
INTRODUCTION

Is the Consteel EAF process in control with regards to temperature? Can the 
control of the hot heel level be improved and what are the benefits of doing so? 
What Is the necessary endpoint bath level to run the Consteel EAF the most 
efficiently?

The control (or lack thereof) of the steel temperature directly impacts how much 
energy must be input into the charge to fully melt and heat. Does the steel bath 
heat homogeneously and how does that impact the melting process?

What effect does the residual hot heel level have on the melting and heating 
process for the following heat?

Does the hot heel level need to be measured directly or can it be controlled by 
controlling end point bath level?

 
SUMMARY
CoreTemp, a no-one-on-the-floor, on-demand level and temperature 
measurement system was Installed on the EBT of NUCOR Steel Hertford 
County’s Consteel EAF. Unlike traditional immersion probe measurement 
methods, CoreTemp feeds optical fiber cored wire into the melt to perform the 
measurements. 

The EAF operators used the system to measure both steel bath temperature 
and level on every heat with the following objectives: 

1) Increase temperature control of the melting process and assess bath 
temperature homogeneity. 

RESULTS

A reduction of electrical input energy 
per heat of 0.70 MWh to 2.47 MWh, 
depending on the maintained endpoint 
bath level (resultant hot heel level). 

 
A reduction in graphite electrode usage of 
0.074kg per melted metric ton.

 
12% increase in the average number of 
heats on the refractory bottom.

12%
INCREASE

CONCLUSION
1) Operator safety was improved by reducing or eliminating the need to go out on the operating floor for 
measurements.

2) Input electrical energy per heat and graphite electrode consumption per melted ton were significantly 
decreased, reducing plant Scope 1 and Scope 2 carbon emissions.
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SUSTAINABILITY CASE STUDY

Bath level management in the Consteel DC 
Electric Arc Furnace 
A CASE STUDY AT NUCOR STEEL HERTFORD COUNTY ON THE IMPACT OF USING CORETEMP TO CONTROL HOT HEEL 
LEVEL AND END-POINT BATH LEVEL IN THE CONSTEEL EAF AND THE RESULTING POSITIVE EFFECTS ON INPUT 
ELECTRICAL ENERGY AND GRAPHITE ELECTRODE USAGE. 

The study evaluated the criticality of temperature, bath level, and hot heel control in a Consteel EAF. Increased control of 
these parameters resulted in lower input power requirements and lower electrode consumption per heat, increasing EAF 
operating efficiency.

2.47
MWH/HEAT

0.074
KG/TON

2) Control the endpoint steel bath level 

3) Control the residual hot heel level after tap

The ultimate goal of the project was to increase the life of the furnace refractory 
for each campaign and Increase the operational efficiency of the Consteel EAF 
process.
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ABSTRACT 

The hot heel and end point bath level are important factors for optimal furnace efficiency when operating an EAF, even more 

so for the operation of a Consteel DC EAF. A new bath level management system was implemented into practice at NUCOR 

Steel Hertford County (NSHC) with the goal of improved control over these aspects of the process. Without costing any 

additional process time, NSHC operators are able monitor steel bath level throughout the Consteel EAF process. In addition to 

improving operational control of the Consteel EAF, noticeable process gains were realized as well. 

INTRODUCTION 

Nucor Steel Hertford County (NSHC) was built as a greenfield investment and started up in the year 2000.  It currently produces 

discrete plate between 3/16” & 4” gauge at widths between 72” & 125”, across product types of plain carbon, high strength 

low alloy (HSLA), normalized, and quench & temper.  Several investments have been made since its greenfield start-up in 

2000 to achieve its current product offering including: a direct reduced iron (DRI) handling system, a twin vacuum tank 

degasser (VTD), and a quench and temper line quickly followed up by a normalizing line.   

To feed the entire mill the melt shop operates a single 255-ton SMS DC electric arc furnace (EAF) with Consteel, utilizing 

140MW of electrical power.  Specific investments at the EAF include:  4-point coherent sidewall lances, tilt wheel load cell 

pins, pneumatic flux addition systems, as well as a 6-axis robot for taking temperatures through the sidewall.  All these upgrades 

have been meant to create a safe, robust, reliable process capable of producing the liquid steel to meet the needs of our 

customers. The most recent project at the EAF was the installation of a manless, on demand measurement system, CoreTemp. 

