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APPENDIX O MATLAB SCRIPT: CUMMULATIVE PROBABILITY OF SIGNIFICANT WAVE HEIGHT 

 
% Weather Window Estimation for Subsea Mining Operation at Loki's Castle 1 % Part of MSc in Marine Technology - Underwater Engineering 2 
  3 
  4 
%% Import hindcast data 5 
  6 
clear all 7 close all 8 clc 9 
  10 
% Importing hindcast data for Loki's Castle 11 raw_data = importdata('Mohn_5.txt',' ',6); 12 
  13 
% Allocate imported array to column variable names 14 month = raw_data.data(:,2); 15 Hs = raw_data.data(:,7); 16 Tp = raw_data.data(:,8); 17 
  18 
% Find max. values 19 Hs_max = ceil(max(Hs)/0.5)*0.5; 20 Tp_max = ceil(max(Tp)); 21 
  22 
%% Generate scatter diagram 23 % One scatter diagram generated for each month 24 
  25 
% Establishing scatter diagram matrices 26 [scat_jan scat_feb scat_mar scat_apr scat_may scat_jun scat_jul scat_aug... 27     scat_sep scat_oct scat_nov scat_dec] = deal(zeros(Hs_max*2,Tp_max)); 28 
         29 
% Finding frequence for each (Hs, Tp) class 30 for i=0.5:0.5:Hs_max  31     r=i/0.5; 32     for j=1:Tp_max 33         for k=1:size(Hs) 34             if (Hs(k)<= i && Hs(k)>(i-0.5) && Tp(k)<= j && Tp(k)>(j-1)) 35                 switch month(k) 36                     case 1      % January 37                         scat_jan(r,j) = scat_jan(r,j) + 1; 38                     case 2      % February 39                         scat_feb(r,j) = scat_feb(r,j) + 1; 40                     case 3      % Mars 41                         scat_mar(r,j) = scat_mar(r,j) + 1; 42                     case 4      % April 43                         scat_apr(r,j) = scat_apr(r,j) + 1; 44                     case 5      % May 45                         scat_may(r,j) = scat_may(r,j) + 1; 46                     case 6      % June 47                         scat_jun(r,j) = scat_jun(r,j) + 1; 48                     case 7      % July 49                         scat_jul(r,j) = scat_jul(r,j) + 1; 50                     case 8      % August 51                         scat_aug(r,j) = scat_aug(r,j) + 1; 52                     case 9      % September 53                         scat_sep(r,j) = scat_sep(r,j) + 1; 54                     case 10     % October 55                         scat_oct(r,j) = scat_oct(r,j) + 1; 56 
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                    case 11     % November 57                         scat_nov(r,j) = scat_nov(r,j) + 1; 58                     case 12     % December 59                         scat_dec(r,j) = scat_dec(r,j) + 1; 60                 end 61             end 62         end 63     end 64 end 65 
