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Monitoring Plan: NORM Land Remediation Programme

This document outlines a 5 years’ monitoring plan for the NORM Remediation Projects completed at Thayyem, El-Ward, Omar and Maleh, in full accordance with requirements set by SAEC. 

AFPC Objectives

In line with existing policies and SAEC requirements, AFPC shall carry out a regular programme in the 4 areas above in order to meet license requirements related to NORM waste disposal in the four areas.  

Scope of Monitoring Programme
The programme shall consist of the following monitoring modules:

1. Stability of covers and erosion

2. Groundwater quality

3. Radon emanations 

4. Land use

The monitoring programme shall run from January 2001 to January 2006. The duration of programme and its parameters, including but not limited to location of points, frequency and methods can be modified by mutual consent between AFPC and SAEC. Monitoring plan should only be changed if monitoring results indicate a need for changes in the frequency. 

AFPC shall submit a report at the end of each monitoring year and in unusual events 

( e.g. heavy rain, erosion etc.).  In return, SAEC is expected to issue a yearly verification note with an official assessment of the situation within 3 weeks of receipt of such reports.

Definition of Responsibilities in AFPC

	Action Party
	Responsibility

	HSE
	Overall co-ordination of monitoring, delivery of reports to SAEC and provision of all ancillary services to carry out tasks as per plan.

	Area HSE Advisers: 
	Carry out visual surveys as per modules 1 and 4 of the monitoring programme. 

	SAEC
	Deliver samples of 10 litres to SAEC and 1 litre to Thayyem laboratory as per schedule.

	OPC
	Deliver analytical results of groundwater samples (1 litre), standard AFPC package, as per module 2.

	SAEC Services
	carry out 226Ra analysis of groundwater samples (10 litre), standard SAEC analysis, as per module 2.

	SAEC Services
	Carry out Radon analysis, as per module 3.

	TEP
	procurement and installation of submersible pumps (if/when necessary)

	OPO,OPT,OPW
	Maintenance of electrical pumps

	OFM’s: 
	Co-ordinate mitigation measures if/when necessary.


1. Monitoring of stability of covers and erosion 

1.1 Objective: assess risks of subsidence over the disposal sites and backfilled areas and provide early warning for protection of the integrity of the capping.

1.2 Parameters: 

· no visible evidence of subsidence.

· no visible evidence of slope movement, slumping or erosion.

1.3 Method: periodical visual inspections of signs fixed on sites plus an extra visual inspection after heavy rainfalls, check performance of rainwater disposal ditch periodical topographical survey.

	Area
	Density of points
	Frequency of surveys

	Thayyem 
	1 / 10,000 m2


	1/ quarter (year 1,2)

1/ 6 months  (year 3,4 and 5)

	El Ward
	1 / 10,000 m2


	1/ quarter (year 1,2)

1/ 6 months  (year 3,4 and 5)

	Omar
	1 / 10,000 m2


	1/ quarter (year 1,2)

1/ 6 months  (year 3,4 and 5)

	Maleh
	1 / 10,000 m2


	1/ quarter (year 1,2)

1/ 6 months  (year 3,4 and 5)


1.4  Action Party: periodic surveys to be conducted by Area HSE Advisers; brief note to be submitted to HSE (copy OSA/E) for reporting.

2. Monitoring of the groundwater 

2.1 Objective: assess residual risks to groundwater and provide early warning for protection of the aquifer.

2.2 Parameters: not significantly degraded from first assessment carried out at completion of projects, as measured by 226Ra  (standard analysis by SAEC laboratory) and in-house analysis (standard package by AFPC laboratory at Thayyem).

Method: periodical sampling and analysis of selected monitoring wells in each area.

	Area 
	Well numbers
	Frequency of surveys
	Parameters

	Thayyem

8 sampling stations


	WT-A,B,C, D 

(at corners of disposal site)

WT– 9, 11, 12, 13 

(along channel)
	1/ quarter (year 1 to 2)

1 / 6 months (year 3,4,5)


	226Ra  (10 litre sample; standard analysis by SAEC laboratory)

1 litre sample, standard package by AFPC laboratory at Thayyem).



	El Ward

7 sampling stations


	WW-A,B,C, D

(at corners of disposal site)

WW- 1, 2, 3

(along hydrological gradient; backfilled lagoons)


	1/ quarter (year 1 to 2)

1 / 6 months (year 3,4,5)


	226Ra  (10 litre sample; standard analysis by SAEC laboratory)

1 litre sample, standard package by AFPC laboratory at Thayyem).

	Omar 

9 sampling stations


	WO-A,B, C, D 

(at corners of disposal site)

WO – 2, 3, 4, 5, 6

(along hydrological gradient)
	1/ quarter (year 1 to 2)

1 / 6 months (year 3,4,5)
	226Ra  (10 litre sample; standard analysis by SAEC laboratory)

1 litre sample, standard package by AFPC laboratory at Thayyem).

	Maleh

4 sampling stations


	WM-A, B, C, D 

(at corners of disposal site)


	1/ quarter (year 1 to 2)

1 / 6 months (year 3,4,5)
	226Ra  (10 litre sample; standard analysis by SAEC laboratory)

1 litre sample, standard package by AFPC laboratory at Thayyem).