The average anode bottom life at the EAF was approximately 645 heats, which was lower than desired. Suspected root cause 

for the lower than desired bottom life was superheating of the steel in contact with the anode resulting in premature wear. This 

being the case, the initial goal of the CoreTemp project was to characterize temperature control and homogeneity of the Consteel 

EAF by measuring in a different location than the 6-axis robot and with more frequency than could be accomplished by the 6-

axis robot. Early in the project it was determined that the temperature control of the furnace was sufficient and often bath 

temperatures in the sump of the furnace were similar to bath temperatures near the slag door. However, during the course of 

this investigation control of the hot heel level, accomplished by measuring and controlling the end point bath level, was more 

critical for consistent operation of the furnace and addressing premature wear to the anode. The details of how this measurement 

was accomplished, the system employed, results and further actions are discussed in the balance of this paper. 
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CONSTEEL STEELMAKING AT NUCOR STEEL HERTFORD COUNTY 

 

To the readers who may be unfamiliar with Consteel, Tenova’s website explains “The Consteel system continuously feeds and 

pre-heats the metallic charge (scrap, pig iron, etc.) to the EAF, while simultaneously controlling gaseous emissions”.1  Scrap 

is loaded onto a horizontal reciprocating conveyor, which is a series of cascading steel pans that oscillate towards and away 

from the EAF in such a way that the scrap ultimately moves towards the EAF.  This conveyor carries the scrap into a “preheat” 

section of the conveyor where the scrap is exposed to the counter-current flow of the EAF off-gas, absorbing heat from the off-

gas.   Most of NSHC’s metallic needs are charged into the EAF via the Consteel conveyor; however, a significant portion of 

the charge metallics comes from roof fed DRI.  These two methods of metallic charging are meant to be “continuous”, while 

the EAF is operating. A simple schematic of the components of the Consteel system is shown in Figure 1.     

 
Figure 1. Overview of an EAF with Consteel.2     

 

In contrast, a traditional bucket charged EAF utilizes a bucket layered with specific charge. The bucket is commonly loaded 

by crane in the scrap yard or set in a pit inside the mill and loaded by dump truck. This allows a “known” amount of scrap to 

be charged.  This charging method differentiates a Consteel furnace from a “bucket charged” shop and has broad impacts to 

operating an EAF.  A basic description of a “bucket charge” operation includes four phases of steel making operation:  charging, 

melting, refining, and tapping.  However, in a Consteel operation the charging phase is simultaneous with melting, leaving the 

phases: charging & melting, refining, and tapping.  A basic description of the Consteel operation begins with the furnace 

containing a significant hot heel (~50-75% of tap weight).  Then scrap steel that has been layered and specifically positioned 

on the Consteel conveyor is moved on the conveyor through the preheat section entering the EAF through a hole in the side 

wall.  At NSHC this area is called the lintel.  The NSHC lintel is positioned opposite the mast arm and the furnace has the tap 

hole positioned in the EBT nose opposite from the slag door.  A picture of the EAF, lintel, and the Consteel conveyor at NSHC 

is shown on the left portion of Figure 2 with a section view of a Consteel EAF shown on the right portion of Figure 2. 

 

 

                              
Figure 2. Left, view of the EAF, lintel and Consteel conveyor at NSHC. Right, section view a Consteel EAF.3 

     

At the beginning of the heat, scrap is conveyed and added in sufficient quantity to the heel to reduce the temperature and oxygen 

composition from the tapping condition to a reasonable operating range, typically between 2850°F to 2900°F, without “freezing 

off” or over-cooling the heel.4  At this point the scrap feed rate from the conveyor is reduced, and power is applied from the 



 

 

electrode. The heating processing continues by feeding a balanced amount of scrap weight to the power applied, otherwise 

known as specific energy (kWh/ton/min), to maintain a constant bath temperature.  Additionally, during this time slag fluxes 

are pneumatically injected to allow the evolving slag chemistry to be adjusted throughout the heating process.  As the sum of 

scrap weight added to the EAF, nears the total scrap weight desired, the Consteel furnace moves into “refining” phase.  While 

the move to refining phase may not be as distinct of a transition as a bucket charge shop, the Consteel conveyor will slow the 

scrap feed while continuing to apply power and lance oxygen, reaching the desired tap temperature and oxygen content.  Lastly 

the tapping phase is indistinguishable between a bucket charged and Consteel EAF.  Safety inspections follow, then another 

heat begins. 

