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ABSTRACT: Effects of flows on whitewater boating can be profound, but there
is little evidence that shou's impacts on specific trip attributes. A normative
approach deveioped in other resource management applications is used to de-
velop evaluative information about streamflows for whitewater trips in the
Grand Canyon, below GIen Canyon Dam. A mailed survey was completed by
134 commercial river guides and 152 private trip leaders. Questions covered the
effects of flows on trip quality and scheduling, qualitv and safety of rapids,
camping, and visits to off-river attraction sites. For positive characteristics, such
as the overall evaluation, ratings follow a bell-shaped curve, where flows below
about 10,000 cubic feet per second (cfs) and above about 45,000 cfs are considered
unsatisfactory, and 20,000-25,000 is the optimum. For negative characteristics,
such as the likelihood of accidents, ratings follow a "U"-shaped curve. The study
identifies the diversity of attributes affected by flows, evaluates specific effects
of flows on those attributes, and presents methods for data collection, analysis,
and interpretation. Such information is particularly helpful for developing flow
requests, integrating recreation needs with the needs of other resources, and
developing flow scenarios for dam operation. Changes in operating regimes for
Glen Canyon Dam are being considered, based on this and other research con-
ducted as part of the Glen Canyon Environmental Studies.

KEy WORDS.' Instream flow, recreation norms, streamflow standards, white-
water boating.

INTRODUCTION

treamfl ows affect river-related recrea-
tion in a variety of ways, and white-

water boating is one type of recreation in
which effects can be profound. Under-
standing the relationship between stream-

flow and recreation is particularly impor-
tant for rivers with flows that are dam
regulated and, therefore, can be managed.
Such information might also play a part in
future construction or operation of dams
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or be used in applications for instream flow
water rights.

There are few studies that identify spe-
ci f ic  recreat ion at t r ibutes af fected by
changes in streamflow. There is also little
work that shows how to determine the spe-
cific relationship between flow level and
a particular attribute (e.g., the point at
which flows become acceptable or unac-
ceptable, the point at which a certain per-
centage of passengers have to walk around
rapids, etc.). Only by knowing how various
flow levels affect specific attributes can
managers provide high-quality recreation
opportunities. In general, research on rec-
reation and streamflows is recent and has
been conducted in a variety of settings for
different purposes (Brown et al. 1991; Shel-
by et al. 1992).

The relationship of recreation to stream-
flow, like other human-resource interac-
tions, has both descriptive and evaluative
components (Shelby and Heberlein 1986).
The descriptive component shows the ef-
fects of different management alternatives
on resource conditions. The evaluative
component shows how humans respond to
the physical conditions, helping to decide
which set of conditions is better or more
desirable.

To understand the effects of streamflows
on recreation, descriptive information is
needed that explains how different hydro-
Iogic regimes produce different biophysi-
cal conditions. Evaluative information is
also needed to show what flows are nec-
essary to provide minimally acceptable to
high-quality conditions for desired recre-
ation experiences. Descriptive and eval-
uative information combine to show the
relationship between flows and recreation
experiences. This approach fits with mod-
els for determining appropriate instream
flows for recreation as well as recreation
planning (Shelby et al.1992).

Evaluat ive decis ions about u 'hat
"should" be are among the most difficult
issues in resource management. Methods
for collecting and analyzing evaluative in-
formation have received considerable at-
tention in the resource management field.
The basic strategy is to measure personal
norms at the individual level, then aggre-
gate data to develop group norms and as-

sess the level of agreement. Normative in-
format ion is part icular ly helpful  in
developing standards that define mini,
mally acceptable or optimal conditions.

