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ABSTRACT  
Water injection is one of the process used in 

petroleum industry for improved oil recovery and 

pressure maintenance. The histroy of water injection 

is a cheap and useful tool to investigate well 

injectivities in lack of laboratory experiment during a 

water injection project. There are many easy-to-use 

techniques for monitoring a water injection 

/waterflooding, e.g. Hall plot and its derivative, 

WOR, GOR plots, instantainous and cumulative 

voidage replacement ratio (VRR), production 

heterogenity index, scatter plot and etc. This paper 

tries to evaluate different eccessive water production 

mechanisms such as near wellbore water channeling, 

rapid channeling and water coning and the effect of 

water injection on oil production of one of the Iranian 

oilfields using minimum available information of an 

injection and production well like injection pressure, 

injection rate, oil production rate, water production 

rate and the time period of injection by using the 

mentioned surveillance tools. 
 

Key words: Water injection, WOR, 

Monitoring, Hall plot, voidage replacement  

 

INTRODUCTION  
Waterflooding is the most successful and widely used 

process for effective pressure maintenance and 

enhancing the oil recovery because water is widely 

available and inexpensive relative to other fluids, 

easy to inject, and highly efficient in displacing oil. 

There are different surveillance methods to monitor 

the performance of waterflooding projects. Among 

the tools available for injection and production well 

monitoring are Hall plot and its derivative, 

production heterogeneity index, injection withdrawal, 

water control plots and scatter plot. This paper 

illustrates how practical application of surveillance 

and monitoring techniques and production and 

injection history of the wells are keys to 

understanding performance of water injection in one 

of the oil reservoir in south of Iran. There are six 

productions well and four injection wells in this 

field. Production from this field was initiated on 

January, 2003 and water injection started on May, 

2009. The purpose of this water injection was 

pressure maintenance of the field. Different 

techniques which were used to monitor the water 

injection project of A oil field are described as 

follow.  

 

HALL PLOT AND ITS DERIVATIVE 
Hall originally proposed this plot method in 1963 to 

qualitatively analyze the performance of waterflood 

injection wells. The Hall plot is the integral of the 

pressure drop with respect to time versus cumulative 

injection using historical injection data. This method 

is based on Darcy's law for steady-state, Newtonian 

flow of a well centered in circular reservoir. The 

Hall plot analysis for steady state matrix injection, is 

a plot of dtPP rw )(  in psi.day versus dtqw
in bbl. If an injection well is stimulated, there should 

be a decrease in slope, and if a well is damaged, the 

slope should increase (Figure 1). The derivative of 

Hall plot is also utilized to monitor the performance 

of injection well [1, 2]. The derivative function goes 

below the Hall integral curve during fracturing or 

strong water breakthrough and rides above it when 

the plugging occurs. These two curves trace the 

same path in matrix-dominated flow. Numerically 

the derivative function can be simply written as  
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It is worth to mention that the parallel or near-parallel 

separation of the Hall derivative from the Hall curve 

constitutes presence of a high-permeability streak [3]. 

Figure 2 schematically represents this contention but 

non uniform separation of Hall derivative from Hall 

curve show fracturing (Figure 3).  

Figures 4 and 5 show the Hall curves and its 

derivatives of injection wells A-9I and A-10I of oil 

field. 

Water Control Plots 

Log-log plots of WOR (water/oil ratio) vs. time or 

GOR (Gas/Oil ratio) vs. time show different 

characteristic trends for different mechanisms. The 

time derivatives of WOR and GOR is capable of 

differentiating whether the well is experiencing water 

and gas coning, high-permeability layer breakthrough 

or near wellbore channeling [4]. In general, there are 

three basic classifications of the problems. Water 

coning, multilayer channeling and near wellbore 

problems are most noticeable among others. Field 

experience showed successful job design would not 

be the same for different mechanisms. Figure 6 shows 

a clear distinction between a water coning and a 

multilayer channeling development.  

Figure 7 shows the plot of WOR and its derivative for 

Well A-1P of A-oil field. Rapid channeling could be 

clearly seen in the well probably due to the existence 

of conductivity channels or thief layers.   

Production Heterogeneity Indexing 

In this part we describe a surveillance tool for 

production data referred to as Production 

Heterogeneity Index which quantifies and qualifies 

well performance anomalies for the purpose of 

assessing completion efficiency and determining the 

most successful practices in the field as well as a 

surveillance tool for the waterflooding performance. 

The assessment of the Production Heterogeneity 

Index is also a valuable tool to production and 

reservoir engineers for selecting workover or 

stimulation candidates and determining the best 

completion practices in the field in their efforts to 

improve the performance of the field. To estimate the 

Production Heterogeneity Index for the oil rate in 

every well, we applied the equation given by [5]: 

1
RateOilAverage

RateOil
RateOILHI

 
Where: 

HI Oil Rate = Production Heterogeneity Index for 

the oil rate, Dimensionless 

Oil Rate = oil production rate for the well, BOPD 

Average Oil Rate = average oil rate of all wells 

being analyzed, BOPD 

Similarly, we applied the Production Heterogeneity 

Index for the water rate. Given by 

the following equation: 

 

 

 

 

Where: 

HI Water Rate= Production Heterogeneity Index for 

the water rate, Dimensionless. 

Water Rate = water production rate for the well, 

BWPD.  