  66 
%% Sum of each Hs and Tp class 67 scat_jan(:,Tp_max+1) = sum(scat_jan,2); 68 scat_jan(Hs_max*2+1,:) = sum(scat_jan,1); 69 
  70 
scat_feb(:,Tp_max+1) = sum(scat_feb,2); 71 scat_feb(Hs_max*2+1,:) = sum(scat_feb,1); 72 
  73 
scat_mar(:,Tp_max+1) = sum(scat_mar,2); 74 scat_mar(Hs_max*2+1,:) = sum(scat_mar,1); 75 
  76 
scat_apr(:,Tp_max+1) = sum(scat_apr,2); 77 scat_apr(Hs_max*2+1,:) = sum(scat_apr,1); 78 
  79 
scat_may(:,Tp_max+1) = sum(scat_may,2); 80 scat_may(Hs_max*2+1,:) = sum(scat_may,1); 81 
  82 
scat_jun(:,Tp_max+1) = sum(scat_jun,2); 83 scat_jun(Hs_max*2+1,:) = sum(scat_jun,1); 84 
  85 
scat_jul(:,Tp_max+1) = sum(scat_jul,2); 86 scat_jul(Hs_max*2+1,:) = sum(scat_jul,1); 87 
  88 
scat_aug(:,Tp_max+1) = sum(scat_aug,2); 89 scat_aug(Hs_max*2+1,:) = sum(scat_aug,1); 90 
  91 
scat_sep(:,Tp_max+1) = sum(scat_sep,2); 92 scat_sep(Hs_max*2+1,:) = sum(scat_sep,1); 93 
  94 
scat_oct(:,Tp_max+1) = sum(scat_oct,2); 95 scat_oct(Hs_max*2+1,:) = sum(scat_oct,1); 96 
  97 
scat_nov(:,Tp_max+1) = sum(scat_nov,2); 98 scat_nov(Hs_max*2+1,:) = sum(scat_nov,1); 99 
  100 
scat_dec(:,Tp_max+1) = sum(scat_dec,2); 101 scat_dec(Hs_max*2+1,:) = sum(scat_dec,1); 102 
  103 
%% Adding column of cummulative sum and probability of each Hs class 104 % Find size of scatter diagrams 105 [m,n] = size(scat_jan); 106 
  107 
% Cummulative sum - First row 108 scat_jan(1,n+1) = scat_jan(1,n); 109 scat_feb(1,n+1) = scat_feb(1,n); 110 scat_mar(1,n+1) = scat_mar(1,n); 111 scat_apr(1,n+1) = scat_apr(1,n); 112 scat_may(1,n+1) = scat_may(1,n); 113 scat_jun(1,n+1) = scat_jun(1,n); 114 
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scat_jul(1,n+1) = scat_jul(1,n); 115 scat_aug(1,n+1) = scat_aug(1,n); 116 scat_sep(1,n+1) = scat_sep(1,n); 117 scat_oct(1,n+1) = scat_oct(1,n); 118 scat_nov(1,n+1) = scat_nov(1,n); 119 scat_dec(1,n+1) = scat_dec(1,n); 120 
     121 
for i=2:m-1 122     % Cummulative sum - Remaining rows 123     scat_jan(i,n+1) = scat_jan(i-1,n+1) + scat_jan(i,n); 124     scat_feb(i,n+1) = scat_feb(i-1,n+1) + scat_feb(i,n); 125     scat_mar(i,n+1) = scat_mar(i-1,n+1) + scat_mar(i,n); 126     scat_apr(i,n+1) = scat_apr(i-1,n+1) + scat_apr(i,n); 127     scat_may(i,n+1) = scat_may(i-1,n+1) + scat_may(i,n); 128     scat_jun(i,n+1) = scat_jun(i-1,n+1) + scat_jun(i,n); 129     scat_jul(i,n+1) = scat_jul(i-1,n+1) + scat_jul(i,n); 130     scat_aug(i,n+1) = scat_aug(i-1,n+1) + scat_aug(i,n); 131     scat_sep(i,n+1) = scat_sep(i-1,n+1) + scat_sep(i,n); 132     scat_oct(i,n+1) = scat_oct(i-1,n+1) + scat_oct(i,n); 133     scat_nov(i,n+1) = scat_nov(i-1,n+1) + scat_nov(i,n); 134     scat_dec(i,n+1) = scat_dec(i-1,n+1) + scat_dec(i,n); 135 end 136 