A normative approach has been applied
to a variety of issues, including (1) en-
counter norms and norm agreement among
anglers, canoers, and tubers on the Brule
River in Wisconsin (Vaske 1977;Yaske et
al. 1986); (2) encounter norms among Wis-
consin deer and pheasant hunters (Heber-
lein and Alfano 1983); (3) river and camp
encounter norms for floaters on three west-
ern whitewater rivers (Shelby I98l); @)
encounter norms for individuals mooring
their boats off the Apostle Island National
Lakeshore (Heberlein et al. 1986); (5) norms
for perceived ecological impacts at wilder-
ness campsites (Shelby et aI. 1988); (6)
norms for wildlife management practices
(Vaske and Donnelly, unpublished paper);
(7) different types of norms for different
impacts (Whittaker and Shelby 1988); (8)
encounter and proximity norms for salmon
angiers in different types of settings (Mar-
t inson and Shelby,  in press);  (9)  s imi lar i t ies
and differences in ecological irrpact norms
of interest groups (Shelby and Shindler
1992); (10) streamflow needs for different
types of recreation (Shelby and Whittaker,
unpublished paper); (11) results of exceed-
ing norms for backpackers on the Appa-
lachian Trail (Patterson and Hammitt L990\;
and (i2) impact and crowding issues on the
New River in West Virginia (Roggenbuck
et al. 1991; Will iams et al. 1991). Shelby
and Vaske (1991\ offet an overview of this
literature on recreation norrns. We used
the concept of recreation notms in our
study to develop evaluative information
about streamflows for river running in the
Grand Canyon.

Objectives for this paper are to: (1) show
the diversity of aitributes affected by flows,
even within a single activity (multi-day
river trips in the Grand Canyon); (2) show
the specific effects of flows for selected at-
tributes; and (3) present methods of data
collection, analysis, and interpretation for
documenting effects of flows on recreation.
Implications for assessing trade-offs are
discussed briefly, although this is not a pri-
mary PurPose.



METHODS

Our study was conducted as part of the
Glen Canyon Environmental  Studies
(GCES), a series of studies managed by the
U.S. Bureau of Reclamation to determine
the downstream impacts of various release
patterns from Glen Canyon Dam. The GCES
are particularly relevant because flow re-
gimes are currently being restructured as
a result of findings from the project. The
Grand Canyon Recreation Study was com-
missioned to examine the impacts on rec-
reational activit ies and experiences, one of
which is whitewater boating. The goal of
the whitewater project was to identify the
attributes of whitewater boating trips af-
fected by flows and then to evaluate the
effects of flows on those attributes. Baum-
gartner (1986) provides a complete study
description.

River trips in the Grand Canyon are225-
280 miles in length and generally take 5-
18 days. During the day, boaters float on
the river, run whitewater rapids, and stop
at attraction sites such as water falls or side
canyons. At night, they camp on undevel-
oped beaches. Oar-powered trips take 5-
18 days, using rafts or dories ranging in
size from 14-22 feet. Motorized trips are
shorter (5-9 days) and uti l ize larger (33-
40-foot) rafts with 25-40-horsepower out-
board motors. Commercial trips are oper-
ated by outfitters, whereas private trips are
conducted on a do-it-yourself basis.

Flows in the Grand Canyon are regulat-
ed by Glen Canyon Dam. The dam is gen-
erally operated as a peaking power facil i ty
to supply power needs in the Southwest,
with flows coming up in the morning and
going down in the evening. It is possible
for flows to fluctuate from 3,000 cubic feet
per second (cfs) to 30,000 cfs in a matter of
hours, with the stage level downstream ris-
ing or fall ing a number of feet. Recon-
structed virgin flows at Lees Ferry indicate
that mean monthly flows were historically
about 10,000 cfs in the winter months;
20,000 cfs in April and August; and 50,000,
70,000, and 40,000 cfs in May, June, and
july.

Pretesting and focus group meetings in-
dicated that passengers on commercial and
private whitewater boating trips were able
to identify the important attributes of trips,

but due to passengers'lack of experience,
they were unable to specify the ways those
attributes were affected by flow. To better
understand the effects of flow, a survey was
conducted using a sample of commercial
guides and private trip leaders. Unlike pas-
sengers/ guides and trip leaders have more
whitewater boating experience. In addi-
tion, they pay attention to flow release data
from Glen Canyon Dam, they have run the
river many times at different levels, and
they have observed the impact of flow on
various trip attributes. Questions used in
the study were developed in conjunction
with this group, and item wording was
pretested to verify that questions made
sense to respondents.

