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1. Introduction
The main Poulton site grid, known as the Trench I grid,

was es tab lished when work first started in 1995. It has an

ar bi trary or i gin and ori en ta tion, be ing aligned with the

hedge im me di ately to the South of the cha pel where ex ca -

va tion first started [Em ery et al., 1996]. As is typ i cal for an 

ar chae o log i cal site, the grid was phys i cally de fined by

mark ers (usu ally sec tions of steel re in forc ing bar) placed

at 5m in ter vals across the area being investigated.

Since those early days of the Pro ject, ar chae o log i cal

in ves ti ga tions have spread over a much wider area of the

sur round ing land scape. Un for tu nately, when a new ma jor

trench (Trench XVI) was opened across a ring ditch some

100 m away from Trench I, an other ar bi trary lo cal grid

was es tab lished. This is known as the Ring Ditch grid.

One of the draw backs of these types of grid is that all

the mark ers are vul ner a ble to ac ci den tal or de lib er ate

dam age and are un likely to sur vive in the lon ger term (as

al ready dem on strated by the back fill ing of part of Trench

I). This will make it dif fi cult to re-lo cate key fea tures (e.g.

trench cor ners or spe cial finds) at a fu ture date. Fur ther -

more, it is not pos si ble to re late the fea tures dis cov ered at

Poulton (e.g. roads and trackways) to other fea tures in the

wider landscape, as shown on maps.

In or der to over come these prob lems, work was car -

ried out dur ing 2003 and 2004 with the fol low ing aims:

• To es tab lish a ro bust and per ma nent con trol net work at 

Poulton, cov er ing as wide an area as pos si ble.

• To de ter mine the pre cise re la tion ship be tween the two

ex ist ing lo cal grids.

• To es tab lish the pre cise re la tion ship be tween the lo cal

grids and the OS Na tional Grid.

Sec tion 2 of this re port de scribes how the con trol net -

work was es tab lished, while Sec tion 3 shows how to con -

vert co or di nates be tween the Trench I and Ring Ditch

sys tems. Sec tion 4 as sesses the ac cu racy which can be

achieved in de ter min ing Na tional Grid co or di nates us ing

the Global Po si tion ing Sys tem (GPS) and Sec tion 5 shows 

how to con vert co or di nates be tween the Trench I and

National Grid systems.

2. Network Observation and
Adjustment

The first task was to es tab lish 15 con trol sta tions across

the Poulton site. Where pos si ble, these sta tions were

based on well-es tab lished phys i cal fea tures, al though this

was dif fi cult to achieve in the ru ral en vi ron ment. De tailed

de scrip tions of the in di vid ual sta tions are given in Ap pen -

dix 7, while a map show ing the sta tions and the main phys -

i cal fea tures of the site is shown below.

The sec ond step was to de ter mine the lo cal co or di -

nates of one con trol sta tion within each of the two main

trenches (Trench I and Ring Ditch), by tak ing mea sure -

ments to sev eral of the ex ist ing trench grid mark ers (Sec -

tion 2.1). Fi nally, the en tire con trol net work was ob served

and ad justed (Section 2.2).

All ob ser va tions were car ried out be tween July and

Sep tem ber 2003, us ing a Sokkia SET 3BII to tal sta tion.

All ob ser va tions (hor i zon tal an gle, hor i zon tal dis tance

and height dif fer ence) were re peated on face left and face

right, then averaged.

2.1 Control Stations in Trench I and Ring
Ditch trench

Within the two main trenches (Trench I and Ring Ditch),

there are con trol sta tions known re spec tively as TR1 TBM 

and Ring Ditch. The hor i zon tal co or di nates of these points 

in their lo cal trench ref er ence sys tems were de ter mined by 

set ting up the in stru ment over the con trol sta tion and ob -

serv ing to sev eral of the ex ist ing trench grid mark ers.

These mark ers were treated as fixed points in a least

squares ad just ment, per formed us ing the EasyNet 2.4

pack age from Yuanda IT Ser vices [Yuanda, 2003]. In each 

case, the in stru ment was ori en tated on a dis tant con trol

sta tion (Ramp), so that the ad just ment also de fined the

bear ing of the cor re spond ing line in the local grid system.

A pri ori stan dard er rors were de ter mined us ing the fol -

low ing data:

• Sta tion cen tring er ror: 10 mm

• Tar get cen tring er ror: 20 mm

• Dis tance mea sure ment: 5 mm + 5 ppm

• Di rec tion mea sure ment: 5"

(N.B. At the short ranges in these net works, the cen tring

er rors are the pre dom i nant fac tor).

For both con trol sta tions, the a pos te ri ori stan dard er -

rors of the ad justed co or di nates were be tween 1 and 2 cm.

The de tailed ad just ment re ports are in Ap pen di ces 1 and

2.

The height of TR1 TBM was al ready known since this

is the pri mary site TBM, while the height of Ring Ditch

was de ter mined both by spirit lev el ling and us ing the con -

trol net work - see Sec tion 2.4.

2.2 Control Network
The ob ser va tions were ad justed by least squares us ing the

‘Ad just for Win dows’ pack age de vel oped at Penn State

Uni ver sity [PSU, 2003]. Hor i zon tal and ver ti cal ob ser va -

tions were ad justed sep a rately (Sec tions 2.3 and 2.4 re -

spec tively). The ref er ence sys tem used for the hor i zon tal

ad just ment was the Trench I coordinate system.

Sta tion Geophys 4 was ex cluded from the ad just ments

as it was re moved while the ob ser va tions were be ing

made.

2.3 Horizontal Adjustment
The net work was ini tially ad justed us ing just the an gle ob -
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ser va tions, plus:

• One ar bi trary dis tance

• One fixed point (TR1 TBM - set to the co or di nates cal -

cu lated as de scribed in Sec tion 2.1)

• One fixed az i muth (TR1 TBM to Ramp - set to the

bear ing cal cu lated as de scribed in Sec tion 2.1)

(N.B. Sta tions Geophys 3 and Gate post 1, to gether with

the cor re spond ing ob ser va tions, were omit ted at this stage 

since the an gle ob ser va tions on their own were in suf fi -

cient to fix their positions).

The a priori stan dard er rors of the an gle ob ser va tions

were cor rected un til the unit vari ance (s02) was ap prox i -

mately equal to 1.

The dis tance ob ser va tions (plus the an gle ob ser va -

tions to Geophys 3 and Gate post 1) were then added and

the a pri ori stan dard er rors of the dis tances cor rected un til

the unit vari ance was again ap prox i mately equal to 1.

The re sult ing a pri ori stan dard er rors were as fol lows:

• Sta tion cen tring er ror: 5 mm

• Tar get cen tring er ror: 15 mm

• Dis tance mea sure ment: 5 mm + 5 ppm

• Di rec tion mea sure ment: 5"

The max i mum a pos te ri ori stan dard er rors of the ad -

justed co or di nates were less than 3 cm, ex cept for those

points where the ob ser va tion ge om e try was par tic u larly

un fa vour able (e.g. Be hind Hedge and Geophys 3, both of

which could only be ob served from single points).