     137 
for i=2:m-1 138     % Cummulative probability 139     scat_jan(i,n+2) = scat_jan(i,n+1)/(scat_jan(m-1,n+1)+1); 140     scat_feb(i,n+2) = scat_feb(i,n+1)/(scat_feb(m-1,n+1)+1); 141     scat_mar(i,n+2) = scat_mar(i,n+1)/(scat_mar(m-1,n+1)+1); 142     scat_apr(i,n+2) = scat_apr(i,n+1)/(scat_apr(m-1,n+1)+1); 143     scat_may(i,n+2) = scat_may(i,n+1)/(scat_may(m-1,n+1)+1); 144     scat_jun(i,n+2) = scat_jun(i,n+1)/(scat_jun(m-1,n+1)+1); 145     scat_jul(i,n+2) = scat_jul(i,n+1)/(scat_jul(m-1,n+1)+1); 146     scat_aug(i,n+2) = scat_aug(i,n+1)/(scat_aug(m-1,n+1)+1); 147     scat_sep(i,n+2) = scat_sep(i,n+1)/(scat_sep(m-1,n+1)+1); 148     scat_oct(i,n+2) = scat_oct(i,n+1)/(scat_oct(m-1,n+1)+1); 149     scat_nov(i,n+2) = scat_nov(i,n+1)/(scat_nov(m-1,n+1)+1); 150     scat_dec(i,n+2) = scat_dec(i,n+1)/(scat_dec(m-1,n+1)+1); 151 end 152 
  153 
% Find new size of scatter diagrams 154 [m,n] = size(scat_jan); 155 
  156 
% Upper bound of each Hs class 157 Hs_values = 0.5:0.5:Hs_max;      158 
  159 
%% Generate mean and variance of Hs 160 % 161 %for iter = 1:12 162 
  163 
%    temp_1 = 0; 164 %    temp_2 = 0; 165 
      166 
%    for i=1:(m-1) 167 %        % Mean of Hs 168 %        temp_1 = temp_1 + scat_jan(i,n-1)*Hs_values(i); 169 %    end 170 
     171 
%    Hs_mean(iter) = temp_1/scat_jan(m,n-1); 172 
     173 
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%    for i=1:(m-1) 174 %        % Variance of Hs 175 %        temp_2 = temp_2 + scat_jan(i,n-1)*((i/2-0.25)- Hs_mean)^2; 176 %    end 177 
     178 
%    Hs_var(iter) = temp_2/(scat_jan(m,n-1)-1); 179 
     180 
%end 181 
  182 
%clearvars temp_1 temp_2 183 
  184 
%% Export to Excel file 185 
  186 
filename = 'lokis_castle_scatter_diagram_export.xlsx'; 187 scat_vector = {scat_jan scat_feb scat_mar scat_apr scat_may scat_jun... 188     scat_jul scat_aug scat_sep scat_oct scat_nov scat_dec}; 189 
  190 
warning('off','MATLAB:xlswrite:AddSheet') 191 for iter = 1:12 192         xlswrite(filename,scat_vector{iter},iter,'A1:Y38') 193 end 194 
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APPENDIX P MATLAB SCRIPT: MONTE CARLO SIMULATION OF COPPER EQUIVALENT 