The sample of commercial guides was
selected {rom the National Park Service
(NPS) fi le, with random selection of 190
names from the 450 included in the fi le.
For private trips, the NPS file identifies the
most experienced boatman for each trip,
hereafter referred to as the trip leader. Trip
Iaunch records for 1985 produced a l ist of
195 pr ivate t r ip leaders.

A mailed survey was conducted by send-
ing an advance letter, a survey and cover
letter, a reminder/thank you postcard, and
(for nonrespondents) up to two follow-up
mailings. Of the 385 surveys mailed, 16
were undeliverable. Responses were re-
ceived from 80 commercial motor guides,
54 commercial oar guides, and 152 private
trip (all oar) leaders, for response rates of
about 78% for all three groups. Respon-
dents were asked to answer all questions
based on the type of boat they used most
often for their trips.

Questions about flow effects included
four general categories (the wording of
specific questions is given in the text of the
results section). Effects on the overall qual-
ity of the trip were assessed by asking about
overall preference for flow, the need to
row or motor more or less in order to stay
on schedule, and changes in trip itinerary.
Effects on rapids were assessed by asking
about the quality of the ride in rapids, safe-
ty, and having passengers walk around
rapids. Effects on camping were assessed
by asking about getting to camp at reason-
able times, hurrying to break camp, flood-
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Very
Satisfactory

Somewhat
Satisfactory

Neutral

Somewhat
Unsatisfactory

Very
Unsatisfactory

Overall Trip Quality

Respondents were asked, "How would
you evaluate each of the following water
levels? Assume the water level would be
constant for the entire trip." Respondents
were given 14 different levels ranging from
2,000 to 80,000 cfs, and were asked to rate
each one from 1 (very unsatisfactory) to 5
(very satisfactory). Averaging each group's
evaluations for each flow level makes it
possible to plot flow evaluation curves as
shown in Figure I. The curves show con-
siderable agreement among the three
groups. Flows are rated as unsatisfactory
below about 10,000 cfs, the point where
the curves cross the neutral line. The high-
est ratings are reached at 20,000-25,000 cfs,
after which they begin to drop. The curves
cross the neutral line again at about 45,000-
50,000 cfs, suggesting that flows above this
level are too high. There was also consid-
erable agreement within groups; the 957o

g+ Commercial Motor
EF-.a Private
H Commercial Oar

confidence intervals for the mean ratings
at any given flow level are about +0.2 rat-
ing units for all groups. It should be noted
that on average across flow levels, a sample
size of about 15 respondents is needed to
estimate the mean preference +0.5 rating
units. At the higher flow levels where there
is less agreement, a sample size of about
30 is needed for the same precision. Re-
quired sample sizes are also greater for
questions that show less agreement (e.g.,
the need to hurry to break camp). In gen-
eral, there was greater agreement within
groups at the lowest and most preferred
flow levels, with less agreement at the
highest f lows.

Respondents were asked to indicate the
low flow levels at which they had to "row
or run the motor more than usual to make
up some time," and the high flow levels at
which they could "row less than usual or
turn off the motor because you are ahead
of schedule." For each question, respon-

uI
F

I
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Flow Level (x 1O0O cfs)

FIGURE 1. Guides'constant flow level preference ratings,

ing of camps, and stranding or moving sites were assessed by asking about the
camping gear. Effects on visits to attraction amount of time for hikes.

RESULTS
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dents were given the flow alternatives l ist-
ed in Figure 2; they simply checked those
that were applicable. Results show that
these adjustments are more l ikely for com-
mercial guides tiran for private trip lead-
ers, perhaps because the former are on
tighter schedules. The percent of respon-
dents who make such adjustments is great-
est for flows from 1,000-10,000 cfs and from
35,000-50,000 cfs. Trip schedules are ap-

A-+ Commercial Motor
H Private
H Commercial Oar
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Flow Level (x 1O00 cfs)
FIGURE 2. Percent ol respondents who run motor or row more or less than usual to compensate lor
cutent speed.

20

parently geared for the 15,000-25,000 cfs
range/ where the fewest adjustments are
reported.