(N.B. The fig ures shown in the ad just ment re port are

twice the stan dard er ror, rep re sent ing the 95% con fi dence

level.)

The de tailed ad just ment re port is in Ap pen dix 3 and a

di a gram of the net work show ing er ror el lip ses is in Ap -

pen dix 4. The re sult ing co or di nates are sum ma rised in

Appendix 6.

2.4 Vertical Adjustment
The height of TR1 TBM was held fixed at its known value. 

A pri ori stan dard er rors were as signed in pro por tion to

dis tance.

The a pos te ri ori stan dard er rors of the ad justed heights 

were all less than 1 cm. The heights of the Ring Ditch con -

trol sta tion de ter mined by spirit lev el ling (on the one

hand) and from the net work ad just ment (on the other

hand) agreed to within a centimetre.

The de tailed ad just ment re port is in Ap pen dix 5 and

the re sult ing heights are sum ma rised in Ap pen dix 6.

3. Transformations between Trench 1 
and Ring Ditch Coordinate Systems

Three-pa ram e ter trans for ma tions (a ro ta tion + 2 shifts)

were cal cu lated be tween the Trench 1 and Ring Ditch co -

or di nate sys tems, in both di rec tions. The data used were

the co or di nates of the points Ring Ditch and 506.5E

420N, which were known in both sys tems. The trans for -

ma tions were cal cu lated us ing the LISCAD 6.1 soft ware

from Listech [Listech, 2003]. The mean ab so lute dif fer -

ence be tween the co or di nates in one sys tem and the cor re -

spond ing trans formed co or di nates from the other system

is 3 mm.

3.1 From Trench I system (TR1) to Ring
Ditch system (RD)

ERD 5 (0.99405000 3 ETR1) 2 (0.10892471 3 NTR1)

1 384.698

NRD 5 (0.10892471 3 ETR1) + (0.99405000 3 NTR1) +

266.551

Ex am ple: Ring Ditch peg has co or di nates in TR1 sys tem

of 124.021E, 139.061N. Co or di nates in RD sys tem are as

follows:

ERD 5 (0.99405000 3 124.021) 2 (0.10892471 3

139.061) 1 384.698 5 492.834

NRD 5 (0.10892471 3 124.021) 1( 0.99405000 3

139.061) 1 266.551 5 418.294

3.2 From Ring Ditch system (RD) to
Trench 1 system (TR1)

ETR1 5 (0.99405000 3 ERD) 1( 0.10892471 3 NRD)

2 411.443

NTR1 5 (20.10892471 3 ERD) 1 (0.99405000 3 NRD) 

2 223.063

Ex am ple: Grid pin in Ring Ditch trench has co or di nates

in RD sys tem of 506.5E, 420N. Co or di nates in TR1 sys -

tem are as follows:

ETR1 5 (0.99405000 3 506.5) 1 (0.10892471 3 420)

2 411.443 5 137.792

NTR1 5 (20.10892471 3 506.5) 1( 0.99405000 3

420) 2 223.063 5 139.268

4. Relationship of Poulton Local
Coordinate System to OS National
Grid

An ex er cise was un der taken in 2004 to re late the Poulton

Trench I co or di nate sys tem to the Ord nance Sur vey Na -

tional Grid, which pro vides a well-de fined and gen er -

ally-ac cepted ref er ence frame work for the whole of Great

Brit ain. This ex er cise had two main aims:

a) To de ter mine the best tech nique for mea sur ing the Na -

tional Grid co or di nates of points at Poulton, tak ing

into account:

• Prob a ble fu ture re quire ments to link in re mote

parts of the site (e.g. the ‘Ro man Road’);

• The ac cu racy re quired for ar chae o log i cal pur poses 

(0.5 m or better); and

• The costs in volved (like most ar chae o log i cal or -

gani sa tions, Poulton has very lit tle money!).

b) To com pute trans for ma tion pa ram e ters be tween the
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Trench I co or di nate sys tem and the Na tional Grid (in

both di rec tions). These pa ram e ters would con sist of a

shift (2-D) and ro ta tion, plus a fixed scale fac tor to ac -

count for the Na tional Grid lo cal scale fac tor

[Ordnance Survey, 1950].

4.1 Method and Equipment
GPS is the ob vi ous choice of tech nique, par tic u larly as the

Na tional Grid is now it self de fined in terms of a net work

of GPS sta tions rather than the tra di tional trig pil lars. Un til 

re cently, achiev ing sub-metre ac cu ra cies would have re -

quired equip ment cost ing thou sands of pounds. How ever,

it has been claimed that po si tion ing ac cu ra cies of around

20 cm can be achieved us ing much less ex pen sive equip -

ment, i.e. a Garmin 12-chan nel GPS re ceiver to gether

with the GRINGO/P4 soft ware, to gether cost ing un der

£250 [Ord nance Sur vey, 2000a]. The GRINGO soft ware,

de vel oped by the In sti tute of En gi neer ing Sur vey ing and

Space Ge od esy at Nottingham Uni ver sity [IESSG, 2002],

cap tures the raw data from the re ceiver and con verts it to

Re ceiver IN de pend ent EX change (RINEX) for mat. The

as so ci ated P4 soft ware post-pro cesses this data to gether

with RINEX data from a ref er ence site (typ i cally one of

the Ord nance Sur vey Active GPS Stations), to compute

the coordinates of the Garmin receiver.

A ba sic model Garmin re ceiver (GPS12) was pur -

chased, to gether with the GRINGO/P4 soft ware (full car -

rier phase ver sion). As il lus trated be low, the re ceiver was

mounted on top of a to tal sta tion, sim ply to fa cil i tate cen -

tring over a ref er ence mark and to raise the re ceiver above

low-level ob struc tions to the line of sight. The mount ing

also in cor po rates a sim ple alu minium ground plane to

mini mise multipath re flec tions. Since the po si tion of the

elec tri cal cen tre of the an tenna in side the re ceiver is un -

known, there is a max i mum er ror of 7 cm in plan po si tion

and 3 cm in height, but these are small com pared to the

accuracy required and have been ignored.

The ref er ence site used was Daresbury (sta tion id

DARE), which is the near est ac tive sta tion of the OS Na -

tional GPS Net work (ap prox i mately 30 km dis tant from

the Poulton site).

The Grid In Quest soft ware [Ord nance Sur vey,

2000b], de vel oped by Quest Geo detic Soft ware So lu tions

for the Ord nance Sur vey, was used to con vert the ETRS89 

co or di nates pro duced by GRINGO into their Na tional

Grid equivalents.