 
clear all  1 close all 2 clc 3 
  4 
% Seeds the random number generator using the nonnegative integer 5 % Easier to compare changes in runs 6 rng(33564) 7 
  8 
% Import 9 raw_data = importdata('Commodity_Price_Real.xlsx'); 10 
  11 
% Year vector 12 year = raw_data.data(:,1); 13 
  14 
% Historical metal prices in real USD 15 prices = raw_data.data(:,2:5); 16 % Col: 1 = Au, 2 = Zn, 3 = Au, and 4 = Ag 17 
  18 
% troy oz in t 19 conversion_factor = 3.11E-5; 20 
  21 
% Adjusted prices (i.e., all in $/t) 22 prices(:,3:4) = prices(:,3:4)/conversion_factor; 23 
  24 
% Correlation matrix for historic metal prices 25 corr_coef = corrcoef(prices); 26 
  27 
% Price ratios 28 for i = 1:4 29     price_ratios(:,i) = prices(:,i)./prices(:,1); 30 end 31 
  32 
% Bounds 33 prices_max = ceil(max(prices)); 34 prices_min = floor(min(prices)); 35 
  36 
%% Linear regression line 37 
  38 
% *********************************** % 39 %  Historic prices, real 2010 USD     % 40 %  x_1 = Cu, y_1 = Zn                 % 41 %  x_2 = Au, y_2 = Ag                 % 42 %                                     % 43 %  Using Excel linear trendline:      % 44 %  y_1 = 0.1844*x_1 + 791.51          % 45 %  R^2 = 0.3656                       % 46 %                                     % 47 %  y_2 = 0.0162*x_2 + 71215           % 48 %  R^2 = 0.7063                       % 49 % *********************************** % 50 
  51 
% Linear regression line for Zn price given Cu price  52 Zn_reg = @(x) 0.1844*x + 791.51; 53 x_1 = [prices_min(1)-500:prices_max(1)+500]; 54 y_1 = Zn_reg(x_1); 55 
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  56 
% Linear regression line for Ag price given Au price  57 Ag_reg = @(x) 0.0162*x + 71215; 58 x_2 = [prices_min(3):1000:prices_max(3)]; 59 y_2 = Ag_reg(x_2); 60 
  61 
% Plotting prices 62 figure(1) 63 scatterhist(prices(:,1),prices(:,2),'NBins',[15,15]) 64 xlabel('Cu Price [USD/t]') 65 ylabel('Zn Price [USD/t]') 66 hold on 67 plot(x_1,y_1) 68 legend('Data points','Lin. reg. line','Location','northwest') 69 
  70 
figure(2) 71 scatterhist(prices(:,3),prices(:,4),'NBins',[15,15]) 72 xlabel('Au Price [USD/t]') 73 ylabel('Ag Price [USD/t]') 74 hold on 75 plot(x_2,y_2) 76 legend('Data points','Lin. reg. line','Location','northwest') 77 
  78 
%% Fitting probability distributions for historic metal prices 79 % Col 1 = mu (expected value or mean), Col 2 = sigma (std.dev.) 80 
  81 
for i = 1:4 82     % Lognormal distr. 83     lognorm_distr(i,:) = lognfit(prices(:,i)) ; 84     % Normal distr.   85     [norm_distr(i,1), norm_distr(i,2)] = normfit(prices(:,i)); 86 end 87 
  88 
%% PDFs & CDFs 89 
  90 
% Probability Density Functions (PDFs)  91 % 1 = Cu, 2 = Zn, 3 = Au, 4 = Ag 92 
  93 
Cu_reg = [0:prices_max(1)]; 94 Au_reg = [0:5000:prices_max(3)]; 95 
  96 
% PDFs 97 Cu_pdf_n = pdf('Normal',Cu_reg,norm_distr(1,1),norm_distr(1,2)); 98 Cu_pdf_ln = pdf('Lognormal',Cu_reg,lognorm_distr(1,1),lognorm_distr(1,2)); 99 
  100 
Au_pdf_n = pdf('Normal',Au_reg,norm_distr(3,1),norm_distr(3,2)); 101 Au_pdf_ln = pdf('Lognormal',Au_reg,lognorm_distr(3,1),lognorm_distr(3,2)); 102 
  103 
% Exeedance Probability (1 - CDFs) 104 Cu_cdf_n = 1 - cdf('Normal',Cu_reg,norm_distr(1,1),norm_distr(1,2)); 105 Cu_cdf_ln = 1 - ... 106     cdf('Lognormal',Cu_reg,lognorm_distr(1,1),lognorm_distr(1,2)); 107 
  108 
Au_cdf_n = 1 - cdf('Normal',Au_reg,norm_distr(3,1),norm_distr(3,2)); 109 Au_cdf_ln = 1 - ... 110     cdf('Lognormal',Au_reg,lognorm_distr(3,1),lognorm_distr(3,2)); 111 
  112 
figure(3) 113 hold on 114 
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yyaxis left 115 plot(Cu_reg,Cu_pdf_n,':') 116 plot(Cu_reg,Cu_pdf_ln,'-') 117 xlabel('Cu Price [USD/t]') 118 ylabel('Probability Density') 119 yyaxis right 120 plot(Cu_reg,Cu_cdf_n,':') 121 plot(Cu_reg,Cu_cdf_ln,'-') 122 ylabel('Exceedance Probability') 123 legend('Normal distr.','Lognormal distr.','Location','northeast') 124 