 

While the previous description of a Consteel operation seems elegant, NSHC had realized that obtaining a consistent charging 

weight is more difficult to achieve in practice than in theory.  Without the “known” charging amount achieved in a bucket 

charge operation, NSHC is left approximating the quantity of charge metallics added.  NSHC has always performed safety 

inspections after tapping the furnace, which allows a visual estimate of heel height (weight).  During heat processing 

temperature measurements are taken using a 6-axis robot through a port in the spray cooled shell, at regular intervals to measure 

the bath heating rate which is compared to total kWh consumed to approximate the total charge metallics. Additionally, load 

pins were added to the tilt wheels, resulting in measuring the growth in weight during a heat processing.  None of these tools 

are precise.  Inspections vary on slag carryover and furnace depth.  Heating rate assumes uniform scrap conveyance and heating 

efficiency.  Load pins are weighing the entire tilt structure, steel bath, hearth, upper shell, electrode mast, water, etc., rendering 

them more qualitative than quantitative.  

 

As NSHC looks toward advancements in furnace control technology for Consteel, using a specific energy balance control 

method is proving valuable across the industry.  To further improve the control that has developed over NSHC operating 

history, a combination of loadcell feedback and regular frequency of temperature measurements, an interest in a “continuous” 

bath temperature measurement system became apparent.    

 

When Heraeus presented the CoreTemp, manless, optical measurement system, it appeared to be a desirable tool for NSHC: 

1) Equipment that could take temperature measurements nearly on-demand, as frequent as ~30 seconds 

2) Temperature measurements could be taken earlier in heat, when the metal level was as low as 7” below the tap hole 

3) Temperature measurements could be taken without occupying a team member to swap probes, 

  

This would allow NSHC a means to nearly continuously monitor the specific energy use.  After an initial learning curve, 

CoreTemp was used to measure temperature progression during heats.  It was able to measure the heats progression from 

starting “cold” through reaching tap specifications.  Measurements of bath temperature validated how the operators skillfully 

maintained a temperature profile with a variety of tool accuracies.  NSHC was not super-heating the anode early in the heat as 

was previously believed.  Unfortunately, this was information the operators knew too well already.  NSHC did not value 

knowing the exact temperature of the steel at this point in the heat progression.  The current assessment methods employed 

during the heat processing provided enough information to know that the bath was cold early in the heat; knowing this was 

enough to take appropriate actions. 

 

That said, CoreTemp proved to be reliable, and the operators adopted it quickly as a ready back-up to the robot temperatures.  

Then Heraeus introduced the concept of bath level measurement, using the same optical measurement system.  Providing a 

measurement of the top of the liquid steel level relative to the tap hole height, the bath level has given our operators a target to 

aim for.  Across crews and levels of experience, NSHC has been able to develop improved control over a fixed, minimum bath 

level heat to heat.  While exceedances still happen, the operators are aware of the situation and make small adjustments over 

time to return to a desired bath level before a slag excursion, anode wear, or other EAF inefficiency causes a process delay.  

 

As this paper will share, a larger heel size leads to a more productive furnace.  That larger heel provides a head start on melting 

the scrap charged by allowing a large amount scrap to be immediately immersed in the hot heel and heating the scrap 

immediately by conduction and convection, getting to a flat bath more quickly.5, 6, 7  

 

CORETEMP SYSTEM AND LEVEL MEASUREMENT FUNDAMENTALS 

 

An overview of the CoreTemp, optical measurement system is given in Figure 3. It is comprised of an HMI (located in the 

pulpit), control unit, optical cored wire coil, a cored wire feeder, wire guide tube, wire straightener, and an entry port into the 

furnace. To keep the entry port into the EAF clear of slag, compressed air is purged through the entry port, into the EAF.  

 



 

 

 
Figure 3. CoreTemp on-demand measurement system components. NOTE: the model of a person is only shown for the 

purposes of providing scale to the image. 

 

The system overview in Figure 3 presents a general picture of the system components. Pictures of the actual installation at 

NSHC can be seen in Figure 4. 

 

 

            
Figure 4. LEFT, picture of the CoreTemp installation on the EAF sump as viewed from the sanding hole. RIGHT, picture of 

the CoreTemp installation on the EAF sump as viewed from the wire feeder.  