4.2 Observations at OS Passive Station
In or der to val i date the equip ment and tech niques used

and to as sess the ab so lute po si tion ing ac cu racy which

could be ob tained, mea sure ments were car ried out on 09

Au gust 2004 at Shotwicklodge, which is a Na tional GPS

Net work pas sive sta tion (sta tion no. C1SJ3471). The data

was then pro cessed us ing var i ous tech niques and the cal -

cu lated co or di nates com pared to the pub lished co or di -

nates of the sta tion. Shotwicklodge was cho sen be cause it

and the Poulton site are sim i lar dis tances from the

Daresbury ac tive sta tion (approximately 25 km as

compared to 30 km).

Note that the pub lished co or di nates of Daresbury ac -

tive sta tion have a quoted ac cu racy (2s or 95%) of

0.009 m in plan and 0.016 m in height, while the ac cu racy

of the Shotwicklodge co or di nates is quoted as 0.055 m in

plan and 0.066 m in height.

4.3 Effect of Different Ephemerides and
Observables

The full set of data (1 hour’s ob ser va tions) was pro cessed

us ing all com bi na tions of ephemeris (broad cast and pre -

cise-rapid) and ob serv able (pseudorange and car rier

phase). The re sults are shown in Ta ble 1 be low, ex pressed

as dif fer ences be tween the cal cu lated co or di nates and the

pub lished co or di nates of the sta tion, in the Na tional Grid

reference system.

The choice of ephemeris has a neg li gi ble ef fect on the

re sults, which is per haps not sur pris ing when us ing a dif -

fer en tial (DGPS) so lu tion. There is a clear dif fer ence be -

tween the pseudorange and car rier phase data, with the

lat ter pro duc ing re sults which are an or der of mag ni tude

better than the former.
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4.4 Effect of Varying Observation Period
Us ing the most ac cu rate com bi na tion of data (pre -

cise-rapid ephemeris + car rier phase), the co or di nates

were cal cu lated us ing var i ous time pe ri ods ex tracted from

the full data. In each case, the data was taken from the start

of the over all ob ser va tion period.

There seems to be no sig nif i cant deg ra da tion of ac cu racy

with 15 min utes of ob ser va tions and even 5 min utes of

data pro duces co or di nates which are well within 1m of the 

pub lished values.

4.5 GPS Observations at Poulton
In or der to as sess the rel a tive po si tion ing ac cu racy which

could be ob tained, GPS mea sure ments were car ried out on 

28 Au gust and 04 Sep tem ber 2004 at the Poulton site, us -

ing 3 sta tions of the site con trol net work. As de scribed in

Sec tion 2, this net work had been ob served and ad justed

dur ing 2003 to gen er ate hor i zon tal co or di nates (ref er -

enced to the lo cal grid) and heights (based on Ord nance

da tum from a nearby bench mark). The a pos te ri ori stan -

dard er rors of the inter-sta tion dis tances were all un der 1.5

cm, while those for the heights were all under 1 cm.

Each sta tion was ob served with the GPS re ceiver for

30 min utes and the re sults pro cessed us ing both the broad -

cast (BE) and pre cise-rapid (PE) ephemerides.

Ta ble 3 com pares the lengths of the lines be tween the 3 

sta tions as de rived from ground sur vey (on the one hand)

and GPS (on the other hand). For the pur poses of com par i -

son, the lengths de ter mined from ground sur vey have

been con verted to cor re spond ing lengths in the Na tional

Grid pro jec tion us ing the lo cal scale fac tor of 0.99965 (the 

MSL cor rec tion is neg li gi ble at this height AOD and for

these lengths of lines).

Ta ble 4 com pares the orthometric heights of the 3 sta tions

de rived us ing the same tech niques. These re sults show re -

mark ably good agree ment be tween the ground sur vey and

GPS-de rived val ues, par tic u larly (and per haps sur pris -

ingly!) in the heights.

4.6 Recommendations for Future
Observations

Ob ser va tions should be taken for a min i mum of 30 min -

utes and pro cessed us ing car rier phase data, pref er a bly

with the pre cise ephemeris. This should re sult in an ac cu -

racy of around 20 cm in both plan and orthometric height,

which is more than ad e quate for ar chae o log i cal pur poses.

If the pre cise ephemeris is not avail able, then the broad -

cast ephemeris can be used with only a small reduction in

accuracy.
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Ephem-

eris
Ob serv able

DE

(m)

DN

(m)

DPlan

(m)

DHt

(m)

Broadcast Pseudorange +1.12 +0.56 1.25 +1.82

Broadcast
Carrier

Phase
-0.11 -0.02 0.12 -0.07

Precise Pseudorange +1.12 +0.56 1.25 +1.81

Precise
Carrier

Phase
-0.11 -0.02 0.12 -0.08

Table 1 – Differences in Absolute Position

Observation

Period (mins)

DE

(m)

DN

(m)

DPlan

(m)

DHt

(m)

60 -0.11 -0.02 0.12 -0.08

30 +0.06 -0.09 0.11 -0.07

15 +0.05 -0.13 0.14 -0.11

5 +0.32 +0.11 0.34 -0.39

Table 2 – Effects of Different Observation Periods

Line

Length

from

Ground 

Survey

Length 

from

GPS

Survey 

(BE)

Length 

from

GPS

Survey 

(PE)

GPS

(BE) -

Ground

GPS

(PE) -

Ground

Ramp –

Pad
141.55 141.36 141.45 -0.19 -0.10

Pad –

TR1 TBM
209.77 209.90 209.93 +0.13 +0.16

TR1 TBM 

– Ramp
269.28 269.49 269.48 +0.21 +0.20

Average

Absolute Value
0.18 0.15

Table 3 – Comparison of Line Lengths (m)

Station

Height

from

Ground 

Survey

Height 

from

GPS

Survey 

(BE)

Height 

from

GPS

Survey 

(PE)

GPS

(BE) -

Ground

GPS

(PE) -

Ground

Ramp 17.16 17.13 17.13 -0.03 -0.03

Pad 15.00 14.88 15.07 -0.12 +0.07

TR1

TBM
15.77 15.73 15.76 -0.04 -0.01

Average

Absolute Value
0.06 0.04

Table 4 – Comparison of Station Heights (m)
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5. Transformations between Trench 1 
and National Grid Coordinate
Systems

Three-pa ram e ter trans for ma tions (a ro ta tion + 2 shifts)

were cal cu lated be tween the Poulton Trench I and Na -

tional Grid co or di nate sys tems, in both di rec tions. These

trans for ma tions also take ac count of the Na tional Grid lo -

cal scale fac tor (0.99965). The data used were the co or di -

nates of the Ramp, Pad and TR1 TBM sta tions, which are

known in both sys tems. The trans for ma tions were

calculated as follows:

• The bear ing of each line be tween the three sta tions was 

cal cu lated in both sys tems and the av er age dif fer ence

taken as the ro ta tion be tween the two systems.

• The co or di nates of each sta tion in one sys tem were ro -

tated (us ing the value de ter mined in the first step) and

scaled us ing the lo cal scale fac tor: the shifts were cal -

cu lated as the av er age dif fer ence be tween these trans -

formed co or di nates and the cor re spond ing

co or di nates in the other system.