  125 
figure(4) 126 hold on 127 yyaxis left 128 plot(Au_reg,Au_pdf_n,':') 129 plot(Au_reg,Au_pdf_ln,'-') 130 xlabel('Au Price [USD/t]') 131 ylabel('Probability Density') 132 yyaxis right 133 plot(Au_reg,Au_cdf_n,':') 134 plot(Au_reg,Au_cdf_ln,'-') 135 ylabel('Exceedance Probability') 136 legend('Normal distr.','Lognormal distr.','Location','northeast') 137 
  138 
  139 
%% Monte Carlo Simulation - Copper Equivalent 140 % Equation: Metal Grade Distr. * Price Ratio Distr. * Ore Texture Distr. 141 
  142 
% Normal distr. std.dev. around real linear regression lines 143 % Based on estimates in Excel sheet 144 Zn_price_sigma = 460.4010037; 145 Ag_price_sigma = 116046.2021; 146 
  147 
  148 
for mc_iter = 1:5000 149 
  150 
% -------------------- METAL GRADE DISTRIBUITONS --------------------  151 % Linear interpolation of cum. distr. curve of metal grades 152 
  153 
prob_vector = [1 0.75 0.5 0.25 0]; 154 Cu_grade = [5.90 1.35 3.00 5.04 5.78 6.62 10.90]/1E2; 155 Zn_grade = [6.08 1.82 2.66 4.88 5.84 6.94 13.34]/1E2; 156 Au_grade = [1.58 1.91 0.07 0.61 1.06 1.82 12.80]/1E6; 157 Ag_grade = [90.90 44.10 19.20 62.30 82.90 109.00 284.00]/1E6; 158 grade = [Cu_grade; Zn_grade; Au_grade; Ag_grade]; 159 
  160 
for j = 1:4 161     rand_prob_1 = rand; 162     for i = 2:5 163         if rand_prob_1 > prob_vector(i) 164             metal_grade_lower = grade(j,i); 165             metal_grade_upper = grade(j,i-1); 166             prob_vector_lower = prob_vector(i); 167             prob_vector_upper = prob_vector(i-1); 168             metal_grade_distr(j) = metal_grade_lower + ... 169                 (metal_grade_upper - metal_grade_lower)/... 170                 (prob_vector_upper - prob_vector_lower)*... 171                 (rand_prob_1 - prob_vector_lower); 172             break 173 
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        end    174     end 175 end 176 
  177 
% -------------------- PRICE RATIO DISTRIBUITONS --------------------  178 
  179 
% (1)   Cu/Cu Ratio 180 price_ratio_distr(1) = 1; 181 
  182 
% (2)   Zn/Cu Ratio 183 % Cu price - Randomly drawn from distr. 184 Cu_price = icdf('Lognormal',1-rand,lognorm_distr(1,1),lognorm_distr(1,2)); 185 if Cu_price < prices_min(1) 186     Cu_price = prices_min(1); 187 elseif Cu_price > prices_max(1) 188     Cu_price = prices_max(1); 189 end 190 
  191 
% Zn price - Found from normal distr. around lin. reg. line 192 Zn_price_mu = Zn_reg(Cu_price); 193 Zn_price = icdf('Normal',rand,Zn_price_mu,Zn_price_sigma); 194 if Zn_price < prices_min(2) 195     Zn_price = prices_min(2); 196 elseif Zn_price > prices_max(2) 197     Zn_price = prices_max(2); 198 end 199 
  200 
price_ratio_distr(2) = Zn_price/Cu_price; 201 
  202 
% (3)   Au/Cu Ratio 203 % Au price - Randomly drawn from distr. 204 Au_price = icdf('Lognormal',1-rand,lognorm_distr(3,1),lognorm_distr(3,2)); 205 if Au_price < prices_min(3) 206     Au_price = prices_min(3); 207 elseif Au_price > prices_max(3) 208     Au_price = prices_max(3); 209 end 210 
  211 
price_ratio_distr(3) = Au_price/Cu_price; 212 
  213 
% (4)   Ag/Cu Ratio 214 % Ag price - Found from normal distr. around lin. reg. line 215 Ag_price_mu = Ag_reg(Au_price); 216 Ag_price = icdf('Normal',rand,Ag_price_mu,Ag_price_sigma); 217 if Ag_price < prices_min(4) 218     Ag_price = prices_min(4); 219 elseif Ag_price > prices_max(4) 220     Ag_price = prices_max(4); 221 end 222 
  223 
price_ratio_distr(4) = Ag_price/Cu_price; 224 
  225 
% -------------------- ORE TEXTURE DISTRIBUITONS --------------------  226 % Mill recoveries for Cu, Zn, Au, and Ag, ref. Rudenno (2012, pp. 434-492) 227     ore_texture_lower = [0.85 0.695 0.85 0.367]; 228     ore_texture_upper = [0.95 0.891 0.98 0.706];     229 
  230 
for i = 1:4 231     ore_texture_distr(i) = ore_texture_lower(i) + ... 232 