 

A photo of the optical cored wire traveling through the EAF freeboard down towards the bottom on an empty furnace is shown 

in Figure 5. In practice the wire is first fed at a fast rate to traverse the freeboard of the furnace and is then fed slowly as it 

approaches the level of the steel bath for improved measurement resolution.  

 

 
Figure 5. Optical cored wire feeding into the EAF. 

 

As the wire is fed into the EAF during a measurement, the response (or signal) of the optical temperature measurement trace is 

monitored for a sharp inflection point before a stable temperature plateau is reached. This inflection point is indicative of the 

tip of the optical cored wire entering the steel bath and is used to determine the length of optical wire fed into the EAF to reach 

the steel bath, using the hot face of the sump panel as the 0 reference. An example measurement trace has been marked up to 

illustrate how the distance of wire fed into the steel bath is determined and is shown in Figure 6. Once the distance between the 

bath and the sump panel hot face is known, the measured distance to the bath is entered into Equation 1 to convert that distance 

into steel height above the tap hole, in units of inches. 

 



 

 

 
Figure 6. Temperature and level measurement marked-up to show how the distance to the steel bath and temperature values 

are determined. 

 

𝐵𝑎𝑡ℎ 𝑙𝑒𝑣𝑒𝑙 (𝑖𝑛. ) = 𝐶(𝐷1 − 𝐷2 cos 𝜃)                           (1) 

𝑊ℎ𝑒𝑟𝑒:  
𝑪 = 𝑢𝑛𝑖𝑡 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 

𝑫𝟏 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡, 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑟𝑜𝑚 𝑠𝑢𝑚𝑝 𝑝𝑎𝑛𝑒𝑙 ℎ𝑜𝑡 𝑓𝑎𝑐𝑒 𝑡𝑜 𝑡ℎ𝑒 𝑡𝑜𝑝 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑎𝑝 ℎ𝑜𝑙𝑒, 𝑖𝑛 𝑓𝑒𝑒𝑡  
𝑫𝟐 = 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑣𝑎𝑙𝑢𝑒, 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑜𝑝𝑡𝑖𝑐𝑎𝑙 𝑐𝑜𝑟𝑒𝑑 𝑤𝑖𝑟𝑒 𝑓𝑒𝑑 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 ℎ𝑜𝑡 𝑓𝑎𝑐𝑒 𝑡𝑜 𝑡ℎ𝑒 𝑏𝑎𝑡ℎ, 𝑖𝑛 𝑓𝑒𝑒𝑡 

𝜽 = 𝑎𝑛𝑔𝑙𝑒 𝑜𝑓 𝑜𝑝𝑡𝑖𝑐𝑎𝑙 𝑐𝑜𝑟𝑒𝑑 𝑤𝑖𝑟𝑒 𝑒𝑛𝑡𝑟𝑦 𝑖𝑛𝑡𝑜 𝐸𝐴𝐹 𝑖𝑛 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 

 

EARLY RESULTS 

 

As stated earlier, the main goal at the start of the project was to determine if superheating of the steel bath was occurring early 

in the heat, causing premature anode bottom wear. An assessment of the heating trend of the steel bath throughout the heat, as 

well as temperature homogeneity in the EAF, was made. This was accomplished by comparing the temperature measurements 

taken by the robot near the slag door to those taken by CoreTemp in the sump. Individual heats were examined for trends. 

Three observations were made: 

 

1) On many heats the furnace was homogeneous throughout the entire melting process.  

 

2) On some heats the sump was hotter than the slag side of the furnace, on others it was colder.  

 

3) On certain heats, there was a convergence effect, where the sump started out colder than the slag side of the furnace, 

but then equalized in temperate with the slag side of the furnace near the end of the heat. 

 

Examples of each case are given in Figures 7 and 8 respectively.  

 

       
Figure 7: Example heats where measurements between the sump (CoreTemp) and slag door (6-axis robot with thermocouple) 

trended together throughout the entire heat.  

 



 

 

      
Figure 8: Example heats where measurements between the sump (CoreTemp) and slag door (6-axis robot with thermocouple) 

converged near the end of the heat. 

 

Once it was established that superheating of the steel in contact with the anode was not occurring early in the heat, attention 

was refocused to determine if the CoreTemp system could reliably measure bath level throughout the entire Consteel process. 