Average Water Rate = average oil rate of all wells 

being analyzed, BWPD 

 

We created the cross-plot in Figures 8 and 9 showing 

the 

Producti

on 

Heterogeneity Index for oil and water in seven 

active wells of A oil field on May and June 2011. It 

is observed that oil and water production of wells A-

1P, A-4P an A-6P is greater than the average value of 

the field. It is worth to mention that there is no 

information about the fracture orientation of the field 

but these wells probably tends to follow a line with 

the same orientation of the major fracture trend. 

Water production of well A-5P is less than the 

average and oil production of the well is greater than 

the average so production well A-5P is a suitable 

production well and probably located in a line which 

is parallel to the major fracture orientation of the 

reservoir. Oil and water production of wells A-2P, A-

12P an A-13P is less than the average value of the 

field therefor they do not follow the trend of the 

major fracture orientation; they represent good 

candidates for workover, stimulation or 

recompletion. 

INJECTION WITHDRAWAL  

This waterflood surveillance incorporates analyses 

of production/injection data for A oil field to monitor 

the relationship between reservoir withdrawals and 

the water injection rate [6]. This relationship was 

monitored by evaluating the Voidage Replacement 

Ratio (VRR) given by:  

gSOWWOO

Wi

BRGORqBqBq

BqW
VRR

)( 
  

1
RateWaterAverage

RateWater
RateWATERHI
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Where: 

VRR = Voidage Replacement Ratio, Dimensionless 

qwi = water injection rate, STB/D 

qo =oil production rate, STB/D   

Bo = oil formation volume factor, RB/STB  

qw = water production rate, STB/D  

Bw = water formation volume factor, RB/STB  

GOR = producing gas-oil ratio, scf/STB  

Rs = solution gas-oil ratio, scf/STB  

Bg= gas formation volume factor, RB/scf.  

 

An overall VRR greater than 1 suggesting that the 

volume being injected exceed the total volume being 

produced. This may explain the high water cut and 

rapid breakthrough observed in some wells 

(especially those surrounding the injectors) and is 

perhaps one of the most responsible factors for the 

poor performance of the field. An overall VRR of 1 

indicating that the water injection rate is matching the 

fluid production rate and therefore the water injection 

rate is optimum (currently 1600 BWPD), this also 

may indicate that the waterflooding project is likely 

to be successful. 

Figures 10 and 11 show monthly and cumulative 

VRR of A oil field respectively. These two Figures 

confirm that there is no direct relationship between 

oil production and VRR of the field. As a matter of 

fact, these two variables are almost independent thus 

this can be a sign of existence of an active aquifer in 

the field or rapid breakthrouigh or channeling of 

injected water in production wells. So it seems that 

the water injection has not affect the oil production of 

the field.  

SCATTER PLOTS 
Another type of plot used in this study for well 

performance monitoring system is a kind of plot 

called Scatter Plot. Scatter plot provides another tool 

available for analyzing multiple variables at the same 

time and their interactions over time. Besides being a 

mapping tool, Scatter Plot is also a plotting tool that 

has the capability of presenting any combination of 

variables on the two axes . 

For monitoring, we used this strong analytical tool by 

plotting the cumulative oil vs. the cumulative water 

for all active wells (seven wells) in A oil field [7] and 

following the track for every well to detect some 

deviations respect to the normal behavior. 

Figure 12 shows scatter plot for all active wells 

producing in A oil field. It is observed that as the 

water injection starts, suddenly water production of 

wells A-1P, A-4P an A-6P is reduced. It can be related 

to the workover job which is probably done before 

the start of water injection into the field.  

 

CONCLUSION  
Hall plot and its derivative of west and south 

injection wells of A oil field shows the injected 

water into these wells (A-10I and A-8I) 

breakthrough high conductivity channels while there 

is matrix injection and fracturing in Well A-7I and 

A-9I respectively. Production wells (A-1P ،A-2P ،A-

4P and A-6P) of the field which are near to the 

injection wells confirm these observations because 

all of them experience rapid channeling according to 

WOR plots and their derivatives.   

VRR plot of A oil field shows there is no direct 

relationship between oil production and VRR. As a 

matter of fact, these two variables are almost 

independent thus this can be a sign of existence of 

an active aquifer in the field or rapid breakthrouigh 

or channeling of injected water in production wells. 

So it seems that the water injection has not affect the 

oil production of the field. 
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Figure 1: Hall plot 

 

 

Figure 2: Parallel separation of the two curves 

signifies interception of channel 

 

Figure 3: Non-uniform separation of the derivative 

from Hall suggest fracturing 
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Figure 4: Non-uniform separation shows fracturing 

(Well A-9I) 

 

 

Figure 5: Parallel separation shows channeling (Well 

A-10I) 

 

 

Figure 6: Water coning and channeling WOR 

comparison 

 

 

 

 

 

Figure 7: Rapid channeling-Well A-1P 

 

 

Figure 8: Production Heterogeneity Index for oil and 

water 7 active wells of A oil field (May 2011) 

 

 

Figure 9: Production Heterogeneity Index for oil and 

water 7 active wells of A oil field (June 2011) 
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Figure 10: Monthly VRR plot showing no direct 

relationship between VRR and oil rate (A oil field) 

 

 

Figure 11: Cumulative VRR and oil production of A 

oil field 

 

 

Figure 12: -Scatter Plot Showing the Performance of 

Cumulative Oil vs. Cumulative 
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