Respondents were asked what they
wouid do if their trip "was making good
time and 6-8 fewer hours of river t ime was
needed to complete the trip in the sched-
uled time." The seven possible responses
are l isted in Table 1; respondents answered
by indicating how likely each one was on

:
:
t

:

TABLE 1
Reported adaptations to extra time on a raft tr ip

Commercial
motor

Commercial
oar Private tr ips

Percent who would be aery l ikelv to:

Stop at addit ional attract ions
Spend more t ime at attract ions
Spend a layover day
Make camp earl ier
Stay in camp later
Take longer lunch breaks
Spend more t ime scouting rapids
Turn motor off and float

86Voo'b
784
l3a
30
20
t4
3

664

94Vaa
884
)u"
1A

22
14
2

Jb"

77Vob
660
6Lb
4/

27
20
l0
-c

',0 Different superscripts indicate differences between means or percentages are statistically
signif icant at the 0.05 level.

c - indicates questions not asked of private guides.
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TABLE 2
Effects of flows on trip charqcteristics

Com-
mercial
motor

Com-
mercial Private

oaf triPs

Mean flow ievel for best ride for passengers (cfs)
Standard deviat ion

Mean minimurr level (cfs) for safety n'ith passengers
Standard deviat ion

ll'lean maximurr level (cfs) for safety n'ith passengers
Standard deviat ion

Percent rvho felt  that certain f low levels cause problems
with access and use of camps

Mean constant f low level below which gett ing to camp
on t ime is a problem (cfs)

Standard deviat ion
Mean constant f low ievel above which campsites are

l imited (cfs)
Standard deviat ion

Mean dai ly f luctuation range above n'hich problems oc-
cLrr at campsites (cfs)

Standard. deviat ion
Percent who felt  that certain f lorv levels cause problems

with attract ion sites
Mean constant f low level below which there would not

be t ime for certain attract ion sites (cfs)
Standard deviat ion

Mean constant f low level above which there would be
extra t ime for attract ion stops (cfs)

Standard deviat ion

20,94v
q R?.c

8,405
3,344

59,0144
)q )q)

80%a

8,r25q

41,017
13,610

g 549
5,019

87%o,b

8,7460

)9 a1)
1 1,103

23,490b
R C5?
q lqR

4,859
54,9704
)a 6?\

969ob

g ,gqa,b

3,983

44,500
13,902

10,467
7,409

g6%a

ro398b
4,285

32,896
I 0,1 33

2s,2o8b
7,802
9,025
4,271

47,2t0b
L6,306

86Voa'b

n,025b
4,642

41,375
13,671

8,709
r  8?g

85Tob

10,156b
4,t76

30,44r
9,392

a,b Different superscripts indicate differences between means or percentages are statistically
signif icant at the 0.05 ievel.

a scale from 1 (not at all l ikely) to 3 (very
likely). All three groups indicated they
would be most l ikely to spend the extra
time at scheduled and additional attraction
sites. Commercial oar guides and private
trip leaders indicated they would also
spend a layover day at a campsite, while
motor guides would turn off the motor and
float. Spending more time in camps, at
Iunch breaks, and scouting rapids were less
likely alternatives.

Rapids

Respondents were asked about the ef-
fects of flow on the quality and safety of
rapids (again assuming constant flow). Av-
erage responses for the level that provides
"the best ride for passengers" are shown
in Table 2. The average for commercial mo-
tor guides is about 20,900 cfs, whereas the
averages for commercial oar guides and

private trip ieaders are about 23,500 and
25,200 cfs, respectively.

Minimum and maximum levels for "run-
ning safely with passengers" are shown in
Table 2. The average minimums for the
three groups range from 8,400-9,200 cf.s.
The average maximums are about 47,200
cfs for pdvate trip leaders and 54,900 and
59,000 cfs for commercial oar and motor
guides, respectively.

