions. The average lost capacity for each hour is 3.62 lane-mile-hours in 2015 and 5.84
lane-mile-hours in 2016. The peak is 6 lane-mile-hours of in 2015 and 10 lane-mile-hours in 2016. This
means that during the peak hour of each AM commute weekday, the capacity of the bridge was reduced by
three-fifths or 60 percent during 10/03/2016 to 10/07/2016. This is a very large inefficiency loss.

6 Conclusions

The operation of the Bay bridge in the westbound direction during the AM commute 4AM-10AM which
was already poor in 2015, worsened significantly in 2016. Even though the volume of westbound commute
traffic was unchanged, the delay inflicted on a commuter doubled, as did the productivity loss. This loss
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Figure 11: Lost productivity per hour during AM commute period in May 2015 and May 2016.

does not include the loss in queues at the tollbooths and the metering gates. Although the PM commute
peak is not studied in this report, a glance at Figures 7 and 9 should convince the reader that the bridge
operation during the PM commute is much worse and should be analyzed in detail. Just the cost of extra
delay traveling on the bridge is estimated at 5.2 min or $2.16 per vehicle. Crude calculations suggest that
Cash vehicles spend about 4 min in a tollbooth queue (vs 2 min for Fastrak vehicles) and 1.5 min waiting at
the metering gates. However, this is most likely an underestimate, and needs further study to establish more
confident estimates.

The analysis reveals several sources of inefficiency. The first and most glaring is the under-utilization of the
HOV lanes during 5-6AM and 9-10AM (two of five hours of HOV operation) when the total HOV demand
in lanes 1 and 5 is lower than the demand in a single non-HOV lane (Table 2). Even more blatant is the
under-utilization of the HOV lanes during the 3-7PM commute period, when each non-HOV lane carries six
times the traffic of an HOV lane. Furthermore, for reasons that are unclear, commuters do not use the HOV
gates 19-20 (see Figure 2 during non-HOV hours 4-5AM and 11AM-3PM (see Appendix A).

The second source of inefficiency is the management of the metering lights. Currently the operator cannot
separately set the rates for individual metering gates. All Cash vehicle gates are treated the same (they have
the same service pattern) and all Fastrak vehicle gates are treated the same. Moreover, the difference in rates
among these two groups of gates is only affected by the selection of the metering table, which is crude in
its impact and in any case rately changed in comparison with the metering rate itself (see Appendix B). The
operator has a very limited knowledge of the traffic conditions on the bridge (where is congestion occuring?
where are queues forming?) and so his intervention is limited (see the variation in metering rates and tables
in Appendix B).

The third source of inefficiency arises from the congestion waves that propagate from west of Yerba Buena
island. These lead to the most severe congestion in both AM and PM commute hours. Unfortunately, in
the absence of detection it would be futile to conjecture what the causes of these congestion waves are or
what could be done to ameliorate their impact. What is clear, however, is that the close similarity in the
congestion waves in 2015 and 2016 implies a complex pattern of recurrent congestion. With more detailed
measurement, the precise cause of this recurrent congestion can be identified. In turn this will guide the
design of metering rate algorithms and other operation changes.

Lastly, while the obsolete metering system is scheduled for an upgrade, the detection system will apparently
continue to remain in its inadequate stage. This is strange. Having the ability to separately control the
metering rate of each gate (which the upgrade will permit) is pointless if the operator cannot measure the
queue at each gate, which in turn will require a great augmentation of the detection system. Equally, not
installing detectors on the western half of the bridge will continue to keep the operator blind to the chief
source of congestion. Without this augmented detection system, the upgrade will provide no benefit.
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A Tollbooth counts

Lane ID Date
Day 0400-0500 0500-0600 0600-0700 0700-0800 0800-0900 0900-1000 1000-1100 1100-1200

1 5/17/16 Tuesday 0 348 701 970 789 453 519 405
2 5/17/16 Tuesday 3 582 848 949 886 580 397 427
3 5/17/16 Tuesday 299 264 183 168 178 174 253 254
4 5/17/16 Tuesday 235 227 175 168 173 169 275 263
5 5/17/16 Tuesday 114 247 179 182 168 185 291 351
6 5/17/16 Tuesday 0 251 194 189 183 183 296 360
7 5/17/16 Tuesday 782 961 583 405 511 552 538 537
8 5/17/16 Tuesday 473 797 641 497 553 640 640 656
9 5/17/16 Tuesday 683 777 594 494 505 587 615 622
10 5/17/16 Tuesday 496 689 616 505 551 614 604 667
11 5/17/16 Tuesday 296 682 632 527 565 650 645 705
12 5/17/16 Tuesday 91 232 196 187 184 198 260 288
13 5/17/16 Tuesday 114 247 199 179 179 187 251 292
14 5/17/16 Tuesday 159 264 191 174 144 171 253 249
15 5/17/16 Tuesday 235 207 115 114 90 96 175 206
16 5/17/16 Tuesday 161 180 94 105 97 113 159 180
17 5/17/16 Tuesday 300 735 642 647 564 622 1028 861
18 5/17/16 Tuesday 209 518 495 502 405 474 685 549
19 5/17/16 Tuesday 18 481 657 618 361 254 63 41
20 5/17/16 Tuesday 31 909 1228 1161 912 523 84 50
1 5/18/16 Wendesday 0 343 760 941 767 362 538 338
2 5/18/16 Wendesday 2 609 802 1000 877 543 390 339
3 5/18/16 Wendesday 285 247 189 160 191 199 267 240
4 5/18/16 Wendesday 248 241 190 171 178 200 268 265
5 5/18/16 Wendesday 129 242 184 165 169 197 251 216
6 5/18/16 Wendesday 0 246 202 163 180 203 288 237
7 5/18/16 Wendesday 789 966 609 449 534 574 598 608
8 5/18/16 Wendesday 495 812 676 534 585 691 722 600
9 5/18/16 Wendesday 647 789 595 509 558 638 663 717
10 5/18/16 Wendesday 520 694 645 541 591 665 687 656
11 5/18/16 Wendesday 302 668 678 560 647 711 758 588

B Metering log
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