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CITY OF FIFE
2003 BENCH MARK PROGRAM

AHR ENGINEERS

- Executive Summary:

The 2003 bench mark program was undertaken to replace or up'date the numerous city bench
marks that had been disturbed or destroyed since the last bench mark program in 1989.

In 1989, AHR survey crews set bench marks in the conventional manner, using differential
levels based on existing official bench marks that had been set by the City of Tacoma, Pierce
County, and the U.S. Geodetic Survey branch of the Interior Department. AHR set 50
benchmarks in that program.. By January, 2003, 80% had been destroyed or disturbed.

In the past few years, GPS (Global Positioning System) technology has become available that
makes large-scale surveying much faster and more accurate than it was in 1989. Using GPS
satellites and a GPS receiver in RTK (Real-time Kinetic) or static mode, it is now possible to

locate a point within 0.033 feet horizontally and 0.033 feet vertically in RTK mode with proper -
satellite and confrol conditions.

Pierce County has been the local leader in utilizing GPS technology in its survey control system.
To establish the backbone of its contro!l system, Pierce County used the GPS satellites and a
base station mounted on the Emergency Services tower at the Pierce County Annex. The
County mounted the base station at the highest convenient location to provide as much
coverage as possible around the county.

In the Fife area, Pierce County has established numerous control monuments. Some are
vertical control set by differential levels. A few are GPS monuments that have horizontal and
vertical control and some that have horizontal confrol only. After discussions with the Pierce

County office surveyor, AHR selected five of these monuments for the basis of our control.
They were: '

County Point # Description
089 Small domed brassie. Quarter corner 16" Street East — 62™

Avenue East center of infersection. Horizontal and vertical
Control (FN-22).
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484 | Pierce County Standard brassie section corner 12-7-13-18
300 feet east of Pacific Highway East and 20 feet west of
driveway 3726 Pacific Highway East. Horizontal control (FN-7)

161-7 Pierce County étandard bench mark brassie in island,
35 feet east of centerline 70" Avenue East and 20 feet north
of centerline of North Levee Road East. Vertical control (FS-32).

161-9 Pierce County Standard bench mark brassie in asphalt 15 feet
' east of centerline drive to residerice 6215 North Levee Road East,
12 feet north of centerline North L.evee Road East.
Vertical control (FS-39) '

163-2 Top 2" brassie south side asphalt drive fo Fife Fire and Rescue
Firwood Station, 20 feet east of front entrance on west side of
4500 block of Freeman Road. Vertical controf (FS-36)

Pierce County used their GPS system in static mode to establish the horizonta! position of the
monuments in Washington State Plane coordinates, and the elevation by the 1929 National
Geodetic Vertical Datum (NGVD). In static mode, the GPS remote unit is set up over the
monument and left to receive signals from the sateliites and the base station for about half an
hour, recelving signals at the rate of one per second. At the end of the half hour, the
approximately 1,800 readings processed and produced a set of coordinates for that point with
an accuracy of within 0.164 feet herizontally and 0.033 feet vertically based on the conditions of
the satellites and control. }t should be noted that RTK and static produce different accuracies as

well as the quality of control that can affect accuracy. The geometry of control surrounding a
project area can impact results as well.

AHR Engineers then used the five Pierce County monuments and their own GPS unit, a new
Ashtech Model Z-Xtreme, to set up a geoid model. The capabilities of the Ashtech model are
listed as follows: RTK mode: Horizontal <1 cm {0.033ft). Vertical <1 cm (0.033 ft). Static
mode: Horizontal <5 mm (0.015 ft). Vertical <5 mm (0.015 ft}. Then results are possible with
proper control, network design and satellites conditions.  The model is a mathematical
representation of the Earth’s surface in Fife, and allows coordinates of any point within the
model fo be computed by the remote unit within a few seconds.

. Setting up the model was the most difficult part of the bench mark program. The difficulty was
caused by the muliiplicity of elevation bench marks previously used around Fife. These
included Pierce County GPS elevations based on the 1929 NGVD, Pierce County differential
level {conventional) elevations, City of Tacoma bench marks, U.5.G.S. bench marks, FEMA
maps, WSDOT bench marks, and the remaining 1989 Fife bench marks, which were set using a
U.8.G.8. bench mark in Tacoma that was later destroyed.

After a number of failed attempis fo create a realistic and consistent model, AHR discovered
that trying to utilize the different published bench marks would only introduce errors into the
vertical aspect of the model, and that the different datums would never be reconciled.

To make the model more realistic, AHR used only the recent Pierce County GPS elevations.
When the model was calibrated for that datum alone, the results became much more consistent
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and accurate. Conseguently, all the new bench marks are based on the Pierce County GPS
“datum, the 1929 NGVD

AHR noted that a difference existed between the Pierce County 1929 NGVD elevation datum
and the City of Tacoma (oid City of Fife) datum. The Pierce County datum is about 0.3 foot
lower than City of Tacoma (Fife). AHR gathered this data by visiting 7 to 8 City of Tacoma and
USGS published monuments around Fife- perimeter to check for vertical consistency. The
difference was almost uniformly 0.3 feet, which was later verified in a felephone conversation
with the Pierce County office surveyor. For example, the USGS bench mark on the Highway 99
bridge over Hylebos Creek was 0.3 higher than the Pierce County datum.

Once a reliable model was created, AHR could determine the coordinates of points using the
GPS RTK mode.- In RTK mode, the GPS remote unit is placed on a point and the coordinates
are determined in less than 30 seconds, rather than the Iengthy waits required in static mode.

The bench mark shots were all reshot two or more times fo insure accuracy within the unit's
capability.

The speed and accuracy of RTK measurements depend on the number of satellites available
and related control conditions at the time. Daily “windows” of optimum satellite coverage
constantly changes and requires advance scheduling for timing in the field. In general, a
~minimum of five fo six satellites is required, which will allow coordinates to be calculated in
about 15 seconds. When more satellites are available, the time required to calculate
decreases. With eight satellites, the time required is usually less than five seconds.

GPS reception may also be affected by power lines, trees, tall buildings, power/light poles or
targe advertising signs which can interfere with radio signals. These items were encountered at
various benchmarks and the shots were rechecked to achieve the desired range of accuracy.

Each new bench mark listing has an elevation on Pierce County 1929 NGVD, as well as
horizontal coordinates tied to Pierce County control, unlike previous bench mark systems. AHR
has provided the horizontal coordinates (on Washington State Plane Grid South, the same as
Pierce County) to assist the City of Fife for future mapping requirements on the Pierce County
GIS systems. AHR did not provide points to be used for horizontal reference in lieu of the
Pierce County control points already established for reference on future surveying projects.

Like the Pierce County GPS control system upon which it is based, Fife's new bench marks are
expected to be within the same 0.16 feet horizontally and 0.033 feet vertically. All 80 of the new
bench marks have been shot at least twice, and some as many as five times. The reason for
multiple shots is to verify that the separate readings are consistent and accurate. The

consistency was expected to be within 0.033 feet. The published elevation is the average of
those measurements

The location of each new bench mark is described in the text, along with the elevation,
horizontal coordinates, a description of the mark itself, and a photograph. Following standard
practice for long projects that may need two bench marks, a conventional level loop should be
run between the benches to establish a project datum.

AHR anticipates the new bench marks will provide the City of Fife with a vertical control system
that will allow public and private projects to be built with certainty they will fit into the City's
stormwater and sanitary sewage system. in addition, the new system can be readily adapted to
a control system for a future aerial topographic mapping program for the City.
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