Respondents were asked, "do you feel
that accidents such as losing equipment,
damaging a boat, or passengers fall ing out
of a boat are more likely under certain flow
levels?" Depending on the Broup/ 8I-937o
of the respondents said "yesi' These re-
spondents were asked to check the flow
levels at which they thought accidents were
more likely to happen (Figure 3). All three
groups indicated that accidents were more
likely at low and high flows than at me-
dium flows.
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FIGURE 3. Percent of respondents who think accidents are more likely to happen at constant flow
levels.
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Respondents were also asked. about hav-
ing passengers walk around rapids because
the flow is too low or too high, n'hich is
related to concerns about safety. As Figure

4 shows, this is most l ikely at very low and
very high flows. Commercial oar guides
are most l ikely to have passengers walk
around rapids.

Commercial Motor
G-.a Private
H Gommercial Oar

1-5 5-10 10-1 5 15-20 20-25 25-35 35-50 >50

FIow Level (x 'l O00 cfs)
FIGURE 4. Percent of respondents who have passengers walk around rapidc at constant flows.
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FIGURE 5. Percent of respondents who have passengers hutry to bteak camp at constant f7ows.

Camps

Respondents were asked if "certain flow
levels cause problems with access to or use
of campsites," and80-96Vo said "yes." These
respondents were asked to indicate the lev-
el at which specific problems occurred (Ta-
ble 2). Below a flow of about 10,000 cfs,
there are problems getting to camp on time
(Figure 5). Above flows of about 41,000 cfs,
important camps might be unavailable be-
cause they are under water. Fluctuations
in flow also affect camping. With daily fluc-
tuations greater than 9,000-10,000 cfs, re-
spondents report problems with boats left
"hanging" on beaches by receding water,
problems loading boats, or having to move
camp gear to avoid being inundated.

Attraction Sites

Respondents were asked whether "cer-
tain flow levels cause problems with access
to or rrse of attraction sites," and 85-967o
said "yes." These respondents were asked
to indicate the level at which specific prob-
lems occurred (Table 2). Respondents re-
ported that flows below 8,700-10,400 cfs
would not allow enough time for stops at

attractions because of the neecl to "make
up time," whereas flows above 29,O00-
33,000 cfs would permit extra time for stops.

Flow Release Scenarios

Respondents were presented with four
different flow scenarios, each representing
a different way to "spend" the available
annual "water budget." Scenario A pro-
vided constant f lows in the 8,300-14,600-
cfs range, with no daily fluctuations. Sce-
nario B provided constant flows of 25,000
cfs during the summer season, with daily
fluctuations from 1,000-31,000 cfs the rest
of the year. Scenario C provided daily fluc-
tuations from 3,000-31,500 cfs during the
summer and from 1,000-31,000 cfs during
the rest of the year. Scenario D provided
daily fluctuations from 8,000-25,000 cfs
throughout the year.

Respondents were asked to evaluate each
scenario on a five-point scale, from "com-
pletely acceptable" to "completely unac-
ceptable." Results indicate that the mod-
erate daily fluctuations of Scenario D were
most acceptable (Table 3). Thisscenario was
preferred because it offered the high flows



TABLE 3
Percent ranking scenarios as unacceptablea

Commercial
motor

Commercial
oar Private trips

Scenario D
(moderate dai ly changes)

Scenario A
(constant daily flows)

Scenario B
(less severe daily changes)

Scenario C
(severe dai ly changes)

L6Vob

25b

59

9l

JJ' /o '

44c

54

89

34%(

33b,c

53

93

a Percent ranking scenario as somewhat or completely unacceptable on a five-point scale that
also included "neutral" and "somewhat" or "completely acceptable" categories.

b,c Different superscripts indicate differences betrveen means or percentages are statistically
signif icant at the 0.05 level.

necessary for efficient travel times and the ards of low flows and extreme or unpre-
best ride through rapids, without the haz- dictable fluctuations.

DISCUSSION

Streamflow affects a variety of resource
values. If flow studies only consider the
impacts on a single resource value (e.g.,
power generation, fishery, recreation), it is
l ikely that the broad range of possible out-
puts wil l not be optimized. To include rec-
reation benefits, it is important to specify
the relation between flow and important
characteristics of recreation experiences.

Our study shows that flow affects rec-
reation experiences in many ways/ even
within the single activity of multi-day riv-
er trips. These factors include overall qual-
ity of the trip, trip itinerary, quality of rap-
ids, safety of rapids and the ability to allow
passengers to run them, gettinS to camps
at reasonable times, availability of camps,
hanging ormoving camps, and the amount
of t ime for stops at attraction sites.

