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ABSTRACT

Arrowrock Dam’s (built in 1915) antiquated outlet
works are no longer able to meet operational
requirements for irrigation and flood releases and must
be replaced. Several studies (1983-1987) were
conducted to try to resolve the problem but the
projected costs for the solution exceeded budgets. The
VE study solution found was to use multiple
innovative high efficiency clam shell gates in place of
fewer larger jet flow gates. This will permit deleting
of the downstream gate house, ring-follower guard
gates, boring out of the conduits, and new trash racks.
Surprisedly the study team’s recommendations
represent a potential saving of up to 65% or $7.8
million out of a $11.9 million project design concept.
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INTRODUCTION

In this era of shrinking budgets and trying to do more
with less, the application of value engineering on the
rehabilitation of dam projects has proven a very
valuable tool in making our dollars stretch further to
make our dams safe and obtain better value.

Arrowrock Dam was a state-of-the-art concrete arch
structure when complete in 1915. For several years it
was the highest dam in the world, with a structural
height of 350 feet and a total of 31 outlets consisting
of six spillway drum gates, 10 upper outlets, 10 lower
outlets, and five sluice gates. To this day it still
functions as a critical component of the Boise Project

FIGURE NO. 1 ARROWROCK DAM OVERVIEW
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system. Now more than 80 years old, much of the
equipment is reaching or has reached the end of its
useful life, resulting in complex operational and
maintenance concerns.

The Boise Project is located in southwest Idaho furnish
irrigation water to about 357,000 acres of irrigated
land. These initial project facilities constructed in the
early 1900's are among the first Reclamation
structures built by the U.S. Government to help
develop the west. Principal facilities include five
storage dams which create reservoirs with a total
active capacity of 1,693,900 acre-feet and 557 miles
of canals and 1,170 miles of laterals. Without the
water storage structures the presently irrigated
farmlands would be desert land.

Arrowrock Dam (Figure #2) is located on the Boise
River, 42 miles downstream from the larger Anderson
Ranch Dam and just upstream of Lucky Peak
Reservoir buiit by COE for flood control to protect the
City of Boise. The reservoir has a storage capacity of
286,000 acre-feet at elevation 3216 with a maximum
surface pool area covering 3,100 acres. Releases
from Arrowrock Reservoir must be closely co-
ordinated with the other two dams to insure required
irrigation water releases while providing flood control.
All the storage space in the reservoir is already
allocated for irrigation use and it is operated for flood
control in accordance with regulation guidelines that
have been agreed to by the Corps of Engineers and the
Bureau of Reclamation. Any releases to the Boise
River above 6,500 cfs release will start to cause
flooding of the flood plain as the river winds through
the City of Boise with a population of 125,000. As a
consequence Arrowrock Dam must be drawn down to
provide flood control during the winter & spring
months and then be filled to make the required
irrigation releases during the spring and summer
months.

A major problem with the outlets works is the old
ensign valves at type of balanced needle valves should
not be operated with a net hydraulic head of 100 feet.
These are last valves of their type in existence
anywhere in the world as most have been replaced
many years ago because of operational problems but
those at Arrowrock are still in use. The two tiers of
ten 52" diameter ensign valves are located 100 feet
vertically apart. Consequently once the hydraulic
head on the lower valves has been exceeded the upper
tier has insufficient enough head to discharge at full
capacity for required releases leaving a critical gap in
operational capacity.
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From the operations perspective, Arrowrock is the
bottleneck of the three-reservoir Boise system.
During low water years it is difficult to move water
out of Arrowrock while keeping Lucky Peak Reservoir
high for recreation because of the low net head and
limited number of valves available at these elevations.
During high water years, it difficult to make required
flood releases while reserving adequate space for flood
control, again due to the inability to move required
water at a low net head.

Maintenance of the facility has become more complex
due to increased need for cavitation and seal repair of
the existing outlets, the hazards and regulations for
working suspended on the upstream face of the dam,
and the concerns of water quality, endangered species,
and potential loss storage resulting from the sluicing
and draining of the reservoir required for maintenance
work. The lower sluice gates are now silting in and
must be restored or abandoned and the outlet valves
totally rehabilitated or replaced.