Appendix P – MATLAB Script: Monte Carlo Simulation of Copper Equivalent
 

209
 

        rand*(ore_texture_upper(i)-ore_texture_lower(i)); 233 end 234 
  235 
% -------------------- PRODUCT OF DISTRIBUITONS --------------------  236 
  237 
% Establish iteration value 238 temp = 0; 239 
  240 
for i = 1:4 241     temp = temp + ... 242         metal_grade_distr(i)*price_ratio_distr(i)*ore_texture_distr(i); 243 end 244 
  245 
% Store iteration value 246 Cu_eq(mc_iter) = temp; 247 
  248 
end 249 
  250 
% --------------- DISTRIBUTION FOR COPPER EQUIVALENT --------------- 251 
  252 
% Establish bin range and bin count 253 [Cu_eq_count,Cu_eq_bins] = histcounts(Cu_eq,20); 254 
  255 
% Cummulative prob. 256 for i = 1:length(Cu_eq_count) 257     if i == 1 258         Cu_eq_cum_prob(i) = Cu_eq_count(i)/length(Cu_eq); 259     else 260         Cu_eq_cum_prob(i) = Cu_eq_cum_prob(i-1) + ... 261             Cu_eq_count(i)/length(Cu_eq); 262     end 263 end 264 
  265 
% Exceedance prob.  266 Cu_eq_ex_prob = 1 - Cu_eq_cum_prob;  267 
  268 
figure(5) 269 yyaxis left 270 histogram(Cu_eq*100) 271 xlabel('Cu_{eq} Grade [%]') 272 ylabel('Frequency') 273 hold on 274 yyaxis right 275 plot(Cu_eq_bins(2:end)*100,Cu_eq_ex_prob) 276 ylabel('Exceedance Probability') 277 
  278 
% Distr. parameters 279 Cu_eq_mean = mean(Cu_eq); 280 Cu_eq_std = std(Cu_eq); 281 
  282 
% Find F99.5 283 for i = 1:length(Cu_eq_ex_prob) 284     if Cu_eq_ex_prob(i) < 0.995 285         Cu_eq_lower = Cu_eq_bins(i); 286         Cu_eq_upper = Cu_eq_bins(i+1); 287         Cu_eq_ex_prob_lower = Cu_eq_ex_prob(i-1); 288         Cu_eq_ex_prob_upper = Cu_eq_ex_prob(i); 289         Cu_eq_F995 = Cu_eq_lower + ... 290 
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            (Cu_eq_upper-Cu_eq_lower)/(Cu_eq_ex_prob_upper-291 Cu_eq_ex_prob_lower)*(0.995-Cu_eq_ex_prob_lower); 292         break 293     end 294 end 295 
  296 
% Find F90 297 for i = 1:length(Cu_eq_ex_prob) 298     if Cu_eq_ex_prob(i) < 0.9 299         Cu_eq_lower = Cu_eq_bins(i); 300         Cu_eq_upper = Cu_eq_bins(i+1); 301         Cu_eq_ex_prob_lower = Cu_eq_ex_prob(i-1); 302         Cu_eq_ex_prob_upper = Cu_eq_ex_prob(i); 303         Cu_eq_F90 = Cu_eq_lower + ... 304             (Cu_eq_upper-Cu_eq_lower)/(Cu_eq_ex_prob_upper-305 Cu_eq_ex_prob_lower)*(0.9-Cu_eq_ex_prob_lower); 306         break 307     end 308 end 309 