Our study also shows how flow affects
specific attributes. For positive character-
istics such as the overall evaluation, the
ratings followed a bell-shaped or inverted
"U" curve, where very low and very high
flows are considered unsatisfactory. For
negative characteristics such as the likeli-
hood of accidents, having passengers walk
around rapids, or rowing or motoring to
compensate for current speed, the ratings
follow a "U"-shaped curve. The curves can
be used to show the general relationship

between flow and characteristics of the rec-
reation experience or to identify the spe-
cific effect of a particular flow on a partic-
ular trip attribute.

This kind of information can be used to
develop standards for flow management
regimes. Given management objectives that
specify the types of recreation opportuni-
ties to be provided, the data indicate ways
in which flows affect important character-
istics of recreation experiences. It is also
possible to get users to evaluate different
flow scenarios.

This kind of information is also impor-
tant for assessing trade-offs between dif-
ferent resource outputs. For example, the
flow scenarios evaluated by respondents in
this study were developed with possible
alternatives for power generation in mind.
Subsequent studies have also documented
the effects of flows on other resource con-
ditions, including beaches, riparian vege-
tation, and fish and wildlife habitat. The
Bureau of Reclamation and the National
Park Service are currently considering the
complex trade-offs between tesource out-
puts, trying to develop flow regimes for
Glen Canyon Dam that strike a balance.
Although this optimization process is be-
yond the scope of the present paper, it
clearly requires the kind of detailed infor-
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mation for all resource values that is de-
veloped here for recreation.

Our study suggests methods for collect-
ing information about the effects of flow
on recreation. The attributes to be inves-
tigated were identified through the attrib-
ute survey of passengers and a focus group
meeting with guides. The guides' survey
then provided the opportunity to quantify
the effects of flows on those attributes. For
example, passengers indicated that impor-
tant characteristics of trips included camp-
ing, exciting rides through (rather than
walking around) rapids, and stopping for
hikes at attraction sites. The guides'survey
identif ies the flows that avoid problems at
camps, allow passengers the best ride
through rapids, and provide the time for
stops at attractions.

The Grand Canyon study was more elab-
orate than may be necessary for some other
Iocations. However, it provides an exten-
sive list of attributes potentially affected
by flor,r's, which is patticularly useful when
trying to identify important flow-related
attributes in a new setting. The study also
provides methods for quantifying flow-at-
tribute relationships. It also became clear
during this study that inexperienced users
(in this case passengers) were unable to
identify the ways in which flow affected
river trips, even though they could iden-
tify the characteristics of the trip that were
important to them.

This paper provides several different
types of analyses for evaluating different
flows. We find the curves particularly use-
ful because they show the full range of
effects of flow, rather than the single point

provided by measures of central tendency,
such as means or medians. Curves are also
clear and visually appealing, and they are
intuitively meaningful to people in the hy-
drology field who are accustomed to hy-
drographs.

Any discussion of streamflows for rec-
reation should require curves showing the
effects of the complete range of flows for
the particular activity in question (Shelby
et aL 1992). Even if curves are generated
as "hypothesized" relationships, without
supporting data, they sti l l  force a clearer
understanding of the assumptions about
how flow affects recreation quality. When
requesting a single flow, the curve clarifies
whether the request will provide mini-
mum or optimum flows.

Our research suggests some interesting
topics for future studies. First, it is impor-
tant to investigate the development of
overal l  evaluat ion curves. Researchers
should explore additional survey ques-
tions that focus on building this knowl-
edge. Next, it is important to develop tech-
niques to integrate informat ion about
recreation flow needs with the needs of
other instream uses of water, such as fish-
er ies,  channel  maintenance, sediment
transport, and recreation, into a single set
of tecommendations. Finally, standards are
needed to guide analvsts in conducting fu-
ture studies of recreation flow needs. By
using a common set of standards, we can
develop a base of comparable data. These
questions provide promising research op-
portunities with important management
implications.
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