The mean ab so lute dif fer ence be tween the co or di nates 

in one sys tem and the cor re spond ing trans formed co or di -

nates from the other sys tem is 6.5 cm.

5.1 From National Grid system (NG) to
Poulton Trench 1 system (TR1)

ETR1 5 (0.86545919 3 ENG) 1 (0.50167794 3 NNG)

2 474254.16

NTR1 5 (20.50167794 3 ENG) 1 (0.86545919 3

NNG) 2 139371.76

Ex am ple: TR1 TBM has co or di nates in NG sys tem of

340372.05E, 358364.24N. Co or di nates in TR1 sys tem are 

as follows:

ETR1 5 (0.86545919 3 340372.05) 1 (0.50167794 3

358364.24) 2 474254.16 5 107.39

NTR1 5 (20.50167794 3 340372.05) 1 (0.86545919

3 358364.24) 2 139371.76 5 20.72

5.2 From Poulton Trench 1 system (TR1)
to National Grid system (NG)

ENG 5 (0.86485348 3 ETR1) 2 (0.50132682 3 NTR1)

1 340289.56

NNG 5 (0.50132682 3 ETR1) 1 (0.86485348 3 NTR1)

1 358292.49

Ex am ple: Ramp has co or di nates in TR1 sys tem of

98.51E, 290.08N. Co or di nates in NG sys tem are as

follows:

ENG 5 (0.86485348 3 98.51) 2 (0.50132682 3

290.08) 1 340289.56 5 340229.33

NNG 5 (0.50132682 3 98.51) 1 (0.86485348 3

290.08) 1 358292.49 5 358592.75
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Ap pen di ces

Appendix 1. Adjustment Report – Trench 1 Control Point

*********************************

REPORT OF LEAST SQUARE ADJUSTMENT

*********************************

Data File: C:\Documents and Settings\Steve\My Documents\Network\Poulton TRI.obs

Run Date: 22/07/2003 18:52:19

Software: EasyNet 2.4

Copyright: Yuanda IT Services

For Evaluation Purpose Only

===================

LIST OF COORDINATES

===================

Fixed Coordinates

---------

Number: 7

---------------

Point       N           E

           (m)         (m)

---------------

10015     15.0000    100.0000

10025     25.0000    100.0000

11025     25.0000    110.0000

12015     15.0000    120.0000

12025     25.0000    120.0000

13015     15.0000    130.0000

13025     25.0000    130.0000

---------------

Adjusted Coordinates

----------

Number: 1

---------------

Point       N           E

           (m)         (m)

---------------

TBM       20.8471    107.3681

---------------
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============================

OBSERVATIONS AND ADJUSTMENTS

============================

Convergence Iterations: 2

Convergence Limit: 0.00010 1

Number of Observations: 14

Redundant Observations: 11

Error Factor: 1.54

Adjustment Passes the Chi Square Test at 0.05

D i s t a n c e s

---------

Number: 7  Error Factor: 1.61

-----------------------------

From     To     Observed    StdErr    Residual   Adjusted

                  (m)        (m)        (m)        (m)

-----------------------------

TBM     12015   13.8690     0.0229     0.0505    13.9195

TBM     13015   23.3530     0.0229     0.0220    23.3750

TBM     13025   22.9730     0.0229     0.0368    23.0098

TBM     12025   13.3280     0.0229    -0.0310    13.2970

TBM     11025    4.9370     0.0229    -0.0204     4.9166

TBM     10025    8.4800     0.0229    -0.0221     8.4579

TBM     10015    9.3640     0.0229     0.0423     9.4063

-----------------------------

D i r e c t i o n s

----------

Number: 7  Error Factor: 1.45

---------------------------------

From     To      Observed      StdErr      Residual     Adjusted

                  (d-m-s)      (d-m-s)     (d-m-s)       (d-m-s)

---------------------------------

TBM     11025    34-14-00.0   0-15-35.2    0-00-56.5    34-14-56.5

TBM     12025    73-48-30.0   0-05-47.6   -0-07-21.7    73-41-08.3

TBM     13025    81-33-55.0   0-03-20.9   -0-04-43.3    81-29-11.7

TBM     13015   106-17-55.0   0-03-18.0    0-04-19.0   106-22-14.0

TBM     12015   116-45-20.0   0-05-32.7   -0-01-56.3   116-43-23.7

TBM     10015   233-08-20.0   0-08-10.3    0-18-40.0   233-27-00.0

TBM     10025   301-15-35.0   0-09-02.1    0-01-54.0   301-17-29.0

                                          Orientation: 358-06-55.7

---------------------------------
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Miscloses

=========

=============================================================

ADJUSTED VALUES & STANDARD DIVIATIONS OF BEARINGS & DISTANCES

=============================================================

From     To       Bearing      StdDev     Distance    StdDev

                  (d-m-s)      (d-m-s)      (m)        (m)

-------------------------------

10015   TBM      51-33-55.8   0-05-22.2    9.4063     0.0143

10025   TBM     119-24-24.8   0-06-09.1    8.4579     0.0138

11025   TBM     212-21-52.3   0-09-43.5    4.9166     0.0150

12015   TBM     294-50-19.4   0-03-46.4   13.9195     0.0136

12025   TBM     251-48-04.0   0-03-58.6   13.2970     0.0135

13015   TBM     284-29-09.7   0-02-16.9   23.3750     0.0134

13025   TBM     259-36-07.5   0-02-19.3   23.0098     0.0133

-------------------------------

==============================================

STANDARD DEVIATIONS & ERROR ELLIPSES OF POINTS

==============================================

Point   StdDev of   StdDev of   Semi-Major   Semi-Minor   Bearing of

           N           E           Axis         Axis      Major Axis

          (m)         (m)          (m)          (m)         (d-m-s)

-----------------------------------

TBM      0.0156      0.0132       0.0156       0.0132       0-41-44.1

-----------------------------------
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Appendix 2. Adjustment Report – Ring Ditch Trench Control Point

*********************************

REPORT OF LEAST SQUARE ADJUSTMENT

*********************************

Job: Untitled

Data File: C:\Documents and Settings\Steve\My Documents\Network\Poulton

Ring.obs

Run Date: 22/07/2003 18:58:52

Software: EasyNet 2.4

Copyright: Yuanda IT Services

For Evaluation Purpose Only

===================

LIST OF COORDINATES

===================

Fixed Coordinates

---------

Number: 6

---------------

Point        N           E

            (m)         (m)

---------------

500400    400.0000    500.0000

500410    410.0000    500.0000

500420    420.0000    500.0000

506400    400.0000    506.5000

506410    410.0000    506.5000

506420    420.0000    506.5000

---------------

Adjusted Coordinates

----------

Number: 1

---------------

Point        N           E

            (m)         (m)

---------------

TBM       418.2940    492.8387

---------------
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============================