  310 
% Find F50(Cu_eq) or Mode(Cu_eq) 311 for i = 1:length(Cu_eq_ex_prob) 312     if Cu_eq_ex_prob(i) < 0.5 313         Cu_eq_lower = Cu_eq_bins(i); 314         Cu_eq_upper = Cu_eq_bins(i+1); 315         Cu_eq_ex_prob_lower = Cu_eq_ex_prob(i-1); 316         Cu_eq_ex_prob_upper = Cu_eq_ex_prob(i); 317         Cu_eq_mode = Cu_eq_lower + ... 318             (Cu_eq_upper-Cu_eq_lower)/(Cu_eq_ex_prob_upper-319 Cu_eq_ex_prob_lower)*(0.5-Cu_eq_ex_prob_lower); 320         break 321     end 322 end 323 
  324 
% Find F10 325 for i = 1:length(Cu_eq_ex_prob) 326     if Cu_eq_ex_prob(i) < 0.1 327         Cu_eq_lower = Cu_eq_bins(i); 328         Cu_eq_upper = Cu_eq_bins(i+1); 329         Cu_eq_ex_prob_lower = Cu_eq_ex_prob(i-1); 330         Cu_eq_ex_prob_upper = Cu_eq_ex_prob(i); 331         Cu_eq_F10 = Cu_eq_lower + ... 332             (Cu_eq_upper-Cu_eq_lower)/(Cu_eq_ex_prob_upper-333 Cu_eq_ex_prob_lower)*(0.1-Cu_eq_ex_prob_lower); 334         break 335     end 336 end 337 
  338 
% Find F0.5 339 for i = 1:length(Cu_eq_ex_prob) 340     if Cu_eq_ex_prob(i) < 0.005 341         Cu_eq_lower = Cu_eq_bins(i); 342         Cu_eq_upper = Cu_eq_bins(i+1); 343         Cu_eq_ex_prob_lower = Cu_eq_ex_prob(i-1); 344         Cu_eq_ex_prob_upper = Cu_eq_ex_prob(i); 345         Cu_eq_F05 = Cu_eq_lower + ... 346             (Cu_eq_upper-Cu_eq_lower)/(Cu_eq_ex_prob_upper-347 Cu_eq_ex_prob_lower)*(0.005-Cu_eq_ex_prob_lower); 348         break 349     end 350 
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end 351 
  352 
%% Print results 353 fprintf('-----------------------\n') 354 fprintf('   Copper eq. distr.   \n') 355 fprintf('-----------------------\n') 356 fprintf('Mean\t\t\t%.5f\n',Cu_eq_mean) 357 fprintf('Median (P50)\t\t%.5f\n',Cu_eq_mode) 358 fprintf('Std.dev.\t\t%.5f\n',Cu_eq_std) 359 fprintf('P99.5\t\t\t%.5f\n',Cu_eq_F995) 360 fprintf('P90\t\t\t\t%.5f\n',Cu_eq_F90) 361 fprintf('P10\t\t\t\t%.5f\n',Cu_eq_F10) 362 fprintf('P0.5\t\t\t%.5f\n',Cu_eq_F05) 363 fprintf('-----------------------\n')364  
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APPENDIX Q MAP OF THE NORWEGIAN CONTINENTAL SHELF 

