
Registry No.:  H-11235 Tenix LADS Incorporated 
 
 
 

 12 

C. VERTICAL AND HORIZONTAL CONTROL 
Refer to the Vertical and Horizontal Control Report10 for a detailed description of the vertical 
and horizontal control used during this survey.  A summary of vertical and horizontal control 
for the survey follows. 
 

C.1. VERTICAL CONTROL 
Vertical control for the survey was based on the Mean Lower Low Water tidal datum 
(MLLW).  MLLW is the average of the lower low water height of each tidal day observed 
over the National Tidal Datum Epoch.  

Tide data was supplied in UTC and in meters.   
 

C.2. TIDE STATIONS 
Only one tide station at Astoria, Washington was used for the duration of the survey.  This 
tide station is one of the 175 tide stations that forms NOAA’s National Water Level 
Observation Network (NWLON) and this tide gauge recorded continuously for the entire 
survey. 

These gauges average over 180 readings per cycle to eliminate wave variations.  The 
NWLON control stations with limited zoning have and accuracy of 0.23 meter and data was 
recorded at a 6-minute interval 

Station details are as follows: 
 

  WGS84 
Gauge Location GS No. Latitude Longitude 

9439040 Astoria US Coast 
Guard Pier TS1 46° 12.5' N 123° 46.0' W 

 

C.3. ZONING 
For final processing, tidal zoning correctors were applied to “verified” observed data 
obtained from the CO-OPS web site. The time and height correctors listed below were used 
for processing the data for tides. Minor changes were made to the zoning scheme provided by 
NOAA by moving TP 9 and TP 10 to the correct positions of the ends of the breakwaters, 
which were determined during this survey.  The changes are described in Section A of the 
Vertical and Horizontal Control Report. 
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Zone Time Corrector 
(mins) Range Ratio Reference Station 

PAC204 -84 0.92 9439040 
PAC205 -78 0.94 9439040 
PAC600 -72 0.93 9439040 
PAC601 -60 0.92 9439040 
 

C.4. HORIZONTAL CONTROL 
Data collection and processing were conducted on the Airborne and Ground Systems in 
World Geodetic System 1984 (WGS 84) on Universal Transverse Mercator (Northern 
Hemisphere) projection (UTM N) in Zone 10, Central Meridian 123° West.  All units are in 
meters.  This data was post processed and all soundings are relative to the North American 
Datum 1983 (NAD 83). 

C.4.1. LADS Local GPS Base Station – Seattle 
A local GPS Base Station had previously been coordinated on the roof of the Silver Cloud 
Inn, University Village, Seattle on 16 April 2001 by Mr John Oswald, LCMF Inc. Geodetic 
Manager.  Tenix LADS Inc. personnel then established a DGPS Base Station on this site. 
 
The base station recovery points were located on return to the base station site on 18 June 
2003. Tenix LADS Inc. personnel then re-established a DGPS reference station on this site. 
To confirm the previous base station coordinates, surveyors Minister & Glaeser were used.  
In addition, Minister & Glaeser surveyed a single point on the tarmac at the Boeing Field 
Airport in Seattle.  The point was surveyed by static GPS techniques and marked by pink 
colored paint.  The point was used for the static position check.  The reference station and 
static position checkpoint were coordinated on 21 June 2003.   
 
The derived NAD 83 coordinates for the LADS Differential GPS reference station are:  
 

Latitude    47° 39’ 56.7260” N 
Longitude  122° 18’ 00.8060” W 
Spheroidal Height 2.68 meters 
 
The LCMF Incorporated and Minister & Glaeser reports on the coordination of the 
differential GPS reference station at the Silver Cloud Inn, University Village, are presented 
in the Vertical and Horizontal Control Report. 

 
During the lidar survey operations, real-time positions were determined using an Ashtech 
GG24 GPS receiver with WADGPS Thales LandStar corrections.  The Thales system 
delivered the differential corrections via the West NAM Satellite spot beam and the 
corrections were derived from the reference station in Vancouver. 
 