In the 1960's Lucky Peak Dam was built downstream

and its reservoir backs water up against Arrowrock
Dam which makes releases more difficult. Since
construction of a power plant in the 1980's on Lucky
Peak Dam a minimum recreation water level of 3040
is maintained during the summer to maximize
recreation use and hydroelectric generation while
making required irrigation releases. A new power
plant designed by Morrison Knudson was also
proposed for Arrowrock Dam but the building of the
Lucky Peak Power plant and well as the economics of
potential power revenue has made that less likely.

The VE team was asked to analyze the whole
structure, review the past studies and proposals for
features of the structure, and come up with an overall
plan that addresses the present operational and
maintenance concerns at the least life cycle cost. The
primary criteria would be the ability to meet irrigation
and fish water releases of up to 5,000 cfs from
Arrowrock Reservoir with Lucky Peak at full
recreation pool elevation 3055 feet and flood control
releases of up to 10,000 cfs with Arrowrock Reservoir
at elevation of 3115 feet and Lucky Peak Dam at
elevation 3018 feet which are the primary objectives
which presently cannot be met. Management would
like to remove & replace all the existing outlet valves
and sluice gates. The question of the dam being able
to pass the maximum probable flood of over 40,000
cfs through the spillway at full pool was of lessor
consideration because the concrete dam is capable of
withstanding overtopping without failure.
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BACKGROUND

When gathering past information for putting a design
package together for the team study we were in for a
surprise. The old drawings showed a proposal to
build a large underwater gate house on the
downstream face of the dam complete with galleries
and elevator shaft built into the dam. Before
recommending a new value engineering study, we
usually try to scope out some ideas for an indication of
the potential for savings. We thought that replacement
of larger valves on fewer outlets would likely prove
more economical only to find when digging further
into our central files that that was precisely what had
been advocated by a previous VE team. This was
followed up with a much simplified design which was
carried out through preliminary design Concept C
stage. We were of the opinion that inspite of the
passage of time the VE and subsequent design would
be very difficult to improve on and would most likely
result in a ratification of that decision. Nevertheless
the Boise Project our client wanted us to look at the
overall picture. What followed taught us a valuable
lesson - Never underestimate the potential power of
Value Engineering to bring results.

PREVIOUS STUDY RECOMMENDATIONS

The original design modification proposal (1985-1986)
was to provide an increase discharge for a total of
6,825, cfs through seven (975 cfs each) of the lower
ten outlets at maximum reservoir level. This would be
accomplished by replacement of the mid level outlets
No. 4 though 10 at elevation 3018. This would
require installation of new 48-inch diameter steel pipe
lining and installation of seven 48-inch ring-follower
and jet flow gates positioned in tandem in a gatehouse
to be built on the downstream face of the dam. This
gate house structure would be partially submerged for
part of the year, and be accessed by an overhead rail
crane, elevator, and stair shaft excavating in the dam
down to elevation 2979, as well as systems for
electrical, mechanical, and operation features. The
estimated field cost was $10.5 million with an elevator
or $ 9.6 million without compared with only $5
million which had been previously budgeted for the
work.

A Value Engineering study was undertaken in an
attempt to look at other proposals in an attempt to
reduce costs. The preferred option of this study was
1o modify Qutlets 1,2, & 3 (the original power outlets)
and to install three 68-inch diameter jet-flow gates
with a moveable single fixed-wheel gate to be used on
the upstream side placed by the crane. This plan
would eliminate six of the upper tier outlets but the
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remaining upper and lower tier outlets wouid still be
required for use an average of 11 and 34 days per year
respectively.  The three modified outlets were
calculated to pass 7,170 cfs at maximum reservoir and
4770 cfs at elevation of the upper tier valves assuming
a coefficient of discharge of 0.84 and no tail water
from Lucky Peak Reservoir. Furthermore the VE
study team recommended consideration of the use of
high efficiency clam shell gates but at the time these
were only experimental as no large scale models were
in existence.