(Norwegian Petroleum Directorate20)

                                                             
20 http://www.npd.no/Global/Norsk/4-Kart/Sokkelkart2015/Kontsok15-Arealstatus.jpg, accessed May 30, 
2016. 
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APPENDIX R OUTPUT FROM “SEGMENT ANALYSIS” IN GEOX 

Case I: Copper Equivalent 

Table R-1 – Resources. 

Resource Type Mode Mean Std. dev. F90 F50 F10 

Total Recoverable Resources [1E6 t]       

Oil [1e6 t] 1.51 1.72 0.544 1.09 1.64 2.46 

Assoc. Gas [1e9 t] 0 0 0 0 0 0 

Non Assoc. Gas [1e9 t] 0 0 0 0 0 0 

Total Resources [1e6 t] 1.51 1.72 0.544 1.09 1.64 2.46 

HC liquid [1e6 t] 1.51 1.72 0.544 1.09 1.64 2.46 

Gas [1e9 t] 0 0 0 0 0 0 

Recoverable       

Oil [1e6 Sm3] 0.0745 0.0959 0.0405 0.0516 0.0889 0.15 

Non Assoc. Gas [1e9 t] 0 0 0 0 0 0 

Assoc. Gas [1e9 t] 0 0 0 0 0 0 

Condensate [1e6 t] 0 0 0 0 0 0 

Total Resources [1e6 t] 0.0745 0.0959 0.0405 0.0516 0.0889 0.15 

HC liquid [1e6 t] 0.0745 0.0959 0.0405 0.0516 0.0889 0.15 

Gas [1e9 t] 0 0 0 0 0 0 

Marketable Gross       

Gross Total Resources [1e6 t] 0.0745 0.0959 0.0405 0.0516 0.0889 0.15 

Risked gross Total Resources [1e6 t]  0.0432 0.0549 0 0 0.123 
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Case II – Individual Metal Grade Distributions 
 

Resource Type Mode Mean Std. dev. F90 F50 F10 

Inplace       

Oil [1e6 t] 0.817 0.858 0.274 0.546 0.818 1.22 

Assoc. Gas [1e9 t] 0.817 0.858 0.274 0.546 0.818 1.22 

Non Assoc. Gas [1e9 t] 0.817 0.858 0.274 0.546 0.818 1.22 

Total Resources [1e6 t] 3.27 3.43 1.1 2.18 3.27 4.9 

HC liquid [1e6 t] 1.63 1.72 0.548 1.09 1.64 2.45 

Gas [1e9 t] 1.63 1.72 0.548 1.09 1.64 2.45 

Recoverable       

Oil [1e6 t] 0.0392 0.0511 0.0207 0.0287 0.0474 0.0786 

Assoc. Gas [1e9 t] 0.0382 0.0556 0.0249 0.0288 0.0508 0.0896 

Non Assoc. Gas [1e9 t] 4.96E-07 1.72E-06 1.77E-06 3.31E-07 1.17E-06 3.74E-06 

Condensate [1e6 t] 4.86E-05 0.000086 5.04E-05 3.48E-05 7.49E-05 0.00015 

Total Resources [1e6 t] 0.0848 0.107 0.0434 0.0599 0.0986 0.164 

HC liquid [1e6 t] 0.041 0.0512 0.0207 0.0287 0.0475 0.0786 

Gas [1e9 t] 0.0382 0.0556 0.0249 0.0288 0.0508 0.0896 

Marketable Gross       

Gross Total Resources [1e6 t] 0.0848 0.107 0.0434 0.0599 0.0986 0.164 

Risked gross Total Resources [1e6 t]  0.048 0.0606 0 0 0.134 

 
 