For the proof-of-concept study, bath level measurements were taken according to the previously described optical method, 

automatically every four minutes. The measurements were triggered automatically by the NSHC level I system when the 

operator indicated they wanted to start automatic level measurements. Many of the heats analyzed indicated that level 

measurements throughout the Consteel process were indeed possible. Example heats are shown in Figure 9. 

 

      
Figure 9: Example heats where automatic level measurements were taken throughout the heat. 

 

Throughout the initial study, operators worked to carry a higher bath level (resulting in a higher hot heel level after tap) as this 

condition was favorable for obtaining temperature and level measurements in the sump throughout the Consteel process. 

Coincidentally, this furnace anode bottom lasted 744 heats, about 100 heats more than the typical furnace life at NSHC. This 

provided anecdotal evidence that an increased hot heel level was beneficial to increasing anode bottom life.8 

As a result, NSHC management and operators made a process change defining a minimum end of heat bath level target of 20” 

above the tap hole, measured using the optical cored wire measurement method. The process was put into place in June of 

2020, being fully adopted by NSHC operators on June 5, 2020. Early on two observations were made: 

 

1) The average input electrical energy per heat decreased as the controlled hot heel level (weight) increased, as a result 

of improved control of the endpoint bath level 

 

2) Anode pin temperatures either dropped or stabilized as the controlled hot heel level (weight) increased, as a result of 

improved control of the endpoint bath level 

 

Figure 10 illustrates the effect on input electrical power as the level control process change was implemented. The column 

chart on the left shows the utilization rate of the level measurements while the time series plot on the right shows the trend in 

average input power per heat and empty EAF weight. A vertical black line was drawn on both charts to illustrate the date that 

the level measurement practice was fully adopted by all furnace crews. NOTE: EAF empty weight is the weight of the EAF as 

measured by the load cells after fast back, prior to charging. Monitoring this weight heat-to-heat provides an indication if the 

hot heel in the furnace is growing or diminishing throughout the campaign.  

 

600

620

640

660

680

700

720

740

760

780

800

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

0.0 20.0 40.0 60.0 80.0 100.0 120.0

Lo
ad

 C
e

ll 
W

e
ig

h
t 

(t
o

n
s)

B
at

h
 L

e
ve

l (
in

.)

EAF Power (MWHr)

Bath Level Measurements
Heat 601395

Level Measurement Load Cells



 

 

      
Figure 10: Plot of level measurement utilization by date and plot of average input electrical power and empty EAF weight 

(heel weight) by date. Note: the dramatic change in AVG Empty EAF Weight between 21-MAY-20 and 31-MAY-20 was 

due to a change in the channels which were measuring the load cells. While this created a mean shift, the load cell resolution 

remained the same.  

 

Figure 10 shows a couple of interesting points: 

 

1) Prior to the implementation of bath level control on this EAF, the AVG MWh/heat was higher, and the trend was 

noisier. 

 

2) The AVG EAF empty weight began to increase at a higher rate than the time period prior to the implementation of 

bath level control. 

 

To verify if the change in AVG MWh/heat was statistically significant, a Two-Sample T-test was performed at the α=0.05 

level. The results of the test are given in Figure 11. The resultant P-value of 0.000 indicates that the change in AVG MWh/heat 

of 2.47MWh was statistically significant. This agrees with the findings of other research which indicated that an increased hot 

heel level (weight) leads to lower electrical power consumption in the EAF.6, 7, 9 

 

 
Figure 11: Histogram and Two-Sample T-Test output from MINITAB. 

 

When looking at the anode pin temperatures, empty EAF weight, and AVG DC current, some additional insight was gained. 

The maximum upper temperature limit of the anode bottom at NSHC is 1125°F; once the anode reaches that temperature, the 

furnace is taken out of service. At around 450 heats in the furnace campaign, it appeared as though the furnace was going to be 

removed from service imminently. At that point it can be seen in the graphs of Figure 12 that the EAF operator made two 

changes: 

 

1) Increased the amount of retained heel in the furnace, due to being able to measure end of heat bath level 

 

2) Decreased the AVG DC current 

 



 

 

      
Figure 12: Left, plot of maximum anode pin temperature by heat count. Right, plot of empty EAF weight (heel weight 

inference) and AVG DC current by heat count. 