OBSERVATIONS AND ADJUSTMENTS

============================

Convergence Iterations: 3

Convergence Limit: 0.00010 1

Number of Observations: 11

Redundant Observations: 8

Error Factor: 0.72

Adjustment Passes the Chi Square Test at 0.05

D i s t a n c e s

---------

Number: 5  Error Factor: 0.57

------------------------------

 From      To     Observed    StdErr    Residual   Adjusted

                    (m)        (m)        (m)        (m)

------------------------------

TBM      500400   19.6370     0.0229     0.0088    19.6458

TBM      506400   22.8130     0.0229     0.0191    22.8321

TBM      500410   10.9620     0.0229    -0.0041    10.9579

TBM      506410   15.9900     0.0229    -0.0080    15.9820

TBM      506420   13.7590     0.0229     0.0084    13.7674

------------------------------

D i r e c t i o n s

----------

Number: 6  Error Factor: 0.83

----------------------------------

 From      To      Observed      StdErr      Residual     Adjusted

                    (d-m-s)      (d-m-s)     (d-m-s)       (d-m-s)

----------------------------------

TBM      500420    94-03-20.0   0-10-21.5    0-02-00.4    94-05-20.4

TBM      506420   100-25-25.0   0-05-33.9   -0-03-12.3   100-22-12.7

TBM      506410   138-51-30.0   0-04-49.0   -0-06-26.9   138-45-03.1

TBM      500410   156-37-05.0   0-07-02.8    0-03-42.3   156-40-47.3

TBM      506400   160-41-45.0   0-03-22.7    0-02-28.6   160-44-13.6

TBM      500400   176-05-30.0   0-03-55.9    0-01-05.8   176-06-35.8

                                            Orientation: 342-30-42.5

----------------------------------
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Miscloses

=========

=============================================================

ADJUSTED VALUES & STANDARD DIVIATIONS OF BEARINGS & DISTANCES

=============================================================

 From      To       Bearing      StdDev     Distance    StdDev

                    (d-m-s)      (d-m-s)      (m)        (m)

--------------------------------

500400   TBM      338-37-18.3   0-02-30.6   19.6458     0.0089

500410   TBM      319-11-29.8   0-04-48.8   10.9579     0.0070

500420   TBM      256-36-02.9   0-04-40.2    7.3617     0.0136

506400   TBM      323-14-56.1   0-02-17.7   22.8321     0.0072

506410   TBM      301-15-45.6   0-03-14.1   15.9820     0.0076

506420   TBM      262-52-55.2   0-02-43.7   13.7674     0.0128

-------------------------------

==============================================

STANDARD DEVIATIONS & ERROR ELLIPSES OF POINTS

==============================================

Point    StdDev of   StdDev of   Semi-Major   Semi-Minor   Bearing of

            N           E           Axis         Axis      Major Axis

           (m)         (m)          (m)          (m)         (d-m-s)

-----------------------------------

TBM       0.0119      0.0119       0.0154       0.0069      44-38-56.0

-----------------------------------
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Appendix 3. Adjustment Report – Horizontal Control Network