As a minimum, standard package by AFPC laboratory at Thayyem shall consist of 

Total Suspended Solids, pH, Calcium, Magnesium, Iron, Chloride, Sulphate, Carbonate, Bicarbonate, Hydroxide, Sodium.

2.4 Action Party: periodic surveys, and analysis by SAEC of samples of 10 litres)  and to Thayyem laboratory (1 litre sample).  All results shall be submitted to  OSA/E  for control and files (copy to HSE for record).

3. Monitoring of Radon emanations 

3.1 Objective: assess emanation of radon from piles. 

3.2 Parameters: not significant different over time (standard analysis by SAEC laboratory) 

3.3 Method: periodical sampling and analysis of radon monitoring station at the centre and in the four corners of disposal sites as compared with emanations from fixed background points.

	Area 
	Frequency of surveys
	Parameters

	Thayyem

Station 1: centre of disposal site

Station 2: fixed point background
	1/ 6 months(year 1 to 3)


	Radon as measured by stationary device

	El Ward

Station 1: centre of disposal site

Station 2: fixed point background
	1/ 6 months(year 1 to 3)


	Radon as measured by stationary device

	Omar 

Station 1: centre of disposal site

Station 2: fixed point background
	1/ 6 months(year 1 to 3)


	Radon as measured by stationary device

	Maleh

Station 1: centre of disposal site

Station 2: fixed point background
	1/ 6 months(year 1 to 3)


	Radon as measured by stationary device


3.4 Action Party: periodic surveys by SAEC. All results shall be submitted to  OSA/E for control and files (copy to HSE for record).

4. Monitoring of land situation 

4.1 Objective: assess risks to project areas from industrial activities or other unforeseen circumstances and provide early warning for ensuring long-term protection of remediation objectives.

4.2 Parameters: no industrial or domestic debris allowed; all operational activities restricted to areas demarcated and authorised by AFPC.

4.3 Method: periodical visual inspections of all areas. 

	Area
	Density of points
	Frequency of surveys

	Thayyem 
	1 / 10,000 m2


	1/ quarter (year 1,2)

1/ 6 months  (year 3,4 and 5)

	El Ward
	1 / 10,000 m2


	1/ quarter (year 1,2)

1/ 6 months  (year 3,4 and 5)

	Omar
	1 / 10,000 m2


	1/ quarter (year 1,2)

1/ 6 months  (year 3,4 and 5)

	Maleh
	1 / 10,000 m2


	1/ quarter (year 1,2)

1/ 6 months  (year 3,4 and 5)


1.4  Action Party: periodic surveys to be conducted by Area HSE Advisers; brief note to be submitted to HSE (copy OSA/E) for reporting.

Annex 1: 

General Situation of Monitoring Points at Disposal Sites (not to scale)


Annex 2

List of Monitoring Wells 

	NORM MONITORING WELLS
	
	
	

	Well 
	Area
	Location
	Ext. diameter

inch
	Final depth

m
	Casing 12’

Final depth m

	WTA
	Thayyem
	Corner A
	14'
	75
	75

	WTB
	Thayyem
	Corner B
	14'
	75
	75

	WTC
	Thayyem
	Corner C
	14'
	75
	75

	WTD
	Thayyem
	Corner D
	14'
	75
	75

	WT9
	Thayyem
	mid-channel S
	14'
	80
	60

	WT11
	Thayyem
	end-channel S
	14'
	86
	68

	WT12
	Thayyem
	start-channel N
	14'
	87
	72

	WT13
	Thayyem
	mid-channel N
	14'
	83
	69

	
	
	
	
	
	

	WWA
	El Ward
	Corner A
	14'
	25
	25

	WWB
	El Ward
	Corner B
	14'
	25
	25

	WWC
	El Ward
	Corner C
	14'
	25
	25

	WWD
	El Ward
	Corner D
	14'
	25
	25

	WW1
	El Ward
	Lagoon N
	14'
	25
	25

	WW2
	El Ward
	Lagoon Centre
	14'
	25
	25

	WW3
	El Ward
	Lagoon E
	14'
	25
	25

	
	
	
	
	
	

	WOA
	Omar
	Corner A
	14'
	25
	25

	WOB
	Omar
	Corner B
	14'
	25
	25

	WOC
	Omar
	Corner C
	14'
	25
	25

	WOD
	Omar
	Corner D
	14'
	25
	25

	WO2
	Omar
	N of Lagoon 2
	14'
	40
	32

	WO3
	Omar  
	Lagoon 1 NE
	14'
	30
	16

	WO4
	Omar  
	Laggon1 SE
	14'
	40
	22

	WO5
	Omar  
	Near Flare
	14'
	40
	30

	WO6
	Omar  
	Near NORM yard
	14'
	40
	29

	
	
	
	
	
	

	WMA
	Maleh
	Corner A
	14'
	25
	25

	WMB
	Maleh
	Corner B
	14'
	25
	25

	WMC
	Maleh
	Corner C
	14'
	25
	25

	WMD
	Maleh
	Corner D
	14'
	25
	25
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