 

Both actions combined decreased the temperature of the anode back under 1000°F and extended the life of the anode another 

300 heats, approximately. This agreed well with the findings of Lee et al. in 1997, specifically that higher hot heel levels were 

quintessential for improved anode life and that lower input electrical current also lowers anode pin temperatures, thus extending 

the anode bottom life.8 

 

EXTENDED TRIAL RESULTS 

 

In December of 2020, there were sufficient operational data to see what the potential long-term impacts of a bath level control 

practice in the Consteel DC EAF could be. Three main KPIs were focused on for this analysis: 

1) Graphite electrode consumption 

2) Input EAF MWh 

3) Anode bottom life 

 

Since graphite electrode consumption could not be analyzed in the early results due to the relatively small sample size, it was 

the first KPI of interest. Plotting the monthly electrode consumption by month revealed that the electrode consumption after 

implementing bath level control decreased and appeared to be more consistent. This plot is shown in Figure 13. 

 
Figure 13: Plot of monthly electrode consumption at the Consteel EAF during the baseline analysis period (blue, solid line) 

and after implementing level control (orange, dotted line). NOTE: instances of electrode breaks were removed so as not to 

contaminate the analysis. 

 

To determine if the observed difference was statistically significant, a Mann-Whitney U-Test was performed at the α = 0.10 

significance level. This test was chosen due over the Two-Sample T-Test due to the relatively small and unequal sample sizes.  

The results of the test accompanied with a boxplot of the data can be seen in Figure 14. 



 

 

      
Figure 14: Left, results of the Mann-Whitney U-Test on electrode consumption. Right, boxplot of the electrode consumption 

during the baseline period and after implementing level control. NOTE: The non-parametric Mann-Whitney test was selected 

instead of the Two-Sample T-Test due to the relatively small and unequal sample sizes. 

 

Examining Figure 14, the following can be seen: 

1) There is some evidence that the decrease in electrode consumption of 0.146lbs / melted ton is statistically significant 

at an α = 0.10 level, due to the obtained test P-value of 0.081 being less than 0.10. 

 

2) The variation in electrode consumption month to month decreased nearly 3 times since implementing bath level 

control.  

 

Next the change in EAF input electrical MWh was examined on a large scale to see what the potential long-term impact was. 

Looking at the histograms of Figure 15, the bath level control histogram appeared to be shifted left, indicating lower MWh 

long term using bath level control. This needed to be validated with statistical testing.  Again, due to significantly different 

sample sizes in number of heats made between the baseline period and the period after implementing bath level control, in 

addition to non-normal distributions, the Mann-Whitney U-Test was selected at the α=0.05 level. The output of the test from 

Minitab is given in Figure 15 as well. 

 

 
Figure 15: Left, histograms of input electrical MWh per heat from the baseline analysis period and level control analysis 

period. Right, results of the Mann-Whitney U-Test on input electrical MWh. 

 

With a P-value of 0.00, which is less than the α of 0.05, the results of the Mann-Whitney U-Test confirm that the observed 

difference in input electrical MWh was 0.7MWh and was statistically significant. This finding agrees other research on the 

effect of keeping a larger hot heel in the EAF and its positive benefits on input electrical MWh for single shell furnaces.6, 7, 9 

What was interesting when comparing Figures 15 to Figures 10 and 11 was that the decrease in input MWh over a longer period 

was not as significant as was observed in the first campaign when level control was implemented. Two non-exclusive 

explanations for this may be found. First was the variation in median bath level over time, shown in Figure 16. While a 

minimum end point bath level of 20” was successfully maintained a majority of the time, the median bath level by month  did 

vary from a max of 27” down to 19”, for a total deviation of 8” or up to 80 tons of steel (1” of bath level = approximately 10 

tons of steel in the NSHC EAF). Average input electrical energy trended inversely to median bath level, suggesting carrying a 

hot heel larger than 20” was favorable for reducing input electrical energy. Secondly, another potential cause could be the 

influence of regular power curtailments during the months of July, August, September and October, which caused operations 

to stop periodically and thereby increased the number of heats with input electrical MWh over 70MWh due to resuming 

operations on cold furnaces.  
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Figure 16: Median bath level by month. September 2019 was excluded from the analysis due to extended downtime of the 

CoreTemp equipment during that month 

 

The last KPI examined was the life of the anode bottom. After implementing level control, several anode bottoms were removed 

from service prior to reaching their maximum service life (i.e. maximum pin temperature limit), as a result of market conditions 

and other actions being taken in the steel plant. For this reason it was difficult to make a direct comparison on anode life during 

the baseline period and after implementing bath level control. However, the anode pin temperatures follow a logarithmic 

function with the number of heats made, which has a high correlation and makes it possible to predict what the life the anode 

bottom could have been had it not been removed from service early. By transforming the data into the log domain, regression 

analysis and prediction of the life of the anode bottom could be performed. The anode life for each campaign from the baseline 

period and the projected anode life from the level control period are given in Figure 17 along with summary statistics in Table 

I. 