--------------------------------------------------------------

Poulton Control Network

-------------------------------------------

Number of Control Stations      - 1

Number of Unknown Stations      - 13

Number of Distance observations - 39

Number of Angle observations    - 31

Number of Azimuth observations  - 1

*******************************************

Initial approximations for unknown stations

*******************************************

   Station            X              Y

========================================

      Ramp          98.10        290.070

 RingDitch        124.020        139.050

   120E25N        120.020         25.000

BehindHdge        149.740          6.390

  Geophys1       -117.000         11.790

       Pad         -7.610        196.400

  Geophys2         97.790         41.640

  506E420N        137.810        139.270

 Gatepost1       -121.000        207.500

 Gatepost2       -121.770        203.850

    Runway         80.650        324.910

  PondPipe       -123.500        521.820

  Geophys3        151.390         10.560

Control Stations

~~~~~~~~~~~~~~~~

   Station            X              Y

========================================

    TR1TBM        107.368         20.847
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*********************

Distance Observations

*********************

   Station   Station

  Occupied   Sighted       Distance          S

==============================================

       Pad      Ramp        141.600      0.017

       Pad  506E420N        156.240      0.017

       Pad RingDitch        143.600      0.017

       Pad   120E25N        213.710      0.017

       Pad  Geophys2        187.290      0.017

       Pad    TR1TBM        209.840      0.017

       Pad  Geophys1        214.560      0.017

       Pad Gatepost2        114.370      0.017

       Pad  PondPipe        345.440      0.017

    TR1TBM  Geophys1        224.550      0.017

    TR1TBM Gatepost2        293.170      0.017

    TR1TBM       Pad        209.850      0.017

    TR1TBM  Geophys2         22.890      0.017

    TR1TBM      Ramp        269.370      0.017

    TR1TBM RingDitch        119.370      0.017

    TR1TBM   120E25N         13.320      0.017

    TR1TBMBehindHdge         44.770      0.017

      Ramp  506E420N        155.840      0.017

      Ramp RingDitch        153.150      0.017

      Ramp    TR1TBM        269.400      0.017

      Ramp  Geophys2        248.490      0.017

      Ramp  Geophys1        351.980      0.017

      Ramp       Pad        141.610      0.017

      Ramp Gatepost2        236.550      0.017

      Ramp    Runway         39.150      0.017

    Runway      Ramp         39.110      0.017

    Runway  PondPipe        283.720      0.017

 RingDitch   120E25N        114.160      0.017

 RingDitch    TR1TBM        119.370      0.017

 RingDitch  Geophys2        100.920      0.017

 RingDitch Gatepost1        254.460      0.017

 RingDitch       Pad        143.600      0.017

 RingDitch  PondPipe        455.860      0.017

 RingDitch      Ramp        153.170      0.017

BehindHdge    TR1TBM         44.780      0.017

BehindHdge   120E25N         35.050      0.017

BehindHdge  Geophys3          4.480      0.017

       Pad Gatepost1        114.000      0.017

 Gatepost1 Gatepost2          3.720      0.017
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******************

Angle Observations

******************

        Station        Station        Station

    Backsighted       Occupied    Foresighted            Angle       S

=======================================================================

           Ramp            Pad       506E420N        62°52'17"      31"

       506E420N            Pad      RingDitch         2°04'43"      30"

      RingDitch            Pad        120E25N        29°47'25"      27"

        120E25N            Pad       Geophys2         2°25'20"      23"

       Geophys2            Pad         TR1TBM         1°01'57"      23"

         TR1TBM            Pad       Geophys1        63°52'50"      22"

       Geophys1            Pad      Gatepost2        63°06'45"      32"

      Gatepost2            Pad       PondPipe        66°37'40"      30"

       Geophys1         TR1TBM      Gatepost2        40°55'45"      19"

      Gatepost2         TR1TBM            Pad        18°09'33"      20"

            Pad         TR1TBM       Geophys2         8°28'52"     138"

       Geophys2         TR1TBM           Ramp        22°51'28"     137"

           Ramp         TR1TBM      RingDitch         9°54'07"      29"

      RingDitch         TR1TBM        120E25N        63°49'38"     237"

        120E25N         TR1TBM     BehindHdge        36°59'30"     244"

       506E420N           Ramp      RingDitch         5°00'58"      29"

      RingDitch           Ramp         TR1TBM         7°42'20"      24"

         TR1TBM           Ramp       Geophys2         2°02'02"      18"

       Geophys2           Ramp       Geophys1        37°36'10"      17"

       Geophys1           Ramp            Pad        10°48'28"      25"

            Pad           Ramp      Gatepost2        20°03'47"      27"

      Gatepost2           Ramp         Runway        84°13'48"      82"

           Ramp         Runway       PondPipe       161°06'05"      82"

        120E25N      RingDitch         TR1TBM         6°00'35"      38"

         TR1TBM      RingDitch       Geophys2         7°01'57"      41"

       Geophys2      RingDitch      Gatepost1        90°33'43"      34"

      Gatepost1      RingDitch            Pad         7°54'45"      26"

            Pad      RingDitch       PondPipe        33°34'22"      24"

       PondPipe      RingDitch           Ramp        23°19'05"      23"

         TR1TBM     BehindHdge        120E25N        13°12'08"     112"

        120E25N     BehindHdge       Geophys3        79°32'37"     705"
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********************

Azimuth Observations

********************

   Station   Station

  Occupied   Sighted          Azimuth       S

==============================================

    TR1TBM      Ramp        358°06'55"       0"

*****************

Adjusted stations

*****************

                                               Error ellipse confidence level at 0.950

   Station              X              Y         Sx         Sy         Su         Sv     t

============================================================================================

      Ramp         98.508        290.081     0.0003     0.0078     0.0199     0.0000 178.12°

 RingDitch        124.021        139.061     0.0076     0.0075     0.0195     0.0189  56.26°

   120E25N        120.032         24.989     0.0098     0.0103     0.0260     0.0247 169.64°

BehindHdge        149.738          6.377     0.0216     0.0502     0.1358     0.0260  21.12°

  Geophys1       -117.002         11.781     0.0113     0.0138     0.0362     0.0272 157.15°

       Pad         -7.639        196.366     0.0071     0.0084     0.0223     0.0167  27.87°

  Geophys2         97.817         41.599     0.0073     0.0092     0.0236     0.0180 164.57°

  506E420N        137.796        139.269     0.0149     0.0139     0.0389     0.0339  60.50°

 Gatepost1       -121.077        207.507     0.0139     0.0182     0.0468     0.0343  13.62°

 Gatepost2       -121.745        203.837     0.0110     0.0131     0.0335     0.0274  15.66°

    Runway         80.649        324.895     0.0106     0.0129     0.0326     0.0268 176.59°

  PondPipe       -123.652        521.759     0.0260     0.0193     0.0761     0.0304  56.76°

  Geophys3        151.388         10.542     0.0227     0.0551     0.1435     0.0465  14.47°
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*******************************

Adjusted Distance Observations

*******************************

   Station   Station

  Occupied   Sighted       Distance          V          S  Std.Res.     Red.#

=============================================================================

       Pad      Ramp        141.598    -0.0022     0.0080    -0.148     0.776

       Pad  506E420N        156.242     0.0015     0.0133     0.146     0.385

       Pad RingDitch        143.591    -0.0092     0.0074    -0.598     0.810

       Pad   120E25N        213.706    -0.0043     0.0105    -0.319     0.616

       Pad  Geophys2        187.280    -0.0096     0.0092    -0.669     0.709

       Pad    TR1TBM        209.842     0.0017     0.0072     0.112     0.822