ORIGINAL DESIGN CONCEPT

Subsequent analysis of the Denver Design Office of
this proposal indicated there was insufficient space
between the outlet tubes to all installation so their
design concept would be to plug the middle tube, bore
out the outside two from 68-inch to 102-inch diameter
and install ring-follower gates in tandem with two 96-
inch jet flow gates in a small gate house on the
downstream face of the dam. This would increase the
discharge through the system to 8,440 cfs at full pool.
The field cost estimate for this proposal based on 1987
prices was $7.5 million and the design drawings
through to CONCEPT C stage were completed. The
cost was update to 1997 prices to $9 million by our
estimating section.

ORIGINAL CONCEPT

; — e 1
B e =\ =
\ \ K | \ \v/ \\/\' N
v v A i} L} il
IRV / //\—ru ‘ gam
\ LA AT L P
v s0er s \\rﬁ \%"" e pipe A V] 4 veas e
. % e T
vl\
Sellomear | &
= PLAN
Me
Siom
— \
2 .
-
! ; i LT St ey
3 ! < yode
P = \’; o | T\"
e 2o T we .
T ¥¥TeT - -
b ol
R 4 . LA - S i wwie- = . o]
?ﬁr‘f@—ﬁ‘-**r*---’;}':!ORIGWAlFCONGEETQ&f-.M.‘.__' P 1
(4 £1 0052
L1 Vorie s TS

Y

Lz Jocz. 52

gl

'; r_m:]./. J0J3. ,’(/

L GATE NOUSE —

Foullels, il

£4 30r8. 00—~ =
-l 277 £
| 77,
1 {/ .1 o

I A

YOI
£1 30020 7

-z SECTION
FIGURE NO. 3 ORIGINAL CONCEPT




SAVE INTERNATIONAL CONFERENCE PROCEEDINGS 1998

Subsequent operational studies of Arrowrock Dam
indicate a minimum requirement of up to 5,000 cfs
release with Arrowrock at middle outlets and Lucky
Peak full and up to 10,000 cfs release with Lucky
Peak down for flood control. This additional capacity
would have required the addition of a third 96-inch jet
flow valve to be located on outlet No. 5 and would
require an enlarged downstream gate house. The field
cost estimate for this expanded concept design estimate
based on 1997 prices was $11.9 miilion.

VALUE ENGINEERING STUDY

The Value Engineering team was made up of five
members drawing heavily from experienced engineers
from the Snake River Area Office who were most
familiar with the project and its problems as well as a
senior mechanical engineer from the gates and valves
section of our Denver Design Office who was familiar
with the previous initiatives. This led to a small
cohesive team which was better able to grasp the
problems involved and to come up with viable
solutions. The study was conducted at the clients
office and was conducted over a period of only 4 days
from Sept. 2-5, 1997. Advance work had been done
to revise cost estimates for the original concept to
1997 prices and to run some computer and hydraulic
studies as to the outlet requirements needed by the
Project. Also hydraulic tests of efficiencies of both
the current standard jet flow gates and newer clam
shell gates were obtained and discharges for various
capacities and heads calculated for future use. These
studies indicated that the coefficient of discharge for
the clam shell gate was as high as 0.96

fully open as compared to 0.86 for the jet flow gates
and this indicated that greater capacity could be
obtained or smaller gates used with the clam shell
design.

Cost Model

The breakdown of the cost model showed that the ring
follower gates (19.5%), jet flow gates (19.5%), gate
house construction (14.3%), stainless steel liners of
the conduits (11.8%), and provision of new trash
racks and stop logs to be the highest cost items and
ideas lessening these costs were given highest priority.

Ideas

As noted in the attached listing of Ideas and
disposition of potential proposals they are focused on
the above. First the requirement for backup tandem
ring follower gates was either reduced to a single
moveable gate on the upstream side or eliminated
altogether.  Secondly higher efficiency and less
expensive clam shell gates replaced the jet flow gates.
These moves permitted eliminating the requirement of
a downstream gate house which was replaced by a
much smaller control house. By using the same size
of conduits for the new outlets the requirements for
excavation of concrete bored through the dam was
largely eliminated and reduced the amount of steel
liner. The preferred alternative eliminated the need
for downstream stop logs or the need to construct new
trash rack structure upstream. In fact there was
hardly a single item in the original estimate save only
removal of the ensign balance valves which was not
either substantially reduced or eliminated in the
proposals made by the VE team.