 

  
Figure 17: Column chart of anode bottom life per campaign. NOTE: campaign 1 was removed due to partial available data 

and campaign 18 was removed due extremely early removal of the furnace resulting in insufficient data to analyze. 

 

Table I: Summary statistics for the data presented in Figure 17. 

 
 

Both Figure 17 and Table I indicate, somewhat anecdotally, that the life of the anode bottom could be extended due to improved 

control of the bath level. However, the relationship is not 100% clear since the method used to determine this was predictive 

modeling as the actual anode life was not known. This is not entirely unexpected as the next phase of the project is aimed at 

determining the ideal ending bath level, resulting in an ideal starting heel level for maximizing the anode life  

 

Baseline After Level Control

Average 645 721

Median 661 685

StDev 170 146

Summary Statistics of Anode Life



 

 

During the last few months of the project, an additional benefit of optical cored wire measurements was realized, the ability to 

measure higher temperatures than achievable with a Type-S thermocouple. While rare, there are occasions where the Consteel 

conveyor can jam, preventing scrap from entering the furnace and creating a situation where the steel bath is heated well beyond 

the desired operational range of 2850°F to 2900°F. One such heat was observed where the temperature of the steel reached in 

excess of 3400°F, and was unmeasurable with a Type-S, platinum / platinum-rhodium thermocouple as a Type-S thermocouple 

fails open circuit at above 3216°F, the melting point of platinum.10, 11  Examining data from this heat, it was clear that the 

optical fiber based measurement of CoreTemp could indeed detect these higher temperatures and is shown in Figure 18.  

 

 
Figure 18: Temperature measurements from hot heat, Heat 607540. 

 

FUTURE WORK 

 

The next phase of the project involves operating the EAF at different endpoint bath level targets over a series of weeks to 

determine the ideal endpoint bath level at NSHC, thus resulting in the ideal starting hot heel level. For example: 2 weeks at 

20”, 2 weeks at 24”, and 2 weeks at 28”. The goal of the study is to determine at which ending bath level (i.e. starting heel 

level) are the greatest process gains with regards to anode bottom life, electrode consumption, power-on-time, and input 

electrical MWh achieved. Improvements are also being made to the installation by the addition of an optical cored wire 

cutter. Adding the cutter will provide the following benefits: 

 

1) A more consistent home (or start) location of the cored wire before a level measurement due to being cut in the same 

location each time. 

 

2) Reduced cycle time between level measurements. 

 

A simple diagram of the cutter is provided in Figure 19. 

 

Figure 19: Model of the cored wire cutter installed at NSHC 

 

As of the time of writing this paper, a cutting device, similar to what is shown in Figure 19, has been installed and is 

undergoing testing. In order to ensure the cutting device survives the harsh environment of the EAF sump, significant 

amounts of heat shielding were added. A picture of the installation at NSHC with the cored wire cutter and added heat 

shielding is given in Figure 20. 
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Figure 20: Installation of the cored wire cutter with the optical cored wire feeding system on the sump of the NSHC Consteel 

EAF. 

 

CONCLUSIONS 

 

Conclusions from the from the bath level management work at NSHC in the Consteel EAF thus far are as follows: 

 

1) A larger hot heel facilitates melting of scrap, thus lowering required input electrical energy (MWh). A reduction of 

electrical input energy between 0.70MWh and 2.47MWh, depending on maintained endpoint bath level (resultant hot 

heel level) was seen. 

 

2) A reduction in median graphite electrode usage of 0.146lbs / melted ton was observed by improving control over the 

endpoint bath level (starting hot heel level). 

 

3) There is evidence that carrying a larger hot heel in the EAF extends the life of the anode bottom in a DC EAF. Since 

this was difficult to measure due to furnaces being removed from service early due to market conditions rather than 

being allowed to run to end of life, this metric will be studied more closely in future work. 