       Pad  Geophys1        214.550    -0.0096     0.0110    -0.744     0.579

       Pad Gatepost2        114.350    -0.0201     0.0108    -1.532     0.595

       Pad  PondPipe        345.455     0.0154     0.0121     1.294     0.492

    TR1TBM  Geophys1        224.553     0.0031     0.0112     0.242     0.564

    TR1TBM Gatepost2        293.221     0.0506     0.0112     3.962     0.563*

    TR1TBM       Pad        209.842    -0.0083     0.0072    -0.537     0.822

    TR1TBM  Geophys2         22.844    -0.0459     0.0093    -3.224     0.702

    TR1TBM      Ramp        269.380     0.0097     0.0078     0.645     0.787

    TR1TBM RingDitch        119.381     0.0108     0.0076     0.707     0.802

    TR1TBM   120E25N         13.324     0.0042     0.0098     0.304     0.669

    TR1TBMBehindHdge         44.773     0.0031     0.0105     0.233     0.620

      Ramp  506E420N        155.845     0.0048     0.0121     0.404     0.497

      Ramp RingDitch        153.160     0.0102     0.0076     0.673     0.798

      Ramp    TR1TBM        269.380    -0.0203     0.0078    -1.344     0.787

      Ramp  Geophys2        248.483    -0.0068     0.0096    -0.487     0.681

      Ramp  Geophys1        351.989     0.0085     0.0111     0.661     0.574

      Ramp       Pad        141.598    -0.0122     0.0080    -0.815     0.776

      Ramp Gatepost2        236.537    -0.0134     0.0113    -1.061     0.555

      Ramp    Runway         39.128    -0.0225     0.0108    -1.714     0.594

    Runway      Ramp         39.128     0.0175     0.0108     1.339     0.594

    Runway  PondPipe        283.715    -0.0050     0.0131    -0.458     0.410

 RingDitch   120E25N        114.142    -0.0184     0.0103    -1.361     0.633

 RingDitch    TR1TBM        119.381     0.0108     0.0076     0.707     0.802

 RingDitch  Geophys2        100.923     0.0029     0.0094     0.202     0.695

 RingDitch Gatepost1        254.476     0.0156     0.0127     1.379     0.443

 RingDitch       Pad        143.591    -0.0092     0.0074    -0.598     0.810

 RingDitch  PondPipe        455.850    -0.0095     0.0113    -0.752     0.555

 RingDitch      Ramp        153.160    -0.0098     0.0076    -0.644     0.798

BehindHdge    TR1TBM         44.773    -0.0069     0.0105    -0.514     0.620

BehindHdge   120E25N         35.055     0.0050     0.0124     0.434     0.465

BehindHdge  Geophys3          4.480    -0.0000     0.0170     0.000     0.000

       Pad Gatepost1        113.983    -0.0167     0.0127    -1.476     0.446

 Gatepost1 Gatepost2          3.730     0.0097     0.0146     1.110     0.265
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***************************

Adjusted Angle Observations

***************************

    Station   Station     Station

Backsighted  Occupied Foresighted          Angle       V        S    Std.Res.   Red.#

======================================================================================

       Ramp       Pad    506E420N      62°52'29"     12.5"    17.8        0.5   0.658

   506E420N       Pad   RingDitch       2°05'12"     29.0"    17.9        1.2   0.645

  RingDitch       Pad     120E25N      29°47'37"     12.4"    12.2        0.5   0.796

    120E25N       Pad    Geophys2       2°24'54"    -25.9"    11.2       -1.3   0.764

   Geophys2       Pad      TR1TBM       1°02'08"     11.2"     8.1        0.5   0.879

     TR1TBM       Pad    Geophys1      63°52'49"     -0.9"    12.2       -0.0   0.691

   Geophys1       Pad   Gatepost2      63°06'02"    -42.6"    18.8       -1.7   0.649

  Gatepost2       Pad    PondPipe      66°37'51"     11.2"    20.8        0.5   0.519

   Geophys1    TR1TBM   Gatepost2      40°55'41"     -4.1"    11.1       -0.3   0.651

  Gatepost2    TR1TBM         Pad      18°09'05"    -27.9"     7.9       -1.6   0.834

        Pad    TR1TBM    Geophys2       8°31'16"    144.1"    64.6        1.2   0.779

   Geophys2    TR1TBM        Ramp      22°49'43"   -104.7"    64.9       -0.9   0.777

       Ramp    TR1TBM   RingDitch       9°54'12"      4.8"    13.1        0.2   0.799

  RingDitch    TR1TBM     120E25N      63°52'18"    159.8"   158.3        0.9   0.553

    120E25N    TR1TBM  BehindHdge      36°57'56"    -94.3"   189.0       -0.6   0.402

   506E420N      Ramp   RingDitch       5°00'46"    -12.1"    18.7       -0.5   0.588

  RingDitch      Ramp      TR1TBM       7°42'14"     -5.9"    10.3       -0.3   0.821

     TR1TBM      Ramp    Geophys2       2°02'39"     36.7"     6.1        2.1   0.892

   Geophys2      Ramp    Geophys1      37°35'39"    -31.1"     8.8       -2.2   0.730

   Geophys1      Ramp         Pad      10°48'22"     -6.2"    10.9       -0.3   0.805

        Pad      Ramp   Gatepost2      20°03'25"    -22.2"    10.8       -0.9   0.833

  Gatepost2      Ramp      Runway      84°13'32"    -15.6"    55.0       -0.3   0.550

       Ramp    Runway    PondPipe     161°05'45"    -19.9"    61.1       -0.4   0.438

    120E25N RingDitch      TR1TBM       6°00'57"     22.4"    17.6        0.7   0.787

     TR1TBM RingDitch    Geophys2       7°01'48"     -8.7"    15.4       -0.2   0.858

   Geophys2 RingDitch   Gatepost1      90°33'16"    -27.4"    21.9       -1.0   0.590

  Gatepost1 RingDitch         Pad       7°55'05"     20.2"    13.8        0.9   0.712

        Pad RingDitch    PondPipe      33°34'08"    -13.7"    14.5       -0.7   0.630

   PondPipe RingDitch        Ramp      23°19'17"     11.7"    14.4        0.7   0.594

     TR1TBMBehindHdge     120E25N      13°12'45"     37.1"    64.8        0.4   0.668

    120E25NBehindHdge    Geophys3      79°32'37"     -0.0"   704.7        0.0   0.000

*****************************

Adjusted Azimuth Observations

*****************************

   Station   Station

  Occupied   Sighted          Azimuth       V       S"   Std.Res.     Red.#

===================================================================================

    TR1TBM      Ramp       358°06'55"     0.0"     0.0"         0     0.000
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****************************************

        Adjustment Statistics

****************************************

               Iterations = 3

           Redundancies = 45

 Reference Variance = 1.148

        Reference So = ±1.1

              Passed X
2
 test at 95.0% significance level!

                          X
2
 lower value = 28.37

                          X
2
 upper value = 65.41

             A priori value of 1 used for reference variance

                       in computations of statistics.

Possible blunder in observations with Std.Res. > 4

                      Convergence!
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Appendix 4. Network Diagram and Error Ellipses
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Appendix 5. Adjustment Report – Vertical Control Network

*****************************************************************************

***********   Least Squares Adjustment of Differential Leveling   ***********

*****************************************************************************

------------------------

Poulton Vertical Network

--------------------------------------

******************

Benchmark stations

******************

   Station     Elevation

========================

    Tr1TBM         15.77

******************************

Observed Elevation Differences

******************************

      From        To       Elevation Difference      S

========================================================

       Pad      Ramp               2.16         141.6000

       Pad  506E420N               1.34         156.2400

       Pad RingDitch               1.18         143.6000

       Pad   120E25N               0.91         213.7100

       Pad  Geophys2               2.35         187.2900

       Pad    TR1TBM               0.77         209.8400

       Pad  Geophys1              -1.87         214.5600

       Pad Gatepost2               0.99         114.3700

       Pad  PondPipe              -0.52         345.4400

    TR1TBM  Geophys1              -2.64         224.5500

    TR1TBM Gatepost2               0.20         293.1700

    TR1TBM       Pad              -0.77         209.8500

    TR1TBM  Geophys2               1.59          22.8900

    TR1TBM      Ramp               1.39         269.3700

    TR1TBM RingDitch               0.40         119.3700

    TR1TBM   120E25N               0.16          13.3200

    TR1TBMBehindHdge              -2.21          44.7700