ARROWROCK MODIFICATION COST MODEL

PERCENT OF TOTAL
COMPONENT/FUNCTION &
COST 10{ 20| 30| 40| 50|/ 60| 70| 80} 90| 10

Ring Follower Gates
Jet Flow Gates 16.9 [t
Gate House Concrete 14.3 S
Stainiess Steel Liner 11.8
Trashracks 10.7
Stoplogs 6.2 -
Removal of Concrete 3.4 -
Gate House Elec & Mech | 2.7 -
Removasl Balance Valves | 2.4 -
Excavating 72" conduits | 2.0 p
New service yard 2.0

FIGURE NO. 4 MODIFICATION COST MODEL
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VALUE ENGINEERING - DISPOSITION OF IDEAS
XXX CONCEPTUAL DESIGN

IDEA

PURPOSE

| OTHER VE ELEMENTS CONSIDERED AS POTENTIAL PROPOSALS

DISPOSITION

1. NO CHANGE

Reduce cost

Dropped - cannot meet objectivies

2. Retain existing upper &
middle tier ensign valves
installing new liners &
renovating 2 valves/year

Lowest initial
upfront cost to
client. Form basis to
compare alternatives

Existing valves already beyond normal
life expectancy and cannot fully meet
delievery requirements. Better value
found in proposed alternatives

3. Install 7 middle tier
48" jet flow gates and d/s
valve house with elevator

Increase delivery
capacity and renovate
system

Original Concept C Design
Rejected because of high cost $10.5
million

4. Install 7 48" & 3 66°
clam shell gates replacing
existing midlevel outlets

Increase delivery
capacity and

eliminate sluices

Lowest cost option overall accepted as
VE teams preferred alternative. Two
options with or w/o guard gate

5. Install 3 68" jet flow
or clamshell gates on the
the 3 middle tier power
outlets with u/s moveable
wheel mounted guard gate

Low overall cost
while meeting stated
delivery requirements
at that time

VE Study Recommendation )
Spacing for use of 68~ jet flow gates
was too close and clamshell gates of
operational size yet to be tested

Cost estimate of $5 million was too low

6. Install 2 96~ jet flow
gates with 102° ring-
follower gates on power
outlets no. 1 & 3 after
reaming from 72" to 120"
size with new d/s gate
house & service yard

Best overall value
meeting stated
delivery requirements
10.000 to 11.000 cfs
at full reservoir
Denver design based
on VE study

The Cost estimate was recently updated
to $8 miilion. This design is being
dropped in favor of the higher
coefficient discharge. lower cost. and
reduced vibration of use of submerged
clam shell gates

7. Install 3 68" clamshell
gates on power outlets and
retain upper ensign valves
with u/s moveable whee!
mounted guard gate and no
gate house d/s

Lower cost overal)
Minimize construction
impacts. no conduit
boring except at
entrance

Smaller size of clamshell is manageable
To pass flood of 11.000 cfs at reservoir
level of 3.115 or 5.000 cfs for
irrigation & salmon with Lucky Peak Full
at 3055 and Arrorock at el. 3.100 will
require retention of upper ensign valves

8. Install 3 96" jet flow
gates with 102° ring-
follower gates on power
outlets no. 1 § 3 and #4
after reaming from 72° to
120" installing steel
liner. d/s gate house &
stoplog provision

An additional jet
flow gate is required
to meet the new
project delivery
requirements as
outlined under no. 7
above.

This is the revised design concept on
which any VE proposals will be based.
Revised cost estimate for the above is
$11.5 million.

This alternative was dropped because of
more cost effective alternatives found

9. Construct new outlet
tunnel, control valve and
tailrace as part of future
power plant construction

Minimize overall cost
if a power plant is
to be built anyway

MK designed a proposed plant in 92 for
Idaho Power but project has been shelved
for lack of economic justification due
to high pool maintained on Lucky Peak

FIGURE NO. 5 DISPOSITION OF IDEAS
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