 

4) The above points agree well with previous research on the effect the hot heel level has on DC EAF and Consteel DC 

EAF operational metrics. 

 

ACKNOWLEDGEMENTS 

 

We would like to thank all team members who have made this project successful including Marcus Brown, Jason Courtright, 

Michael Evans, the EAF operators Brian Dunlow, Carl Clifton, Jeff Dunlow, Kenneth Moore, all their crewmates and Chris 

Carlson of NSHC for their continued support of the project; and to Jason Black, Jeremiah Fredrick, Joseph Hallmark, Mark 

Willacker, Athena Olson, Monica Ruddock and Anthony Pappalardo of the Heraeus Electro-Nite CoreTemp team for their 

continued support and unending innovation on this project.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sanding hole 

door 

Heat shield 

for cutter 

Cored wire 

straightener 

Straightener 

heat shield 



REFERENCES 

1. Tenova. (2021). Consteel continuous charging system. Retrieved from Tenova corporation website:

https://www.tenova.com/product/consteel-continuous-charging-system/

2. Jones, J. A., Bowman, B., & Lefrank, P. (1998). Electric Furnace Steelmaking. In T. A. Foundation, Steelmaking

and Refining Volume (pp. 525-660). Pittsburgh: The AISE Steel Foundation.

3. Sarna, S. K. (2020, June 25). Consteel Electric Arc Furnace Process. Retrieved from Ispat Guru:

https://www.ispatguru.com/consteel-electric-arc-furnace-process/

4. Adjei-Sarpong, H. M. (2005). Optimization of NUCOR Hertford County's Consteel and DC EAF Operations.

AISTech (pp. 533-544). Charlotte: AIST.

5. Provatas, N. I. (2008). Modeling of scrap melting in the heel of an EAF. Iron and Steel Technology.

6. Memoli, F. G. (2012, January). The Evolution of Preheating and the Importance of Hot Heel in Supersized Consteel

Systems. Iron & Steel Technology, 70-78.

7. Zhang, X. E.-E. (2013). Electric Arc Furnace Operation with Electromagnetic Stirring and Hot Heel. Materials

Science and Technology (MS&T) (pp. 515-524). Montreal: MS&T.

8. Lee, M. M. (1997). Bottom Refractory Performance in Consteel and Top Charged DC Furnaces. Electric Furnace

Conference Proceedings (pp. 517-523). Chicago: Iron & Steel Society.

9. Bloemer, P. N.-P. (n.d.). Electromagnetic Bath Level MEasurement System Improves EAF Melting Process Control.

AISTech. AIST.

10. CRC Press. (1988). The Elements. In C. Press, Handbook of Chemistry and Physics, 69th Ed. (pp. B-28). Boca

Raton: CRC Press.

11. Glover, T. J. (2006). Steel and Metals. In T. J. Glover, Pocket Ref., 3rd Ed. (p. 570). Littleton: Sequoia Publishing,

Inc.

https://www.tenova.com/product/consteel-continuous-charging-system/
https://www.ispatguru.com/consteel-electric-arc-furnace-process/




www.heraeus-electro-nite.com

U.S.A.  and  CANADA  800-558-9008  •  MEXICO +(52) 844-866-9090  •  BRASIL +(55) 11 3579 9300  •  EUROPE +(32) 11 600 211

Your critical link to quality through sensor technology
®

Furnace Melting Temperature Redefined

CoreTemp
Man-less, on-demand temperature measurement system for EAF

Fast and reliable temperature measurement at the end of the melting cycle in an EAF 
is key to achieving efficient operational performance. CoreTemp offers important 
advantages over conventional techniques.

SAFETY on the melt deck – No need to be on the EAF platform during operation

MAN-LESS OPERATION on the floor, directed from the Control Room

PREDICTABILITY of your Melting Process

VISIBILITY of metal temperature for Proactive Processing

OPTIMIZATION of your Melting Process

Learn more at www.heraeus-electro-nite.com


	bath-level-management-in-the-consteel-dc-electric-arc-furnace-case-study
	coretemp-bathlevelmanagementintheconsteeldcelectrocarcfurnace
	07822-Heraeus-TechArticleResize-V2 (2).pdf
	Bath Level Management in the Consteel DC Electric Arc Furnace.pdf
	07822-Heraeus-TechArticleResize-V2 (2)
	Blank Page