      Ramp  506E420N              -0.82         155.8400

      Ramp RingDitch              -0.98         153.1500

      Ramp    TR1TBM              -1.39         269.4000

      Ramp  Geophys2               0.18         248.4900

      Ramp  Geophys1              -4.06         351.9800

      Ramp       Pad              -2.15         141.6100

      Ramp Gatepost2              -1.18         236.5500

      Ramp    Runway              -1.55          39.1500

    Runway      Ramp               1.55          39.1100

    Runway  PondPipe              -1.12         283.7200

 RingDitch   120E25N              -0.25         114.1600

 RingDitch    TR1TBM              -0.40         119.3700

 RingDitch  Geophys2               1.17         100.9200
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 RingDitch Gatepost1              -0.18         254.4600

 RingDitch       Pad              -1.18         143.6000

 RingDitch  PondPipe              -1.72         455.8600

 RingDitch      Ramp               0.99         153.1700

BehindHdge    TR1TBM               2.22          44.7800

BehindHdge  Geophys3               1.14           4.4800

       Pad Gatepost2               1.00         114.3600

       Pad Gatepost1               1.01         114.0000

       Pad  PondPipe              -0.50         345.4600

       Pad      Ramp               2.18         141.6100

Possible blunders with observations having Std.Res. > 0.00

Reference Variance = 0.0000006148

      Reference So = ±0.00078

           Failed to pass X
2
 test at 95.0% significance level!

                          X
2
 lower value = 14.57

                          X
2
 upper value = 43.19

******************************

Adjusted Elevation Differences

******************************

      From        To     Elevation Difference       V       S   Std.Res.     Red.#

===================================================================================

       Pad      Ramp             2.16            0.005   0.004      0.00      0.85

       Pad  506E420N             1.34            0.002   0.007      0.00      0.47

       Pad RingDitch             1.18           -0.000   0.004     -0.00      0.83

       Pad   120E25N             0.93            0.019   0.004      0.00      0.86

       Pad  Geophys2             2.36            0.007   0.004      0.00      0.83

       Pad    TR1TBM             0.77            0.000   0.004      0.00      0.89

       Pad  Geophys1            -1.88           -0.006   0.007     -0.00      0.58

       Pad Gatepost2             0.99           -0.000   0.005     -0.00      0.64

       Pad  PondPipe            -0.51            0.006   0.008      0.00      0.73

    TR1TBM  Geophys1            -2.65           -0.006   0.008     -0.00      0.59

    TR1TBM Gatepost2             0.22            0.020   0.006      0.00      0.81

    TR1TBM       Pad            -0.77           -0.000   0.004     -0.00      0.89

    TR1TBM  Geophys2             1.59           -0.003   0.003     -0.00      0.24

    TR1TBM      Ramp             1.39            0.005   0.004      0.00      0.89

    TR1TBM RingDitch             0.41            0.010   0.004      0.00      0.82

    TR1TBM   120E25N             0.16           -0.001   0.003     -0.00      0.12

    TR1TBMBehindHdge            -2.21           -0.005   0.004     -0.00      0.50

      Ramp  506E420N            -0.82           -0.002   0.007     -0.00      0.46

      Ramp RingDitch            -0.99           -0.005   0.004     -0.00      0.82

      Ramp    TR1TBM            -1.39           -0.005   0.004     -0.00      0.89

      Ramp  Geophys2             0.19            0.012   0.005      0.00      0.85

      Ramp  Geophys1            -4.04            0.019   0.008      0.00      0.73

      Ramp       Pad            -2.16           -0.015   0.004     -0.00      0.85

      Ramp Gatepost2            -1.18            0.005   0.006      0.00      0.77

      Ramp    Runway            -1.55           -0.001   0.003     -0.00      0.52

    Runway      Ramp             1.55            0.001   0.003      0.00      0.52

    Runway  PondPipe            -1.13           -0.009   0.008     -0.00      0.63
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 RingDitch   120E25N            -0.25           -0.001   0.004     -0.00      0.76

 RingDitch    TR1TBM            -0.41           -0.010   0.004     -0.00      0.82

 RingDitch  Geophys2             1.18            0.007   0.004      0.00      0.72

 RingDitch Gatepost1            -0.17            0.007   0.007      0.00      0.65

 RingDitch       Pad            -1.18            0.000   0.004      0.00      0.83

 RingDitch  PondPipe            -1.69            0.026   0.008      0.00      0.78

 RingDitch      Ramp             0.99           -0.005   0.004     -0.00      0.82

BehindHdge    TR1TBM             2.21           -0.005   0.004     -0.00      0.50

BehindHdge  Geophys3             1.14           -0.000   0.002     -0.00      0.00

       Pad Gatepost2             0.99           -0.010   0.005     -0.00      0.64

       Pad Gatepost1             1.01           -0.003   0.007     -0.00      0.29

       Pad  PondPipe            -0.51           -0.014   0.008     -0.00      0.73

       Pad      Ramp             2.16           -0.015   0.004     -0.00      0.85

*******************

Adjusted Elevations

*******************

   Station     Elevation      S

==================================

    Tr1TBM       15.77

       Pad       15.00      0.004

      Ramp       17.16      0.004

  506E420N       16.34      0.008

 RingDitch       16.18      0.004

   120E25N       15.93      0.003

  Geophys2       17.36      0.003

  Geophys1       13.12      0.008

 Gatepost2       15.99      0.006

  PondPipe       14.49      0.008

BehindHdge       13.56      0.004

    Runway       15.61      0.005

 Gatepost1       16.01      0.008

  Geophys3       14.70      0.004
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Appendix 6. Control Station Coordinates
The ta ble be low gives the co or di nates of the Poulton con trol sta tions:

Station Easting (m) Northing (m) Height (m)

120E 25N 120.03 24.99 15.93

506.5E 420N 137.80 139.27 16.34

Behind Hedge 149.74 6.38 13.56

Gatepost 1 -121.08 207.51 16.01

Gatepost 2 -121.75 203.84 15.99

Geophys 1 -117.00 11.78 13.12

Geophys 2 97.82 41.60 17.36

Geophys 3 151.39 10.54 14.70

Pad -7.64 196.37 15.00

Pond Pipe -123.65 521.76 14.49

Ramp 98.51 290.08 17.16

Ring Ditch 124.02 139.06 16.18

Runway 80.65 324.90 15.61

TR1 TBM 107.37 20.85 15.77

De scrip tions of these sta tions are pro vided in Ap pen dix 7.

These co or di nates are all in the Trench I co or di nate sys tem.

De tails of how to con vert be tween this sys tem and the Ring Ditch co or di nate sys tem are given in sec tion 3.

De tails of how to con vert be tween this sys tem and the Na tional Grid co or di nate sys tem are given in sec tion 5.
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Appendix 7. Control Station Descriptions
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Ramp
Screw head on top of large concrete ramp immediately
south of Portakabins:

1.4m

1.15m

Not to scale N

Slope

Run way
Screw head in runway to WNW of Portakabins:

Westernmost
Portakabin

Mound

Concrete
Segments

3.4m

0.65m

Not to scale N

Ring Ditch
Nail in peg at W side of Ring Ditch trench. 492.84E
418.29N in Ring Ditch grid.

506.5E 420N
Top of grid pin in Ring Ditch trench.

TRI TBM
TBM in Trench I – highest point on stone, marked with
paint. 107.37E 20.85N in Trench I grid.

120E 25N
Top of grid pin in Trench I.

Geophys 1
Top of Geophysics baseline 1 yellow marker, in SW
corner of field.

Geophys 2
Centre of top of fence post at NW corner of Trench I
(Geophysics baseline 2 yellow marker is resting against
this post).

Be hind Hedge & Geophys 3

Trench 1

1.45m

3.75m

Not to scale N

Hedge

Spoil
Heap

Fence 0.5m

0.5m

Behind
Hedge

Geophys3

Be hind Hedge: 
Nail in peg at top of slope leading down to Pulford
Brook.

Geophys 3
Top of Geophysics baseline 3 yellow marker, behind
fence to E of spoil heap.

Gate post 1
Centre of top of northernmost of pair of gateposts in W
boundary hedge of field.

Gate post 2
Centre of top of southernmost of pair of gateposts in W
boundary hedge of field.

Pad
Screw head on concrete pad in middle of field:

1.7m

0.75m

Not to scale N

Pond Pipe
Mark on horizontal surface of paving slab set vertically
on edge of pond:

5.5cm

2.5cm

Not to scale N

Pipe

Vertical
paving slab

Pond




